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Abstract. To ascertain the outcome of childhood vesico-tion (UTI). It can also be identified in the uninfected sib-
ureteric reflux (VUR), 226 adults (37 males), mean agdings or offspring of index patients. More recently, it has
27 years, were studied after 10-35 years, extended to 4ken possible to identify patients with reflux in infancy
years by postal questionnaire in 161. At presentatiomfter urinary tract dilatation has been observed by ante-
(mean age 5 years) all had VUR (grade IlI-V in 68) anchatal ultrasonography. There has been much speculation
urinary tract infection (UTI); there was renal scarring inabout the long-term consequences of childhood VUR as-
85 (acquired before referral in 11 and during follow-upsociated with UTI. Although there have been some long-
in 1), hypertension in 6 and impaired renal function in 5term studies on children with symptomatic UTI [1], and
They were managed and followed prospectively by onevith bacteriuria discovered on screening [2, 3], as well
paediatrician; 63% of these children remained free fronas children with renal scarring followed prospectively
UTI; VUR persisted in 63 and had resolved in 69% of[4—7], or retrospective studies of adults [8, 9], many of
193 children managed medically. At follow-up, 61% of the publications exploring the outcome of VUR have
adults had remained free from infection; 17 adults hadeen short term [10]. In order to focus specifically on
hypertension and/or raised plasma creatinine, 16 witlthe outcome of children with VUR, a study was under-
scarred kidneys. Their deterioration was predictable betaken of a group of 226 adults who in childhood had
cause of scar type, blood pressure or plasma creatiningTl and VUR and who were seen, managed and fol-
levels in childhood. No new scars developed after pubetowed prospectively by a single paediatrician in a Lon-
ty. Renal growth rates were unaffected by initial severitydon teaching hospital. The results of this follow-up
or persistence of VUR. On the later questionnaire, 9 furspanning 10—41 years are presented.
ther adults, mean age 38 years, had moderate hyperten-
sion. The adults with complications were those with ex-
tensive renal scarring and/or at least borderline hypertersubjects and methods
sion in childhood. Those with VUR, but no scarring, and
managed carefully in childhood, did not suffer seriousSubjects
consequences as adults. There Is a need for early reco(gf— all the children who had presented at the Paediatric Depart-
I’_]Itl_On and treatment of children with VUR and UTI to ment, University College Hospr))ital (UCH), London, between 1855
limit scar development. and 1980 with symptomatic urinary infection associated with
VUR but without outflow obstruction, there were 236 who were
Key words: Vesico-ureteric reflux — Urinary tract infec- aged 18 years or over in 1988. In 1988 and 1989 these adults were

tion — Renal scarring, renal function, renal growth — Hy-ShOUthH eki]the(r) f(f:!irectl%/, PWithlth_e h%'lo of theirdfasmily dOC(tgrPOCrS)
A _ ~ through the Office of Population Census and Surveys
pertension — Pregnancy — Follow-up [now the Office of National Statistics (ONS)] and the Family
Health Practitioner Services. All but 10 were located and 3 others
had died as adults. The remaining 223 were contacted and invited
to attend a special follow-up clinic and to complete a question-
Introduction naire which also included a section for their general practitioner.
The response of the 226 adults traced is shown in Table 1. Anoth-
er postal questionnaire was conducted some 8 years later in
1995/1996 when further data from a cohort of 161 of the original
adults were collected.
- These 226 adults (37 males, 189 females) had presented with
Correspondence tal.M. Smellie, 23 St. Thomas Street, Winches- symptomatic UTI aged 5 days to 12 years (mean 5 years) and the
ter, Hampshire SO23 9HJ, :K majority had a history of presumed or proved recurrent UTI be-

Vesico-ureteric reflux (VUR) is usually discovered in
childhood during the investigation of urinary tract infec-
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Table 1. Study population: 226 adults (37 males, 189 females)childhood or recent or recurrent UTI. No adult follow-up cysto-
who had vesico-ureteric reflux (VUR) and urinary tract infection grams were performed. Any new abnormalities identified were

(UTI) in childhooa discussed and the patients were referred back to the family doctor.
In those 58 patients who only responded to the questionnaire,
Childhood renal status Total the family doctor provided information on blood pressure, urine
culture, treatment and pregnancy. Postal samples of urine for mi-
Scarred  Unscarred croprotein assays were obtained from some of these patients. In
the remaining 17 patients, information was obtained directly from
Attended clinic 58 (8) 90 (11) 148 (19) the hospital consultant or general practitioner. All 3 patients who
Questionnaire 18 (6) 40 (5) 58 (11) had died had been seen after the age of 20 years.
Information from hospital 6 (3) 11 (3) 17 (6) For this study, reflux severity, originally based on a four-grade
or family doctor system [11, 12], was retrospectively regraded to correspond with
Died 3() - 3(1) the International Grading System, where grade | is minimal, grade
Il extends up to the kidney without dilatation and grades IlI-V in-
Total 83 (18) 141 (19) 226 (37) clude all reflux associated with dilatation of the ureter and renal
pelvis [18].
aMales in parentheses The adult kidneys were assessed on IVU as before and com-
b Scarring unilateral in 54, bilateral in 21 pared with the last childhood findings. Renal length and growth in

