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Background. Congenital anomalies of the kidney and the urinary tract (CAKUT) are responsible for 34 - 59% of chronic kidney disease
(CKD) and for 30 - 50% of cases of end-stage renal disease (ESRD) in children.

Objective. The aim of this study was to document the frequency and types of CAKUT in our centre.

Methods. Patients aged between 2 weeks and 18 years with CAKUT, who attended the paediatric nephrology division of the
Charlotte Maxeke Johannesburg Academic Hospital over a 10-year period, were retrospectively reviewed. The different types of
CAKUT were classified into anomalies of the kidney, anomalies of the collecting system, anomalies of the bladder, and anomalies
of the urethra.

Results. Over the study period (January 2005 - December 2014), 138 patients presented with CAKUT, giving a proportion for CAKUT
of 20% of the total number of patients seen. However, 4 records were excluded from analysis because the patients were lost to follow-up.
There were 109 male and 25 female patients, giving a male:female ratio of 4.4:1. The median age (interquartile range (IQR)) at presentation
was 8.4 (IQR 1.9 - 47.7) months. The most common type of CAKUT was anomalies of the urethra (n=60; 45%), while the least was
anomalies of the bladder (n=10; 7%). The percentage of primary vesicoureteral reflux (VUR) in our study was 4.5%. Posterior urethral
valve was the only form of urethral anomaly documented in the study.

Conclusion. The percentage of CAKUT in our setting is significant. Anomalies of the urethra were the most common CAKUT while
anomalies of the bladder were the least. The frequency of VUR in South African children is much lower than that described in developed

countries. Children with CAKUT should be on regular medical follow-up to prevent both early and late complications.
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Congenital anomalies of the kidney and the urinary tract (CAKUT)
result from faulty development of the renal system which may
occur in isolation (confined to the kidney and urinary tract), or
may manifest as part of a syndrome with additional congenital
malformations outside the kidney.! It occurs in 3 - 6 per 1 000
live births, and also constitutes about 20 - 30% of all anomalies
identified in the prenatal period.?* CAKUT comprises a wide
range of renal system structural and functional malformations
that may occur at the level of the kidney (e.g. hypoplasia and
dysplasia), collecting system (e.g. hydronephrosis and mega-
ureter), bladder (e.g. ureterocoele, vesicoureteral reflux and vesico-
ureteral junction obstruction (VUR)) or urethra (e.g. posterior
urethral valves (PUV)).!" The prevalence of CAKUT among the
general paediatric population ranges between 3.5 and 26.6%.>°!
With improved prenatal screening, many cases of CAKUT are
diagnosed by antenatal ultrasonography performed at 18 - 20 weeks’
gestation.”®) Most common antenatal manifestations of CAKUT
include oligohydramnios or variations in gross morphology of
the kidney, ureter or bladder. Postnatal manifestations can be the
presence of a palpable abdominal mass, single umbilical artery,
feeding difficulties, decreased urinary output, deficient abdominal
wall musculature, and undescended testes in a male infant or
multi-organ birth defects.”? Ultrasonography, contrast radiography
(e.g. voiding cysto-urethrogram and intravenous urography),
cystoscopy and Technetium 99 mercaptoacetyltriglycine (Tc99-

40

MAG3) scanning can also be used to diagnose CAKUT. The
diagnosis of urinary tract infection (UTI) in children is often
a marker for CAKUT in the postnatal period.® Most children
with CAKUT are referred to the renal clinic because of UTI
symptoms. Those without symptoms do not come to the clinic.
The diagnosis of CAKUT in the latter group is often missed in an
otherwise seemingly healthy paediatric population. Unfortunately,
such patients may subsequently present later with chronic kidney
disease (CKD).

