
Congenital Urinary Tract Obstruction: The Long View

Robert L. Chevalier
Department of Pediatrics, University of Virginia

Abstract

Maldevelopment of the collecting system resulting in urinary tract obstruction (UTO) is the 

leading identifiable cause of CKD in children. Specific etiologies are unknown; most cases are 

suspected by discovering hydronephrosis on prenatal ultrasonography. Congenital UTO can 

reduce nephron number and cause bladder dysfunction, which contribute to ongoing injury. Severe 

UTO can impair kidney growth in utero, and animal models of unilateral ureteral obstruction show 

that ischemia and oxidative stress cause proximal tubular cell death, with later development of 

interstitial fibrosis. Congenital obstructive nephropathy therefore results from combined 

developmental and obstructive renal injury. Due to inadequacy of available biomarkers, criteria 

for surgical correction of upper tract obstruction are poorly established. Lower tract obstruction 

requires fetal or immediate postnatal intervention, and the rate of progression of CKD is highly 

variable. New biomarkers based on proteomics and determination of glomerular number by MRI 

should improve future care. Angiotensin inhibitors have not been effective in slowing progression, 

although avoidance of nephrotoxins and timely treatment of hypertension are important. Because 

congenital UTO begins in fetal life, smooth transfer of care from perinatologist to pediatric and 

adult urology and nephrology teams should optimize quality of life and ultimate outcomes for 

these patients.
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Congenital anomalies of the kidneys and urinary tract account for the majority of CKD in 

children, and congenital urinary tract obstruction (UTO) is the leading cause of pediatric 

end-stage kidney disease.1 Although complications of diabetes and hypertension are the 

dominant causes of kidney failure in adults, it is now recognized that in most children 

requiring renal replacement therapy for congenital urinary tract anomalies, the onset of 

kidney failure is delayed until adulthood.2,3 It is therefore appropriate that perinatologists 

along with pediatric and adult nephrologists and urologists develop an understanding of the 
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natural history of these disorders. This is particularly important as specialty care is 

transferred from obstetrics to pediatric and then adult nephrologists and urologists. To 

optimize outcomes, such transitions require close communication and coordination of 

services throughout the life of the patient

Pathogenesis of congenital urinary tract obstruction

Factors contributing to maldevelopment of kidneys and urinary tract are poorly understood. 

Candidate genes have been identified in murine spontaneous congenital hydronephrosis, and 

knockout mice with a hydronephrotic phenotype have been studied to determine underlying 

mechanisms.4 These include abnormalities of ureteral or bladder development, and 

dysfunctional ureteral peristalsis leading to functional (not mechanical) UTO.5

Significant advances have been made in understanding the cell and molecular biology of 

nephrogenesis, and it is now recognized that the number of nephrons per kidney can vary by 

over ten-fold in normal individuals.6 Maturing nephrons adapt to the number of nephrons 

formed: glomeruli and tubules exhibit compensatory growth when nephrogenesis is 

terminated before the normal range of nephron number is reached.7 Human nephrogenesis is 

complete by 36 weeks gestation, and additional nephrons are not formed after term birth. 

Preterm, particularly very low birth weight infants, are born with low nephron number, and 

preliminary reports suggest that normal nephrogenesis does not continue postnatally.8

Multiple animal models have been developed to unravel the pathophysiology of congenital 

obstructive nephropathy, which results from the superposition of obstructive renal injury and 

developmental injury.9 Surgical obstruction of the ureter has become the most widely-

employed animal model of CKD, with renal interstitial fibrosis serving as the primary end-

point.10 We have recently reported that complete unilateral ureteral obstruction (UUO) in 

the adult mouse results in rapid loss of renal parenchyma due to a 65% reduction in 

proximal tubular mass, the result of cell death by necrosis, apoptosis, and autophagy (Fig. 

