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CAKUT

Most common cause of all birth defects

20-30% of all anomalies detected by routine fetal
ultrasound (18-22 wk)

Incidence:

1 3-7 per 1000 live newborns?

Spectrum of severity?

1 Unilateral/bilateral

1 Different defects often coexist in an individual child

1 Present in > 20 % of newborns with chromosomal abnormalities 2
1 Most cases are sporadic and noRrsyndromic

1) Loane et al. EUROCAT,birth defectsres 2011 2)Winyard et al. Seminar fetal neonatal med 2008

3) Wuhl et al. cJASN 2013



Causesof chronic kidney diseasein children

700 European children with GFR 1560 ml/min/1,73 m?2
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Causesof ESRD

ESPN/ERA-EDTA UK Renal Japanese
Registry [28] Registry [29] Registry [30]

Study [reference] ANZDATA [27]

Population ESRD (RRT) ESRD (RRT) ESRD (RRT) ESRD (RRT)
Age range 0-19 0-15 0-15 0-19

Patients Incident 20032008 Incident 2008 Incident 2004--2008 Prevalent 1998
Number of cases 369 499 428 582

: ”

I CAKUT 127 (34%) 182 (36%) 184 (43%) 208 (36%) I
Hypodysplasia+reflux 95 135 198
nephropathy
Obstructive uropathy 32 49 10
Glomerulonephntis 108 (29%) 76 (15%) 78 (18%) 130 (22%)
HUS 9 (2%) 29 (6%) 13 (2%)
Hereditary nephropathy 112 (22%) 69 (12%)
Congenital NS 7 15 34
Metabolic disease 17 18
Cystinosis 4 2
Cystic kidney disease 25 (7%) 59 (12%) 49 (11%) 35 (6%)
Ischemic renal failure 8 (2%) 11 (2%) 11 (2%)
Miscellaneous 65 (18%) 52 (10%) 19 (4%) 83 (14%)
Missing/unknown 16 (4%) 37 (7%) 65 (15%) 34 (6%)

Harambat et al. Ped nephrol 2012




Primary renal diseasesat start of RRT in 2014

O

Percent Pmarp

New Old New Old New Old
CAKUT 193 163 359 304 2.07 1.75
Glomerulonephritis 86 69 16.0 12.8 092 0.74
Cystic kidney disease 68 71 127 132 0.73 0.76
Hereditary nephropathy - 31 . 58 - 0.33
Metabolic and tubulointerstitial disorders 25 12 47 29 027 013
Toxic/ischemic renal failure 10 8 19 15 0.11 0.09
HUS 36 36 6.7 6.7 0.39 0.39
Vascular 12 10 2.2 1.9 0.13 0.11
Miscellaneous 87 61 16.2 11.4 0.93 0.66
Unknown 20 76 3.7 14.2 0.21 0.82

ESPN/ERA-EDTA Registry: An update on the registry, December 2016
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CAKUT: ageat start of RRT
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CAKUT: RRT by subcategory

o - neurogenic pyelonephritis
E - obstructive pyelonephritis
c — refluxive pyelonephritis
o 41 - hypoplasia
= dysplasia
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CAKUT: Etiology

- Many causes of CAKUT are not knownyet

. Strong genetic component
1 Familial aggregation reported in 10 % of cases




CAKUT: Familial clustering

. Offspring of CAKUT patients

1 CAKUT risk 15-20 %
e Carter et al. J Hum Genet 1984

. Solitary, duplex kidneys, UPJ obstruction

1 In 15% of 1st/2nd degreerelatives of children with renal
agenesig dysplasia
e Schwaderer et al. Ped Neph 2007

Positive family history for CAKUT in 22,9 % index cases

1 51,1% CAKUT in 1stlegreeasymptomatic relatives (>VUR)
e Bulum et al. Ped Neph 2013




CAKUT: Etiology

1

1 Nonsyndromic forms of CAKUT

e PAX?2

¢ HNF 13 (TCF 2)

e DSTYK (dual serine-threonine and tyrosine protein kinase )