It is standard practice to screen for CAKUT in certain groups
of children with UTI. These include children with delayed or
unsatisfactory response to treatment of the first febrile UTI, presence
of abdominal mass or abnormal voiding, and causative organism
other than Escherichia coli.”'") A major significance of CAKUT as
a clinical entity is in predisposing patients to UTI. Some forms of
CAKUT may also predispose to renal scarring, calculi formation,
hypertension and CKD even in the absence of recurrent UTL214
CAKUT is responsible for 34 - 59% of CKD and for 30 - 50% of cases
of end-stage renal disease (ESRD) in children.*

Although some studies have been done on CAKUT, its prevalence,
pattern among general paediatric populations, antenatal diagnosis,
reviews and outcomes, methods of diagnosis, and recently its
genetic aetiology,'7#') there is a paucity of literature on the
prevalence of CAKUT and the different types, as seen in the South
African (SA) population.
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Methods

This study was conducted in the Division of Paediatric Nephrology
of the Charlotte Maxeke Johannesburg Academic Hospital in
Johannesburg, SA, which is a large teaching hospital attached to a
major SA university. This division provides comprehensive paediatric
nephrology services to children referred from its surrounding area.
The study was a 10-year (January 2005 - December 2014) descriptive
retrospective review of all patients between 2 weeks and 18 years of age
with documented CAKUT, who attended the Division of Paediatric
Nephrology within the study period.

Relevant information for the study for patients who satisfied the
criteria for CAKUT were extracted from files stored in the paediatric
nephrology division of the hospital. CAKUT was documented initially
according to the exact diagnosis on the patients’ files, and was later
classified into anomalies of the kidney, anomalies of the collecting
system, anomalies of the bladder, and anomalies of the urethra. All
the urethral anomalies reported were of the posterior urethral valves
(PUVs), and hence the latter term was used in place of ‘anomalies of
the urethra.

The Chief Executive Officer of the hospital granted permission for
the study. Ethical clearance (ref. no. M150709) was obtained from the
Human Research Ethics Committee and the Postgraduate Committee
of the University of the Witwatersrand before commencement of the
study.

Data analysis was done using the statistical software STATA version
13 (StataCorp., USA). A p-value <0.05 was taken as statistically
significant, with a confidence interval of 95%.

Results

Over the study period, 691 patients were seen at the clinic, of
whom 138 were diagnosed with CAKUT; this gave a prevalence of
20% for CAKUT in children referred to our Division of Paediatric
Nephrology over the study period. Four records were excluded
from analysis because the patients were lost to follow-up. Of the
remaining 134 patients, 109 were male and 25 female, giving a
male:female ratio of 4.4:1 (Table 1). The median age at presentation
was 8.4 months (interquartile range (IQR) 1.9 - 47.7) and the
median duration of follow-up was 39 months (IQR 12.5 - 81.7).

Fig. 1 shows the distribution of the different classes of CAKUT
among the study population. Anomalies of the urethra were the most
common, while anomalies of the bladder were the least common
anomaly seen.

A detailed breakdown of the different types of CAKUT found
in the study population is shown in Table 2. Fifty-seven percent
(n=76/134) of the patients with CAKUT were <1 year old when they
first presented to the clinic, and 21% (n=28/134) presented above
the age of 5 years. Table 3 shows the age distribution of the different
classes of CAKUT, and Fig. 2 summarises sex and age at presentation
of the different types of CAKUT.

Discussion

CAKUT constitutes about 20 - 30% of all anomalies identified in the
pre-natal period®* and its reported prevalence among the general
paediatric population ranges between 3.5 and 43%.>¢!

The percentage (20%) of CAKUT in the present study falls within
the range of results (3.5 - 43%) reported from other studies around
the world.®”!®!71 The study that reported a prevalence rate of 43%
was from a unit in Iraq; this was a case control study in a general
paediatric setting where 128 children (64 with UTI, and 64 without
UTI) were screened for CAKUT using abdominal ultrasound.
Other studies obtained their study populations from the general
paediatric setting, including urology clinics, and prospectively

screened all children who presented to hospital for CAKUT, and not
only those with UTTIs or renal pathologies.*71617)

