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Introduction

Com pute d tom ograph y (CT) h as  e s tablis h e d its e lf as
a prim ary diagnos tic im aging m odality in cardiac
anom alie s .1 W ith  its  fas t s canning s pe e d and is otropic
s patial re s olution at 0.3 - 0.4 m m , CT allow s  diagnos is
s afe ly and accurate ly th an alte rnative  m ore  invas ive
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PURPOSE: To re duce  radiation dos e  from  M ultide te ctor com pute d tom ograph y (MDCT) us ing te ch niq ue s  w ith
low  tube  voltage  and m odifie d im age  param e te rs  w ith out s ignificant de gradation of im age  q uality. AUDIT TARGET:

Radiation dos e  re duction us ing 80 k V and 100 k V protocols  for MDCT. MATERIALS AND METHODS: Th is  is
a pros pe ctive  analys is  w ith  s ingle  blind s e le ction of cardiac anom aly patie nts  re fe rre d to radiology de partm e nt
of Re h m an m e dical ins titute  Pe s h aw ar for cardiac CT s can during Jan 2013 to De c 2015. Total of 100 patie nts
w ith  age  range  of 1 w e e k  to 16 ye ars  w e re  s e le cte d w ith  e ch ocardiograph ic s us picion of cardiovas cular anom alie s .
It w as  probability s am pling. Scan w as  pe rform e d on 128 m ultis lice  Tos h iba s canne r. ECG gate d re tros pe ctive
and pros pe ctive  s canning w as  pe rform e d us ing m odifie d tube  voltage  (80 k Vp, 100 k Vp and 120 k Vp) and w ith
adjus tm e nt of low  tube  curre nt. Radiation dos e  m e as ure m e nt w as  done  by m ultiplying conve rs ion factor w ith
dos e  le ngth  product (DLP), w h ich  w as  provide d by th e  CT s canne r. Data w as  proce s s e d us ing M icros oft Exce l
2010. Im age s  w e re  re vie w e d on 5.1 Vitre a w ork s tation us ing m ultiplanar and 3D re cons truction. Tw o radiologis ts
inde pe nde ntly as s e s s e d s ubje ctive  q uality of th e  CT im age s  to as s e s s  cardiac anom alie s  and norm al anatom ical
s tructure s . RESULTS: Pros pe ctive  ECG gating s ignificantly re duce d th e  radiation dos e  22 m Sv (re tros pe ctive )
to 13.9 6 m Sv (pros pe ctive ) w ith  s tandard inbuilt 120 k Vp s e tting. Re ducing th e  k Vp to 100 furth e r re duce d dos e
to 10.3 m Sv and droppe d dow n to 5.46 m Sv w ith  80 k Vp and no s ignificant im age  dis tortion. M anually adjus ting
and re ducing th e  m As  w ith  adde d filtration re duce d th e  radiation dos e  to 3.64 m Sv. CONCLUSION:  W e  conclude
from  our re s ults  th at pros pe ctive  ECG gate d cardiac CT, low  k Vp and m As  value s  s h ow  gre at pote ntial for
s ubs tantially re ducing radiation dos e  of cardiac CT angiograph y. By us ing diffe re nt radiation low e ring dos e
te ch niq ue s  i.e . pros pe ctive  ECG gating te ch niq ue , low  k Vp and m As , w e  w e re  able  to re duce  radiation dos e  by
83.45%  (22 to 3.46 m Sv)
Keywords: Cardiac s can, Com pute d tom ograph y, Cardiac anom aly s can, CT Radiation dos e , pe diatric cardiac
s can.
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or le s s  s e ns itive  im aging te ch niq ue s . It is  be caus e  of
th is  tre m e ndous  value  of CT th at its  us e  is  now
pe rvas ive  in m ode rn m e dical practice .1 W ith  h igh
q uality CT im aging be ing pe rform e d m ore  fre q ue ntly,
patie nts  can be ne fit from  a q uick e r and m ore  accurate
diagnos is  and pre cis e  anatom ic inform ation for
planning th e rape utic proce dure s . H ow e ve r, ins pite  of
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and te ch nologis ts  trying to ach ie ve  optim al diagnos tic
im age  q uality.8

