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Mechanism of VUR
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Figure 63-3 Pathogenesis of wesicoureteral reflux. Competent (deft)
and incompetent (mght vesicoureteral junctions and ureteral orifices.

The normal ureter enters the urinary bladder obliquely and extends into the submucosa at a length
that in adults averages 1.3 cm and in children 0.5cm (273). Physiologic VUJ function requires
coordination of multiple factors, including correct insertion of the ureter into the bladder, an
adequately long intramural ureteral segment, appropriate width of the ureteric opening, and muscle
contraction at the trigone. Galen and Leonardo da Vinci were the first to describe the importance of
the UVJ as a one-way valve that prevents backflow of urine
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Reflux Nephropathy: Historical Perspective
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1914 Kretschmer Familial reflux:

1920  Gnsher Iccidence of VUR varied based on the lecgth of the intmavesical
umeter and muscularity of the detrasar mezscle.

1950 Haotch Patbophysioln gy of refiux in pemplegic paitents and wee of VELIG
in patients with unexplzined kydronephrosis
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AekaeTia 1960

ZxEon gpnUpeTNG oupoAoipwEng — KON
HE HOVILEG VEPPIKEG BAGBEC.

Hodson CJ, Edwards D Chronic pyelonephritis and vesicourateric reflux.
Clin Radicl 19680; 11:219-231

AskaseTia 1960

u o

Movipeg VEQpPIKES BAGBES OTO 36% Twv nNadiuv
pe unoTpomaloucss oupohoipmEsIg

Steele RE Jr, Leadbetter GW Jr, Crawford JD. Prognosis of childhood urinary tract
infecticn N Engl J Med 19630269:883-9.
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H ekTeTAUEVN VEPPIKI) OUAOTTOINON TTOU PTTOPEI VO TTPOKUWEI

wg¢ atroTéAeopa TNG TauTdxpovng Trapouciag KOI kal oupoAoinwEewy
ovopdacetal Neppotrdadsia atrd MNaAivépoéunon (reflux nephropathy)

Kal atroTeAei ouxvn airia utrépraong Kal Ne@pikg Avettdpkelag TeAIkou 2tadiou
oTa TTaIdIA KAl O€ VEAPOUG EVAANIKEG

iin Nephrol. 197

3 May-Jun;1(3):132-41

The relationship of vesico-ureteric reflux to urinary tract infection and chronic pyelonephritis-
reflux nephropathy.

Bailey RR.

HODSON CJ. The radiological contribution toward the diagnosis of chronic pyelonephritis.

Radiology 1967, 88:85711871

KOIN kal oupoAOINWEEIC
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Z0pewva pe 1o AigBvég ZuoTnua Tagivounong
olakpivovtal Mévte BaBuoi KOT

International Reflux Study in Children
Classification of Vesicoureteral Reflux (VUR)
Grade Degree of VUR

I Ureter only

] Reflux into ureter, pelvis, and calyces with no dilation and
with normal calyceal fornices

Il Mild or moderate dilation and/or tortuosity of the ureter
and mild or moderate dilation of the pelvis; no or slight
blunting of the fornices

% Moderate dilation and/or tortuosity of the ureter, and
moderate dilation of the pelvis and calyces; complete
obliteration of the pelvis and calyces; complete
obliteration of the sharp angles of the fornices but
maintenance of the papillary impressions in the
majority of the calyces (see Fig, 63-7C)

\ Gross dilation and tortuosity of the ureter, pelvis, and
calyces; the papillary impressions are no lenger visible
in the majority of calyces (see Fig. 63-2)

;?;Iilaﬁsis;ifca(ir:;fiiimﬁnn of VUR. The International Reflux Study in Chil- | ” "l |V V

James M. Gloor & Vicente
E.Torres
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MaBoyéveon TWV VEQPIKWY OUAWV

