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The incidence and prevalence of antenatally

detected urologic abnormalities are well 

documented in multiple large retrospective and

prospective studies. Since no screening study

exists to determine obstruction in the antenatal

period, obstruction can only be inferred antena-

tally. The majority of studies have either incom-

plete postnatal evaluation of all patients identi-

fied in the antenatal period or incomplete ante-

natal information. The incidence of antenatally

detected urinary abnormalities range from .2%

to .9%. The overall percentage of obstructive

abnormalities (including posterior urethral

valves, ureteral pelvic junction obstruction,

ureteral vesicle junction obstruction, and other

obstructive lesions) is approximately .04% to

.3%. Studies from different ethnic populations

report similar overall incidences of disease.

Posterior urethral valves, urethral atresia and

vesicoureteral reflux occur more commonly in

males while females have a greater likelihood of

duplication a! bnormalities and ureteroceles.

Hydronephrosis is more likely to occur on the

left side of male patients. African-Americans

have a significantly lower rate of vesicoureteral

reflux. Other race and gender differences have

yet to be conclusively determined. The routine

use of ultrasound as a fetal screening tool has

been hotly debated. The RADIUS study of 1993

reported no improvement in perinatal outcome

with the selective use of ultrasonography in low

risk pregnancies. These pregnancies represent

approximately one fourth of the deliveries in the

United States. Multiple studies in the United

States and several countries have failed to con-

clusively overturn the findings of the initial

study. Many issues come into play when an

obstetrician decides to order a screening study.

Even in the original RADIUS study, the group on

average had .6 sonograms. The indications to do

a screening study are broad and there is signifi-

cant parental pressure to obtain at least one

ultrasound in the a! ntenatal period. Other stud-

ies have shown cost benefits from screening in

tertiary centers. These studies suggest improv-

ing equipment and education may improve the

cost benefit in nontertiary centers. European

centers routinely do screening studies and

recent reviews have not proven a benefit to peri-

natal outcome but identify clear parental desire

to continue the practice of screening. Significant

research funding will be required to improve the

techniques used in screening for antenatal uri-

nary abnormalities. Understanding the true inci-

dence of obstructive lesions, coordinating the

antenatal identification with the appropriate

postnatal evaluation and treatment, as well as

the development of long-term follow up data,

will be necessary to correctly advise parents in

the antenatal period. Development of a national

registry is a cost effective method to determine

incidence, improve education, and provide a

mechanism to understand the long-term conse-

quences of these abnormalities.
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Congenital anomalies of the kidney and urinary

tract, CAKUT, are a family of diseases with a

diverse anatomical spectrum, including kidney

anomalies (e.g. renal aplasia and/or hypoplasia,

multicystic dysplastic kidney), ureteropelvic

anomalies (e.g. obstruction), ureterovesical

anomalies, (e.g., vesicoureteral reflux or obstruc-

tion), ectopic placement of the ureteral orifice,

duplicated collecting system, and anomalies of

the bladder and urethra. 

These abnormalities are often concurrently pres-

ent, e.g., hypoplastic kidney and dysplastic kid-

ney are frequently accompanied by vesicoureter-

al reflux or ureteropelvic junction obstruction

involving the ipsilateral or contralateral kidney.

Note that oligonephronia in embryos and new-

borns can be compensated by the hypertrophy 

of remaining nephrons without altering the gross

anatomical appearance of the whole kidney or

clinically appreciable changes in the overall renal

function. These anomalies can also take a famil-

ial pattern, showing incomplete and variable 

penetrance. It has been speculated therefore

that these assorted structural anomalies share 

a common pathogenetic mechanism and 

genetic cause.

Much has been learned over the past several

decades about both the normal and abnormal

development of the excretory system. What is

still not understood, however, is the overall

developmental process and how certain errors in

that process lead to CAKUT. Also, it is not known

whether these anomalies lead to progressive

renal deterioration because of persistent

anatomical defects (i.e. obstruction) or because

of intrinsic, developmentally pre-programmed

alterations in renal function. These unknowns

make the clinical management of patients with

these abnormalities very difficult. 

From an anatomical standpoint, it is known that

aberrant ureteral budding from the Wolffian duct

leads to abnormal interaction of the bud with the

metanephric blastema and ectopic location of

the ureteral orifice. (Mackie, Stephens, 1975).

Many animal studies have also shown that

fetal/neonatal ureteral obstruction lead to

anomalous development of the kidney. On a

more biochemical level, many other studies have

identified important genetic control over many

aspects of kidney and urinary tract development.

For example, it is known that intricate signaling

pathways are involved in induction of proper

ureteral budding, branching of the collecting sys-

tem, and differentiation of the metanephros.

Defects in certain points of these pathways can

be brought about by genetic manipulation ulti-

mately causing experimental anomalies. We

know GDNF, c-ret, WT-1, PAX2, BMP4, and Agtr2

are but a few of the players in this intricate

process and some of these will be specifically

discussed. It is also known that apoptosis of cer-

tain cell types is required for normal develop-

ment and disruption of programmed cell removal

can lead to abnormal development. 
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Over 30 specific genes have been identified that

are involved in the development of the mam-

malian kidney and urinary tract. Single genes

have multiple functions in this development

while at the same time, single developmental

events are controlled by multiple genes. It is

doubtful that there is a single inducer (ie. single

gene mutation) that is responsible for CAKUT

however it is important to understand the role of

individual genes in the overall developmental

pathway. Only by gaining a better understanding

of the many small facets of development that

lead to the ultimate formation of a very precise

and efficient excretory system can we hope to

impact, either through advances in prevention or

treatment, patients in the clinical setting.
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The urinary bladder is formed from endodermally

derived epithelial cells and mesenchymal cells

from the urogenital sinus and allantois (Baskin,

Hayward et al. 1996). Bladder mesenchyme dif-

ferentiates into bladder smooth muscle via an

unknown signaling mechanism that originates

from the urothelium (Baskin, Hayward et al.

1996). It is hypothesized that this signaling

between the epithelium and mesenchyme,

occurs via diffusable growth factors (Liu, li et al.

2000). Evidence supporting this hypothesis is

that a number of known growth factors, such as

TGF beta 2 and 3, KGF and TGF alpha, as well as

their receptors are regulated as a function of

bladder development and are also modulated

during experimental bladder outlet obstruction

(Baskin, Sutherland et al. 1996). Furthermore,

growth factors most likely affect extracellular

matrix degradative proteins which play a role in

bladder remodeling during development, as well

as in partial outlet obstruction (Sutherland,

Baskin et al. 1997). Cellular signaling also occurs

postnatally; such as during bladder injury. For

example, KGF is directly responsible for the pro-

liferation of urothelium during bladder injury

(Baskin, Sutherland et al. 1997).

Urothelium exhibits the plasticity to transdiffer-

entiate into an intestinal like epithelium as a

result of mesenchymal/stromal stimulation from

the gastro-intestinal tract (Li, Liu et al. 2000).

Urothelial plasticity is germane to heterotypic

stromal-epithelial interactions that are created in

patients with urinary tract reconstruction’s

(intestinal augmentations, demucosalized

urothelial lined bladder patches and internal uri-

nary diversion such as ureterosigmoidostomies).

We propose that heterotypic stromal-epithelial

interactions may play a role in determining his-

todifferentiation of urothelial cells at the anasto-

motic site between bowel and bladder tissue in

patients with gastro-intestinal urothelial recon-

structions. 
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Prenatal evaluation of fetal lower urinary tract

obstruction including high resolution sonogra-

phy, karyotype analysis, and serial multi-compo-

nent urinalysis has dramatically improved our

ability to select fetuses who might benefit from

in utero therapy. Successful placement of vesi-

coamniotic shunts has improved pulmonary sur-

vivals, but renal outcomes remain highly vari-

able, in part due to the high incidence of shunt

displacement. Little is known about long term

medical and functional outcomes in children who

have undergone successful shunt placement,

although growth and weight gain appear to be

significant issues in early infancy. Sexual and

reproductive function in these children remains

unknown as the oldest survivors are just reach-

ing adolescence. Postnatal renal and bladder

function appears to correlate with the underlying

etiology of obstruction, with urethral atresia hav-

ing the poorest survival and outcome. Also, fetal

urinary electrolyte and protein elevations are

strongly correlated with the degree of underlying

damage to the renal parenchyma based on

autopsy and postnatal renal function studies.

Because of the high incidence of shunt displace-

ment and failure, other in utero treatment

approaches are being investigated. One promis-

ing area is in utero fetal cystourethroscopy for

the identification of the source of obstruction

and possible laser ablation for posterior urethral

valves. Restoration of fetal bladder cycling may

result in significant functional benefits for the

bladder.
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Congenital hydronephrosis denotes the presence

of dilation of the renal collecting system in utero.

Serial ultrasonography will demonstrate whether

this is a transient finding, one that is stable or

one that progresses in utero. Measurements of

the fetal renal pelvic diameter provide a quantifi-

able measurement that is easily compared both

prenatally and postnatally. The size of the renal

pelvis (anteroposterior diameter) can correlate

with the likelihood of obstruction, but this does

not diagnose obstruction, nor can it answer

whether the hydronephrosis will improve or

worsen. The Society for Fetal Urology devised a

grading scale based upon the ultrasound

appearance1. This becomes important when clin-

ical studies are being devised, whether prospec-

tively or retrospectively. As the severity of the

hydronephrosis increases, there is found to be

an increase in the relative pelvicaliectasis along

with a decrease in cortical thickness. The ratio of

renal parenchymal/pelvicaliceal area has been

compared with the results of diuretic renography

to further enhance the diagnostic accuracy of

ultrasonography2.

Renal duplex Doppler ultrasonography and cal-

culation of the resistive index has been shown to

discriminate obstructive vs. nonobstructive

hydronephrosis. When these Doppler studies

were further modified with the addition of

furosemide, the differences between obstructed

and nonobstructed kidneys were further accen-

tuated3. A number of sonographic variables had

been identified which correlate with the pres-

ence of obstruction. These included increased

echogenecity, parenchymal rim 5 mm or less,

contralateral hypertrophy, resistive index ratio of

1.10 or greater, resistive index difference with

diuresis of 70% or greater, ureteral diameter of

10 mm or greater and presence of aperistaltic

ureter4.

Radionuclide renography has supplanted intra-

venous urography as the method used to diag-

nosis obstruction based on the differential renal

function and an assessment of diuretic-induced

washout from the individual kidney. The stan-

dardization of this methodology has proven cru-

cial to providing reproducible results due to the

number of variable that exist with the adminis-

tration and interpretation of the study5,6.

Despite such attempts at standardization, recent

reports of infants who are found to have stable

renal function and dilation despite impaired

drainage on diuretic renography exist7. Further

modifications are being made, including the use

of captopril renography as a means of assessing

hydronephrosis due to apparent ureteropelvic

ureterovesical junction obstruction.

New, ultra fast magnetic resonance imaging

(MRI) offers unique advantages for evaluating

renal blood flow, anatomy and urinary excretion.

Following experimental studies which showed

that noncontrast MRI was able to precisely show

dilation of the hydronephrotic pelvis and cortical

medullary junction, gadolinium-enhanced and

diuretic MR urography has gained acceptance in

diagnosing ureteric obstruction9. Reports of its

application in a pediatric population for the eval-

uation of hydronephrosis and renal scarring

holds forth the promise that a single study can

provide functional and anatomic information

without ionizing radiation10. MRI appears to be
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as good as existing modalities in the evaluation

of renal scarring and cortical thinning. Further

work will be needed to define the role of MR

urography in the evaluation of antenatally

detected hydronephrosis. Ultra fast HASTE

sequence MRI is being used in the evaluation of

congenital anomalies. As experience is gained,

further insights into the MRI appearance of

developing kidneys, both normal and obstructed,

will be forthcoming. 
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The evaluation of congenital hydronephrosis is

undertaken to discern whether the dilation that

is detected is due to an obstructive process that

will irreversibly damage the kidney. Progression

of the antenatal hydronephrosis may provide

some indication that obstruction is present.

Radiographic evaluation provides one means of

determining the significance of hydronephrosis.

Intravenous urography can define anatomy,

whereas nuclear renography is able to quantitate

the relative function of each kidney in addition to

assessing diuretic induced washout. These stud-

ies assess the kidney at that moment in time and

may prove that obstruction is present. An alter-

native (complimentary) approach is to use bio-

chemical markers as indicators of renal tubular

injury in the setting of obstructive uropathy.

