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PAPERS AND SHORT REPORTS

Prospective trial of operative versus non-operative treatment of
severe vesicoureteric reflux in children: five years' observation

BIRMINGHAM REFLUX STUDY GROUP

Abstract

Children with severe vesicoureteric reflux were allocated
randomly to either operative or non-operative treatment and
followed up. Altogether 161 children were observed for two
years, of whom 104 were followed up for five years. Reflux was
abolished in 98% ofureters reimplanted, but more than halfofthe
patients treated non-operatively continued to show severe reflux
at five years. Two patients progressed to end stage renal failure,
and a further four with extensive bilateral renal scarring became
hypertensive. There were no significant differences between
treatment groups in the incidence of breakthrough urinary
infection, renal excretory function and concentrating ability,
renal growth, progression of existing renal scars, or new scar
formation. Progressive scarring occurred at all ages but was
significantly more common during the first two years' observa-
tion. Furthermore, new scars developed exclusively during the
first two years' observation, affecting 10 children aged 2-7 at
allocation.

Neither treatment can claim superiority or fully protect the
kidneys from further damage, and efforts must continue to
be directed towards identifying those at risk before scarring
develops.

Children's Hospital, Birmingham B16 8ET
Members of the group were: J J Corkery (consultant paediatric surgeon), P
Gornall (consultant paediatric surgeon), K J Shah (consultant paediatric radio-
logist), C M Taylor (consultant paediatrician and nephrologist), R H R White
(professor of paediatric nephrology), M H Winterborn (consultant paediatrician
and nephrologist).

This report was drafted by Dr CM Taylor and Professor R H R White.

Correspondence to: Dr Taylor.

Introduction

One of the main objectives in treating vesicoureteric reflux is to
prevent, or at least limit, renal damage. At present there are two well
tried treatment options: surgical correction, which eliminates the
possibility of infected urine reaching the parenchyma, and long
term chemoprophylaxis, with the aim of maintaining uninfected
urine.
Many of the previous arguments in support of each form of

treatment have been based on uncontrolled observations. We
previously described a prospective trial of operative versus non-
operative treatment of severe reflux that incorporated renal func-
tional and radiological reassessment two and five years after entry,
and we reported our findings in 96 children observed for two
years.' We now report further observations on a total of 161
patients followed up for two years, including 104 followed up for
five years.

Patients and methods
The severity of reflux was graded on cystourethrography performed not

less than two weeks after eradication of urinary tract infection: grade 1,
reflux of contrast medium on filling or micturition that failed to reach the
renal pelvis; grade 2, contrast medium entered the renal pelvis but did not
cause distension of the calices; grade 3, contrast medium seen to distend the
calices. The referral pattern and entry requirements have been reported
previously.' 2 In brief, children were eligible if they were less than 15 years
old and had been recently found to have reflux either ofgrade 3 or ofgrade 2
if associated with renal scarring. In practice only six children were allocated
to the latter category, and after 1983 only those with grade 3 reflux were
accepted. Exclusions were as described previously.'2

Patients were stratified according to age (<1, 1-5, and 6-14 years) and
randomly allocated within each ofthese three age groups to operative or non-
operative management (fig 1). Those allocated to operative treatment
underwent ureteric reimplantation by either a modified Leadbetter-Politano
method or the Cohen technique. During the first two years' observation
patients in both treatment groups received chemoprophylaxis, usually with
trimethoprim (either alone or as co-trimoxazole) or nitrofurantoin, given as a
single nightly dose of 1-2 mg/kg body weight in each case. If after two years
reflux had either been abolished operatively or resolved spontaneously
chemoprophylaxis was stopped unless clinically indicated to control re-
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current symptomatic urinary tract infection. Children who still had grade 2
or grade 3 reflux continued chemoprophylaxis to five years.