Tw o guiding principle s  m us t be  follow e d,2 w h ich  w e
im ple m e nte d in our trial too. Firs t, CT e xam inations
m us t be  appropriate ly jus tifie d for e ach  individual
patie nt.9  Th e  re q ue s ting clinicians  and radiologis ts
s h are  th e  m ajor re s pons ibility to dire ct patie nts  to th e
m os t appropriate  im aging m odality for th e  re q uire d
diagnos tic tas k . Se cond, for e ach  CT e xam ination,
all te ch nical as pe cts  of th e  e xam ination m us t be
optim iz e d, s uch  th at th e  re q uire d le ve l of im age  q uality
can be  obtaine d w h ile  k e e ping th e  dos e s  as  low  as
pos s ible . (Fig. 1).

th e  tre m e ndous  contributions  of CT to m ode rn h e alth -
care , s om e  atte ntion m us t als o be  give n to th e  ve ry
s m all h e alth  ris k  as s ociate d w ith  th e  ioniz ing radiation
re ce ive d during a CT e xam .2

Th e  radiation dos e  as s ociate d w ith  a typical CT s can
(1 - 14 m Sv de pe nding on th e  e xam ) is  com parable
to th e  annual dos e  re ce ive d from  natural s ource s  of
radiation, s uch  as  radon and cos m ic radiation (1 - 10
m Sv), de pe nding on w h e re  a pe rs on live s .3 H e nce ,
th e  h e alth  ris k  to an individual from  e xpos ure  to
radiation from  a typical CT s can is  com parable  to
back ground le ve ls  of radiation. One  s tudy s ugge s te d
th at as  m uch  as  0.4%  of all curre nt cance rs  in th e
Unite d State s  m ay be  attributable  to th e  radiation from
CT s tudie s  bas e d on CT us age  data from  19 9 1 - 19 9 6.4

Magne tic Re s onance  Im aging (MRI) is  a be tte r m oda-
lity but s ince  it is  not re adily available  in Pak is tan and
w h e re  available , re q uire s  patie nt s e dation due  to
longe r s can duration. So in m any cas e s  CT h as  to
be  done  at th e  cos t of radiation, w h ich  is  s till le s s
dos e  th an conve ntional angiograph y.
Th e re  is  no q ue s tion th at th e  be ne fit of an appro-
priate ly indicate d CT s can far e xce e ds  th e  as s ociate d
e s tim ate d ris k  or th at CT provide rs  ne e d to pre s cribe
th e  m inim al am ount of radiation re q uire d to obtain
im age s  ade q uate  for e valuating th e  patie nt’s  con-
dition.2

Alth ough  th e  radiation dos e  can be  re duce d by
de cre as ing th e  tube  curre nt - tim e  product s e ttings ,
th is  alte ration als o re duce s  th e  contras t-to-nois e  ratio
(CNR).5

Th e  conce rn about th e  pote ntial carcinoge nic e ffe cts
of diagnos tic le ve ls  of radiation h as  re ce ntly be e n
h e igh te ne d by re ports  s ugge s ting th at s om e  patie nts
m ay incur s ubs tantial cum ulative  radiation dos e s  due
to re pe ate d CT s cans , radionuclide  te s ting, and/or
fluoros copy ove r th e  cours e  of th e ir life tim e s .6 Alth ough
th e  rate  of occurre nce  of cance r induction from  diag-
nos tic radiation re m ains  controve rs ial, it is  ge ne rally
acce pte d th at e ve n ve ry low  radiation dos e s  h ave
s om e  cance r-inducing pote ntial.7 W e  conducte d a
clinical audit at our de partm e nt, th e  goal of w h ich
w as  to re duce  th e  radiation dos e  of CT w ith  m inim al
or no com prom is e  in im age  q uality. Diffe re nt cardiac
CT te ch niq ue s  w e re  m odifie d and planne d protocols
w e re  m ade  for pe diatric patie nts .  Im ple m e nting th e s e
te ch niq ue s  is  a practical ch alle nge  for radiologis ts
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norm al anatom ical s tructure s .W e  as s e s s e d th e  e ffe cts
of m odifie d ge ne ral im age  q uality and s can param e te rs
on vis ual im pre s s ion of im age  nois e , te xture , s h arp-
ne s s  and artifacts  in CT.