Such markers could be assessed to determine

the need for intervention, based upon a detri-

mental change. N-acetyl-‚-D-glucosaminidase

(NAG), a proximal tubular lysosomal enzyme, has

been shown to have a biphasic response to

obstruction1. Following the onset of obstruction,

there is a rise in urinary NAG which correlates

with the early destructive phase followed by a

later steady-state phase. Experimentally, inter-

vention to relieve obstruction during the early

phase will allow for recovery of function, where-

as relief of obstruction during the steady-state

phase preserves the function but does not allow

for complete recovery. Clinically, NAG was found

to be consistently elevated in urine obtained

from the kidney in patients with a ureteropelvic

junction obstruction2. Urine obtained from the

bladder of these patients was not consistently

elevated when compared to controlled patients.

Urinary transforming growth factor-beta 1 (TGF-‚

1) concentration was found to be elevated in chil-

dren with upper urinary tract obstruction3. Mean

bladder urine TGF-‚ 1 was four fold higher in

patients with upper tract obstruction than in con-

trols. In the obstructive group, mean TGF-‚ 1 in

the renal pelvic urine was twice that of the blad-

der urine. Thus measurement of TGF-‚ 1 in a void-

ed urine sample may provide an objective and

noninvasive test which facilitates in the diagno-

sis of upper urinary tract obstruction.

The use of biochemical markers is predicated on

an understanding of the response of the kidney

to obstruction. Animal models of partial ureteral

obstruction have demonstrated that mRNA levels

for epidermal growth factor decrease, TGF-‚ 1

increases while insulin-like growth factor-II

remains unchanged during the first 48 hours fol-

lowing ureteral obstruction4. The degree of

obstruction that is seen clinically is variable,

with severe obstruction ultimately leading to

interstitial fibrosis. This process of fibrosis may

be dependant  on infiltration of the renal cortex

with macrophages, leading to a rise in TGF-‚ 1.

This induces a profibrogenic state and initiates a

cascade of dysregulatory events including an up-

regulation of tissue inhibitor metalloproteinase

one (TIMP-1)5,6. The issue concerning this

experimental work is whether this reflects the

response of the kidney that is subjected to con-

genital obstruction, since experimentally these

obstructions were performed post-natally in

weanling rats. The difficulty of performing partial

ureteral obstruction in a fetus is obvious, but a

small series of fetal sheep were subjected to

partial ureteral obstruction7. Semi-quantitative

reverse transcriptase PCR was used to quantify
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several molecular changes. An increase in the

level of renin, angiotensinogen AT1 receptor,

TGF-‚ 1 and TIMP-1 mRNA was significant in the

group subjected to partial ureteral obstruction.

These findings agree with those seen in rats sub-

jected to post-natal obstruction. The cascade of

events that are triggered by partial obstruction

has a temporal expression that must be under-

stood. Thus a urinary marker such as TGF-‚ 1 or a

panel of biochemical markers may provide very

clear understanding of the health of the kidney,

the need to intervene surgically to alleviate

obstruction and the expected response and

recoverability of the kidney following successful

surgery.
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Physiologically significant obstruction can be

defined as an impediment in urine transport

which leads to compensatory changes in physio-

logical renal parameters, including but not limit-

ed to renal pelvic pressure, renal blood flow, and

glomerular filtration rate. However, a kidney

identified to have physiologically significant

obstruction may not necessarily suffer from func-

tionally significant sequelae. Thus functionally

significant obstruction can be separately defined

as an impediment in urine transport which if

untreated will ultimately result in the kidney

having less than the full functional potential that

it would otherwise possess Hydronephrosis ,

which results from an impediment in antegrade

urinary flow, is a highly complex process at the

physiological as well as molecular level.

However, it is fundamentally still a physical prob-

lem where the collecting system has excessively

high resistance to urine flow. Diagnostic tools

used in the evaluation of hydronephrosis can

rely on one of two general principles: (1) the

direct assessment of resistance to flow in the

collecting system by measuring physical param-

eters including pressure and flow, and (2) the

assessment of effects which occur secondary to

the increased resistance to urine flow in the col-

lecting system, including morphological, physio-

logical, and functional alterations. The majority

of the currently available diagnostic tools belong

to the second category, demonstrating effects

secondary to the increased resistance to urine

flow (dilatation by US, decreased function or

delayed excretion by nuclear renography). 

Upper tract urodynamics encompasses the study

of urinary transport efficiency and pressure-flow

characteristics of the collecting system.

Unlike acute renal obstruction, congenital

hydronephrosis is consistently found to have

normal renal pelvic pressure at baseline hydra-

tion levels. This may be at the expense of com-

pensatory changes in renal blood flow and GFR.

This postulate is supported by the significant

rise in renal pelvic pressure observed in congeni-

tally hydronephrotic kidneys in response to

diuresis, when compared to normal kidneys. 

The pressure changes noted with antegrade

pressure perfusion studies are dependent on the

capacity and compliance of the renal pelvis, the

rate of infusion and the outflow resistance. 

In an attempt to standardize the studies and

gather the maximum amount of data per study,

the following modifications have been adopted:

1. All studies performed under GA with a 

bladder catheter

2. Baseline renal pelvic pressure measured

3. Diuresis induced challenge

4. Individualized infusion pressure-flow study

5. Pressure decay curve

6. Correlation with other functional and

anatomical studies.
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We have used this modified study in equivocal

cases especially where there has been discrep-

ancy between the investigations as in patients

who demonstrate progressive increase in the

degree of dilatation by US despite stable func-

tion and drainage by nuclear renography. We

have reported on 54 patients (55 renal units)

who have completed these detailed studies.

Obstruction was “confirmed” in 43 patients who

underwent surgical correction. Eleven patients

were not considered obstructed of these seven

deteriorated within 5 years and underwent

pyeloplasty. 

Conclusion: 

The APPS is a powerful diagnostic tool in the

evaluation of HN. It provides important informa-

tion distinguishing innocuous dilatation from

functionally significant obstruction. Because of

the dynamic nature of HN in the pediatric

patient, the APPS is unable to predict future

improvement or deterioration in the functional or

morphological status of a hydronephrotic kidney. 
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About 15 years ago when pediatric urologists

were rather suddenly faced with a large number

of infants with antenatally detected

hydronephrosis they assumed (erroneously) that

hydronephrosis was a harmful process that indi-

cates the presence of obstruction and that most

hydronephrotic newborn kidneys would progres-

sively lose renal function unless surgery was

performed. An alternative approach, which

delayed postnatal surgical intervention until the

diagnosis of obstruction was proven was not an

experiment aimed at unadvisedly postponing

needed surgical relief of obstruction. Rather it

was based on the hypothesis that many of dilat-

ed kidneys were not obstructed and on facts

extant at that time that that the definition of

obstruction in infant hydronephrosis was inex-

act, its clinical diagnosis was difficult and the

natural history of non-operated hydronephrosis

was unknown.

Long term delayed postnatal intervention stud-

ies have established the natural history of this

condition and demonstrated that about a quarter

of severely dilated kidneys are or become

obstructed and need surgery. Unfortunately,

these studies have also demonstrated that par-

tial upper urinary tract (as opposed to complete)

obstruction (PUUTO), which is responsible for

nearly all clinically significant post-natal obstruc-

tion, is unable to be accurately defined by con-

ventional physiological parameters (pressure,

flow, pressure-flow etc.) or accurately diagnosed

by existing diagnostic testing protocols (ultra-

sonography, renography, etc.).

This humiliating clinical inability to define and

diagnose PUUTO is compounded by a paucity of

experimental data dealing with partial obstruc-

tion as it occurs in humans. There is currently no

animal model which replicates the clinical entity.

Experimental observations using complete upper

urinary tract obstruction translate  poorly or not

at all to the perinatal process and those using

external compression (partial obstruction mod-

els) produce pelvic volume expansion that gener-

ally reaches an equilibrium but does not progress.

As a result even the most basic features of PUUTO

remain obscure. It is not known for example

whether human partial obstruction actually repre-

sents recurrent episodes of acute total obstruc-

tion or whether partial obstruction is chronic or

perhaps both, and how these very different

mechanical events translate into renal injury.
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It would appear that the greatest potential for

improving the care of children with obstructive

uropathy exists by concentrating research efforts

on clarifying the nature, definition, diagnosis

and management of its most common and clini-

cally significant form, namely PUUTO, and by

focusing on the fetus and infant, where the

potential for development, preservation and

recovery of renal function is maximal. 
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Pre and postnatal ultrasound is the imaging

modality which has helped us to identify the

low risk population with a hydronephrosis of no 

consequence from a true pelviureteric junction

obstruction which benefits from pyleoplasty. 

We reviewed 920 children with a prenatally diag-

nosed unilateral hydronephrosis followed from

5-18 years (normal contralateral kidney with

reflux excluded) in order to correlate outcome to

pre and postnatal antero-posterior diameters of

the renal pelvis. 

Neonates with a high risk of requiring surgery

had a pre and postnatal hydronephrosis of more

than 20mm with dilated calyces. The risk of

requiring surgery increased exponentially with

each 10mm increase of the renal pelvis. A

hydronephrosis of 20-30mm with dilated calyces

and good function had a 30% risk of eventually

requiring surgery. A dilatation of more than

50mm has a 100% chance of requiring surgery

whether this be nephrectomy or pyleoplasty. 

Only 7% of neonates with a postnatal

hydronephrosis of less than 20mm warranted

pyleoplasty. Surgery was only indicated where

there was an intrarenal hydronephrosis or where

there was a severe prenatal dilatation which

appeared to improve postnatally. The dilatation

always returned to the in utero dimensions.

Ultrasound has minimized the “grey” area in 

prenatally diagnosed hydronephrosis to  the

group of children with a severe hydronephrosis

of between 20-30mm with calyceal involvement.

A third of this population have needed surgery, a

third have improved spontaneously, and a third

remain stable in terms of dilatation and function. 
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Congenital hydronephrosis results from a variety

of causes, and each has its own risks of UTI and

renal functional deterioration without surgical

therapy, as well as potential for functional recov-

ery or renal functional stabilization following

surgical treatment. A controversy regarding early

versus delayed operative (or non-operative) ther-

apy relates primarily to the anomalous uretero-

pelvic junction (UPJ) and non-refluxing megau-

reter. The reported outcomes are usually differ-

ential renal function, efficiency of diuretic-

induced renal pelvic drainage, and severity of

hydronephrosis. Attempts to standardize

hydronephrosis grading and diuretic renography

have not been very successful. In addition,

whether abnormal parameters in the diuretic

renogram can predict progressive renal injury

has not been established.

An anomalous UPJ is the most common cause of

congenital hydronephrosis. Lesser degrees of

hydronephrosis often are secondary to fetal

ureteral folds, whereas moderate and severe

hydronephrosis typically results from a fixed

intrinsic or extrinsic stenosis of the UPJ. At

pyeloplasty, approximately 60% of kidneys have

a normal or nearly normal histologic appearance,

and 40% show changes of obstructive uropathy

including cortical and medullary thinning, inter-

stitial fibrosis, and glomerular hyalinization. The

correlation between differential function of the

involved kidney and its histologic appearance is

not high. Approximately 1/4 with differential

renal function > 40% have significant glomeru-

losclerosis, suggesting that either these kidneys

have unilateral renal hyperfiltration or the differ-

ential renal function is erroneous. Long-term

studies from our center have demonstrated that

renal functional improvement is likely if the renal

histology is nearly normal, whereas it is unlikely

if there is glomerulosclerosis. With short-term

follow-up, the SFU prospective randomized trial

demonstrated that 25% of infants with grades 3

or 4 hydronephrosis showed renal functional

deterioration. Furthermore, mean differential

renal function of neonates with hydronephrosis

diagnosed prenatally is higher than in those

diagnosed postnatally or in those lost to follow-

up. These observations support early surgical

intervention over a non-operative approach for

UPJ obstruction.

The non-refluxing megaureter usually is second-

ary to an aperistaltic distal ureteral segment. In

children with this condition, deterioration in

renal function is much less likely if the differen-

tial function of the involved kidney is normal.

Approximately 17% ultimately need operative

repair for deteriorating renal function, UTI, or

symptomatic discomfort. 
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The controversy surrounding the appropriate

management of perinatally detected significant

hydronephrosis due to upper urinary tract

processes (UPJO and UVJO) has persisted in the

face of much effort, more argument, and unfortu-

nately little hard data. There seem to be several

issues that have hindered the development of a

consistently adhered to approach to this condi-

tion. Recognizing these issues and attempting to

analyze them may help make some progress in

this frustrating area.

Definition of “obstruction”: Obstruction is a

spectrum; hydronephrosis does not mean there

is obstruction, but in the absence of reflux or

prior surgery, obstruction should be assumed to

exist until proven otherwise. Obstruction does

not automatically mean that surgery is needed.

Some mild degrees of obstruction clearly will

resolve spontaneously with no negative effects

on the kidney. Trying to define a line between

obstructed and non-obstructed is doomed to fail-

ure. Choosing which patient may need surgery to

protect renal function and health does require an

arbitrary dividing line, but this should not be

confused with the line between obstructed and

non-obstructed. Attempts to create a dichotomy

have lead to convoluted algorithms of treatment

and testing.

