Diuretic MAG3 Scintigraphy (f) in Acute
Pyelonephritis: Regional Parenchymal
Dysfunction and Comparison with DMSA

George N. Sfakianakis, Felipe Cavagnaro, Gaston Zilleruelo, Carolyn Abitbol, Brenda Montane, Mike Georgiou,
Shabbir Ezuddin, William Mallin, Efrosyni Sfakianakis, and Jose Strauss

Division of Nuclear Medicine, Department of Radiology; Division of Pediatric Nephrology, Department of Pediatrics; and Department
of Medicine, University of Miami School of Medicine, Miami, Florida

99mTc-DMSA late static planar imaging or SPECT is being used
for the investigation of focal acute pyelonephritis (APN), espe-
cially in children with urinary tract infection (UTI). Diuretic
99mTec-mercaptoacetyltriglycine (MAG3) dynamic scintirenogra-
phy has been applied in the evaluation of kidney function and
structure, frequently to exclude obstruction. However, in children
and adults with a clinical picture of APN, diuretic MAG3 scintigra-
phy with zero time injection of furosemide (MAG3-Fy) was
observed to display focal parenchymal abnormalities; regional
dysfunction (focal parenchymal decrease in early uptake; slow
filling in and prolonged late retention of activity); or, less fre-
quently, fixed defects. This observation was further studied both
retrospectively and prospectively, and its sensitivity and specific-
ity for APN were compared with those of dimercaptosuccinic acid
(DMSA). Methaods: In the retrospective study, for 36 children with
UTI and regional parenchymal findings on MAG3-F,, data were
reviewed, analyzed, and compared with the results of concurrent
DMSA studies. In the prospective study, for 57 children with
clinical and laboratory findings suggestive of APN, the 2 radiophar-
maceuticals were used for imaging sequentially and the results of
the 2 studies were compared. The criteria for abnormal findings
compatible with the diagnosis of APN were, for MAG3-F,
regional parenchymal dysfunction and fixed focal defects and, for
DMSA, focal defects without parenchymal loss. Results: In all
groups of patients, most abnormal MAG3-F, studies (80%)
showed regional parenchymal dysfunction, but in some (20%) a
fixed defect was found. Compared with DMSA and when both
regional dysfunction and focal defects were considered, MAG3-F,
was as sensitive as DMSA. Some patients had only MAG3-F,
abnormalities, suggesting a slightly lower specificity for MAG3-F,
compared with DMSA (86%); this finding needs further study,
because it also raises questions about the sensitivity of DMSA,
considering that only a small percentage of patients with clinically
suggestive findings had abnormal study findings. In most pa-
tients with fixed defects on both DMSA and MAG3-F,, follow-up
studies showed no resolution, suggesting that a fixed defect on
MAG3-F, may indicate either more severe APN or preexistent
scars and that regional dysfunction may be a sign more specific
for APN and prognostic of potential recovery. In addition, a
pattern more specific for a scar—a fixed defect with a dilated
regional calyx—was seen on follow-up MAG3-F,. Conclusion: A
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fast (25-min) planar dynamic MAG3-F, 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.
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The clinical and laboratory classification of a urinary tract
infection (UTI) as lower versus upper remains controversial
in pediatrics, mainly because of the lack of classic symptom-
atology, particularly in early childhood, when UTls are
relatively common. In addition, laboratory tests of blood and
urine have shown poor sensitivity and specificity for this
task. However, it has been established that acute infections
of the renal parenchyma (acute pyelonephritis, or APN) lead
to scarring, which is often subsequently associated with
complications such as hypertension, proteinuria, and loss of
renal function; all these factors may lead to renal insuffi-
ciency and failure ). This fact was recently reinforced by
several studies in humans and in animal models showing
that only those bacterial infections reaching the renal
parenchyma result in cortical renal scarg).(Another
observation is that the younger the patient is, the greater is
the possibility of scarring3). Finally, predisposing factors
such as congenital anomalies of the urinary tract or vesicoure-
teral reflux are an important cause in some patiefslg
most patients, however, APN is not commonly associated
with demonstrable anatomic or functional abnormaliti&s (