1).11 Progressive tubular atrophy leads to the formation of numerous atubular glomeruli.12 

Complete UUO results in tubular oxidative stress and reduced renal metabolism and oxygen 

consumption (largely contributed by proximal tubular cells) (Fig. 1).11 It is likely that this is 

attributable to mitochondrial damage and decreased generation of ATP.13,14

Complete UUO in the neonatal mouse also results in tubular oxidative stress, but cell death 

is delayed until mitochondrial maturation is complete and tubular energy generation has 

switched from glycolytic to oxidative metabolism.15 Renin production by the obstructed 

kidney is markedly increased, and is the result of recruitment of renin-producing cells along 

the afferent arteriole (Fig. 1).12,16 Activation of the intrarenal renin-angiotensin system 

contributes to tubular and interstitial injury, as demonstrated by a close correlation between 

injury and angiotensinogen gene copy number in transgenic mice.17 Increased production of 

angiotensin stimulates the production of transforming growth factor-β, which also 

contributes to tubular and interstitial injury.18 With progression of injury, macrophages are 

attracted to the peributular interstitium, and fibroblasts become activated by releasing 

cytokines, thus transforming into myofibroblasts, which increase deposition of intracellular 

matrix.19,20 Compared to the extent of tubular damage, there is only a modest increase 
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(15%) in interstitial collagen and fibronectin (Fig. 1).11 These findings are consistent with 

those in kidneys from children with ureteropelvic junction obstruction: proximal tubular 

mass is often reduced, whereas interstitial injury is limited to 10–25% of cases.21

Congenital obstructive nephropathy is almost always due to partial, rather than complete 

UTO, and the development of renal cellular responses is gradual, rather than acute. We have 

therefore developed a model of partial UUO in the neonatal mouse or rat, species in which 

nephrogenesis is not completed until after the third postnatal day.22,23 This model permits 

varying the severity, timing, and duration of obstruction; release of the obstruction also 

permits the study of recovery.23 Adaptation by remaining nephrons takes place in both 

obstructed and intact contralateral kidneys, thereby revealing the impact of persistent or 

transient obstruction on individual nephrons. Impairment of kidney growth is dependent on 

the severity of obstruction, but this is not a linear relationship: there is a critical luminal 

diameter below which kidney growth is reduced (Fig. 2).22 This likely explains the poor 

correlation of renal pelvic diameter with kidney function in infants with hydronephrosis. It is 

obviously desirable to ensure that the luminal diameter of the ureter be kept well to the left 

of the inflection, which provides a rationale for pyeloplasty (Fig. 2). Following surgical 

intervention, however, ureteral peristaltic dysfunction and persistently reduced ureteral 

compliance may limit postoperative functional recovery.

It should be noted that most of the increase in renal parenchymal mass in infancy is a 

reflection of proximal tubular growth (both proliferation and hypertrophy).24 Nephron 

damage following neonatal partial UUO, although progressing more slowly than when 

following complete obstruction, is also characterized by proximal tubular apoptosis and 

necrosis, leading to glomerulotubular disconnection and the formation of atubular 

glomeruli.23 Although release of obstruction arrests progression of the proximal tubular 

lesion and is followed by remodeling of the renal architecture, glomerular growth remains 

impaired.23 In neonatal rats with variable partial UUO, the rate of compensatory growth of 

the contralateral (nonobstructed) kidney is dependent on the severity and duration of 

obstruction, and takes place at the single nephron level.25 In neonatal mice, there is 

enhanced growth of the proximal tubule and a reduction of interstitial collagen in the 

nonobstructed contralateral kidney following release of partial UUO.26 These responses are 

likely the result of oxidative stress, which increases in both kidneys following UUO, and 

decrease following release of obstruction.15 Although fine-tuning of compensatory growth 

of the contralateral kidney is detectable in inbred rodents, biologic variation in man, along 

with limitations in measurement of kidney size, diminish the utility of such measurements in 

predicting the function of the obstructed kidney as proposed previously.27,28

In addition to impaired nephrogenesis resulting from (or associated with) UTO, the risk for 

reduced nephron number is compounded in affected preterm and intrauterine growth-

restricted infants. This concern has grown from epidemiologic studies by Barker and his 

group, which linked low birth weight to adult cardiovascular disease, an association that has 

been extended to CKD. Low nephron number is also associated with low birth weight, and it 

is now becoming clear that nephron endowment at birth is a strong determinant of renal 

health throughout the life cycle.6,29,30 To determine the role of nephron number in the 

progression of congenital obstructive nephropathy, mutant mice with 50% reduction in 
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nephron number were compared to wild-type mice subjected to transient partial UUO.26 In 

contrast to mice with normal nephron number, nephron growth in mice with congenital 

nephron deficiency was not restored after release of UUO, and there was additional nephron 

loss.26 This suggests that low birth weight infants with congenital UTO are likely to be at 

increased risk for progression, and to have limited recovery following surgical correction of 

obstruction.