Risk tolerance/avoidance: Much of prenatal

diagnosis is directed toward risk avoidance; the

risk of having a child with Trisomy-13, the risk of

having reflux or an obstructive urinary tract

lesion. These risks cannot always be defined

with precision, and even when they are, the real-

life health implications of that probability are

often very difficult to interpret and act upon.

Some individuals may be willing to tolerate high-

er levels of risk in their daily lives - 

Outcomes measures: The definition of “success”

in caring for a patient with unilateral severe

hydronephrosis must be examined carefully. The

hydronephrosis is of little consequence to the

patient or family unless there is some health

change associated with it such as pain, sympto-

matic infection, or hypertension requiring thera-

py. Preservation of “function”, is an oft-stated

goal, yet this may have little direct impact on the

patient’s perceived health. There is the risk that

“function” as measured on a radionuclide scan

may not reflect all aspects of renal function that

may have clinical impact in some cases.

Concentrating capacity and acid-base balance,

for example are not measured on scans, yet may

be impaired with obstructive processes and have

significant clinical impact if impaired.
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Cultural differences: It is clear that health care

preferences are different in different countries,

and even within one country. These differences

are the products of issues such as risk tolerance,

as well as long-established practices in certain

countries that may be the result of differing

health care systems. These systems, of course,

reflect individual cultures.

Even with these potential areas of confusion

being avoided, there is still going to be some

disagreement as to the best means of dealing

with these patients. It may ultimately relate to

the family’s preferences for dealing with risk and

their willingness to put up with the risks/costs

of surgical therapy as opposed to put up with

the uncertainty of risk in an observational

approach. Should a 25% risk of needing surgical

intervention in five years motivate all families to

follow an observational approach, or should it

induce early surgical correction?  There is clearly

no “correct” answer to this question, no more

than there is to saying someone should have a

specific amount of insurance coverage – it

depends on the individual.

Families will seek advice from us, however, and

the currently available data support the safety of

a defined period of observation between 1 and 2

years for infants with unilateral severe UPJO with

relative functional uptake above 40%. This antic-

ipates spontaneous rapid resolution in a small

fraction of patients. If this has not occurred,

there seems little risk of functional loss, and sur-

gical correction can be undertaken. IN patients

with more reduced functional uptake or with

massive renal pelvic dilation (>30 mm and

caliectasis), early surgical repair seems the most

reasonable approach to limit unnecessary test-

ing and protect renal function.
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Our previous studies (1) involved 21 biopsies

obtained at the time of pyeloplasty from kidneys

with ureteropelvic obstruction utilizing a classifi-

cation dependent on the grade of severity:  

1. No abnormality, 2. Occasional glomeruloscle-

rosis; otherwise unremarkable; minimal tubular

atrophy, 3. Great variation but with generally lim-

ited glomerulosclerosis; mild interstitial fibrosis

and tubular atrophy, 4. Severe alterations includ-

ing over 20% glomerulosclerosis, extensive

interstitial-tubular atrophy/ drop out/fibrosis,

extravasation of Tamm Horsfall like protein, and

dysplastic changes. The present study includes 68

patients (58, single biopsies; 2, bilateral biop-

sies; 6, double biopsies; 2, nephrectomies; two

cases were excluded from the data base, one

with an obstructing papilloma, the other with

overt dysplastic change). This report focuses on

individual histological parameters.

A total of  5035 glomeruli were evaluated; 

averaging 71.9 + 64.3,S.D. per biopsy. The most

common abnormality was glomerular and includ-

ed global glomerulosclerosis, urinary space

eosinophilic material (? Tamm Horsfall protein)

and epithelial proliferation averaging 11.2 % +

17.6, S.D. per biopsy. The tubulo-interstitial

change was usually not marked and consisted of

tubular simplification/drop out with or without a

component of fibrosis. Such changes were seen

in 25% of biopsies, but were only marked (2+ of

a 4+ grading scale) in 11%. Analysis of glomeru-

lar density/mm2 was done in an attempt to eval-

uate tubular mass. In patients over one year of

age, values of <9 were most common and gradu-

ally decreased as the density reached levels >21.

Under one year, a bimodal curve was seen with

peaks at 13-15/mm2 and >21/mm2. Tamm

Horsfall protein extravasation was seen in 8.8%

of cases. 

Six patients had two biopsies from the affected

side and  had similar histological findings of a

low-level injury  in both biopsies. On the other

hand, when  histologic changes were severe

there was great heterogeneity of damage and

such heterogeneity was most evident in nephrec-

tomy  specimens. In a few (9) biopsies, there

was sufficient depth/orientation to assess the

numbers of nephron generations, which were

clearly reduced. However, remarkable reduction

of nephron number could occur with relatively

limited glomerular/tubulo-interstitial alteration.

Thus the changes in these biopsies were mostly

those in the glomerulosclerosis spectrum and

associated with limited tubulo-interstitial injury.

In such material, there was homogeneity of

change. At higher levels of injury, tubular mass

diminished,glomerular density increased, and

heterogeneity of damage was apparent. 

(1) Zhang PL, Peters CA, Rosen S. Ureteropelvic junction 
obstruction: Morphological and clinical studies. In: Pediatr

Nephrol 2000;14:820-826. 
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The development of the nephron depends on a

genetic program which regulates cellular prolif-

eration and differentiation as well as morpho-

genesis to generate the complex array of seg-

mentally organized cell types  that provide the

basis for the excretory function of the adult kid-

ney. In this presentation, some of the most

important molecular regulatory mechanisms

which govern these processes will be presented

with a focus on highlighting recent genetic

insights that are most relevant to understanding

human genitourinary malformations. A new fron-

tier in the study of tubular development is the

identification of the molecular processes which

establish and maintain the precise ratio of lumen

to tubule diameter that characterizes each

nephron segment. Aberrant functioning of these

processes result in cystic enlargement of tubular

segments as seen in polycystic kidney diseases.

In studies recently completed, we have shown

that PRKX, a developmentally regulated cAMP-

dependent serine-threonine kinase is aberrantly

expressed in cyst epithelia in Autosomal

Dominant Polycystic Disease (ADPKD). PRKX

activates epithelial cell migration and morpho-

genesis and disrupts normal branching morpho-

genesis in cell culture experiments. These

results suggest that aberrant expression of PRKX

in ADPKD may contribute to the development

and expansion of tubular cysts, and that further

characterization of the downstream phosphory-

lation targets of this kinase may elucidate impor-

tant components of the genetic program control-

ling normal tubulogenesis.
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Congenital urinary obstruction interferes with

branching of collecting ducts and tubular and

glomerular formation. As a result, tubular cysts

surrounded by undifferentiated mesenchyme,

glomerular cysts  and dysplastic features devel-

op. Human dysplastic kidneys and or obstructed

fetal opossum pup kidneys reveal multiple pro-

tein and gene alterations compared to kidney

obstructed at maturity. Dysplastic epithelia and

mesenchymal interstitial cells express increased

proliferating cell nuclear antigen, decreased Bcl-

2 (an inhibitor of apoptosis),and increased Bax

(pro-apoptotic), suggesting that obstruction

induces a profound imbalance between cell pro-

liferation and physiologic apoptosis. Both in

human and obstructed opossum pup kidneys,

multiple genes and their proteins are altered,

including PDGF, Pax-2, bone morphogenetic pro-

tein 1, osteopontin and WT1. Gene chip array

analysis in a limited number of human dysplastic

kidneys confirms previously reported results,

e.g., decreased renin expression. Additionally,

new concomitant genetic alterations are

revealed, not previously known. Among extracel-

lular matrix genes, transcripts consistently

increased more than 5 fold, include: chondroitin

sulfate proteoglycan versican, tenascin,

fibronectin, collagen, elastin, matrilysin (MMP7)

and  thrombospondin. Consistently decreased

are: retinol binding protein 4, cartilage GP-39

protein, tissue inhibitor metalloproteinase 4

(TIMP-4), collagen type 1/ thrombospondin

receptor, collagenase 4 and macrophage elas-

tase. Consistently increased (5 fold or more ) sig-

naling molecules are: TGF  3 and latent TGF

binding protein, PDGF receptor  , insulin-like

growth factor binding protein 5, fibroblast activa-

tion protein and connective tissue growth factor,

among others. We believe that significant

(>5fold) changes in transcript profile expression

are likely important in the pathogenesis of  con-

genital urinary obstruction, but it is not currently

known whether small quantitative differences (<

five -fold) in gene expression are biologically

important. Genechip arrays are a 

powerful technology, but the generated data 

will be more useful if combined with protein

expression profile analysis to evaluate gene

functionality and potential interactions among

various gene products.
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There are many reasons to believe that fetal 

urinary tract obstruction will have different con-

sequences than obstruction post-natally. These

include the presence of the placenta that modu-

lates fluid, electrolyte and hormonal balances,

the relatively low renal blood flow and generalized

endocrine and vascular immaturity. Moreover,

obstruction is likely to affect nephron develop-

ment directly. 

These changes have been studied in several 

different animal preparations, most commonly

using fetal sheep. Models of both complete and

partial obstruction have been used. 

In complete obstruction, some of the important

findings include:

1. early complete obstruction may create renal

dysplasia in some (but not all) kidneys affected.

2. after complete obstruction, renal function is

reduced, but this affect may be ameliorated by

urinary diversion in-utero. 

In partial obstruction, the most important find-

ings include:

1. renal size is increased!  

2. renal blood flow and function are increased!

3. renal fibrosis occurs, due in part to reduced

degradation of extracellular matrix. 

4. alterations in the development of the renin-

angiotensin system are seen. 

In general it is clear that obstruction alters the

normal physiology of the fetus. What is most

prominent in these studies however is that nor-

mal fetal physiology may be strikingly different

than that seen post-natally. Studies have shown

that this is particularly true for the renin-

angiotensin system and for endothelin. 

Further studies of normal and abnormal physiol-

ogy in the fetal kidney are urgently needed. 

In addition, studies of the physiology of the in-

utero release of obstruction are critical to devel-

oping new treatment paradigms. 
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Severe partial unilateral ureteral obstruction

(UUO) in the neonatal guinea pig prevents the

normal maturational increase in renal blood flow.

This is largely attributable to the enhanced pro-

duction of angiotensin II by the obstructed kid-

ney. Ischemia is likely to play a significant role in

the marked stimulation of renal tubular apopto-

sis by UUO in the neonatal kidney, which is sig-

nificantly greater than that in the adult. Following

relief of UUO in the neonatal rat, tubular apopto-

sis decreases, and epithelial cell proliferation

increases. It is likely that a reduction of intrarenal

angiotensin II production following relief of

obstruction contributes to these changes, as

angiotensin inhibits tubular proliferation and

promotes apoptosis in the obstructed kidney of

the neonatal rat. In addition, angiotensin con-

tributes to at least 50% of the interstitial fibrosis

in the neonatal kidney subjected to UUO. The

administration of exogenous epidermal growth

factor or insulin-like growth factor-1 to neonatal

rats with UUO suppresses tubular apoptosis, and

attenuates tubular atrophy and interstitial fibro-

sis. Both of these growth factors preserve BAD

phosphorylation, thereby enhancing tubular cell

survival by preventing mitochondrial injury,

which leads to apoptosis. Chronic partial UUO in

the neonatal guinea pig increases intratubular

pressure, both in the distal and proximal tubule.

In the neonatal mouse, tubular apoptosis is

directly related to tubular dilatation. Since grad-

ed mechanical stretching of rodent tubular cells

in vitro results in a corresponding stimulation of

apoptosis, axial strain secondary to increased

intratubular pressure likely plays a significant

role in tubular injury resulting from UUO. In addi-

tion, interstitial infiltration by macrophages con-

tributes significantly to tubular apoptosis in the

obstructed neonatal kidney. Localization of

macrophages to the injured kidney is mediated

by the expression of selectins. In addition, the

metabolic milieu of the developing kidney also

plays a role in the its enhanced susceptibility to

UUO. The renal production of the sphingolipid

ceramide is far greater in the neonatal than the

adult kidney. Chronic UUO in the neonatal rat

further stimulates the renal production of this

pro-apoptotic compound, while UUO in the adult

has no effect on renal ceramide content.

Improved understanding of the unique physio-

logic and cellular responses of the neonatal kid-

ney to UUO should lead the way to preserving

renal mass and function in infants with congeni-

tal obstructive nephropathy.
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The North American opossum, Didelphis virgini-

ana is a marsupial whose young are born at a

very immature stage (approximately 8 week

human equivalent). Lacking a placenta, the pups

complete somatic development in the mothers

pouch on the teat. At birth the pups weigh

130mg and demonstrate a well-developed

mesonephros which does not completely invo-

lute until approximately 17 days of age. At 20

days of age the pups measure 4.5 cm and pos-

sess an immature but typically mammalian

metanephric kidney with 2 glomerular genera-

tions. We have utilized the unique properties of

this marsupial species to create a model of com-

plete unilateral ureteral obstruction in a fetal

kidney equivalent. When obstructed at this

stage, the kidney develops unequivocal renal

dysplasia with fibromuscular whorls of mes-

enchymal tissue surrounding primitive tubules.