V. ZNUAVTIKOG 0 pOAOG TNG OVATOMIKNG KOTOOKEUNG TWV VEQPPIKWY BnAwv (orrAég, oUvBeTeg), (Williams,
1970)

v H evdoveppikr BAGRN ep@avieTal GTO oNUEi0 TOU VEQPOU TTOU UTTAPXEI EVEOVEPPIKN TTAAIVEpOMNnoN
(Bailey,1973)

v H eoTiaki @Uon TNG vePpikAs BAARNG (VEPPIKH OUAR) OTN vEQPOTIABEIa atTd TTAAIVEpAOUNon
pTTopEi va €€nynBei atrd Tnv TTapouadia evOovePPIKAG TTAAIVOpOUNong 6pog
TI0U Xpnoiygotroindnke 1o 1965 (Brodeur, Goyer kai Melick )

v O1 Ransley, Risdon (1978) Bswpia Tou «peydAou TTARyUaToG» (big bag theory)

BRODEUR AE, GOYER RA, MELLICK W. A potential hazard of barium cystography. Radiology 1965,
85:1080.11084

Eixéva 1. Mopgoloyia Teaw vEppKdy BnAGy Kal n OxX£on Toug e TV WILLIAMS DI. The ureter, the urologist and the paediatrician. Proc R Soc Med 1970, 63:595( 1602
evBovegpia rfﬂh"fﬁpépnm: (a) KUF“?’ un numvﬁfmpngf: wegpuai fn- RANSLEY PG, RISDON RA. The renal papilla, intrarenal reflux and chronic pyelonephritis. In: Hodson
A, (B] xofin 1 eninedn (nalwSpopotoa) veppuar Snhd. CJ, Kincaid-Smith P (eds) Re- flux nephropathy. Masson Publ, New York, 1979:126. 133

the "big bang" effect.

eOne episode of
pyelonephritis produce
Scarring, especially in very
young.

eRansley and Risdon named
this condition the "big bang”
effect.
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intrarenal Reflux

eMost scarring tends to occur at the
renal poles,

eVWhere the anatomy of the renal
papillae permits backflow of urine
into the collecting ducts.

eThis phenomenon is referred to as
intrarenal reflux

o8& gives pathogenic bacteria access

-

Eaxmxdagwoa 1. Mopogpofuoswico Toow weEpprirocayy Srnfucdss Ol Tl OmEcrry TiErs e TI1w
EwSorrescgpeimr rrafreSoSpnon: (a) Koprr, papn nmnafuuvSoopodsoa weg ekt Bn—
FAuri, (B) moifim 1 eninsSn (rmaofauvSpopoton) wegpiwkrt Snirt. '

EZougpomua pe tn Bempia auvtr, n veppikrd ouvhiri nouw Ba
SnuouvpynBei, neplopizeral pdvo omMv MNIEQIOXr Tou vVe-
POV mow neplexel 1ig oUwbereg OnAEg, eEvo NMepIOoXEg UE
anhds OnAsc nnapauevouv dbikies axdun Kai o srna-
vellnuueva ens1oddia ovpohoipming (parvduevo tow G-
Mow 11 oVSEV).

Fon OUVENEIQ GUROOS TROITo-—
rmoimiBnkxes, pe BAon Ta SEupPrMuara PREAETMOW E [TEIDCIpici—
Tozoa pE ouvpofoipoiels, o onoia Eixe wivel EWHOLom
woprivrnon aviiBiotixcow . 7

EmmAasow, npdobecaw oOrrn
Beaompia tTowvg TNwv MIBawvdrmTta ST,

oo rmeipdpuara, o1 Ransley wal Risdon xarsihnfav oo ow-
HMITERDCQOIIc GOTI M ESYyHaipn Kl QliioOTEASOIaATnIkry O parnsEic
NS OoupoAOipomEns propEi wa rneEeiopicaeEl TN EXTaon T
apxikric BAdBng wmabdg xal tnwv E£Muir tTng os pduwiuan
ouAri. 'S
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ANIXNEYZH TON NE®PIKQN OYAQN

v 01 ve@pIKEG OUAEG EVTOTTICOVTAI KUPIWG OTOUG TIOAOUG TWV VEQPPWYV, AOYW TNG UTTEPOXNG
TWV KOIAwV | oUVOETWY BNAWY 0" QUTEG TIG TTEPIOXES

