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Abstract
Objective—To test the medical belief that
the micturating cystourethrogram (MCU)
be deferred four to six weeks after acute
symptomatic urinary tract infection
(UTI) because of the risk of falsely detect-
ing vesicoureteric reflux if performed
earlier.
Study design—A cross sectional analytic
study of preschool children with first time
symptomatic UTI.
Results—Of the 284 eligible children, 272
(95.8%) had MCU at a median time of 29
days after diagnosis (range 5 to 167 days).
Vesicoureteric reflux was present in 77
children (28.3%). Beyond one week after
diagnosis (270 children) the proportion
and severity of vesicoureteric reflux de-
tected was not associated with the timing
of the MCU. Before one week, both
children tested had vesicoureteric reflux.
Conclusions—The presence and grade of
vesicoureteric reflux is not influenced by
the timing of the MCU one week after
acute symptomatic UTI. There may be an
association between the MCU and the
presence of vesicoureteric reflux for chil-
dren tested within one week after UTI.
The MCU need not be deferred for four to
six weeks after UTI.
(Arch Dis Child 1997;76:275–277)

Keywords: urinary tract infection; micturating cysto-
urethrogram; vesicoureteric reflux.

By 7 years of age 8% of girls and 2% of boys
can be expected to develop at least one
symptomatic urinary tract infection.1 As vesi-
coureteric reflux has been documented in one
third to one half of children with urinary tract
infection,2–4 a micturating cystourethrogram
(MCU) is often recommended for the investi-
gation of these children. Current standard
paediatric,5 6 paediatric nephrology,7 8 and pae-
diatric urology9 textbooks recommend that the
MCU be performed four to six weeks after
starting eVective treatment. This recomm-
endation is made on the grounds that urine
infection with inflammation surrounding the
vesicoureteric junction may cause transient
vesicoureteric reflux, or increase the severity of
the baseline vesicoureteric reflux. However,
there are no human studies which support this
teaching. This four to six week waiting time is
not without the potential for harm and cost:
antibiotics are given daily to prevent recurrence
of infection, and there is parental anxiety

surrounding the uncertainty of the diagnosis of
vesicoureteric reflux until the MCU is per-
formed. The MCU could also be more
conveniently arranged earlier when other
imaging procedures are performed, such as
renal tract sonography. To determine whether
there is an association between the timing of
the MCU after urinary tract infection and the
presence and severity of vesicoureteric reflux,
we carried out a cross sectional study using the
entry data of a large cohort of consecutive pre-
school children who had a MCU as part of
their assessment for a first symptomatic urinary
tract infection.

Methods
Consecutive children under 5 years presenting
to the emergency department of the Royal
Alexandra Hospital for Children, Sydney,
betweenMarch 1993 and December 1994 with
a symptomatic urinary tract infection were
identified prospectively through the hospital
laboratory and were enrolled in a cohort study.
All urine samples were inoculated onto blood
agar and MacConkey medium using a 1 µl
calibrated loop. For this study, symptomatic
urinary tract infection was defined as a colony
forming unit count of >106/l from urine
obtained from a suprapubic tap or catheter
sample, or >107/l from a mid stream voided
urine sample, in combination with symptoms
or signs of urinary tract infection. Children
with a previous diagnosis of urinary tract infec-
tion, or a known renal tract, neurological, or
skeletal predisposing cause were excluded. A
detailed medical history and examination were
conducted by one investigator (JCC) and the
results recorded before any renal tract imaging.
The MCU was performed using 50-250 ml

of urograYn 30%, which was instilled into the
bladder through a paediatric feeding tube by
gravity until voiding occurred. The antegrade
passage of contrast through the urethra and
retrograde passage of contrast up the ureter
(vesicoureteric reflux) were observed with
fluoroscopy. Baseline static images, two ob-
lique bladder views, early, mid, and late voiding
views, a post-void picture of the bladder to
document residual bladder volume, and a film
of the kidneys to document the degree of reflux
were obtained.
Children were either on treatment or on

prophylactic doses of antibiotics at the time of
testing. Sedation was not given and urine sam-
ples for culture were not routinely obtained at
the time. The MCU was arranged at the
discretion of the attending physician—usually
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according to availability of appointments—to
coincide with renal sonography, and so that all
renal tract imaging would be performed before
clinical review of the child six weeks after pres-
entation.
All MCUs were reported by one of two pae-

