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Renal scarring after acute pyelonephritis

Birgir Jakobsson, Ulla Berg, Leif Svensson

Abstract
Seventy six children, 18 boys and 58 girls,
aged 0-15 9 (median 1.0) years, with acute
pyelonephritis were prospectively studied
with a technetium-99m dimercaptosuc-
cinic acid (DMSA) scan during infection
and two months later. Fifty nine of these
children were also studied two years after
the infection. Seventeen children with a
normal DMSA scan during infection or at
two months after infection, or both, were
not investigated by a DMSA scan at two
years after acute pyelonephritis. A mic-
turition cystourethrogram was performed
in all the children after two months.
Changes on the DMSA scan were found
in 65 (86%) children during acute
pyelonephritis, in 45 (59%) children at two
months, and in 28 (37%) children at two
years after infection. Vesicoureteric reflux
(VUR) was found in 19 (25%) children at
two months. Renal scarring was signifi-
cantly correlated with the presence of
gross VUR and recurrent pyelonephritis,
but 62% of the scarred kidneys were
drained by non-refluxing ureters.
Children with scars were older at the time
of acute pyelonephritis than those without
scars but no difference was found between
the groups with regard to duration of
illness, levels of C reactive protein and
maximum white cell count, glomerular
filtration rate, nor renal concentra-
tion capacity at the time of infection. It
is concluded that renal scarring after
acute pyelonephritis in children is more
common than has been previously
thought. Although children with gross
VUR and recurrent pyelonephritis are at
the greatest risk, renal scarring is more
often seen without these risk factors.
(Arch Dis Child 1994; 70: 11 1-115)
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Acute pyelonephritis in children may result in
permanent renal damage, which later in life
may lead to hypertension and renal failure.1
The diagnosis of acute pyelonephritis is based
on indirect tests and clinical parameters, which
are not0entirely reliable in infants. Moreover,
our present understanding of renal scarring is
mainly based on information derived from
intravenous urography. It has been shown
previously in experimental24 and clinical
studies5 6 that the technetium-99m dimer-
captosuccinic acid (DMSA) scan is probably
the most sensitive method available for diag-
nosing and localising acute pyelonephritis.
Moreover, the DMSA scan is more sensitive
than intravenous urography for detecting renal
scarring.7 8 The DMSA scan therefore offers a
unique opportunity to study the progression of

the acute insult after pyelonephritis and the
subsequent development of renal scarring.

Previous studies have shown that renal
scarring was almost always associated with
vesicoureteric reflux (VUR).9 Later studies
using the DMSA scan, however, have sug-
gested that scarring may often occur in the
absence ofVUR,5 and it has been claimed that
renal scarring may be independent of the
presence or absence of VUR.10 We therefore
need to reassess our knowledge in this field on
the basis of studies in which acute pyelonephri-
tis has been diagnosed and followed up with
DMSA scans.
The aim of this prospective clinical study was

to determine the incidence of renal scarring
after acute pyelonephritis and how this corre-
lated with previously well known risk factors
such as VUR, age, delay in starting treatment,
and recurrent urinary tract infections.

Patients and methods
Seventy six patients (152 kidneys), 18 boys and
58 girls, aged 0-15-9 (median 1 0) years, con-
secutively admitted to our hospital with the
clinical diagnosis of acute pyelonephritis were
studied with a DMSA scan within five days of
admission and about two months later. Figure
1 gives the age and sex distributions of the
children. Acute pyelonephritis was defined as
fever :38 5°C, C reactive protein >20 mg/l, or
erythrocyte sedimentation rate >20 mm/hour,
and a positive urinary culture. The laboratory
data during acute pyelonephritis in most of
these children have been published previously.5
All the children were available for long term fol-
low up and a DMSA scan was performed in 59
(78%) of them after two years. The remaining
17 (22%) children had a normal DMSA scan at
two months and 11 (65%) of these also had a
normal DMSA scan during infection. After
the initial treatment, all children received
prophylactic antibiotics until the second in-
vestigation at two months, and none had a
breakthrough infection during that time.
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Figure 1 Children grouped by age and sex at the time of
acute pyelonephritis.
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The DMSA scan was performed with the
children supine and immobilised in a vacuum
pillow. Technetium-99m dimercaptosuccinic
acid was given at a dose of 05 MBq/kg body
weight (minimum 10 MBq). At least three
hours after the injection, a 500 000 count
posterior picture was taken. All DMSA scans
were evaluated visually and with a com-
puterised method in which each DMSA scan
was compared with a database ofDMSA scans
collected from children who were defined
retrospectively as having normal DMSA scans
and no signs of acute pyelonephritis. Regional
kidney zones, with a cortical uptake below two
standard deviations ofthe uptake in the normal
group, were delineated. These zones were
colour coded in a functional image and their
contributions to the total kidney were given as
a measure of the extension of the decrease in
cortical uptake. The DMSA scan was con-
sidered abnormal if one or more areas of
decreased cortical uptake were noted with or
without preservation of the cortical outline.