both children and adults were expressed as standard deviation
scores (SD scores) in relation to the expected renal length for
fore referral. They were seen in a designated clinic for childrerheight, as used by Hodson et al. [19, 20] and by Klare et al. [21].
with UTI and all had VUR demonstrated by contrast micturating ~ Renal scars were typed according to IVU appearances, with
cysto-urethrography (MCU). VUR was bilateral in 116 children type A indicating one or two scars, type B more extensive scar-
(51%) and severe in 68 (30%). When first seen, 84 (37%) had rding, type C irregularly thinned rim of parenchyma surrounding
diologically scarred kidneys and 1 developed a scar later. Of théeformed renal papillae and calyces and type D a small shrunken
226, 14 (6%) (9 males, 5 females) presented under the age ofkidney [11]. o )
year; 5, all boys, with scarred kidneys; 30 (13%) (2 males, 28 fe- Standard adult ranges for plasma creatinine (53-97 pmol/l in
males) presented aged 1 or 2 years, 10, all girls, with scarred kidemales and 80-115 pmol/l in males) were used. Urinary albumin,
neys. retinol binding protein (RBP) ani-acetylf3-p-glucosaminadase
In childhood, the majority were treated as out-patients; 193 patNAG) were measured and expressed as the ratio to urinary creati-
tients were managed according to a strict medical protocol previnine [22]. ) ]
ously described [11-17], consisting of uninterrupted low-dose an- The data were analysed using SPSS and Stata packages. Chi-
tibacterial prophylaxis until two consecutive negative cystogramssquared and analysis of variance tests were used as appropriate.
were obtained and continued until after puberty if there was renal he study had the approval of the UCH Ethical Committee and
scarring. This was combined with a regimen designed to achievéie OPCS and ONS approved the release of information to enable
complete bladder emptying by regular drinks and voiding, doubldracing of patients.
micturition at bedtime and correction of constipation. The remain-
ing 33 were treated surgically, 26 by ureteric reimplantation alone,
3 by ureteric reimplantation and contralateral nephro-ureterectoRegy|ts
my and 4 others had a nephro-ureterectomy or a heminephrecto-
?gySAV\S,;Petgﬁgg%‘??ﬁ%;ﬁs ted patients, those with scarred kIOIThe results are presented as the findings, followed by
Each patient had been seen and followed every 3 months in ti&1€ir associations with reflux, in these 226 patients: (1)
Children’s Urinary Infection Clinic, when height, weight and in childhood and (2) when the patients were aged 18-44
blood pressure were measured and urine was cultured. Those wiflears (mean 27 years). Thus, in 1988/1989 the follow-up
hypertension were under shared care; regular contact was maigeriod was 10-35 years (mean 20.4 years). In addition,
tained with 2 others treated surgically and followed eIsewherelGl of these patients responded to a postal questionnaire

Urine culture was repeated if symptoms developed between visits; . . .
Plasma urea or creatinine was estimated annually in children wit ent out in 1995/1996, 8 years later, extending their fol-

scarred kidneys. A single 12-min standard intravenous urogranfoW-up to 41 years.
(IVU) film of the renal areas was taken every 2—3 years to assess

renal morphology, and renal length/growth in relation to body

height [17]. Cystography was used to monitor reflux at 2-year in-Children

tervals early in their management [11, 16], and later was delayed

until there was no residual urine on double micturition. Follow-up : : :
was continued until 2 years after cessation of reflux or annuallyves'Co ureteric refluxAll the children had reflux on

through adolescence if the kidneys were scarred. contrast MCU when first seen and the maximum reflux
grade per child is shown in Table 2. In 7 (5 males, 2 fe-
males) of the 68 children with severe reflux (grade
Methods [1I-V) in one or both ureters, VUR was equivalent to
grade V. On the most recent childhood MCU, performed
The parameters studied in these adults included general healthetween the ages of 8 and 14 years, VUR was still pres-
history of recurrence of UTI and of further hospital treatment, de-ent in 63 children, including 4 with ureteric reimplanta-
velopment of hypertension or renal insufficiency, renal growth andtions, 32 with scarred and 31 with unscarred kidneys. It
morphology and details of pregnancy and offspring. %emained bilateral but was less severe in 17 of the 116

The 148 adults who attended had their height, weight, blood.,; P -
pressure and plasma creatinine measured and urine was cultur Q”dren who originally had bilateral reflux. VUR had

and analysed for microproteins. They were invited to undergo een corrected in 29 of 33 Ch”d_ren treated surgically
one-film IVU of the renal areas and also a dimercaptosuccinic acand had resolved spontaneously in 134 (69%) of those
id (DMSA) study if there had been radiological renal scarring inmanaged medically.
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Table 2. Severity of reflux on presentation in 226 children, 85 Table 3.Recurrences of UTI in 226 children after referral, in rela-

