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Abstract
Purpose:  To  compare  the  image  quality  of  cranial  post-mortem  computed  tomography  (CT)
obtained with  and  without  projection-based  single-energy  metal  artifact  reduction  (SEMAR)  in
cadavers  with  intracranial  metallic  ballistic  projectiles.
Materials  and  methods:  From  January  2017  to  January  2018,  cadavers  with  ballistic  projectile
head wounds  with  metal  fragments  and  without  massive  head  destruction  were  investigated
using post-mortem  CT.  All  subjects  underwent  CT  using  a  conventional  iterative  reconstruction
(IR) and  SEMAR.  To  evaluate  the  impact  of  metallic  artifacts,  the  total  intracranial  area  (TA),
non-interpretable  zone  (NIZ),  disturbed  interpretation  zone  (DZ),  and  artifact  total  surface
(ATS) were  delineated.  Two  independent  readers  identified  extra-axial  hemorrhage  (EAH)  and
subarachnoid  hemorrhage  (SAH).  Autopsy  reports  were  used  as  the  standard  of  reference.
Results: Eleven  corpses  (10  males,  1  female;  mean  age,  62.8  ±  17.9  [SD]  years)  were  evaluated.
SEMAR showed  a  significant  decrease  in  the  ATS  ratio  with  respect  to  conventional  IR  (72.1  ±  26.1
[SD] %  [range:  26.8-99.1]  vs.  86.4  ±  17.8  [SD]  %  [range:  37.2-100];  P  <  0.001)  and  NIZ/TA  ratios
(11.6 ±  8.26%  [range:  0.95—33.4]  versus  42.5  ±  30.5%  [range:  3.86—100];  P  <  0.001).  The  inter-
observer  reproducibility  in  diagnosing  EAH  and  SAH  was  excellent  with  conventional  IR  (0.82)
and good  with  SEMAR  (0.75).  SEMAR  reduced  uncertain  diagnoses  of  EAH  in  7  subjects  for  Reader
1 and  in  6  for  Reader  2,  but  did  not  influence  the  diagnosis  of  SAH  for  either  reader.
Conclusion:  SEMAR  reduces  the  influence  of  metallic  artifacts  and  increases  the  confidence  with
which the  diagnosis  of  EAH  can  be  made  on  post-mortem  CT.
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Performing  unenhanced  post-mortem  computed  tomog-
aphy  (PMCT)  has  become  a  common  practice  during  the
orensic  evaluation  of  deceased  subjects  [1—3].  PMCT  allows
ubject  evaluation  with  no  compromise  to  body  integrity
nd  is  particularly  effective  at  detecting  bone  fractures  and
oreign  objects,  which  are  crucial  aspects  of  the  forensic
nvestigation.  Regarding  ballistic  head  trauma,  various  stud-
es  have  demonstrated  that  analysis  of  native  CT  images,
ultiplanar  reconstructions,  and  three  dimensional  (3D)

olume-rendered  reconstructions  could  guide  and  increase
he  accuracy  of  autopsies  [4—13].  Although  entry  and  exit
ullet  wounds  are  best  evaluated  by  direct  examination,
MCT  can  assist  in  the  recovery  of  bullets  and  bullet
ragments  and  provides  a  detailed  evaluation  of  all  bony
tructures,  some  of  which  are  difficult  to  access  at  autopsy
14—20].

Although  the  exact  prevalence  is  unknown,  the  presence
f  retained  metal  fragments  in  the  head  following  gunshot
ounds  is  frequent.  Metallic  foreign  bodies  are  an  impor-

ant  source  of  artifact  on  CT,  hampering  or  even  precluding
mage  interpretation.  Metallic  artifacts  are  caused  mainly
y  beam  hardening,  photon  starvation,  and  edge  profile
rrors  [21,22].  Metallic  artifacts  are  particularly  problem-
tic,  as  bullets  comprised  of  metals  and  metal  alloys  with
igh  atomic  numbers  are  responsible  of  considerable  CT
mage  degradation.