In animals, at least, early aggressive antibiotic treatment can
abort the development of renal scarring).(Also well
established in patients with APN is the fact that radiography
and sonography lack sensitivity whereas renal scintigraphy
with 9"Tc-labeled cortical fixation agents (dimercaptosuc-
cinic acid [DMSA] or glucoheptonate) has excellent sensitiv-
ity in the diagnosis of APN1-9). Experimental work in
piglets showed DMSA imaging to be highly sensitive in
detecting induced APN as focal defectg); In addition, in
children with previously normal kidneys who present with
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UTI, focal areas of decreased or interrupted function (focBluclear Medicine Laboratories, renal scintigraphy with
defects) are highly specific for APNLY). MAG3 has been used for evaluation of congenital and
DMSA, a renal radiopharmaceutical localized by distacquired renal diseases5,16. Immediately after injection
tubular fixation (40% of the dose), is considered to be thad the radiopharmaceutical, furosemide has been routinely
best available radiopharmaceutical for the scintigraphé@ministered to empty the normal drainage system and
evaluation of APN because of high kidney-to-backgrounexclude obstruction, allow study of the renal parenchyma,
ratio, lack of activity in the collecting system, and lack ofind reduce radiation exposure to the urinary bladder by

liver and bowel activity {1). After experimental work and inducing frequent urinationl(?). Abnormalities in accumu-
clinical experience, DMSA imaging is considered the golthtion and discharge of cortical activity with MAG3;Rave
standard for the diagnosis of APN, especially in childrebeen observed in renal parenchymal disorders, including
with, usually, no previous renal abnormalities. After injecAPN (18-2Q. In APN, a type of regional parenchymal
tion, a waiting period is required for 40% of the dose tdysfunction has been noticed, characterized by decreased
accumulate in the renal parenchyma and for the rest to @ed slow or even absent early (1- to 4-min) parenchymal
excreted in the urine. The typical image of APN on delayettivity associated with late normalization or even pro-
(3- to 6-h) DMSA imaging (planar imaging with a paralleldonged relative retention during the later (10- to 20-min)
hole or pinhole collimator or SPECT) is characterized by $fages of the examinatioh§-2Q.
focal cortical defect with preservation of kidney volume. The purpose of this article is to formalize and report the
With effective therapy, the defect of the acute infection mdinal results and conclusions of MAG3sBcintigraphy as
resolve; otherwise, a scar will develop, as manifested byogserved in APN and as compared with DMSA. The
focal defect accompanied by parenchymal collapse and Idggothesis of the prospective study was that the 2 radiophar-
of volume (1). maceuticals and the 2 methods have comparable sensitivity
9nTc-MAG3 (mercaptoacetyltriglycine or mertiatideand specificity in diagnosing APN. If true, then MAG3-F
[TechneScan; Mallinckrodt, St. Louis, MO]) is predomi{providing a diagnosis within 25 min) would be preferable to
nantly a proximal tubular secretion renal agent withol®MSA (requiring a wait of 3—4 h).
cortical fixation; therefore, it is not suitable for delayed
imaging of the renal cortex. MAG3 is indicated for dynamiMATERIALS AND METHODS
renal studies to evaluate cortical tubular function and The original observations were made on 60 patients with a
collecting system drainage and is the agent of choice fariety of renal diseases whose MAGgs€intigraphic studies had
obstructive uropathy and diffuse functional abnormalities hown some type of renal parenchymal dysfunction, diffuse or
the renal cortex¥2). However, because of high extractiorfocal (Table 1) 21-23. Of these patients, 18 had a diagnosis of
efficiency (40%—-60% per pass), MAG3 accumulates rapidly
in the cortex during the first few minutes after injection,
while the background activity is also rapidly declining.
Thus, MAGS3 provides images with a sufficiently high

TABLE 1
Patients in Whom Renal Parenchymal Dysfunction
Was Observed, Prompting Retrospective

kidney-to-background ratio and acceptable resolution at 2—-4 and Prospective Studies

min after injection and, therefore, has been considered in the

evaluation of focal parenchymal disordei8(14. Reports Diagnosis Focal Diffuse
about the use of MAG3 in APN are conflicting because some ppy 18 (unilateral or

authors found MAG3 equivalent to DMSA3®) and others bilateral)

found it inferior (14). However, in those studies, MAG3 was Nephrotic 14 (bilateral)

used without the benefit of a diuretic, and investigation of _  Syndromes* 3 (wnilateral
the renal parenchyma focused on the first 2-3 min after_ o (unilateral)

.. K . R . RVH (before or 3t 7% (unilateral or
injection. Experience in our laboratory shows that using a  after ACE-I) bilateral)
diuretic simultaneously with MAG3 (furosemide at zero Transplants

time, or k) produces prompt diuresis, which eliminates  Acute tubular 1 (plus less intense 6
physiologic urine activity from the calyces and renal pelvis. Rerj?:gtric(’;'s diffuse) .