with renal scarring tion to: (a) maximum reflux recorded per child and (b) renal sta-
tus. There was no significant difference between those with mild
VUR or severe reflux nor between those with or without renal scarring;
63% had no recurrence during 943 patient-years’ follow-up on
Maximum grade Unilateral  Bilateral Total prophylactic treatment. There were non-febrile recurrences in 83
per child children during 632 patient-years’ observa on
| minimal 27 (7) 7 (0) 34 (7) No. of UTI recurrences
Il 1 kidney 59 (16) 65 (15) 124 (31)
-V dilatation 24 (18) 44 (29) 68 (47) 0 1-2 3+ Total
(n=143) (@=57) (n=26) (n=226)
Total 110 (41) 116 (44) 226 (85)
(&) Maximum VUR grade per child
aChildren with renal scarring in parenthezes I 21 7 6 34
I 84 26 14 124
-V 38 24 6 68
Urinary tract infection.All 226 children presented with (b) Renal status
UTI, recurrent in over 60%. Their further history of UTI Unscarred 90 34 17 141
is shown in Table 3. When last seen in childhood, all had  Scarred 53 23 9 85

been free from infection for 18 months to 13 years
(mean 7.4 years).

Radiological renal scarringThis was demonstrated on Associations with VUR in childreThere was no signifi-
presentation in 84 children, and was unilateral in 53 andant difference in recurrences of UTI between children
bilateral in 31. Of these 84, 11 were known to have hadvith grade IlI-V and those with grades I-Il reflux
structurally normal kidneys on IVU earlier in childhood, (x2=2.70,P=0.26) or between those with or without re-
before referral to our clinic. During follow-up, 2 boys, 1 nal scarringx?=0.93,P=0.34) (Table 3). Similarly there
with normal and 1 with type A scarred kidneys, each dewas no difference between those with persistent or no re-
veloped a single new scar at the ages of 7 and 9 yeafftux at the end of childhood (39.2% and 37%).
Both had VUR into the corresponding ureter and each Renal scarring was seen in 85 (38%) of the 226 chil-
scar followed a symptomatic infection [12, 23]. Thus adren, but was significantly more prevalent in those with
total of 85 children had radiological scarring by the agegrades 1lI-V VUR, 47 of 68 (69%), than in those with
of 10 years. The scarring in the 116 affected kidneys wagrades | and 1l VUR, 38 of 158 (24%x2€41.37,
classified as type A in 33, type B in 49, type C in 18 and?=<0.0001, 2 df) (Table 2).
type D in 16. Apart from the boy who developed a scar All 6 girls who presented with severe hypertension
in a previously unscarred kidney, there was no change iwere over 7 years of age and had a past history of UTI.
scar type during childhood. VUR was bilateral in 4 and grade llI-V in 1. All had
scarred kidneys, bilateral in 5, and 5 of the 6 had a se-
Hypertension and renal functioSix girls had hyperten- verely scarred (type D) kidney. The 10 children who de-
sion (>97th percentile for height and age) requiringveloped borderline hypertension and 4 with labile hyper-
treatment on presentation at 7-12 years; 4 of them haension all had renal scarring; VUR had been severe in 4,
accelerated hypertension ranging from 155/110 tdout had ceased in 10 during childhood.
225/150 mmHg. In addition, 10 children (4 males, 6 fe- The 6 children with raised plasma creatinine ( >2 SD)
males) had borderline hypertension (systo40  or urea levels and the 5 with borderline levels all had bi-
mmHg or diastolic=90 mmHg) and 4 (1 male, 3 fe- lateral VUR and bilateral renal scarring (4 with one or
males) had labile (unsustained) hypertension not requiboth type C scarring and 6 with one type D). Three were
ing specific treatment. All these 20 children had scarre@n treatment for hypertension, 2 had borderline hyper-
kidneys. tension and in 2 it was labile.

Six children, 3 of them hypertensive, had a raised Impaired renal growth in childhood was only seen in
plasma creatinine ( >80 umol/l) or urea ( >6.6 mmol/l),5% of renal units, among children with small, scarred
and in 5 others the level was at the upper limit of norkidneys, persistent reflux and recurrence of UTI [24].
mal. All 11 had renal scarring which was bilateral in 10.

Renal length and growtlSatisfactory renal growth had Adults

occurred during childhood in over 90% of refluxing

units and in all those without recurrence of infection [17,

24]. Of the 226 adults, there was an abnormality of either re-
nal function or blood pressure in 17 (7.5%), 16 of whom

Somatic heightThis was normally distributed with no had renal scarring. Of these 17, 1 had died and 2 had re-

significant difference between those with and without received renal transplants at the ages of 25-26 years. Only

nal scarring, and growth remained within normal limits13 (5.8%) of the whole group of adults had been attend-

(P=0.25) [25]. ing hospital regularly for renal causes.
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Table 4. Sixty-eight patients who had VUR grades IlI-V into oné relation to management and renal scarring. The 8 adults with
or both ureters in childhood showing maximum reflux per patiergtised blood pressure or plasma creatinine all had renal scarring,
on the last micturating cysto-urethrogram (MCU) and the outcorbet only 1 had persistent severe ref.ix