During the first two years patients were seen at intervals of three months
to monitor height, weight, and blood pressure and to screen for urinary tract
infection. After two years the intervals between visits were lengthened to six
months at the discretion of the attending paediatrician. Patients living in the
Birmingham area were reviewed at this hospital, whereas those living more
peripherally were cared for jointly by the referring paediatrician and
ourselves. All patients attended this hospital at entry and after two and five
years' observation for assessment of renal function.

Renal excretory function was measured initially and after two and five
years' observation by the slope clearance of edetic acid labelled with
chromium-5 1. An overnight water deprivation test was carried out at similar

FIG 1-Flow diagram showing allocation procedure and treatment scheme.

intervals as follows: patients were instructed to avoid all drinks from 1800 on
the evening of the test, a dry supper was given, and the first urine voided the
next morning was collected for measurement of osmolality.3 The results
obtained at entry and two years were inconclusive,2 and the method was

therefore modified at the five year assessment. If a child failed to achieve a

concentration ¢'870 mmol/kg the test was repeated. On the second occasion
the period of fluid restriction was extended into the morning of the test until
a second urine specimen had been obtained.

Radiological assessment was also carried out at allocation, two years, and
five years and consisted of intravenous urography in all cases. In patients
who were treated operatively an additional intravenous urogram (later an

ultrasound scan) was considered necessary, together with cystourethro-
graphy six months postoperatively, to exclude ureteric obstruction and
confirm the abolition of reflux. In these patients cystourethrography was not
subsequently repeated except in two children whose postoperative films
showed that reflux had persisted. In patients who did not undergo operation
cystourethrography was performed at two years, and again at five years if
reflux persisted.

Analysis of results-Intravenous urograms were reviewed by one or other
of the radiologists without knowledge of the patient's treatment. Scars were
described as focal, multifocal, or generalised. Progressive scarring was

defined as a measurable reduction in renal parenchymal thickness-that is,
the distance between the tip of the renal papilla and the overlying cortical
outline in similarly projected sequential urograms. New scar formation was
similarly defined as measurable loss of renal parenchyma associated with
caliceal deformity in a site where the caliceal appearance and the adjacent
cortical contour had previously been normal. To examine changes in renal
growth renal length was related to the intervertebral distance L1-L3 and
expressed as a standard deviation score (SDS) by means ofa formula derived
from the nomogram of Eklof and Ringertz4: SDS=renal length-(2-6+0-98
(L1-L3)/0-72. Statistical analysis of all data was applied as appropriate with a

specially designed program on a microcomputer.

Results

Allocation began in July 1975. By December 1986, 179 patients had
entered the study and been followed up for two years, but 18 were
withdrawn because of failure to comply with the protocol. Of these 18, eight
were withdrawn because of an unacceptable delay in undergoing ureteric
reimplantation, three because of serious complicating non-renal conditions,
two because of coexisting obstruction of the pelviureteric junction, and two
because the initial cystourethrogram, on review, showed a grade of reflux
insufficient to qualify for entry. One child was lost to follow up within the
first two years, one was found to have had previous ureteric surgery, and
another was withdrawn from non-operative management at parental
request. This left 161 patients for analysis in the two year follow up period.

TABLE i-Randomisation ofpatients and ureters according to age and treatment group

Reassessed at two years Reassessed at five years

Age at entry Operative Non-operative Operative Non-operative
(years) treatment treatment Total treatment treatment Total

No ofpatients
<1 15 17 32 9 1 1 20
1-5 3 1 37 68 2 1 24 45
6-14 31 30 61 21 18 39

Total 77 84 161 51 53 104

No of ureters
<1 23 25 48 12 17 29
1-5 45 52 97 31 35 66
6-14 39, 39 78 27 23 50

Total 107 116 223 70 75 145

In the two to five year period, of a potential 109 patients, five were
withdrawn from the study: two were lost to follow up, two were withdrawn
from non-operative treatment, and one was withdrawn for a nephroureterec-
tomy; this left 104 for analysis over five years. Table I shows the results of
stratification and randomisation. An excess of boys was seen in those
allocated at less than 1 year of age (23 boys, nine girls), whereas girls
predominated in the older age groups (79 girls, 50 boys).
Two patients aged 7 and 8 at entry, one from each treatment group,

progressed to end stage renal failure. Both had gross bilateral reflux
and renal scarring, with a chromium-51 edetic acid clearance <40 ml/min/
1-73 m2 at presentation. An additional four children (one treated operatively,
three not) developed hypertension' All were more than 6 years old at entry
and exhibited bilateral renal scarring, with edetic acid clearance in the range
45-70 ml/min/1-73 in.