Thus, findings in the rene}l parenc;hymg (cortex), which Toxicity 1

occur at more than 10 min after injection, can become |nfarcts 2

prominent and easily recognizable. Abnormalities in the rate Total 27 34

of discharge of renal parenchymal activity, which appear as

focal parenchymal restoration or even relative retention of « ;pus, Hiv, sickle cell disease, other.

activity after 10 min, may not be visible unless overhydra- tBranch renal artery stenosis.

tion is present or a diuretic is injected either before or at the $Main renal artery stenosis.

time of injection of MAG3. RVH = renovascular hypertension; ACE-l = angiotensin-convert-

At the University of Miami/Jackson Memorial Hospital'"9 &"2yme inhibitor
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APN, 17 of whom had gallium studies verifying focal infection.Miami/Jackson Memorial Hospital during a 3-mo period partici-
These observations prompted a cross-sectional retrospective stpated in this study (Table 3). Eighty-four percent (48/57) were
and, later, a prospective study. younger than 2y, and 72% (41/57) were younger than 1 y. None of
the boys were circumcised, and some infants were breast-feeding.

Retrospective Study Each patient in whom APN was clinically suspected underwent

Aretrospective review of the records indicated that a total of 40 .. 1 100d studies (C-reactive protein, erythrocyte sedimenta-

f‘hl(ljdr(;n with laMs};rcc;I;g ;:_In;l_cal a_ln_cri] Iabortat(;)_ry suggestlofn of '?ﬁ'ﬂon rate, circulating blood counts with differentials, serum electro-
ad abnorma “ffindings. These studies were performe es, creatinine, and blood cultures) and urine studies (urinalysis

exclude ob_strucﬂon or other cpngenltal anomalies O.f the kidne d urine culture) during the first 24 h after admission. All patients
after que;tlonable or inconclusive renal sonography flpdlngs. In gan receiving intravenous antibiotics (cefotaxime and, in new-
of 40 children (newbom to 11 y old), MAG3,Fstudies were bc1rns, ampicillin) on admission, and their treatment was later

negative for congenital anomalies but showed focal parenchyn%%anged according to bacterial culture and sensitivity findings.

abnormalities (Table 2). Twenty-eight of these 36 children under; . - . i
o . . Urine culture findings were considered positive when they showed
went concurrent (within 1 wk) planar DMSA studies to obtain. . . : N )
single urinary tract pathogen in any concentration in urine

evidence of focal APN. Many children with similar indications hacfl

normal MAGSfand DMSA fidings,but the exect umber cou, (8T, b SRR T BSRS VEC EICRIBIR,
not be compiled. Follow-up (3—6 mo later) MAG3-§cintigraphic y  Or 9

studies were available for 16 of the 36 patients in this group, and i lony-forming units/mL if the urine was obtained by a clean and

. midstream catch.
of the 16 also had DMSA st_ud|es (Table 2). - . When the result of the urine culture was positive (24—48 h after
These studies were reviewed by 2 nuclear physicians workin

. . a%mission), a diuretic MAG3 dynamic renal study and renal
together in conference. When dual MAG3-&d DMSA studies sonography were performed. The protocol required that DMSA

were available, each pair of studies was interpreted S|multaneou§/ ECT be performed within the next 24 h, if possible. Thus, the 2

\?vr;?ecrc:er\?ige\/‘vr:g\ils I():l;)r\rlzl h:rri]s:)(:l\?v\;\ttnut?lesgjccifessm%riisa{'ggzlz,) the cintigraphic tests were performed sequentially (40 within 24 h, 6
P " within 48 h, 4 within 72 h, and 7 within 1 wk). Finally, the imaging
Prospective Study studies were completed with a cystogram (either nuclear or
The study was approved by the institutional research board, ardliographic) once the repeated urine cultures were negative for
informed consent was obtained for every patient. Five childrgrathogens. Of the 57 children included in the analysis, 6 (10.5%)
with a documented (through urinalysis) previous history of UThad not been studied with cystography and in 3 (5.3%) the urine
congenital urinary tract malformations, or autoimmune diseaselture was misclassified in the laboratory (but was positive for a
were excluded from the study. Fifty-seven children younger thaignificant number of gram-negative rods).
6y (39 boys, 18 girls; age rang® d to 6 y;mean age, 10.4 mo) Each pair of prospective studies was interpreted once simulta-
who had fever $37.5°C) and positive urine culture findings andcheously and comparatively by 2 nuclear medicine physicians
were admitted to the Children’s Center at the University ofvorking in conference and once separately and blindly by 2 other

TABLE 2
Results of Retrospective Analysis of Abnormal MAG3-F, Studies in Comparison with DMSA (Paired Studies)
and Follow-Up Studies

MAG3-F results Complt_ete
resolution
Dilated Defect Reflux on on follow-up
2-min image 20-min image calyx on DMSA cystography studies
Patients Defect Hypo Hyper* Equalt Defect Yes No Yes No Yes No Yes No
All (n = 36) 30 6 21 8 7% 5% 31 — — 9 22 6 108
Those with paired
studies (n = 28) 24 4 15 7 6 4 24 24 4 9 19 5 9

*Areas with early depressed or absent activity with delayed retention.