Following obstruction, the time course of devel-

opment of glomerular cystic change, tubular cys-

tic change, interstitial fibrosis, and inflammation

has been closely studied. We have additionally

characterized the events deriving from obstruc-

tion in terms of both the expansion of the extra-

cellular matrix and differential cellular prolifera-

tion and apoptosis throughout the obstructed

kidney. In addition to characterizing the

sequence of histologic and molecular events

subsequent to obstruction, we have utilized this

model to investigate the possibility of therapeu-

tic intervention. By administering IGF-I to pups

with complete ureteral obstruction, we have in

the short term, improved the histologic architec-

ture of the affected kidney. We continue to inves-

tigate the effects of complete obstruction upon

the developing kidney, hoping to describe the

proximate molecular causes of fetal renal dam-

age with the hope of discovering novel models of

molecular therapy. 

The model of experimental unilateral ureteral

obstruction in the opossum has been useful, but

there are disadvantages. Opossum are wild

trapped and, in Missouri, they breed only in the

early spring  thereby prohibiting year around

experimentation. Sophisticated animal care facil-

ities are needed to maintain these animals in the

laboratory. The experimental interventions them-

selves are both technically demanding and labor

intensive. The advantage is that this model may

mimic the human equivalent of obstruction bet-

ter than other models. 
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Models of congenital obstruction in fetal sheep

have provided great insight into the mechanisms

of prenatal obstructive nephropathy and uropa-

thy. The principle advantages of the fetal sheep

model have been: 1. large size of the animals

permitting complex and precise models of vari-

ous congenital abnormalities, 2. the long gesta-

tion permitting early interventions and a more

gradual progression of conditions more reflective

of the human condition, 3. a hardy pregnancy

that allows for high survival rates and the oppor-

tunity for multiple interventions, 4. manageable

animals in the post-natal period that permit

detailed physiological evaluation of the condi-

tions produced. Some of these advantages are

also concomitant disadvantages, particularly

size and long gestation. The major disadvan-

tages of the ovine model include: 1. expense, 2.

less availability of molecular probes, 3. lack of

strict renal homology with the human kidney, 4.

limited study of the physiology of the postnatal

renal and urinary tract. 

The sheep has been the principle animal in

which the fetal relationships of the lung and kid-

neys have been explored. From these studies the

role of timing of gestation on the patterns of pul-

monary maldevelopment have been demonstrat-

ed, as well as the potential reversibility of renal-

pulmonary defects and the role of lung fluid in

the renal-pulmonary axis.[1-3]  This work has

been tied directly with further study into the

pathophysiology of diaphragmatic hernias and

introduced novel therapies.[4]  A continuing

question remains regarding the possibility of a

two-way feedback system regulating growth of

the lung and kidneys.[5]

The renal effects of fetal obstruction have been

studied extensively in the fetal sheep with the

early demonstration of dysplastic development

induced by early obstruction in Beck’s seminal

work.[6]  This is completely unique to fetal

preparations and permits study of the mecha-

nisms of dysplastic development that cannot be

approached with postnatal models. Several key

determinants of renal development in the face of

obstruction have been identified from fetal

sheep preparations.[7-9]  These include: 1. time

of onset of the obstructive effect, severity of the

obstructive effect, 3. cumulative duration of

obstruction, 4. interaction of two kidneys. The

over-arching conclusion that may be seen from

this work is that obstruction in the fetus alters

patterns of growth and differentiation of the kid-

ney. While these activities do continue postnatal-

ly to some extent in some animals, the effects

that produce significant obstructive nephropathy

in human are prenatal and therefore need to be

studied in the fetus. Specific mechanisms of con-

genital obstructive nephropathy have been eluci-

dated using the fetal sheep, including the role of

the renin angiotensin system,[10, 11] activity of

particular growth factors such as TGFß,[12] IGF-

1,[13] and the influence of apoptosis.[14]  Renal

vascular physiology in response to obstruction

has been studied in the ovine fetus as well.[15,

16]  Each of these observations has developed

novel lines of investigation into pathophysiologi-

cal mechanisms and therapies.
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The fetal sheep model also permits a detailed

study of the urinary tract in congenital obstruc-

tive nephro-uropathy. It is clear that the

response of the urinary tract from the renal

pelvis to the urethra is critical to the renal out-

come, as well as having specific clinical conse-

quences such as infection and incontinence

when dysfunctional. The large size of the sheep

permits assessment of the ureters,[17]

ureterovesical junction, bladder, trigone and

bladder neck, all of which contribute to the

impact of an obstructive lesion and have both

direct and indirect effects on renal function.

Finally, fetal sheep have been used to develop

novel technologies for fetal surgical techniques,

several of which have been transitioned success-

fully to human application.[18, 19]

With the advent of a broad array of molecular

probes for the sheep, the utility of this model

remains strong in the investigation of COU. As

basic mechanisms of renal maldevelopment are

identified in small animals or in vitro systems,

transfer into the larger animal with precise and

reproducible models of human conditions will

permit focused identification of relevant mecha-

nisms. This will also set the stage for the identi-

fication and testing of therapeutic strategies in

fetal sheep models, based upon specific mecha-

nisms. Without testing in large animal systems

that integrate the complex physiological interac-

tions of the developing organism, conclusions

based upon post-natal or short gestation, small

animals are unlikely to be fruitful.
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In order to further our understanding of the pre-

natal pathogenesis of obstructive renal dyspla-

sia, a fetal monkey model was developed using

ultrasound-guided techniques. Unilateral ureter-

al obstruction was induced during the early or

late second trimester by the injection of purified

guluronic alginate spheres. Obstructed kidneys

displayed most features of renal dysplasia

including numerous cortical cysts of various

sizes derived predominantly from collecting

ducts and glomeruli. Mesenchymal changes

included expansion of both the cortical and

medullary interstitium, as well as mesenchymal-

myocyte transformation, expressed as pericystic

and peritubular fibromuscular collar formation. 

A striking feature of this model was the disrup-

tion of normal glomerular development and

architecture, associated with significant

podocyte apoptosis, evident as early as the pre-

vascularized s-shape nephron, deficient cortical

ureteric duct development and branching,

reduced glomerular number, and altered

glomerular basement membrane formation. 

As in other models, collecting duct cell apoptosis

was apparent, particularly in areas of cyst 

formation and cellular atrophy. This nonhuman 

primate model will be an important tool for

exploring the pathophysiology of congenital

obstructive uropathy. 
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We investigated an inbred Wistar rat with unilat-

eral congenital hydronephrosis as a model for a)

ureteropelvic junction obstruction, b) urinary

tract infection in partial obstruction, and c) phar-

macologic manipulation of renal pelvic pressure.

This rat colony was first described by Friedman

et al. in 1979 and was originally derived from

matings of 3 female rats that had given birth to

pups with unilateral hydronephrosis and their

affected offspring. Selective breeding over the

last 2 decades has led to a stable colony of rats

with an incidence of unilateral congenital

hydronephrosis in males of approximately 80-

90% and in females of approximately 60% with

an assumed polygenic inheritance pattern.

Previous investigations have shown that the

hydronephrotic kidney has physiological

changes associated with obstruction including

reduced single nephron glomerular filtration rates.

In a series of experiments simultaneous bladder

and renal pelvic pressures were measured during

different urinary flows, and during bladder filling

and voiding in a) congenitally hydronephrotic

rats  (approx. 45 days old) and normal non-

hydronephrotic rats  b) a second group of rats

treated with oxybutynin, and c) a third group

that had pyelonephritis. Differential pressures

between renal pelvis and bladder were deter-

mined. Hydronephrotic and nonhydronephrotic

rats were also characterized using ultrafast MRI

and then examined pathologically.

Hydronephrotic rats had higher renal pelvic 

pressures throughout bladder filling at all uri-

nary flow rates than normal rats. Oxybutynin

decreased pressures in the hydronephrotic rats

to levels at or below nonhydronephrotic rats. In

hydronephrotic infected kidneys, renal pelvic

pressures exceeded those in nonhydronephrotic

infected kidneys. Anatomic analysis using ultra-

fast MRI noncontrast studies showed precise

delineation of the hydronephrotic pelvis and cor-

ticomedullary junction; contrast (Gd-DTPA)

showed decreased blood flow, less medullary

decrease, and delayed contrast excretion, allow-

ing differentiation between obstructed and

nonobstructed kidneys on physiologic in addi-

tion to anatomic basis.

This Wistar rat appears to model a congenital

ureteropelvic junction obstruction characterized

by elevated renal pelvic pressures. Manipulation

of this model suggests that urinary tract infec-

tion further elevates these pressures and that

oxybutynin may reverse some of these pressure

changes. This model may be useful for under-

standing the pathophysiology of obstructive

hydronephrosis.
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Because most nephrogenesis in the neonatal rat

and mouse takes place in the first two postnatal

weeks, unilateral ureteral obstruction (UUO) on

the first day of life roughly approximates UUO

developing in the midtrimester human fetus. In

contrast, nephrogenesis in the guinea pig is

complete before birth, such that postnatal renal

development more closely parallels that of the

human. Complete UUO at birth in the rat impairs

growth of the ipsilateral kidney, and this impair-

ment is directly related to the duration of

obstruction. Compensatory growth of the oppo-

site kidney is directly related to the reduction in

growth of the obstructed kidney. If 5 days of

UUO in the neonatal rat is postponed to the sec-

ond week of life (immediately following comple-

tion of nephrogenesis, and comparable to the

human neonate), impairment of renal growth is

even more severe than that resulting from UUO

in the first 5 days of life. In the guinea pig, UUO

in the immediate postnatal period results in

severe renal growth impairment, whereas UUO in

adulthood does not alter renal mass. In the

neonatal rat, 5 days UUO reduces the number of

nephrons by nearly 50%, whether the obstruc-

tion is during or immediately following the com-

pletion of nephrogenesis. In contrast, following

relief of 5 days UUO in the adult rat, there is no

reduction in the number of nephrons. In addition

to its effects on renal growth and nephron num-

ber, UUO in early development significantly

retards renal development. This is evidenced by

a delay in the maturation of the preglomerular

vasculature, of the glomeruli themselves, of the

tubules, and of the interstitium. These results

underscore the susceptibility of the developing

kidney to even transient ureteral obstruction,

and suggest that the reduction in the duration of

obstruction has a salutary effect on the long-

term structure and function of the kidney. 
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The pig has multicalyceal kidneys and a urinary

tract, which anatomically and physiologically

resemble those of man. The kidneys and the

urine transport system combine a high pressure

compartment with a low pressure compartment

subjected to a large fluid volume and volume

reduction. Thus, the system is challenged when

pressure in both compartments are changed.

Consequently, both pressure compartments have

been the focus of intense research in order to

achieve key pathophysiological predictors of

obstructive nephropathy. The fundamental ques-

tion in cases with dilated kidney is to determine

whether kidney function will deteriorate. We

have developed a variety of postnatal pig models

with partial and complete ureteral obstruction,

which allow insights in the acute and chronic

responses to obstruction. The consequence of

late fetal obstruction has been examined in

neonatal pigs where unilateral partial obstruc-

tion was created by implanting the ureter into

the psoas muscle and followed for up to 24

weeks. The major results from these study were

that neonatally induced unilateral partial

ureteropelvic obstruction causes impaired

nephrogenesis with a significant reduction in the

number of nephrons. However, renal function

was not significantly impaired at adulthood.

Renal counterbalance was examined using a

variety of techniques. Initially kidneys contralat-

eral to obstructed kidneys with decreased func-

tion had no increased growth or function.

Furthermore, function and volume of the con-

tralateral kidneys were not associated at the

early age. Thus, the results of our study imply

that determining the size (growth) or function of

the contralateral kidney at an early age does not

predict function decrease in a partially obstruct-

ed kidney in this pig model. When delayed

obstruction was induced at age 2 weeks the vari-

ability and course of renal function in kidneys

was similar to findings obtained in pigs obstruct-

ed at age 2 days. But in contrast these pigs

developed a compensatory increase in function

and size of the contralateral kidney, suggesting

that contralateral compensation is an ability

gained late in the nephrogenesis period. In con-

clusion, we believe that early evaluation of kid-

ney function or volume, or contralateral kidney

length do not predict the outcome of neonatally

induced unilateral hydronephrosis in pigs.