Th is  article  w ill focus  on th e  s e cond guiding principle
and s um m ariz e  th e  ge ne ral te ch nological s trate gie s
th at w e  us e d for radiation dos e  re duction in cardiac
anom aly MDCT. Som e  pe rs pe ctive s  on future  CT
dos e -re duction te ch niq ue s  are  pre s e nte d.

d
Figure 1 (a, b, c & d): Cardiac CT axial im age s  of diffe re nt
patie nts  s h ow  no re m ark able  diffe re nce  in im age  q uality and
re s olution in s cans  done  w ith  120 k Vp (a) and w ith  100 k Vp

(b, c & d).

Materials and Methods

Th is  is  a pros pe ctive  analys is  w ith  s ingle  blind
s e le ction of cardiac anom aly patie nts  re fe rre d to
radiology de partm e nt of Re h m an m e dical ins titute
Pe s h aw ar for cardiac CT s can during Jan 2013 to
De c 2015. Total of 100 patie nts  w ith  age  range  of 1
w e e k  to 16 ye ars  w e re  s e le cte d w ith  e ch ocardio-
graph ic s us picion of cardiovas cular anom alie s . It w as
probability s am pling. Scan w as  pe rform e d on 128
m ultis lice  Tos h iba s canne r. ECG gate d re tros pe ctive
and pros pe ctive  s canning w as  pe rform e d us ing
m odifie d tube  voltage  (80 k Vp, 100 k Vp and 120 k Vp)
and w ith  m anual adjus tm e nt of low  tube  curre nt. Pre -
proce dure  be ta block e r w as  not give n. Mild s e dation
w as  give n to patie nts  unde r 10 ye ars  of age  unde r
ane s th e tis t s upe rvis ion. Radiation dos e  m e as ure m e nt
w as  done  by m ultiplying conve rs ion factor w ith  dos e
le ngth  product (DLP), w h ich  w as  provide d by th e  CT
s canne r. Im age s  w e re  re vie w e d on 5.1 Vitre a w ork -
s tation us ing m ultiplanar and 3D re cons truction. Tw o
radiologis ts  inde pe nde ntly as s e s s e d s ubje ctive  q uality
of th e  CT im age s  to as s e s s  cardiac anom alie s  and

Results

Pros pe ctive  ECG gating s ignificantly re duce d th e
radiation dos e  22 m Sv (re tros pe ctive ) to 13.9 6 m Sv
(pros pe ctive ) w ith  s tandard inbuilt 120 k Vp s e tting.
Re ducing th e  k Vp to 100 furth e r re duce d dos e  to
10.3 m Sv and droppe d dow n to 5.46 m Sv w ith  80
k Vp and no s ignificant im age  dis tortion. (Tab. 1) s h ow s
radiation dos e  re duction by pros pe ctive  ECG gating
and de cre as ing k Vp and m As . Manually adjus ting
and re ducing th e  m As  w ith  adde d filtration re duce d
th e  radiation dos e  to 3.64 m Sv.

Study

Retrospective

Prospective

Prospective

Prospective

Prospective

Table 1: Radiation dos e  re duction by pros pe ctive  ECG gating
and de cre as ing k Vp and m As  in Pe diatric Cardiac CT anom alie s

s can.

kVp mAs
DLP

mGycm
mSv

120

120

100

80

80

166

166

166

166

111

1250

622

397

210

140

22

13.96

10.3

5.46

3.64

Discussion

Th e  us e  of CT in pe diatric patie nts  h as  grow n dram a-
tically, re ach ing at le as t 4 m illion e xam inations  in th e
USA in 2006 4. M inim iz ation of radiation dos e  as s o-
ciate d w ith  pe diatric CT e xam inations  is  of particular
im portance  be caus e  th e  ris k  to ch ildre n due  to radia-
tion e xpos ure  is  tw o- to th re e -tim e s  gre ate r th an th e
ris k  to adults .10 Th is  is  be caus e  ch ildre n’s  organs  are
m ore  s e ns itive  to radiation e xpos ure  and th e y h ave
a m uch  longe r life  e xpe ctancy re lative  to adults ,
th e re by allow ing m ore  tim e  for a pote ntial radiation-
induce d cance r to de ve lop.
W h e n a CT e xam ination is  de e m e d ne ce s s ary for a
pe diatric patie nt, s canning protocols  s pe cifically
de s igne d for ch ildre n m us t be  us e d. Follow ing th e
w ide  re aliz ation of inappropriate  us e  of adult
te ch niq ue s  for ch ildre n and s m all adults 11, a re ce nt
s urve y found th at 9 8%  of radiologis ts  us e d w e igh t-
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th an at h igh e r tube  pote ntials  in th e  tube  pote ntial
range  available  on clinical CT s canne rs .