v' QOoTO00, N EKTOCT TWV VEQPPIKWY OUAWV TTOIKIAAEI, O BABUO TTOU pia OUAR

MTTOPEI va TTEPIOPICETAI OTNV. TTEPIOXH HOVO Piag BNARG evog TTOAOU TOu vEQPOU

va ekTeiveTal 0 PeyaAUTepn ékTaon (eoTiakn BAARN), EVW OTIG IO GOBAPEG TTEPITITWOEIG
01 VEQPIKEG OUAEG UTTOPET VA EiVOI YEVIKEUPEVEG Kl DIGOTIOPTEG, WOTE VO 0ONyroouv

oTn dNUIoUPYia TOU HIKPOU-PIKVOU VEPPOU, |IE OTTOTEAECUA TNV EYKATAGTACN

TEAIKOU OTASIOU XPOVIAS VEPPIKAS AVETTAPKEIAS

v EvOo@A£BIa TTUEAOYpa@ia

v" DMSA-oTivenpoypdenua Baacicetal aTny 1I816TNTA HI0G 0UGTaG( SIEPKATITOOOUKIVIKS 0EU)
va TpocAapBaveral até Ta uyir emOnAIoKa KUTTapa Tou eyyUg E0TTEIPAPEVOU GWANVapiou
TOU VEQPOU, KaBWG Kal atrd 10 avidv okEAOG TNG ayKUANG Tou Henle

H Goldraich(1983) Tagivéunoe tn Baputnta TNG ve@pOoTrdbeiag ammd maAivepounon

o€ 4 Babuoulg

GOLDRAICH NP, GOLDRAICH IH. Update on dimercaptosuccinic acid renal scanning in children with urinary tract infection. Pedi- atr Nephrol 1995, 9:2211 226
GOLDRAICH IH, GOLDRAICH NP, RAMOS OL. Classification of reflux nephropathy according to findings at DMSA renal scan. Eur | Pe- diatr 1983, 140:212 (Abstract)
SMELLIE JM, EDWARDS D, HUNTER N, NORMAND ICS, PRASCOD N. Vesi- co-ureteric reflux and renal scarring. Kidney Int 1975, 8(Suppl 4):65[172

-]
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Types of renal scarring

A Mild B Severe C "Back-pressure" D End-stage

James M. Gloor & Vicente
E.Torres




31/1/2018

Figure 63-7 Investigation of reflux nephropathy. Investigation of a 3-year-old child with urinary tract infection. A, Intravenous urogram showing calyceal
diverticulum in the upper pole of the right kidney and renal scarring in the upper pole and, probably, the lower pole of the left kidney. B, DMSA scintigraphy
(posterior view) demonstrating upper and lower pole scarring (arrows) in the left kidney and scarring of the right upper kidney in association with the calyceal
diverticulum {arrowhead). C, Voiding cystourethrogram showing grade IV vesicoureteral reflux on the left.

ZUVETTEIEG TWV VEQP PIKWV OUAWV

O1 OUVETTEIEG TTOU TTPOKUTITOUV ATT6 TNV TTAPOUCIa TWV VEQPIKWY OUAWV
(veppotrdBeia atrd TTaAivopounon) Exouv UEAETNOEI EKTEVWG Kal PTTopPEi va dlakpiBolv
OTIG TTAPAKATW KATNYOPIES:

(1) ioToraBoloyikég aldoiwaeig, e KUPIO EUPNUA TNV ECTIOKN KAl TUNPATIKA OTTEIPAPATOOKANPUVGN

(2) yoppoAoyiIKEG Kal ASITOUPYIKES EMITITWOEIS, JE GUVETTEIQ TNV KABUOTEPNON OTNV aUgnon Tou veppou,
TNV EPPAVION AEUKWHPATOUPIOG KOI TN PEIWON TNG VEPPIKAG AsIToupyiag