CAKUT: expansion of detection

Table 2. Genes investigated in unrelated patients with isolated congenital anomalies of the kidney and urinary tract

Gene CAKUT phenotype Type of mutations identified®  Mutation detection rate in unrelated cases
BMP4 Renal hypoplasia Missense 5/250 (2%)
EYAl Renal hypoplasia Insertion, deletion 2/99 (2%)
GDNF Renal agenesis, renal dysplasia Missense 1/33 (3%)
GFRAI Renal agenesis, renal dysplasia None 0/33 (0%)
HNF1p Renal agenesis, renal hypoplasia,  Deletion, splice site 8/99 (8%), 75/377 (20%),
renal dysplasia 5/50 (10%), 25/80 (31%)
HOXA11/HOXD11  Renal agenesis, renal hypoplasia,  None /59 (0%)
renal dysplasia
PAX2 Renal hypoplasia, renal dysplasia  Insertion, deletion, 6/99 (6%), 2/20 (10%), respectively
splice site, stop
RET Renal agenesis, renal dysplasia Missense, stop 9/33 (27%), 7/101 (7%)
ROBO2 VUR Missense 6/95 (6%)
SALLI Renal hypoplasia Deletion 1/99 (1%)
SIX1 Renal hypoplasia Missense 1/99 (1%)
SIX2 Renal hypoplasia Missense 5/250 (2%)
SOX17 VUR, UPJ obstruction Missense, insertion 6/178 (3%)
UMOD Complete CAKUT spectrum None 0/96 (0%)
UPK3A4 Renal agenesis, renal dysplasia, Missense 0/76 (0%), 2/170 (1%), 4/17 (24%)

renal hvnonlasia. PUJV. VIJR

Renkema et al. 2011Novel perspectivesfor investigating CAKUT, NDT




Human syndromes associatedwith CAKUT

(2

Gene Human syndrome Kidney phenotype OMIM

JAGI1, NOTCH2 Alagille syndrome MCDK, kidney dysplasia, kidney mesangiolipidosis #118450, #610205
BBSI-BBS11 Bardet-Biedl syndrome Renal dysplasia and calyceal malformations #209900

EYAL, SIX1, SIX5 Branchio-oto-renal syndrome Renal agenesis/dysplasia #113650

SOX9 Campomelic dysplasia Diverse renal malformations #114290

CHD7 CHARGE syndrome Diverse urinary tract malformations #214800

Del. 22q11 Di George syndrome Renal agenesis, dysplasia, VUR #188400

GATA3 Hypothyroidism, sensorial deafness, Renal agenesis, dysplasia, VUR #146255

renal anomalies (HDR)
DNA repair Fanconi anemia Renal agenesis #227650

FRASI1, FREM Fraser syndrome Renal agenesis, dysplasia #219000

D D

Renal coloboma syndrome

Renal hypoplasia, MCDK, VUR

GPC3 Simpsom-Golabi-Behmel syndrome Renal dysy

i
-,

DHCR?7 Smith-Lemli-Opitz Syndrome Renal dysp

SALLI Townes-Brocks Syndrome Renal dysp

LMXI1B Nail-patella syndrome Glomerulu;
NIPBL Comelia de Lange syndrome Renal dysp

CREBBP Rubinstein-Taybi syndrome Renal age
WNT4 Rokitansky syndrome Renal age:
PEX-family Zellweger syndrome Renal dysy
GLI3 Pallister-Hall syndrome Renal agen

p5S7(KIP2) Beckwith-Wiedemann syndrome Renal dysp
SALL4 Okihiro syndrome Renal ecto
urinary tr

TBX3 Ulnar-mammary syndrome Renal agen O cu I ar co | 0 b oma
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Human syndromes associatedwith CAKUT

Gene

Human syndrome

Kidney phenotype OMIM

IAGL_NOTCH?