bas e d tube  curre nt adjus tm e nts .12 Adapting th e  dos e
le ve l to diffe re nt patie nt s iz e  h as  be com e  a com m on
practice  in th e  CT com m unity, w h ich  is  furth e r e ndor-
s e d by th e  s pe cial re q uire m e nt on pe diatric CT te ch -
niq ue  in ACR accre ditation.13

CT radiation dose quantification:

Radiation dos e  in CT can be  q uantifie d in a varie ty
of w ays . Scanne r radiation output, organ dos e  and
e ffe ctive  dos e  are  s e ve ral of th e  m ore  com m on dos e
m e trics . Scanne r radiation output is  re pre s e nte d by
th e  volume CT dose index (CTDIvol), w h ich  de s cribe s
th e  radiation output of th e  s canne r in a ve ry s tandar-
diz e d w ay, m ak ing us e  of tw o s tandardiz e d acrylic
ph antom s 14 and organ dos e  s pe cific ris k  data patie nts
unde rgoing CT e xam inations .15

Effective dose16 typically e xpre s s e d in th e  units  of
m Sv, is  a q uantity re pre s e nting a ‘w h ole -body e q ui-
vale nt’ dos e  th at w ould h ave  a s im ilar ris k  of h e alth
de trim e nt as  th at due  to a partial body irradiation.17

Effe ctive  dos e  allow s  an approxim ate  com paris on of
radiation-induce d ris k  am ong diffe re nt type s  of
e xam inations . Effe ctive  dos e  allow s  an approxim ate
com paris on of radiation-induce d ris k  am ong diffe re nt
type s  of e xam inations .18

Dose-reduction strategies

1. Optimal tube potential: Pe ak  k ilo voltage  (k Vp)
is  th e  s ingle  m os t pow e rful tool for radiation dos e
re duction be caus e  it is  re late d to th e  dos e  in a non-
line ar fas h ion. A num be r of re ce nt ph ys ics  and clinical
s tudie s  h ave  de m ons trate d various  le ve ls  of dos e
re duction or im age  q uality im prove m e nt by us ing
low e r tube  pote ntials  (k V) in CT im aging. Sie ge l e t al
s ugge s te d th at th e  im age  q uality im prove m e nt of
low e r k V incre as e s  w ith  th e  de cre as e  of th e  ph antom
s iz e .19  Th e  s tandard k Vp s e tting for adults  and
pe diatric population is  120. In s e le cte d group of pa-
tie nts  by re ducing k Vp from  120 to 100, w e  obs e rve d
a 26%  de cre as e  in radiation dos e  (13.9 6 to10.3 m Sv)
and 61 %  de cre as e  from  120 to 80 k Vp. Us ing low
k Vp te ch niq ue  h as  fe w  adde d be ne fits  oth e r th an
radiation dos e  re duction lik e  h igh e r contras t e nh ance -
m e nt, be tte r vis ualiz ation of ve s s e ls  &  vas cular
anom alie s  and le s s e r am ount of contras t is  re q uire d
to ge t th e  s am e  diagnos tic im age  q uality (Fig. 1 &  2).
Th e  unde rlying principle  is  th at iodine  h as  an incre a-
s e d atte nuation (CT contras t) at low e r tube  pote ntials

Figure 2 (a, b): Coronal s e ctions  of cardiac CT of tw o diffe re nt
patie nts  acq uire d at 120 k Vp (a) and 80 k Vp (b) s h ow  s im ilar

contras t re s olution.

a

b

2. Tube Current Modulation: Autom ate d e xpos ure
control (AEC) s ys te m s  for m ultide te ctor CT s canne rs
are  now  available  from  all m ajor s canne r m anufac-
ture rs . Th is  te ch nology pote ntially s ave s  dos e  be caus e



