
SIGNIFICANCE OF HOUNSFIELD UNITS ON NON-CONTRAST
COMPUTED TOMOGRAPHY IN DETERMINING THE STONE-FREE
RATE AFTER ESWL

133PJR April - June 2018; 28(2)PAKISTAN JOURNAL OF RADIOLOGY

Corre s ponde nce  : Dr. Muh am m ad Mubarak
De partm e nt of Radiology,
Sindh  Ins titute  of Urology and Trans plantation (SIUT),
Karach i, Pak is tan.
Em ail: drm ubarak s iut@ yah oo.com

ORIGINAL ARTICLE

Subm itte d 15 January 2018, Acce pte d 12 Fe bruary 2018

Introduction

Th e  incide nce  of re nal s tone  is  incre as ing w orldw ide .1

Fe ar of ope n s urge ry is  one  of th e  m ain re as ons  for
de lay in s e e k ing tre atm e nt and re s ults  in com plications
of s tone  dis e as e . Th is  fe ar h as  be e n re duce d by th e
us e  of e xtracorpore al s h ock w ave  lith otrips y (ESW L).2

During th e  las t th re e  de cade s , ESW L h as  prove n to
be  an e ffe ctive , non-invas ive  tre atm e nt m odality for
m os t uppe r urinary tract s tone s , e s pe cially th os e
s m alle r th an 2 cm .3,4