Maximum VUR Medical management Surgical management Total
grade per patient

on last MCU Scarred Unscarred Scarred Unscarred

No VUR 8 (1) 14 17 (3) 1 40 (4)
VUR Il 15 (2) 6 2(@1) - 23 (3)
VUR llI=V 3(1) - 2 - 5 (1)
Total 26 (4) 20 21 (4) 1 68 (8)

aFigures in parentheses represent those adults with hypertension and/or raised plasma creatinine

Table 5. Type of recurrence of UTI in 221 adults in relation to renal status and persistence or absence of reflux on the last MICU (exclu
ing 3 deaths and 2 transplarts)

Renal status No VURNEL68) Persistent VURNES3) Total 6=221)

UTI UTI UTI

None Non- Acute None Non- Acute None Non- Acute

febrile febrile febrile febrile febrile febrile

Unscarred 76 38 2 15 7 3 91 45 5
(n=141)
Scarred 26 20 6 18 4 6 44 24 12
(n=80)
Total 102 58 8 33 11 9 135 69 17

Vesico-ureteric refluxNo cystograms were carried out at eral in 20). This radiological follow-up, using a stan-
follow-up, but had been repeated during adolescence indardised technique throughout from the time of the 1VU
few patients. Reflux had resolved in a further 5 patient®n referral, spanned 8-35 years (mean 19 years). The
and been corrected surgically in 4 (and 1 had died). Thusdult findings were compared with those on the last
on their most recent cystogram, VUR remained in 53 paehildhood IVU performed in these 135 adults between 8
tients, bilateral in 8. Maximum reflux was grade | in 22 and 14 years of age, after intervals of 4-24 years (medi-
patients, grade Il in 26 and grade 1lI-1V in 5 (1 of whoman 12.6 years).
had not been reinvestigated since the age of 8 years). Of No new radiological renal scars had developed among
the 68 with childhood grade IlI-V reflux (Table 4), none these 135 adults between the last childhood and the adult
of the 21 patients with unscarred kidneys had developeX-ray. In 13 of the scarred kidneys the scar had become
hypertension or impaired renal function. less obvious due to adjacent renal growth, though the ca-
lyx remained deformed. In 9 adults who had a large po-
Urinary tract infection.No recurrence of UTI was re- lar scar in childhood there had been progressive thinning
ported in 135 (61%) of the 221 adults. Symptoms reportef the parenchyma overlying a large deformed calyx, but
ed as “cystitis”, not always confirmed microbiologically, there had also been growth of the remaining normal tis-
occurred in 69 women; 12 of these women, only 3 ofsue. The only change in scar type was from B to C in 1
whom had persistent reflux, reported more than two epiwoman following post-operative vesico-ureteric junction
sodes. Only 2 had a history of frequent childhood recurebstruction.
rences and 2 others had been treated surgically. Only 1 9"Technetium DMSA studies were performed in 76
of 36 men reported a single recurrence. Acute febrile inadults. The renal morphology on IVU and the DMSA
fections had occurred in 17 women, 9 with and 8 withimages corresponded well in the majority of the 56
out persistent VUR (4 of whom had been treated surgiadults with radiological renal scarring. Furthermore, in
cally). Of these 17, 5 (3.5%) had unscarred and 12he 20 adultswithout radiological scarring, neither ab-
(15%) had scarred kidneys (Table 5). normal DMSA images nor asymmetry of function were
observed, although 8 of these 20 had a history of “cysti-
Radiological renal scarring.Limited follow-up IVU  tis” and 5 others had reported an acute febrile infection.
was performed in 135 adults (19 males, 116 females),
73 of whom had unscarred and 62 (11 males) hatlypertension.Among the whole group of 226 adults,
scarred kidneys in childhood (unilateral in 42 and bilat-there was sustained hypertension (>140/90 mmHg) in 15
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Table 6. Blood pressure recorded in 28 children and the adult out-Table 7. Abnormal plasma creatinine levels in children and in
come. The remaining 198 were normotensive in childhood and omadults. All 11 children continued to have abnormal results and are
follow-up represented in the 19 adults with raised or borderline levels, 18 of
whom had scarred kidne ;s

Children Adults
Children Adults
Normal Labile Border- Hyper- (n=226) h=162)
line tension
Raised Borderline Raised Borderline
Hypertension 6 - - - - 6
Borderline 10 - 3 - 1 6 Male 2 2 3 5
Labile 4 - 1 2 1 - Female 4 3 6 5
Normal ® - - 2 3 P
Total 6 5 9 10
Total 28 4 4 5 15ub

