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This study was performed to evaluate a quantitative method
based on 99mTc-DMSA renal planar scintigraphy performed dur-
ing acute pyelonephritis (APN) to detect kidneys at risk of scar-
ring. Methods: A total of 43 children (5.8 � 3.6 y old [mean �
SD]) were examined by 99mTc-DMSA scintigraphy during (DMSA
1) and 8 � 2 mo after (DMSA 2) APN. Two levels of interpretation
were performed independently: first, a semiquantitative analysis
to classify the kidneys by considering the evolution between
DMSA 1 and DMSA 2 (i.e., to determine which kidneys had
developed scarring), and second, an automatic quantitative
analysis of DMSA 1 to define and to evaluate a predictive index
for kidney evolution from DMSA 1 to DMAS 2. The method
consisted of determining an automatic threshold for the kidney
and then calculating ratios of the count density in a given
isocount n% (region of interest containing all the pixels with a
value � n% of the value of the pixel with the maximal activity
value) to the count density in a 20% isocount (Cn%) and the
number of pixels in a given isocount to the number of pixels in
a 20% isocount (Sn%). Results: All kidneys normal at DMSA 1
remained normal at DMSA 2. For the automatic index, the C70%

ratio was considered the best index for the prediction of scar-
ring. When this C70% ratio was used, a cutoff value of 0.45 was
able to predict scarring with a sensitivity of 0.83, a specificity of
0.78, a positive predictive value of 0.85, and a negative predictive
value of 0.77. Conclusion: A cutoff value of 0.45 for the C70% ratio
calculated for 99mTc-DMSA scintigraphy performed during APN
may be useful for detecting kidneys at risk of scarring.

Key Words: pyelonephritis; 99mTc-DMSA scintigraphy; quantifi-
cation; scarring prediction

J Nucl Med 2004; 45:285–289

Acute pyelonephritis (APN) is a common infectious
disease during childhood (1). It may result in irreversible

renal scarring, which itself can lead to long-term complica-
tions (hypertension, toxemia, reduced glomerular filtration,
and end-stage renal disease). Renal scarring as a complica-
tion of APN has been estimated to occur in up to 64% of
pediatric kidneys (2). Cortical renal scintigraphy with
99mTc-dimercaptosuccinic acid (99mTc-DMSA) was shown
to be highly sensitive and specific for the detection and
localization of acute inflammatory changes in APN (3).
99mTc-DMSA scintigraphy also is considered a reference
technique for the diagnosis of renal scarring (4–6). How-
ever, to our knowledge, no clinical, biologic, or imaging
findings during APN have been reported to be able to
predict which infected kidney subsequently will develop
scarring. The visual interpretation of99mTc-DMSA scintig-
raphy performed during APN has been reported to provide
excellent negative predictive value but only weak positive
predictive value. The purpose of this study was to improve
the acute-stage99mTc-DMSA positive predictive value. We
evaluated whether a quantitative method based on99mTc-
DMSA renal planar scintigraphy performed during APN
could detect kidneys at risk of scarring.

MATERIALS AND METHODS

Patients
From July 1997 to April 2000, we prospectively evaluated 85

kidneys in 43 children (3 boys and 40 girls; age [mean� SD],
5.8� 3.6 y; age range, 11 mo–15.5 y; 1 child had a single kidney).
Our study was performed in accordance with the Helsinki criteria.
Children were included after informed consent was obtained from
both parents. Inclusion criteria were clinical findings consistent
with APN, age of�6 mo, and99mTc-DMSA scintigraphy per-
formed at the acute stage of APN (DMSA 1). Each child had a
routine clinical examination, including abdominal and lumbar pal-
pation and arterial pressure measurement. Diagnosis of APN was
based on clinical and laboratory findings: abdominal or lumbar
fossa pain, fever of�38°C, and positive urine culture (i.e.,�10
white blood cells/mm3 and bacteriuria of�104 colony-forming
units/mL). Exclusion criteria were urinary tract obstruction, grade
III or higher vesicoureteric reflux determined in accordance with
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an international grading study (7), and breakthrough infection
between inclusion and follow-up. Standard intravenous antibiotic
treatment was started immediately. All children had Doppler
sonography to rule out pyonephrosis, obstruction, and abscess.
Micturition cystourethrography was performed for all children to
assess possible vesicoureteric reflux after the infection was treated.

At 8 � 2 mo after acute infection, all children had follow-up
clinical and biologic examinations on the same day (DMSA 2).

99mTc-DMSA Acquisitions
DMSA 1 and DMSA 2 were performed by a standard protocol.

