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Objectives . Recently. several authors reported that Tc-99m DMSA renal scan frequently
showed cortical defects of the involved kidney s even in the patients with acute py elonephri-
tis who did not show abnormal findings in the ultrasonography and intravenous pyelography
(IVP).

Methods . In order to evaluate the utilities of Tc-99m DMSA renal scan and the clinical
meanig of cortical defects in the Tc-899m DMSA renal scan of the patients with acute pyelo-
nephritis, ninety two patients with acute py elonephritis, from March 1981 to February 1994
in Chungnam National University Hospital(CNUH). were included in this study. Patients were
subdivided as Group A:Patients showing normal Tc-989m DMSA renal scan(n=42) and Group
B:Patients with definit cortical defects on the Tc-99m DMSA renal scan(n=50). We com-
pared clinical characteristics such as age and sex, recurrency, duration of fever, bacterial cul-
ture study. incidence of renal insufficiency and the results of renal ultrasonography and intra-
venous py elography between the two groups.

Results : Fifty four percents of 92 patients with acute pyelonephritis showed a significant-
ly longer febrile period after admission, higher positive rates on the urine and blood culture
studies and higher incidence of renal insufficiency than those of the Group A patients. Sixty
nine percents of Group B patients showed normal results in ultrasonography or IVP study.

Conclusions : 7c-99m DMSA renal scan was a more sensitive imaging test than ultrasono-
graphy in kidneys and IVP to detect pyelonephritis lesions and may be useful to predict the
patient group with a severe disease course. These patients may need more careful manage-

ment and further studies to evaluate the possibility of complications.

Key Words | Tc-99m DMSA renal scan, Acute py elonephritis

INTRODUCTION

Acute pyelonephritis is a common acute bac-
terial infectious disease of the kidneys accompa-
nying fever, tenderness on the costovertebral
angle, and urinary symptoms, such as dysuria,
frequency, and can cause renal or perirenal
abscess and may leave some sequelae such as
cortical scar, hypertension and renal insufficien-
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cy. Sometimes, it is not easy to differentiate the
upper urinary tract infection from other febrile
disease accompanying pyuria.

Recently, many better imaging methods includ-
ing uitrasonography, intravenous pyelography,
computerized tomography and magnetic resona-
nce imaging were developed. However, such di-
agnostic imaging does not show active pyelone-
phritic lesions in the kidneys'?.

Normally, Tc-99m DMSA used in the static
renal scintigraphy accumulates on the renal corti-
cal proximal tubule cells, 2-3 hours after intrave-
nous injection. Tc-99m DMSA has been used in
renal imaging to estimate the functional renal
mass and relative renai function, especially in pe-
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diatric patients with urinary tract infection®®.
Recently, several authors reported that Tc-99m
DMSA renal scan frequently showed cortical de-
fects even in patients with acute pyelonephritis
who did not show abnormal findings in the ultra-
sonography and intravenous pyelography(IVP)*~
"% The pathophysiologic mechanisms about the
renal cortical defects of Tc-99m DMSA renal
scan in the patients with acute pyelonephritis
were not known. But several upkae mechanisms
W such as 1) direct tubular defect due to bacter-
ial infection'?, 2) interstitial edema and tubular
defect by intratubular aggregation of white
blood cells'”, 3) perinephronal capillary occlusion
by aggregated inflammatory cells had been pos-
tulated".

We designed a clinical study to evaluate the
utilities of Tc-99m DMSA renal scan and the clin-
ical meaning of cortical defects of the Tc-99m
DMSA renal scan in the patients with acute py-
elonephritis.

MATERIALS AND METHODS

Ninety two patients with acute pyelonephritis
showing typical symptoms and signs such as
acute fever, urinary symptoms, tenderness on
costovertebral angle areas and pyuria were in-
cluded in this study from March 1991 to Febru-
ary 1994. But the patients finally diagnosed with
chronic pyelonephritis or renal tuberculosis were
excluded. Patients with a vesicoureteral reflux or
severe obstructive uropathy were also excluded
because of the possibility of chronic pyelone-

phritis.

For the Tc-99m DMSA renal scan, all patients
were injected 5mCi of Tc-99m DMSA intrave-
nously and, two or three hours after injection,
we took renal images with planar image gamma
camera(Siemens Co.) on anterior, posterior, left
posterior and right posterior oblique view. All Tc
-39m DMSA renal scintigraphys were performed
within 1 week after admission.

Patients were subdivided as Group A(n=42):
patients showing normal Tc-99m DMSA renal
scan, and Group B(n=50):patients with the defi-
nite cortical defects on the Tc-99m DMSA renal
scan(Fig. 1) We compared clinical characteristics
such as age and sex, recurrency, duration of
fever, bacterial culture study, incidence of renal
insufficiency and the results of renal ultrasono-
graphy and intravenous pyelography between
the two groups.

All patients were treated with the same regi-
mens of antibiotics for 2 weeks or more, such as
cephalosporin and aminoglycosides. IVP and/or
renal ultrasonographic examinations were per-
formed within 1 week before or after Tc-99m
DMSA renal scan.

