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Early detection of renal scarring in children with suspected
pyelonephritis: Comparison of diuretic MAG3 scintigraphy (F0) and
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Abstract

Background: Screening for patients at risk of renal scarring is a challenge in chil-
dren with acute pyelonephritis (APN). Diuretic Tc-99m mercaptoacetyltriglycine
(MAG3) scintigraphy with zero time injection of furosemide (MAG3-F0) was observed
to display focal parenchymal disorders. The advantages of MAG3 include: lower radia-
tion dose and short duration of the test. The aim of this study was to compare the role of
Tc-MAG3 (F0) dynamic study and Tc-99m dimercaptosuccinic acid (DMSA) scan in
early detection of renal scarring of children with suspected pyelonephritis in compari-
son to after-6-month Tc-DMSA scan as gold standard.

Methods: 28 patients (56 renal units) with their first urinary tract infection (UTI)
episode were evaluated prospectively for renal scarring with radioisotope scan. The pa-
tients were divided into 2 groups: Group A consisted of patients who underwent MAG3
scintigraphy in acute phase of pyelonephritis and Group B consisted of patients who un-
derwent DMSA scan in this phase for renal cortical assessment. Follow up DMSA scan
was performed for all patients in both groups 4-6 months after UTT episode.

Results: The accuracy of MAG3-F0 scintigraphy and DMSA scan in detecting
parenchymal changes in acute pyelonephritic phase were 89.3% and 96.4%, respective-
ly. Positive predictive value (PPV) of both MAG3-F0 and DMSA was 100%. Whereas,
negative predictive values (NPV) of MAG3-F0 and DMSA scan were 62.5% and 75%,
respectively.

Conclusion: Conclusively, if the MAG3 parenchymal image is abnormal, then there
isrenal damage but if this image is normal, a focal defect has not been excluded. Thus an
abnormal MAG3-F0 precludes the need for a Tc-DMSA scan for detection of persistent
renal damage in acute phase of pyelonephritis.
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urinary tract infection (UTI) as lower versus
upper remains controversial, mainly because of
Introduction the lack of clinical and paraclinical findings

The clinical and laboratory classificationofa  particularly early in childhood, when UTIs are
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relatively common [1]. However, children with
pyelonephritis are at risk for renal damage and
it has been established that acute infections of
renal parenchyma lead to scarring which is of-
ten associated with complications [1,2].

Acute pyelonephritis (APN) can lead to irre-
versible changes within the renal parenchyma
and alteration of renal function [3]. Renal scars
after first pyelonephritis are in most cases not
associated with abnormalities of the urinary
tract, but are caused by the infection itself [2].

The pathophysiologic changes in acute
pyelonephritis include tubulointerstitial in-
flammation/pus with impairment of the renal
microcirculation due to compression of the
glomeruli, small peritubular capillaries and
vasa recta by interstitial edema [4]. Acute
pyelonephritis in children can leave a kidney
scar that eventually can lead to hypertension or
renal failure [5].

Therefore, screening for patients at risk is a
major challenge. Nowadays, nuclear medicine
(using radioactive isotopes) is applied more fre-
quently in the diagnosis and treatment of pa-
tients [6]. The main tool of radionuclide tech-
niques applied to pediatric uro-nephrology is
the quantitation of function, which is an infor-
mation not easily obtained by other diagnostic
modalities. The radiation burden is low. Drug
sedation is only rarely needed, whatever the age
of the patient [7].

Renal parenchymal (cortical) scintigraphy is
indicated for the diagnosis and follow-up of focal
functional disorders, such as acute pyelo-
nephritis, and for accurate quantitation of split
renal function, especially in cases of atypical
location of the kidney(s) [8]. Tc-labeled cortical
fixation agents have excellent sensitivity in the
diagnosis of pyelonephritis. Tc-99m dimercap-
tosuccinic acid (DMSA) scintigraphy is an ac-
curate method for evaluation of regional corti-
cal impairment during acute pyelonephritis and
later on, for detection of permanent scarring
[7]. It is extracted by tubular cells and is the best
available radiopharmaceutical for the scinti-
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graphic evaluation of pyelonephritis because of
high kidney to background ratio, and lack of
liver and bowel activity [1,6].