TAreas of early decreased or absent activity with delayed normalization.

fFive of 7 kidneys with fixed defect were associated with dilated calyx (scars?).

8Follow-up studies were available for 16 patients. All patients without resolution had fixed defects on follow-up studies; of them, 7 had fixed
defects during APN and 3 had regional parenchymal dysfunction. Seven had dilated calyces, 5 unchanged from acute phase and 2 with
previous regional parenchymal dysfunction. Three patients had fixed defects without dilated calyx, 2 unchanged from acute phase and 1 with
previous regional parenchymal dysfunction. It appears that fixed defects in acute phase have either worse prognosis for recovery than regional
dysfunction or may represent preexistent scars.

|Of 4 patients without DMSA defects, 1 showed fixed defect on MAG, and 3 showed small area of early decreased activity, with delayed
hyperactivity.

Defect = focus of no activity; hypo = focus of decreased activity; hyper = focus of increased activity; equal = activity equal to that of rest of
kidney.
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TABLE 3 DMSA SPECT (tomographic) for the prospective study was

Results of Prospective Study performed 3-5 h after an intravenous injection of 37-185 MBq

(1-5 mCi) DMSA, using a 3-detector gamma camera with ultra-
MAG3 DMSA SPECT findings high-resolution collimators, 360°, step-and-shoot mode, 40 s, and
findings Positive Negative Suggestive 4° per stop. The patients were restricted without sedation. SPECT

DMSA studies were reviewed as 1-cm slices in 3 projections after

Positive 15 10 > - standard reconstruction, using a Hanning filter and a cutoff
Negative 33 - 32 1 frequency of 0.2 cycles/cm

Suggestive 9 2 1 6 q y = ey ’

Total 57 12 38 7

Criteria for Interpretation
— MAG3. Normal MAG3-F, findings were characterized by nor-
' When the 2 readings disagreed, study was considered sugges-  mg| parenchymal and drainage function. Normal parenchyma
tive. rapidly accumulates activity and is visible with high contrast to the
background at 2 min. At that time in the mature kidneyl(mo

nuclear physicians working independently. Disagreements Weﬂ@)' the kidney-to-background ratio (kidney activity/[kidney

categorized as suggestive (Table 3). A computer monitor wiffpckground activity]) is greater than 80%. Normal split renal
adjustable intensity was used for all DMSA and MAG@_Ffunctlon ranges from 45% to 55%. The contour_ is smooth (except
readings. for the shallow indentations around fetal lobulations), and no areas

of absent or decreased activity are present, except for the limited-

Imaging Protocols volume regions in the apices and over the drainage system (pelvis).

The standard protocol for MAG3yFequired hydration (oral, Parenchymal activity peaks at 3—4 min and then declines exponen-
using10 mL/kg water, milk, or other liquid, or intravenous) but naially under the influence of the diuretic, with the half-time reached
sedation or bladder catheterization. A 22-min (2 min per imagégfore 10-12 min, and with residual parenchymal activity at 20
planar dynamic study using a computer-supported stationary ram less than 20% of the peak activity, smoothly distributed, and
portable gamma camera with a low-energy high-sensitivity collimaqual on both sides. Neonates have higher residual parenchymal
tor was acquired in posterior projection with the patient supinagctivity (30%—40%) because their kidneys are immature. Normally,
after an intravenous injection of 37-370 MBq (1-10 mCi) MAG3he drainage system appears at 3—-5 min and its activity declines
and after 1 mg/kg (maximum, 40 mg) furosemide was injectezkponentially like that of the cortex. At 20 min, the drainage system
immediately after the radiopharmaceutical (at time zerg, A may not be visible or may show slightly higher activity than does
postvoiding or postupright holding image at 25 min completed thbe parenchyma (Figs. 1-4, left kidne)y.
study. MAGS3 studies were reviewed as 2-min sequential planarParenchymal dysfunction, which was observed in preliminary
images. work (Table 1) and was the basis for inclusion in the retrospective

Planar DMSA imaging for the retrospective study was pestudy, was characterized by relatively decreased or even absent
formed 4-6 h after an intravenous injection of 19-148 MBgfocal defect) early (2 min) uptake and slowed tubular transport
(0.5-4.0 mCi)?*"Tc-DMSA. A pinhole collimator was used for (10-20 min), with resultant delayed normalization or even relative
infants, and a high-resolution parallel-hole collimator was used foetention of MAG3. Frequently, contrast enhancement was neces-
older children. Posterior and oblique posterior right and leftimagssry to make the lesion visible, because by 15-20 min after
with 150,000 and 500,000 counts per image were acquired fojection, the otherwise normally functioning kidney had shed most
infants and older children, respectively. The patients were restrictefithe activity. The parenchymal renogram showed a delay in peak
without sedation in the supine (parallel-hole imaging) or prontme (>5 min), a flat pattern with a half-time greater than 12 min,
(pinhole imaging) position. If the patient moved, the images wewand a residual parenchymal activity greater than 20% in the mature
repeated. kidney; uptake at 2 min was reduced (kidney-to-background

' % O o o
* . N .