(3) kKAIvikég emiTTAOKEG TTOU TTEPIAQUBAVOUY TNV UTTEPTACN Kal TN XPOVIA VEQPPIKF AVETTAPKEIX

10
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MHXANIZMOIANANTYZHZ AEYKQMATOYPIAZ

1) Avoooloyikr BAGBN Tou OTTEIPAPATOG HE OXNMATIONO in Situ AVOOOCUUTTAEYHATWY,
oTa oTToia TO avTlyévo PTTOPED va gival BakTnplakr TTpwTeivn ) Tpwteivn Tamm- Horsfall

2) AyyelakEG HETABOAEG
3) Meoayeiakr duoAeitoupyia pe Trayideuon pakpopopiwy (IgM, C3)

4) Zreipapatikn utrepdIndnan
Solari et al., 2004; Strutz et al., 1995,1996,1999, 2003; Weiss et al., 1994).

(Eddy, 2000). : ] is also known as cellular activation and

injury phase.

Eddy A.A. (2000): Molecular basis of renal fibrosis, Pediatr Nephrol 15:290-301.

L COTRAM RS, Glomerulosclerosis in reflux nephropathy. Kidney fnt
1982, 21:528-534

. BREMNMNER 8M. MEYER TWW, HOSTETER TH. Diietary protein intake and
the progressive nature of kidney disease. The role of hemody-
namically mediated glomerular injury in the pathogenesis of
glomerulosclerosis in aging, renal ablation and intrinsic renal dis-
ease. N Engl ] AMed 1982, 307:52—-59

BACTERIAL INFECTION
- fimbriac

- hemolysins

- lipopolisaccharides

INFILTRATION OF
INFAMMATORY CELLS

e “a
PRODUCTION AND RELEASE OF INFLAMMATORY RESPONSE
- profeolytic enzymes local production of chemokines and cytokines
- free oxygen radicals (interleukins, TGF3, TNF-a, FGF, EGF, CTGE)
ACTIVATION OF EPITHELIAL-
‘ ‘mesangium, fibroblasts, | — MESENCHYMAL
tubular cells TRANSFORMATION
S e
INCREASED PRODUCTION AND
CELLS DEATH DECREASED DEGRADATION OF

apoptosis, nectosis, oncosis EXTRACELLULAR MATRIX PROTEINS
(MMP/TIMP imbalance)

peritubular and glomerular capillaries atrophy

tubular atrophy
lost of podocytes

+

TUBULOINTERSTITIAL FIBROSIS
GLOMERULAR SCLEROSIS
RENAL SCARRING

RENAL INSUFFICIENCY

Fig. 1. Patl is of post-infl v nephropathy.

11
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loTomra®oAoyikég aAAoiwaoelg

The injury results from the local inflammatory response that may persist
with chronic inflammation, tubular injury, local fibrobroblast activation, and
interstitial collagen deposition. The loss of nephrons is associated with
hyperfiltration and hypertension that result in proteinuria and progressive
loss of renal function. This can also lead to the development of FSGS

The histologic findings of this form of reflux nephropathy are: interstitial
infiltration with chronic inflammatory cells, tubular basement membrane
thickening, epithelial cell atrophy, collapse of tubular lumen, dilation of
other tububes with atrophic epithelium, eosinophilic casts, medial and
intimab thickening of arteries and arterioles, perigbomerular fibrosis,
collapse and hyalinization of glomerular tufts, and compensatory
hypertrophy in adjacent unscarred renal tissue

It is important to emphasize here that the histopathobogic profile of this
type of scarring contains no dysplastic features that are characteristic of
the “congenital” reflux nephropathy hat would appear to have a different
etiopathogenesis

Proteinuria

Patients may also present with microalbuminuria, persistent proteinuria, or rarely nephrotic-
range proteinuria. e presence of proteinuria may suggest a histologic diagnosis of
secondary FSGS, which can be confirmed by renal biopsy if kidney size is normal and
diagnosis is uncertain

Proteinuria is usually modest (0.5 to 4 g/day) and is commonly associated with
hypertension and renal dysfunction. CKD progression o en occurs gradually over 5 to 10
years