On the other hand, Tc-99m mercaptoacetyl-
triglycine (MAG?3) is predominantly a proxi-
mal tubular secretion agent that is indicated for
dynamic renal studies to evaluate the tubular
function and collecting system drainage and is
the agent of choice for obstructive uropathy.
MAGS3 accumulates rapidly in the cortex dur-
ing the first few minutes after injection. Thus,
MAG3 provides images with a sufficiently high
kidney to background ratio and acceptable res-
olution at 2-4 minutes after injection, and there-
fore has been considered in the evaluation of fo-
cal parenchymal disorders [9,10].

Tc-99m MAGS3 renography is nowadays a
well-standardized method for accurate estima-
tion of the split renal function and of renal
drainage with or without furosemide challenge
[7].

Reports about the use of MAG3 in acute
pyelonephritis are conflicting because some au-
thors found MAG3 equivalent to DMSA [2],
whereas others found it inferior [10].

However, in those studies MAG3 was used
without the benefit of a diuretic, and investiga-
tion of the renal parenchyma was focused on
the first 2-3 min after injection.

Stakianakis et al showed that using a diuretic
simultaneously with MAG3 (furosemide at ze-
ro time or FO) produces prompt diuresis which
eliminates physiologic urine activity from the
calyces and renal pelvis. Thus, findings in the
renal parenchyma (cortex) which occur at more
than 10 min after injection can become promi-
nent and easily recognized [11].

The aim of this study was to compare diag-
nostic values of Tc-MAG3 (F0) dynamic study
and DMSA scan -during acute phase- in early
detection of renal scarring of children with sus-
pected pyelonephritis in comparison to after-6-
month Tc-DMSA scan as a gold standard.
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Methods

Patients

28 patients were evaluated prospectively (56
renal units) with their first UTI episode for
parenchymal changes with radioisotope scan.
They were admitted to Aliasghar children’s
hospital, Tehran, Iran.

Each patient with a strong clinical and labo-
ratory suggestion of UTI episode included high
fever (>38°C), urinary symptoms (dysuria, fre-
quency, urinary incontinence associated with
urgency and bedwetting in a previously dry
child) and abdominal pain in whom acute
pyelonephritis was suspected, underwent rou-
tine blood tests, urinalysis and culture. Patients
with previous history of UTI, Congenital uri-
nary tract malformations, or autoimmune dis-
eases were excluded by their history, search of
medical records and previous imaging.

Assessment

This study was approved by the institutional
research board. All patients began receiving in-
travenous antibiotics (cefotaxime and in new-
borns ampicillin) on admission. The gold stan-
dard for diagnosis of UTI is growth of patho-
genic bacteria in a urine culture [12].

Its findings were considered positive when
they showed a single urinary tract pathogen in
any concentration in urine obtained by suprapu-
bic tap or greater than 10° colony-forming units
/ml if the urine was obtained by catheter. There-
fore, when the result of urine culture was posi-
tive (24-48 hours after admission), a diuretic
MAG3 or DMSA scan was performed. The im-
aging studies were completed with a cystogram
once the repeated urine culture was negative for
pathogen. The patients were divided into 2
groups using simple random method: Group A
consisted of 14 patients (28 renal units) who un-
derwent MAG3-F0 scintigraphy in acute phase
of pyelonephritis and Group B consisted of 14
patients (28 renal units) who underwent DMSA
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scan in this phase for renal cortical assessment.
Follow-up-DMSA scan was performed as gold
standard for all patients in both groups 4-6
months after UTI episode to detect renal scars.
All patients received prophylactic antibiotic
during this period. They did not have any
episode of UTI in this period and it was demon-
strated by monthly negative urine cultures.
Findings of the first MAG3-FO scintigraphy
and DMSA scan were analyzed and compared
with the results of the gold standard test (DM-
SA scan after 4-6 months).

Imaging protocols

The standard protocol for MAG3-FO re-
quired hydration (oral using 10ml/kg water,
milk, or other liquids, or intravenous) but not
sedation or bladder catheterization. A 22-min (2
min per image) planar dynamic study was ac-
quired in posterior projection with the patients
supine, after an intravenous injection of 37-370
MBq (1-10 mCi) MAG3 and after 1 mg/kg
(maximum 40 mg) furosemide was injected im-
mediately after the radiopharmaceutical (at
time zero, F0). A postvoiding or postupright
holding image at 25-min completed the study.
MAGS3 studies were reviewed as 2-min sequen-
tial planar images.

