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ABSTRACT

Introduction: Congenital anomalies of the kidney and urinary tract (CAKUT) represent several types of mal-
formations with occurrence of 1 in about 500 live births.

Objective: Small for gestation age (SGA) may influence in prevalence of CAKUT and progression of chronic
kidney disease (CKD) in children. The aim of this study was to elaborate our experiences with detected CAKUT
in a cohort of SGA born children in Macedonia.

Methods: Our cohort consisted of 100 SGA born children investigated for associated congenital anomalies
of urinary tract. We analyzed anthropometric and clinical birth data in children with diagnosed CAKUT and
estimated the stage and time of onset of CKD by biochemical and imaging technics.

Results: We revealed 7 (7.0%) SGA born children with congenital anomalies of the urinary tract. Their mean birth
weight was very low 1855 gr (-3.93 SDS) and the birth length 45.57cm (-2.17 SDS), as well. A significant growth
failure with reduced weight and BMI were noticed at the time of diagnosis. A diagnosis of CAKUT in 4/7 was
established in the first few months of life, but in others 3 later in early childhood. Three children revealed with
unilateral kidney agenesis, 2 had hypo-dysplastic kidneys and in 2 children was found vesicoureteral reflux. Normal
glomerular filtration rate was estimated in 2 children with CAKUT. Stage 2 CKD with GFR 60-90 ml/minx1.73m?
had 3 children, 1 patient was graded in stage 3 and one child needed kidney transplantation, stage 5 CKD.

Conclusions: We presented 7 SGA born children with CAKUT. An early recognition, assessment and treatment
of these anomalies might improve their quality of life.

Key words: born small for gestational age, Congenital anomalies of the kidney and urinary tract (CAKUT),
birth weight, birth length, glomerular filtration rate

INTRODUCTION eropelvic junction obstruction (UPJO), megaureter,

posterior urethral valves (PUV), and vesicoureteral

An entity/acronym - Congenital anomalies of
the kidney and urinary tract (CAKUT) covers wide
range of renal and urinary tract anomalies with var-
ious degree of severity. These structural anomalies
may be presented as complete renal agenesis, as the
most severe, to renal hypodysplasia, multicystic kid-
ney dysplasia, duplex renal collecting system, uret-

reflux (VUR).

CAKUT might be detected in 1 of 500 live
newborns. The most severe of these anomalies are
fatal for 1 of 2,000 infants during the first month
of life. Their incidence is higher in boys, although
girls might be also affected. Predominantly they are
asymptomatic and not associated with another anom-
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aly. There is an evidence of their association with
other malformations in syndromic disorders, as in
papillorenal syndrome, Meckel-Gruber syndrome,
trisomy 18, asplenia, polysplenia etc. [1, 2].

In the majority of patients with CAKUT the
inheritance is autosomal dominant with incomplete
penetrance, but not all of the family members have
the same phenotype expression although they carry
the same genetic alteration. Renal anomalies are
detected in close relatives of up to 10% of CAKUT
patients. Monogenic forms of CAKUT are caused
by mutations in HNF'IB and PAX2 genes. The Mu-
tations in HNF1B and PAX2 genes that cause syn-
dromic disorders are detected in only 5 to 10% of
cases. In 7 affected Sardinian family members with
CAKUT by Sanna-Cherchi et al. a heterozygous
splice mutation of dual serine/threonine and tyrosine
protein kinase gene (DSTYK, MIM 612666.0001)
was found [3-7].

Short stature is the most common expected com-
plication in children born SGA. But, they are also
at risk for developing obesity, hypertension, insulin
resistance, diabetes and cardiovascular diseases in
adulthood. These children are with increased risk
of renal failure and electrolyte imbalances, as well
[8]. Therefore, it is more interesting to investigate
the influence of SGA in children with CAKUT if
both may contribute to developing the same com-
plications.

SGA is a potential risk factor which may have
an influence in increasing the prevalence of the con-
genital kidney and urinary tract anomalies in children
and the progression of CKD, as well. The aim of this
study was to elaborate our experiences with detected
CAKUT in a relatively small cohort of SGA born
children in Macedonia. We followed the established
criteria for diagnose of CAKUT in children and their
further follow up.

METHODS

The analyzed data are from a cohort of 100 chil-
dren born small for gestational age. SGA is defined
as birth weight and/or length or at least 2 standard
deviations (SD) below the mean for gestational age
(GA) [9] born at term, whether they remained short
after 4 year old or achieved catch up growth. The
main interest in this study are patients with diagnosed
congenital disorders of urinary tract.

