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Abstract Paediatric registries worldwide report that con-
genital abnormalities of the kidney and urinary tract
(CAKUT) account for approximately 50% of end-stage
renal failure and other congenital and familial diseases
account for another 20% (together 70%). Does the same
hold true for young adults? Almost nothing has been
published about primary renal disease in adults who have
reached end-stage before 30 years of age. I have reviewed
the UK renal registry (2000–2006) and the United States
Renal Data System (USRDS) data base (2005) to answer
this question. While paediatric registries have reduced the
number of children with ‘no specific diagnosis’ from 39%
in 1976 to fewer than 5%, the adult registries still report
rates of 20–27%, which rise to 28–36% when all
unspecified groups, predominantly ‘glomerulonephritis
(GN) (histologically not examined)’, are considered together.
For UK data, this rise in ‘no specific diagnosis’ mirrors a
fall in CAKUT to 26% for the age group 18–21 years.
According to USRDS data, CAKUT falls from 31% for
ages 0–19 years to only 5% for ages 20–30 years.
Nephrologists probably under-diagnose CAKUT in young
adult patients, and this diagnosis can account for many of
the 30% that currently have no specified primary renal
disease.
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Abbreviations
BAPN British Association for Paediatric Nephrology
CAKUT Congenital abnormalities of the kidney and

urinary tract
CONGEN Other familial and congenital conditions

(excluding CAKUT)
EDTA European Dialysis and Transplant

Association
ESRF End-stage renal failure
ItalKid Italian Paediatric Study of Renal Failure
NAPRTCS North American Pediatric Renal Transplant

Cooperative Study
PRD Primary renal disease
USRDS US Renal data system

Introduction

Registry data from around the world, recording the primary
renal disease (PRD) causing end-stage renal failure (ESRF)
in children, show that approximately 50% of cases are
owing to ‘congenital abnormalities of the kidney and
urinary tract’ (CAKUT) and a further 20% to ‘other
congenital and inherited diseases’ (CONGEN) (Table 1,
[1–26]). These proportions still hold true for children aged
12–15 years [British Association for Paediatric Nephrology
(BAPN) data, Table 2] [27].

There seems little reason that this should not also hold
true for adult populations of up to 25–30 years of age, when
other diagnoses such as diabetes become significant.
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Reports from adult registry data, however, give almost no
information on PRD categorised by ages at ESRF.
Moreover, almost all adult registries include a large group
reported as ‘aetiology unknown’ or ‘2 small kidneys’. This
value is generally around 20%.

The BAPN has recently taken the view that “renal
dysplasia, with or without vesico-ureteric reflux (VUR), is
the most common cause of ESRF in the childhood
population. On the basis that the clinical overlap between
reflux nephropathy and renal dysplasia is so great and that
clinical distinction between these two groups is quite
arbitrary, these two categories have been united. In doing
so, they account for 32.8% of childhood ESRF [in the UK]”
[28].

When paediatricians ask adult nephrologists “how
common is CAKUT in young adults?”, the answer is
“probably quite common but I’m not really sure”. In this
review I look at the published data that might answer this
question and analyse the European Dialysis and Transplant
Association (EDTA) returns from the UK renal registry for
the period 2000–2006 and the United States Renal Data
System (USRDS) data for 2005.

Methods

The UK renal registry provided an Excel file of three columns:
(1) age at ESRF; (2) PRD; (3) ethnic group, when recorded,
for all patients aged 18 years and over and registered with
them in the period 2000–2006. There were 33,615 patients, of
whom 1,555 had been aged 18–29 years at onset of ESRF.

The USRDS provided “Incident counts of Reported
ESRD Patients by demographic characteristics & detailed
primary diagnosis” for each year from 1991 to 2005. The
data for 2005 was analysed for the age groups 0–19 years
(n=1,112) and 20–30 years (n=2,521). (The data reported
here were supplied by the USRDS. The interpretation and
reporting of these data are the responsibility of the author(s)
and in no way should be seen as an official policy or
interpretation of the US government.)

For all databases missing data were excluded. Thus, if
data on 1,000 patients were provided but the PRD was
missing (not provided) in 50 cases, the denominator for
analysis of that set of data would be 950.