Planar DMSA imaging was performed 4-6
hours after an intravenous injection of 19-148
MBq (0.5-4.0 mCi) 99m-Tc-DMSA. A pinhole
collimator was used for infants, and a high-res-
olution parallel-hole collimator was used for
older children. Posterior and oblique posterior
right and left images with 150,000 and 500,000
counts per image were acquired for infants and
older children, respectively.

The patients were restricted without sedation
in the supine (parallel-hole imaging) or prone
(pinhole imaging) position. If the patient
moved, the images were repeated.

Additionally, all the images were reviewed
and reported by one nuclear physician.
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Fig. 1. Parenchymal scar on dynamic MAG3-FO study. At 2 and 4 min, small focal defect with parenchymal loss is pres-
entin upper pole of right kidney (arrow).

Criteria for interpretation

MAGS3. Normal MAG3-FO findings were
characterized by normal parenchymal and
drainage function. Normal parenchyma rapidly
accumulates activity and is visible with high
contrast to the background at 2 min. At that time
in the mature kidney (>1 mo old), the kidney-

The result of DMSA after 6 months
Scar in kidney Normal kidney
(Positive) (Negative)

G Scar in kidney 20 0
EE (Positive)
:O_ 2 Normal kidney 3 5
295 (Necative
§,5 (Negative)
L]
=
[_.
Scar in kidney 24 0
é (Positive)
A g
G =
c 2
=2 g Normal kidney 1 3
2 = (Negative)
P
=

Table 1. Comparison of diuretic MAG3-FO0 scintigraphy
(group A) and DMSA scintigraphy (group B) at baseline
with DMSA results after 6 months in children with acute
pyelonephritis.

to-background ratio (kidney activity/[kidney+
background activity]) is greater than 80%. Nor-
mal split renal function ranges from 45% to
55%. The contour is smooth (except for the
shallow indentations around fetal lobulations),
and no areas of absent or decreased activity are
present, except for the limited-volume regions
in the apices and over the drainage system
(pelvis). Parenchymal activity peaks at 3-4 min
and then declines exponentially under the influ-
ence of the diuretic, with the half-life reached

Fig. 2. *"Tc-DMSA scan (posterior view) in patient with
pyelonephritis. Cortical defects (arrows) at upper pole
and lateral margin of left kidney indicate scarring.
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before 10-12 min, and with residual parenchy-
mal activity at 20 min less than 20% of the peak
activity, smoothly distributed, and equal on
both sides. Normally, the drainage system ap-
pears at 3-5 min and its activity declines expo-
nentially like that of the cortex. At 20 min, the
drainage system may not be visible or may
show slightly higher activity than does the
parenchyma [13].

Parenchymal dysfunction was characterized
by relatively decreased or even absent (focal
defect) early (2min) uptake and slowed tubular
transport (10-20 min), with resultant delayed
normalization or even relative retention of
MAG3 (Fig. 1).

The parenchymal renogram showed a delay
in peak time (>5 min), a flat pattern with a half-
life greater than 12 min, and a residual
parenchymal activity greater than 20% in the
mature kidney; uptake at 2 min was reduced
(kidney-to-background ratio <80%).

The abnormality was transient and focal (re-
gional parenchymal dysfunction), involving 1
or both kidneys with 1 or more foci of abnor-
mality present, or diffuse (diffuse parenchymal
dysfunction), involving 1 or both kidneys and
the entire parenchyma [13]. The renograms
were abnormal focally or throughout the entire
parenchyma.

Planar DMSA. Normal findings were equal-
ly sized kidneys with 45%-55% relative (split)
function and showing a smooth outline without
focal defects. A focal defect, or area showing a
pronounced decrease or lack of activity, was
considered compatible with acute pyelonephri-
tis in the acute phase. A focal defect, regardless

of whether it was associated with perceptible
parenchymal loss, was considered to indicate a
scar in follow-up studies (Fig. 2).

Statistical Analysis

Diagnostic values of MAG3-F0 scintigraphy
and DMSA scan in detection of persistent renal
injuries in acute phase of febrile UTI were com-
pared using EPI info-6 software.