a3 transplants or death
b1 male with no scarrirj

(5 males/10 females) (Table 6). Fourteen of these had ref renal tubular damage was found where kidneys were
nal scarring (bilateral in 11), of whom 12 had estab-unscarred, even among 14 who had severe (grade Il1-V)
lished or borderline hypertension in childhood. AmongVUR in childhood. Of 39 who had persistent VUR on
patients who were normotensive in childhood, 8 adultsheir last MCU, 3, 2 with scarred kidneys, had raised
had labile, borderline or sustained hypertension. HowevRBP excretion.
er, none of the 4 children with labile hypertension had
sustained hypertension as adults. At the time of the folRenal length and growtlThe scarred kidneys in both
low-up study, 1 of the hypertensive girls had died and Zhild and adult IVU were smaller than those without
had received renal transplants, leaving a total of 1&carring. Normal renal tissue had continued to grow in
adults who were hypertensive, 6 of whom were receivinghe great majority. In scarred kidneys particularly, con-
treatment for their hypertension. A further 9 had bordertinued growth of unscarred tissue was observed beyond
line or labile hypertension. Although a higher proportionthe age of 20 years. Renal growth was least good in se-
of men had hypertension (5 of 37, 13.5%) than womewerely scarred kidneys, and 4 had decreased in size.
(10 of 189, 5.3%), these differences were not significant. When renal lengths in relation to height were ex-
pressed as SD scores, there was a significant difference
Renal functionPlasma creatinine levels were obtainedin renal length between scarred and unscarred kidneys in
in all the children and in 162 of the 226 adults, 72 withboth children and adults (analysis of variafz®.001)
scarred and 90 with unscarred kidneys; 43 had reflux ofiTable 8). The SD scores of the 146 kidneys in 73 adults
their last MCU, 25 of them with renal scarring. The ab-in whom both kidneys were unscarred were normally
normal findings in 226 children and these 162 adults ardistributed about the mean. In 42 patients with unilateral
shown in Table 7. All 11 children and 18 of the 19 adultsscarring, the SD scores of the adult unscarred kidney
with borderline or raised plasma creatinine levels had rewere significantly greater than those of the above 146
nal scarring. The 9 adults with abnormal levels includecidneys P= <0.001). However, although the SD scores
3 women who had received renal transplants or died duif the scarred kidneys in these 42 patients were less than
ing follow-up, each with impaired renal function in those of the 40 kidneys in 20 patients with bilateral scar-
childhood. Three other women had levels at follow-up ofring, this difference was not significanP=0.06). SD
>97 umol/l; 1 aged 39 years, with a level of 139 umol/l,scores in the bilaterally scarred kidneys were widely dis-
had presented aged 11 years with accelerated hypertemibuted, with a range 0f6.3 to +4.6 SD scores (Table
sion, bilateral type B scarring and grades | and 1l VURS).
which stopped spontaneously. Three men had levels over Renal growth between child and adult IVU was with-
115 umol/l; 2 with levels over 140 pumol/l had presentedn or above 1 SD of that expected in both kidneys in 71
under the age of 2 years with severe bilateral VUR treat142 kidneys) of the 73 patients with unscarred kidneys.
ed surgically and bilateral type C scarring. In addition, SNo significant difference in mean growth was seen be-
women and 5 men had levels at or near the upper limit dfveen unscarred and scarred kidne®s0;708) (Fig. 1),
normal (94-96 pmol/l and 103-111 pmol/l, respective-or between unilaterally scarred and bilaterally scarred
ly), including 2 women with hypertension. kidneys P=0.25), indicating that the size and structure
Uninfected urine samples from 170 adults (25 malespf these kidneys had been established in childhood. In
145 females) (62 with renal scarring) were analysed fothe absence of renal scarring, renal growth was unaffect-
microproteins. Microproteinuria was found in 13 pa-ed by persistence of VUR.
tients, 8 with scarred kidneys. The RBP excretion was
increased in 11 patients, NAG in 4 patients (3 of whomSomatic heightAdult heights were of normal distribu-
were pregnant), and albumin excretion was significantlytion, with no significant difference between those with
raised (>30 mg/mmol urinary creatinine/l) in only 2 and those without scarring?$£0.34) or with or without
women, both with bilateral renal scarring. No evidencepersistent VUR.
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Table 8. Mean renal lengths and renal growth of 270 kidneys in  Of the 9 adults with impaired renal function, 8 had
135 children and adults. Renal lengths are expressed as stand§flateral renal scarring (types C or D in 6) and 4 had
deviation (SD) scores in relation to expected renal length forgrade 1=V VUR in childhood (in 1 of whom VUR per-

heigh' sisted on the last MCU); 7 were hypertensive and 2 were
Kidneys Mean renal length in SD scores Mean renal normotensive. Among 10 with plasma creatinine levels
growth in SO at the upper limit of normal, all had scarred kidneys, 3
Child Adult scores were hypertensive, 1 had borderline hypertension and, in

Unscarred +0.11 +0.36 +0.26 ?h”?hoo-?ﬁ Z/Sgd gr%ﬂe- “:_Vt \l\/AUCF\CJ Ar|nong the 5? ba-

i . - - ients wi on their las , plasma creatinine
(n=146) (+2.710-1.9) (+4.610-2.0)  (+2.310-1.2) g vaised in only 1, but was near the upper limit of nor-
Unilateral scarring mal ifn ﬁfurtherdBi all wirt]hhrenal scarring.