Obesity

Diabetes
Polydactyly
Retinitis pigmentosa

BBSI-BBS11 Bardet-Bied! syndrome Renal dysplasia and calyceal malformations #209900
EYAL, SIXI1, SIX5 Branchio-oto-renal syndrome Renal agenesis/dysplasia #113650
SOX9 Campomelic dysplasia Diverse renal malformations #114290
CHD7 CHARGE syndrome Diverse urinary tract malformations #214800
Di George syndrome Renal agenesis, dysplasia, VUR #188400
Hypothyroidism, sensorial deafness, Renal agenesis, dysplasia, VUR #146255
renal anomalies (HDR)
Fanconi anemia Renal agenesis #227650

GPC3
DHCR7
SALLI
LMXIB
NIPBL
CREBBP
WNT4
PEX-family
GLI3
pS7(KIP2)
SALL4

TBX3

Fraser syndrome
Kallman’s syndrome
Renal coloboma syndrome
Renal cysts and diabetes syndrome
Simpsom-Golabi-Behmel syndrome
Smith-Lemli-Opitz Syndrome
Townes-Brocks Syndrome
Nail-patella syndrome
Comelia de Lange syndrome
Rubinstein-Taybi syndrome
Rokitansky syndrome
Zellweger syndrome
Pallister-Hall syndrome
Beckwith-Wiedemann syndromg
Okihiro syndrome

Ulnar-mammary syndrome

Renal agenesis, dysplasia
Renal agenesis, dysplasia
Renal hypoplasia, MCDK, VUR
Renal dysplasia, cysts
Renal dysplasia, cysts
Renal dysplasia, cysts
Renal dysplasia, lower urinary t
Glomerulus malformation, renal
Renal dysplasia




Human syndromes associatedwith CAKUT

Gene Human syndrome Kidney phenotype OMIM

JAGI, NOTCH2 Alagille syndrome MCDK, kidney dysplasia, kidney mesangiolipidosis #118450, #610205

EYALI, SIXI, SIX5 Branchio-oto-renal syndrome Renal agenesis/dysplasia #113650

CHD7 CHARGE syndrome Diverse urinary tract malformations #214800
Del. 22q11 Di George syndrome Renal agenesis, dysplasia, VUR #188400
GATA3 Hypothyroidism, sensorial deafness, Renal agenesis, dysplasia, VUR #146255
. renal anomalies (HDR)
Hearlng LOSS Fanconi anemia Renal agenesis #227650
_ 1 i Fraser syndrome Renal agenesis, dysplasia #219000
Pre auricu Iar pItS Kallman’s syndrome Renal agenesis, dysplasia #308700, #147950
Au r|Cu |ar f|Stu Iae Renal coloboma syndrome Renal hypoplasia, MCDK, VUR #120330
Renal cysts and diabetes syndrome Renal dysplasia, cysts #137920
GPC3 Simpsom-Golabi-Behmel syndrome Renal dysplasia, cysts
DHCR7 Smith-Lemli-Opitz Syndrome Renal dysplasia, cysts
SALLI Townes-Brocks Syndrome Renal dysplasia, lower urinary tract malforma
LMXIB Nail-patella syndrome Glomerulus malformation, renal agenesis
NIPBL Comelia de Lange syndrome Renal dysplasia
CREBBP Rubinstein-Taybi syndrome Renal agenesis
WNT4 Rokitansky syndrome ' : ,
PEX-family Zellweger syndrome
GLI3 Pallister-Hall syndrome
p5S7(KIP2) Beckwith-Wiedemann s
SALL4 Okihiro syndrome
TBX3 Ulnar-mammary syndro