Figure 3 (a, b): Axial s can of cardiac CT (b) s h ow s  incre as e d
im age  nois e  w ith  80 k Vp (b) as  com pare d to 120 k Vp im age  (a)

but h aving no s ignificant e ffe ct on diagnos tic yie ld.
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ins te ad of us ing a fixe d tube  curre nt optim iz e d for
th e  th ick e s t part of th e  patie nt, th e  s canne r w ill pro-
duce  fe w e r x-ray ph otons  in re gions  of low e r atte nua-
tion (caudal ch e s t for e xam ple ) and m odulate  h igh e r
value s  of tube  curre nt in re gions  of h igh e r atte nuation
(s h oulde rs ). Th e  com m e rcial nam e s  of tube  curre nt
m odulation s oftw are  include  Auto-m A 3D (GE H e alth -
care ), Care  Dos e  4D (Sie m e ns  H e alth care ), Z -DOM
(Ph ilips  H e alth care ), and Sure  Expos ure  (Tos h iba
Me dical Sys te m s ). Modulating tube  curre nt h as  be e n
re porte d to provide  up to 40%  dos e  re duction pe r
e xam ination and s h ould be  us e d in m os t CT protocols .

3. Modified tube current (mAs): Th e  re lations h ip
of m A and radiation dos e  is  dire ctly proportional,
m e aning if m A is  re duce d by h alf, th e  corre s ponding
dos e  is  re duce d by h alf. In cardiac CT, dropping m A
during s ys tole  can s ignificantly re duce  dos e  to th e
patie nt. Num e rous  inve s tigators  h ave  s h ow n th at th e
m anne r in w h ich  m A s h ould be  adjus te d as  a function
of patie nt s iz e  s h ould be  re late d to th e  ove rall atte nua-
tion, or th ick ne s s , of th e  anatom y of inte re s t as  oppo-
s e d to patie nt w e igh t. It is  a fundam e ntal re s pons ibility
of th e  CT ope rator and th e  radiologis t to tak e  patie nt
s iz e  into account w h e n s e le cting th e  param e te rs  th at
affe ct radiation dos e , th e  m os t bas ic of w h ich  is  th e
m As .20 Low e ring K Vp autom atically e nable s  th e
m ach ine  to adjus t th e  m As  m aintaining th e  im age
q uality. W e  furth e r m anually re duce d m As  according
to patie nt’s  h abitus  and age  w h ich  w as  upto 100 m As
in ne onate s  and 50 m As  in olde r ch ildre n. By low e ring
m As , w e  w e re  able  to re duce  radiation dos e  by furth e r
33% . Th e  m ajor dis advantage  of th is  m e th od w as
incre as e d im age  nois e  w h ich  w as  com pe ns ate d by
applying Adaptive  Ite rative  Dos e  Re duction - AIDR
th us  m aintaining th e  acce ptable  im age  q uality. Th is
advance d ite rative  re cons truction algorith m  w ork s  in
tw o parts . Th e  firs t part adaptive ly re m ove s  ph oton
nois e  in th e  3D raw  data dom ain. Th is  is  follow e d by
th e  s e cond part, m ode l-bas e d ite rative  nois e  re duction
in th e  re cons truction proce s s . AIDR is  able  to e lim inate
up to 50%  of im age  nois e . (Fig. 2 &  3) s h ow  th at by
re ducing k Vp to 80 k Vp and low e ring th e  m As , no
s ignificant e ffe ct s e e n on im age  q uality.

4. Prospective vs. Retrospective ECG gated scan:

Curre ntly, re tros pe ctive ly ECG-gate d h e lical s can is
th e  m os t com m only us e d s canning m ode  in adult