End-Stage Renal Disease

According to the North American Pediatric Renal Transplant Cooperative Study
(NAPRTCS) annual report of 2008, 3.5% of the 6491 children on dialysis had RN, which
makes it the fourth most common cause of ESRD a er FSGS; renal aplasia, hypoplasia, or
dysplasia; and obstructive uropathy

The number of pediatric patients with RN who present with ESRD as adults is not clear.
According to one study of 123 adults with VUR diagnosed in childhood, the eGFR in those
with non dilating VUR averaged 75 ml/1.73 m2 and that in the dilating group was 72
ml/1.73 m2; four patients (9%) in the non dilating group and 13 (17%) in the dilating group
had eGFR below 60 ml/1.73 m2-30

12
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Figure 63-4 Histologic changes in reflux nephropathy. Sclerosed
glomeruli {arrows), chronic inflammatory cell infiltration, and atrophic
tubules with eosinophilic casts are present. (Hematoxylin-eosin; original
magnification x40.)

L i N
Figure 63-5 Focal segmental glomerulosclerosis (*) in reflux ne-

phropathy. Light microscopy of a glomerulus from a patient with reflux
nephropathy shows FSGS. (Hematoxylin-eosin; original magnification x400.)

HYPERTENSION

v

v

Hypertension affects approximately 10% of children with renal scans, although vary (5 to
27%) from series to series

Itis the most common cause of severe hypertension in childhood

Gender has some role in the development of hypertension. However, in addition, there was in
a spite of the higher incidence of reflux nephropathy in females, males, proportionally, have a
higher risk of hypertension as well as other complications such as proteinuria and renal failure
Histologically, the finding of focal segmental gbomerulosclerosis is significantly associated
with hypertension

No direct correlation between PRA and blood pressure could be demostrated, but the findings
suggest a dissociation between blood pressure and renin in reflux nephropathy with age

The renin-angiotensin system has for many years been implicated in the genesis of
hypertension in reflux nephropathy

Histopathologically, the scarred areas of kidney are associated a with arterial damage and it
would not be unlikely that this might lead to segmental ischemia with resulting renin-driven
hypertension

Savage IM, Dillon MI, Shah V. Barratt TM, Williams DI: Renin and blood-pressure in children with renal
scanning and vesico- uretenic reflux. Lancetii: 441-444, 1978

Zucchelli F, Gaggi R, Zuccala224}A: The natural history of refiux nephropathy. In: The Progressive Nature
of Renal Disease: Myths and Facts, edited by Oldnizzi L, Maschio G, Rugiu C, Basel, Karger, 1989, pp

90-99
Reflux Nephropathy MICHAEL J. DILLON and CHULANANDA D. A. GOONASEKERA
Renal Unit, Great Ormond Street Hospil Children and Dep of Nephrourology, Institute of Child

Health, London, United Kingdom. J Am Soc Nephrol 9: 2377-2383, 1998

13
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Proteinuria as a Marker for Reflux Nephropathy

Proteinuria predicts CKD progression due to RN. Persistent micro- albuminuriais helpful in
diagnosis of glomerular damage at a very early stage. Microalbuminuria increases with increasing
severity of VUR and renal scarring. In children with bilateral VUR with renal scarring and normal
creatinine clearance, microalbuminuria was detected in 54% of the cases. Microalbuminuria
screening offers the possibility of early intervention, such as the use of ACE inhibitors, aimed at
retarding CKD progress. Proteinuria, when it is severe, is usually associated with FSGS

Torres VE, Velosa JA, Holley KE, et al. e progression of vesicoureteral re ux nephropathy. Ann Intern Med. 1980;92:776.

Quattrin T, Waz WR, Du y LC, etal. Microalbuminuria in an adolescent cohort with insulin-dependent diabetes mellitus. Clin Pediatr (Phila). 1995; 34:12.

Bell FG, Wilkin TJ, Atwell JD. Microproteinuria in children with vesicoure- teric re ux. BrJ Urol. 1986;58:605.