Although our study reflects the frequency of CAKUT in a select
group of patients (i.e. those referred to a specialist paediatric nephrology
clinic) in whom we could expect to find a higher percentage of CAKUT
compared with the general paediatric population, there are a number
of reasons that our results may nevertheless underestimate the true
frequency of CAKUT in our population. Firstly, it is well recognised
that some forms of CAKUT remain asymptomatic throughout life
and may never be detected except through screening.**'*! Our clinic
sees only children who have been referred for a nephrology evaluation
and it is likely that many children in the general paediatric population
which our unit serves may have asymptomatic CAKUT and so would
not have been diagnosed and referred for investigation. Secondly,
patients with CAKUT who were seen primarily at the urology or
paediatric surgery clinics at our hospital may not have been referred
to us for follow-up, despite this being the protocol in place. Thirdly,
some cases of CAKUT may not have had an ultrasound performed
by our clinic, despite this being the protocol in place, and some of the
routine abdominal ultrasounds that were performed during the study
period may have missed some cases of CAKUT owing to technical
error. Lastly, in our study, 159 different anomalies were documented
for the 134 patients.

However, as part of our study protocol, we labelled any patient
with 22 types of CAKUT as having only 1 type of CAKUT; this was
based on the methodology used in a study reported from Egypt.'*) We
chose the ‘primary’ CAKUT and ignored the extra anomaly which
was assumed to have developed secondarily to the ‘primary’ CAKUT.

Table 1. Age at presentation and sex distribution of the study
population

Male, Female, Total,
Age (months) 1 (%) n (%) N (%)
<12 61 (56.0) 15 (60) 76 (56.7)
12-59 24 (22.0) 6 (24.0) 30 (22.4)
60 - 120 21 (19.3) 0 21 (15.7)
>120 3(2.8) 4(16) 7 (5.2)
Total 109 (100) 25 (100) 134 (100)

Table 2. A breakdown of the different types of CAKUT

CAKUT class n (%)
Kidney anomalies

Horse-shoe kidney 1(0.7)

Hypoplastic kidney 7(5.2)

Duplex kidney 8 (6.0)

Single kidney 18 (13.4)

Multicystic dysplastic kidney 19 (14.2)
Collecting system anomalies

Pelviureteric junction obstruction 10 (7.5)

Vesicoureteric junction obstruction 1(0.7)
Bladder anomalies

Prune belly syndrome 4(3)

Vesicoureteric reflux 6 (4.5)
Urethral anomalies

Posterior urethral valves 60 (44.8)
Total 134

CAKUT = congenital anomalies of the kidney and the urinary tract.
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PUV was the most common type of CAKUT in our study. Most
reports estimate the incidence of PUV to be in the range of
1:5 000 - 1:8 000 live births. However, estimates have varied as widely
as 1:2 000 and 1:25 000 live births." In a study from Australia, a
live-birth incidence of 1.28 per 10 000 was reported in which 53% of
cases were suspected on antenatal ultrasound and, of the remaining
cases, 45% were detected in the neonatal period, with 50% of all
postnatal cases presenting with UTIL.

The frequency of PUV in our study was close to 45%, which is in
keeping with findings from the study from Egypt where PUV was
the most common (36.4%) among the 107 different types of CAKUT
reviewed by Soliman et al™ In contrast, 2 other studies showed
‘kidney anomalies’ as being the leading type of CAKUT,"*®! and a
study from Iraq documented ‘bladder anomalies’ as the most common
CAKUT.H!

Differences in the classification of CAKUT, methodology and
study design make it difficult to compare our study results with
those of other studies. While Gupta et al.'"*! used both children and
adults as their study population, Bondagji reviewed only antenatally
diagnosed CAKUT within a perinatal population.!

The reason for the high percentage of PUV in our study could be
due to their tendency to present early with symptoms of obstructive
uropathy and UTI, whereas patients with other forms of CAKUT,
e.g duplex collecting system, are often asymptomatic and so may not
be referred for investigation.!

N=134

60.45%

53.40%

. Urethral anomalies . Kidney anomalies

. Collecting system anomalies . Bladder anomalies

Fig. 1. Chart showing the frequency of the different classes of CAKUT among
the study population.