diatric radiologists and graded according to the
international study of reflux in children.10 If
reflux was bilateral and unequal the patient was
assigned according to the higher grade of
reflux. The radiologists were blinded regarding
the timing of the MCU relative to the UTI and
to the study hypothesis.
The timing of the MCU after the urinary

tract infection was calculated by the time
diVerence between start of antibiotic treatment
after diagnosis and the performance of the test.
The presence and grade of vesicoureteric reflux
detected in each week after the infection (weeks
0–7+) were compared using the ÷2 and exact
tests for association and trend. A significance
level of 0.05 was used. Because the MCU was
not performed at random intervals after the
infection, potential factors that may have been
associated with vesicoureteric reflux or the
decision on timing of the MCU were adjusted
for using logistic regression, with the presence
of vesicoureteric reflux modelled as the out-
come variable.
Institutional ethics approval was obtained for

the study, and informed consent was obtained
from the parents of the children who were
study subjects.

Results
During the study period 284 children fulfilled
the entry criteria; 272 children (95.8%) had an
MCU performed; 12 children (4.2%) did not
participate because of parental refusal.
There were 149 boys (54.8%) and 123 girls

(45.2%). The median age was 8.3 months
(range 0.3 to 59.9 months). Vesicoureteric
reflux was detected in 77 children (table 1).
Bladder outlet obstruction secondary to poste-
rior urethral valves was present in one child and
intrarenal reflux was detected in seven (2.6%).
No child developed a symptomatic iatrogenic
urinary tract infection after the MCU.
The timing of the MCU, and the grade and

presence of vesicoureteric reflux detected are
given in table 2. The median time between
diagnosis and the MCU was 29 days (inter-
quartile range 23-34 days, range 5-167 days).
Overall, there was evidence of a weak associ-

ation between timing of the MCU and grade of
vesicoureteric reflux (table 2: ÷2

(14) = 24.8, p =
0.04). This was not because of a trend towards
increased detection and severity of reflux with
decreasing time between diagnosis of urinary

tract infection and the MCU (÷2
(1) = 1.3, p =

0.3). Rather, the positive association was
because of two cases of grade III-V vesicouret-
eric reflux in children who had the MCU per-
formed within the first week after diagnosis
(Fisher’s exact test; p = 0.02).
Using logistic regression, after adjustment

for factors that may have been associated with
the presence of vesicoureteric reflux or may
have influenced the timing of the MCU—age,
gender, a history of fever, vomiting, lethargy,
anorexia, diarrhoea, duration of illness, a past
history of previous unexplained fever, recorded
temperature on admission—there was no
evidence of an association between the timing
of the MCU after urinary tract infection and
vesicoureteric reflux (÷2 = 0.58, p = 0.5; odds
ratio 0.93, 95% confidence interval 0.76 to
1.12).

Discussion
Despite the common nature of urinary tract
infection and the frequency with which MCU
is performed in children, we could not find any
studies in children which have analysed the
association between timing of the MCU after
urinary tract infection and the detection and
grade of vesicoureteric reflux. The frequency
and grade of vesicoureteric reflux observed in
this study was similar to previous studies.2–4

Beyond one week after the diagnosis of urinary
tract infection there was no evidence of an
association between the presence or grade of
vesicoureteric reflux and timing of the MCU,
even after adjustment for factors that may pre-
dict for reflux or clinical indicators that may
have influenced the timing of the MCU. The
children who had the MCU within one week of
diagnosis, however, were more likely to show
vesicoureteric reflux, and of a high grade, but
because there were only two patients in the
early MCU group, we should be cautious not
to overinterpret this finding. There may have
been other factors which prompted the early
MCU in these children which would have
made vesicoureteric reflux more likely, but
which we could not adjust for in this study.
These data may support the notion that acute
inflammation does cause transient malfunction
of the vesicoureteric junction.
MCU after urinary tract infection appears to

be a very safe procedure: there were no
episodes of symptomatic infection following
the test. Concerns regarding ascending spread
of infection may be unfounded as long as
appropriate chemoprophylactic cover is pro-
vided.
The present study did not involve a random

allocation of timing of the MCU and so there is
a potential for bias. Apart from randomising
the time of the MCU, an ideal study may have
involved performing the test on each child at
two time intervals after diagnosis—early and
late—and comparing proportions in a paired
manner.We did not think such a study was fea-
sible because of the invasive nature of even a
single MCU. Measurement error has been
minimised by blinding the radiologists to the
study hypothesis and to the time of infection.