That the pig model with partial unilateral ureter-

al obstruction is associated with high degree of

hydronephrosis. The functional impact of the

dilatation is variable, thus resembling the clini-

cal cases with neonatal dilatation. Renal function

is uniformely reduced .. is nduces  …….Detailed 

By detailed stereological techniques studies on

renal hemodynamic changes in response to 

An additional advantage using pig models. 
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During the past 15 years, remarkable progress

has been made in elucidating the tissue interac-

tions and molecules regulating kidney morpho-

genesis. From this work, it is now clear that

nephron, collecting system and ureteral architec-

ture is dependent on interactions between cells

that give rise to these epithelial tubules and

cells that differentiate into peritubular stroma. In

vivo fate mapping studies performed in the

developing chick indicate that tubular epithelial

of the urogenital system and peritubular stroma

cells derive from two distinct progenitor cell pop-

ulations. Molecular marker analyses of the

developing murine urogenital system demon-

strate that peritubular stromal progenitors are

incorporated into the kidney at the initiation of

organ morphogenesis (E11.5) but do not undergo

overt differentiation until substantial develop-

ment has occurred (E16). Furthermore, we show

that this normal temporal delay in stromal differ-

entiation is perturbed in one animal model

exhibiting stromal-dependent ureter and kidney

defects. Finally, we have identified several fac-

tors secreted by peritubular stroma that regulate

both the diameter and length of urinary tubules.

These data suggest that further analyses

focused on the regulation of tubule patterning

will provide insight into the cellular and molecu-

lar defects leading to obstructive disorders.
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Though they are two dynamically opposing

processes, both renal cellular proliferation and

apoptosis are observed following urinary

obstruction. Experiments using animal models

have indicated that shortly after ureteral liga-

tion, renal tubular and interstitial cell prolifera-

tion increases significantly and is followed by

the onset of tubular cell apoptosis. Subsequent

experiments using animal models and cell 

culture systems have begun to elucidate the

molecular mechanisms of these processes.

Extracellular factors (angiotensin II, reactive oxy-

gen species, cytokines and growth factors) and

physical forces such as those induced by hydro-

static distension can induce proliferation and/ or

apoptosis through activating specific receptors

on the cell membrane. Stimuli for proliferation

may be signaled through the EGF, IGF and PGDF

receptors, while those for apoptosis may be

directed through Fas, TNF receptor-1, TRAIL

receptor and AT2 receptor. These receptors in

turn can activate intracellular signaling pathways

(ERK-MAPK for proliferation and JNK for apopto-

sis). Through these signaling pathways, extracel-

lular stimuli can induce renal tubular cells and

interstitial fibroblasts to express / activate intra-

cellular factors that regulate proliferation and/

or apoptosis (caspases, p53, TGF-b, p21, p27,

Bcl-2, Bax, HB-EGF). With further understanding

of the molecular mechanisms of proliferation

and apoptosis, it is becoming evident that these

two processes are closely inter-related. Many of

the receptors and signaling pathways are used

by both, and the activated intracellular factors

can either induce cell proliferation or apoptosis

depending on numerous factors including the

cell type and the duration of the obstruction. 
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Urogenital tract malformations are among the

most common birth defects in humans, often

affecting multiple aspects of kidney and ureter

formation, however the underlying cause of

these complex abnormalities is not well under-

stood. More than 60 years ago studies in rodents

demonstrated that maternal vitamin A was

required for formation of most fetal organs and

tissues, including the urogenital tract, where

vitamin A deficiency induced a spectrum of

abnormalities similar to those seen in humans

including renal hypoplasia and mal-positioned

distal ureters, that instead of joining the bladder

joined the urethra or sex ducts (Wilson, 1948).

We have generated mouse models of vitamin A

deficiency by inactivating retinoic acid receptors

(Rars); transcription factors that mediate vitamin

A signaling. Deletion of two Rar family members,

Rara and Rarb2 resulted in vitamin A deficiency-

like malformations with nearly 100% penetrance,

including renal hypoplasia, mal-positioned distal

ureters, hydronephrosis and mega-ureter,

(Mendelsohn et al., 1994) providing a model sys-

tem to study normal and abnormal ureter mor-

phogenesis. 

Our previous studies showed that renal hypopla-

sia in Rarab2- mice could be rescued by forced

expression of ret (Batourina et al., 2001) a recep-

tor tyrosine kinase required for formation of the

ureter and for it's subsequent growth and

branching in the embryonic kidney (Schuchardt

et al., 1996). Here we show that expression of ret

in the Wolffian ducts of Rarab2- mutants can

genetically rescue ureter abnormalities, restor-

ing distal ureters to their normal integration site

in the bladder, also eliminating mega-ureter and

hydronephrosis. ret function is required for

epithelial remodeling at several stages of uro-

genital tract development, during primary ureter

formation and during branching morphogenesis

of the intra-renal ureter (Schuchardt et al., 1996).

Here we show that ureter morphogenesis also

depends on ret, and that vitamin A is important

for ret expression in epithelial cells at the base

of the Wolffian ducts that undergo remodeling as

distal ureters establish mature connections with

the bladder. The pleiotropic nature of urogenital

tract malformations in humans has puzzled sci-

entists for many years. Our studies suggest that

such complex urogenital tract syndromes can be

caused by disruption of genetic pathways such

as vitamin A and ret, that control multiple events

during kidney and ureter morphogenesis.
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Mammalian kidneys are formed through interac-

tion of two components: the epithelial ureteric

bud (UB) and the metanephric mesenchyme

(MM). The MM directs the UB to undergo multi-

ple branching events to form collecting system.

However, the nature of this MM derived signal

has been elusive. When cells derived from the

mouse UB are cultured in the extracellular matrix

gels in the presence of conditioned medium

elaborated by MM-derived cells (BSN-CM), the

UB cells form branching tubules (1), suggesting

that soluble factors are critical in this process.

Furthermore, using an isolated UB culture sys-

tem, we have shown that a combination of solu-

ble factors including glial cell derived neu-

rotrophic factor (GDNF) and BSN-CM is capable

of inducing branching morphogenesis of the UB

(2). Recently we have successfully isolated a

morphogenetic molecule, pleiotrophin (PTN)

from BSN-CM (3). Purified PTN has been shown

to induce isolated UB branching morphogenesis

in the presence of GDNF. Fibroblast growth fac-

tors play facilitory role in this in vitro process

(4). Taken together, we hypothesize that inter-

play of multiple soluble factors regulates UB

branching morphogenesis.
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The state of the nephrogenic blastema (NB) and

the number of glomeruli (GN) were quan-tified

on frontal renal section in 99 control fetuses (9 -

40 weeks), in 42 aborted human fetuses with

low urinary tract obstruction (14 - 36 weeks), in

52control fetal lambs (50 - 140 days), in  two

groups of 12 fetal lambs studied at 120 days

(term:140 days) respectively obstructed at 60

and 80 days (urachal and urethral ligation). In

controls, GN increase ended by the 32nd week

(110 days in lamb) as a consequence of NB dis-

appearance. About 16 lamb kidneys (50 - 140

days), the loga-rithms  of GN on frontal sections

and GN determined in the whole renal volume

(dissector method and Cavalieri principle) were

found to be linearly related (r = 0.99)

In human uropathy group, the renal changes

showed a wide range of severity accounted for

by the impairment of both NB and GN. From GN

used as a time-dependent marker, the most se-

vere kidney changes likely resulted from the ear-

liest obstruction. These data were consistent

with previous experimental studies and con-

firmed in our model. Obstructions created at 60

and 80 days respectively led to a significantly

decreased GN and a normal GN at 120 days. The

total or partial untimely disappearance of NB

was the most striking feature observed in the

human uropathy group. 

To study the initial steps in obstructive

nephropathies, cell proliferation rate was evalu-

ated in two study groups: 7 human fetuses

showing hydronephrosis and persistent

blastema (14 -30 weeks), 13 fetal lambs obstruct-

ed at 60 days and studied after a 2 to 30 days

duration of obstruc-tion. Cell proliferation rates

in blastema were significantly decreased in

human group and in lamb group when the

obstruction duration reaches 30 days. 

Those data led us to the followings: the initial

step of obstructive nephropathies responds to a

disease of the nephrogenic blastema on which

renal development depends entirely. The time of

the obstruction onset is undoubtedly the most

important determinant of severity: the earlier

obstruction occurs, the more disturbed the

development of the fetal kidney. 
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As a result of even temporary urinary tract

obstruction during renal development, renal

mass is lost. One month following relief of com-

plete unilateral ureteral obstruction (UUO) in the

neonatal rat, the renal interstitium is abnormal,

with collagen deposition and expression of a-

smooth muscle actin by fibroblasts. Despite this,

GFR is normal. However, a year following relief of

obstruction, GFR has decreased by 80%, and

there is focal glomerular sclerosis, with scat-

tered tubular atrophy. Partial UUO in the neona-

tal rat results in similar, but less severe changes.

Severe partial UUO in the neonatal guinea pig

leads to the formation of two nephron popula-

tions: one with normal nephron GFR and tubular

fluid flow rates, and another comprising dilated

tubules with markedly prolonged flow rates and

reduced GFR. In addition to this internephron

heterogeneity, there is marked tubular segmen-

tal heterogeneity that varies with species and

impacts on the natural history of the lesion.

Tubular expression of osteopontin (which is

enhanced by UUO) is localized to the descending

limb of Henle in the rat, but to the ascending

limb in the mouse and human. Interstitial

macrophage infiltration in the obstructed neona-

tal kidney is attenuated in mice with deficient

expression of selectins, which in turn reduces

tubular atrophy and interstitial fibrosis.

Following chronic UUO in the neonatal mouse,

there is severe dilatation of the collecting duct

and distal tubule, but minimal dilatation of the

proximal tubule. Such segmental heterogeneity

can be demonstrated even after obstruction of

single nephrons, with interstitial fibrosis being

localized around the most dilated segments.

Chronic UUO in the neonatal rat leads to marked

heterogeneity of renin expression by afferent

arterioles: the increased renin production, in

turn, leads to preglomerular vasoconstriction.

Proximal tubular cells in some nephrons of the

obstructed kidney undergo necrosis, while cells

of dilated collecting ducts undergo apoptosis.

The patchy distribution of apoptotic tubular cells

may result at least in part from the heteroge-

neous distribution of antiapoptotic factors, such

as bcl-2 and clusterin. An improved knowledge

of the factors regulating tubular and interstitial

damage in the obstructed developing kidney

may lead to new approaches to protect a greater

proportion of the nephrons, thereby limiting the

long-term progression of congenital obstructive

nephropathy. 
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Interstitial fibrosis is a hallmark of ureteral

obstruction. This phenomenon has been studied

extensively in experimental models of  obstruc-

tion in mature animals. Much less is known

about interstitial fibrosis in  congenital or post-

natal obstruction. Interstitial fibrosis is the result

of an increased deposition of, and decreased

degradation of,  extracellular matrix [ECM].

Resident renal fibroblasts synthesize ECM; how-

ever, there is increasing evidence that activated

fibroblasts [those displaying  - smooth muscle

actin expression] or fibroblasts resulting from

renal epithelial-mesenchymal transformation

may also contribute to increased ECM produc-

tion. The role of infiltrating macrophages in

fibrosis  is controversial. The synthesis of ECM is

under the control of various cytokines. A major

pro-fibrotic cytokine is transforming growth fac-

tor-   [TGF- ], which has also been implicated in

epithelial-mesenchymal transformation.