Injected activities of 99mTc-DMSA (Renocis; CisBioInternational)
were calculated by following the recommendations of the Euro-
pean Association of Nuclear Medicine Paediatric Task Group (8).
Data were obtained 4 h after intravenous injection of 99mTc-DMSA
by use of a dual-head large-field-of-view �-camera (DST-XL;
SMVi; spatial resolution at 10 cm, 8.5 mm) equipped with low-
energy high-resolution parallel collimators. Planar anterior, poste-
rior, and left and right posterior oblique views in a 128 � 128
matrix were obtained 4 h after intravenous injection of 99mTc-
DMSA. Young children unable to remain in the prone position
were examined in the supine position. Acquisitions were continued
to a total of 1,000 kilocounts. No sedation was used.

DMSA 1 and DMSA 2 Analyses
Two levels of interpretation were performed independently.

First, a semiquantitative analysis was performed to classify the
kidneys by considering the evolution between DMSA 1 and
DMSA 2. This analysis was considered the reference for the
remainder of the study. Second, an automatic quantitative analysis
of DMSA 1 was performed to define and to evaluate a predictive
index for kidney evolution from DMSA 1 to DMAS 2.

Semiquantitative Analysis of Kidney Evolution. To standardize
the interpretation, a 9-point semiquantitative analysis of each kid-
ney was performed. Each kidney was divided in thirds graded from
0 (no uptake) to 3 (normal uptake). The sum of the 3 scores for
each kidney was calculated. A kidney was considered normal
when the final score was �7. Renal scarring was defined as a final
score of �7 on DMSA 2. A comparison between DMSA 1 and
DMSA 2 scores was made, and 3 groups were obtained: normal
unchanged (NU), when scores on DMSA 1 and DMSA 2 were �7;
abnormal improved (AI), when the score was �7 on DMSA 1 and
had improved by 2 points or more on DMSA 2; and abnormal
unimproved (AU), when the score was �7 on DMSA 1 and had
improved by less than 2 points on DMSA 2 (i.e., renal scarring).

The analyses were performed separately by 2 experienced ob-
servers who were unaware of the results of the clinical evaluation
and the date of the 99mTc-DMSA scintigraphy (during APN or at
follow-up). First, inter- and intraobserver reproducibilities were
evaluated. Second, discrepancies were resolved by consensus. This
consensus reading for each kidney was considered the reference
for the remainder of the study.

Quantitative Analysis of DMSA 1. An automatic quantitative
analysis of DMSA 1 was performed to establish a quantitative
method that could help to detect kidneys at risk of scarring after
APN. Successive thresholds (20%, 30%, 40%, 50%, 60%, 70%,
and 80% the maximum pixel value) were automatically applied to
the posterior view of each kidney. No background was subtracted.
Two types of quantitative parameters were studied. The first one
was related to the extent of the cortical uptake defect during APN
(number of pixels: Sn%), and the second one was related to inten-
sity (count density: Cn%), as both usually are considered for visual

interpretation. For each threshold, they were expressed as a per-
centage of the counting rate for the 20% isocount n% (region of
interest containing all the pixels with a value � n% of the value of
the pixel with the maximum activity value) for each kidney: Sn% �
number of pixels in a given isocount/number of pixels in a 20%
isocount, and Cn% � count density in a given isocount/count
density in a 20% isocount.

Statistical Analysis
Descriptive statistics were expressed as mean � SD. Inter- and

intraobserver reproducibilities were evaluated by calculation of the
mean � SD of the absolute difference in DMSA 1 and DMSA 2
scores between the 2 observers.

A comparison of groups was based on an ANOVA. Calculations
of sensitivity, specificity, positive and negative predictive values,
and likelihood ratios were deduced from a receiver operating
characteristic (ROC) curve analysis for Sn% and for Cn%.

RESULTS

Semiquantitative Analysis
The inter- and intraobserver reproducibilities of the semi-

quantitative index are shown in Table 1. The reproducibil-
ities of the semiquantitative score were very high. Discrep-
ancies leading to different interpretations by the 2 observers
were obtained for 5 of 85 kidneys during APN (5.8%) and
for 6 of 85 (7%) at follow-up. The differences in kidney
grading between the 2 observers were 1 point in 4 cases, 2
points in 6 cases, and 3 points in 1 case. The discrepancies
were resolved by consensus.

During APN, 59 kidneys (69%) had a normal score (�7)
on DMSA 1. All of these kidneys remained normal on
DMSA 2 (NU group). The DMSA 1 score was abnormal in
26 kidneys (31%) during APN. Of these 26 kidneys, 14
(54%) showed an improvement in the score on DMSA 2 of
more than 2 points and were classified in the AI group, and
12 (46%) showed an improvement in the score of less than
2 points and were classified in the AU group (Fig. 1).

