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Are  we  aware  of  a new  atherosclerosis  nomenclature?�
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Coronary  artery  disease  continues  to  be  the  main  cause
of  morbidity  and  mortality  worldwide,  in  spite  of  the
many  ongoing  advances  in  the  last  years  in  prevention
programs,  and  pharmacological  and  myocardial  revascu-
larization  treatments.  Although  coronary  artery  disease
patient  survival  has  been  improving,  cardiovascular  diseases
represented  17.3  million  deaths  worldwide  in  2012,  and
it  is  expected  that  this  number  will  increase  to  more  than
23.6  million  in  2030.1 Recent  estimates  show  that  a  third
of  the  adult  population  in  the  United  States  (approximately
71.3  million)  has  some  form  of  cardiovascular  disease,
including  almost  17  million  with  coronary  artery  disease
and  10  million  with  angina.2,3

The  nomenclature  of  degenerative  vascular  diseases
has  been  confusing  and  without  unanimity  of  concepts.
This  reflects  the  lack  of  agreement  among  pathologists,
as  well  as  deficient  classification  proposals  which  do  not
unify  the  pathophysiological  phenomena  seen.  In  general,
atheroma,  derived  from  the  Greek  word  athere, refers  to
a  caseous  material  with  high  lipid  content,  in  advanced
intimal  plaques.  Atherosclerosis  emphasizes  the  exten-
sive  sclerotic  or  fibrous  tissue  component  of  the  lesion.
In  British  literature,  atheroma  and  atherosclerosis  are
frequently  synonymous.  Arteriosclerosis  literally  means
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clerosis,  or  hardening,  of  the  arteries  as  a  manifestation
f  age,  regardless  of  the  presence  of  atherosclerosis.  In
eneral,  arteriosclerosis  is  a  generic  concept,  and  includes
therosclerosis,  Mönckeberg  arteriosclerosis  and  related
ge-induced  changes  in  large  and  small  peripheral  arteries.
rteriolosclerosis  refers  to  arteriolar  wall  thickening,  fibro-
is  and  hyalinization,  with  lumen  narrowing.  Phlebosclerosis
iterally  means  vein  sclerosis  or  fibrosis.

Since  the  atherosclerosis  classification  described  by  Stary
t  al.4 more  than  20  years  ago  (which  was  accepted  by  the
cientific  community  and  especially  by  the  American  Heart
ssociation  (AHA)),  there  have  been  important  advances  in
iagnosis  and  pharmacological  treatment,  as  well  as  percu-
aneous  and  surgical  interventions.  These  have  significantly
nfluenced  the  disease,  and  have  compelled  a  new  nomen-
lature  and  new  terms  in  clinical  practice.  In  addition  to
ative  vessel  atherosclerosis,  which  consists  of  the  patho-
ogical  process  in  a  natural  environment,  two  of  the  new
athologies  are  caused  by  the  formation  of  an  atheroma
n  an  iatrogenic  environment.  One  is  saphenous  vein  graft
therosclerosis,  and  the  other  is  neoatherosclerosis  in  seg-
ents  previously  treated  with  stents.  Thus,  two  clearly
ifferent  entities  are  conformed  which  we  must  address
oday  (Table  1).

therosclerosis in native coronary arteries
t  the  end  of  the  seventies,  Ross  highlighted  the  impor-
ance  of  smooth  muscle  cell  proliferation  in  the  formation  of
therosclerotic  lesions,  and  the  hypothesis  that  the  arterial

ascular. Published by Elsevier España, S.L.U. This is an open access
nses/by-nc-nd/4.0/).
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16  

all  lesion  has  a  preponderant  role  in  plaque  progression.
ater,  inflammation  was  identified  as  the  main  driving  force
n  smooth  muscle  cell  activation  and  proliferation;  pro-
esses  which  are  mediated  by  growth  factors.  Subsequent
tudies  at  the  end  of  the  90s  indicated  that  the  mecha-
ism  of  disease  progression  involved  a  complex  interaction
etween  risk  factors  and  inflammation.  During  this  same
eriod,  Fuster  et  al.  considered  plaque  progression  as  a
henomenon  of  staggered  events  and  pinpointed  that  deep
laque  fissures  and  ulcerations  led  to  the  manifestation  of
omplex  lesions,  as  a  cause  of  luminal  thrombosis  and  the
linical  presentation  of  acute  coronary  syndrome.

In  the  1990s,  an  AHA  consensus  document  was  published
egarding  atherosclerosis  classification.4 This  classification
ncluded  six  different  categories:

 Type  I,  intimal  thickening.
 Type  II,  fatty  streaks.
 Type  III,  transitory  or  intermediate  lesion.
 Type  IV,  advanced  atheroma  with  a  well-defined  necrotic

nucleus.
 Type  V,  fibroatheroma  or  atheroma  with  copious  new

superimposed  fibrous  connective  tissue.
 Type  VI,  complicated  plaques  with  superficial  breaks

(ruptures),  hematoma  or  hemorrhage,  thrombosis,  or  a
combination  of  these  characteristics.

