
CHOOSING THE APPROPRIATE IMAGING MODALITY FOR
PEDIATRIC UROLOGIC DISORDERS

95PJR July - September 2014; 24(3)PAK ISTAN JOU RN AL  OF RADIOLOGY

Correspondence : Dr. Tariq  Alam
De partm e nt of Radiology,
Fre nch  M e dical Ins titute  of Ch ildre n (FMIC),
Kabul, Afgh anis tan.
Em ail: drtariq alam @ gm ail.com

REVIEW ARTICLE

Subm itte d 28 April 2015, Acce pte d 11 May 2015

Hedayatullah Hhamidi, Tariq Alam

De partm e nt of Radiology, Fre nch  Me dical Ins titute  of Ch ildre n (FMIC), Kabul, Afgh anis tan.

Im aging h as  im portant role  in diagnos is  of urinary tract path ologie s  in pe diatric population. Th e  tre nd in ch oos ing
th e  im aging m odality is  tow ards  re duce d or no radiation e xpos ure  and obtaining com bine d m orph ological and
functional im aging. Pre s cribing th e  appropriate  im aging te ch niq ue  by re fe rring ph ys ician is  as  e s s e ntial as
pe rform ing and inte rpre ting it by radiologis t. One  of th e  annoying is s ue s  in radiology is  pe rform ing inappropriate
or le s s  us e ful im aging s tudie s  for s us pe cte d urologic dis orde rs  pre s cribe d by th e  re fe rring ph ys icians , s o it is
of gre at w orth  to ch oos e  th e  m os t conve nie nt radiologic e xam ination cons ide ring its  indication, s pe cificity,
lim itation, s afe ty, availability and cos t. OBJECTIVES: To de ve lop good practice  of th e  firs t line  im aging m odalitie s
as  w e ll as  furth e r im aging s trate gy in various  pe diatric urological dis orde rs  am ong th e  re fe rring ph ys icians  in
orde r to ch oos e  th e  m os t appropriate  te ch niq ue  cons ide ring its  s pe cificity, s afe ty and availability. METHODS:
Th is  article  is  bas e d on re vie w  of various  publis h e d pape rs  and article s  from  inte rnational journals . RESULT:
Ultras ound is  unive rs ally th e  m odality of ch oice  in pe diatric uroradiology. It is  ine xpe ns ive , im m e diate , painle s s ,
radiation fre e , w ide ly available  and re q uire s  no s e dation. Magne tic re s onance  im aging is  th e  s e cond im aging
option afte r Ultras ound in ch ildre n. It is  radiation fre e  m odality and provide s  both  m orph ologic and functional
inform ation. Com pute riz e d tom ograph y it is  le s s  s uitable  for routine  im aging in pe diatrics  due  to its  h igh  radiation
dos e  but it is  th e  m odality of ch oice  in th e  conte xt of blunt abdom inal traum a and inade q uate  ultras ound re s ult
for urolith ias is . Plain radiograph y is  us e d to vis ualiz e  any radio-opaq ue  obje cts  in th e  urinary tract and to e valuate
th e  pos ition of s te nts  or drains . Voiding cys to-ure th rograph y provide s  anatom ic and functional inform ation about
th e  urinary bladde r and th e  ure th ra and is  th e  gold s tandard for de te ction of ve s ico-ure te ric re flux. Us age  of
Intrave nous  Urograph y is  now  in unive rs al de cline  but can s till be  us e d as  an alte rnative  in th e  abs e nce  of cros s
s e ctional im aging facility.Cath e te r dire cte d angiograph y h as  ve ry lim ite d application in pe diatric uroradiology due
to th e  invas ive  nature  and is  large ly re place d by MR Angiograph y and CT Angiograph y. Re trograde  ure th rograph y
and cys togram  are  e s s e ntial for e valuation of ure th ral abnorm alitie s  and are  re place d by CT cys tograph y in th e
conte xt of traum a. Nucle ar m e dicine  im aging offe rs  functional inform ation about urinary tract. Pos itron e m itte d
tom ograph y pe rm its  th e  s tudy of organ function by de te cting alte rations  in bioch e m ical proce s s e s  th at s ugge s t
dis e as e  be fore  ch ange s  in anatom y are  appare nt th e re for im portant in e arly de te ction of cance r and e valuation
of e ffe cts  of cance r th e rapy. CONCLUSION: Know le dge  of indication, s pe cificity, lim itation, availability and patie nt
s afe ty of various  im aging m odalitie s  in s us pe cte d urological dis orde rs  in pe diatric population is  e s s e ntial for
re fe rring ph ys icians  in orde r to ach ie ve  th e  corre ct diagnos is  w ith  le s s  ris k  and e xpe ns e s  to th e  patie nts .
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Introduction