During the first two years' observation urinary tract infection occurred in
16/73 (22%) children who had operative treatment and 23/80 (29%) who did
not. Data were incomplete in eight children. During the two to five year
period infection was seen in 13/46 (28%) children who had operative
treatment and 11/52 (21%) who did not, with incomplete data in six. There
was no significant difference in infection rate between treatment groups in
either observation period.

RENAL FUNCTION

Figure 2 shows the mean chromium-51 edetic acid clearance for each age
and treatment group at the three assessment times. At allocation patients
who were allocated non-operative treatment and were aged 1-5 years had a
lower mean edetic acid clearance than patients who were allocated medical
treatment (p=0 05, Student's t test), but during the first two years'
observation they showed a significantly greater increase in edetic acid
clearance (p<005, Student's t test) and caught up with the patients given
medical treatment. Otherwise there were no significant differences between
the two treatments at entry or at two and five years, or in the rate ofchange of
edetic acid clearance between entry and two years, and between two and five
years.
Table II shows the result of the overnight urine concentration test in

patients followed up for five years. Those with impaired glomerular filtration
rate (edetic acid clearance <60 ml/min/1-73 m2) and those receiving diuretic
treatment for hypertension have been excluded. No significant difference
was found between treatments (X2 test with Yates's correction). Failure to
achieve an overnight urine osmolality of ¢r870 mmol/kg was related to the
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FIG 2-Mean (SE) clearance of chromium-51 edetic acid for each age group at
allocation and after two and five years' observation.

75 ureters (51%). When grade 3 reflux was bilateral there was an increased
tendency for it to persist; this was significant in children aged 6-14 years at
allocation.

RADIOLOGICAL DATA

Table IV shows the radiological findings. One child developed an allergy
to contrast medium and could not be re-examined at the five year
assessment. At both the two and five year assessments the radiographic
appearance of six kidneys was of inadequate quality for accurate interpreta-
tion, and radiographic data were missing for four kidneys at the two year and
five at the five year follow up. Two patients included in the assessments had
solitary kidneys, one owing to unilateral agenesis and the other after
nephrectomy. This left 310 kidneys for analysis at two years and 193 at five
years.
The prevalence of renal scarring at entry was similar between treatments

within each age group but was significantly lower in unallocated contralateral
kidneys. The scars present at allocation were described as focal in 47,
multifocal in 20, and generalised in 65. The different scar types were
similarly distributed among kidneys from patients allocated to operative and

TABLE II-Number ofpatients undergoing overnight water deprivation tests afterfiveyears' follow up,
including those whofailed to reach a urinary osmolality s870 mmollkg

Age at Renal scarring
entry Osmolality Operative Non-operative
(years) group treatment treatment All cases None Unilateral Bilateral

< 1 f|Total 7 9 16 5 9 2lFailed 3 4 7 (44%) 1 4 2

1-5 JTotal 20 23 43- 18 20* 5
lFailed 4 6 10(23%) 2 5 3

6-14 Total 16 15 31 9 15 7
6 Failed 3 1 4(13%) 0 0 4

Al (Total 43 47 90 32 44 14

All casesIFailed 410 11 21(23%) 3 9 9

*Includes one solitary kidney. Unilateral v bilateral renal scarring p<0-01; none v bilateral renal scarring
p<0-OOl.