Expression of TGF-  is increased in ureteral

obstruction. Decreasing expression of TGF-

using antisense  oligonucleotides, or blockade of

TGF-  with a monoclonal antibody, has  been

shown to decrease interstitial fibrosis in  ureteral

obstruction. Pharmacological interference with

the angiotensin II pathway decreases fibrosis in

obstruction. Decreased TGF-  expression accom-

panies angiotensin II blockade , suggesting the

importance of TGF-  in multiple pathways of

fibrosis. Conversely, nitric oxide [NO] has been

shown to be anti-fibrotic in ureteral obstruction,

as demonstrated both by pharmacological or by

targeted gene deletion studies. Over the past

several years there has been an increase in the

number of reports on decreasing fibrosis in

ureteral obstruction. The investigators have used

a variety of techniques to implicate a number  

of substances including  ICAM-1, osteopontin,

tumor necrosis factor, cyclin kinase   inhibitors,

fas receptor, platelet derived growth factor, and

epidermal growth factor in fibrosis. The chal-

lenges to investigators  include understanding

the processes which govern cell transformation

in the obstructed kidney,  the role of these cells

in fibrosis  and the importance and interaction 

of the multiple factors so far implicated in the 

fibrosis of  ureteral obstruction. Finally, the 

contribution of interstitial fibrosis to the

decreased function of the obstructed kidney

remains to be elucidated.
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Evidence:

It has long been an established “truth” that com-

pensatory renal growth (CRG) did not occur in

utero. The most definitive report was that of

Griscom, et al., using neonatal IVP evidence that

solitary kidneys were not larger than paired kid-

neys, but subsequently demonstrated rapid

accelerated growth. With prenatal ultrasound

imaging, the solitary fetal kidney has been close-

ly followed and several reports have shown

these kidneys to have greater growth than nor-

mal paired kidneys.[1-3]  This has been indexed

to somatic growth as well. Early studies in the

fetal rat examined this question.[4]  Early fetal

sheep studies hinted at the possibility with

acute changes in DNA and RNA.[5]  Recent work

in the ovine fetus has confirmed CRG after fetal

nephrectomy  and demonstrated increased

nephron number (45% increase).[6]  Fetal rabbit

uninephrectomy has been reported to induce

increased renal growth.[7]  In the context of

obstruction, this has been demonstrated 

with contralateral compensatory growth when

the obstructed kidney was severely growth

impaired.[8]  The pattern of growth suggested

one of predominantly hyperplasia with increased

total renal DNA. The total renal mass of the

obstructed and contralateral kidney equaled 

that of two normal kidneys. Glomerular number

(by morphometry) was not increased in the con-

tralateral kidney, despite reduction in glomerular

number in the obstructed kidney. Unilateral fetal

nephrectomy at 60 days gestation (0.45 total)

demonstrated similar rapid compensatory

growth of the remnant kidney, again with the

total remaining renal mass being equal to two

paired kidneys. Attempts at identifying specific

growth factors responsible for these alterations

have not been fruitful to date. It is clear that

fetal compensatory renal growth occurs in the

setting of solitary functional kidney or when one

kidney is poorly functioning or dysplastic.

There is some evidence of compensatory fetal

renal growth as part of a feedback loop with lung

growth. These observations have been made in

animal and human studies with diaphragmatic

hernia in which small lungs are associated with

larger kidneys. The specific nature of this growth

regulatory system remains undefined.[9-11]

Significance:

The fascination with compensatory renal growth

is very old and there is an enormous body of lit-

erature regarding postnatal CRG.[12]  However,

there is  very little data regarding fetal CRG.

Growth regulation of organs such as the kidney

is extremely important in terms of both enhanc-

ing understanding of the means by which growth

of all organs is regulated, as well as potentially

offering means by which growth may be thera-

peutically controlled, either to enhance inade-

quate growth, or to inhibit abnormal growth, as

in neoplasia.[13]  In the kidney, if certain

processes can induce an increase in the rate of

glomerulogenesis, perhaps this may be turned

to enhance development of kidneys with

impaired nephrogenesis. The occurrence of CRG

indicates that the development of one kidney is

dependent upon the presence of the other and

that there are mechanisms of communication

between the two. This “cross-talk” should be

able to be interpreted, thereby providing poten-

tially valuable information regarding the condi-
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tion of the abnormal and the remnant kidney.

This may facilitate diagnosis of the “ailing” kid-

ney before irreversible damage has occurred. 

Research Directions:

The descriptive work of fetal CRG has been well

established, and the mechanisms need to be

worked out. This can be difficult in large animal

systems, although there is potential. Initially

description of the specific patterns of change of

growth regulating factors should be undertaken,

with particular emphasis on mapping the loca-

tion of these changes within the nephron. The

use of knockout technology to test the functional

relevance of putative CRG-inducers is a logical

further step. The complex regulatory system of

renal vascularity, the renin-angiotensin system,

as well as renal innervation are likely candidates

as determinants of CRG in utero. The intuitive

appeal of CRG as a biological phenomenon

remains as a renal “call for help” in the obstruct-

ed kidney, and as a key process, by which kid-

neys and tissue sin general respond to growth

stimuli in specific conditions.
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Advances in our understanding of the patho-

physiology of congenital hydronephrosis will

depend on progress on a number of important

fronts. On the most basic level, we need to bet-

ter understand the genetics, cellular, and molec-

ular mechanisms of regulation of normal and

adaptive renal growth and development. More

specifically, we need to identify the determinants

of the obstructive lesions in the upper and lower

tract: genes and signals. The impact of obstruc-

tion on the development of the renal pelvis,

ureters, and bladder must also be clarified. 

We need to define the stimuli that initiate the

renal cellular responses to obstruction (pres-

sure, stretch), and the physiologic responses

(changes in blood flow, GFR, and tubular fluid

flow). Some studies suggest that developing

glomeruli are particularly susceptible to injury

from chronic obstruction. The tubules appear to

play a major role in the response: an improved

understanding is needed of the epithelial cell

signal transduction of obstructed nephrons, and

factors mediating cell survival and cell death.

Attention must be focused on the unique charac-

teristics of each tubular segment, its differentia-

tion, and its response to obstruction. The tubular

response is intertwined with the interstitial

response that involves an inflammatory infiltrate

and increased deposition of extracellular matrix.

The response of the microcirculation (peritubular

capillaries) also needs to be investigated. 

What factors regulate the number of surviving

nephrons: events taking place during or after

nephrogenesis? The renal metabolic environ-

ment (which is compartmentalized) also needs

to be addressed: ischemia, hypoxia, generation

of reactive oxygen species, all play a role. 

While much attention has been paid to activation

of the renin-angiotensin system, major gaps

remain in sphingolipid, nitric oxide, and

prostanoid signaling. 

More information is needed regarding the impact

of the fetal environment on the renal response to

urinary tract obstruction, and of the relationship

of the timing of obstruction in the sequence of

renal development and maturation. The long-

term outcome of congenital urinary tract

obstruction depends on the number of remaining

functional nephrons, and anatomic integrity of

the vasculature, glomeruli, tubules, and intersti-

tium. Animal models must be selected to answer

specific questions that relate to clinical congeni-

tal obstructive nephropathy. Fetal models can be

helpful in defining the role of the intrauterine

environment; rodent models are useful in defin-

ing the role of specific genes; porcine and pri-

mate models may best approximate human renal

development. These approaches will need to be

coordinated with clinical studies as well as in

vitro studies, with the goal of prevention of uri-

nary tract maldevelopment, as well as improving

the outcome of affected infants and children.
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In order to develop an appropriate methodology

to evaluate children with variations of congenital

obstructive nephron-uropathy, three key criteria

need to be satisfied, and future research into

this area should be guided in these directions.

Any diagnostic evaluation must be first correlat-

ed with clinically relevant outcomes; second, it

would reflect the affected kidney(s) in terms of

its functional development; third it must be clini-

cally practical.

Correlation with outcomes:

While this may seem self-evident, it is often

either over-looked or assumed. This sort of cor-

relation may require long-term studies, but may

be linked to shorter-term indicators of the pro-

gression of renal development. They will need to

be relevant to the patient as well, in that a meas-

ure of some element of kidney function that has

not been associated with an actual or potential

clinically deleterious outcome, cannot be a very

useful parameter. There will also need to be

some assessment of risk involved to permit real-

istic decision-making. The impact of testing will

need to be incorporated into this assessment,

including both medical and psychological factors.

Assess the affected kidney in terms of its 

functional development:

The best way to evaluate the effect of COU on

the patient is to assess its effect on the obstruct-

ed kidney(s). This is in contrast to simply meas-

uring the rate of washout of a tracer. This evalua-

tion will be dependent upon a more detailed and

mechanistic understanding of the pathophysiolo-

gy of COU, from which appropriate mediators of

this process can be examined. This may be pos-

sible in several ways. Direct evaluation of the

renal tissue through biopsy may be possible

with minimal risk and assessment of histology,

patterns of protein and gene expression or levels

of particular structural constituent of the kidney

may be performed. The urine from the affected

kidney may be assessed, either directly or mixed

in the bladder, to seek markers of the pathologi-

cal response to obstruction, including growth

factors, inflammatory mediators, elements of the

renin-angiotensin system, or aspects of renal

fibrosis. Humoral factors involved in inter-renal

cross-talk, or elements of the RAS may be meas-

ured in the serum. While measurement of clear-

ances of one kidney (in unilateral disease) is not

usually useful due to contralateral compensa-

tion, measuring signaling factors may have spe-

cific predictive potential. Pharmacological modu-

lation of readily measurable aspects of renal

function may be able to elicit different responses

in the kidney at risk for functional impairment,

such as seen with captopril renography.
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Clinically practical:

Any diagnostic test must be practical from a clin-

ical standpoint, and potentially permit multiple

repeat testings to assess the change over time.

This latter element may be very important as an

element of any parameter used in diagnosis

since the alteration over time may be of great

significance. The testing must not be so onerous

to induce fear of further testing.

As our understanding of the pathophysiological

mechanisms of congenital obstructive nephron-

uropathy improves, so should out ability to iden-

tify kidneys and thereby patients at risk of renal

functional impairment who might benefit from

some form of intervention. If these potential

diagnostic strategies can be correlated with out-

comes, made to reflect the responses of the

affected kidney(s), and be clinically practical,

more specific assessments of this challenging

group of patients will be possible.
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Critical to any treatment approach is the out-

come assessment. Outcomes may be analyzed

according to intermediate outcomes, health out-

comes, harms of medical therapy, and risks of

surgical therapy, taking into consideration

patient (family) preferences. Each disorder that

causes congenital hydronephrosis has its unique

set of potential health consequences. It is imper-

ative that the reliability of diuretic renography in

neonates and infants with hydronephrosis be

verified. It is important that unfavorable as well

as favorable outcomes are reported. Factors that

predict favorable or unfavorable renal outcome

should be identified. The efficacy of fetal therapy

as well as postnatal therapy must be analyzed.

Consideration should be given to technological

changes in patient assessment (e.g., newer radi-

ologic studies), newer medications, and the

development of minimally invasive surgical 

techniques.

Intermediate outcomes are those that are not

perceived by the patient or family but that are

associated with or precede health outcomes.

These outcomes would include hydronephrosis

grade, renal growth, renal scarring, differential

renal function, half-time of clearance of radio-

pharmaceutical, overall renal function, renal

hyperfiltration and histopathologic changes in

the kidney.

Health outcomes are effects directly perceived in

some way by the patient or family. Some can be

measured objectively, whereas others require

subjective assessment. Health outcomes would

include need for a single or multiple operative

procedures, pyelonephritis, cystitis,

abdominal/flank pain, necessity for taking pro-

phylactic medication, stone disease, hyperten-

sion, uremia, incontinence, reduced somatic

growth, risk of renal injury from trauma, need for

continued surveillance testing, anxiety of unre-

solved condition, cost of medical care and death. 

Harms of medical therapy include adverse drug

reactions of prophylactic antimicrobials and

medications that affect bladder or renal function,

need for hospitalization and adverse effects 

of surveillance testing (radiologic, serum and

urine studies).

Risks of surgical therapy include iatrogenic

obstructive uropathy; bleeding/necessity for

blood transfusion; infection; pain; hospitaliza-

tion; renal, ureteral, bladder, or urethral injury;

anesthesia risk; injury to adjacent organs; 

urinary leak; need for secondary surgical 

procedure; and adverse effects of follow-up 

surveillance testing (radiologic, serum and 

urine studies).
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In a complex, multi-centered, randomized clinical

trial (RO1 DK 31370) to study growth failure in

children with chronic kidney insufficiency: 71%

of the children had obstructive uropathy as the

primary diagnosis and 20% had kidney dyspha-

sia/hypoplasia. Prevention and reversal of unre-

lenting progression to end-stage kidney disease

following release of urinary tract obstruction

need to be the focus of our research efforts.

Clinical trials to delineate the best strategy in

ameliorating the post-obstructive proliferation,

apoptosis and tubulointerstitial fibrosis, the

glomerular hyperfiltration, oxidative stress and

other pathways of injury  and progression are

needed. The child's rapid growth and changing

kidney functions compound clinical trials in pedi-

atrics. These considerations unique to pediatric

studies will need to be explored.
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Unilateral ureteral obstruction (UUO) markedly

stimulates renal tubular apoptosis, leading to

tubular atrophy. Because of the heterogeneous

tubular response to injury, we wished to deter-

mine the cellular response of each tubular seg-

ment following UUO. Neonatal mice were sub-

jected to UUO or sham-operation, and kidneys

were harvested 5, 12 or 19 days after surgery.

Proximal tubules (PT), distal tubules (DT) and

collecting ducts (CD) were identified with specif-

ic lectins. Cellular necrosis, apoptosis, prolifera-

tion, tubular basement membrane (TBM) thick-

ening, tubular dilatation, and interstitial collagen

were quantitated by histomorphometry. 

Following 12 days, UUO induced tubular necrosis

in the PT, and apoptosis in the DT and CD.