Of the 17 adults with hypertension or impaired renal
‘(Jr?if%”ed (:g.'gst)o—o.s) (++31.210?o—0.5) (+§963;8—1,3) function, 8 had grade Ill-V VUR as children, and VUR
scarred -1.28 -153 -0.25 was seen on their last MCU in 3. They had presented at a
(n=42) (+1.2t0-4.2) (+1.2t0-5.0) (+0.7 to-1.7) median age of 6.0 years: 3.0 years (3 weeks to 5.8 years)
in the 5 boys and 6.75 years (3.6—12 years) in the 12 girls.
Bilateral scarring -0.77 -0.75 +0.02 This difference is significanPE0.001, Mann Whitney).
(n=40) (+3.310-5.3) (+4.6106.3) (+2.310-4.9) Slow renal growth was only seen where kidneys were

severely scarred. Persistence of reflux had no indepen-

dent effect on renal growth. The initial severity of reflux
Associations in adultsThere was no significant differ- had an indirect effect through its association with a high-
ence in the recurrence rate of UTI between the adulter proportion of patients with scarred kidneys. In child-
with or without persistent reflux on their last MCU hood there was a close association between VUR, UTI
(40% and 39%, respectively) or between those witrand renal scarring but in adulthood, persistence of VUR
scarred or unscarred kidneyg2£1.9, P=0.10, df 1) on the last MCU did not significantly affect either recur-
(Table 5). However, there was a highly significant dif-rence of UTI, development of hypertension, impairment
ference among the 17 women reporting acute febrile inef renal function or renal growth.
fections, between those with and without renal scarring
(x2 with Yates’ correction=7.89%=0.005, df 1), but not PregnancyAt the time of the study, 52 women had un-
in relation to persistent reflux. Of the 17, 9 had refluxdergone 91 pregnancies; 24 of these women had scarred
on their last MCU while 8 did not. Of the total 15 kidneys and 10 still had reflux on their last cystogram.
adults with hypertension and all those with borderlineOf these 52, 26 women had 43 completely normal preg-
and labile hypertension, 14 had renal scarring; 2 hadancies while the other 26 women, in addition to 11 nor-
type C and 5 type D scarring in one or both kidneysmal pregnancies, had 37 with one or more complications
Scarring was unilateral in 4 hypertensive adults and ifUTI, pregnancy-related hypertension or infants of low
7 of those with labile or borderline hypertension. Sixbirthweight) (Table 9). A higher proportion of each of
had grade IlI-V VUR in childhood and less-severethese complications occurred in women with scarred
VUR persisted in 2 of them. Of the 3 hypertensivekidneys (Table 10). Of the 16 women who had hyperten-
adults who had been normotensive in childhood, 2 hadion during pregnancy, 10 had renal scarring and of
type C or D scars. The third, a man aged 24 years witthese, 4 had undergone ureteric reimplantation, whilst 2
morphologically normal kidneys, had a sustained bloodthers had VUR on their last cystogram. Only 1 woman,
pressure of 150/110 mmHg and a raised plasma creativith renal scarring and persistent VUR, needed hospital
nine. This has been investigated and treated elsewher@dmission for infection.
His childhood reflux had stopped spontaneously at 6 Ten women had VUR on their last cystogram. Five of

years of age. them had renal scarring, 3 of whom had abnormal preg-
60 -
1 unscarred -
504 [ Scarred ]
2 40 .
c
S
< 301
kS
S 204 Fig. 1. Radiological growth (length) expressed
as change in standard deviati@Df scores of
10 270 kidneys in 135 patients measured over 8-35
|—|_| |—| years; 188 of the kidneys were unscarred and 82
o+—= —=, : : ‘ ‘ = were scarre:!
1.25

275 -225 -175 -1.25 -0.75 -0.25 025 075
or

less Change in SD score

175 225
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Table 9. Ninety-one pregnancies in 52 women who had VUR and UTI in childhood. There was persistent reflux in 5 of the 24 women
with scarred and 6 of the 26 women with unscarred kid 2ys

Renal status Womem£52) Pregnancies€91)
All pregnancies 1 or more pregnancies Normal Abnormal Total
normal abnormal
Scarred §=24) 9(12) 15 (3) 15 24 39
Unscarred=28) 17 (31) 11 (8) 39 13 52
Total (=52) 26 (43) 26 (11) 54 37 91

aNormal pregnancies in parenthezses

Table 10. Complications occurring in 37 pregnancies among 26  There was no difference in the mean plasma creati-
women with a past history of VUR and UTI; 3 of the 15 women pine |evels of women with scarred kidneys who had and
with scarred kidneys had VUR on their last MCU and 1 of the llhad not undergone pregnancy (83.9 mmol/l and 81.5
with unscarred kidneys. More than one problem affected som?~n . : . ’
mol/l) or between those with unscarred kidneys who

pregnancies had or had not undergone pregnancy (68.3 mmol/l and
Renal status Pregnancy complications 73.6 mmol/l).
(26 women) A significant relationship was found between the pres-
, ence of scarring and abnormal pregnancies using a statis-
UTl Ela'sgd gﬂftﬁ“t e fical model that took into account the extra bionomial
przgsure ph %"(’)%gg variation due to patients having multiple pregnancies
’ (x2=12.50, P<0.001, estimated log odds ratio=1.569,
Scarred 10 (14) 10 (14) 6 (8) SE=0.495). The model shows that those with scarred kid-
(n=15) neys are more likely to have abnormal pregnancies.
Unscarred 5(5) 6 (8) 1(1)
(n=11) Deaths. One girl with a single upper pole renal scar
without persistent reflux died aged 23 years in status
Total 15 (19) 16 (22) 7(9)