All children had a micturition cystourethro-
gram performed at two months after the initial
infection. The presence ofVUR was noted and
graded on a scale from 0 to 5 in accord-
ance with the International Reflux Study."
Children with VUR grade >3 received anti-
biotic prophylaxis for a period of at least one
year, until spontaneous regression of reflux, or
until they had an operation.
The laboratory tests in these patients at the

time ofthe acute infection included a white cell
count, measurement of C reactive protein,
serum creatinine, urine osmolality after the
desmopressin test,5 and a urine culture. The
maximum urinary concentrating capacity was
expressed as a SD score, which was calculated
by the method of Marild et al.12 The glomeru-
lar filtration rate was calculated using the
formula clearance.5 13

Mann-Whitney's non-parametric test and
the x2 test were used for statistical analyses; p
<0 05 was considered significant.

This study was approved by the local ethics
committee.

Results
During infection, changes were found on the
DMSA scan in 65 (86%) children and 100
(66%) kidneys. At two months after initial
infection, 45 (59%) children had persistent
changes on DMSA scan in 58 (38%) kidneys.
At two years an abnormal scan was found in 28
(47%) of the 59 children investigated with a
DMSA scan in 37 (24%) kidneys. Changes
at two years were found only at sites that had

Table 1 Relation between VUR at two months and renal
scarring at two years after acute pyelonephritis. Values are
number (%o) of kidneys with each grade of VUR

DMSA scan

Grade of VUR

0

1-2
-3

Scamring

23 (19)
5 (29)
9 (56)*

Lo25i m No scars
CL20 LIScars
015
10

5

02 t1 1, ,7

2 4 6 8 10 12 14 16 18
Age (years)

Figure 2 Age distributions at the time of infection in
children with and without scars.

shown pyelonephritis changes during infec-
tion. No kidney that was normal during
infection or at two months after infection
showed any abnormality at two years.
Assuming therefore that the 17 children with
previously normal kidneys, and not investi-
gated with a DMSA scan at two years after
infection, would remain normal, 37% of all
children showed signs of permanent renal
damage.
VUR was found in 19 (25%) children (33

ureters) at two months after infection, grades
1-2 in nine (12%) (17 ureters) and grade ¢3
in 10 (13%) children (16 ureters). Table 1
gives the relation between renal scarring on
DMSA scan at two years after infection and
the grade of reflux at two months. Renal scar-
ring was significantly more common in kidneys
with reflux grade 3-3 than in kidneys without
reflux, but 23/37 (62%) of the scarred kidneys
were drained by non-refluxing ureters.

Scars were seen more often in girls (24/58,
41%) than in boys (4/18, 22%), but the differ-
ence was not significant (table 2). Figure 2
gives the age distributions at the time of infec-
tion in children with and without scars.
Children with scars were significantly older at
the time of infection than those who did not
develop scars (p<0.02) (table 2). No signifi-
cant difference was found between children
with or without scars with respect to duration
of illness, expressed as number of days with
fever, C reactive protein, maximum white cell
count, glomerular filtration rate, or renal
concentrating capacity during the infection
(table 3). Escherichia coli was the infecting
agent in 72 (95%) patients and other bacteria
were found in four patients, all of whom had
scars (table 3).

Recurrent urinary tract infection occurred in
13 (17%) children during the follow up period.
These included recurrent pyelonephritis in

Table 2 Age at the time of infection and sex in relation to
scars two years after acute pyelonephritis (n=76)

DMSA scan

Scaming No scaring

4

24

3-6 (3 4)
0-1-9 8

14
34

1-7 (2-6)*
0-15-9

*p<0-0l compared with grade 0 VUR. *p<0-02.

