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Abstract

Congenital anomalies of the kidney and urinary tract (CAKUT) occur in 5%-10% of the population. About 50%-60% of affected patients have malformations of
other organ systems including the heart and cardiovascular system, gastrointestinal tract, central nervous system, skeletal system, lung, face, genito-reproductive
system, abdominal wall, chromosomal abnormalities, multiple congenital anomalies (MCA) and others. CAKUT is a major cause of chronic kidney disease (CKD)
especially in children accounting for about 50% of cases. CAKUT should be suspected in children with anomalies of other organ systems, MCA, chromosomal
aberrations, and in newborns with major abnormalities of the ear lobe. Awareness of this association is essential in the early diagnosis and management of CAKUT

to prevent renal damage and chronic kidney disease.

Abbreviations: ASD: Atrial septal defect; CAKUT: Congenital
anomalies of the kidney and urinary tract; CHD: Congenital heart
disease; CKD: Chronic kidney disease; CNS: Central nervous system;
CV: Cardiovascular; GI: Gastrointestinal; MCA: Multiple congenital
anomalies; PDA: Patent ductus arteriosus; PUV: Posterior urethral
valves; UPJ: Ureteropelvic junction; VSD: Ventricular septal defect;
VUR: Vesicoureteral reflux.

Introduction

Congenital anomalies of the kidney and urinary tract (CAKUT) are
a major cause of morbidity in children. The most common phenotypic
forms of CAKUT include renal agenesis or hypoplasia, multicystic
dysplastic kidney, hydronephrosis, ureteropelvic junction (UPJ)
obstruction, megaureter, duplex ureter, vesicoureteral reflux (VUR),
and posterior urethral valves (PUV). CAKUT accounts for 27% of birth
defects [1] and 25% of prenatally detected malformations. The reported
incidence of these anomalies varies depending on the methodology,
study design and population. The incidence in the newborn population
is 0.48% to 0.87% [1,2]. Okoronkwo, et al. [3] reported CAKUT in 20%
of children under age 18; PUV accounting for 36% of the anomalies.
Barakat, et al. [4] studied 13,775 consecutive autopsies and found an
overall occurrence of CAKUT in 4.6 percent, and 9.5% in males under
age 18. The anomalies involved the kidneys in 45.1%, ureters 29.1%,
renal vessels 12.4%, urethra 5.3%, bladder 4.8% and fistulas 3.3%.
CAKUT arises from disruption of normal nephrogenesis as early as five
weeks gestation. The etiology is probably multifactorial and includes
chromosomal abnormalities, Mendelian and familial inheritance,
known syndromes, teratogenic exposure, and probably an interaction
between genetic and environmental factors [2]. Although the majority
of anomalies are sporadic, the presence of syndromic phenotypes
and familial clustering suggest major genetic abnormalities in renal
developmental genes that direct this process [5,6]. Understanding
the molecular control mechanisms of kidney development has led to
a paradigm shift away from classic anatomic theories to the current
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cell biological and genetic approaches to the etiology of CAKUT
[7]. Verbitsky, et al. [8] performed genome-wide analysis of copy
number variants (CNVs) and demonstrated that different categories
of CAKUT are associated with different underlying CNVs. The
identification and further characterization of the genetic drivers in
these CNVs are important in understanding the complex etiology of
CAKUT, including disease penetrance and phenotypic variability [5].
CAKUT can occur as isolated malformations or in association with
anomalies of other organ systems. According to Barakat, et al. [9] 47%
of overall autopsies with CAKUT and 60% of children under age 18
have malformations of other organ systems. Associated malformations
were those of the heart and cardiovascular (CV) system in 25%;
gastrointestinal (GI) tract, 18%; central nervous system (CNS), 10%;
skeletal system, 9%; lung and face, 7% each; genito-reproductive
system, abdominal wall, and chromosomal abnormalities 4% each; and
others, 12%. Rubinstein, et al. [10] found this association in 10% of all
autopsies and 73% of autopsies of children under 12. In newborns with
CAKUT reported by Stohl, et al. [2], 34% had associated malformations
of other organ systems, 7% had chromosomal abnormalities and
16% had non-syndromic, non-chromosomal multiple congenital
anomalies (MCA). The most common non-urinary anomaly in
their study was musculoskeletal followed by GI, CV, and CNS.
CAKUT is responsible for over 50% of chronic kidney disease (CKD)
in children [11], hence early diagnosis is crucial in the prevention and
early treatment. The presence of anomalies of other organ systems
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should alert the physician to look for CAKUT. The purpose of this paper
is to discuss the clinical implications of the association of CAKUT with
anomalies of other organ systems.