Presentation of Vesicoureteral Reflux
in the Mother During Pregnancy

Vesicoureteral reflux may also first be manifested in the mother during pregnancy, when it
can be associated with asymptomatic bacteriuria or symptomatic UTI, hypertension,
preeclampsia, low- birth-weight babies, or miscarriage. VUR is present in approximately
5% of women with UTI in pregnancy and 4% to 5% of women with preeclampsia. VUR can
be distinguished from the normal ureteral dilation that occurs in pregnancy, which
preferentially affects the midportion of the ureter, and lack of involvement of the renal
parenchyma

14
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2Zuyyeveig VEQpPIKEG BAaBeg kal KOT |

EXTONOS HETATOMION OUPNTIRIKAG
kataBolng

4 \

Bpaxcsia svloxuoTikn MaBoloyikr nayoyn

anpayya oupnripa HECEYXUHATOG
Kon YnonAaoia-SuonAacia vegppuv

v' Study of VUR pathogenesis has shifted from clinical and experimentally induced VUR in animals to
genetically engineered mice and cocultures of metanephric mesenchyme with ureteral bud tissue. This
discussion will focus on the development of the ureter, its orifice, and the detrusor muscle at the trigone

v" VUR is a congenital urinary track anomaly with high frequency of reflux in siblings; twin concordance and
parent-child transmission provide strong evidence that VUR is at least in part a heritable disease.
Autosomal dominant, autosomal ecessive, X-Linked, and polygenetic inheritance are reported. Four
different strategies are employed to search for genes involved in human VUR: (a) screening for mutations in
candidate genes known from mouse VUR models, (b) genetically characterize chromosomal abnormalities
found in patients with VUR to identify new genes, (c) genes known to cause multiple organ
malformations in syndromic VUR in patients with nonsyndromic VUR, and (d) whole genome mapping

Heptinstall Pathology of the Kidney 7th Edition

16



Partial list of genes involved in human VUR

Gene

Mutations in humans

Paxl

ALTR2

ACE

SOMIT
ROBOZVSLIT2
RET/GDNF
BEMPA

Eyal

FOXC1

TGF-3

Oiptic nerve colobomas and familial renal anomalies, 30% of which have VLR,

F75

Hegptinstad Pathology of the Kidney Teh Edition
VUR and CAKLT
WUR alone
VUR
High-grade VUR + other renal anomalies
Primary reflux, duplicate ureters, megaurcter, and CAKLUT
CAKUT including WIUR
WVUR, duplex ureters, CAKUT, renal agencesis
CAKUT with WUR

High-grade VUR

Fromn Refs.

(292,293 294 205 296, 297,298,299 300,301 302,303,504, 305 306,307 308,509,310,.311,312,313.314,3
15,316,317,318,319, 320,321 322,323 324 125 326).

WUR is also associsted with heritable syndromes such as Hirschsprung disease, Apert syndrome, branchicotorens
syndirome, Townes-Brocks, and renal-coloboma syndrome

Heptinstall Pathology of the Kidney 7th Edition

FIGURE 24.56 A: Atrophic kidney with cortical scars from a young boy with history of hypertension associated with
nonfunctioning left kidney. B: Histologically, the scar consists of atrophic tubules, chronic inflammatory cells, and absent

glomeruli. (H&E; x400.)

31/1/2018
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| Integrative View of Pathogenetic Mechanisms in Reflux Nephropathy

Defective mesonephric mesoderm

(ureteral bud)
Abnormal induction of
metanephric mesoderm

(In utero)

High-voiding
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Virulent
bacterial strain

+

Immune
complexes
Bacterial

Inhibition
of ureteral
peri i

Susceptible
host

fragments
Endotoxin
Focal exudative Toxic urine
reaction companent
Delayed
‘Glomerulopathy tiyparsonsiinty

Sterile scar

Back-pressure
atrophy

Diffuse interstitial
fibrosis

Pyelonephritic
scar

Reduced nephron
population

Hyperfiltration High-protein diet
Hypertension

Pregnancy

Glomerulosclerosis

I Progressive renal insufficiency

James M. Gloor & Vicente
E.Torres
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Crang JC, Inwig LM, Knight JF. Poy LP: Does treavmnert of vesicoureteric reffux in childbood prevent

atributable to reflus rephropath 7 Pediatnics 2000, 10512261241,
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vol 2 Table 7.1 Distribution of reported incident pediatric ESRD patients by
primary cause of ESRD (aged 0-21 years), and by demographic characteristics