Human syndromes associatedwith CAKUT
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Gene Human syndrome Kidney phenotype OMIM
JAGI, NOTCH2 Alagille syndrome MCDK, kidney dysplasia, kidney mesangiolipidosis #118450, #610205
BBSI-BBS11 Bardet-Biedl syndrome Renal dysplasia and calyceal malformations #209900
EYALI, SIXI, SIX5 Branchio-oto-renal syndrome Renal agenesis/dysplasia #113650
SOX9 Campomelic dysplasia Diverse renal malformations #114290
el CHARGE syndrome Diverse urinary tract malformations #214800
M O DY 11 Di George syndrome Renal agenesis, dysplasia, VUR #188400
Hypothyroidism, sensorial deafness, Renal agenesis, dysplasia, VUR #146255
Renal CyStS renal anomalies (HDR)
air Fanconi anemia Renal agenesis #227650
FRAS1, FREM2 Fraser syndrome Renal agenesis, dysplasia #219000

KALLI, FGFRI1 Kallman’s syndrome Renal agenesis, dysplasia #308700, #147950

Renal cysts and diabetes syndrome Renal dysplasia, cysts #137920
J J e NIMCt Syndroir [ Splasid, CysI(s i ULU

DHCR7 Smith-Lemli-Opitz Syndrome Renal dysplasia, cysts #270400
SALLI Townes-Brocks Syndrome Renal dysplasia, lower urinary tract malformations #107480
LMXIB Nail-patella syndrome Glomerulus malformation, renal agenesis #161200
NIPBL Comelia de Lange syndrome Renal dysplasia #122470
CREBBP Rubinstein-Taybi syndrome Renal agenesis #180849
WNT4 Rokitansky syndrome Renal agenesis #277000
PEX-family Zellweger syndrome Renal dysplasia, cysts #214100
GLI3 Pallister-Hall syndrome Renal agenesis, dysplasia #146510
p57(KIP2) Beckwith-Wiedemann syndrome Renal dysplasia #130650
SALL4 Okihiro syndrome Renal ectopia with or without fusion, lower #607323

urinary tract malformations
TBX3 Ulnar-mammary syndrome Renal agenesis #181450




CAKUT

Gene Disease
ACE Renal tubular dysgenesis
AGT Renal tubular dysgenesis
AGTRI1 Renal tubular dysgenesis
BMP4 CAKUT
DSTYK CAKUT
EYAI Branchio-Oto-Renal Syndrome and renal hypoplasia

SIX5 Branchio-Oto-Renal Syndrome
SOX17 CAKUT
UPK3A Renal dysplasia
WNT4 Mullerian aplasia and hyperandrogenism

Familial juvenile hyperuricemic nephropathy (FJHN), glomerulocystic kidney disease (GCKD),

UMOeD Autosomal dominant medullary cystic kidney disease 2 (MCKD?2)

nt Journal or molecular sciences, 20




CAKUT: Complextrait (multifactorial )

©

Intrauterine Gene mutations Epigenotype Urinary flow
environment obstruction

Low-protein diet
High/low sodium
intake

Cocaine, alcohol
Vitamin A deficiency
Hyperglycemia
Glucocorticoids

RAS blockers
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CAKUT: Embryology

Development of kidneys and ureters

1 Pronephros: nonfunctional

e day 22 of human gestation ronesnrcs
1 Mesonephros: functional % 3
e end of 4" week, produces urine week 6-10 EJ -
e mesonephric duct (Wolffian duct): ureteric bud 8 | w—
1 Metanephros or definite kidney - o o
e Shweeki beginsto develop Pove-west amrye

e Starts to function ~4 weeks later




Definitive kidney: two sources

Interaction between ureteric bud and metanephric
mesenchyme d

A B C D
Met h }
‘ etanephrogen Collecting ducts
(| mesenchyme
Ureteric bud // [/ @ —Renal tubules
Ureter /
Urete(//
Mesenchyme
I H G ;
Y Proxime
- tubule //,tubule
// Bowman'’s
Comma- * S-shape capsule of ~Endothel
Ureteric bud shaped body body glomerulus cells

Rosemary V. Sampogna, and Sanjay K. Nigam Physiology 2004;19:339-347




Reciprocal signalling

Knock out mouse
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Development of urinary bladder and urethra