Clinical predictors of progression in congenital urinary tract obstruction

It is ironic that at the present time, there is no generally accepted definition of congenital 

UTO. Craig Peters has proposed: “Obstruction is a condition of impaired urinary drainage 

which, if uncorrected, will limit the ultimate functional potential of a developing kidney”.31 

While this definition rightly emphasizes the importance of kidney function over the life of 

the individual, there remains considerable disagreement regarding the definition of 

“impaired urinary drainage”. Arbitrary cut-offs for acceptable washout time in a diuretic 

renogram are poor predictors of outcome, although no satisfactory alternative imaging 

studies are generally available.32 The other challenge with the definition is the prediction of 

“ultimate functional potential”—this presupposes knowledge of variables that would 

individually or collectively interfere with achieving this potential. There is even greater 

urgency in discovering a measure of kidney function that has predictive value. 

Measurements of plasma creatinine concentration are imprecise, particularly in the range of 

normal for infants.33 Moreover, estimation or calculation of GFR, regardless of the marker 

(e.g. cystatin C, inulin, iothalamate), represents a summation of a heterogeneous population 

of nephrons, comprising hypertrophied and atrophied glomeruli and tubules, and even 

atubular glomeruli.34 The well-established adaptation by remaining nephrons to undergo 

hypertrophy serves to mask underlying pathology. This has been demonstrated 

experimentally in the rat subjected to temporary UUO in the first week of life, followed by 

release of obstruction. At one month of age, GFR of the postobstructed kidney is normal, but 

there is a significant decrease in number of nephrons, along with tubular atrophy and 

interstitial fibroblast and collagen accumulation.35 At one year of age, however, GFR has 

decreased by 80%, and both postobstructed and contralateral kidneys reveal severe 

progressive injury, including glomerular sclerosis.36 A measure of “renal functional reserve” 

has been proposed, based on the latent capacity of a kidney to acutely increase blood flow 

and GFR in response to a protein stimulus.37 While theoretically appealing, permutations of 

such stimuli have not been shown to correlate reliably with long-term outcome.37

Compared to postnatal life, measurement of kidney function is far more difficult in fetal life, 

during which time developmental injury is initiated: ischemic, hypoxic, and oxidative 

nephron injury is superimposed on abnormal nephrogenesis. Kidney ultrasonography has 

been used to gauge the severity of renal pelvic dilatation, with the generation of normative 

parameters adjusted for gestational age.38 Unfortunately, the correlation of pelvic dilatation 

with renal scintigraphy is predictive only in the most severe cases, and not in the majority of 

“intermediate” cases.39 In suspected cases of lower tract obstruction, estimates of fetal renal 

function based on fetal urine sampling also lack predictive power.32 This dilemma has 

prompted a search for reliable biomarkers based on known pathophysiology of congenital 

UTO. These include markers of pathogenic stimuli (e.g. hypoxic or oxidative stress), 
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markers of cellular response to injury (e.g. transforming growth factor-β1 [TGF-β1] or 

kidney injury molecule-1 [KIM-1]), and “unbiased’ markers associated with severity or 

progression of obstructive injury (e.g. proteomics, metabolomics).40–42 It will be necessary 

to correlate the biomarkers with clinically useful outcomes (such as kidney or somatic 

growth in children, appetite, or urinary concentrating capacity) and to account for age-

related changes.

Diagnosis and surgical management of congenital urinary tract obstruction

Fetal hydronephrosis without other anomalies is identified by prenatal ultrasonography in 

approximately 5% of pregnancies, but following birth most of these infants do not have 

functional or mechanical obstruction.43 In one report, as many as 1.5% of the initial 

screened population were determined to qualify for long-term care.44 There are important 

considerations that distinguish the diagnosis and management of upper tract vs. lower UTO 