Tubular dilatation in the obstructed kidney was

most severe in CD and least severe in PT. There

was a significant correlation between tubular cell

apoptosis and tubular dilatation (r = 0.9, P <

0.05). UUO stimulated tubular proliferation,

which was most abundant in the PT, and almost

absent in the DT and the CD. Following 19 days

of UUO, the number of tubules was decreased by

60% (p<0.05). Fibrosis was restricted to the

medullary area, and CD dilatation correlated with

surrounding fibrosis (r = 0.7, P < 0.001). The per-

centage of tubules with an abnormal thickened

TBM was greatest in the PT and peaked after 12

days of obstruction (62.30±6.37%), when com-

pared with DT (41.79±6.28%) or CD

(19.29±4.76%) (p<0.05).

In summary, following UUO, necrosis predomi-

nates in the PT, while apoptosis predominates in

the dilated DT and CD, and is correlated with the

severity of tubular dilatation. Interstitial fibrosis

is restricted to the medulla. We speculate that

the interplay of hemodynamics and the pheno-

typic characteristics of each tubular segment

account for the predominance of necrosis in the

PT, and of apoptosis in the CD: ischemic injury

predominates in the PT, and stretch-induced

apoptosis in the CD. As a result of stretching, a

loss of cell-cell or cell-matrix interaction in DT

and CD may provide a stimulus for apoptosis.
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Introduction:

Congenital bladder outlet obstruction, most

notably posterior urethral valves, has the poten-

tial for resulting in life threatening renal impair-

ment with associated hydronephrosis. Renal

damage occurs not only from the initial outlet

obstruction but also from the elevated storage

pressures which arise as the result of impaired

compliance in the hypertrophied bladder. The

normal fetal bladder has been noted to exhibit

impaired compliance. Initial evidence supported

the hypothesis that elevated Type III/ Type I col-

lagen ratios were responsible. However, it was

subsequently demonstrated that it is the

response of bladder smooth muscle to stretch,

rather than changes in the extracellular matrix,

which are responsible for this impaired compli-

ance. 1 We have subsequently focused on poten-

tial treatment strategies employing pharmaco-

logic agents which modulate stretch-activated

contraction. A spinal cord injured rat model was

employed with the resultant sphincteric dysyner-

gia providing a functional bladder outlet obstruc-

tion. The potassium channel opener Pinacidil

was used to treat these animals. In vitro experi-

ments were also performed examining the role of

the calcium channel blocker Diltiazem

Materials and Methods:

Six month old male Sprague-Dawley rats under-

went spinal cord transaction at T8-T10. At the

time of spinal cord transection an Alzet model

2ML4 osmotic pump (Alza Corp., Palo Alto, CA.)

was inserted subcutaneously to deliver medica-

tion over a thirty-day period. After spinal cord

injury, the rats underwent twice daily bladder

massage. Rats were placed into two groups,

those getting Pinacidil 0.2 mg/day, and sham

rats receiving only the vehicle (50% DMSO in

sterile water). The animals were sacrificed at 4

weeks, at which time their bladders were har-

vested, weighed, and subjected to length-ten-

sion studies. For the length-tension study the

strips were suspended in Krebs solution and

attached by silk suture to a force transducer

model FT 03 (Grass Instruments, Quincy, MA).

Ninety five percent oxygen with 5% carbon diox-

ide bubbled through the baths. Using a low level

DC amplifier, a model 7D polygraph (Grass

Instruments, Quincy, MA), and CyberSense CyQ

508 A to D converter (CyberSense Inc.,

Nicholasville, KY) length-tension curves were

obtained after equilibration and 75% prestretch.

In vitro experiments using Diltiazem were also

performed. SCI rats underwent transection of the

spinal cord at T11/T12. Strips were incubated in

Diltiazem at 0.25_g/ml, 2.5_g/ml, and 25_g/ml,

at 37° C for 15 minutes and length tension stud-

ies were performed as above.
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Results:

The bladders of the rats receiving Pinacidil were

significantly less hypertrophied than those of

the sham rats (P = 0.024). The average masses

of the bladders of the SCI rats without Pinacidil,

SCI rats with Pinacidil, and normal rats were

0.973 g, 0.288 g, and 0.124 g respectively. The

difference in masses between the rats receiving

Pinacidil and normal rats did not reach statistical

significance (P = 0.116). In regard to the length-

tension studies, the difference between the blad-

ders treated with Pinacidil and the sham blad-

ders neared significance (P = 0.085). At a rela-

tive length of two, the average tensions for the

Pinacidil and sham groups respectively were

1337.1 g/cm2 and 1830.4 g/cm2. These same

length-tension studies demonstrated a signifi-

cant difference between the non-treated SCI

bladders compared to normals (P=0.002)  

The diltiazem studies were performed with direct

incubation of SCI bladder strips rather than

through the osmotic pump delivery system. We

noted a dose dependent improvement in compli-

ance (p<0.05) in SCI bladder following exposure

to all concentrations and all stretch ratios. The

average decrease in force at a stretch ratio of 1.6

was 40% at 0.25 _g/ml, 60% at 2.5 _g/ml and

80% at 25 _g/ml. An opposite effect was noted

in normal bladder with a dose dependent

decrease in compliance that approached statisti-

cal significance (p=0.09) at all stretch ratios for

concentrations of 2.5 _g/ml and 25 _g/ml. 

Discussion:

These preliminary studies  suggests that the

bladder hypertrophy resulting from dysynergic

outlet obstruction in the rat can be ameliorated

with potassium channel openers and  calcium

channel blockers. The decreased hypertrophy in

the treated group may arise from diminished

stretch activated contraction, which is a potential

promoter of hypertrophy. Diminished stretch

activated contraction in Diltiazem exposed SCI

rat bladders was also found. These agents may

have a potential application in the treatment of

the poorly compliant pediatric spina bifida blad-

der as well as in those infants with posterior ure-

thral valves.

1 Dean GE, Cargill RS, Macarak E, Snyder HM, Duckett JW, Levin
R: Active and passive compliance of the fetal bovine bladder. J

Urol 158, 1094-1099
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Introduction and objectives:

Primary bladder neck dysfunction (PBND) is

characterized by abnormal average flow (Qavg)

and maximum flow (Qmax) rates in the absence

of anatomic obstruction, as well as abnormal

funneling of the bladder neck on fluoroscopy.

Lag time, defined as the time between the start

of a voluntary detrusor contraction and the start

of urinary stream, is prolonged in these patients.

Alpha-adrenergic antagonists have proven effec-

tive in adults with this condition. We sought to

determine the clinical efficacy of alpha-blockers

in children with PBND by comparing their flow

rates and their lag times both prior to and after

initiation of treatment. 

Materials and Methods:

We have identified a subset of twenty-seven

pediatric patients with voiding dysfunction who

have been diagnosed with primary bladder neck

dysfunction (PBND) based on clinical presenta-

tion, videourodynamic studies and uroflowmetry.

Eighteen of these children, 14 boys and 4 girls,

underwent treatment with alpha-adrenergic

antagonists. Dosage is based on age, stature

and weight. Follow-up uroflow/electromyogra-

phy (flow/EMG) was used to determine the

Qavg, Qmax and lag time. Children with associat-

ed anatomical anomalies, known neurologic con-

ditions and abnormal external sphincter activity

were excluded from the study. 

Results:

A total of 18 children, ages 8 to 23 years (mean

14.5) are currently being treated with alpha-

adrenergic antagonists for PBND. Re-evaluation

with flow/EMG was performed at a minimum of

4-weeks after starting medication. Mean follow-

up is 14.7 months. Mean pre- and post- therapy

Qavg were 5.4 ml/sec and 10.0 ml/sec (P< 0.05),

respectively. Mean pre- and post- therapy Qmax

were 10.5 ml/sec and 17.2 ml/sec (P< 0.05),

respectively. Pre- and post-therapy lag times

improved from 41.9 sec to 13.4 sec (P= 0.14)

after initiation of therapy. All of the children have

experienced varying degrees of symptomatic

improvement. No adverse side effects were

noted secondary to alpha-blocker therapy. 

Conclusion: 

We conclude that alpha blocker therapy is a safe

and effective treatment for PBND in children. 
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Objectives:

To determine the incidence of abnormal urody-

namic findings in patients with persistent

hydroureteronephrosis (HUN) and the effect on

the dilatation once these parameters are treated.

In addition, we wanted to determine under what

circiumstances persistent HUN could be consid-

ered as residual stretching.

Materials and Methods:

Twenty posterior urethral valve patients with 

persistent HUN in 32 renal units (RU) were iden-

tified and divided into 3 groups based on the

degree of HUN: mild, moderate and severe.

Videourodynamic studies (VUDS) revealed vary-

ing degrees of hypocompliance in all 20 children

and all were treated aggressively. The efficacy of

this intervention was monitored with renal ultra-

sound and VUDS. HUN was regraded and catego-

rized as either resolved, improved or unchanged. 

Results:

Of the 32-RU with persistent HUN, 8 were 

graded as mild, 13 as moderate and 11 as severe.

Following treatment, HUN resolved in 17-RU (10

boys), improved, often dramatically, to a lower

grade in 9-RU (7 boys), and exhibited no grade

change in 1-RU (1 boy). Three boys, representing

5-RU, who did not comply with the regimen were

noted to have neither lessening of HUN nor

improvement in urodynamic parameters. In

regard to urodynamic parameters in all of our

treated patients, all were markedly, if not com-

pletely improved. Of the 10-RU whose HUN did

not completely resolve with treatment, primary

bladder neck obstruction was present in 4 boys

(5-RU) and thus, in part, was likely accountable

for the persistent dilatation. The remaining 4-RU

with persistent, albeit decreased, HUN and the 1-

RU with unchanged HUN possess no distal

ureteric obstruction or persistent identifiable

urodynamic abnormality. These units thus can be

labeled as residual stretching. Altogether HUN

either resolved or decreased in 26 of 27-RU

(96.3%) of medically compliant patients after

treatment of the lower tract. In those who did

not take their prescribed anticholinergic medica-

tion HUN did not lessen. 

Conclusion:

We believe that HUN can be accepted as residual

stretching only after the presence of abnormal

urodynamic parameters have been investigated

for and treated once detected. Hopefully atten-

tion to persistent HUN and aggressive manage-

ment of abnormal urodynamic parameters will

translate into improved long-term preservation

of renal function. 
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Dephosphorylation of the pro-apoptotic protein

BAD promotes interaction with BclXL on the

outer mitochondrial membrane to induce

cytochrome C release and initiate apoptosis. To

investigate the mechanism of growth factor-

mediated attenuation of tubule cell apoptosis in

vivo [Kidney Int 54;38, 1998 & 57;882, 2000], we

used a Flexercell Strain Unit with confluent cul-

tures of immortalized rat proximal tubule cells

(IRPTC) to simulate obstruction-induced stretch

injury in vitro. TUNEL-positive (apoptotic) cells

increased with increasing degree of axial strain

applied to IRPTC cultures and addition of epider-

mal growth factor (EGF) or insulin-like growth

factor-1 (IGF-1) during 4 hrs of 20% axial stretch

decreased apoptosis by 54% and 55%, respec-

tively (p < 0.001, n = 3 experiments).

Neutralizing antibodies directed against either

growth factor or its receptor blocked attenuation

of apoptosis. BAD phosphorylation decreased

50% (p < 0.001, n = 3 experiments) with stretch

injury and was restored to homeostatic levels by

the addition of EGF or IGF-1. Western blots of

IRPTC lysates indicated that BAD phosphoryla-

tion was mediated by EGF activation of the

p44/p42 mitogen-activated protein kinase

(MAPK) pathway or IGF-1 activation of the

phoshatidyl inositol-3 kinase/Akt pathway.

MAPKK inhibitor PD98059 pre-treatment blocked

EGF/MAPK-mediated BAD phosphorylation, pro-

moted release of cytochrome C and restored

apoptosis to original levels. In vivo, BAD phos-

phorylation decreased by 50% in 3 obstructed

rat kidneys relative to 3 intact kidneys (p < 0.01)

and EGF restored BAD phosphorylation to home-

ostatic levels. This suggests the same mecha-

nism operates in vivo and in vitro to reduce tubule

cell apoptosis. Since neither EGF not IGF-1

induce 3H-thymidine uptake (growth) under the

in vitro assay conditions, it is the convergence of

signaling pathways at BAD phosphorylation that

appears to be key to the growth factor-mediated

reduction in stretch-induced apoptosis.
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Introduction:

A combination of nuclear medicine techniques,

ultrasound, and voiding cystourethrography

(VCUG) are typically used to investigate

hydronephrosis in children. In order to make

appropriate clinical decisions regarding interven-

tion, urologists need to be able to distinguish

the dilated, poorly draining non-obstructed sys-

tem from the system that is actually obstructed.

One of the major problems is that there is no

gold standard to assess obstruction. By combin-

ing anatomic and functional information in one

study, MRI has the potential of providing clinical-

ly useful information regarding obstruction.