. 4t to 7th week

Cloacadivides S
1 urogenital sinus \
e Urinary bladder (cranial part)
e Urethra (caudal part) SN . %Q —

1 anal canal (rectum)




Anomalies of the urinary system

Week of
gestation ND

A 56 @ -+ Renal agenesis

B 536 UBO \ Renal hypodysplasia

Left nght
C 5-36
Bladder—+
Cloaca T
Urethra —» ”90“

Urogemtal Puv
sinus

Week of

gestation 4 4-5 5 5-8 5-8 5-8

Song R et al.,Pediatr nephrol 2011




Spectrum of CAKUT

©

Multiple manifestations of defective renal /urinary tract development

Defects in ureteric bud outgrowth /branching
A Vesicoureteral Reflux (VUR)
A Ureterovesical junction obstruction (UVJ)
A Ureteropelvic junction obstruction (UPJ)
A Duplicated collecting system
A Renal agenesis
A Hydronephrosis
A Ectopic kidney
Defects in nephron induction /differentiation
A Agenesid dysplasia/ hypoplasia
A Multicystic dysplastic kidney (MCDK)
Defects in fusion
A Horseshoekidney
Defects in bladder/  urethral development

A Posterior urethral valves(PUV)




Renal agenesis

The missing kidney




Renal agenesis bilateral

. POTTER syndrome
1 Uncommon
1 1/7000-1/10000 births, M>F
1 Fatal condition
1 Oligohydramnios (US at 12th wk of gestation),
1 Often, but not always the result of a genetic disorder
> parent(s) with malformed or absent kidney

[=Y

Edith Louise Potter
Pioneer in renal development




Renal agenesis bilateral

- Unique characteristics
1 Dry loose skin
1 Large low-set earswith lack of cartilage
1 Wide-set eyes flattened nose
1 Micrognathia
1 Small thorax

1 Anomalies of the limbs
e Hypoplastic hands

e Equinovarus

e Bowing of distal limbs




Renal agenesis unilateral

. 1/500-1/3200 live births

1 M>F (1,7/1)

1 > Left side

1 Uncomplicated unilateral agenesis
¢ Antenatal US 1

e + compensatory hypertrophy contralateral kidney (if
healthy)

e - compensatory hypertrophy : further work-up




Renal agenesis unilateral

1 1/3 I1s associatedwith

e |psilateral urogenital malformation
o >>VUR (< PUJ, VUJ)
o Absent vasdeferens, absentadrenals

: many syndromes (BOR, RCAD, etce )




Renal hypoplasia

.- Small kidney: lower number of structurally (histologically)
normal nephrons

1 vascular accident during pregnancy (twin to twin transfusion)
1 genetic cause

1 Isolated: rare

+ | renal dysplasia

. Congenital: No scars

Functional on renogram




Renal hypoplasia

. Clinical diagnosis ~ criteria
1 Reduction of renal sizeby 2 SDfor the mean size by age
1 Exclusion of renal scarring (DMSA scan)

1 Unilateral renal hypoplasia:
e compensatory hypertrophy contralateral kidney (if healthy)

Prognosis

1 Bilateral
e Decreasednephron numbers

e Relatedto
increased risk of hypertension
chronic kidney disease




Renal dysplasia

. Malformed kidney tissue elements

1 Immature / undifferentiated or metaplastic (abnormal) renal
structures
1 Unilateral (M>F 1,9/1) and bilateral (M>F 1,3/1)

1 Variable in size:
e > Small
e Large abnormally shapedkidneys
o+ cystsin case ofcystic dysplastic kidneys
1 Often associatedwith urogenital anomalies
e VUR, congenital hydronephrosis, etc..




