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Disclosure	  

•  A.	  Kyle	  Jones	  is	  co-‐owner	  of	  Fluoroscopic	  
Safety,	  LLC,	  a	  company	  that	  markets	  
educaJonal	  programs	  on	  the	  safe	  use	  of	  
fluoroscopy	  
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CASE	  1	  
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Biliary	  catheter	  placement	  

•  Tumors	  of	  the	  liver	  and	  pancreas	  can	  cause	  
obstrucJon	  of	  the	  bile	  duct	  

•  This	  obstrucJon	  can	  be	  relieved	  by	  
endoscopically	  placing	  a	  stent	  in	  the	  bile	  duct	  

•  Re-‐obstrucJon	  may	  require	  placement	  of	  a	  
biliary	  catheter	  to	  drain	  bile	  externally	  

•  Is	  the	  guidewire	  through	  the	  struts	  or	  through	  
the	  lumen	  of	  the	  stent?	  
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Sharpness	  

•  What	  affects	  sharpness	  in	  fluoroscopy?	  
•  Considering	  the	  task	  and	  equipment	  
configuraJon,	  what	  is	  the	  currently	  factor	  that	  
is	  limiJng	  resoluJon?	  
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Focal	  spot	  size	  

•  Many	  modern	  intervenJonal	  x-‐ray	  tubes	  have	  
three	  focal	  spots	  
– ArJs	  zee:	  MFS	  (0.3),	  SFS	  (0.6),	  LFS	  (1.0)	  

•  Focal	  spot	  preference	  may	  only	  be	  selectable	  in	  
FLU	  or	  ACQ	  ,	  but	  one	  seang	  affects	  the	  other	  
–  Focal	  spot	  size	  may	  increase	  from	  FLU	  to	  ACQ,	  causing	  
blur	  that	  wasn’t	  present	  in	  FLU	  

•  Preference	  for	  a	  smaller	  focal	  spot	  will	  favor	  
selecJon	  of	  a	  higher	  kV	  or	  a	  longer	  pulse	  width	  
by	  the	  ADRC	  system	  
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ArJs	  zee	  owner’s	  manual	  
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CASE	  2	  
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GI	  bleeder	  

•  Bleeding	  from	  the	  GI	  tract	  or	  kidneys	  can	  be	  
life	  threaJng	  if	  not	  treated	  

•  Catheter	  based	  intervenJons	  are	  preferred	  to	  
laparotomy	  

•  Small	  guidewires	  and	  catheters	  are	  used	  to	  
minimize	  risk	  of	  bowel	  infarct	  

•  Must	  see	  guidewire	  and	  small	  amounts	  of	  
contrast	  agent	  in	  a	  background	  of	  peristalJc	  
moJon	  
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Contrast	  to	  noise	  raJo	  

•  What	  affects	  contrast	  in	  fluoroscopy?	  
– Beam	  quality	  (kV	  +	  filtraJon)	  
– Contrast	  agent	  
•  Volume,	  type,	  rate	  

– Recursive	  filtering	  
–  Image	  processing	  
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Report	  of	  AAPM	  TG	  125,	  2012	  
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PMMA	  (in.)	   Norm.	  FLU	   ACQ	  2	   ACQ	  4	   DSA	  2	   DSA	  4	  
6	   1.0	   75.0	   75.9	   148.1	   143.4	  

7	   2.0	   82.5	   77.3	   111.6	   122.8	  

8	   3.0	   78.1	   90.9	   136.3	   107.5	  

9	   7.0	   65.6	   47.3	   76.6	   81.0	  

10	   11.5	   48.3	   51.4	   95.9	   103.0	  

11	   17.0	   60.8	   71.1	   69.0	   78.6	  

12	   21.0	   56.5	   64.1	   108.8	   69.9	  

13	   26.5	   87.1	   55.6	   98.3	   55.6	  

14	   32.5	   78.5	   46.0	   92.5	   47.4	  

Parameters	  are	  no	  longer	  linked	  
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Recursive	  filtering	  
•  A	  moving	  weighted	  sum	  of	  

fluoroscopic	  frames	  
•  MulJple	  realizaJons	  of	  

electronic	  and	  quantum	  
noise	  results	  in	  a	  reduced	  
noise	  level	  in	  the	  displayed	  
image	  
–  Many	  variaJons	  –	  e.g.,	  Auto,	  

Manual,	  strength	  parameters	  
•  However,	  image	  noise	  is	  not	  

the	  only	  thing	  that	  changes	  
–  ArJficial	  lag	  
–  Reduced	  contrast	  
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ArJficial	  lag	  
•  Recursive	  filtering	  can	  

introduce	  ar#ficial	  lag	  into	  
images	  with	  substanJal	  
moJon	  

•  The	  source	  of	  the	  residual	  
signal	  seen	  in	  the	  image	  to	  
the	  right	  is	  not	  the	  image	  
receptor,	  but	  informaJon	  
from	  previous	  pulses	  

•  The	  severity	  of	  arJficial	  lag	  
depends	  on	  several	  factors	  
–  Pulse	  rate	  
–  Speed	  of	  moJon	  
–  Strength	  of	  recursive	  filter	  
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Contrast	  and	  recursive	  filtering	  

