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NOTES:	  

	  

	  



	  
	  

• Postmortem	  studies	  have	  show	  prevalence	  of	  coronary	  calcium	  
deposits	  in	  a	  given	  decade	  of	  life	  as	  10-‐100x	  higher	  than	  expected	  	  
	  

• Therefore,	  determining	  threshold	  levels	  of	  coronary	  calcium	  content	  
would	  be	  important	  in	  order	  to	  make	  appropriate	  management	  
decisions	  	  

	  
• Within	  advanced	  lesions,	  mineralization	  dominates	  alongside	  

components	  such	  as	  increased	  fibrous	  tissue	  and	  lipid	  deposits	  	  
	  
• Accumulation	  of	  calcium	  within	  coronary	  arteries	  develops	  in	  an	  age-‐

related	  manner	  and	  appears	  to	  be	  exponential	  
	  
• Presence	  of	  calcification	  strong	  indicator	  of	  atherosclerosis,	  and	  

extent	  directly	  relates	  to	  overall	  burden	  of	  atherosclerotic	  disease	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	   	  
	  
	  
	  
	  
	  

Associated	  Literature	  
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• Calcium	  phosphate	  (hydroxyapatite),	  almost	  50%	  calcium,	  thrives	  
in	  diseased	  coronary	  arteries	  
	  

• Similar	  to	  that	  found	  in	  active	  bone	  formation	  and	  remodeling	  
	  

• Hydroxyapatite	  formed	  in	  vesicles	  that	  pinch	  off	  from	  arterial	  wall,	  
in	  a	  very	  similar	  way	  to	  which	  matrix	  vesicles	  pinch	  off	  from	  
chondrocytes	  in	  developing	  bone	  

	  
• A	  very	  close	  spatial	  association	  between	  cholesterol	  deposits	  and	  

hydroxyapatite	  has	  also	  been	  demonstrated,	  suggesting	  that	  
atherosclerosis	  may	  lead	  to	  calcification	  
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NOTES:	  



	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

• Speculated	  that	  may	  be	  an	  attempt	  to	  protect	  the	  myocardium	  by	  
strengthening	  weakened	  atherosclerotic	  plaque	  prone	  to	  rupture	  -‐	  
an	  attempt	  by	  the	  artery	  to	  stabalise	  itself	  

	  
• Calcification	  of	  the	  lesions	  causes	  them	  become	  much	  stiffer	  

(about	  5x	  stiffer	  than	  a	  cellular	  lesion)	  and	  are	  unlikely	  to	  be	  the	  
source	  of	  plaque	  rupture	  

	  
• Vascular	  smooth	  muscle	  cells	  (VSMCs)	  originate	  from	  similar	  

mesenchymal	  stem	  cells	  as	  those	  for	  osteoblasts,	  chondrocytes	  
and	  adipocytes.	  

	  
• Osteoblasts	  occurring	  via	  the	  upregulation	  of	  the	  transcription	  

factor	  core	  binding	  factor	  α-‐1	  (Cbfa-‐1)	  now	  known	  as	  Runt-‐related	  
transcription	  factor	  2	  (RUNX2)	  or	  msh	  homeobox	  2	  (MSX-‐2)	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	   	  
	  
	  

NOTES:	  
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lesions:	  a	  structural	  analysis	  with	  histopathological	  correlation.	  Circulation..	  1993;87:1179-‐1187.	  

	  



	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
• The	  osteoblast-‐like	  cell	  lays	  down	  collagen	  &	  noncollagenous	  proteins	  

in	  the	  intima/media	  and	  incorporates	  calcium	  and	  phosphorus	  into	  
matrix	  vesicles	  (MVs)	  to	  initiate	  mineralization	  	  

	  

	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
• Many	  different	  matrix	  proteins	  identified:	  	  

o Potent	  factor	  for	  osteoblastic	  differentiation	  called	  bone	  
morphogenic	  protein-‐2a	  (BMP-‐2a)	  	  

o Cell	  attachment	  protein,	  osteopontin,	  protein	  associated	  
with	  calcium,	  osteonectin,	  and	  γ-‐carboxylated	  protein	  
involved	  in	  regulating	  mineralisation,	  osteocalcin	  
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• In	  vitro	  studies	  -‐	  highlighted	  importance	  of	  pro-‐inflammatory	  

cytokines,	  oxidised	  low-‐density	  lipoprotein	  (oxLDL)	  and	  
monocyte/macrophage	  release	  products	  in	  promoting	  osteogenesis	  
and	  the	  accumulation	  of	  calcium	  deposits	  
	  