Congenital abnormality of the kidney and urinary
tract (CAKUT) is, in summary, renal dysplasia/reflux

Table 1 Epidemiology of paediatric chronic renal failure (CRF) by country. Age is the age group in that registry. Country (CRF): most reports
refer to patients starting dialysis. Some registries include all patients with chronic renal failure. CRF varies from <30 ml/min per 1.73 m2 body
surface area to <75 ml/min per 1.73 m2 body surface area. Congenital/ is the percentage of patients with CAKUT. /+ hereditary is the sum
of CAKUT plus hereditary disease. Missing values indicate data not available. NAPRTCS North American Pediatric Renal Transplant Cooperative
Study,EDTA European Dialysis and Transplant Association

Year of publication Reference Age (years) Country Number Percentage Male Congenital/+ hereditary

2007 [1] <21 NAPRTCS (CRF) 6794 64% 51/61%
2006 [2] <22 Poland 469 56% /56%
2005 [3] <16 UK 845 61% 47/67%
2005 [4] <15 Kuwait 171 73% 67/88%
2005 [5] <16 Holland 351 56% 38/62%
2005 [6] <15 Bangladesh (CRF) 44 68% 60/67%
2004 [7] <14 China (CRF) 1268 60% /25%
2003 [8] <20 Italy (CRF) 1197 67% 61/80%
2003 [9] <19 Serbia (CRF) 48 71% 58/75%
2003 [10] <18 India (CRF) 305 74% 58/66%
2003 [11] <16 Nigeria (CRF) 45 62% 31/31%
2003 [12] Pakistan 78 65% 47/61%
2002 [13] <20 Japan 582 57% 38/57%
2002 [14] <13 Jordan 202 56% 47/77%
2002 [15] <12 Jamaica 34 62% 41%/
2001 [16] <16 Iran (CRF) 166 57% 54/75%
1999 [17] <18 Chile 227 51% 56/67%
1998 [18] <21 NAPRTCS (CRF) 1725 67% 60/64%
1997 [19] <16 Sweden (CRF) 118 61% 41/68%
1995 [20] <16 Turkey 459 55% 55/56%
1994 [21] <16 France 127 57% /69%
1990 [22] Saudi Arabia 100 51/69%
1985 [23] <16 Germany 623 45/64%
1980 [24] <18 Miami, USA 81 57/59%
2004 [25] <19 EDTA, EU 3184 32/50%
1999 [26] <20 USRDS, USA 4989 57% 21/37%

Table 1 Epidemiology of paediatric chronic renal failure (CRF) by
country. Age is the age group in that registry. Country (CRF): most
reports refer to patients starting dialysis. Some registries include all
patients with chronic renal failure. CRF varies from <30 ml/min per
1.73 m2 body surface area to <75 ml/min per 1.73 m2 body surface

area. Congenital is the percentage of patients with CAKUT, +
hereditary is the sum of CAKUT plus hereditary disease. Missing
values indicate data not available. NAPRTCS North American
Pediatric Renal Transplant Cooperative Study, EDTA European
Dialysis and Transplant Association
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nephropathy with or without obstructive uropathy. The
diagnoses from the EDTA and USRDS codes used for this
group are shown in the Supplementary Tables.

Other congenital and familial diseases (CONGEN)
are the tubular, cystic, other hereditary nephropathies, and
metabolic diseases, shown in the Supplementary Tables.

Glomerulonephritis (GN): when no specific diagnosis
was recorded it was assumed that the diagnosis was
unknown/uncertain/unspecified. This was noted, and these
cases were added to a summary group called ‘Unknown’
(see below). Thus, the following categories were all classed
as “Unknown”:

For the EDTA report [29]: (1) no histological examina-
tion; (2) chronic GN with other histological lesions; (3)
advanced chronic GN, sclerosing and other types.

For the UK Renal Registry: (1) Glomerulonephritis;
histologically NOT examined; EDTA code 10; (2) Glomer-
ulonephritis; histologically examined, not given above,
code 19.

For the USRDS: (1) Glomerulonephritis (GN) (histolog-
ically not examined) (USRDS code 4).

Those with Alport’s syndrome and all patients identified
as having congenital or familial nephropathy were included
in the group “Other congenital and familial diseases”
(CONGEN) (EDTA codes 50, 51, 59; USRDS codes 43,
47, 48).

Unknown: most registries have one or more categories
for “aetiology uncertain”/“no specific diagnosis”. Thus,

For the UK Renal Registry: (1) Chronic renal failure;
aetiology uncertain (EDTA code 0). To this “unknown”
group have been added (2) Other identified renal disorders
(but not specified), code 99, plus the two histology
categories (shown above, codes 10, 19).

For the USRDS: (1) Hypertension unspecified with renal
failure, code 35; (2) Etiology uncertain, code 69. To these
“unknown” groups the following has been added: (3)
Glomerulo-nephritis (GN) (histologically not examined),
code 4.

For the EDTA (1975): (1) Others (not specified), plus
the three histology categories (shown above).