TABLE Iit-Total number of patients allocated to non-
operative treatment and number in whom grade 3 reflux
persisted at two and five year reassessments (percentage of
total in parentheses)

Age at
entry
(years) Reflux At two years At five years

<1 IUnilateral 3/9 (33) 2/5 (40)
) Bilateral 9/14 (64) 7/12 (58)

1-5 JUnilateral 10/21(48) 7/15 (47)
Bilateral 18/28 (64) 10/20 (50)

6-14 JUnilateral 5/19(26) 4/13 (31)iBilateral 17/18 (94)* 8/10 (80)t

Total 62/109 (57) 38/75 (51)

*p<0-01; tp<0 05 (Fisher's exact test).

extent of scarring, the failure rate in patients with bilateral renal disease
being significantly greater than that in those with unilateral or no scarring
(p<0-01 and p<0-001, respectively, by x2 test with Yates's correction).

RESOLUTION OF VESICOURETERIC REFLUX

Ureteric reimplantation was technically successful in 105 of 107 allocated
ureters and in all 17 contralateral unallocated ureters-that is, those with
grade 2 reflux or less. The operation failed to abolish reflux in two children
aged under 2. There were no cases ofureteric obstruction. In contrast, in the
children who did not undergo operation (table III) grade 3 reflux persisted
at two years in 62 out of 109 ureters (57%) and at five years in 38 out of

TABLE tV-Radiological changes occurring during the twoyear and two to
fiveyear observation periods

Unallocated
Operative Non-operative contralateral

Radiological findings treatment treatment kidneys

Twoyear observation period
Total No of kidneys 104 111 95
Scarred at allocation 58 64 10
Progressive scarring 13 16 2
New scar formation 4 5 1

Two tofiveyear observation period
Total No of kidneys 63 72 58
Scarred at two years 27 45 4
Progressive scarring 1 5 1
New scar formation 0 0 0

non-operative treatment and those that had been unallocated, and among the
three age groups. The prevalence ofpreexisting scarring was slightly higher
in older children, occurring in 73% ofallocated kidneys in patients aged 6-14
at entry compared with 57% in those under 1 year old and 44% in those aged
1-5.

Progressive scarring was observed in children of all ages (table IV), but
significantly more frequently in the period up to two years than in the two to
five year period: 31/132 (23%) compared with 7/76 (9%) previously scarred
kidneys (X2 with Yates's correction 6 3). There was no significant difference
in the proportion of kidneys showing progressive scarring, whether they
were from children who had had operative or non-operative treatment or
were unallocated. In a further patient who was not operated on a scar present
at entry was found to have progressed at five years, but, unfortunately, the
patient was overseas at the time of the two year assessment. New scars were
observed in 10 patients, appearing only during the first two years after
allocation, and affected children aged 2-7 years at entry (table V). There was
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no significant difference between treatment groups in the rate of new scar
formation.

Figure 3 shows the changes in renal length standard deviation scores.
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FIG 3-Mean (SE) renal length standard deviation score for each age group at
allocation and after two and five years' observation.

Within each age group comparison of renal length standard deviation scores
was made at entry and at two and five years. In addition, the rate ofchange of
standard deviation scores between entry and two years and between two and
five years was compared. There were no significant differences between
treatments. Younger children generally showed improvement in growth rate
in the two to five year observation period; those aged 6-14 at entry, however,
continued to show a fall in renal length standard deviation scores throughout
the five years' follow up.
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The fact that only a minority of our patients showed a reduced
glomerular filtration rate is not surprising as functional hypertrophy
of undamaged nephrons compensates fully except where there is
extensive bilateral renal scarring.5 By using diethylene triamine
penta-acetic acid labelled with technetium-99m Verrier-Jones et al
were able to show significantly lower individual glomerular filtration
rates in scarred kidneys compared with unscarred kidneys.' At the
time our study was planned we did not have access to this type of
renography. Many patients, however, underwent this test at their
five year assessment and will have it repeated after 10 years' follow
up, enabling us to make some statements on long term functional
changes.
We previously reported a significant increase in overnight urinary