2 MIN 4 [} [} 10

FIGURE 1. Regional parenchymal dys-
function shown on dynamic MAG3-F, study 4 . 2 &
of child with clinical and laboratory presenta- . ' ‘ ‘ ‘ ' ‘ "' “ '
tion compatible with APN. At 2 and 4 min,
focal parenchymal defect in right upper pole ‘ [
{ { ; N}
v . - e

is visible (arrows). As study progresses,
same area fills and eventually shows rela-

tive hyperactivity (18 and 20 min, arrow). = 5 1 18
Bladder emptied at 14 min.
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compatible with APN, and a fixed focal defect, which was an area

in which activity was persistently lacking or decreased throughout

the study. A fixed focal defect was considered suggestive of APN
- x when found in the acute phase in the prospective study. In some
" i - . instances, a focal defect was bordered by regional dysfunction (Fig.
4). Such a focal defect was often associated with a prominent

(dilated) calyx both in the acute phase and during follow-up of

‘ APN patients (Fig. 3). Focal defects with or without a dilated calyx
- were considered typical of scars when found on follow-up studies

of patients with a history of APN (Figs. 3 and 4).

DMSA, Planar or SPECTNormal findings were equally sized
kidneys with 45%-55% relative (split) function and showing a
smooth outline without focal defects. A focal defect, or area

DMSA showing a pronounced decrease or lack of activity, was considered
compatible with APN in the acute phase (Fig. 2). A focal defect,
1 . : . ' regardless of whether it was associated with perceptible parenchy-
‘ " ‘ mal loss, was considered to indicate a scar in follow-up studies.
Statistical analysis with a paired Studétest was performed for
- the prospective study, using DMSA results as the gold standard.

2 min 4 min PV

POST RAO LAO
RESULTS

FIGURE 2. Comparison between dynamic MAG3-F, and static  Retrospective Study

delayed planar DMSA studies obtained within 24 h in same Of 36 patients with clinical APN and focal abnormalities
patient as in Figure 1 shows that regional parenchymal dysfunc- . .
tion is compatible with APN. Focal defect without parenchymal on MAG3-F, 29_Showed remonal.paren_(:hymal dysfunction
loss (APN) by DMSA (arrow, B) coincided with regional parenchy- ~ and 7 showed fixed defects (5 with a dilated calyx). Of the
mal dysfunction by MAG3 (arrow, A). 28 patients with focal abnormalities on MAG3-#&nd paired
DMSA studies, 24 showed congruent findings on both
ratio < 80%). The abnormality was transient and either focatudies and 4 showed normal DMSA findings (Table 2).
(regional parenchymal dysfunction), involving 1 or both kidneys Five patients had lesions bilaterally but, for the purpose of
with 1 or more foci of abnormality present (Figs. 1-4), or diffus¢his study, were considered once. One third (9/31) of the
(diffuse parenchymal dysfunction), involving 1 or both kidneys angatients were shown to have vesicoureteral reflux by nuclear
the entire parenchym&1). The renograms were abnormal focallyqg, radiographic retrograde studies.
or throughout the entire parenchyma. In some patients, a diﬁuseFoIlow-up MAG3-F, scintigraphy was available for 16
parenchymal dysfunction was present and, in addition, focal arﬁ?ﬁtients (14 with paired DMSA studies). Regional parenchy-

with more prominent retention or fixed focal defects were disti fal dysfunction completely resolved in 6 patients (5 in the
guished on the cortex (Figs. 5 and 6). Multifocal lesions were the y P y P

result of either APN (Figs. 5 and 6) or other disease (Table 1). Paired studies); it was replaced by a smaller fixed defect
When the scintigrams of the retrospective or prospective studi@ssociated with the development of scars by DMSA) in 3
were interpreted, 2 types of focal abnormalities on MAG3wEre  Patients (Fig. 3). In 7 patients, who originally showed fixed
described: regional parenchymal dysfunction with a homogenedigfects (5 with dilated calyces in the vicinity of a defect), no
(Figs. 1, 2, 5, and 6) or heterogeneous (Fig. 4) pattern conside@tange in the image on follow-up scintigraphy was found. In