Paediatric data

Background

In 1976 the annual EDTA report from its Paediatric
Registry gave details of PRD in 1,111 children up to the
age of 16 years. CAKUT accounted for 30%, and other
familial and congenital diseases (CONGEN) 13%, while
39% were unspecified (“Unknown”) [29] (Table 2).

In 2004 an EDTA report from 12 countries of 3,184
children gave values of 32%, 18% and 11%, respectively
[25]. The main difference from the earlier study was the
reduction in the numbers of those with ‘glomerulonephri-
tis’, from 39% to 23%. In 1976 the great majority of them

Table 2 Analysis of paediatric and adult registries

Parameter Reference Number Age

(years)

A B C D A+B+C A+B+C+D

UNKNOWN

(%)

CAKUT

(%)

CONGENITAL

(%)

Other

unspecifieda
SUM SUM

EDTA (1976) [29] 1,111 <15 39.1 29.5 12.8 81.4

EDTA (2004) [25] 3,184 <20 11.0 32.0 18.0 61.0

USRDS (2005) Data analysed

by author

1,112 <19 21.0 30.9 11.1 3.4 62.9 66.3

ItalKid (2003) [8] 1,197 <20

CRI (<75 ml/min per

1.73 m2 body surface area)

3.3 61.2 18.6 83.1

ESRF 4.3 42.6 28.4 75.3

BAPN data [27] 913 <16 4.2 46.7 20.8 71.7

12–15 6.0 45.0 18.0 69.0

NAPRTCS (2007) [1] 6,794 <21

CRI (<75 ml/min/1.73 m2) 3.8 51.2 9.8 15.0 64.8 79.8

UK Renal Registry (2006) Data analysed

by author

18–21 years 423 18–21 28.0 26.0 14.0 68.0

All <30 years 1,555 18–29 30.0 20.0 9.0 59.0

USRDS (2005) Data analysed

by author

2,521 20–30 36.0 4.6 3.0 2.0 43.6 45.5

a A category in US data bases in which diagnosis is ‘known’ but is not reported under any other diagnostic code. It is likely that many of these
could be added to “Unknown” (see sum of A+B+C+D)
CRI Chronic renal insufficiency
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(68%) had not undergone biopsy; the 2004 report does not
give any further details of this group. USRDS data (2005)
for the age group 0–19 years give very similar values (see
Table 2).

Current situation

A consistent but different conclusion is found when
individual national paediatric registries are reviewed today
(Table 1).

From data in Table 1, the median upper age of children
in registries was 16 years (range of upper age 12–22 years);
the median male majority was 61% (51–74%); the median
percentage with CAKUT was 51%, and the median total
of CAKUT plus other familial and congenital diseases
(CONGENs) was 67%.

There are three points to be made:

1. There is a consensus that, worldwide, CAKUT
accounts for approximately 50% of renal failure, and
other congenital and familial diseases account for 20%
(together 70%).

2. The inadequacy of diagnosis coding systems—such as
the old EDTA system, which has seven forms of
‘pyelonephritis’ to choose from—coupled with routine
compulsory reporting to large registries means that
USRDS data and EDTA data appear to under-report the
true situation.

3. China seems to be genuinely different, with glomeru-
lonephritis as the major cause of renal failure (this may
also be true for Nigeria). Data reported from China [7]
and Japan [13] suggest that CAKUT, at least that
associated with bladder outflow obstruction, is much
less common than in the West, and the latter also seems
to apply to Black Africans.

The absence of obstructive uropathy in Japan is
confirmed in the 1998 report of the Japanese National
registry on paediatric patients with ESRF [13]. Out of 582
children, a maximum of four boys had posterior urethral
valves (PUVs) (0.7%) compared with 11.3% in the UK data
[27]. In contrast, non-obstructive renal dysplasia was
similar in the two populations, with 34.4% in Japan and
31.8% in the UK.

Foreground

There are now probably many countries that collect excellent
data, but three have reported their data in a sufficiently
comprehensive form to warrant detailed analysis and
comparisons. From Italy there is the ItalKid study [8], from
the UK the British Association for Paediatric Nephrology
(BAPN) [27], and, in North America, there is the North
American Pediatric Renal Transplant Cooperative Study

(NAPRTCS) [1]. The Italian and US registries are of chronic
renal insufficiency (creatinine clearance <75 ml/min per
1.73 m2 body surface area), although the mean estimated
creatinine clearances at registration were 42 ml/min per
1.73 m2 and 39 ml/min per 1.73 m2, respectively.

These data are broadly very much as expected from the
consensus above (see Table 2), but with some exceptions.