asthmaticus. A second death occurred in a man aged 37
years as a result of an accidental fall at work. He had un-
dergone a left nephro-ureterectomy aged 12 years and
had persistent mild VUR into a scarred right kidney, but
had remained normotensive with normal renal function.
nancies (1 mother needing an emergency cesarean sdde third died aged 25 years from a cerebral haemor-
tion for pre-eclamptic toxaemia). In the 5 with unscarredhage associated with uncontrolled hypertension. After
kidneys, only 1 of 11 pregnancies was complicated (by @resentation at 7 years with accelerated hypertension, bi-
UTI). lateral severe renal scarring and bilateral severe reflux,
Ten women had earlier undergone ureteric reimplanshe underwent a nephro-ureterectomy and contralateral
tation. In 7 with scarred kidneys, 4 developed pregnandreteric reimplantation. Her renal function was impaired
cy-related hypertension and 4 developed UTI. The 3ut her blood pressure had been fairly well controlled at
with unscarred kidneys did not develop hypertensiorher local hospital until her last few months.
during 8 pregnancies, but 2 were complicated by an in-
fection. Thus the 15 women who suffered a UTI during
pregnancy included 6 of the 10 who had undergone ureResults of postal questionnaire
teric reimplanatation (4 with scarred kidneys) and 9 of
the 42 who had not been treated surgically. This differA further study of this group of adults was carried out in
ence is not significanig Yates=2.044P=0.154). 1995/1996, when details of UTI, blood pressure, preg-
Of the 9 infants weighing 2,500 g or less, 8 were bormancy and any other complications were sought from
to 6 mothers with renal scarring, 2 with persistent VUR both patients and their doctors. Responses were received
The only neonatal death followed delivery at 27 weeksfrom 161 patients, 24 males, 137 females (72%). These
in a woman without VUR and with normal kidneys, afterincluded 79 of the 82 surviving patients with renal scar-
surgery for an incompetent os. Among 20 infants knownting (2 had emigrated and 1 was untraced) and 51 of the
to have been investigated postnatally, 6 had VUR, 2 borh3 who had persistent reflux on their last cystogram (in-
to mothers with unscarred kidneys. The other 4 include tluding all 28 who also had renal scarring). The mean
of 2 female infants born to a woman with a renal transduration of follow-up of these 161 patients was 28.8
plant, not included in the analysis of pregnancies. Telyears with a range of 18-41 years. Their ages ranged
spontaneous miscarriages were reported in 6 women arfitchm 26 to 52 years, median age 35.2 years. A recur-
12 terminations had been performed for various reasonggnce of UTI was reported in 21 (27%) of those with re-
but not for hypertension. nal scarring and in 19 (23%) of those with unscarred