• However,	  some	  studies	  have	  shown	  an	  increase	  in	  antioxidant	  factors	  
such	  as	  HDL,	  may	  reduce	  mineralization	  (via	  influence	  on	  IL-‐1,	  IL-‐6	  
and	  oxLDL)	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
• Appears	  to	  be	  a	  balance	  between	  inhibitors	  of	  calcification	  and	  pro-‐

mineralizing	  factors	  (e.g.	  transforming	  growth	  factor	  beta	  (TGF-‐b),	  
vitamin	  D3	  (Vit.	  D3)	  	  

	  

	  

	  

NOTES:	  



	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
• Decarboxylation	  of	  Gla	  residues,	  by	  γ-‐glutamate	  carboxylase,	  to	  

glutamyl	  residues	  greatly	  diminishes	  the	  affinity	  of	  Gla-‐containing	  
proteins	  for	  hydroxyapatite	  

	  
• Believed	  that	  nonhepatic	  Gla-‐containing	  proteins,	  which	  are	  actively	  

involved	  in	  the	  transport	  of	  calcium	  out	  of	  vessel	  walls	  and	  have	  a	  
very	  high	  affinity	  for	  hydroxyapatite,	  are	  suspected	  to	  have	  key	  roles	  
in	  the	  pathogenesis	  of	  coronary	  calcification	  

	  

	  

Associated	  Literature	  
• Vermeer	  C.	  Gamma-‐carboxyglutamate-‐containing	  proteins	  &	  vitamin	  K-‐dependent	  carboxylase.	  Biochem	  J.	  1990;266:625-‐636.	  
• Deboervanderberg	  MAG,	  Van	  Haarlem	  LJM,	  Vermeer	  C.	  Vitamin-‐K-‐dependent	  carboxylase	  in	  human	  vessel	  wall.	  Thromb	  Res.	  

1986;(S6):134.	  

NOTES:	  



	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
• Thought	  that	  atherosclerotic	  processes	  inhibit	  the	  synthesis	  and	  

activity	  of	  γ-‐glutamate	  carboxylase	  -‐	  atherosclerotic	  arteries	  contain	  
only	  about	  30%	  of	  the	  carboxylase	  activity	  found	  in	  normal	  arterial	  
segments	  

	  
• Osteopontin	  is	  a	  phosphorylated	  glycoprotein,	  is	  a	  known	  mediator	  in	  

the	  formation	  and	  calcification	  of	  bone	  and	  has	  a	  role	  in	  cell	  
adhesion,	  regulated	  by	  local	  cytokines	  

	  
• It	  has	  been	  demonstrated	  that	  osteopontin	  mRNA	  expression	  is	  

related	  to	  severity	  of	  atherosclerosis	  
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• Immunohistochemistry	  stain	  for	  osteopontin.	  Small	  amount	  in	  body	  

of	  plaque	  but	  strong	  around	  edges	  (“leading	  edge”)	  of	  plaque	  
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• Still	  debated	  as	  to	  whether	  there	  is	  a	  positive	  or	  negative	  

contribution	  of	  atherosclerotic	  calcification	  to	  plaque	  rupture	  
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• Electron	  beam	  computed	  tomography	  (EBCT)	  uses	  an	  electron	  gun	  

and	  a	  stationary	  tungsten	  “target”	  (four	  tungsten	  targets	  underneath	  
the	  patient)	  rather	  than	  a	  standard	  x-‐ray	  tube	  to	  generate	  x-‐rays,	  
permitting	  very	  rapid	  scanning	  times	  
	  

• Different	  from	  a	  conventional	  CT	  scan	  in	  that	  it	  uses	  harmless	  
electron	  beams	  instead	  of	  X-‐rays	  to	  create	  multiple	  images	  of	  the	  
heart	  
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Circulation.1996;	  94:	  1175-‐1192	  
	  



	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
• EBCT	  images	  are	  obtained	  in	  100	  ms	  with	  a	  scan	  slice	  thickness	  of	  3	  

mm	  and	  due	  to	  the	  rapid	  image	  acquisition	  time,	  this	  virtually	  
eliminates	  motion	  artifact	  related	  to	  cardiac	  contraction	  