Various  CT  image  reconstruction  algorithms  designed  to
educe  metal  artifacts  are  available  and  help  improve  image
uality  in  the  presence  of  metallic  prostheses  in  different
ody  areas  [23—29].  As  firearm  projectiles  have  a  differ-
nt  composition  than  prosthetic  implants,  the  performance
f  these  algorithms  to  evaluate  gunshot  wounds  is  uncer-
ain.  An  animal  study  showed  the  potential  of  metal  artifact
eduction  techniques  (iMAR)  for  the  assessment  of  retained
ullets  in  the  head  with  CT  [30].  Among  the  techniques
vailable  for  metal  artifact  reduction  on  CT,  single-energy
etal  artifact  reduction  (SEMAR,  Canon  Medical  Systems)
ith  raw  data  interpolation  has  been  studied  in  patients  with
onsiderable  improvements  in  image  quality  [31,32]. We
ypothesized  that  SEMAR  could  increase  the  image  quality
f  PMCT  images  in  head  gunshot  wound  victims,  improving
he  analysis  of  cranial  hemorrhagic  lesions.

The  purpose  of  this  study  was  to  compare  the  image  qual-
ty  of  PMCT  obtained  with  and  without  SEMAR  in  cadavers
ith  intracranial  metallic  ballistic  projectiles.

aterial and methods

ubjects

rom  January  2017  to  January  2018,  126  subjects  underwent
MCT  in  our  institution,  requested  by  a  magistrate  as  part
f  the  conventional  judicial  procedure.  Subject  age,  sex,
nd  cause  of  death  were  evaluated.  Among  these  subjects,
here  were  29  gunshot  wounds,  21  of  which  were  located  in
he  head.  The  exclusion  criteria  were:  unanalyzable  cere-
ral  parenchyma  (putrefaction,  head  destruction),  absence

f  metallic  projectile  fragments  in  the  head  or  impossi-
ility  to  select  the  CT  images  containing  a  single  metallic
ody,  and  absence  of  iterative  reconstruction  with  SEMAR.
ive  subjects  with  no  retained  metallic  fragments  in  the
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igure 1. Flow chart diagram of included and excluded cadavers.

ead  and  five  subjects  with  available  SEMAR  reconstruc-
ion  were  excluded.  Thus,  the  final  study  population  was
omposed  of  11  cadavers  (10  males  and  1  female),  with

 mean  age  of  62.8  ±  17.9  (standard  deviation  [SD]  years)
range:  40—93  years).  Fig.  1  shows  subjects  inclusion  into
he  study.  The  cause  of  death  in  all  included  subjects  was
uicide  by  gunshot  wound  to  the  head.  In  our  institution,
thics  committee  approval  is  not  required  for  retrospective,
nonymized  studies  based  on  deceased  subjects  requested
s  part  of  a  judicial  procedure.

cquisition protocol

T  images  were  acquired  with  a  320  detector-row  CT  scan-
er  (Aquilion® One,  Canon  Medical  Systems).  A  whole-body
cquisition  was  performed  in  all  subjects.  The  acquisition
arameters  for  head  imaging  were:  0.75s  tube  rotation  time,
35  kVp,  450  mA,  0.5  mm  slice  thickness,  FOV  24  cm,  and
atrix  512  ×  512;  for  one  subject,  slice  thickness  was  1  mm.

 standard  head  reconstruction  kernel  (FC26)  was  used  for
ll  reconstructions.  For  each  study,  two  volumes  of  the
ead  were  reconstructed,  one  using  an  adaptive  IR  algo-
ithm  (AIDR  3D,  Canon  Medical  Systems)  herein  named  as
onventional  IR  and  another  with  SEMAR.