Quantitative Analysis
Mean � SD Cn% and Sn% values for the 3 groups of

kidney evolution (NU, AI, and AU) are shown in Tables 2
and 3, respectively.

The separation of the 3 groups was better with Cn% ratios
than with Sn% ratios (Table 4).

With a global ANOVA, it was possible to differentiate
from the DMSA 1 results the NU, AI, and AU kidneys by
use of Cn% ratios (F � 14.6, P � 0.0001). A 70% threshold
(C70%) could differentiate the AU kidneys from the AI
kidneys (P � 0.004) and the NU kidneys from the AI

TABLE 1
Reproducibility of Semiquantitative Grading System

Parameter

Mean � SD reproducibility for:

DMSA 1 DMSA 2

Interobserver 0.40 � 0.60 0.33 � 0.60
Intraobserver 0.40 � 0.59 0.32 � 0.59

286 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 45 • No. 2 • February 2004



kidneys (P � 0.0001). This 70% threshold provided the
optimal area under the ROC curve for the prediction of renal
scarring (Table 4). When a cutoff value of 0.45 was used for
the C70% ratio, the sensitivity and specificity of the 70%
threshold were 0.83 and 0.78, respectively (Fig. 2) and the
positive and negative predictive values were 0.85 and 0.77
for a prevalence of 0.53. The use of the cutoff value of 0.45
provided a likelihood ratio of 4.71.

Figure 3 shows an example of 99mTc-DMSA scintigraphy
during APN and at follow-up.

DISCUSSION

This study demonstrates that an automatic analysis of
99mTc-DMSA scanning during APN may be helpful for
indicating the risk of scarring (i.e., persistent abnormal
uptake on a 99mTc-DMSA scan performed more than 6 mo
after APN). The method consisted of determining a thresh-
old for the kidney and then calculating Cn% and Sn% ratios.
The C70% ratio was considered the optimal predictor of
scarring. With this ratio, a cutoff value of 0.45 was able to
predict scarring with a sensitivity of 0.83, a specificity of
0.78, a positive predictive value of 0.85, and a negative

predictive value of 0.77. The cutoff value of 0.45 for the
C70% ratio provided the highest likelihood ratio.

99mTc-DMSA renal scanning is widely used in clinical
practice. It is considered the standard reference method for
the diagnosis of APN and postinfection renal scarring. In-
terpretation is usually only qualitative, and differences in
reproducibility have been reported (9–13). Because of its
variable reproducibility, we preferred not to consider visual
interpretation as the gold standard. In a previously reported
series, Hitzel et al. reported a negative predictive value for
scarring of 100% in a population of 57 children with APN
(14). The corresponding positive predictive value was 62%,
which was considered to be insufficient. The purpose of this
study was to improve the acute-stage 99mTc-DMSA positive
predictive value.

A semiquantitative uptake score was used as the gold
standard for 99mTc-DMSA scan interpretation. This score
was chosen because it is simple and can be determined
rapidly. Moreover, we demonstrated the excellent reproduc-
ibility of this score. A minimal increase of 2 points in the
semiquantitative analysis between DMSA 1 and DMSA 2
was considered sufficient to attest to an improvement in
renal uptake and to classify a kidney in the AI group.

TABLE 2
Cn% Values for 3 Groups of Kidneys

Cn%

Mean � SD for the following group (n):

AI (14) AU (12) NU (59)

C30% 0.93 � 0.04 0.94 � 0.03 0.95 � 0.02
C40% 0.86 � 0.05* 0.88 � 0.04 0.90 � 0.02
C50% 0.75 � 0.07† 0.79 � 0.07 0.83 � 0.04
C60% 0.60 � 0.11† 0.67 � 0.08 0.71 � 0.06
C70% 0.42 � 0.14*‡ 0.52 � 0.09 0.54 � 0.07
C80% 0.25 � 0.10† 0.32 � 0.06 0.34 � 0.06

*P � 0.001 for comparison with NU.
†P � 0.0001 for comparison with NU.
‡P � 0.005 for comparison with AU.

TABLE 3
Sn% Values for 3 Groups of Kidneys

Sn%

Mean � SD for the following group (n):

AI (14) AU (12) NU (59)

S30% 0.81 � 0.08 0.82 � 0.06 0.86 � 0.03
S40% 0.68 � 0.08* 0.71 � 0.04* 0.75 � 0.02
S50% 0.55 � 0.08 0.79 � 0.08 0.65 � 0.05
S60% 0.41 � 0.10* 0.56 � 0.09 0.53 � 0.06
S70% 0.26 � 0.11 0.46 � 0.08 0.37 � 0.61
S80% 0.15 � 0.07* 0.34 � 0.08 0.22 � 0.05

*P � 0.0001 for comparison with NU.