cardiac CT m ainly due  to its  clinical s tability and
fle xibility. Th e  x-ray be am  is  continuous ly on and th e
patie nt is  trans late d th rough  th e  gantry in a ve ry s low
s pe e d (h e lical pitch  - 0.2 -  0.3). Th e  im age s  are
re cons tructe d by re tros pe ctive ly s e le cting th e  data
from  th e  ph as e  of th e  cardiac cycle  th at h as  th e  le as t
m otion. In a re ce nt inte rnational analys is  of 50 ins titu-
tions  pe rform ing coronary CT angiograph y, s om e
s ite s  h ad an ave rage  e ffe ctive  dos e  of 30 m Sv;
h ow e ve r, th e  m e dian dos e  acros s  all 19 65 s cans  w as
12 m Sv, w h ich  is  s im ilar to a s can of th e  abdom e n
and pe lvis .21 A pros pe ctive  ECG-trigge re d s e q ue ntial
(or s te p-and-s h oot) s can is  a m ore  dos e -e fficie nt
s canning m ode  for cardiac CT,22 particularly for s ingle -
ph as e  s tudie s . In th is  s canning m ode , th e  x-ray is
only turne d on at th e  pre s e le cte d ph as e s  during th e
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cardiac cycle  and th e re fore  th e  dos e  is  m uch  re duce d
re lative  to th e  re tros pe ctive ly ECG-gate d s can m ode .
Stolz m ann e t al. e valuate d th e  dos e  and im age  q uality
w ith  a pros pe ctive  ECG-trigge re d s te p-and-s h oot
protocol on a DS s canne r and found th at th e  m e an
e ffe ctive  dos e s  w e re  1.2 and 2.6 m Sv for patie nt
groups  w ith  a BMI of le s s  th an 25 and 25–30 k g/m 2,
re s pe ctive ly.23 Sim ilar re s ults  w e re  als o obtaine d by
Sch e ffe le t al.24

By us ing diffe re nt radiation low e ring dos e  te ch niq ue s
i.e . pros pe ctive  ECG gating te ch niq ue , low  k Vp and
m As , w e  w e re  able  to re duce  radiation dos e  by 83.45%
(22 to 3.46 m Sv).

Pre-procedure beta blockers:

Us e  of pre -proce dural be ta block e rs  in pe diatric patie nts
is  controve rs ial.25 Som e  ce nte rs  don’t favor it as  patie nts
w ith  s e ve re  pulm onary h ype rte ns ion and righ t h e art
dys function or s e ve re  aortic s te nos is  m ay not tole rate
large  be ta block e r dos e s . Se condly ne onatal h e art rate
is  us ually m ore  th an 100 be ats  pe r m inute . Th us  it w ill
re q uire  h igh  dos e  of be ta block e rs  to re duce  it. It als o
re q uire s  care ful patie nt s cre e ning for contraindications ,
including th os e  patie nts  w h o are  h e m odynam ically
uns table  w ith  a com pe ns atory s inus  tach ycardia. H e nce
w e  didn’t us e  be ta block e rs  in our patie nts .

Image Reconstruction & data processing for noise

control:

Many te ch niq ue s  h ave  be e n de ve lope d for controlling
nois e  in CT, ope rating on th e  raw  proje ction m e as ure -
m e nts , th e  log-trans form e d s inogram  or th e  im age s
afte r re cons truction.27 Im age -bas e d filte ring te ch -
niq ue s  us ually pe rform  q uite  w e ll w ith  re gards  to re du-
cing im age  nois e  w h ile  m aintaining h igh -contras t
re s olution. Alth ough  s om e  of th e s e  te ch niq ue s  h ave
de m ons trate d s om e  clinical be ne fit, particularly in
vas cular applications ,28 im age -bas e d filte ring us ually
ch ange s  th e  appe arance  of th e  CT im age  and s acrifice s
th e  low -contras t de te ctability. Th e s e  te ch niq ue s  are
w ide ly available  on m os t com m e rcial s canne rs , but
th e  pe rform ance  re q uire s  care ful e valuation be fore
large -s cale  clinical us e . Th e  im age  re cons truction
m e th od and data utiliz ation are  als o im portant factors
for optim al nois e  control.

Conclusion

W e  conclude  from  our re s ults  th at pros pe ctive  ECG
gate d cardiac CT, low  k Vp and m As  value s  s h ow
gre at pote ntial for s ubs tantially re ducing radiation
dos e  of cardiac CT angiograph y. By us ing diffe re nt
radiation low e ring dos e  te ch niq ue s  i.e .pros pe ctive
ECG gating te ch niq ue , low  k Vp and m As , w e  w e re
able  to re duce  radiation dos e  by 83.45%  (22 to 3.46
m Sv).

Clinical Relevance: Cardiac CT is  ach ie vable  at
s ub-m Sv us ing m odifie d te ch niq ue  param e te rs  i.e .
an im age -bas e d s afe  CT w ith out s ignificant com pro-
m is e  in im age  q uality at 69 %  dos e  re duction. O ur
audit re s ults  re com m e nd th at low  dos e  CT te ch niq ue
s h ould be  pe rform e d for cardiac anom aly CT s cans .
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