mage analysis

T  image  quality  was  assessed  by  a  radiologist  (N.D)  with
wo  years  of  medical  imaging  experience.  Original  CT  images
f  the  brain  in  the  axial  plane  were  browsed  to  select
mages  containing  a  single  metallic  fragment  in  order  to
void  the  combined  effect  of  multiple  fragments  on  image

uality.  For  five  subjects,  more  than  one  image  showing

 single  metallic  body  was  available.  These  images  were
valuated  independently.  The  same  images  were  used  for
nalysis  with  conventional  IR  and  SEMAR  reconstructions.
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Figure 2. Description of region of interest placement on CT images in a 47-year-old male cadaver. Head CT images reconstructed with
conventional iterative reconstruction (A) and with single-energy metal artifact reduction (SEMAR) (B) were browsed to select an axial image
showing a single metallic foreign body (C and D). A metallic projectile fragment located adjacent to the inner surface of the temporal bone
(arrow) generating important metallic artifacts. The total cranial area is delineated by a continuous blue line, the red area represents the
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zone that is non-interpretable zone, and the green area represents th
zone is much smaller than in C.

The  maximum  diameter  of  the  target  metallic  fragments  was
measured  on  conventional  IR  using  a  wide  window  setting
(C1000/W9000  HU).  The  influence  of  metallic  artifacts  in
the  evaluation  of  cranial  hemorrhagic  lesions  was  evaluated
using  a  40/80  HU  window  setting  with  both  conventional  IR
and  SEMAR  CT  images  using  the  following  procedure  (Fig.  2).
A  first  freeform  region  of  interest  (ROI)  was  used  to  delin-
eate  the  total  intra-cranial  area  in  mm2 in  the  selected
slices  (TA).  A  second  freeform  ROI  was  used  to  delineate  the
area  in  mm2 completely  obscured  by  metallic  artifacts  (non-
interpretable  zone—NIZ).  A  third  freeform  ROI  was  used  to
delineate  the  area  in  mm2 in  which  metallic  artifacts  were
present,  but  CT  image  analysis  was  still  possible  (disturbed
zone—DZ).  Artifact  total  surface  (ATS)  was  calculated  using
the  following  equation:  ATS  =  (NIZ  +  DZ).  NIZ/TA,  DZ/TA,  and
ATS/TA  ratio  were  calculated  for  each  metal  fragment  eval-
uated  and  for  subjects  considering  all  fragments  evaluated
in  each  subject.

Diagnostic  performance  for  cerebral  hemorrhage  was
evaluated  by  analyzing  all  CT  images  reconstructed  with
and  without  SEMAR.  Two  radiologists,  with  2-  and  7-years
of  medical  imaging  experience  respectively,  independently
evaluated  PMCT  images  for  the  detection  of  extra-axial
hemorrhage  (EAH),  including  epidural  hematoma  (EDH)  and
acute  subdural  hematoma  (ASDH),  as  well  as  subarachnoid

hemorrhage  (SAH).  An  EDH  was  diagnosed  when  a  spon-
taneously  hyperattenuating  elliptical  lesion  was  observed
between  the  cranial  vault  and  when  cerebral  parenchyma
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e disturbed by metal artifacts. Note that in D the non-interpretable

as  identified.  An  ASDH  was  diagnosed  when  a  crescent-
haped  spontaneously  hyperattenuating  CT  image  was
bserved  at  the  location  of  the  subdural  space.  SAH  was
iagnosed  when  the  subarachnoid  space  and  cisterns  were
pontaneously  hyperattenuating  [33].  The  diagnostic  confi-
ence  for  hemorrhagic  lesions  was  graded  using  a  Likert
cale  (1  =  definitely  absent;  2  =  likely  absent;  3  =  uncertain;

 =  definitely  present;  and  5=  not  analyzable).
The  location  of  the  entry  and  exit  wounds  was  evalu-

ted  on  images  with  and  without  SEMAR  and  correlated  with
utopsy  findings.