Today various  conve ntional1 (plain film , Ultras ound
(US), Intrave nous  urograph y (IVU), Voiding cys toure -
th rograph y (VCUG) and re trograde  ure th rograph y

(RU)) and advance d2 (Com pute d tom ograph y angio-
graph y (CTA), Com pute d tom ograph y urograph y
(CTU) CT cys tograph y, Nucle ar m e dicine  im aging,
Magne tic re s onance  urograph y (MRU), advance d
US, (h arm onic im aging, Th re e  dim e ns ional (3D),
voiding uros onograph y (VUS) and Pos itron e m itte d



tom ograph y (PET)) im aging m odalitie s  are  us e d in
pe diatric uroradiology.
Th e  tre nd in ch oos ing th e  im aging m odality is  tow ards
re duce d or no radiation e xpos ure  and obtaining com -
bine d m orph ological and functional im aging.3 H ow -
e ve r, e ve n w ith  th e  us e  of m os t s oph is ticate d m ode rn
m e th ods  and applications , w e  m us t acce pt th at s om e
of bas ic conve ntional urological im aging m e th ods
are  s till irre place able .4 It th is  re vie w  w e  w ill point th e
appropriate  application of e ach  of th e  m e ntione d
m odalitie s  in accordance  to clinical conte xt as  w e ll
as  availability, h igh  diagnos tic valve  and low  radiation
ris k  to th e  patie nt. (Tab. 1)
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ope rator w ith  h igh  le ve l of s k ill and k now le dge  is
ne e de d. M e anw h ile  Still, conve ntional s onograph y
is  poor in anatom ical e valuation of th e  ure th ra and
th e  ure te rs  and in de te cting/e xcluding of ve s i-
coure te ral re flux (VUR)h ow e ve r w ith  th e  introduction
of contras t e nh ance d voiding uros onograph y (ce VUS)
for diagnos is  of ve s icoure te ric re flux, th e  s pe ctrum
of US applications  h as  s ubs tantially broade ne d.6

Ce VUS is  a re lative ly ne w  m odality in th e  de te ction
of VUR in ch ildre n and is  a re liable  alte rnative  to
VCUG and Radionuclide  cys tograph y (RNC) w ith
th e  dis tinct advantage  of avoiding ioniz ing radiation
as  w e ll as  incre as ing th e  de te ction rate  of VUR.
Th e  lim itation in e valuation of th e  ure th ra m ay
pote ntially be  ove rcom e  by atte m pting of trans pe rine al
US e xam ination.US plays  an im portant role  in
as s e s s m e nt of th ick ne s s  and le ngth  of bulbar ure th ral
s tricture .

Table 1

Appropriate imaging modalities for specific conditions

Condition

Conge nital anom alie s

Re nal function

Urinary tract Calculi

Urinary tract tum ors

PUJ obs truction

Ve s ico-ure te ral re flux

Ure th ral path ologie s

Bladde r, dive rticula, Ure te roce le

Pos te rior ure th ral valve

Pos t traum a e valuation

Im aging m odality

US, MRU

MRU, NMI, IVU

X-ray, US, CTU, IVU

US, MRU,PET, CTU

US,MRU,IVU

VCUG, Ce VUS, RNC

Ure th rogragh y

VCUG

VCUG

CT

Ultrasound (US)