RESULTS

Group A was 42 patients and Group B was 50
patients. Mean age of Group A and B patients
was 44.3+16.5(range 19-81) and 46.8+17.5
(range 21-79), respectively(p>0.05). Most of
the patients in the two groups were women
(Table 1). On past history, the patients who ex-

A

B

Fig. 1. Tc-99m DMSA renal scintigraphy{posterior view):A. Normal scintigraphy finding. B. 34 year oid woman
with acute pyelonephritis who complained of pain and tenderness on right costovertebral angle area. Tc-
99m DMSA renal scintigraphy showed focal defect(arrow) on right kidney upper portion. However, renal

ultrasongraphy and IVP study were normal.
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perienced acute pyelonephritis more than two
episodes was 11(22%) in Group A and 10(23%)
in Group B{(p>0.05). Duration of fever(>37.2'C
oral)in the pre-admission period was not signifi-
cantly different between the two groups. How-
ever, duration of fever after admission in Group
A and B patients were 2.3+1.1 and 3.9+3.3
days. respectively(p<0.05, Table 2-A). White
biood cell counts of the blood between the two
groups was not significantly different at the time
of the admission{p>0.05). Of Group B patients,
7 patients(16%) showed elevation of serum cre-
atinine levels above 1.5mg/dl and that was more
frequent than Group A patients(2%)(p<0.01).
On the urine microbiologic culture study, 18 pa-
tients of 42 Group A patients(43%) showed
positive culture results and 38patients of Group
B(76%)disclosed positive culture results(p<O0.
01). Group B patients showed more frequent
positive blood culture results(23%)than Group A
patients, significantly(p<0.01, Table 2-B). Most
of pathogen in blood and urine was E. coli.

IVP examinations were performed on 55 pa-
tients of all patients with acute pyelonephritis.
Of Group A patients, 18 patiants were given [VP

Table 1. Distributions of Age and Sex in the Group A
and B Patients with Acute Pyelonephritis

Group A Group B

(n=42)  (n=50) P Vvale
Mean age(years) 44.3+16.56 46.8+16.5 >0.05
Range(years) 19-81 21-79
M/F ratio 1/41 3/47

Table 2-A. Clinical Characteristics of the Patient

Group A and B
Group A Group B
(n=42) (n=50) p Value
No. of patients with  11(22%) 10(23%) p>0.05
multiple attack
Duration of fever
pre-admission(days) 3.9+3.3 5.8+5.3 p>0.05

post-admission{days) 2.3+1.1 3.9+3.3 p<0.05

study but there was no abnormality. Of Group B
patients, 37 patients were gvien VP study and
11 patients(30%) showed abnormaiities. Among
the 11 patients with abnormalities in the IVP
study, delayed renal opacification was noted in 6
patients, calyceal blunting in 3 patients, double
ureter and mild hydronephrosis in one patient,
each respectively(Table 3-A.).

The kidney ultrasonographic examinations
were performed on 69 patients. Of 34 Group A
patients, only 3 patients(8%) showed abnormali-
ties such as two cases of enlarged kidneys and
one case oOf focal irregular increased renal
echogenicity. However, 11 patients of 35 Group
B patients(31%) disclosed abnormal results. six
patients showed enlarged involved kidneys, 3
patients focal increased echogenicities and one
patient showed an irregular renal cortical margin
and the other a mild hydronephrosis(Table 3-B.).

Therefore ultrasonographic abnormalities in the
Group B were significantly more frequent than
Group A patients(P <0.05).

DISCUSSION

Acute pyelonephritis is a kind of bacterial in-
fection of the upper urinary tract and sometimes
it is not easy to differentiate it from the lower
urinary tract infection. Although Ga-67 scan'*'®
can be used in the diagnosis of acute bactenal in-
fection in the kidneys, it takes usually two or
three days or more to get the scan image and
there are many conditions of abnormal renal Ga-
67 accumulation such as acute interstitial nephri-
tis, renal abscess, perirenal abscess, tumor and
glomerunonephritis. Tc-99m DMSA is an chelat-
ing radiopharmaceutical accumulating in renal
proximal tubule cells®. Tc-99m DMSA renal scan
can be performed easily within several hours.
After Davis et al® firstly reported clinical utilities
of Tc-99m DMSA or Tc-99m glucoheptonate
renal scan in patients with urinary tract infec-
tions, both renal scanning radiopharmaceuticals

Table 2-B. Clinical Characteristics of the Patient Group A and B

Group A Group B p Value
WBC count on CBC(x 10%/mm?) 12.4+5.3 13.6+4.6 p>0.05
No. of patients with combined renal failure 1(2%) 7(16%) p<0.01
(s-Cr>1.5mg/dl)
No. of patients with urine culture+ 18/42(43%) 38/50(76%) p<0.01
blood culture + 8/35(23%) p<0.01

3/38( B%)
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Table 3-A. IVP Results of the Patient Group A and B

Group A Group B

Results of IVP No. of Pt(%)  No. of Pt(%)
Abnormal 0(0) 11(30)