tandard of reference

n  autopsy  was  performed  using  a  standardized  technique
or  all  included  cadavers.  First,  the  body  was  externally
xamined.  A  coronal  scalp  incision  from  one  retro-auricular
egion  to  the  other  was  then  performed,  followed  by  reced-
ng  of  the  scalp  forward  and  backward.  The  cranial  vault
as  opened  using  an  electric  saw.  Photographs  of  autopsy
ndings  were  available  for  all  subjects  except  one.  Autopsy
eports  and  photographs  were  reviewed  retrospectively  by

 forensic  physician  with  4  years  of  clinical  experience  to
tandardize  the  description  and  nomenclature  of  cranial

esions.  For  the  autopsy  with  no  photographs  available,  the
nitial  autopsy  report  was  used  because  the  description  was
eemed  sufficiently  clear,  using  a  similar  lesion  nomencla-
ure.
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tatistical analysis

tatistical  analysis  was  performed  using  R  Development  Core
eam  software  (version  3.2.0  2015).  Quantitative  data  were
resented  as  mean  ±  SD  (range:  minimum—maximum  in  %).
atios  between  NIZ,  DZ,  and  ATS  with  respect  to  TA  were
sed  to  allow  inter-subject  data  comparison.  As  some  sub-
ects  presented  multiple  metallic  fragments,  these  data
ere  presented  in  a  per-fragment  and  per  -subject  basis.

 paired  Wilcoxon  test  was  used  to  compare  the  sizes  of
he  zones  measured  with  conventional  IR  and  SEMAR.  A  P
alue  less  than  0.05  was  considered  to  indicate  statistical
ignificance.  Kappa  test  was  used  to  evaluate  interobserver
eproducibility  for  the  diagnosis  of  intracranial  hemorrhagic
esions.  Kappa  values  of  0.00-0.20  were  considered  to  indi-
ate  poor  agreement;  0.21-0.4,  fair;  0.41-0.60,  moderate;
.61-0.80,  good  and  0.81-1,  excellent  agreement.  Autopsy
eports  were  used  as  the  standard  of  reference  for  the  eval-
ation  of  intracranial  hemorrhagic  lesions  and  Fisher  exact
est  was  used  to  evaluate  diagnostic  accuracy.

esults

mong  the  11  cadavers,  20  CT  images  with  artifacts  arising
rom  a  single  metallic  foreign  body  were  identified  (mean  of
.8  ±  1.1[SD]  images  per  CT  study  [range:  1-4]).  The  mean
etallic  fragment  maximum  diameters  were  5.9  ±  2.5  [SD]
m  (range:  3.15-12.05  mm).
For  all  subjects,  no  additional  elements  contradicting

eath  by  suicide  were  found  after  autopsy.  The  used  weapon
nd  ammunition  caliber  varied.  The  rifle  models  used  were:
hree  carbines  5.56  ×  15  mm  R  (22  long  rifle),  one  auto-
atic  with  unknown  caliber,  one  hunting  rifle  with  unknown

aliber,  two  single  shot  rifles  with  a  12  mm  caliber.  Three
andguns  were  also  used:  one  automatic  pistol  6.35  mm  (.25
utomatic  Colt  Pistol,  one  single  shot  pistols  5.56  ×  15  mm

 (22  long  rifle)  and  one  revolver  9  mm  (0.38  special
adcutter).  There  was  also  a  modified  single  shot  pistol
.56  ×  15  mm  R  (22  long  rifle)  caliber.  The  used  ammunition
ype  was  unknown.