aPregnancies in parentheses
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kidneys, including 1 acute febrile infection in a womanThese 15 represent 17.6% of the original 85 with scarred
without VUR or scarring. kidneys. In a similar group of 30 adults with scarred kid-
A blood pressure of 140/90 mmHg or higher (maxi-neys, Jacobson etal. [8] reported hypertension in 7
mum 150/100 mmHg in 1 patient) was reported in a fur{23%). In the light of these findings continued monitor-
ther 9 patients, 7 of whom had renal scarring (unilateraing of the blood pressure in patients with renal scarring
in 5). Their ages ranged from 34 to 42 years (mean 3B indicated.
years). Two had bilateral grade Il VUR on their last We also found that as well as hypertension and im-
childhood MCU: none was on hypotensive treatmentpaired renal function, acute febrile UTI and complica-
Five of them, all with scarred kidneys, had borderline ottions of pregnancy were significantly related to renal
labile hypertension 8 years earlier. A further 7 womenscarring. In contrast, neither initial grade 11I-V VUR nor
aged 31-47 years (mean 37 years) were reported to hapersistent VUR on the last childhood MCU appeared to
borderline hypertension; 2 of these 7 had minimal VURhave any significant effect on these parameters, indepen-
on their last MCU, none had renal scarring and 4 had dent of renal scarring. Raised urinary RBP, a mark of re-
family history of hypertension. The plasma creatininenal tubular damage, was also found almost exclusively in
level had risen further in 2, aged 37 and 47 years, ohdults with renal scarring.
those in whom it was already abnormal, but no patient After referral and during careful childhood manage-
had entered an end-stage programme and almost all coment at UCH, no significant renal deterioration occurred
tinued to lead normal lives. One woman aged 44 yearand only 2 children had developed new scars. No new
had received a live donor renal transplant aged 24 yearadiological scars developed after puberty. It should also
and was alive and well, normotensive without hypotenbe emphasised that in subjects with normal IVU as
sive drugs. In the other “transplanted” woman aged 5hdults who subsequently underwent nuclear imaging, no
years, a second cadaver transplant had failed soon aftaeibnormal DMSA images or asymmetry of function were
the 1989 study and she was on a programme of dialysseen. Thus the radiological renal patterns were already
and hypotensive treatment. established in childhood. There was a significance dif-
There had been 64 more pregnancies in a total of 4&rence in mean renal size between scarred and un-
women, 27 with and 19 without renal scarring, but comscarred kidneys in both the last childhood and in the
plications had been reported in only 8. Two of the newadult IVU, but there was no significant difference in the
infants were found to have VUR. overall renal growth between the two groups (although
some of the very small scarred kidneys did not grow).
These observations indicate that in this whole group of
Discussion patients, carefully managed in childhood as described,
outcome was determined almost entirely by renal status
The study reported here differs from most other long-at the time of presentation to our clinic.
term studies in being prospective and involving continu- Nevertheless, in childhood, reflux has a role of con-
ous and regular observation by a single paediatriciarsiderable importance because of its association with re-
through childhood and adolescence, of a group of chilnal abnormalities, both congenital and those acquired
dren with VUR and UTI. They were managed on a regifollowing UTI [23, 26-28]. In the patients reported here,
men designed to prevent infection from reaching the kidall with childhood reflux, a high proportion had renal
ney. On follow-up aged 18-37 years, over 90% were clinscars, which in 13 of the children were known to have
ically well and normotensive, although in childhood 85been acquired (e.g. [12]). The possibility that VUR, par-
of the 226 patients studied (38%) had renal scarring anticularly if severe, in childhood might cause lasting hy-
68 (30%) had severe reflux with dilatation (grade IlI-V). dronephrotic damage has not, in the absence of obstruc-
Fifteen adults had hypertension and 9 had impairedion, been substantiated.
renal function, including 2 who had received renal trans- In the earlier published childhood studies from which
plants and 1 who had died from a renal-associated causepst of the adults in this paper were drawn, there was a
all 3 in their 3rd decade. Because of the overlap betweeiendency for boys to present early with gross reflux and
these conditions, there were in all only 17 adults (7.5%pften bilateral type C scarring, while girls tended to
with impaired renal function or hypertension, all but 1 ofpresent later with a history of recurrent UTI and less-se-
whom already had scarred kidneys on presentation iwere reflux [12]. This pattern was reflected in the 17
childhood, type C or D in 8 of them. Deterioration of re-adults in this study with hypertension and/or impaired
nal function or blood pressure could have been predictecenal function. The women with hypertension presented
in 8 of these 17 adults, because they had raised bloaer the age of 7 years with a history of recurrent UTI
pressure or creatinine levels in childhood, and in a furand with scarred kidneys and moderate reflux, while the
ther 7 where these were at the upper limit of normal.  men who had impaired renal function at the age of
On a further follow-up by postal questionnaire 8 31-37 years were first seen at or below the age of 2
years later, an additional 9 adults had developed mild tgears and had severe bilateral VUR and type C scarring.
moderate hypertension, 7 of them with renal scarringd similar pattern was seen more recently in a different
and 2 with persistent mild VUR in childhood. Thus atgroup of 496 children with UTI investigated by DMSA
the end of the study, hypertension meriting treatmenstudy. Severe bilateral abnormalities of DMSA uptake
was present in 17 (7.5%) of the total group of 226 adultsvere seen in infant and young boys, all with severe bilat-
with VUR in childhood, 15 of whom had renal scarring. eral VUR, and in older girls with a history of recurrent
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UTI, also with VUR [29]. These data illustrate the spec-1955 and 1980 at the rather late mean age of 5 years, a
trum of reflux-associated renal scarring from hypo-dys-similar age to those studied by Jacobson et al. [8, 9]. Of
plasia to post-natal acquired scars. the adults in our follow-up study, only 6% presented un-
Martinell et al. [30], studying 65 pregnancies in 41 der the age of 1 year compared with 78% of those in a re-
women with a history of UTI in childhood, noted a high- cent Gothenburg study; the long-term outcome for these
er incidence of UTI and acute febrile infection in thosechildren will be of considerable importance [41]. They
with renal scarring and with persistent reflux than inalso report a good outcome, even in those with renal scar-
controls. This is in keeping with our findings that bothring, of a group of 111 women followed for a mean of 15
UTI and raised blood pressure occurred more frequentlyears from their first UTI in childhood [42].
in women with renal scarring. The only episode of UTI The study reported here indicates that the adult out-
requiring hospital admission occurred in a young pregeome for children with VUR carefully managed in child-
nant woman with renal scarring and persistent refluxhood was very good in the great majority, even when
Clearly, special consideration should be accorded t&UR persisted at the end of childhood. Deterioration of
pregnant women with renal scarring. An incidental find-renal function or blood pressure occurred almost exclu-
ing was a higher incidence of UTI among pregnantively in those with renal scarring and was usually pre-
women whose VUR had been corrected surgically thadictable in childhood. It is to be hoped that detection, ef-
in those not managed surgically, supporting the observdective treatment and investigation can be advanced to an
tions of Mansfield et al. [31]. earlier age, which might produce a lower incidence of
The response to a questionnaire after a further 8 yearsnal scarring and renal compliations.
provided information about the outcome of over 70% of
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