•  Most	  of	  us	  understand	  
arJficial	  lag	  

•  However,	  what	  we	  
ohen	  overlook	  is	  the	  
impact	  of	  recursive	  
filtering	  on	  contrast	  

•  Let’s	  look	  at	  some	  
movies	  of	  a	  0.025”	  
guidewire	  
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Contrast	  and	  beam	  quality	  

•  Iodine	  contrast	  is	  strongly	  
affected	  by	  beam	  quality	  

•  The	  addiJon	  of	  filtraJon	  
allows	  the	  use	  of	  low	  kV	  
while	  maintaining	  dose	  at	  
an	  acceptable	  level	  
–  TradiJonal,	  Program-‐
Switched	  

•  Sacrifices	  may	  need	  to	  be	  
made	  to	  maintain	  kV	  at	  
desired	  level	  
–  E.g.,	  focal	  spot	  
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CASE	  3	  
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Spinal	  embolizaJon	  

•  MetastaJc	  or	  primary	  tumors	  of	  the	  spine	  can	  
cause	  many	  symptoms,	  including	  instability,	  pain,	  
and	  symptoms	  related	  to	  compression	  of	  the	  
spinal	  cord	  

•  Many	  metastaJc	  tumors,	  including	  RCC,	  are	  
hypervascular	  

•  Pre-‐surgical	  embolizaJon	  has	  been	  proven	  to	  
reduce	  blood	  loss	  when	  tumor	  is	  hypervascular	  

•  Non-‐target	  embolizaJon	  can	  result	  in	  permanent	  
paralysis	  
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Peak	  CNR	  is	  criJcal	  

•  Beam	  quality	  	  
– Favor	  SFS	  or	  LFS	  to	  maintain	  low	  kV	  
– Siemens	  ArJs	  zee:	  	  SFS	  =	  70	  kVp,	  MFS	  =	  90	  kVp	  
– Keep	  in	  mind	  that	  higher	  frame	  rates	  and	  longer	  
scene	  Jmes	  will	  increase	  kV	  

•  Maximum	  opacificaJon	  of	  vessels	  
– Flow	  rate	  ↑	  closer	  to	  the	  heart	  
– Frame	  rate	  must	  be	  adequate	  to	  capture	  this	  

•  Noise	  is	  also	  an	  important	  factor	  
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Scene	  Jme	  and	  kVp	  
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Max	  opacificaJon	  

•  Max	  (or	  peak)	  opacificaJon	  is	  a	  temporal	  MIP	  
•  The	  MaxOpac	  image	  is	  formed	  by	  updaJng	  
each	  pixel	  in	  the	  image	  with	  the	  minimum	  (or	  
maximum)	  pixel	  value	  in	  each	  new	  frame	  as	  
the	  run	  is	  stepped	  through	  

•  Reduces	  problems	  with	  washout	  
•  MoJon	  can	  be	  a	  problem	  
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Reducing	  image	  noise	  

•  Recursive	  filtering	  
– PotenJal	  negaJve	  impact	  on	  contrast	  

•  Higher	  dose	  per	  frame	  
– Already	  a	  high	  dose	  procedure	  

•  Image	  processing	  
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Mask	  averaging	  

•  We	  know	  that	  noise	  
adds	  in	  quadrature	  
when	  we	  perform	  
image	  subtracJon	  

•  We	  also	  know	  that	  
frame	  averaging	  or	  
recursive	  filtering	  
reduces	  image	  noise	  
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CASE	  4	  
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Management	  of	  high	  dose	  cases	  

•  The	  true	  complexity	  of	  a	  case	  is	  ohen	  
unknown	  unJl	  the	  first	  angiogram	  is	  
performed	  

•  Decisions	  must	  be	  made	  to	  conJnue	  
treatment	  or	  stop	  based	  on	  pace	  of	  procedure	  
– RadiaJon	  dose,	  contrast	  dose	  
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Three-‐pronged	  safety	  program	  

•  Pre-‐procedure	  acJons	  
•  Intra-‐procedure	  acJons	  
•  Post-‐procedure	  acJons	  
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Intra-‐Procedure	  

•  Ka,r	  noJficaJon	  levels	  
•  Ongoing	  faculty	  and	  staff	  educaJon	  
– Dose	  management	  techniques	  

•  Store	  loop/store	  monitor,	  not	  acquisiJon	  
–  Be	  in	  the	  room	  

•  YDNKWIHUYKWIH	  

•  Reduced	  dose	  protocols	  
–  PaJents	  idenJfied	  during	  pre-‐procedure	  process	  

•  SituaJonal	  awareness	  
–  Prior	  high-‐dose	  procedure	  –	  projecJon	  consideraJons	  
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Post-‐Procedure	  

•  Follow-‐up	  protocol	  
•  Record	  dose	  descriptors	  
–  Ka,r/KAP/#	  of	  runs/Jme	  

•  RIS	  
•  Medical	  record	  
•  PACS	  
•  Structured	  dose	  reporJng	  is	  here	  

•  Flag	  high-‐dose	  cases	  for	  f/u	  
–  Ka,r	  =	  5	  Gy	  (NCRP	  168)	  
–  Procedure	  specific?	  
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