A  significant  decrease  in  mean  ATS  ratios  per  frag-
ent  was  found  with  SEMAR  (72.1  ±  26.1  [SD]  %  [range:

6.8-99.05%])  compared  to  conventional  IR  (86.4  ±  17.8
SD]  %  [range:  37.2-100%])  (P  <  0.001).  A  similar  variation
as  found  with  ATS  ratios  per  subject  with  and  without
EMAR  (75.41  ±  21.69  [SD]  %  [range:  39.95—98.28%]  and
7.94  ±  19.13  [SD]  %  [range:  37.22-100],  respectively).  A
ignificant  decrease  mean  NIZ  ratio  was  found  with  SEMAR
ompared  to  conventional  IR  (P  <  0.001).  The  mean  NIZ
atio  with  and  without  SEMAR  per  fragment  was  11.6  ±  8.26
SD]  %  (range:  0.95—33.39%)  and  42.5  ±  30.5  [SD]  %  (range:
.86—100%),  respectively,  and  per  subject  was  13.15  ±  9.43
SD]  %  (range:  0.95—33.39%)  and  52.66  ±  31.40%  (range:
.86-100%),  respectively.  No  significant  difference  in  DZ
atios  per  fragment  between  conventional  IR  and  SEMAR  CT
mages  was  observed  (P  =  0.07).  A  relative  increase  in  mean
Z  ratios  per  fragment  with  SEMAR  with  respect  to  con-

entional  IR  was  observed  (mean  DZ  ratio  with  and  without
EMAR  60.4  ±  24.4  [SD]  %  [range:  13.9-92.5%]  and  43.7  ±  [SD]
4%  [range:  0-75.64%],  respectively)  (Table  1).  DZ  ratios
er  subject  varied  with  and  without  SEMAR  (62.29  ±  20.88
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SD]  %  [range:  39—89.22%]  and  35.01  ±  21.0  [SD]  %  [range:
—63.07%],  respectively).

The  interobserver  variability  for  the  diagnosis  of  EAH
nd  SAH  was  excellent  with  conventional  IR  (Kappa  = 0.82,
C  95%[0.99-0.64])  and  good  with  SEMAR  (Kappa  =  0.75,  IC
5%[0.96-0.54])  [34].  In  two  subjects,  the  evaluation  of
ntracranial  hemorrhagic  lesions  was  not  feasible  both  on
maging  and  on  autopsy  due  to  head  destruction.

A  total  of  13  hemorrhagic  cranial  lesions  were  deemed
resent  at  autopsy,  including  SAH  in  eight  subjects  and  EAH
n  five  subjects.  If  grade  1  was  considered  as  a  negative  diag-
osis  and  grade  4  as  a  positive  diagnosis,  ten  of  these  lesions
ere  correctly  diagnosed  by  both  readers  with  conventional

R  and  SEMAR.  For  both  readers,  100%  (8/8)  of  the  SAH
ere  correctly  diagnosed  while  only  40%  (2/5)  of  the  EAH
ere  correctly  diagnosed.  Regarding  diagnostic  confidence,

he  number  of  uncertain  diagnoses  decreased  with  SEMAR
or  both  readers.  In  five  and  four  subjects  respectively  for
eaders  1  and  2,  the  diagnostic  confidence  for  EAH  changed
rom  uncertain  with  conventional  IR  to  likely  absent  with
EMAR,  and  in  two  lesions  for  both  readers,  the  diagnostic
onfidence  for  EAH  changed  from  likely  absent  to  definitely
bsent  (Fig.  3).  In  all  these  subjects,  an  autopsy  confirmed
he  absence  of  these  lesions.  When  SEMAR  was  compared  to
R,  a  significant  increase  in  the  diagnostic  accuracy  of  ASDH
as  found  for  Reader  1  (P  =0.012).  No  significant  diagnostic
ccuracy  differences  were  found  for  EDH  (P  =  0.175)  for  this
eader.  For  Reader  2,  the  differences  in  diagnostic  accuracy
or  EAH  between  SEMAR  and  IR  were  not  statistically  sig-
ificant  (P  =  0.0615  and  P  =  0.175,  respectively  for  EDH  and
SDH).

With  both  SEMAR  and  conventional  IR,  there  were  two
alse-positive  diagnoses  of  EAH  for  Reader  1 and  three  for
eader  2,  as  well  as  one  false-negative  diagnosis  of  EAH
or  each  reader  (Fig.  4).  Moreover,  with  SEMAR  CT  images,
here  was  one  additional  EAH  false-positive  diagnosis  for
ach  reader  and  one  EAH  false  negative  for  Reader  2.