v W o b

FIGURE 3. Parenchymal scar on dy-
2min 4 6 8 10

namic MAG3-F, study in same patient as in

Figures 1 and 2, performed 3 mo later, after

treatment for APN. At 2 and 4 min, small

focal defect with parenchymal loss is pre-

¢ ’ o o sent in upper pole of right kidney (arrow). At

‘ # & ' % § 2 4 and 6 min, hyperactive (dilated) calyx is

visible (arrow), but parenchymal retention

does not occur later in study. This picture is

. . compatible with small scar and is supported

 § - - by concurrent DMSA study that showed

12 14 16 18 20 small defect with parenchymal loss in same
area as defect of MAG3-F,.
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FIGURE 4. APN as regional dysfunction
bordering focal defect on MAG3-F, study.
Selected images from acute (A) and 6-mo
follow-up (B) MAG3-F, dynamic studies in
same patient. Whereas dysfunctional re-
gion present on upper row appeared to
have recovered in follow-up study, focal
defect persisted. Such cases may indicate
more severe disease, although reinfection
around preexistent scar may be another
possibility.

2min 4

2 of the 3 patients with regional parenchymal dysfunctioconsidered compatible with APN on SPECT DMSA (focal
and fixed defects (scars), a neighboring dilated calyx wasrtical defects without parenchymal loss) were visualized
perceived in the follow-up studies. on the dynamic MAG3-fstudy. They were seen either as
In this as in other groups, we found that regionalegional dysfunction or, less frequently, as fixed focal
parenchymal dysfunction may be superimposed on diffudefects. The discordant case with a defect on DMSA showed
dysfunction and may involve more than 1 focus of a kidneetention within the drainage system with MAG3 (probably
(Fig. 5). On further investigation, we observed that both tHeecause of vesicoureteral reflux), obliterating the delayed
diffuse and the focal type of parenchymal dysfunction maynages of the cortex. Studies with negative findings also
be associated with gallium accumulation (Fig. 6). Finallgshowed good correlation. However, in 5 patients, MAG3
parenchymal dysfunction was occasionally bilateral arfthdings were not associated with focal lesions on DMSA. In
multifocal, as diffuse disease with multifocal enhancemerdddition, several studies had questionable results.

Such a picture could not be definitely related to APN. The results of the masked independent interpretation by
Prospective Study the 2 other readers working separately showed MAG3 in
Scintigraphic FindingsComparative simultaneous inter-2greement with DMSA for 48 patients (10 positive, 32
pretation of the MAG3 and DMSA studies by the 2 readef2€9ative, 6 suggestive), whereas in 9 patients the 2 studies

working in conference showed that all but 1 of the 14 lesionéere found to have different results (Table 3). MAG3

findings were positive in 5 patients with negative DMSA
4
a0y )

findings, but in no patients were the findings positive for
DMSA and negative for MAG3. In 2 patients, findings were
-

FIGURE 5. APN superimposed on kidneys with diffuse paren-
chymal disease. Selected images from MAG3-F, dynamic study M
in child with sickle cell disease and APN (2-, 4-, 6-, 10-, and -

20-min images and 25-min image after voiding). Both kidneys are
enlarged (sickle cell disease), but right kidney is edematous with
decreased activity in upper and lower poles (arrows). By end of
study and in 25-min image, foci of hyperactivity are present in
same areas with early decreased uptake. This study, in addition
to 2 foci of regional parenchymal dysfunction (APN), also showed
diffuse parenchymal dysfunction caused by sickle cell disease.