Methods:

Dynamic contrast enhanced MR imaging was

performed in 41 children with unilateral

hydronephrosis. Forty-four dynamic contrast

enhanced MR studies were performed – two 

children had follow-up MR urography after six

months and one had a follow-up study after

pyeloplasty. They were 14 girls and 27 boys -

with an age range of one month to fourteen

years (mean 1.4 years). The information from the

various imaging modalities was compared.

Results:

The MRI protocol was acceptable to all families

and well tolerated by all patients. Diagnosis was

incorrect in 4 cases when only ultrasound and

renal scans were used. The final diagnoses by

MR urography were 16 children with UPJ obstruc-

tion, 6 with primary UVJ obstruction, 4 with dilat-

ed but not obstructed systems, 7 with duplex

systems, 5 with multicystic dysplastic kidneys, 3

with unilateral small, scarred kidney, and 1 child

with an antenatal diagnosis of hydronephrosis

who had normal study MR urography. The mor-

phologic imaging with MR was superior to con-

ventional imaging in all cases. There was 90%

agreement in split renal function when nuclear

and MRI scans were compared. Renal drainage

curves were difficult to interpret due to varia-

tions in signal intensity related to gadolinium

concentration. Sedation was performed safely

without any complication.

Conclusion:

Dynamic contrast enhanced MR Imaging pro-

vides equivalent information about renal func-

tion and morphology in a single study without

ionizing radiation. MRI has the potential to

replace other imaging modalities in the investi-

gation hydronephrosis in children.
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Introduction and Objective:

Management of congenital ureteropelvic junction

obstruction (UPJO) depends on an assessment 

of renal functional loss over time. Our objective

was to define clinical parameters that may 

be determined pre-operatively to predict abnor-

mal renal pathology that may predict impaired 

renal function.

Methods:

We prospectively evaluated 24 neonates (19

male, 5 female; right side 10, left 14) who under-

went renal biopsy at the time of pyeloplasty for

severe UPJO. Mean age at pyeloplasty was 14

mos. (range: 1.1-69 mos.). All underwent MAG3

diuretic renography in a standardized fashion

and renal ultrasonography. The degree of

hydronephrosis and caliectasis in all patients

was evaluated by renal ultrasound and scored on

a scale from 1 (mild)-5 (severe). A single patholo-

gist graded the biopsies: (1) no abnormality; (2)

occasional glomerulosclerosis; (3) limited

glomerulosclerosis with mild interstitial fibrosis

and tubular atrophy; and (4) over 20% glomeru-

losclerosis with extensive interstitial fibrosis and

tubular atrophy (Ped Nephrol 14:820, 2000).

Statistical analysis included linear regression,

two-tailed t-test and chi square analysis.

Results:

Grade 1 biopsy score was seen in 4 patients,

grade 2 in 11, and grade 3 in 9. Percent renal

function, cortical transit time, and hydronephro-

sis score did not correlate with biopsy score (r2=

0.11, 0.00 and 0.09 respectively). However, the

combination of a hydronephrosis score of 5 and

a wash out time (t1/2) > 30 minutes predicted a

biopsy score of 3 with a sensitivity of 75% and

specificity of 87.5% (p= 0.0032). 

Conclusions:

Normal renal function was not predictive of an

abnormal renal biopsy and may not be an ade-

quate predictor of potential irreversible patho-

logic change. Patients with a hydronephrosis

score of 5 and t1/2 > 30 minutes are at high risk

of having grade 3 renal changes (glomeruloscle-

rosis with interstitial fibrosis and tubular atro-

phy). Continued observational management in

these patients may risk renal functional loss.
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A high incidence of crossing vessels has been

reported to be present in children and adoles-

cents with symptomatic ureteropelvic junction

(UPJ) obstruction. Imaging of the renal vascular

anatomy for the presence of an accessory lower

pole vessel and its relationship to the UPJ in

asymptomatic newborns and infants with prena-

tally detected hydronephrosis may be useful 

and portend progression and or symptomatic

disease. For this purpose we describe in this

pilot study, a three-dimensional imaging tech-

nique in newborns and infants with asympto-

matic UPJ disease.

Four patients with UPJ disease underwent 3 D CT

scanning in the prone position with simultane-

ous CT angiography. In the first run, 2.5cc/kg of

contrast were injected at a rate of 2-3cc/sec and

3-mm axial images were obtained in abdominal

and “renal” window/level/ kernels. After a five-

minute delay, a second run (1 cc/kg at 2-3cc/sec)

resulted in acquisition of 3-mm axial images as

above to visualize the vessels and their relation-

ship to the renal pelvis with now accumulated

contrast. In addition, “curved” coronal 3-mm

images to cover both kidneys, UPJ and vessels

were obtained. The imaging results were then

correlated with intraoperative findings. 

The indications for pyeloplasty included decreas-

ing renal function(1), increasing hydronephro-

sis(2) and gross hematuria following minimal

blunt trauma (1).

Preoperative imaging correctly predicted the

presence of an accessory crossing vessels at the

UPJ in one patient, and their absence in an addi-

tional two. The fourth (and only adolescent)

patient in whom imaging did not predict the

presence of a crossing vessel, underwent a suc-

cessful endopyelotomy and therefore intraopera-

tive findings were not available.

This pilot study demonstrates that the presence

or absence of lower pole crossing vessels and

their relationship to the hydronephrotic UPJ can

be demonstrated utilizing the imaging technique

as described. Future studies will be aimed at cor-

relating these findings with the likelihood of pro-

gression or emergence of symptoms in asympto-

matic newborns and infants with prenatally

detected UPJ disease.
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We retrospectively reviewed the outcome of

neonates with prenatal hydronephrosis that

were referred to the nephrology division of this

children’s hospital since its opening 5.8 years

ago. Neonates with normal renal ultrasounds on

1st visit were excluded. Seventy-four patients

met the inclusion criteria. There were 23

neonates with primary uretero-pelvic junction

(UPJ) obstruction, 12 with primary vesico-ureteral

reflux (VUR), 7 with primary mega-ureter, 4 with

posterior urethral valves, 3 with extra-renal

pelvis, and 2 with ectopic insertion of ureter.

Nineteen patients with mild hydronephrosis who

did not have voiding cystography were assigned

as undetermined, although we suspect that most

of them had UPJ obstruction. Four patients did

not return for follow up. Five of the 23 patients

with UPJ obstruction had bilateral disease, pro-

viding 28 renal units for this study. The magni-

tude of hydronephrosis on renal ultrasound was

classified as mild, moderate, or severe. There

were 12/28 kidneys with mild hydronephrosis 

at the entry, 12/28 with moderate, and 4/28 with

severe. Furosemide-augmented renal scans 

were available on all patients with severe, and

on 5/11 patients with moderate hydronephrosis.

Of these patients, 2 had affected kidneys with

perfusion of less than 40%, both of which had

severe disease. 

Outcome:

There was complete resolution of the

hydronephrosis by ultrasound in 14/28 (50%)

kidneys over a mean period of 18.4 (4-30)

months, and improvement of hydronephrosis in

12/28 (43%) units over a mean period of 10.2 (2-

42) months. One patient with severe

hydronephrosis was referred to surgery, and the

renal ultrasound of a patient with mild

hydronephrosis became worse, however the

patient’s renogram remains normal. The follow-

ing table illustrates the outcomes according to

severity of hydronephrosis.

Conclusion:

Our data illustrates that UPJ obstruction carries

an excellent outcome, however close clinical fol-

low-up of these patients with imaging studies is

required until hydronephrosis resolves. 
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Mild 5/12 (42) 6/12 (50) 11/12 (92)

Moderate 8/12 (67) 4/12 (33) 12/12 (100)

Severe 2/4 (50) 1/4 (25) 3/4 (75)



Urinary tract obstruction during development

leads to tubular apoptosis, tubular atrophy and

causes interstitial fibrosis. Macrophages play a

central role in this process. Selectins, a family of

three adhesion molecules are involved in leuko-

cyte recruitment during inflammation. We inves-

tigated obstructive nephropathy in triple

selectin-deficient mice (EPL-/-), L-selectin defi-

cient mice (L-/-) and wild type mice (WT).

Newborn mice were subjected to complete uni-

lateral ureteral obstruction (UUO) or sham oper-

ation within the first 48 hours of life, and were

sacrificed 5 and 12 days later. Kidney sections

were stained for macrophage infiltration

(aF4/80), apoptosis (TUNEL), tubular atrophy

(PAS), and interstitial fibrosis (Masson trichrome). 

Macrophage infiltration in the obstructed kidney

was decreased by 62% in EPL-/-, and by 51% in

L-/-, when compared to WT at day 5 after UUO

(p<0.002). Tubular apoptosis in the obstructed

kidney decreased by 47% in EPL-/- and by 25%

in L-/- compared to WT at day 5 after UUO

(p<0.04). The reduction in tubular apoptosis 

was also found at day 12 after UUO showing a

decrease by 45% in EPL-/- and 43% in L-/-

(p<0.001). Tubular atrophy and interstitial fibro-

sis were significantly reduced in EPL-/- > L-/-

compared to WT at day 12 after UUO. The num-

ber of apoptotic tubular cells was correlated with

macrophage infiltration (r=0.83, p<0.001). To

address the role of macrophages in apoptosis

induction in vitro, TNF-a and INF-g activated

murine macrophages (J774) were cocultured with

murine tubular cells (PKSV-PR). Apoptosis was

assessed by FACS after staining with Annexin V-

FITC and propidium iodide. Activated J774 cells

induced apoptosis in PKSV-PR cells either by

direct cell-to-cell contact or by soluble factors

when separated by a semipermeable membrane.

We conclude that following UUO, selectins 

mediate interstitial macrophage infiltration,

which in turn induces tubular apoptosis, tubular

atrophy and interstitial fibrosis. The work was

supported by NIDDK 44756 and German

Research Foundation (DFG La1257/1-1).
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Background:

Congenital uropathy (CU) is caused by a wide

variety of anatomic abnormalities including vesi-

coureteral reflux, Prune Belly syndrome, and

dysplasia/hypoplasia. In the aggregate, CU

accounts for nearly 40% of all cases of ESRD in

pediatric patients. Progressive loss of kidney

function occurs in patients with CU despite opti-

mal surgical management, suggesting that non-

structural factors are involved in the steady

decline in GFR. There is infiltration of the CU kid-

ney by immunoeffector cells that secrete various

inflammatory and fibrogenic cytokines such as

TGF-b. Administration of mycophenolate mofetil

(MMF) to animals with the kidney ablation model

of chronic renal failure reduces the number of

macrophages and activated myofibroblasts in

the interstitium, decreases proteinuria, and pre-

serves GFR, without any beneficial effect on the

hemodynamic determinants of kidney function.

Purpose:

This multicenter pilot study is designed to evalu-

ate immunosuppressive therapy with MMF on

the course of disease in pediatric patients with CU.

Participating centers:

Schneider Children’s Hospital (Administrative

Center, Howard Trachtman, Principal Investigator),

New York Medical College, New York-Weill

Hospital, Robert Wood Johnson Medical Center,

St. Barnabus Medical Center (Livingston, NJ). 

Funding:

This project is supported by a grant from Roche

Pharmaceuticals Inc. (Project #CEL214). 

Clinical protocol:

Patients with CU between the ages of 3-16 years

will be eligible for inclusion in the study when

the GFR declines below 50 ml/min/1.73m2. All

diagnoses will be made based upon radiological

studies and surgical reports and kidney biopsies

will not be required. The study is divided into

two phases: a 2-month Run-In followed by a 24-

month Treatment Period. Patients will be evalu-

ated monthly during the Run-In Period and for

the first 3 months of the Treatment Period.

Clinical assessments will be quarterly for the

remainder of the Treatment Period. Patients will

be examined and a CBC, serum biochemical test-

ing, and urinary protein and albumin excretion

will be measured at every visit. GFR will be

measured by iothalamate clearance (plasma dis-

appearance method) at 0, 12 and 24 months of

treatment. Plasma and urinary levels of N-termi-

nal propeptide of type III procollagen will be

measured serially as an index of renal fibrosis.

Urine cytometry to assess excretion of

macrophages, T- and B-lymphocytes, and activat-

ed tubular epithelial cells will be done at entry

and after 6, 12, 18, and 24 months of treatment.

Trough levels of mycophenolic acid-glucuronide

will be measured every 3 months during the

Treatment Period.
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Primary end points:

(1) GFR at the end of the Treatment Period; 

(2) Frequency of ESRD.

Results:

The study was opened to patient enrollment 

in December 2001 and 2 children have been

entered. The expected sample size is 12-15 

children.

Anticipated result:

It is predicted that experimental treatment with

MMF will result in a 50% smaller decrement in

GFR over the course of the Treatment Period and

will prevent the occurrence of ESRD. The results

of this pilot study will provide preliminary data

to guide the formulation of a full-scale double

blind, placebo-controlled randomized clinical trial.
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