Congenital anomalies of the heart and cardiovascular
(CV) system

The urinary and CV systems share a common embryologic origin,
the mesoderm, hence an insult to the mesoderm during embryogenesis
may cause defects in both organs. Patients with CAKUT may have
associated CV anomalies in 25% to 34% of cases [9,12]. Adhisivam,
et al. [12] reported that CV malformations are tenfold higher in
children with CAKUT than in controls. In their series 60% of the CV
anomalies were ventricular septal defect (VSD) followed by atrial septal
defect (ASD) and pulmonary stenosis in 25% each. In the Barakat, et
al. autopsy study [9], patients with CAKUT had associated heart and CV
defects in 25% (patent ductus arteriosus-PDA in 12%, VSD in 8%, valvular
defects, defects of large vessels and ASD in 6% each, patent foramen ovale
and coarctation of the aorta in 3% each and other defects in 6%).

Agustin, et al. [13] found that 30% of patients with congenital
heart disease (CHD) had CAKUT including renal cysts, renal
agenesis, hydronephrosis, VUR, duplicated collecting systems, ectopic
and horseshoe kidneys. Both, mouse and human studies provided
compelling evidence of a genetic link between CHD and CAKUT.
According to the authors, exploring the multiple gene mutations
that have been described by the authors in patients with both these
defects may yield novel insights into kidney anomalies and the
mechanism of both cardiac and renal structural defects. The authors
also characterized the non-cardiac anomalies in the CHD mutants and
found an unexpected high prevalence of renal abnormalities.

Jiang, et al. [14] found that 7.4% of children with CHD had
concurrent CAKUT. The most frequent anomalies in their patients
were hydronephrosis (39.4%), VUR (25%), and duplicated collecting
duct systems (17.3%). In this series, the most frequent CHD were ASD
(35%), VSD (32.8%), and PDA (6.2%). Their data also confirmed that
CAKUT can occur in patients with CHD with a frequency higher than
expected in the normal population. Buendia Hernandez, et al. [15]
studied 434 patients undergoing angiocardiography for the diagnosis
of their CHD. 14% of these patients had CAKUT. All these studies
agree with an epidemiological study in the Atlanta metro area, which
showed 23% of ~8,000 subjects with CHD also had renal abnormalities
[16]. There was no correlation between the type of CAKUT and the
type of cardiac lesion [13,14]. Patients with CAKUT associated with
CHD were usually urologically asymptomatic, hence patients with
CHD should have routine evaluation of the kidney and urinary tract to
identify the presence of CAKUT and start early intervention to reduce
the occurrence of CKD and improve outcome [14,15]. Similarly, a
thorough cardiac examination should be performed in patients with
CAKUT.

Congenital anomalies of the GI tract

GI anomalies (imperforate anus, Meckel’s diverticulum,
tracheoesophageal fistula and anomalies of the stomach, intestines,
liver, spleen and pancreas occur in 18% of patients with CAKUT [9].
Stoll, et al. [17] found that 81% of patients with anorectal malformations
have CAKUT. Perlman, et al. [18] reported that anal atresia is 30-fold
more in patients with CAKUT than the general population (1.2% vs
0.04%). The absence of anal mucosa in the posterior perineal triangle
in their study was found to be an important sonographic marker for the
prenatal diagnosis of anal atresia.
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In a prospective study of 106 consecutive patients, with
Hirschsprung disease (a rare congenital developmental disorder of the
bowel characterized by the absence of nerve ganglia in the wall of the
bowel), Pini Prato, et al. [19] found 20.7% to have associated CAKUT,
especially renal hypoplasia, VUR and hydronephrosis. Male to female
ratio was 4.5:1. Hofmann, et al. [20] in an extensive review of the
literature reported this association in 14.3%. It is reasonable therefore
to include renal ultrasound in the routine investigation of patients with
Hirschsprung disease and anorectal malformations.

Congenital anomalies of the CNS

Ten percent of patients with CAKUT may have associated CNS
anomalies (brain and spinal cord anomalies, meningomyelocele,
spina bifida and hydrocephalus) [9]. Bilateral renal dysplasia may
be associated with anencephaly, hydronephrosis, spina bifida,
and encephalocele [21]. Lu, et al. [22] described five patients with
CNS malformations (thin, hypoplastic, or absent corpus callosum,
hydrocephalus or ventriculomegaly, Chiari type I malformation, and
tethered spinal cord), associated with ureteral and renal defects (VUR,
UPJ abnormalities, bifid and megaureter). The mouse Nfia mutant
phenotype and the common features among the reported five human
cases indicate that NFIA haploinsufficiency contributes to a novel
human CNS malformation syndrome that can also include ureteral and
renal defects. Barros, et al. [23] also reported that 30.4% of fetal CNS
defects mainly encephalocele are associated with CAKUT.