Sex
No scaring Boys

Girls
96 (81) Age (years)
12 (71) Mean (SD)
7 (44) Range
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Table 3 Relation between renal scarring at two years after infection in 76 patients and
clinical data at the time of acute pyelonephritis

DMSA scan

Scaming No scarring
(n=28) (n=48) p Va

Duration of fever (days)*
C reactive protein (mg/l)*
White cell count (x 109A1)*
Glomerular filtration rate (ml/min/1 73 ml)*
Concentrating capacity (SD score)*
Urine culture
E coli
Other bacteria

3-2 (2-1)
133 (79)
17-3 (7-6)
77 (21)
-2-5 (1-4)

24
4

3-1 (2-6)
101 (65)
18-9 (7-1)
80 (26)
-2-5 (1-4)

48
0

NS
NS
NS
NS
NS

-,--n,

*Values are means (SD).

nine (12%) children and lower urin
infections in five (7%) (one child I
types). Of the children with j

pyelonephritis, five had VUR gr:
whereas four had no reflux. All chilc
recurrent pyelonephritis develope
Table 4 gives the relation between re
ring and VUR in the nine childc
recurrent pyelonephritis. As can be
comparing table 4 with table 1, si
nine scarred kidneys with reflux grade
in children who had recurrent pyeloi
All these kidneys, however, had a c
uptake on DMSA scan at two mor
the acute pyelonephritis. None of
children with recurrences of lower
tract infection had VUR. Two
children developed scars, one girl i

had a recurrence of pyelonephritis
year old girl who had four recurr
lower urinary tract infection after I
pyelonephritis.
At the two year follow up there

significant difference in renal conc
capacity, expressed as SD score, bet
group with scars and the group with
(fig 3), nor was there any diffe
glomerular filtration rate between
groups: 88 (13) (24 children) and 88
children) mmin/1-73 m2 respectively

Discussion
Permanent renal damage in childi
acute pyelonephritis has been estir
occur in 5-20% of cases.14 15 These
are based on findings seen on int
urography, which is a less sensitive m
detecting renal scars than a DMSA
Hardly any prospective studies using
scan to diagnose acute pyelonephriti,
long term follow up have been car
Rushton et al have published a stu
children with acute pyelonephritis, bi
half of these children were lost to foll
We have followed up all of our 76 chi

Table 4 Renal scarring in relation to grade of I
nine children (18 kidneys) with recurrent pyelon
Values are number of kidneys

DMSA scan

Grade of VUR

0

1-2
--3

Scarring

5

6

iary tract
had both
recurrent

cm 1 5
Or 1
co

, 05

0- 80 0
C

2lue n-0a-5

E X~ -1
-1

-15

E m -25
C.

X -3
nr 2 -_-RF

--i-----

- In=24

Normal

S

NS

I
: n=23

Abnormal
DMSA scan

Figure 3 Standard deviation score for renal concentrating
capacity using the method ofMdrild et all2 in children two
years after acute pyelonephritis with or without renal
scarring on DMSA scan.

ade -3, at least two years and performed a DMSA scan
iren with in 59 of them two years after the infection.
d scars. Those who did not have a DMSA scan after
mnal scar- two years had a normal scan during the infec-
ren with tion or at two months after the infection, or
seen by both, which allows the assumption that their

ix of the kidneys remained normal. We have previously
-3 were argued that our patients represent an un-

nephritis. selected group of children with acute pyelo-
lecreased nephritis.5 Our study therefore shows that,
iths after with the use of the DMSA scan, the incidence
the five of renal scarring after acute pyelonephritis in

r urinary children of 37°/O is considerably higher than
of these has previously been thought. During infection
who also 100 (66%) kidneys showed signs of acute
and a 9 pyelonephritis. After two years only 36 (24%)
rences of kidneys showed signs of scarring. Thus the
ier acute acute inflammatory changes had completely

resolved in 64% of the kidneys. This is nearly
was no identical with the results of Rushton et al. I0

-entrating VUR has been considered almost a pre-
ween the requisite for the development of renal scars.9
tout scars With the increased use of DMSA scans in the
rence in follow up of children with acute pyelonephritis,
the two we have become increasingly aware of the fact
(14) (27 that scars, in many patients, develop without

the presence of reflux. It has been suggested
that the role of VUR as a risk factor may only
be related to its role as a risk factor for acute
pyelonephritis.10 Although 62% of the scarred

ren after kidneys in this study had no reflux, our results
mated to show that the risk of a kidney becoming
numbers scarred increases in the presence of gross reflux
travenous (grade 33) as 56% of these kidneys became
ethod for scarred, compared with 19% of the kidneys
K scan.7 8 without reflux. In spite of prophylactic treat-
a DMSA ment, five patients with gross reflux had
s and for recurrent pyelonephritis. This was due to
tied out. either breakthrough infections (three children)
dy of 66 or non-compliance (two children). As can be
ut almost seen by comparing table 1 with table 4, six of
low up.10 the nine scarred kidneys with gross reflux
ildren for occurred in patients with recurrent pyelo-

nephritis. As all these kidneys had reduced
VUR in DMSA uptake at two months after the
zephritis. pyelonephritis and before any recurrences

occurred, however, it is probable that the gross
reflux itself, in combination with infection, is a
risk factor for the kidney. The scarring may