FIGURE 1. Classification of kidneys by
the semiquantitative grading system.
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We used an automatic index to evaluate the positive
predictive value of DMSA 1 (performed during acute infec-
tion) with regard to delayed persistent abnormalities (cor-
responding to renal scarring) on the 99mTc-DMSA scan
performed at follow-up. We also tested both the intensity
(i.e., severity) and the size (i.e., extent) of the uptake defect
during APN because both parameters are considered for
visual interpretation. Experimental studies have reported
focal ischemia associated with APN. We postulated that the
severity or extent of this ischemia during APN could lead to
long-term renal scarring, as severe or extensive ischemia
can lead to infarction in the myocardium. However, this
“vascular” hypothesis does not consider the release of toxic
enzymes, which also contributes to the production of ab-
normalities on 99mTc-DMSA scintigraphy during APN.

Successive thresholds were separately applied to each
kidney. Before defining the 20% threshold as the reference
for the calculation of Sn% and Cn%, we tested several thresh-
olds (5%, 10%, 15%, 20%, and 25%). The 20% threshold
was considered the optimal detector for kidney contours and
was used to calculate the indices for the rest of the study.

We tested 12 different indices. The ideal index would
differentiate infected kidneys that would improve from
those that would not. Although C50% correctly separated the
3 groups of kidneys, we preferred C70% because it was more

accurate for discriminating among abnormal kidneys. The
outcome of normal kidneys during APN was not the prob-
lem, because the excellent negative predictive value of
99mTc-DMSA scintigraphy was demonstrated previously
(14). Furthermore, the area under the ROC curve was the
highest when C70% was used. The use of a cutoff value of
0.45 for this index provided a high positive predictive value
of 0.85 for renal scarring. This type of index should be
validated with a larger prospective series of patients.

Other parameters have been tested to evaluate whether
they can predict renal scarring after APN, particularly in
children with no or low-grade vesicoureteric reflux. Body
temperature or biologic tests (white blood cell count and
level of C-reactive protein) during APN have not been
shown to be able to provide any pertinent information
concerning the risk of scarring. Jakobsson et al. reported no
difference among groups with regard to the duration of
fever and the level of C-reactive protein or white blood cell

TABLE 4
Areas Under ROC Curves for Cn%/Sn% Ratios

Cn%

Area under
ROC curve SE Sn%

Area under
ROC curve SE

C30% 0.61 0.21 S30% 0.58 0.20
C40% 0.62 0.21 S40% 0.58 0.20
C50% 0.68 0.22 S50% 0.46 0.18
C60% 0.69 0.22 S60% 0.62 0.21
C70% 0.77 0.23 S70% 0.74 0.23
C80% 0.75 0.23 S80% 0.73 0.23

FIGURE 2. Evolution of a kidney after
APN with regard to C70%.

FIGURE 3. Left posterior oblique, posterior, and right poste-
rior oblique views in a 6-y-old girl. During APN (DMSA 1), uptake
defects were observed in each third of the left kidney and in the
middle and inferior pole of the right kidney. C70% was calculated
to be 0.26 and 0.66 for the left and right kidneys, respectively.
Seven months later (DMSA 2), the left kidney had developed
multifocal scars, whereas the right kidney had normalized.
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count at the time of infection (15). Therapeutic delay has
been associated with an increased prevalence of renal scar-
ring in experimental and clinical reports (16–18). The age
of the child also was found to influence the development of
renal scarring. All of these results are still controversial, and
conflicting data have been reported. No formal parameter
has been isolated.

Stokland et al. (12) reported no relationship between age
at infection and scarring. To our knowledge, no previously
published report included an attempt to quantify the de-
creased uptake of 99mTc-DMSA (in terms of extent and
severity) during APN to predict scarring.

The use of this type of index during APN should help to
identify children at risk of renal scarring and also could
influence treatment (type, administration, and duration) and
follow-up management.

When both ultrasonography and 99mTc-DMSA scanning
are normal during APN, the risk of renal scarring is low. It
is then unlikely that voiding cystourethrography, which is
an invasive and radiating procedure, will be beneficial.

CONCLUSION

A cutoff value of 0.45 for the C70% ratio calculated for
99mTc-DMSA scintigraphy performed during APN might
help to predict renal scarring. Patients with a value of �0.45
were at low risk of scarring after their pyelonephritis.

This study demonstrates that automatic determination of
a threshold for kidneys in acute-phase 99mTc-DMSA scin-
tigraphy performed during APN could help to detect in-
fected kidneys at risk of scarring. Prospective follow-up of
kidneys after APN with regard to C70% is warranted to
confirm the prognostic value of 99mTc-DMSA scanning.
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