Th e  s ucce s s  rate  of ESW L varie s  from  69 .5%  to 9 0% .2,3

Th is  s ucce s s  de pe nds  on m any patie nt- and s tone -
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OBJECTIVE: To de te rm ine  th e  fre q ue ncy of s tone -fre e  rate  afte r e xtracorpore al s h ock w ave  lith otrips y (ESW L)
and its  re lations h ip w ith  H ouns fie ld Units  (H Us ) of re nal calculi. METH ODOLOGY:  Th is  obs e rvational s tudy w as
carrie d out at th e  De partm e nt of Urology, Sindh  Ins titute  of Urology and Trans plantation (SIUT), Karach i, Pak is tan,
from  June  2015 to De ce m be r 2015. All patie nts  w e re  e valuate d for s e rum  cre atinine , coagulation profile , urinalys is
and culture  and im aging s tudie s  including non-contras t com pute d tom ograph y (NCCT). All w e re  e valuate d w ith
X-ray and ultras ound KUB at s ix w e e k s  of ESW L s e s s ion. Patie nts  w ith  re s idual fragm e nts  m ore  th an 4 m m  in
s iz e  w e re  offe re d anoth e r s e s s ion of ESW L. In cas e  of pe rs is te nt s tone  fragm e nts  m ore  th an 4 m m  in s iz e , s tone s
w e re  labe le d as  ESW L-re fractory and alte rnative  tre atm e nt options  offe re d. RESULTS: A total of 139  patie nts
w e re  include d in th is  s tudy. Th e  m e an age  w as  40.0 ± 8.9  ye ars  and 9 1 (65.47% ) w e re  m ale s . Th e  m e an s tone
s iz e  and m e an H Us  of all patie nts  w e re  12.7 ± 3.6 m m  and 616.9  ± 304.3, re s pe ctive ly. On las t follow -up, out
of 139 , 9 5 (68.3% ) patie nts  w e re  in s tone -fre e  group and 44 (31.6% ) in re s idual s tone  group, w ith  a m e an H Us
value  of 565 ± 62.1 and 9 05 ± 61.7, re s pe ctive ly (p=0.001). Th e  m e an H Us  of s tone -fre e  group w as  s ignificantly
low e r th an th at of re s idual s tone  group. CONCLUSION: Our findings  s ugge s t th at th e  H U m e as ure m e nt of re nal
calculi on pre tre atm e nt NCCT m igh t be  h e lpful in pre dicting s tone -fre e  rate  afte r ESW L.
Ke y W ords : Re nal s tone s , Extracorpore al s h ock w ave  lith otrips y, H ouns fie ld units .
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re late d factors . Failure  to s tone  fragm e ntation re s ults
in unne ce s s ary e xpos ure  of re nal pare nch ym a to
s h ock  w ave s  and th e  re q uire m e nt of an alte rnate
proce dure , w h ich  incre as e s  m e dical cos t. Th e re fore ,
it is  im portant to ide ntify patie nts  w h o could be ne fit
m os t from  ESW L be fore  tre atm e nt.
In orde r to s e le ct prope r tre atm e nt option for urinary
s tone s , radiograph ic as s e s s m e nt of th e  calculus  is
ne ce s s ary. Plain X-ray of th e  k idne y, ure te r and bladde r
(KUB), ultras onograph y and e xcre tory urograph y h ave
traditionally be e n done  to provide  inform ation im por-
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data, age , s e x, body w e igh t, s tone  s iz e  and location,
and s tone ’s  atte nuation value  w e re  docum e nte d on
a proform a. All ESW L proce dure s  w e re  pe rform e d
on a s e cond ge ne ration e le ctroh ydraulic lith otripte r
Doli [Doli 50 (19 9 5 Mak e ), Dornie r, Ge rm any] by
pos tgraduate  traine e  unde r s upe rvis ion of th e  con-
s ultant. Calculi w e re  fragm e nte d unde r fluoros copy
and/or ultras ound guidance . Th e  num be r of s h ock
w ave s  de live re d and e ne rgy le ve l in k V, h ae m aturia,
and flank  pain w e re  als o re corde d. All patie nts  w e re
e valuate d w ith  X-ray and Ultras ound KUB at s ix w e e k s
of ESW L s e s s ion. Patie nts  w e re  cate goriz e d into a
s tone -fre e  s tatus  and s ignificant re s idual fragm e nts
groups .
Patie nts  w ith  re s idual fragm e nts  m ore  th an 4 m m  in
s iz e  w e re  offe re d anoth e r s e s s ion of ESW L. Re pe at
ultras onograph y and X-ray KUB w as  done  at s ix
w e e k s  inte rval of s e cond s e s s ion. In cas e  of pe rs is te nt
s tone  fragm e nts  m ore  th an 4 m m  in s iz e , patie nts
w e re  labe le d as  h aving ESW L- re fractory s tone s  and
alte rnative  tre atm e nt option w as  offe re d.
Th e  data w as  e nte re d and analyz e d us ing Statis tical
Pack age  for Social Scie nce s  (SPSS) ve rs ion 18.0
(SPSS Inc., Ch icago, Illinois , USA). De s criptive  s tatis -
tics  w e re  us e d. Continuous  variable s  s uch  as  age ,
s iz e  of s tone s  w e re  pre s e nte d as  m e an ± s tandard
de viation (SD), w h ile  num be rs  and pe rce ntage s  (fre -
q ue ncie s ) w e re  us e d for cate gorical variable s  s uch
as  fre q ue ncy of s tone  cle arance . Effe ct m odifie rs
w e re  controlle d th rough  s tratification of age , ge nde r
and s tone  s iz e  to s e e  th e  e ffe ct of th e s e  on outcom e
variable s  and applying ch i-s q uare  te s t pos t-s tratifi-
cation. p value  of 0.05 w as  tak e n as  s ignificant.

Re s ults

A total of 139  patie nts  w e re  include d in th is  s tudy.
Th e ir m e an age  w as  40.0 ± 8.9  ye ars . Am ong th e s e ,
9 1 (65.4% ) w e re  m ale s  and 48 (34.5% ) fe m ale s . Th e
m ale  to fe m ale  ratio w as  1.8:1.
Th e  m e an s tone  s iz e  and H Us  of all patie nts  w e re
12.7 ± 3.6 m m  and 616.9  ± 304.3 H Us , re s pe ctive ly.
O n las t follow -up, out of 139 , 9 5 (68.3% ) patie nts
w e re  in s tone -fre e  group and 44 (31.65% ) in re s idual
s tone  group, w ith  a m e an H Us  value  of 565 ± 62.1
and 9 05 ± 61.7, re s pe ctive ly, w h ich  w as  s tatis tically
s ignificantly diffe re nt (p=0.001), as  s h ow n in (Fig. 1).