1. All report total glomerulonephritis rates of up to only
20%. For the UK and American series the glomerulo-
nephritis reported as unspecified “chronic” is down to
1%, and the series also have focal segmental glomer-
ulosclerosis (FSGS) as 9%, accounting for almost half
the glomerulonephritis.

2. “Unknown” rates are reported in the range 2.6–4.5%,
although this increases by at least 1% when “unspec-
ified chronic glomerulonephritis” is added in.

3. NAPRTCS report only 9.5% for “other CONGEN”, but
they also have a group of 15% of “Other” (unspecified)
diseases.

Summary

When data from children (up to 20 years of age) are
collected accurately, it appears that CAKUT is approxi-
mately 50%, other CONGENs 20%, unknown is 4–5%, and
glomerulonephritis decreases from around 35–40% to 20%,
with only 1–2% of glomerulonephritis being uncharacter-
ised. The fact that almost half the glomerulonephritis is
reported as “FSGS” still raises the question of how
accurately this is reported in the sense of “Focal segmental
glomerulosclerosis with nephrotic syndrome in children
[EDTA code 11]”.

Hypothesis

My analysis is driven by several opinions:

1. Adult nephrologists are probably not well aware that
CAKUT can commonly present in adulthood. In fact,
only 10–20% of adults with ESRF as a consequence of
reflux nephropathy/renal dysplasia present in childhood
[30].

2. Adult nephrologists are unfamiliar with the possibility
that congenital chronic tubular disease can cause ESRF.
Such patients have slowly progressive disease, with
minimal symptoms, minimal proteinuria, and no periph-
eral oedema, and they often present at end stage when a
biopsy is not feasible or is uninterpretable.

3. Until recently, many nephrologists used the acronym
FSGS as a clinical expression or clinical diagnosis to
signify the severe nephrotic syndrome with progressive
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renal failure that we now call primary FSGS. The
concept that several other conditions, such as reflux
nephropathy, can lead to a secondary FSGS is only
now being appreciated. This means that the term FSGS
used as a PRD diagnosis is likely to contain a large
mixture of primary conditions—with only a minority
accompanied by nephrotic syndrome.

4. Hypertension is not a cause of ESRF in young, non-black
adults.

Data from adults

The invitation for this review concerned the question “how
often is CAKUT diagnosed in young adults?” I was not aware
of any detailed age-related data on PRD in young adults and,
in fact, have not been able to find anything published.

In 1976 the annual EDTA report gave details of 41,132
adult patients on the Registry [31]. They observed that in
the past 10 years the mean age of patients entering the
registry had increased from 36 years to 40 years. Given that
only 1.6% had diabetes, I will summarise the other relevant
data. Of the 40,881 patients who had a PRD reported, 22%
had CAKUT, 10% CONGEN, and 49% were reported as
having ‘glomerulonephritis’, of whom 81% had no biopsy,
and a further 7% showed only end-stage changes. The total
left, therefore, with some characterised form of glomerulo-
nephritis, amounted to only 5.6% of those on the registry.
In addition, a further 6% had “other (but not specified)
disease”. Thus, for 49% of patients on the registry, their
PRD was uncharacterised.

Have things improved? Up to a point.
For the age groups 20–29 years, both the UK and USRDS

registries still report “unknown” rates of 20% and 26%,
respectively, which rise to 28% and 36% when all unspecified
groups, predominantly “Glomerulonephritis (GN) (histologi-
cally not examined)”, are considered together (see Table 2).

For CAKUT, the UK rate drops, from the BAPN data
level of 45% for ages 12–15 years [27], to 26% for the
18–21 year age group and to 20% for those aged
18–29 years, while for USRDS the rate is only 4.6% for
those aged 20–29 years and the CONGEN rate is only 3%
compared with 9% for UK all under 30 years. This
compares with the paediatric North American data
(NAPRTCS), which includes all those with chronic renal
insufficiency (<75 ml/min) below the age of 21 years, for
which CAKUT is 51%, CONGEN 9.8%, unknown 3.8%,
and “other unspecified” 15% (Table 2).

The USRDS data has 36% “unknown/unspecified”
diseases (which includes 10% that were reported as
“glomerulonephritis: histologically not examined, code
4”), and there are a further 2% with “Other renal disorders
(unspecified) - code 68” that should perhaps be included.

Clinical nephrology (a refresher course)

As adult registry data still often resemble EDTA data from
1976, it is important to rehearse some diagnostic criteria.

Clinical syndromes

Glomerulonephritis can present in various ways but not as
asymptomatic end-stage renal failure.

All forms of glomerulonephritis (except possibly Alport’s
syndrome, which, in this discussion, comes under the heading
of “Other congenital and familial disease”) will present with
macroscopic haematuria, nephritic syndrome, nephrotic syn-
drome, fluid retention, or malignant hypertension, and some
will be diagnosed via routine investigations—but not at the
end stage.