1960 THE JoURNAL OF NUCLEAR MEDICINE ¢ VolI. 41

FIGURE 6. Comparison between MAG3-F, dynamic study
(25-min image after voiding) and 48 h 6’Ga image for patient of
Figure 5. Because of sickle cell disease, diffuse retention of
gallium by renal parenchyma and diffuse parenchymal dysfunc-
tion are shown by MAG3. In addition, areas of APN (regional
parenchymal dysfunction, as revealed by MAG3-F,) have more
intense gallium uptake than rest of kidneys.
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positive for DMSA and suggestive of MAG3; in 1 patient Regional parenchymal dysfunction appeared to be a
(the patient with drainage system retention), the findingharacteristic, and potentially reversible, finding for APN on
were suggestive of DMSA and negative for MAG3; and in MAG3-F, in all groups of patients studied (Figs. 1, 2, and
patient, the findings were suggestive of MAG3 and negativie-6). In addition, a fixed defect associated with the early (3-
for DMSA. The MAG3-R results were not statistically to 5-min) appearance of a hyperactive (dilated) calyx has
different from the DMSA results for sensitivity. Specificity,been observed on MAG3gFn scars (Fig. 3). In DMSA
when DMSA was used as the gold standard for APN, wasudies, parenchymal loss indicates that a defect is caused by
statistically different P < 0.05), being somewhat reduceda scar. Evidence suggested that a fixed focal cortical defect
for MAG3-F, (86%). on MAG3-F, as well as on DMSA may not necessarily
Patient motion and the 3- to 4-h wait were problems fasharacterize APN and may indicate a preexistent scar.
DMSA. Axis variations, coexistent obstruction or reflux, and Regional parenchymal dysfunction was usually peripheral
lower kidney-to-background counts created difficulties wit(Fig. 5) but, in some cases, extended deeper (Figs. 1 and 4),
interpreting MAG3. Cortical irregularities of infantile kid- indicating that the dysfunction may be a cortical abnormality
neys were difficult to recognize on both studies. involving the medulla as well. No drainage system abnormal-
Other Findings.Fever, vomiting, irritability or lethargy, ity was evident. In some patients, a peripheral focal defect
and decreased appetite were the most common symptamss bordered centrally by regional parenchymal dysfunction
and signs observed in these patients. The mean regRl. 4). Because MAG3 is primarily a tubular agent, the
temperature recorded before admission was 37.9°C, wittyBnormality may be caused by some reversible derangement
range from 37.5°C to 41.1°C. in the function of the proximal tubular cells. Although the
Urine cultures for 44 of 57 patients (77%) were positivearly decrease seen in MAG3 uptake may have resulted
for Escherichia col(50% resistant to ampicillin); the secondrom focal ischemia, the late retention of activity locally
most common organism wasnterococcus faecalisvhich  suggests that the abnormality is, at least in part, a tubular
was found in 3 of 57 patients (5%). However, no typificatiogysfunction. As is the case with some defects observed using
was performed for identification of uropathogenic strainpMmSA, this dysfunction seen on MAG3;Fmay resolve
C-reactive protein was elevated in most patients in whogbmpletely or lead to a permanent focal defect, or scar.
APN was shown by scintigraphy but also in many patientsigure 7 illustrates a possible sequence of events (APN
with negative imaging findings. either resolving or leading to scar formation) based on these
The voiding cystourethrogram or the nuclear cystograghservations. Abnormalities found on MAG3-&e nonspe-
was positive for vesicoureteral reflux in 15 of 52 patientsific for APN (Table 1), as is the focal defect of the DMSA
(29%). Renal sonograms interpreted by pediatric radiolgy,qy.
gists with appropriate clinical information were not diagnos- | some patients, the clinical presentation was, on the
tic of APN in any patient; in only 2 patients were finding$yasis of history, compatible with APN, and DMSA showed
suggestive of urinary infection reported because of debrisfica| defects without appreciable parenchymal loss, but
the bladder. _ MAG3-F, did not show typical regional dysfunction. Rather,
Hospital admissions for UTI were frequent in preschoghca| defects and, in some, a combination of focal defects
children and even more so in infants. A high incidence Gfjth regional dysfunction were visible. Hence, the conclu-
renal involvement was found by scintigraphy in febrilg;sp, is that APN may be manifested on MAG3dither as
infants and children, confirming data previously publisheggional dysfunction or as a fixed defect. However, one
by various investigator@,23. However, evidence of APN ¢annot exclude the possibility that, in some patients, un-

was not found or suggested by either MAG3 or DMSAin thgn o,y preexistent scars may have been the cause of focal
majority (32/57) of patients admitted and originally treateflefects on both studies. The fact that fixed defects on
for APN. The febrile episode was finally attributgd to |°WeMAG3-FO did not recover function may indicate that either
UTI and treated as such, although some patients with,g,e severe disease or already established scars were
severe clinical picture were treated for APN. present (Table 2). This observation, which raised doubts
about the specificity (for APN) of a focal defect on DMSA or
DISCUSSION MAG3-F, scintigraphy, was made only after the completion
This study showed that MAG3;Flynamic imaging has of the study and, therefore, could not have been pursued
the same sensitivity as DMSA late scintigraphy for kidnegrospectively. Infection-specific studie§’Ga or labeled
lesions compatible with APN in children with no previousvhite blood cell imaging) in patients with renal parenchymal
renal abnormalities. MAG3+fstudies were found to be defects on MAG3-For DMSA may be helpful for proving
slightly less specific than DMSA when the latter washe existence of APN if a preexistent scar is clinically
considered the gold standard, but the difference was smalispected.
This experience supports the possibility that MAG3-F In the absence of renal insufficiency, lesions were well
scintigraphy may be a fast and accurate technique for trezognized on both MAG3 and DMSA, although the target-
diagnosis of APN in children with the appropriate clinicato-nontarget ratio was higher for DMSALT). Contrast
and laboratory presentation. enhancement was necessary for many cases of MAGS3,
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A Focal Scar
Defect