The  location  of  the  entry  and  exit  wound  was  correctly
dentified  in  all  cases  with  both  SEMAR  and  conventional  IR
mages.

iscussion

 significant  reduction  in  metal  artifact  influence  on  PMCT
ith  SEMAR  was  observed  compared  with  conventional  IR,
ith  a  significant  decrease  in  both  ATS  and  NIZ  ratios  per

ragment.  A  similar  variation  was  seen  with  ATS  and  NIZ
atios  per  patient.  These  results  are  in  accordance  with  pre-
ious  literature  reports  on  CT  metal  artifact  reduction  in  live
atients  [23,24,26,31,35—37].  In  addition,  SEMAR  significan-
ly  increased  the  diagnostic  accuracy  for  aSDH  compared
o  IR  for  reader  1.  However,  there  were  no  significant
hanges  in  accuracy  for  reader  2  nor  for  the  diagnosis  of
DH  for  reader  1,  which  might  be  explained  by  the  small
ample  size.  The  diagnostic  confidence  in  cranial  hemor-
hagic  lesion  identification  increased  with  a  lower  number
f  uncertain  diagnosis  for  both  readers  with  SEMAR.  The

nterobserver  variability,  however,  was  slightly  worse  with
EMAR,  which  is  likely  related  to  the  decrease  in  the  number
f  uncertain  diagnoses.  Although  SAH  was  correctly  iden-
ified  in  all  subjects  with  both  algorithms,  the  number  of



M
etal

 artifact
 reduction

 for
 intracranial

 projectiles
 

181

Table  1 Metal  artifact  measures  without  and  with  SEMAR  and  calculation  of  NIZ,  DZ,  and  ATS  ratios.
Subject IS T fm (mm) TA (mm2) NIZ (mm2) NIZ/TA (%) DZ (mm2) DZ/TA (%) ATS/TA (%) NIZ (mm2) NIZ/TA (%) DZ (mm2) DZ/TA (%) ATS/TA

(%)
1 1 7.72 12255.01 9552.62 77.94 2269.75 18.52 96.47 793.85 6.48 9967.89 81.34 87.82
2  2 6.25 2448.08 1992 81.37 317.8 12.98 94.35 631.51 25.80 959.67 39.20 65.00
3  3 9.24 11564.23 5230.74 45.23 5962.82 51.56 96.79 1489.85 12.88 1612.94 13.95 26.83
3  4 8.66 9647.06 9647.06 100 0.00 0.00 100 1675.48 17.37 7396.05 76.67 94.03
4  5 3.03 15383.92 963.19 6.26 10736.91 69.79 76.05 242.40 1.58 4285.25 27.86 29.43
4  6 8.07 11328.69 5740.40 50.67 4240.38 37.43 88.10 1433.08 12.65 8160.40 72.03 84.68
4  7 3.61 9393.99 969.35 10.32 4499.30 47.90 58.21 192.94 2.05 2493.11 26.54 28.59
5  8 8.82 7943.68 5950.94 74.91 1992.74 25.09 100.00 2652.55 33.39 4502.71 56.68 90.07
6  9 4.69 8631.10 3344.54 38.74 5038.38 58.37 97.12 1421.59 16.47 6073.27 70.36 86.84
6  10 6.48 8385.72 2722.58 33.92 5303.14 63.24 100.00 1393.20 16.61 6621.83 78.97 95.58
7  11 4.21 13311.42 1519.68 11.41 9419.77 70.76 82.18 925.59 6.95 6539.18 49.12 56.08
7  12 4.54 11522.6 2347.98 20.37 8715.71 75.64 96.02 1409.73 12.23 5992.23 52.00 64.24
7  13 3.54 8292 2619.41 31.59 1952.10 23.54 53.56 1447.74 17.46 2830.47 34.13 51.59
7  14 3.15 7779.99 960.87 12.35 4691.02 60.30 72.65 227.52 2.92 4127.30 53.05 55.97
8  15 4.23 9853.87 3024.87 30.70 5977.60 60.66 91.36 382.98 3.89 9119.52 92.55 96.43
8  16 4.93 10154.67 3292.56 32.42 6069.10 59.77 92.19 993.16 9.78 8770.5 86.37 96.15
8  17 4.89 8534.53 2506.5 29.36 5870.92 68.79 98.16 880.22 10.31 7573.31 88.74 99.05
9  18 1.95 9439.81 364.41 3.86 3149.09 33.36 37.22 89.96 0.95 3681.42 39.00 39.95
10  19 8.8 8079.12 8079.12 100 0.00 0.00 100.00 1107.46 13.71 6569.30 81.31 95.02
11  20 10.5 11820.06 7207.36 60.97 4296.41 36.35 100.00 1114.47 9.43 10502.42 88.85 98.28
mean  ± SD
[range]