No scamng have become more severe because of the
4 recurrent infections and, as can be seen in table
0 4, recurrent pyelonephritis is dangerous to the2

kidneys, as five of nine non-refluxing kidneys
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became scarred. This study confirms the
observations made by us and others5 16-18 that
renal scarring is more common in the absence
ofVUR than has previously been thought.
We were surprised to find that children with

scars were older at the time of acute
pyelonephritis than those without scars. A
thorough consideration of the earlier history of
our children showed that two older girls had a
history of suspected urinary tract infection and
two other girls had a history of recurrent febrile
episodes during the first year of life. Even if
these girls gre excluded, the children with scars
were older at the time of infection than those
without scars. The difference, however, was not
significant. Earlier studies based on intravenous
urography have shown that infants and children
younger than 3 years with acute pyelonephritis
are at the greatest risk of developing renal scar-
ring or a compromised renal function.14 18
Smellie et al showed that new scars were often
seen up to the age of 7 years, but even occurred
until the age of 10 years.'5 The findings in the
present study are also supported by those of
Rushton et al, who found that the group with
scars was older than the group without,'0
though the difference was not significant. It is
possible that some older children with acute
pyelonephritis may have had pyelonephritis
during infancy which was not detected, but our
results support the observations made by
Smellie et al'5 that all preschool children are at
risk of developing permanent renal damage
after acute pyelonephritis.
We found no difference between the groups

with or without scars with respect to the dura-
tion of fever and the levels of C reactive protein
or white cell count at the time of infection.
Therapeutic delay has been associated with an
increased frequency of renal scarring in experi-
mental'9 and clinical reports.15 20 In this study,
most of the children were referred within the
first three or four days of fever and none after
more than seven days. Our results therefore
suggest that there is no difference in the fre-
quency of renal scarring if treatment is started
within the first week of infection. Toxic
metabolites released from infiltrating poly-
morphonuclear leucocytes have been shown to
damage the renal tissue2l and drugs inhibiting
leucocytes protect against acquired renal
scarring in animals.22 We found high levels of
peripheral leucocytes in the two groups, how-
ever, suggesting that some local factors in the
kidney may be important.
The renal concentrating capacity has been

considered of value for detecting renal disease
after acute pyelonephritis,23 24 and we have
previously found a correlation between the size
of the defect on DMSA scan and the renal
concentrating capacity during infection.5
Moreover, children with persistent changes on
DMSA scan two months after infection con-
tinue to have a significantly lower concentrat-
ing capacity than those with a normal DMSA
scan.25 As shown in this study, the renal con-
centrating capacity during pyelonephritis is a
poor predictor of renal scarring and is not a
sensitive indicator of renal scarring after two
years, as shown in fig 3.

The glomerular filtration rate during infec-
tion, calculated as formula clearance, was not
a predictor of renal scarring and there was no
difference in the glomerular filtration rate at
two years between the group with
scars and the group without scars. It has
been shown that children who have had one
episode of pyelonephritis show a lower
glomerular filtration rate than healthy con-
trols, which is in agreement with this study,
and the glomerular filtration rate was lower in
children with renal scars and recurrent
pyelonephritis episodes.26 27 In these studies
renal scars were detected by intravenous uro-
graphy and therefore they may have been
larger than the scars detected in this study by
a DMSA scan.
E coli was found in the urine in 95% of our

patients. The bacteria were not studied with
regard to P-fimbriae, but no correlation
between P-fimbriae and renal scarring was
found in a previous study.28 In agreement with
the former study, other bacteria were seen only
in children who developed scars; two of these
children had reflux. Moreover, two of the
children with recurrent breakthrough infec-
tions had Pseudomonas aeruginosa in their
urine. This supports previous observations
that, in many patients, less virulent bacteria
may be harmful to hosts with decreased
resistance.29

In conclusion, this study shows that renal
scarring after acute pyelonephritis in children
is considerably more common than was
previously thought and may be expected to
occur in about one third of all children with
acute pyelonephritis. All preschool children
seem to run the same risk of renal scarring.
Renal scarring often occurs in the absence of
VUR, but children with gross reflux and
recurrent pyelonephritis are at greatest risk.
This study was supported by grants from the Karolinska
Institute, the Samariten Foundation and the Swedish Medical
Research Council (No 6864).
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