Congenital anomalies of the skeletal system

Congenital skeletal anomalies occur in 9% of patients with CAKUT
including upper extremities and hands (4%), vertebral column and ribs
(4%), lower extremities and feet (3%) and hips and pelvis (2%) [9].
Rai, et al. [24] found 26.7% of congenital vertebral malformations to
have associated CAKUT mostly unilateral renal agenesis, occurring in
11.9% of patients. Anomalies of the musculoskeletal, CNS, GI, CV and
respiratory systems may also occur. There was a statistically significant
association between genitourinary and costal abnormalities. The
authors suggest that the diagnosis of congenital vertebral anomalies
should alert the physician to the possible presence of CAKUT.

The co-occurrence of renal and limb anomalies has been referred
to as acrorenal syndrome [25]. Kroes, et al. [26] suggested that the
association between limb deformities and renal anomalies is possibly
explained by the concept of the acrorenal polytopic developmental field
defect. Their data did not yield evidence for the existence of one distinct
“syndrome” and concluded that the term “acrorenal syndrome” should
be avoided.

Congenital anomalies of the lung and diaphragm

Patients with abnormalities of the ureters, bladder and renal
arteries as well as renal dysplasia and agenesis may also have congenital
anomalies of the lungs (hypoplastic lungs and abnormal lung lobes) in
6% of cases, and those of the diaphragm in 2% [9]. Pulmonary hypoplasia
may result from thoracic compression due to reduced amniotic fluid
volume that occurs with severe renal anomalies [27]. In addition,
fetal breathing movements which are essential for normal antenatal
lung growth, are significantly lower in patients with oligohydramnios.
Other factors such as reduction in renal proline production by the
kidney may also be responsible for abnormal lung growth. Extralobular
sequestration of the lung has also been described in association with
renal aplasia. The association of pulmonary hypoplasia and bilateral
renal agenesis are characteristic of the Potter’s syndrome.
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Congenital diaphragmatic hernia especially when bilateral, may be
associated with CAKUT (aplastic, polycystic, horseshoe, double, and
ectopic kidney, hydronephrosis, and ectopic intrathoracic kidney).

Congenital anomalies of the face and ears

Congenital facial anomalies and cleft palate with or without cleft lip
occur in 7% of patients with CAKUT [9]. Both, urogenital and auditory
systems develop around the 5"-8" week of gestation. Thus, an insult to
the fetus at this time may result in an anomaly of both organs. Huang,
et al. [28] reported auditory abnormalities in 5.3% of children with
unilateral renal agenesis. According to the authors, the severity of the
auditory system defects often parallels those of the urogenital system.

Preauricular ear tags (small, skin-colored nodules that can be found
anywhere along a line drawn between the tragus to the angle of the
mouth) occur in 1.7 per 1000 newborns, and pits (small openings at the
anterior margin of the crus of the helix) in 1-5% [29]. Deshpande and
Watson [30] studied 13,136 consecutive newborns and found minor
external ear anomalies (preauricular skin tags, preauricular sinuses, ear
pits, and misshapen pinnae) in 7.3/1000. Because of the association of
ear and renal anomalies, it was recommended in the past to perform
a routine renal ultrasound on all patients who have ear pits or tags.
Kugelman, et al. [31] reported renal abnormalities among infants who
had isolated ear pits or tags in 2.2% compared to 3.1% among healthy
newborns. The authors as well as Wang, et al. [32] suggested that routine
renal ultrasound is not indicated in patients who have isolated ear pits
or tags, but should be considered in those who have in addition, three
or more minor anomalies, dysmorphic features, genetic syndromes, or
family history of deafness, auricular and/or renal malformations. Renal
anomalies associated with those of the ears include hydronephrosis,
horseshoe kidney, and renal aplasia or hypoplasia.

CAKUT occur in individuals with ear anomalies more than the
general population, probably due to the fact that they are often a part of
specific multiple congenital anomaly (MCA) syndromes that have high
incidence of renal anomalies [32]. A good example is Potter’s syndrome
which occurs when there is oligohydramnios causing distinct facial
features (Potter facies-flattened nose, recessed chin, hypertelorism,
low-set abnormal ears), pulmonary hypoplasia and other defects. Renal
agenesis is the most common defect associated with Potter’s syndrome,
but dysplastic polycystic and other renal anomalies may occur.