Renal dysplasia

Presentation

1 Routine prenatal screening/ dysmorphy / oligohydramnios

1 Undetected untill

e Nocturnal enuresis
o Polyuria and salt-loosing nephropathy (thirst and salt craving)

e Failure to thrive
1 Acute renal failure (on CRF) in case of gastroenteritis

1 UTI

Prognosis
e uni/ bilateral
e ~ Severity
o renal dysfunction may neccessitatenephrologic care
o Including renal replacement therapy




Multicystic dysplastic kidney

Minimal to no functional renal parenchyma

1 usually with primitive tubules and foci of cartilage
1 groups of noncommunicating cystswith fibrous connective tissues

@Bunches of grapesbappearance

| ARPKD

1 MCDK: Cystsare larger and more variably sized




Multicystic dysplastic kidney

Most common cystic disorder in children

1/2400 live births

> unilateral (<<< bilateral)

> afunctional with atretic ureter

25% incidence of VUR in contralateral kidney
mayaccount for many cases of wunil aft

[N

[N

[N

[N

[N

Presentation

1 Prenatal screening

1 > Abdominal mass in neonates
1 Hematuria, UTI




Multicystic dysplastic kidney

- No
e Involution of cystsand regression
o ogver severalmonths to years
e Rarely causeof HTN, tumor or infection

. Prognosis
e Compensatory hypertrophy of contralateral kidney

e Observation to ensure the healthy kidney is functioning
properly




Ectopic kidney

. Kidney failed to ascendfrom origin to normal location in
renal fossa

. Predominantly pelvic location (rarely thoracic)
.- Small, lobulated kidneys and irregular shape

. 1/900 live births

. More common on left side

. Usually asymptomatic
. < UTI, hydronephrosis, ID




Duplex system

. Strongfamilial predisposition
. Complete/partialduplication

> ureter ofupperpole
1 Abnormalorigin in trigone(lower position

1+ ureterocoele
e sacculatiorof the terminaportionof the ureter

1 Ectopic (UTI, ID) ===




Horseshoekidneys

Most common type of renal fusion anomaly

1 7% of patients with Turner syndrome (<trisomy 18)

1 2/3 associatedgenitourinary anomalies
e VUR (50%), Ureteral duplication (10%)
e Hypospadias/ undescended testis (4%)
e Bicornuate uterus (7%)
1 more prone to develop Wi | nuinsr than general




Horseshoe kidney

Midline fusion of the lower poles
(90%)
Malrotated pelvicalyceal system




Horseshoe kidney

.~ 1/3 asymptomatic

5

Symptoms

1 Abnormal course of the ureters *

e > UTI
e Pain, hematuria and mass




Posterior urethral valves

- Mucosal folds at the distal prostatic urethra that
causevarying degreesof obstruction
1 > obstructive uropathy in males, leading to ESRD

1 1/5000 male births
1 10% ofprenatally diagnosed hydronephrosis

1 Severe UTland septicaemiain neonatal period
e Rare > prenatal screening

.+ Component of renal dysplasia




Diagnosis

- Antenatal: pathognomonic U/S findings

proxymal Urethra




Voiding cystourethrography (VCUG)

. Gold standard for diagnosing PUV
. Typical findings




Clinical presentation

Prenatal ultrasound

Newborn:

1 Palpable abdominal mass, ascites

1 RDSfrom pulmonary hypoplasia (oligohydramnios)
1 Dribbling / poor urinary stream

1 Renal insufficiency

Early infancy
1 Urosepsid failure to thrive/ renal insufficiency

. Toddlers

1 Voiding dysfunction/UTI/ Incontinence




Management PUV
. Bladder drainage

1 5 or 8 FR pediatric feeding tube is ideal

1 Foley catheter can occlude the ureteral orifice : secondary
obstruction

. Antibiotic coverage

. Correction of metabolic derangements
e Assesrenal function and metabolic abnormalities
e Acidosis, hyperkalemia

‘ Key to initial care
I




Management of PUV

. Surgical intervention
> Transurethral valve ablation (cystoscopy)
< Vesicostomy/ upper tract diversion

. Prevention of UTI (50-60%)

. Treatment of bladderdysfunction
1 |[ncontinence

. Treatment of renal insufficiency