tant in th e  m anage m e nt of urinary calculi. Re ce ntly,
non-contras t com pute riz e d tom ograph y (NCCT) h as
be com e  th e  ch oice  of im aging as  it provide s  rapid
and accurate  s tone  param e te rs .5 Many s tudie s  h ave
be e n done  to corre late  th e  radiograph ic findings  on
NCCT, including cons is te ncy, s iz e , s h ape  and location,
w ith  tre atm e nt s ucce s s  but no s pe cific re com m e n-
dations  h ave  ye t re s ulte d from  th e s e  s tudie s .5,6

In vitro s tudie s  s ugge s t th at th e  atte nuation value  of
calculi m e as ure d in h ouns fie ld units  (H Us ) on NCCT
m ay pre dict th e  ability to fragm e nt urinary s tone s .
Stone s  traditionally tre ate d w ith  ESW L m ay be  be tte r
m anage d by oth e r m odalitie s  bas e d on th e  H U value s
obtaine d from  NCCT.6

A pre vious  s tudy h as  s h ow n s ignificantly diffe re nt
m e an value s  for s tone -fre e  and re s idual s tone  groups
551.2 ± 46.6 vs  9 26.20 ± 51.42H U, p <0.0001), re s -
pe ctive ly. Th e y obs e rve d s tone  fre e  rate  in 64%  of
cas e s  and re s idual s tone s  rate  in 36% .7

Th e  pre s e nt s tudy w as  aim e d to de te rm ine  th e  s igni-
ficance  of H Us  on pre tre atm e nt NCCT in de te rm ining
th e  s tone -fre e  rate  afte r ESW L in our s e tting.

Me th odology

Th e  s tudy w h ich  w as  conducte d from  June  2015 to
De ce m be r 2015 at th e  De partm e nt of Urology, Sindh
Ins titute  of Urology and Trans plantation (SIUT),
Karach i, Pak is tan. Non-probability, cons e cutive  s am -
pling w as  done . Adult patie nts  of e ith e r ge nde r
be tw e e n age s  of 20 to 50 ye ars , h aving s ingle  s tone ,
w ith  a s iz e  of 8 to 20 m m  w e re  include d in th e  s tudy.
Patie nts  h aving conge nital anom alie s  (h ors e -s h oe
s h ape  k idne y, pe lvi-ure te ric junction obs truction
(PUJO ), e ctopic k idne y, duple x s ys te m ), de range d
coagulation, s e rum  cre atinine  >1.5 m g/dl, m ultiple
s tone s  on th e  s am e  s ide , pre gnancy, culture -prove n
urinary tract infe ction (UTI) w e re  e xclude d.
Afte r w ritte n inform e d cons e nt, patie nts  w e re  e valuate d
and s e le cte d from  th e  s tone  clinic and urology e m e r-
ge ncy room . All patie nts  w e re  e valuate d for s e rum
cre atinine , coagulation profile , urinalys is  and culture .
All patie nts  als o unde rw e nt ultras onograph y and X-
ray of k idne y, ure te r and bladde r (KUB). Th e  indications
for ESW L w e re  de te rm ine d by th e  s tone  s iz e  and
location. Th e  H Us  for e ach  s tone  w e re  de te rm ine d
on pre tre atm e nt NCCT s can. Patie nt’s  de m ograph ic
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patie nts  w h o w ill be ne fit from  ESW L prior to tre atm e nt
by e xam ining th e  s tone  fragility.
Many inve s tigators  h ave  s tudie d th e  us e fulne s s  of
NCCT for e valuating urinary calculi and obs e rve d
th at it is  s upe rior to traditional im aging s uch  as
e xcre tory urograph y, m ak ing it th e  pre fe rre d im aging
m odality. NCCT can provide  an abundance  of
inform ation on urinary tract calculi, including s iz e ,
s h ape , num be r and location. In addition, th e  atte -
nuation value  of calculi m e as ure d in H Us  obtaine d
from  NCCT m ay be  us e d to pre dict s tone  com pos ition.
In an e ffort to obtain m ore  inform ation, a re ce nt in
vitro s tudy w as  done  to corre late  H U value s  obtaine d
on NCCT w ith  th e  ability to fragm e nt calculi.9  Th is
s tudy provide s  com pe lling data s ugge s ting th e
im portance  of m e as uring H U in all patie nts  w h o
unde rgo NCCT to e valuate  re nal calculi.
W e  pe rform e d an in vivo s tudy to corroborate  th e s e
findings . By e valuating patie nts  unde rgoing ESW L
for re nal calculi, w e  de te rm ine d w h e th e r th e  s ucce s s
of th is  proce dure  could be  pre dicte d by pre -tre atm e nt
H U value s  m e as ure d on NCCT.
Th e  ability to as s e s s  re nal tract s tone  ch aracte ris tics
and de te rm ine  s us ce ptibility to fragm e ntation is  not
a ne w  ph e nom e non. In an e arly s tudy, Ch aus s y and
Fuch s  com pare d s tone  radio-de ns ity w ith  th at of th e
s pine  and conclude d th at s tone s  are  le s s  lik e ly to
bre ak  if th e ir radio-de ns ity is  gre ate r th an th at of th e
s pine .10 Oth e rs  s tudie d th e  opacity of calculi of s im ilar
s iz e s  and conclude d th at fragm e ntation is  le s s  lik e ly
w ith  h igh e r opacity.11 Alth ough  th e s e  s tudie s  provide
ins igh t into inform ation ne e de d for th e rape utic cons i-
de rations , th e y w e re  bas e d on q ualitative  obs e rva-
tions , m ak ing th e m  h igh ly s ubje ctive  and difficult to
s tandardiz e .
Th e re fore , w e  as s e s s e d s tone  opacity us ing a q uan-
titative  m e as ure m e nt to e valuate  tre atm e nt outcom e s .
H Us  calculate d on pre tre atm e nt NCCT in patie nts
w h o unde rw e nt ESW L provide  a s im ple , e as ily
re producible  and re adily available  m e as ure  of s tone
opacity. Th e  fre q ue ncy of s tone -fre e  rate  afte r ESW L
in various  H Us  of re nal calculi w as  68.35%  (9 5/139 )
in th is  s tudy. Sim ilar re s ult w as  als o re porte d in th e
s tudy by Pare e k  e t al. w h o s h ow e d 64%  s tone -fre e
rate  and 36%  re s idual s tone s  rate  w ith  s ignificantly
diffe re nt m e an H U value s  for s tone -fre e  and re s idual
s tone  groups  (551.2 ± 46.6 vs  9 26.20 ± 51.42,
p<0.0001), re s pe ctive ly.12 Pare e k  e t al.  h ad e valuate d