Table 1 Frequency and grade of vesicoureteric reflux
(VUR) (children)

Grade of VUR Frequency %

Nil 195 71.7
Grade I 14 5.1
Grade II 28 10.3
Grade III 19 7.0
Grade IV 12 4.4
Grade V 4 1.5
Total 272 100.0
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With only 12 patients (4.2%) excluded because
of parental preference, it would be unlikely that
selection bias would significantly alter these
results.
The notion that UTI causes disturbance of

the vesicoureteral junction and vesicoureteric
reflux was suggested by animal experiments in
the 1960s. These were primarily designed to
test the hypothesis that vesicoureteric reflux
was not a primary abnormality of the intramu-
ral portion of the ureter, but secondary to uri-
nary infection. Chronic urinary infection was
produced using a number of methods in dogs
(inoculation of bacteria through nephrostomy
tubes,11 12 submucosal insertion of bacteria
impregnated agar and bladder trauma,13 inocu-
lation of bacteria into a renal artery,13 or periu-
rethral inoculation with instillation of a foreign
body into the bladder14) and reflux was subse-
quently demonstrated with variable success.
Later, Roberts and Riopelle15 compared the
rate of resolution of reflux in 16 infant female
rhesus monkeys. Eight were instilled with colif-
orm bacteria at the time of monthly cystogra-
phy, and the control group were not. They
concluded that vesicoureteric reflux took
longer to resolve in the infected group, even
though the mean time that reflux was present
was not significantly diVerent between the two
groups. It is reasonably well established that the
introduction of bacteria into the ureter can
cause ureteritis and abnormal peristaltic activ-
ity in animals16; however, it remains uncertain
whether transient urinary infection alone can
cause vesicoureteric reflux in animals. Extrapo-
lating these data to children who do not have
artificial manipulation of their renal tracts and
have transient infection does involve a number
of unproven assumptions.
To our knowledge there has been only one

clinical study published in this area. The study
of Gross and Lebowitz17 addressed a related
but slightly diVerent question: are children
with urinary tract infection at the time of the
MCU more likely to have vesicoureteric reflux
than those with sterile urine? They reviewed a
case series of children who had an MCU
performed within their unit over a one year
period. The proportion of children with
infected urine at the time of the MCU was no
diVerent in children with or without reflux (25/
204 with reflux, 40/397 without reflux, ÷2

(1) =

0.66, p = 0.4). Although the study does have
limitations the data do suggest that active
infection is not associated with vesicoureteric
reflux.
Deferring the MCU for four to six weeks

after urinary tract infection is widely recom-
mended because of a proposed association bet-
ween the timing of the MCU after the infection
and the detection of vesicoureteric reflux in
children. We could find no evidence of this
association beyond one week after infection.
An MCU within one week of infection may be
more likely to demonstrate vesicoureteric
reflux. Acute infective complications did not
occur.Deferring theMCU for four to six weeks
after infection carries inevitable cost—parents
are worried about the presence of reflux and
children are on daily antibiotics. This study
suggests these costs are not outweighed by the
unconfirmed concern for falsely detecting vesi-
coureteric reflux, provided theMCU is delayed
one week after urinary tract infection. We con-
clude that the MCU can be arranged at any
time after the first week of diagnosis according
to convenience considerations rather than after
four to six weeks, as is commonly recom-
mended.
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Table 2 Grade of vesicoureteric reflux (VUR) detected and timing of micturating
cystourethrogram (MCU)

Time from UTI
(days)

No of children
tested

Grade of VUR All VUR

0 I-II III-V No %

0-6 2 0 0 2 2 100.0
7-13 20 17 0 3 3 15.0
14-20 38 23 10 5 15 39.4
21-27 60 45 8 7 15 25.0
28-34 85 60 12 13 25 39.4
35-41 26 19 5 2 7 36.9
42-48 17 14 3 0 3 17.6
49 + 24 17 4 3 7 29.2

UTI = urinary tract infection.
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