5.86 ± 2.49
[1.95—10.5]

9788.48 ± 2658.25
[2448.08—15383.92]

3901.81 ± 2894
[364.41—9552.62]

42.55 ± 30.52
[3.86—100]

4525.147 ± 2975.12
[0—109419.7]

43.70 ± 23.96
[0—75.64]

86.38 ± 17.78
[37.22—100]

1025 ± 630.63
[89.96—2652.55]

11.64 ± 8.26
[0.95—33.39]

5888.94 ± 2756.19
[959.67—10502.42]

60.44 ± 24.35
[13.9—92.5]

72.08 ± 26.09
[26.82—99.05]

IS: Selected images; T fm: Metal fragment size; TA: Total intracranial area; NIZ: Non-interpretable zone; DZ: Disturbed interpretation zone; ATS: Artifact total surface; IR: Conventional
iterative reconstruction; SEMAR: Single-energy metal artifact reduction.
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Figure 3. A 67-year-old man victim of a head gunshot would. A, CT image in the axial plane obtained with conventional iterative
reconstruction at the level of temporo-occipital lobes with metallic projectile against inner occipital bone (large arrow) generating artifacts,
which hamper the analysis of the cerebral parenchyma. B) Axial computerized tomography image reconstructed with single-energy metal
artifact reduction (SEMAR) at the same location shows marked reduction in metallic artifacts enabling better analysis of cerebral parenchyma
and meninges. Spontaneous hyperattenuating area of the falx (thin arrow) indicative of subarachnoid hemorrhage (SAH) can be seen. C)
Photograph obtained during autopsy confirms various foci of SAH (arrows).

Figure 4. A 78-year old man victim of a head gunshot wound. A and B, CT images in the axial plane obtained with conventional iterative
reconstruction and single-energy metal artifact reduction (SEMAR) respectively demonstrate a metallic foreign body (fat arrows). Sponta-
neous hyperdensity can be seen in both images (thin arrows) and was interpreted as an acute subdural hematoma (ASDH) by two readers.
With single-energy metal artifact reduction (B) and a linear image delineating a crescent-shaped fluid collection is seen adjacent to the
skull fracture (arrowhead). This image was very difficult to identify with conventional iterative reconstruction (arrowhead in A) and was
interpreted as an epidural collection by Reader 1. C and D, Photographs obtained during autopsy confirm diffuse subarachnoid hemorrhage
(arrows in C) and right ASDH (arrow in D). The left-sided crescent image seen in B was misinterpreted by the reader and corresponded to
an ASDH.
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false  positive  and  false  negative  EAH  diagnoses  increased
with  SEMAR  compared  to  conventional  IR.  This  observation
could  be  related  to  the  relative  increase  in  the  DZ  ratios
per  fragment  and  per  patient,  despite  the  overall  reduc-
tion  in  ATS;  thus  indicating  that  despite  improved  CT  image
quality,  characterizing  EAH  in  subjects  with  head  gunshot
wounds  with  PMCT  remains  challenging.  SEMAR  did  not  influ-
ence  DZ  ratios  per  fragment  compared  to  conventional  IR.
These  results  suggest  that  SEMAR  is  more  effective  in  redu-
cing  the  NIZ  compared  DZ.  Thus,  NIZ  decreases  as  it  is
partially  substituted  by  DZ,  increasing  the  DZ/TA  ratio.  As
the  ATS  is  significantly  reduced  with  SEMAR  compared  to
conventional  IR,  despite  the  paradoxical  increase  in  DZ-
TA  ratio,  the  end  result  is  an  increase  in  the  analyzable
cerebral  parenchyma  area.  Although  SEMAR  can  be  recom-
mended  to  evaluate  subjects  with  gunshot  head  wounds  as
it  improves  global  CT  image  quality  compared  to  conven-
tional  IR,  residual  artifacts  hindering  CT  image  analysis  still
remain.