_> —)
Effective Therapy
Normal Cellular Cellular Scar

FIGURE 7. Schematic representation of
findings for APN. (A) Focal defect on DMSA
delayed (3- to 4-h) static images and its
evolution. (B) Regional parenchymal dys-
function on MAG3-F, dynamic 20-min im-
ages and its evolution. Focal parenchymal
area of absence or decreased activity at 2 -> - -
min on MAG3-F, (not shown) may be asso-
ciated with any of the 4 images at 20 min

Dysfunction Non-function

(B). It is suggested that, as severity of <=- <=-
infection increases, normal 20-min image

deteriorates toward focal retention and de- EMVO Thﬂfﬂpy
fect.

because by 15-20 min most of the activity had been shed d¢pecificity of DMSA findings has indicated that not all foci
the kidneys. The nonscintigraphic findings in the prospeof APN found on pathologic examination were associated
tive study regarding the age of the patients, the clinicalith defects on DMSA imaging 10). In addition, the
presentation, the laboratory evaluation, and the contributigansitivity of DMSA in detecting APN in children is better
of retrograde studies and renal sonography to the diagnogian that of any other test yet was never proved to be 100%;
of APN agreed with previous studie&9,13. therefore, obtaining positive MAG3,findings with corre-

The retrospective study was based on a biased populat'gmmding negative DMSA findings does not prove that the
composed of patients with a clinical suggestion of APN, ity ymer were false-positive.

whom MAG3-F studies showed focal parenchymal findings ginajy, both methods need to address some technical
but excluded obstruction or other congenital anomalies. Ny ities, such as the cortical irregularities of infantile

accurate data from patients without focal IO"’“enChme]’ldney:s, axis variations, and patient positioning and motion.

findings were available for comparison. However, whe o . ) L
) ' Iso, the masked analysis indicated that imaging with either
both MAG3-F, and DMSA studies were performed, goo AG3 or DMSA carries a significant risk (20% in this

correlation was found for identifying focal abnormalitiesStud ) of uncertain, or suggestive, studies, as other investiga-
compatible with APN. y , g9 : : g

t%rs have recently also suggested for DM28)( Of special

The prospective study was needed so that tests wij ! tis the fact that t of the child dmitted and
negative findings could be included for the evaluation dpierest is the fact that most of the children admitied an

specificity. Thus, more reliable information was provided9inally treated for APN either had no evidence of focal
indicating a similarity in the findings of the 2 tests, witf€nal abnormalities by either DMSA or MAG3;6r showed
sensitivities not statistically different. For parenchymdl©Sitive findings on MAG3-f only, raising the issue of
lesions, the findings indicated a slightly lower specificity fopensitivity for both studies despite their being the most
MAG3-F, than for DMSA, which is considered the go|dsensitive imaging tests. The small size of the kidneys in most
standard for APN 10,1). This lower specificity may patients is a critical issue for resolution, although motion and
indicate a disadvantage of MAG3;Br an overreading by attenuation limitations also play a role. A higher dose of
the reviewers but needs to be further considered becaus&#G3, high-resolution collimation, and combined use with
the questions that are raised about the sensitivity of DMSpmography (SPECT MAG3) at 1-3 min after injection may
Because DMSA imaging is the most sensitive modalitfurther improve MAG3-kresults (7).

available, it was used to compare the findings of MAG3-F Our findings differ from those of an earlier stud$4j,

in APN. However, experimental work on animals with ngossibly because the investigators did not use furosemide
previous renal abnormalities supporting the sensitivity arahd did not recognize regional parenchymal dysfunction.
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CONCLUSION 10

Retrospective and prospective comparative studies indi-

. Rushton HG, Majd M, Chandra R, Yim D. Evaluation%fTc-dimercaptosuc-
cinic acid renal scan in experimental acute pyelonephritis in pigletsrol.
1988;140:1169-1174.

cated that MAG3-F; by revealing regional parenchymalll- Majd M, Rushton HG. Renal cortical scintigraphy in the diagnosis of acute

dysfunction or fixed focal defects, is as sensitive as planar gr

SPECT DMSA for APN, with the advantage of providing
results within 25 min rather than 3—4 h. Further work &3
needed to define the relative merits of the focal defect
compared with regional dysfunction in clinical settings ofa
APN. High-resolution collimation and a higher dose of
MAG3 may further improve the results. SPECT MAG3®
studies acquired during the first 4 min after injection,
followed by planar or SPECT imaging at 20 min, is aA¢
attractive possibility for obtaining 3-dimensional informa-
tion. 17
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