W ith  re s pe ct to age  of th e  patie nts , th e  rate  of s tone
cle arance  w as  h igh  in >40 ye ars  age  group as  com -
pare d to <30 ye ars  of age  group.  H ow e ve r, th e re
w as  no s tatis tically s ignificant diffe re nce  be tw e e n th e
above  age  groups  (p=0.226). Th e  rate  of s tone  cle a-
rance  w as  70.3%  (64/9 1) in m ale s  and 64.6%  (31/48)
in fe m ale s , but th e re  w as  no s tatis tically s ignificant
diffe re nce  be tw e e n m ale s  and fe m ale s  (p=0.48).
Sim ilarly, th e  rate  of s tone  cle arance  w as  als o not
s ignificantly diffe re nt am ong th e  diffe re nt s iz e s  of
s tone s  (p=0.09 5) as  pre s e nte d in (Tab. 1).
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Figure  1: Com paris on of H ouns e fie ld units  of s tone s  s h ow ing
s ignificant diffe re nce  in s tone -fre e  and re s idual s tone  groups

(p<0.001).

8 to 10.9 mm

11 to 15.9 mm

16 to 20 mm

Stone Size (mm)

Table  1: Fre q ue ncy of s tone -fre e  rate  afte r e xtracorpore al
s h ock w ave  lith otrips y of re nal calculi w ith  diffe re nt H ouns e fie ld

units  w ith  re s pe ct to s tone  s iz e .