(Fig. 3). The most common cause of congenital ureteral obstruction, ureteropelvic junction 

obstruction, is fortunately usually unilateral, and may not impair long-term function of the 

affected kidney. This has led to substantial disagreement regarding timing and indications 

for pyeloplasty: there are risks to “watchful waiting,” including loss to follow up and further 

nephron loss due to obstructive injury.45 One of the most promising approaches to 

biomarker discovery has been the “unbiased” proteome analysis by mass spectrometry of 

urinary protein fragments from infants with ureteropelvic junction obstruction.46 Using the 

criteria for pyeloplasty defined by this team, a prospective study to validate the predictive 

value of initial correlations yielded 94% correct prediction at 9 months, and 97% at 15 

months.46 Longer follow up will be required to determine the ultimate value of the 

proteome. Notably, a subsequent study of ureteropelvic junction obstruction in children 

older than one year of age did not reveal any predictive value of urinary proteome analysis, 

suggesting that greater variation in dietary intake of older children may account for greater 

proteomic variability.47 However, the urinary proteome after a 5-year follow up of children 

not undergoing pyeloplasty remained abnormal despite a lack of symptoms or signs of 

obstructive injury—the clinical significance of this remains to be determined.48

Lower tract (bladder outlet) obstruction, usually the consequence of posterior urethral 

valves, is suspected when the fetal renal ultrasound reveals bilateral hydronephrosis, 

echogenic renal parenchyma, bladder dilatation, and oligohydramnios (Fig. 3). Prenatal 

surgical intervention continues to be attempted in a few specialized pediatric centers, but 

overall outcomes of vesicoamniotic shunting are disappointing.49 For those infants with 

poor kidney function after several weeks of stabilization following bladder drainage (and/or 

valve ablation), there is a significant risk of progression to kidney failure, often not until 

reaching adulthood.2 Careful measurement of renal parenchymal area has been shown to 

reliably predict kidney failure in these patients.50 We have recently reported that in murine 

models of polycystic kidney disease, enlarging cyst size is tightly correlated with obstruction 

of cystic as well as adjacent noncystic nephrons, which undergo cellular destruction and 

formation of atubular glomeruli similar to the process following UUO.51 Thus, polycystic 

kidney disease appears to be a form of obstructive nephropathy, with obstruction at the level 

of collecting ducts rather than the ureter. Notably, measurement of total cyst volume by 

magnetic resonance imaging of patients with polycystic kidney disease has emerged as a 
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better predictor of progression than any other biomarker tested to date.52 These observations 

suggest that we turn our attention to morphometry and imaging studies to complement 

available functional assays.53 The development of a reliable technique to count functioning 

nephrons in vivo, and to track this parameter from birth to adulthood, would provide 

valuable information regarding long-term prognosis. Early feasibility studies have allowed 

resolution of individual glomeruli by magnetic resonance imaging (MRI) in the intact 

kidney following intravascular injection of cationic ferritin, which is localized to the 

glomerular basement membrane.54

Medical management and long-term outcome of congenital obstructive 

nephropathy

The question for the practicing clinician becomes, “what can be done for my patient with 

congenital UTO to optimize long-term outcome”? This must be considered in the context of 

the life-cycle (Fig. 4). For the perinatologist, optimizing prenatal care (including monitoring 

amniotic fluid volume, detecting prenatal hydronephrosis), as well as preventing premature 

birth, may reduce developmental injury (due to maldevelopment of the kidneys or urinary 

tract).9 For the neonatologist, optimizing cardiopulmonary and general supportive care 

(including minimizing nephrotoxic drugs) in the critical early postnatal period may reduce 

injury to the obstructed kidney.55 For the pediatric nephrologist and urologist, timely 

correction of the obstruction, adjustment of dietary intake, avoidance of nephrotoxins, and 

tracking of blood pressure and kidney growth may preserve functioning nephrons.55 Recent 

reports suggest that progression of chronic kidney disease is induced or accelerated by 

episodes of acute kidney injury, even following apparent clinical recovery (Fig. 4).56 As 

discussed above, the impact of obstructive injury on either developing or mature nephrons 

may not be reversed by release of the obstruction: patients undergoing surgical correction of 

upper or lower tract obstruction should be followed into adulthood. The transition of care 

from pediatric to adult health care providers can be critical, as suggested by the majority of 

children with significant congenital urinary tract anomalies who develop kidney failure in 

adulthood.57,58 Because of the importance of good bladder function on kidney growth and 

function, close communication between nephrologist and urologist can slow the rate of 

progression of patients with lower tract obstruction.59

There are few therapeutic agents with demonstrated effectiveness in slowing or arresting the 

progression of CKD. Virtually all medical intervention to reduce proteinuria or otherwise 

slow progression of CKD is based on inhibition of endogenous formation of angiotensin 

using either angiotensin converting enzyme (ACE) inhibitors or angiotensin receptor 

blockers (ARB).60 Since captopril was first approved for treatment of hypertension by the 