Delayed opacification 6

Calyceal blunting 3

Double ureter 1

Mild Hydronephrosis 1
Normal 18(100) 26(70)
Total 18(100) 37(100)

Table 3-B. Kidney Ultrasonographic Abnormalities of
the Patient with Acute Pyelonephritis

Group A Group B
g';;?:g:"g'aphy No. of Case  No. of Case
(%) (%)
Abnormalities 3(8) 11(31)
Enlarged involved kidney 2 6
Focal increased echo- 1 3
genicity
Irregular cortical margin 1
Mild hydronephrosis 1
Normal 31(92) 24(89)
Total 34(100) 35(100)

heve been commonly used as static renal imaging
agents. The uptake ratio of renal cortex vs. me-
dulla in Tc-99m DMSA scan is known as 22:1%%,
Tc-99m DMSA renal scan has been used also on
peiatric patients to estimate the functional mass
in kidneys with vesicoureteral reflux'™ '®. There
are only a few reports about Tc-99m DMSA
renal scan in adult patients with acute pyelone-
phritis®&”. Aithough exact mechanisms were not
known, several pathophysiologic mechanisms''™
' about renal cortical defects on Tc-99m DMSA
renal scintigraphy-1) direct tubular renal cortical
defects on Tc-99m DMSA renal scintigraphy-1)
direct tubular defect due to bacterial infection,
2) interstitial edema and tubular dysfunction by
intratubular aggregation of white blood cells, and
3) perinephronal capillary occlusion by aggregat-
ed inflammatory cells were postulated. Because
these conditions may decrease focal renal perfu-
sion in an involved area, that may cause focal
cortical defects. Majd et al'” and Wikstad™ re-
ported that Tc-99m DMSA renal scan could de-
tect early focal ischemic lesions of the renal cor-
tex defore functional tubular cell defects devel-
oped. Of course, other space-0occupying lesions,
such as renal tumor, cyst and scar, can induce
focal renal cortical defects in Tc-99m DMSA

46

renal scan.

Some authors® reported that less than 25% of
the patients with acute pyelonephritis showed
some abnormalities, such as focal decreased
opacification, enlarged kidney or hydronephrosis
in the IVP study. In the renal ultrasonography,
most patients with acute pyelonephritis showed
also nonspecific results unless there were ob-
structive uropathy, vesicoureteral reflux, ab-
scess or other mass lesions”. In this study, 25%
of the patients with the acute pyelonepbhritis
showed abnormal results of IVP and most of
them were delayed opacifications. Only twen-
tyfive percent of the patients showed abnormali-
ties in the renal ultrasonographic examination.
Most of abnormalities on the renal ultrasono-
graphy were enlarged kidneys and focal in-
creased echo-genicity in the involved kidneys.
These abnormalities on the IVP or renal ultrason-
ographic examinations were more frequently
found in Group B than Group A patients. There-
fore, we thought that IVP or ultrasonography
may be only useful to evaluate the complications
or underlying anatomical urinary tract abnormali-
ties.

The incidence of renal cortical defects on the
Tc-99m DMSA renal scan performed on patients
with acute pyelonephritis is variable. Rushton et
al® reported that the sensitivity and specificity
of Tc-99m DMSA renal scan for the detection of
acute pyelonephritis in experimental animal study
were 91% and 98%, respectively. In this study,
47 of 92 acute pyelonephritis patients showed
unilateral cortical defects and 3 patients had bi-
lateral defects. Therefore, the total incidence of
cortical defects was 54% in this study. This is
somewhat lower than those of the other studies
87 We thought that the reason for this low inci-
dence rate is due to low resolution power of our
single head planar gamma camera and exclusion
of the patients with vesicoureteral reflux, ob-
structive uropathy and patients with chronic py-
elonephritis. One study” using SPECT(single pho-
ton emission computerized tomograpy)in Korea
showed 83% of sensitivity in acute pyelonephri-
tis.

All patients included in this study recovered
completely and even the patients showing tran-
sient renal insufficiency or bacteremia showed
the recovery of the renal function also. The pa-
tients showing cortical defects(Group B)dis-
closed a longer febrile period after admission,
higher positive rates of the urine and blood cul-
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ture study, higher incidence of renal insufficiency
significantly than those of Group A patients.
Therefore we thought that Tc-99m DMSA renal
scan in the acute pyelonephritis may predict the
patients group with more severe disease course
and the cortical defects may suggest the focal
functional defects insted of anatomical lesions.
Because we did not perform follow up Tc-99m
DMSA renal scintigraphy, we could not examine
whether the cortical defects could disappear or
not after recovery. Mok et al® and Ryu et al” re-
ported that the patients who initially showed
focal cortical defects in the involved kidneys
showed a tendency of resolution of cortical de-
fects several weeks after clinical recovery.

In summary, Tc-99m DMSA renal scan was a
more sensitive imaging test than ultrasonography
and intravenous pyelography to detect pylone-
phritis lesions and may be useful to predict the
patient group with severe disease course. These
patients may need more careful management and
further studies to evaluate the possibility of co-
mplications.
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