We investigated several variables taken from
their first visit in the study. The clinical birth data
was evaluated by birth length (BL), birth weight
(BW), BL standard deviation score (SDS) and BW
SDS. The investigated anthropometrical data were:
chronological age, gender, height (centimeters),
weight (kilograms) and body mass index (BMI in
kg/m?). The diagnose of CAKUT was established
by biochemical and imaging technics.

Glomerular filtration rate (GFR) is the most
adequate measurement for estimation of the level
of kidney function and the stage of kidney disease.
GFR in children is stated normal if it is above 90 ml/
min/1.73m? although with an evidence of functional,
morphological or other kidney abnormality. If GFR
is 60-89 ml/min/1.73 m? it resembles the CKD stage
2. GFR 30-59 ml/min/1.73 m? is estimated as CKD
stage 3 and GFR 15-29 ml/min/1.73 m? as stage 4
and if GFR is less than 15 ml/min/1.73 m? that is
stage 5 CKD.

CAKUT is very difficult to notice in early child-
hood until the clinical manifestations do not become
apparent. Zhang et al., 2011 [10] recommended ultra-
sonography as the most preferred screening method
for detecting CAKUT in children. There are several
other imaging technics that might be useful for de-
tection of these anomalies as radionuclide scanning,
voiding cystourethrography (VCUG), X-ray com-

Table 1. Analyzed parameters of SGA born children with CAKUT

BW BW | BL BL CA | Gender H H W W GFR PRD BMI | BMI

No g | SDS| em |SDS | y ; em | SDS | kg | SDS “;'é‘;‘i;f‘ kg/m? | SDS

1 1300 -6,4 | 47 -2 12 M 123,50 | -3,30 | 23,00 | -3,51 97,2 agenesio renis 15,08 | -1,41

2 1350 -6 40 =56 1 0,1 F 41,00 | -6,71 | 1,85 | -7,85 9 agenesio 11,00 | -3,76

3 2370 2,7 47 -1,6 | 5,2 F 113,00 | 0,94 | 25,00 | 1,98 101,2 agenesio 19,60 | 2,18

4 1590 37| 45 -1,7 | 43 M 92,00 | -3,10 | 12,00 | -3,38 88 hypodysplasio 14,81 | -0,66

5 2300 -2,5 47 1,31 03 F 59,00 | -0,48 | 4,60 | -2,75 61 multicistic dysplastic| 13,21 | -3,15

6 2130 | 32| 46 | 21002 | M [5600]-090| 456 |-1,57] 81,1 VURgr2 14,54 | -0,90

7 1950 | 3 | 47 | -09] o0 F [ 47,00 [-3,00| 2,00 [ -400| 472 VUR3 9,05 | -4,33

Average | 1.855,71 | -3,93 | 45,57 | -2,17 | 3,18 75,93 | -2,36 | 10,43 | -3,01 | 69,24 13,90 | -1,72

BW-birth weight, BL-birth length, CA-chronological age, H-height, W-weight, GFR-glomerular filtration rate,
PRD-primary renal disease, BMI-body mass index, SDS-standard deviation score
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puted tomography, CT scan and magnetic resonance
urography.

RESULTS

An analysis performed in a cohort of 100 patients
born small for gestational age revealed 7 (7.0%) chil-
dren with inborn anomalies of urinary tract. Of these
7 children, 4 were girls and 3 were boys.

An estimated clinical birth data showed that the
mean birth weight of all children born with primary
renal anomalies was low, 1,855 gr or (-3.93 SDS),
whilst their birth length was reduced as well, 45.57
cm or (-2.17 SDS), but less than weight (Table 1).

The anthropometrical parameters of these 7 SGA
born children during their first visit and diagnosis es-
tablishment showed an evidence of growth failure.
The average height was reduced in the whole cohort
(-2.36 SDS). The short stature was most evident in
children born with weight less than 2,000 grams and
in children with very low birth weight (VLBW), less
than 1,500 grams. The mean weight in all 7 children
was even more reduced than height, -3.01 SDS at the
time of diagnosis. Their BMI of 13.9 kg/m? (-1.72
SDS) was very low, also.

The diagnosis of CKD in more than half of them,
4/7 children, was established in the first few months
of life, and in the other 3 later in the early childhood.