Table 3. Age groups and different types of CAKUT

Previous review articles on VUR suggest the general occurrence of
VUR in healthy children to be 1 - 2%.12122) However, previous studies
report a frequency of 0 - 30%.2" Studies from developed countries have
found high rates of VUR in the general paediatric population.* A
study from Finland™® reported a prevalence rate of 35% among 406
children with UTI, and a Canadian study® found a rate of 17.2%
and 31% in a general paediatric population with normal kidneys and
in children with UTI, respectively. The frequency of primary VUR in
our study was 4.5%, which is in keeping with the 2 previous studies
from SA.[26)

Male subjects were more likely to develop CAKUT than female,
which is in keeping with previous studies from the developing
world. 13182027301 The male:female ratio in our study was 4.4:1 and
gender was significantly associated with development of CAKUT
(p<001), which highlights the need to have a high index of suspicion
for CAKUT in every male child who presents with urinary symptoms.

The median (IQR) age at presentation in our study was 8.4
(1.9 - 47.7) months.This finding was of real concern as it reflects
late presentation of many patients with CAKUT for investigation.
Ideally, significant congenital anomalies should be diagnosed during
the prenatal period and then followed up postnatally.

Comparing some forms of CAKUT in our study with those of
other local SA studies, it is obvious that the differences in study
duration, sources of data and antenatal screening protocols in
the different research centres affected the numbers and ages at
presentation of types of CAKUT documented.

Peterson ef al.” reviewed 181 cases of PUV among boys <14 years
old who presented to the CHBAH over a 29-year period. They found
that 139 (77%) of the patients with PUV were diagnosed within the
first year of life, whereas only 35 (58%) of our patients presented
before 12 months’ age. Our study population consisted only of
patients who presented to the paediatric nephrology unit, while that
of Peterson et al. included those who presented to both the general
paediatric and urology units.

Ocheke et al.* documented 100 cases of pelvic ureteric junction
(PUJ) obstruction over a 7-year period at the Red Cross War
Memorial Children’s Hospital, Cape Town, SA. The number of PUJ
obstruction cases in their study is far higher than the 10 cases we
recorded over 10 years; this can be explained by the fact that some
of their study population were recruited from their urology unit.
Again, 84% of their patients with PUJ obstruction were diagnosed
within the first week of life, while only 60% of our patients with
PU]J obstruction presented within the first year of life.

Leahy et al.*® recorded 44 cases of prune belly syndrome (PBS) in
their paediatric nephrology unit at the CHBAH. Eighty-six percent
of the study population presented before 12 months of life; this
figure is in contrast to our study where a much lower number of
cases of PBS (4) was documented and only 1 of them presented to our

Age groups (months)

<12 12 - 59 60 - 120 >120 Total
CAKUT class n (%) n (%) n (%) n (%) n (%)
Kidney anomalies 34 (64.2) 9 (17.0) 7 (13.2) 3(5.7) 53 (100)
Collecting system anomalies 6 (54.5) 4(36.4) 0(0.0) 1(9.1) 11 (100)
Bladder anomalies 1(10.0) 3(30.0) 5 (50.0) 1(10.0) 10 (100)
Urethral anomalies 35 (58.3) 14 (23.3) 9 (15.0) 2(3.3) 60 (100)
Total 76 (56.7) 30 (22.4) 21 (15.7) 7(5.2) 134 (100)

CAKUT = Congenital anomalies of the kidney and the urinary tract.
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Fig 2. Age at presentation and sex distribution of the different types of CAKUT. (F = female; M = male.)

unit before 1 year of age. Again, their study
durations were over 30 years (1984 - 2014),
which may have affected such an obvious
discrepancy in study results.

In our setting, a combination of poor
rates of routine antenatal screening, and
late booking for antenatal care, resulted
in few cases being referred as a result of
detection by antenatal anomaly screening
programmes. In addition, in some cases,
even when a diagnosis had been made
antenatally, parents still did not bring their
children to hospital until they developed
symptoms. In some extreme cases, some
mothers delayed coming to the nephrology

clinic even after being referred from
the general paediatric clinics - which
underscores the need for proper counselling
of parents by the referring doctor about
their child’s illness.

Conclusion

The percentage of CAKUT in SA is high.
PUV was the most common type of CAKUT
in our cohort of patients and, as opposed
to reports from developed countries, VUR
made up a very small part of our cohort.
This finding emphasises the importance of
doing home-grown research on our own
populations rather than relying on reports of

43 SAJCH APRIL2020 Vol.14 No.1

other patient populations which may differ
from our own.
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