Nephrotic syndrome is something very specific. It
should not be confused with nephrotic-range proteinuria
(>3 g/day or 300 mg/mmol) occurring in a patient
with normal levels of plasma albumin and no peripheral
oedema.

FSGS. Primary FSGS is a cause of nephrotic syndrome,
commonly leading to renal failure in children and some-
times adults (EDTA codes 11, 17). EDTA has no code for
secondary FSGS. USRDS has only a catch-all “Focal
glomerulosclerosis, focal sclerosing” code 5 (with no
clinical conditions attached).

Many patients with slowly progressive renal disease
such as reflux nephropathy/renal dysplasia, develop a
secondary FSGS. This is commonly associated with heavy
proteinuria (nephrotic-range) but normal plasma albumin
levels.

Furthermore:
A young man with ESRF and 2+ proteinuria does not

necessarily have primary glomerulonephritis.
A young man with ESRF and 2+ proteinuria, 1+

haematuria does not necessarily have immunoglobulin A
(IgA) glomerulonephritis.

Hypertension in young white patients does not cause
renal failure. The underlying renal disease can lead to
malignant or accelerated hypertension, which can certainly
result in rapid loss of remaining function.

Young patients who do reach end-stage renal failure with
minimal symptoms, minimal proteinuria, and no peripheral
oedema and without malignant hypertension have to have
some form of tubular disease.

Imaging

Imaging patients with advanced renal failure was virtually
impossible until the advent of routine ultrasound, and that
was relatively recently (circa 1980). It is difficult to obtain
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accurate information on the shape of small contracted
kidneys. Computed tomography and magnetic resonance
imaging should give useful information, but there is very
little published on renal imaging in uraemia, with the
exception of analgesic nephropathy [32, 33].

Biopsy interpretation

One good reason for the nephrologist not to obtain a biopsy
at end-stage renal failure is that the sample is unlikely to
show enough viable tissue for a specific diagnosis to be
made. The majority of glomeruli will show global sclerosis.
The only EDTA code for this would be “Glomerulonephri-
tis; histologically examined, not given above, code 19 ”.

Summary

While paediatricians have progressively reduced their
numbers of undiagnosed patients to 5% or fewer, nephrol-
ogists treating adults still report much higher levels. There
may be several reasons for this, but it is likely that many are
patients who present at end stage and for whom a definitive
clinical or histological diagnosis is not possible. It is also
likely that such nephrologists are often unfamiliar with the
more esoteric congenital conditions, particularly tubular
diseases, and are unaware of the possibility that renal
dysplasia/reflux might present at this age.

Some assumptions that I have made may tend to
overestimate the “Unknowns” by adding in all patients
described as “Other diagnoses” (but un-specified). Never-
theless, I believe these estimates will give us a much truer
picture of the extent of our knowledge.

Different diseases have different rates of progression. But,
generally, the CAKUT groups decline relatively slowly, at
2–3 ml/min per year [30, 34, 35], suggesting that patients
with less severe CAKUT will not reach end stage until
adulthood. Renal function with glomerulonephritis declines
more quickly, but the ItalKid study reported only 9.4% with
glomerulonephritis (primary and secondary) in their chronic
renal insufficiency group (<75 ml/min per 1.73 m2) [8],
suggesting that adult services were not about to be deluged
with end-stage glomerulonephritis.

It needs to be part of our culture to make a diagnosis in all
cases of renal failure, even if this highlights our inability to
diagnose certain patients, which, in turn, should lead to novel
research initiatives.

The data that I have presented support the view that
many cases of congenital diseases are probably not
recognised, or are mis-diagnosed as glomerulonephritis.
Certainly, the experience of paediatric nephrologists over
the past 30 years supports this hypothesis.

Does this matter?

Yes it does.

& Dialysis may be a big business these days, but we still
have a primary responsibility to our patients to find out
what is wrong with them, prevent it recurring, and
counsel them about possible inherited risk.

& Treatment designed to slow progression might be
difficult to interpret if we do not know the underlying
disease. [Do angiotensin-converting enzyme (ACE)
inhibitors slow progression in Alport’s disease?] The
outcome of CAKUT in young adults is reported in a
second review [36].

& Research is ultimately directed at the problems and
questions that we face. When grants begin ‘the
commonest cause of end-stage renal failure is glomer-
ulonephritis, ..” Is this correct?

& Academic meetings and symposia aim to tackle the
leading questions and problems. How often do the
clinical issues of CAKUT come up in your national
society of nephrology?
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