Ultras ound is  alm os t unive rs ally th e  m odality of
ch oice  in uroradiology giving e xce lle nt firs t orie nting
inform ation th e n dire cting th e  furth e r im aging
s trate gy.4 It is  ine xpe ns ive , im m e diate , painle s s ,
radiation fre e , w ide ly available  and re q uire s  no
s e dation or ane s th e tic.5

In ch ildre n, due  to le s s  body fat and re lative ly s upe r-
ficial location of k idne ys  and bladde r, th e  urinary
tract is  e as ily vis ualiz e d by ultras ound (Fig 1).
Ultras ound allow s  for re pe ate d follow -up inve s tigations
th at e nable  a clos e  m onitoring of th e  cours e  of any
dis e as e s .
It is  im portant to k now  th at m ultifre q ue ncy curve d
and line ar array trans duce rs  (18-2 MH z ) are  ne e de d
for s canning pe diatric patie nts .
Th e  lim itations  for ultras ound are  th at it is  e ntire ly
ope rator de pe nde nt s o for accurate  inve s tigation,

Figure 1: ULTRASOUND IMAGE: Ure te roce le  in urinary bladde r.

Magnetic Resonance
Imaging (MRI)

W h e n furth e r cros s -s e ctional m orph ologic e xam i-
nations  and/or functional e valuation of urinary tract
are  re q uire d, M RI be com e s  th e  logical and optim al
s e cond s te p.7 MRI provide s  com pre h e ns ive  m orph o-
logic and functional inform ation (Fig. 2). Th e  m ain



advantage  of MRI is  no e xpos ure  to radiation, but
de s pite  its  h igh  diagnos tic utility, th e  ne e d for s e dation
in infants  and s m all ch ildre n, availability of MR
s canne rs , and cos t are  ancillary factors  th at re s trict
th e  w ide s pre ad us e  of MR in pe diatric uroradiology.
Th e  prim ary indications  for us ing urinary tract MR
im aging are  conge nital anom alie s  and re nal and
bladde r tum ors . In m any Europe an ce nte rs , afte r an
US, only MR im aging is  us e d for e valuation of tum ors
of th e  urinary tract in ch ildre n.7 Infe ctions  and vas cular
anom alie s  of th e  urinary tract are  le s s  fre q ue nt
indications  for M R im aging.
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dos e  is  e q uivale nt to th at of approxim ate ly 50 to 100
ch e s t radiograph s .2

As  m e ntione d be fore , in an advance d pe diatric
radiology unit w ith  s tate -of-th e -art im aging, m os t
routine  uroradiologic e xam inations  can be  pe rform e d
w ith  US and MR im aging, but th e re  are  tw o m ain
e xce ptions  w h ich  m ak e  th e  CT m ore  re liable  e xam ;6

A- W h e n follow ing an US s tudy, additional
diagnos tic im aging for urolith ias is  is  ne e de d.

B- In th e  cas e  of s e ve re  polytraum a including
blunt abdom inal traum a.

Th e  ne e d for CT in th e  firs t ins tance  is  be caus e  of
th e  h igh e r diagnos tic yie ld th at CT provide s , and in
th e  latte r, ancillary is s ue s  ove rride  all oth e r cons i-
de rations  and th e  point is  be yond jus t diagnos tics :
CT is  m uch  m ore  available  and tak e s  s h ort duration
of e xam ination.
Rath e r th an th e s e , CT ne e ds  to be  cons ide re d as  a
s e condary option if US and/or MR im aging are
inade q uate , unavailable  or cannot be  pe rform e d and
th e  clinical s us picion w arrants  furth e r im aging
clarification.
State  of th e  art CT te ch nology offe rs  tw o advance d
im aging protocols  for pe diatric urological applications :
CT angiograph y (Fig. 3) and CT urograph y (CTU).
Dire ct CT cys tograph y m ay be  ne ce s s ary for e va-
luation of bladde r rupture .6

Figure 2: MR- T2W I: bilate ral PUJ obs truction w ith  norm al ure te rs
and bladde r.