osmolality after two years' observation in the children who under-
went operation and were aged 6-14 at entry, but cautioned that the
results were based on only 10 children who had completed the test at
both entry and two years.2 Although achieving an osmolality of
3870 mmol/kg is reliable evidence of normal concentrating ability,3
a lower result does not necessarily imply impaired concentration as
it is likely to be influenced by the previous day's fluid intake as well
as the thoroughness with which the patient observes the period of
fluid restriction. At five years there were no significant differences in
osmolality between treatment groups. Overall there was a good
correlation between the extent of renal scarring and the failure to
concentrate the urine to the normal range, as previously described
by Uehling.7 It is noteworthy that of the oldest age group, who are
the most likely to cooperate with overnight fluid restriction, all four
who underperformed had bilateral renal scarring. The weakness of
the test is shown by the prevalence of failure to achieve a normal
concentration, which increased from 13% in children aged 6-14 at
entry to 44% in those allocated in infancy. This suggests that there
was poor compliance in younger patients.
The incidence of breakthrough urinary infection remained

surprisingly high, averaging a quarter of patients throughout the
five years' observation but without any difference between treatment
groups. Although we recommended conventional methods of urine

TABLE v-Details of 10 new renal scars that developed exclusively during first two years'
observation

Breakthrough
Treatment Reflux urinary tract Existing Type of

Age at entry Sex allocation grade infection scarring scar

2 years, 4 months F Operative 3 Focal
2 years, 4 months F Operative 3 Focal
3 years, 7 months M Unallocated 0 + Focal
3 years, 11 months F Non-operative 3 + Multifocal
3 years, 11 months F Non-operative 3 + Generalised
4 years, 6 months F Non-operative 3 + + Focal
4 years, 8 months F Operative 3 Focal
5 years, 9 months F Non-operative 3 Focal
6 years, 9 months F Non-operative 3 + + Focal
7 years, 2 months M Operative 3 + Focal

Discussion

The findings now reported are essentially similar in importance to
those published previously'2 but are based on more patients and
longer periods ofobservation. At entry to the study the clinical and
laboratory characteristics ofpatients allocated to operative and non-
operative treatment did not differ, with the sole exception of the 1-5
year old children allocated to non-operative treatment, who for-
tuitously had a significantly lower mean edetic acid clearance than
those allocated operative treatment. After two years' observation,
however, they had caught up with the other group. At neither the
two year nor the five year reassessment were there detectable
differences between treatment groups in the incidence of break-
through urinary infection, renal excretory function, renal growth,
the progression of existing renal scars, or the development of new
scars.

collection and defined bacteriuria as a viable count (¢105/ml) of a
recognised pathogen,2 we considered it unrealistic to expect con-
formity with these criteria invariably and in every detail. Though a
small proportion of errors in diagnosis was possible, they would
presumably have been evenly distributed between treatment groups.
Interestingly, in the group who underwent operation the incidence
of infection was similar in the observation period up to two years,
during which chemoprophylaxis was maintained, and in the two to
five year period, when it was withheld in those patients whose reflux
was abolished.
The temporal relation between bacteriuria and new scar formation

needs consideration. Four out of the 10 new scars developed in
patients in whom we did not show breakthrough infection, and
three of these had undergone operative correction of their reflux. A
further scar occurred in an unallocated, contralateral kidney
drained by a non-refluxing ureter. All 10 new scars developed