Sensitivity, specificity, Positive Predictive
Value (PPV), Negative Predictive Value (NPV)
of these scintigraphic imaging (DMSA and
MAG3-F0) were reported. In addition, as the
PPV and NPV of a diagnostic test are dependent
of disease prevalence in the original communi-
ty, PPV and NPV of DMSA and MAG3-F0
were modified using Bayes’ rule [14].

The analytical procedures were performed
using SPSS v.13 software for windows. In order
to compare accuracy of MAG3-FO dynamic
study and DMSA scan, )* test was performed. A
5 percent probability of a type I error (two-
tailed), and a power of 80 percent were consid-
ered in the analysis. All reported p-values are
two-tailed.

Results

Twenty-eight children [22 (78.6%) girls, 6
(21.4%) boys] who had fever and positive urine
culture participated in this study during a 6-
month period.

They were 12 (85.7%) girls and 2(14.3%)
boys in group A (MAG3-FO group) and 10
(71.4%) girls and 4 (28.6%) boys in group B
(DMSA group). The total mean age was 3.43
(SD=2.62) years ranging from 3 months to 9.5

Sensitivity Specificity Positive Negative Accuracy
(95% CI) (95% CI) Predictive Predictive
Value Value
(95% CI) (95% CI)
MAG3-FO 87 100 100 62.5 89.3
(65.3-96.6) (46.3-100) (80-100) (25.9-89.8)
DMSA 96 100 100 75 96.4
(77.7-99.8) (31-100) (82.8-100) (21.9-98.7)

Table 2. Diagnostic values of diuretic MAG3-FO0 scintigraphy (group A) and DMSA scintigraphy (group B) in children with
acute pyelonephritis.
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years, and it was 3.51 (SD=2.90) and 3.29
(SD=2.17) years in groups A and B, respective-
ly.

We assessed 28 renal units in each of these
groups. Vesicoureteral reflux (VUR) was re-
ported in 15% of patients in MAG3-FO group
(A), in contrast VUR was not reported in DM-
SA group (B). The main scintigraphic findings
in acute pyelonephritic phase and at 4-6 months
after UTI in two groups are shown in Table 1.
The accuracy of MAG3-FO scintigraphy (group
A) and DMSA scan (group B) in detecting
parenchymal changes in acute pyelonephritic
phase were 89.3% (25 out 0of 28) and 96.4% (27
out of 28), respectively.

The result of Fischer exact test shows that
this difference is not statistically significant
(P=0.611, Power=64.3%).

Diagnostic values of MAG3-FO0 scintigraphy
and DMSA scan are shown in Table 2. As it is
shown in these two tables, specificity and sensi-
tivity of MAG3-FO scintigraphy were 100%
and 87%, respectively. Whereas, specificity
and sensitivity of DMSA scan in detecting
parenchymal changes in acute pyelonephritic
phase were 100% and 96%, respectively.

Calculated PPV and NPV of MAG3-F0
scintigraphy are 100% and 62.5% versus 100%
and 75% for DMSA scan. As the prevalence of
renal scarring in children with acute pyelo-
nephritis is estimated about 40% in our region
[15], PPV and NPV of these imagings are mod-
ified as 100% and 92% for MAG3-F0 scintigra-
phy, versus 100% and 97% for DMSA scan.

Conclusion

Renal scans have been used to evaluate chil-
dren with UTIs since the 1980s [16], and their
sensitivity and specificity for pyelonephritis
have been well documented in animal models
[17]. A substantial number of defects on DMSA
scans occur in the absence of reflux (62 to 82%)
[1,18-23]. This has led some to recommend that
if renal scarring is to be avoided, a renal scan
should be the initial investigation in a child with
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UTT to detect those at greatest risk for a persist-
ent scar. However, there is a lack of evidence
documenting what the presence of a scar on a
renal scan means for a child long-term, al-
though at least one study showed a strong corre-
lation between the absence of nocturnal blood
pressure drop (a risk factor for hypertension in
adults) and the severity of renal scarring fol-
lowing UTI[24].