{a) 2006-2010 {period A) Toral Percent Pedian Percent Percent Peroent Black/ Percent

Patients i Age Males Whine African American Other Race

Primary Disease Groups o B A B Ll i) Ll B o B o B LY a8

AN ESRD, (reference) 8221 T340 ilo ] 0a 16 16 S6.65 585 (=] EG.3 ZAE 239 82 2.3
CAKUT 1652 1617 3.2 2z 12 11 &93.9 58.7 =t Tz 7.2 a5 [=X) 6.2
Cangenital obstroctive uropathies 31 712 2.8 o7z 11 11 EERS 2.4 41 3=k} .7 2144 53 5.6
Feenai hypoplasia, dysplasia, oligonephronia 45 737 a1 d 1o 1 538 536 758 752 16E 174 T4 53

Chronic pyelonephritis, reflux nephropathy 196 168 2.4 23 16 17 43.9 505 867 BE1 51 & B.2 [
Cystic/Hereditary/Congenital Dissases EES 221 116 1E5 14 13 588 533 W1 769 158 I58 4.9 73
Falyuystic kidneys, adult type {dominant] a5 2B 06 07 1B 18 478 336 B3 B33 196 146 23 21
Palyoystic, infantile | recessie) 145 152 1B 21 a 1 475 8 F7E 95 193 132 L) 73
Kedullary cystic disease, including nephronophthiss 123 112 14 15 13 12 407 428 BS4 7T 53 125 53 2.8
Hereditary nephiritis, Alparcs symdromes lEs 182 z3 2z 17 ir BE.G &7.7 731 753 E3.4 173 65 5.8

CysLinosis 59 AT a7 o5 13 11 432 52.5 9E.5 BZ5 3.4 125 o 5
Primary ooslosis ia 1z o2 oz (] 11 526 TO.6 TED 05 53 118 158 i7E
Cargenital nephrotic symidrome 124 135 15 18 2 a 581 436 PR B22 153 118 65 58
Dirash syridrome, mesangial sclerosis 29 21 o4 03 2 1 553 524 783 [58 17.2 243 34 A8
Onher feongenital mallarmation syrdromes) 20 208 25 23 14 13 583 &3 BAE 753 EX:S 139 5.4 ER

Sickle cull diseasefanemia 2z 15 031 oz 20 20 535 733 9.1 0 0.9 100 o i
Primary Glormerular Disease 1985 1603 2421 218 1B 18 551 555 B21 654 3l4 2639 75 7.6
Glomerulonephirita [GR) {histologically not esamined] asa 230 4.9 4.0 19 13 612 583 (=3 g 24.3 33 85 8.6
Focal glomeralosclerosis, focal sclerosing GH 10317 B8ag 1z.4 16 17 1z 55 558 533 594 41.5 349 52 5.8
MMembiranaus nephiropathy as 39 06 os iE 19 45 8 533 547 E15 6 iz3 63 51
Membranapraliferative BN toe 2, difuse MPGH 106 7o 13" 4o 17 17 438 457 E6F 757 e 143 114 1o
Denise deposit disease, MPGH bype 2 Iz 26 o4 04 16 16 5145  S53E 908 BiS a 77 61 7.7
I nephrooathy 208 187 25 25 18 18 554 S3E 736 749 145 102 115 15
1M rephropatiny 19 15 02 oz 18 19 532 50 £33 B57 358 257 o 5.7
With lesion of rapidhy progressive G Ed Az a8 o8 15 16 328 7.7 73 | 15.6 ir 125 10.6
Crher praliferative GN a9z a0 1.1 1 1E 17 391 41.3 TEL ES.3 15.2 0 BT 3.8