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J (C

lin R
es E

d): first published as 10.1136/bm
j.295.6592.237 on 25 July 1987. D

ow
nloaded from

 

http://www.bmj.com/


BRITISH MEDICAL JOURNAL VOLUME 295 25 JULY 1987 241

during the first two years' observation; likewise, 82% of those
existing scars that progressed had done so by the two year
assessment. Probably these observations at the two year assessment
are a radiological expression of fibrous contraction that has resulted
from a scarring process initiated before entry into the study. The
observation of new scar formation in sequential intravenous
urograms is exceedingly uncommon compared with the finding of
existing scarring at first investigation. Smellie et al, in a retrospective
study of data obtained from 23 paediatric departments over 22
years, documented only 87 new scars in children aged 3 months to 9
years.8 The lack of new scars in children less than 2 years old,
coupled with the high prevalence:of scarring at entry to our study,
has led us to believe that the evolution of a radiologically visible scar
may be so rapid in infancy that the opportunity to observe it in
sequential intravenous urograms is usually missed,
The persistence of reflux in more than half of the patients treated

medically for five years is at first disappointing; it was significantly
more likely to happen when reflux was bilateral. Nevertheless, it did
not influence renal growth or scar formation. Although recruitment
to this trial has now been stopped, we intend that the patients
already under study should, as far as possible, be followed up
indefinitely so that the effects of reflux that persists into adulthood
can be evaluated.
Our results have failed to show superiority for either form of

treatment. The choice of treatment therefore remains a value
judgment governed by such local factors as parental preference, the
availability of surgical skill and facilities for promptly detecting
breakthrough urinary infection, and willingness to comply with
prolonged chemoprophylaxis. Certainly surgery reliably abolishes
reflux, but whether reflux in itself is important in the long term is
unknown. Clearly neither treatment is capable of completely
protecting the kidneys from progression of scarring or even, on

occasion, the formation of a new scar. Indeed the high prevalence of
parenchymal damage already present at entry to the study serves to
emphasise the need for more prompt and vigorous treatment and
investigation of the first infection, which probably initiates the
scarring process.9, The more favourable renal growth pattern
exhibited by children of 5 years and under implies that this is the age
group most likely to benefit from such attention.

We thank the many general practitioners and consultant paediatricians
who referred patients and continued to support this study. We also thank Dr
Roy Astley, a former member of the group, for his help. The figures were
kindly prepared by the medical illustration department, and the manuscript
was typed by Mrs Fenella Ryan.
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The correlates. of research success

DAVID C EVERED, JOE ANDERSON, PATRICIA GRIGGS, RICHARD WAKEFORD

Abstract

A survey was carried out of the undergraduate backgrounds and
research achievements of 885 (94-1%) of ali 940 medically
qualified professors and readers in medical faculties in the
United Kingdom. A total of 217 (24-5%) of the graduates in
these senior academic positions had graduated from Oxford or
Cambridge and 137 (15-5%) had an intercalated BSc. The
corresponding figures for a control group matched for sex and
date of graduation were 118 (13-3%) for Oxford and Cambridge
(academic to control odds ratio. 2*11:1) and 34 (3 8%) for the BSc
(odds ratio 4-58:1). Those with an intercalated BSc in the clinical
specialties raised substantially more research grants from the
Medical Research Council than their peers from Oxford and

Cambridge or those without a BSc. The Oxford and Cambridge
group raised more grants in the non-clinical specialties. Biblio-
metric analysis was carried out on the United Kingdom graduates
within the broad specialty of medicine (n=218) matched for date
of graduation. Academies with a BSc had a better publication
record over 10 years (median number of original publications 72)
than the Oxford and Cambridge group (median 59) and a
substantially better record than those from other schools without
a BSc (median 46). Citation analysis was carried out on subsets of
the above sample matched for date of graduation and frequency
of publication. Those with an intercalated BSc were cited more
often (8.04 citations/paper) than the Oxford and Cambridge
graduates (7.63) and substantialiy more than their peers without a
BSc (4.16).
These data show very clearly that research training or experi-

ence, or both, as an undergraduate has a substantial influence on
career development and correlates positively with subsequent
research performance many years later.

Introduction

The main functions of a university department in a medical faculty
are research, teaching, and-in the case of clinical departments-
patient care. It is generally agreed that they are interdependent and
that the creation and maintenance of an environment in which all
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