	  
• To	  further	  eliminate	  motion	  artifact	  one	  or	  two	  separate	  breath-‐

holding	  actions	  are	  performed	  and	  the	  scan	  itself	  is	  triggered	  by	  ECG	  
signal	  at	  80%	  of	  the	  RR	  interval,	  near	  the	  end	  of	  diastole	  

	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  

	  

Associated	  Literature	  
• Agatston	  AS,	  Janowitz	  WH.	  Coronary	  calcification:	  detection	  by	  ultrafast	  computed	  tomography.	  In:	  Stanford	  W,	  Rumberger	  JA,	  
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• Total	  calcium	  score	  is	  a	  prognostic	  tool	  and	  is	  strongly	  associated	  with	  

total	  atherosclerotic	  plaque	  burden	  
	  
• It	  works	  by	  calcium	  densities	  of	  130-‐200	  HU	  are	  assigned	  a	  score	  of	  

1,	  between	  201-‐300	  HU	  a	  score	  of	  2,	  between	  301-‐400	  HU	  a	  score	  of	  
3,	  and	  more	  than	  401	  HU	  a	  score	  of	  4	  

	  
• Peak	  calcium	  density	  values	  are	  multiplied	  by	  the	  actual	  area	  of	  

calcification	  per	  tomogram	  to	  obtain	  the	  score	  -‐	  score	  is	  given	  per	  
specific	  coronary	  artery	  or	  for	  the	  entire	  coronary	  system.	  	  
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• Intravascular	  ultrasound	  is	  a	  newer	  method	  for	  detecting	  
coronary	  atherosclerosis	  

	  
• Using	  a	  method	  of	  mounting	  transducers	  with	  rotating	  

reflectors	  on	  catheter	  tips,	  it	  is	  possible	  to	  acquire	  cross-‐
sectional	  images	  of	  the	  coronary	  arteries	  

	  
• Calcification	  within	  a	  plaque	  obscures	  the	  underlying	  wall	  and	  

produces	  an	  area	  of	  shadowing	  
	  

	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  

NOTES:	  	  
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vascular	  imaging.	  Circulation..	  1992;85:2305-‐2310.	  



	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
• However,	  for	  small	  accumulations	  of	  micro-‐calcification	  and	  scattered	  

calcification,	  sensitivity	  is	  only	  64%	  but	  specificity	  remains	  high	  
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• Fluoroscopy	  has	  frequently	  been	  used	  to	  detect	  calcification	  in	  

coronary	  arteries	  -‐	  involves	  imaging	  the	  coronary	  arteries	  using	  X-‐ray	  
screening	  with	  real-‐time	  display	  on	  a	  fluoroscope	  

	  
• To	  detect	  coronary	  calcification,	  fluoroscopy	  is	  performed	  with	  the	  

patient	  in	  a	  60o	  oblique	  relationship	  (anterior	  oblique	  projection)	  to	  
the	  film	  cassette	  

	  
• Calcium	  deposits	  are	  seen	  as	  densely	  parallel	  tracks	  moving	  

perpendicular	  to	  their	  long	  axes	  in	  a	  to-‐and-‐fro	  motion.	  

	  
	   	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  

	  

Associated	  Literature	  
• Detrano	  R,	  Froelicher	  V.	  A	  logical	  approach	  to	  screening	  for	  coronary	  artery	  disease.	  Ann	  Intern	  Med..	  1987;106:846-‐852.	  

	  

NOTES:	  	  
	  



	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  

	  

NOTES:	  	  
	  



	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  

• The	  coronary	  artery	  calcium	  score	  is	  an	  independent	  predictor	  of	  
coronary	  heart	  disease	  events.	  
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• Performed	  a	  study	  in	  the	  elderly	  that	  suggested	  that	  CACS>1000	  

meant	  that	  these	  patients	  were	  of	  high	  risk	  regardless	  of	  other	  risk	  
factors	  
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• 30%	  of	  arteries	  with	  angiographically	  significant	  stenoses	  had	  no	  

detectable	  calcification	  on	  EBCT	  
	  

• Lack	  of	  calcification	  implies	  a	  low	  atherosclerotic	  burden	  and	  
hence	  a	  low	  chance	  of	  stenosis	  being	  present.	  	  
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