Recent studies reporting on investigation
during a febrile UTI document initial defect and
subsequent scarring in 34 to 70% and 9.5 to
38%, respectively [1,18-23,25]. Unfortunately,
many studies do not have complete enough fol-
low-up to determine the true incidence of scar-
ring, as it has been shown that defects will
change up to 6 months later [21,26]. There is al-
so the potential for interobserver variability in
renal scans, with differences ranging from
small to notable [27,28]. The ramifications of
renal scarring for the risk of long-term morbidi-
ty such as hypertension and renal failure are al-
so unclear. Perhaps the most definite clinical
situation is one in which a renal scan is done at
the time of an acute UTI and no defect is found;
these children appear not to be at risk for further
scarring, and omitting further anatomic work-
up may be appropriate in this situation [19,29].

High resolution renal parenchymal (cortical)
scintigraphy is indicated for the diagnosis and
follow-up of focal disorders of the kidneys es-
pecially in children. Currently the technique of
choice for renal parenchymal scintigraphy is
static late imaging after an intravenous injec-
tion of a cortical fixation agent, such as DMSA.

MAGS3 is primarily a tubular renal imaging
agent and is used for dynamic studies in order to
assess global renal blood flow and excretory
function and to determine drainage adequacy of
kidneys. The greatest advantage of MAG3 is
the short duration of the test, which requires no
waiting period after injection and is acquired
after 4 minutes. Immobilization is easier for this
short period of time and sedation is not needed.

Pickworth et al showed that Tc-MAG3 (with-
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out furosemide injection) is less effective for
the detection of focal cortical scarring than Tc-
DMSA. But they believed that this advantage
was offset partly by the benefits of a lower radi-
ation dose, the additional information concern-
ing drainage and reflux and a much shorter ex-
amination time. In addition, Tc-DMSA may un-
derestimate the degree of cortical scarring par-
ticularly in instances where there is bilateral
global cortical loss and thus equal function.
This is less likely to occur with Tc-MAG3 since
visualization of the underlying calyces allows a
better estimation of cortical thickness and the
detection of dilated or obstructed collecting
system [30].

Sfakianakis et al performed diuretic MAG3
scintigraphy with zero time injection of
furosemide (MAG3-F0) to focal parenchymal
decrease in early uptake; slow filling in and
prolonged late retention of activity. He and his
colleagues performed two retrospective and
prospective studies for evaluation of MAG3
scintigraphy in assessment of renal cortex. In
the retrospective study, for 36 children with
UTI and regional parenchymal findings on
MAGS3 F0, data were compared with the results
of concurrent DMSA studies. In the prospective
study, for 57 children with clinical and labora-
tory findings of pyelonephritis, the results of
two scintigraphy imagings were compared. In
both studies, MAG3 FO was as sensitive as DM-
SA in diagnosis of renal parenchymal damage.
These authors believed that MAG3-FO scintig-
raphy is a fast and accurate technique for the di-
agnosis of acute pyelonephritis, and concluded
that A fast (25-min) planar dynamic MAG3-F0
study was found to be as sensitive at depicting
focal parenchymal abnormalities in APN as
was the 3- to 4-h DMSA routine procedure. The
sensitivity and specificity of both studies need
further evaluation [11].

In the literature, a sensitivity of between 50%
and 70% has been reported using MAG3 that
was performed concurrently with DMSA.
However based on the Patlac Plot, a sensitivity
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0f'80% has been reported [31].

In our study, we did not perform MAG3 and
DMSA scans concurrently in one group, be-
cause of ethical problems due to over-radiation.
Another limitation of our study was the low
sample size, which is recommended to cover in
further studies. However, this study showed
that the accuracy of MAG3 and DMSA scans
for detection of renal parenchymal scars was
not significantly different and MAG3-F0 imag-
ing during acute pyelonephritis had the same
specificity and PPV of DMSA scan for persist-
ent kidney lesions which were detected by late
DMSA scan.

We concluded that if the MAG3 parenchy-
mal image is abnormal, then there is renal dam-
age but if this image is normal, a focal defect
has not been excluded. Thus an abnormal
MAGS3-FO0 precludes the need for a Tc-DMSA
scan for detection of renal damage in acute
phase of pyelonephritis. Whereas, an abnormal
MAG3 scintigraphy and even DMSA scan in
acute phase of pyelonephritis, must be followed
by an after 6-months DMSA scan to authenti-
cate the presence of persistent scar in renal
parenchyma, later in the follow up period.
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