A  hemorrhagic  cranial  lesion  of  any  kind  is  relevant  in
forensic  investigations  because  it  indicates  that  the  victim
was  alive  at  the  time  of  the  gunshot.  Although  the  distinc-
tion  between  intra  or  EAH  is  of  negligible  importance  in
forensic  investigation,  this  information  could  be  useful  to
evaluate  victims  of  non-lethal  head  gunshot  wounds  and
patients  with  therapeutic  cranial  metallic  foreign  bodies
(e.g.,  aneurysm  coils).  Internal  ballistics  findings  are  also
paramount  for  head  gunshot  wound  evaluation  on  PMCT.
Although  all  entry  and  exit  wounds  were  correctly  identified
with  PMCT,  the  small  number  of  subjects  and  lack  of  stan-
dardization  in  autopsy  reports  precluded  bullet  trajectory
assessment  in  this  study.  Finally,  dual-energy  applications
on  PMCT  could  be  used  to  assess  metal  fragment  compo-
sition  based  on  atomic  numbers  that  could  determine  the
ammunition  type  [38,39].

Several  limitations  of  this  study  must  be  acknowledged.
First,  as  a  retrospective  study  with  a  small  number  of
cadavers,  it  does  not  definitely  demonstrate  the  superiority
of  SEMAR.  Furthermore,  a  single  metal  artifact  reduction
algorithm  was  evaluated.  Although  other  metal  artifact
reduction  algorithms,  particularly  those  using  monochro-
matic  imaging,  were  not  tested,  previous  studies  indicate
that  the  performance  of  SEMAR  is  slightly  superior  to  these
algorithms  [40].  Also,  the  metal  composition  of  the  bullets
evaluated  was  unknown,  which  may  influence  the  effective-
ness  of  SEMAR.  Further  investigation  is  warranted  to  assess
the  effect  of  bullet  composition  on  metal  artifact  reduction.
The  measurements  of  NIZ,  DZ,  and  TA  with  a  freehand  ROI
could  lead  to  small  reader  induced  variations.  Finally,  only
head  gunshot  wounds  were  evaluated  in  this  study,  and  thus
further  studies  are  necessary  to  assess  the  efficacy  of  SEMAR
on  other  types  of  metallic  foreign  bodies  in  other  anatomic
locations.

In  conclusion,  SEMAR  significantly  improves  CT  image
quality  of  PMCT  cerebral  parenchyma  with  a  significant
decrease  in  NIZ  and  ATS  ratios.  This  technique  leads  to
increased  diagnostic  confidence  for  EAH  lesions  allowing
the  identification  of  all  SAH  studied.  SEMAR  led  to  a
slight  decrease  in  interobserver  agreement  and  did  not

improve  the  performance  of  the  identification  of  EAH,
which  remained  poor.  Thus,  SEMAR  can  be  recommended
for  the  evaluation  of  head  gunshot  wounds,  but  there  was  no
183

mprovement  in  the  diagnostic  performance  of  intracranial
emorrhagic  lesions.
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