Food and Drug Administration in 1961, angiotensin inhibitors have been approved for the 

treatment of only one kidney disorder: diabetic nephropathy.61 Despite this, ACE inhibitors 

and ARB are widely prescribed for children and adults with a wide variety of kidney 

disorders. The rationale for their use is based primarily on a reduction of proteinuria in 

addition to controlling hypertension. However, angiotensin inhibition also exacerbates 

urinary sodium wasting and causes a functional reduction in GFR, and meta-analysis does 
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not confirm renoprotective effects beyond lowering blood pressure.62 It should be noted that 

ACE inhibitors were found ineffective in slowing the progression of congenital uropathies.63

Although an ACE inhibitor was found to be effective in reducing proteinuria in 1 month-old 

rats with UUO (age equivalent to a human child), administration of ACE inhibitors or ARB 

to rats with partial UUO in the first month of life aggravated interstitial cellular infiltrate and 

collagen accumulation in the obstructed kidney.64,65 These data indicate that an intact renin-

angiotensin system is necessary not only for normal kidney development and function, but 

also to participate in cellular repair and remodeling in response to concurrent obstructive 

injury. Angiotensin inhibitors have well-documented teratogenic effects on human kidney 

development, and are strictly contraindicated in pregnancy.66 Moreover, angiotensin 

inhibition in the neonate can markedly reduce GFR, and may impair kidney development, 

especially in the preterm infant or baby with kidney disease.67 Pharmacologic inhibition of 

angiotensin or genetic inactivation of multiple steps in the renin-angiotensin system in mice 

causes functional obstructive nephropathy and results in hydronephrosis and papillary 

atrophy.68

There are numerous reports showing that UUO upregulates TGF-β in the obstructed kidney, 

contributing to interstitial fibrosis (Fig. 1).69 We demonstrated that inhibition of ALK5 

TGF-β receptor inhibitor to adult mice with UUO decreased tubular apoptosis, preserved 

proximal tubular mass, and decreased interstitial collagen accumulation in the obstructed 

kidney.18 However, administration of the TGF-β inhibitor to neonatal mice with UUO 

caused widespread tubular necrosis, revealing age-dependent susceptibility to inhibition of 

this cytokine as well as angiotensin.18

Conclusions

Congenital UTO is most often suspected in the fetus with hydronephrosis detected by 

prenatal renal ultrasonography. Diagnosis of functionally significant obstruction is difficult 

because of the poor predictive value of currently available imaging techniques 

(ultrasonography and diuretic scintigraphy), and lack of available biomarkers. Nevertheless, 

tracking kidney growth by ultrasonography provides useful information (an index of 

proximal tubular growth) that complements measurement of estimated GFR (which can 

mask adaptation by remaining nephrons). Candidates for surgical correction of upper tract 

obstruction must be carefully selected, balancing the risks of the procedure with risks to the 

developing kidney of ongoing obstructive injury. While surgical correction of lower tract 

obstruction is generally performed in the early postnatal period, fetal intervention may be 

indicated in selected cases, if performed at experienced centers. Regardless of the level of 

obstruction, and regardless of surgical intervention or its timing, all children with congenital 

UTO should be followed well into adulthood, as most ESRD will not develop until the 

second decade or later.
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Clinical Summary

• Congenital urinary tract obstruction impairs kidney growth and development, 

dependent on the severity, duration, and timing of obstruction.

• The primary objectives in management of upper tract obstruction are selection 

of appropriate candidates for surgical correction and optimal timing of the 

operation.

• The primary objective in management of lower tract obstruction is to relieve the 

obstruction as soon as feasible; generally in the immediate postnatal period 

(fetal intervention carries significant risk to mother and fetus).

• Medical therapy to slow progression of CKD in children with obstructive 

nephropathy is limited, and angiotensin inhibitors must be used with caution in 

infants due to their interference with normal kidney development.