Two children with primary renal disease were
diagnosed with normal GFR. Stage 2 CKD had 3
children, one patient was graded in stage 3, one
child needed kidney transplantation with GFR 9 ml/
min/1.73 m?, resembling stage 5 CKD.

The performed imaging diagnostic technics re-
vealed three patients with agenesis of one kidney, 2
children had dysplastic kidneys and 2 children were
found to have vesicoureteral reflux.

DISCUSSION

Nephrogenesis finishes around the 36 week of
gestation. But, if a child is born very premature or
with intrauterine growth retardation (IUGR) it is
more likely to develop a renal disease due to the re-
duced nephron number. It was explained, according
to Brenner’s hyper filtration theory that the reduced
nephron number leads to decreased glomerular fil-
tration surface area and, consecutively, to glomerular
and systemic hypertension. Hypertension has major
influence on the glomerular damage and its sclero-
sis and on the ending with decreased renal function
[11]. Microalbuminuria is the first warning sign for
forthcoming impairment of GFR and serious renal

disease. Keijser-Veen MG et al., in 2005 presented
a study in young adults older than 20 years, born
IUGR/SGA, with mainly normal renal function.
They found in these patients more often episodes
of hypertension and/or microalbuminuria and lower
GFR than in patients born with an appropriate gesta-
tion age (AGA). These authors suggested that SGA
leads to renal failure in adulthood [12].

There are several studies which implicate the
influence of the urinary tract anomalies on the birth
weight and length and the growth spurt during child-
hood. Karlberg et al. found that all detected patients
with CKD were born with reduced BW and BL SDS
by 1 SDS [13]. Franke et al. in their study showed
significantly elevated rate of SGA and prematurity
in children with congenital CKD [14]. Zivicnjak
et al. followed up the growth pattern in boys with
CKD. Their growth failure was most evident in the
early childhood especially during the first year of
life. They did not achieve catch up growth, but it
speeded up before puberty, slightly slowed down
during puberty, and finally, the late speed up was
found only until early adulthood [15].

In our cohort of 100 SGA born children we
found 7 patients with congenital anomalies of the
urinary tract. The estimated BW of these 7 children
was low (-3.93 SDS) or 1,855gr with less reduced BL
(-2.17 SDS), which correlates with data from other
studies. It is of note that the growth was seriously
affected in our children with CAKUT especially in
those with very low BW, less than 1,500 gr. It impli-
cates further investigations and treatment. Growth
hormone (GH) treatment is useful in short children
with CKD. It improves their growth velocity and the
final height [16]. We started with GH treatment in
2 short boys older than 4 years and we will follow
their growth achievements.

Approximately 30% of all prenatally detected
congenital anomalies are diagnosed as CAKUT
[17]. The most often noticed anomalies are renal
hypoplasia, dysplasia, obstructive uropathy and oth-
er kidney congenital impairments in patients with
chronic kidney disease [18]. It is still unclear why
these children are born IUGR or SGA. Mutations,
in particular developmental genes were thought to
play a major role in the growth reduction and the
structural anomalies of the kidneys, other organs and
skeleton, as well [19, 20]. Genetic alterations have
been suspects for SGA born children, also. It is of
interest to investigate in future, if the same factors
responsible for the growth of organs and skeleton
influenced the fetal kidney development [21].

The diagnose of CAKUT was established in
the majority of our patients (4 out of 7) very early
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in childhood, in the first 6 months of life. In other 2
children at the age of 5 and 12 years, respectively.
The absence of one kidney is the most common de-
tected congenital malformation in our cohort of SGA
born patients. It was noticed in three children. Uni-
lateral renal hypo-dysplasia with or without cystic
formations was found in 2 patients as vesicoureteral
reflux as well. VUR in one patient was staged as
grade 2, but in other as stage 3. An estimated nor-
mal GFR was detected in 2 children with unilateral
kidney agenesis. Stage 2 of CKD had 2 children
with hypo-dysplastic kidneys and a boy with VUR.
CKD staged third grade had a girl with VUR. Data
from other studies revealed more than one third of
patients with CAKUT need surgical treatment. Only
one patient of our study 1/7 underwent kidney trans-
plantation due to renal failure.

Our further goal is to investigate if any of our
patients with CAKUT have known genetic alteration
regarding that or being born small for gestational age.

CONCLUSION

Children born small for gestational age have an
increased risk of morbidity and mortality in adult-
hood due to the development of several different
diseases. Their earlier recognition and treatment lead
to better life quality and longevity.
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Pe3ume

BPOAEHU AHOMAJIMU HA BYBPE3UTE U HA YPUHAPHUOT TPAKT
KAJ JEHATA POJEHU MAJIN 3A BO3PACTA

Anexcanapa Januencka', 3opau I'yues!, JI. TaceBcka-Pmynr,
Bemmuoop Tacux!