Computerized Tomography
(CT) Scans

As  CT de live rs  a re lative ly h igh  radiation dos e  and
th us  is  le s s  s u itable  for routine  im aging in infants
and ch ildre n w h o h ave  h igh e r radiation s e ns itivity.
According to a s tudy at th e  ch ildre n h os pital of
Ph ilade lph ia, 2010, us ing a 64-ch anne l MDCT
s canne r for abdom inal CTA and abdom inal–pe lvis
CTU in ne onate s  to adole s ce nt patie nts , ave rage
radiation e xpos ure s  w e re  approxim ate ly 1 to 2 m Sv
w ith  s can tim e s  of 1.5 to 4.0 s e conds . Th is  radiation

Figure 3: CTA Coronal 3D VRT: Righ t re nal arte ry s h ort-s e gm e nt
h igh -grade  s te nos is
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Figure 4: VCUG obliq ue  im age s : e ctopic ure te r ins e rting into
ure th ra.

Plain Radiography

H ow e ve r le s s , but s till h as  indications  in pe diatric
uroradiology: th e  m ain indications  tor a KUB are :

To vis ualiz e  any radio-opaq ue  obje cts  in th e  uri-
nary tract.
Evaluate  th e  s tructure  of th e  s pine  and bony pe lvis
Evaluate  re trope ritone al air and fat-fas cial plane s
(abs ce s s , infe ction, pe rforation)
De te ct air in th e  urinary tract or fre e  air in th e  ab-
dom e n
De te ct re taine d fore ign bodie s
Evaluate  th e  pos ition of s te nts  or drains 1

Intravenous urography (IVU)
or Intravenous pyelography
(IVP)

Initially it w as  th e  only m e th od allow ing as s e s s m e nt
of re nal anatom y and function, but w ith  th e  addition
of ne w  m e th ods , it is  now  in unive rs al de cline .4 IVU
be com e s  an alte rnative  prim arily in th e  abs e nce  of
cros s  s e ctional im aging facility. In s uch  cas e s  th e
IVU ne e ds  to be  m ore  focus e d w ith  as  fe w  e xpos ure s
as  ach ie vable  and w ith  as  low  as  pos s ible  radiation
dos e .3

De h ydration, e le vate d cre atinine , and alle rgic re ac-
tions  to contras t m e dia are  re lative  contra-indications
for IVU.Me anw h ile  th is  e xam ination s h ould be  de laye d
until at le as t th e  4th  w e e k  of life  be tte r th e  6th  w e e k
of life  as  th e  glom e rular filtration rate  is  ve ry low  at
birth  and th e  tubule s  are  e ve n m ore  im m ature  th an
th e  glom e ruli. Th e s e  ph ys iological factors  e xplain
w h y IVU in th e  ne onate  is  ch arac-te riz e d by poor
vis ualis ation of th e  k idne ys .

Th e  indications  for IVU can be

H e m aturia and colic, or oth e r s igns  or s ym ptom s
th at s ugge s t a urinary calculus , w ith  inde cis ive
US re s ult.
Sym ptom atalogy s ugge s t ce rtain conge nital
abnorm alitie s , (s us pe cte d e ctopic ure te r)
Re ce nt urinary tract s urge ry, w h e n th e  urinary
tract w ill be  at ris k  for future  de te rioration, or
pre ope rative  anatom ic as s e s s m e nt;
Abnorm al findings  on a re nal US th at m ay indicate
th e  ne e d for IVU (e .g. calyce al dive rticulum )
H is tory of papillary ne cros is , tube rculos is  of GU
tract, m e dullary s ponge  k idne y.4

Voiding cystourethrography
(VCUG) or Micturating cystou-
rethrography (MCUG)

VCUG is  s till cons ide re d th e  gold s tandard for
de te ction of ve s ico-ure te ric re flux (VUR) and e va-
luation of ure th ra.4 It provide s  anatom ic and functional
inform ation about th e  urinary bladde r (bladde r
capacity, VUR, trabe culations , dive rticula or ure te -
roce le s ) (Fig. 4) and th e  ure th ra (valve s , s tric-ture s ,
incom ple te  re laxation of th e  s ph incte r or pros tatic
utricle ). VCUG is  th e  only diagnos tic im aging m odality
th at can re liably dire ctly de m ons trate  pos te rior ure th ral
valve s .1H ow e ve r, a s ignificant radiation dos e ,
particularly to th e  ovarie s , pe rs is ts  th at im plie s  a
s trict indication for pe rform ing VCUG.4 As  m e ntione d
above , ce VUS can be  a good alte rnative  for VCUG
in e valuation of VUR.