Multiple congenital anomalies (MCA) syndromes

CAKUT are associated with over 200 genetic syndromes and
should be suspected in patients with MCA [33]. Examples include
the CHARGE association which is an autosomal dominant condition
encompassing a wide spectrum of anomalies including coloboma of iris
or retina, retarded growth and development, heart anomalies, coanal
atresia, genital hypoplasia and ear defects. Renal anomalies occur in
25% of CHARGE patients and include renal ectopia, malrotation, and
dysgenesis, horseshoe kidney, hydronephrosis, and VUR [34]. CAKUT
also occurs in 27% of patients with the Townes-Brocks syndrome
(an autosomal dominant disorder with multiple malformations
including external ear anomalies, hearing loss, preaxial polydactyly,
triphalangeal thumbs, and imperforate anus) [35] and 50% of patients
with the Beckwith-Wiedemann syndrome (an autosomal dominant
disorder characterized by somatic overgrowth, macroglossia, anterior
abdominal wall defects, ear anomalies and macrosomia) [36].

Congenital anomalies of the genito-reproductive system

The Wolffian and Mullerian ducts develop in anatomical proximity,
hence abnormalities of the Miillerian system, ovaries and kidney result
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from a common embryologic defect. The gonads are formed from the
genital ridge and mesonephros and a defect in that area could result in
multiple organ defects. Four percent of patients with CAKUT (renal
agenesis and dysplasia, horseshoe kidney, and ureter and bladder
anomalies) have associated anomalies of the reproductive organs
and external genitalia [9]. Heinonen [37] reported 17.3% of women
with Miillerian duct anomalies, mainly major uterine anomalies with
concomitant cervical and vaginal anomalies had associated CAKUT
particularly unilateral renal agenesis. One out of every three patients
with unilateral renal agenesis has a significant anomaly of the uterus,
ovaries or vagina [38].

Miillerian anomalies occur in up to 37-60% of females and 12% of
males with unilateral renal agenesis [39]. Additionally, renal anomalies
have been reported in 40% of patients with Miillerian aplasia and 40 %
of women with unicornuate uterus. Females usually have abnormalities
of the uterus, vagina, ovaries, fallopian tube, and abnormal external
genitalia, while males may have cryptorchidism, seminal vesicle cyst,
hypoplastic vas, unilateral prostatic agenesis, cystic testicular dysplasia,
and hypospadias. Prenatal detection of unilateral renal agenesis should
prompt the physician to look for associated genital abnormalities.

Chromosomal aberrations

The incidence of CAKUT is much higher in many forms of
chromosomal aberrations than in the general population [40].
Chromosomal aberrations occur in about 4-7% of infants with CAKUT
[9,17]. Autosomal trisomies (75% of trisomy 8, 33-70% of trisomy 18,
50-60% of trisomy 13, and 7% of trisomy 21) and monosomies (40%
in each of 5p- and 18q- and 33% in 4p-) have a high incidence of
CAKUT. Sixty to 80% of patients with Turner syndrome have CAKUT
with horseshoe kidney being the most commonly reported anomaly.
Nicolaides, et al. [41] found chromosomal anomalies in 23% of fetuses
with obstructive uropathy. A specific syndrome is usually identified in
24% of patients with MCA [42]. CAKUT should be suspected in patients
with chromosomal aberrations with or without MCA. Since 27-50%
of these malformations are due to chromosomal aberrations and since
CAKUT represents 50% of fetal malformations, genetic studies should
be seriously considered in fetuses with CAKUT associated with other
malformations [43].

Other anomalies

Single umbilical artery which is the most common anomaly of the
umbilical cord may be associated with CAKUT (cystic renal dysplasia,
PUYV, urethral atresia and hypoplastic or absent bladder [44]. Potter’s
sequence and Meckel’s syndrome may also occur in patients with single
umbilical artery. In addition to CAKUT, anomalies of the GI, CV,
musculoskeletal and CNS and limb reduction defects may also occur.

Supernumerary nipples which occur in 0.22-6% of the population
may be also associated with CAKUT [45,46]. While there is discrepancy
intheliterature regarding the frequency of association of supernumerary
nipples and renal anomalies, most authors seem to agree that the
random finding of isolated supernumerary nipples probably does not
justify renal investigation [46,47]. However, investigation seems to be
justified when urinary tract infection or MCA are present [33].

Conclusion

CAKUT can occur as isolated malformations or in association with
anomalies of other organ systems including those of the heart and CV
system, GI tract, CNS, skeletal system, lung, face, genito-reproductive
system, abdominal wall, chromosomal abnormalities, MCA and
others. CAKUT should be suspected in children with anomalies of
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other organ systems, MCA, chromosomal aberrations and in newborns
with major abnormalities of the ear lobe. Awareness of this association
is essential in the management of affected patients as early intervention
contributes to prevention of renal damage and CKD.
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