• Regardless of surgical intervention, long-term outcomes are optimized by 

smooth transition of care from perinatologist to pediatric and adult nephrologist 

and urologist
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Figure 1. 
Photomicrographs of normal kidney (left column) and kidney from adult mouse with 

complete ipsilateral unilateral ureteral obstruction (UUO) of 14 days duration (right 

column): original images not previously published; representative of morphometric 

studies.11,12 Similar cellular responses are exhibited following partial or complete UUO in 

the neonate.15,23

Top Panel. Afferent arteriole and proximal tubule. A. Immunostaining renin is normally 

restricted to the juxtaglomerular region of the afferent arteriole (arrow); B. Following UUO, 

renin is produced by cells extending down the afferent arteriole (bracket). C. Antibody to 4-

hydroxy-nonenal (HNE), a marker of oxidative stress, binds to cells of intact (*) and 

atrophic (arrows) proximal tubular cells of the obstructed kidney.

Middle Panel. Glomerulotubular junction. D-H. Semithin plastic sections reveal details of 

cellular morphology in normal (D, E) and obstructed (F, G, H) kidneys. D and E. The 

glomerulotubular junction of a normal kidney is patent, with a continuous lining of tall 
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epithelial cells packed with mitochondria (*). F and G. Chronic UUO leads to proximal 

tubular atrophy and collapse (*), due to cell death by apoptosis (yellow arrow), autophagy 

(red arrows), and necrosis (not shown). Tubular mitochondrial content is markedly 

diminished. H. Chronic obstruction leads to medullary atrophy with tubular dilatation (*) 

and collapse (**), and interstitial spindle-shaped fibroblasts (below tubules).

Bottom Panel. Medulla. The normal medulla (I), contains proximal and distal nephron 

segments and microvasculature with minimal interstitial space. J-L. Late expansion of 

interstitial space of the obstructed kidney is characterized by macrophage infiltration 

revealed by F4/80 antibody (J), accumulation of myofibroblasts localized by α-smooth 

muscle actin staining (K), and accumulation of collagen (Sirius red stain) (L). All kidney 

tissue processing and photomicrographs were provided by Michael S. Forbes.
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Figure 2. 
Impact of severity of obstruction (ureteral luminal diameter) on interval kidney growth in 

neonatal rats subjected to ipsilateral unilateral ureteral obstruction (UUO) within the first 2 

days of life. Growth restriction of the obstructed kidney is dependent on the severity of 

obstruction, but the relationship is not linear. Fetal urinary tract obstruction causes combined 

obstructive injury and interference with nephron development: surgical correction of severe 

obstruction results in partial recovery of kidney growth (dashed arrow A), whereas timely 

correction of less severe obstruction permits normal growth (dashed arrow B).
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Figure 3. 
Major considerations in the management of upper tract and lower tract obstruction. For 

upper tract obstruction, most commonly unilateral ureteropelvic junction (UPJ) obstruction, 

the severity of functional obstruction is a major determinant for timing and selection of 

candidates for pyeloplasty. For lower tract obstruction, most commonly due to posterior 

urethral valves, surgical intervention is generally in the immediate postnatal period, although 

fetal intervention may be attempted in specialized centers. Long-term prognosis will be 

dependent on the degree of nephron maldevelopment and on the severity of bladder as well 

as kidney dysfunction.

Chevalier Page 16

Adv Chronic Kidney Dis. Author manuscript; available in PMC 2016 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. 
Evolution of congenital obstructive nephropathy over the life-cycle. Nephrogenesis is 

complete by 36 weeks gestational age, and nephron number is maintained through young 

adulthood, decreasing with normal aging. Genetic and epigenetic factors determine nephron 

number at birth. Maldevelopment of the urinary tract causing obstruction to urine flow 

induces “developmental” injury in fetal life, which is often combined with abnormal 

nephrogenesis (prematurity further impairs nephrogenesis). This developmental injury is 

compounded by “obstructive” injury, which results from hemodynamic and cellular adaptive 

responses leading to the pathologic changes shown in Fig. 1. Perinatal insults can add acute 

kidney injury (AKI) through infection, ischemia, hypoxia, toxins, or impaired nutrition, 

which can also accumulate with additional episodes of AKI throughout life. Optimal 

outcomes for children with obstructive nephropathy depend on smooth transition of care 

from obstetrician/perinatologist to pediatric urologist/nephrologist, then on to adult care.
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