Retrograde urethrogram
(RUG) and Cystogram

Th e y are  m ainly indicate d in th e  e valuation of
uroge nital traum a, h ow e ve r m os t cys togram s  in
traum a patie nts  are  now  CT cys togram s . Ure th rogram
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Positron Emitted Tomography
(PET) Scan

PET pe rm its  th e  s tudy of organ function by de te cting
alte rations  in bioch e m ical proce s s e s  th at s ugge s t
dis e as e  be fore  ch ange s  in anatom y are  appare nt
w ith  oth e r im aging te s ts , s uch  as  CT or M RI.
PET is  us e d to de te ct cance r and to e xam ine  th e

is  als o e s s e ntial in de fining th e  e xte nt and nature  of
ure th ral s tricture  dis e as e .1 To e valuate  th e  w h ole
le ngth  of ure th ra, re trograde  as  w e ll as  ante grade
ure th rograph y m us t be  done . Ante rior ure th ra is
s tudie d by RUG and pos te rior ure th ra is  s tudie d by
ante grade  ure th rograph y.
In patie nts  w ith  h is tory of m ultiple  ure th roplas tie s  for
a h ypos padiac ure th ra, RUG can de line ate  th e
e xis ting ure th ral anatom y prior to re cons tructive
s urge ry.

Catheter Directed
Angiography

Due  to th e  invas ive  nature  of th is  im aging m odality
it h as  ve ry lim ite d application in pe diatric uroradiology
and large ly re place d by CT angiograph y and MR
angiograph y.
Its  advantage  is  th at it can be  both  diagnos tic and
th e rape utic pe rm itting s e le ctive  e m boliz ation of injure d
ve s s e ls  in ce rtain ins tance s  of re nal traum a w ith
s e gm e ntal arte ry ble e ding.1

Diuretic Renography

Evaluation of h ydrone ph ros is  as  it can dis tinguis h
obs tructive  conditions  from  ph ys iological h ydro-
ne ph ros is  (s e condary to e ith e r Ure te rope lvic
junction obs truction or urte rove s ical junction
obs truction) (Fig. 5).

Nuclear Medicine Imaging

Nucle ar M e dicine  Im aging offe rs  functional infor-
m ation th at is  not attainable  w ith  traditional radio-
graph ic im aging. Th e  m os t com m on nucle ar im aging
s tudie s  include  radionuclide  cys tograph y (RNC),
cortical re nal s cintigraph y and diure tic re nograph y.
Indications  for e ach  of th e m  are  de s cribe d be low :

Radionuclide cystography (RNC):

Fam ily s cre e ning for ve s icoure te ral re flux
Follow -up of k now n VUR
Follow -up of patie nts  afte r anti-re flux s urge ry

Figure 5: Tc-9 9 m  MAG-3 s tudy s h ow s  h ydrone ph rotic le ft k idne y
w ith  tortuous  ure te r and h old up of trace r in le ft colle cting s ys te m
and incom ple te  cle arance  afte r frus e m ide  s tre s s  (15 m in) and

pos t-void. Righ t k idne y is  norm al functioning w ith  no e vide nce  of
obs truction.

Renal cortical scanning

Ide ntify anom alie s  of th e  uppe r urinary tract th at
affe ct re nal function e .g. m ulticys tic dys plas ia and
pye lone ph ritic s carring.
Diagnos is  of acute  pye lone ph ritis  (Fig. 6).

Figure 6: Tc-9 9 m  DMSA pos te rior s h ow s  a cortical s car ove r le ft
low e r pole .
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e ffe cts  of cance r th e rapy by ch aracte riz ing bio-
ch e m ical ch ange s  in th e  cance r. It is  als o us e ful in
e valuation of re trope ritone al tum ors  and re nal tum ors
in th e  pe diatric GU patie nt.
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