Dota Sowrce: Speciol analyses, USROS ESRD Darabase. Abbreviatians: ANCA, anti-neutrophil cytoplasmic antibady; AIDS, acquired-immune deficiency
syndrome; CAKUT, cangenital anomalies of the kidney and urinary troct; congenital obstructive urppgthy, cambination of congenital ureteropelvic junction
pbstruction, congenital yreterpyesioa! junction obstruction, ond other congenital anomolies; ESRD, end-stage renal disegse; GN glomerwionephritis; 1gA
immunaglobulin A; ighd, immunoglobulin M; incl, including; MPGN, membranaoraliferative glomerulonephritis; S8E, sub-acute bacterial endacaraditis.
Diggrioses with 10 or fewer total patients for year categories are suppressed.
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Does Treatment of Vesicoureteric Reflux in Childhood Prevent End-Stage Renal
Disease Attributable to Reflux Nephropathy?
Jonathan C. Craig, Epi1), PhD, Les M. Irwig, FFAPHM, PhD, John F. Kmight and L.
Paul Roy
Pediatrics 2000;105.1236-1241
DOI: 10.1542/peds.105.6.1236

Conclusions. Treatment of children with vesicoure-
teric reflux has not been accompanied by the hoped-for
reduction in the incidence of ESRD attributable to reflux

nephropathy. A randomized trial with a control (no-treat-
ment) arm is required to appropriately assess the medical
belief that long-term antibiotics and surgery improve the
natural history of vesicoureteric reflux. Pediatrics 2000;
105:1236-1241; vesicoureteric reflux, end-stage renal dis-
ease, before—after study.
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Antibiotic Prophylaxis and Recurrent Urinary
Tract Infection in Children

Jonathan C. Craig, M.B., Ch.B., Ph.D., Judy M. Simpson, Ph.D.,
Gabrielle J. Williams, Ph.D., M.P.H,, Alison Lowe, B.Sc., Graham J. Reynolds, M.B., B.S.,
Steven |. McTaggart, M.B., B.S., Ph.D., Elisabeth M. Hodson, M.B., B.S.,
Jonathan R. Carapetis, M.B., B.S., Ph.D., Noel E. Cranswick, M.B., B.S,,
Grahame Smith, M.B., B.S,, Les M. Irwig, M.B., B.Ch., Ph.D.,

Patrina H.Y. Caldwell, Ph.D., Sana Hamilton, M.P.H., and Leslie P. Roy, M.B., B.S.,
for the Prevention of Recurrent Urinary Tract Infection in Children with
Vesicoureteric Reflux and Normal Renal Tracts (PRIVENT) Investigators
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Interplay between vesicoureteric reflux and kidney
infection in the development of reflux nephropathy
in mice

Samantha E. Bowen'*, Christine L. Watt®*, Inga J. MurawskiZ, Indra R. Gupta®® and Soman N. Abraham'#>6#

SUMMARY

Vesicoureteric reflux (VUR) is a common congenital defect of the urinary tract that is usually discovered after a child develops a urinary tract infection.
It is associated with reflux nephropathy, a renal lesion characterized by the presence of chronic tubulointersitial inflammation and fibrosis. Most
patients are diagnosed with reflux nephropathy after one or more febrile urinary tract infections, suggesting a potential role for infection in its
development. We have recently shown that the C3H mouse has a 100% incidence of VUR. Here, we evaluate the roles of VUR and uropathogenic
Escherichia coli infection in the development of reflux nephropathy in the C3H mouse. We find that VUR in combination with sustained kidney
infection is crucial to the development of reflux nephropathy, whereas sterile reflux alone fails to induce reflux nephropathy. A single bout of kidney
infection without reflux fails to induce reflux nephropathy. The host immune response to infection was examined in two refluxing C3H substrains,
HeN and HeJ. HeJ mice, which have a defect in innate immunity and bacterial clearance, demonstrate more significant renal inflammation and reflux
= nephropathy compared with HeN mice. These studies demonstrate the crucial synergy between VUR, sustained kidney infection and the hostimmune
5 response in the development of reflux nephropathy in a mouse model of VUR.
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