P-Value

53

52

34

TotalStone clearance Treatment Failure

42 (79.2%)

32 (61.5%)

21 (61.8%)

11 (20.8%)

20 (38.5%)

13 (38.2%)

0.095

Dis cus s ion

Curre ntly, ESW L is  th e  m os t com m on m ode  of th e rapy
for s m all re nal s tone s .8 Stone s  are  firs t dis inte grate d
by s h ock  w ave s , and th e n fragm e nts  are  s ponta-
ne ous ly cle are d from  th e  urinary tract. Failure  of s tone
dis inte gration re s ults  in unne ce s s ary e xpos ure  of th e
re nal pare nch ym a to s h ock  w ave s  and th e  re q uire m e nt
of an alte rnative  tre atm e nt proce dure , w h ich  incre as e s
th e  m e dical cos ts . H e nce , it is  im portant to ide ntify



136PJR April - June 2018; 28(2)PAK ISTAN JOURNAL  OF RADIOLOGY

100 patie nts  w h o h ad unde rgone  ESW L.12

Many factors  influe nce  ESW L s ucce s s , including th e
type  of lith otripte r. Firs t-ge ne ration lith otripte rs  are
m ore  pow e rful and s ucce s s ful at s tone  fragm e ntation.
An ove rall s ucce s s  rate  of 68%  w ith  a Dornie r Doli-
S h as  be e n obtaine d in our s tudy. Ove rall, s ucce s s
rate s  of 48%  to 86%  h ave  be e n re porte d by oth e r
auth ors  w ith  th e  s am e  lith otripte r.13

Slow e r s h ock  rate s  h ave  als o be e n re porte d to re s ult
in h igh e r s ucce s s  rate s .14 Se ve ral patie nt ch aracte -
ris tics  h ave  be e n re porte d to influe nce  ESW L s ucce s s .
Som e  inve s tigators  re porte d th at olde r patie nts  are
le s s  lik e ly to h ave  s ucce s s ful ESW L th e rapy.15

In our s tudy, th e  rate  of s tone  cle arance  w as  als o
ins ignificantly diffe re nt am ong th e  s tone s  of diffe re nt
s iz e s  (p=0.09 5). Stone  ch aracte ris tics , s uch  as  s iz e
and location, h ave  be e n re porte d as  s ignificant
pre dictors  of ESW L s ucce s s  by oth e r auth ors .16

Stone  com pos ition de te rm ination on NCCT h as  be e n
of cons ide rable  inte re s t. In vitro s tudie s  s h ow e d a
corre lation of com pos ition w ith  H Us  on NCCT.17 Oth e r
inve s tigators  h ave  re porte d th at H U de te rm ination
on NCCT doe s  not pre dict s tone  com pos ition.18

Spe cifically, th e  m e an value s  of calcium , uric acid,
s truvite  and cys tine  s tone s  w e re  com pare d (440 ±
262, 270 ± 134, 401 ± 19 8 and 248 ± 0 H U, re s pe c-
tive ly). Th e  H U value  as  an inde pe nde nt pre dictor of
s tone  com pos ition did not s h ow  a s ignificant diffe re nce
am ong s tone s . H ow e ve r, th e  s tudy re ve ale d th e
gre ate s t diffe re nce  in H Us  for calcium  vs . uric acid
s tone s . A pos s ible  e xplanation for th is  finding w as
th e  low  num be r of uric acid s tone s  in th e  s tudy.
Re ce nt s tudie s  h ave  us e d h igh -re s olution CT protocols
to pre dict th e  outcom e  of ESW L. Th e  re s ults  h ave
be e n conflicting and s h ow  e th nic diffe re nce s .19  Gallioli
e t al. s tudie s  th e  utility of H U de m ons tration in
de te rm ining th e  s tone  com pos ition and outcom e s  in
pe rcutane ous  ne ph rolith otom y (PCNL) and conclude d
th at H U param e te rs  are  us e ful in s e le cting patie nts
for tre atm e nt and in pre dicting outcom e .20

Conclus ion

Our findings  s ugge s t th at th e  H U m e as ure m e nt of
re nal calculi on pre tre atm e nt NCCT m igh t be  us e ful
in pre dicting th e  s tone -fre e  rate  afte r ESW L. Furth e r,
large -s cale  s tudie s  are  ne e de d to corroborate  th e s e
findings .
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