! Vuusepsurercka Kinunka 3a aetcku 6onectn, Meguiacku dakynter Crormje, Makeaonuja

Ancrpakr

BoBen: Bponennte anomanuu Ha 6yopesute u ypunapuuot Tpakt (CAKUT) nmpeTcraByBaaT HEKOJIKY
BUJIOBH aHOMAJIAH IIITO Ce jaByBaar kaj 1 om oxomy 500 HBOpPOACHH.

Lles na TpynoT u xumore3a: ParameTo Man 3a Bo3pacta Moke 1a Biujae Ha mpeBajienara Ha CAKUT-or
1 TIporpecHjara Ha XpoHHYHaTa OyOpeskHa OosecT kaj nenara. [{enrta Ha oBaa cTyamja € 1a TH e1ad0opupa HaIlTuTe
nckyctsa Bo oTkpuBameTo Ha CAKUT-0T Kaj femnara pojieHn Maii 3a Bo3pacra.

Mertoau: Hamrara koxopra ce coctou o1 100 SGA ponenu gena, ko 6ea HCITUTYBaHH 32 aCOIIUPAHH BPOICHN
AQHOMAJTMHY Ha YPOTEHUTAIHHUOT TPakT. Hue ru aHamm3upaBMe aHTPOTIOMETPUCKHUTE M KIIMHUYKUTE MOJIATOIH Ha
SGA-ponenure nena kaj xou e nmocraseHa aujarnozara CAKUT o mopoaniiHUTE KapTOHH U TO MPOIICHUBME
CTaJIMyMOT M BPEMETO Ha HACTaHOK Ha XpoHH4Hara Oyopesxna 6onect (Xbb) co momor Ha OMOXeMUCKH aHATM3U
1 UMULIUHT-TEXHUKH.

Pesynraru: Otkpusme 7 (7%) SGA-poneHu nena co BpoJeHH aHOMaJINU Ha ypUHAPHUOT TpakT. HuBHara
cpeaHa mopoauiHa TexuHa Oerre MHOry HUcKa — 1855 rp (-3,93 C/C), kako u mopoauiHaTta A0KuHa — 45,5
M (-2,17 CZIC). Bo MOMEHTOT Ha TOCTAaBYBamH-ETO HA JMjarHo3ara 3a0eiiekaBMe 3Ha4aeH HEyCIeX BO PacToT,
Ha 10()aT co HaMaJIeHa TeJIeCHA TEKMHA U MHCKCOT Ha TenecHara Maca. Jlujarnosara CAKUT kaj 4/7 ox ne-
1ata Oerie mocTaBeHa BO MPBUTE HEKOIKY MECEIH Ha KMBOTOT, a Kaj APYTUTE TPH MOJOIHA BO TEKOT HA PAaHOTO
nerctBo. Kaj Tpu nmema Oemie HajiaeHa areHe3dja Ha eIHUOT OyOper, IBe MMaa XUIIOTUCIUIACTHIHN OyOpesn, a
Kaj 1Be ziera Oerre oTKpreH BesukoyperpaieH peduykc. Kaj aea nera co CAKUT Gemie mporieHeTa HOpMaiHa
rmomepynapHa punrpanuja. Craquym 2 Xbb co T'®P 60-90 ml/min/1,73 m? umaa Tpu Jenia, eeH MaueHT oerie
KJIacU(UIMpPaH BO TPET CTAJUYM U Ha €ITHO JIeTe My Oellie oTpedHa TpaHcIuanTaruja Ha Oyoper, craauym 5 Xbb.

3axayvoun: [Ipuxaxanu ce 7 SGA-ponenu nena co CAKUT. Panoto npeno3HaBame, MpOLEHKATa U
JICUEIHETO HA OBHE aHOMAIMU MOKE JIa TO 1M000pH HUBHHOT KBATUTET Ha )KUBOT.

Kuayunu 3060poBu: pojieHH Maju 3a Bo3pacTa, BpOJCHH MaHU Ha OyOpe3uTe U Ha YPUHAPHHOT TPAKT, 110-
POIMITHA TEXHMHA, TOPOAMIIHA JIOJDKUHA, CTallKa Ha TIIOMepyJIapHa (riTpanuja