However,  this  classification  did  not  include  two  impor-
ant  clinical  etiologies  in  the  formation  of  acute  coronary
hrombi  that  differ  from  plaque  rupture.  These  etiologies
re  superficial  erosion,  representing  25-30%  of  thrombosis
ases,  and  eruptive  calcified  nodules  which  are  less  fre-
uent,  but  still  important,  and  are  present  in  less  than  5%
f  patients.  In  addition,  in  the  mid-80s  Davies  had  identified
ctive  lesions  characterized  by  plaque  fissures,  as  another
eans  of  communication  between  the  lumen  and  the  under-

ying  necrotic  nucleus,5 which  was  not  included  in  the  AHA
lassification.

With  advances  in  biomarkers  and  intracoronary  imaging
f  atherosclerotic  plaque,  the  concept  of  vulnerable  plaque
s  the  precursor  of  rupture  did  not  fit  perfectly  either,  in  an
rderly,  numerical  classification.  These  restrictions,  there-
ore,  have  led  to  the  development  of  a  modified  framework,6

n  which  types  I-IV  of  the  lesions  described  in  the  AHA  clas-
ification  were  replaced  by  the  descriptive  terms:  adaptive
ntimal  thickening,  intimal  xanthoma  (fatty  streaks),  patho-
ogical  intimal  thickening,  and  fibroatheroma.  Likewise,
broatheromas  have  more  recently  been  subcategorized  as
arly  and  late  phase  plaques,  based  on  the  lytic  and  non-
ytic  characteristics  of  the  necrotic  nucleus.7 AHA  categories
 and  V  have  been  discarded  because  they  did  not  take  into
ccount  the  three  etiologies  (rupture,  erosion  and  calcified
odule)  which  lead  to  coronary  thrombosis.  Precursor  lesions
f  plaque  rupture,  originally  known  as  vulnerable  plaques,

Table  1  Atherosclerosis  nomenclature.

1  Native  vessel  atherosclerosis
Includes  arteriosclerosis  and  arteriolosclerosis  I

2 Saphenous  vein  graft  atherosclerosis
3 Neoatherosclerosis
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ere  classified  as  thin  cap  fibroatheromas  (TCFA).  Also,  addi-
ional  terms  were  introduced  to  signify  arterial  repair  in  the
resence  of  plaques,  with  silent  episodic  thrombosis  (healed
laque  rupture)  and  plaque  fissures.

therosclerosis in saphenous vein grafts

oronary  revascularization  surgery  is  the  standard  of  care
or  patients  with  multivessel  disease,  or  left  main  trunk  dis-
ase,  and  a  diminished  ejection  fraction,  as  supported  by
any  studies  showing  a  reduction  in  morbidity  and  mor-

ality  related  to  percutaneous  coronary  intervention.  Of
he  available  graft  options,  internal  mammary  artery  grafts
ave  the  best  long-term  permeability.  However,  only  five  to
0%  of  patients  receive  bilateral  internal  mammary  arteries
ue  to  increased  perioperative  morbidity,  mortality,  length
f  surgery  and  risk  of  problems  with  the  sternal  wound.
oreover,  10-25%  of  saphenous  vein  grafts  are  occluded  by

hrombosis  within  one  year  of  surgery,  and  an  additional
-2%  are  occluded  each  year  from  one  to  five  years  after
urgery.  In  addition,  4-5%  are  occluded  each  year  in  the  six
o  ten  years  after  surgery,  due  to  accelerated  atherosclerosis
evelopment.8

Compared  to  native  coronary  arteries,  saphenous  vein
rafts  are  more  susceptible  to  atherosclerosis,  and  this
athology  develops  in  an  accelerated  time  frame.  During
he  first  year  after  implantation,  all  venous  grafts  show
ntimal  thickening  and  an  adaptive  response  to  systemic
irculation.  Intimal  hyperplasia  consists  of  a  concentric  dis-
ribution  of  smooth  muscle  cells,  proteoglycans  and  type
II  collagen.  The  earliest  atherosclerotic  change  in  saphe-
ous  vein  grafts  is  reported  at  around  one  year,  and  is
haracterized  by  an  accumulation  of  foam  cells  followed
y  the  development  of  a  necrotic  nucleus,  which  is  seen
wo  to  five  years  after  surgery.  Saphenous  vein  grafts  which
re  more  than  five  years  old  frequently  show  expansion  of
he  necrotic  nucleus  through  intraplaque  hemorrhages.9 The
emorrhagic  events  could  contribute  to  plaque  rupture,  and
end  to  occur  between  five  and  ten  years  after  surgery.  At
0  years,  only  38-45%  of  saphenous  vein  grafts  continue  to
e  permeable.10

Histopathological  analyses  of  saphenous  vein  grafts
mplanted  for  8.5  ±  5.9  years  have  shown  intimal  thicken-
ng,  a  characteristic  which  contributes  to  a  mean  stenosis  of
4  ±  15%.11 Lesions  with  exclusive  foam  cell  infiltration  (inti-
al  xanthomas  or  «fatty  streaks»)  were  seen  in  18.8%  of  the

ections,  with  a  percentage  of  stenosis  of  37  ±  9%.  Fibro-
theromatous  lesions  with  necrotic  nuclei  were  observed
n  11.9%  of  the  sections,  with  a mean  stenosis  of  46  ±  17%.
ntraplaque  hemorrhage  in  a  necrotic  nucleus  complications
ere  evidenced  in  7.5%  of  the  sections.  The  less  frequent
laque  rupture  and  thrombosis  lesion  morphology  was  ascer-
ained  in  6.3%  of  the  sections,  with  a  mean  stenosis  of
5  ±  24%.

Circumferential  intimal  thickening  is  an  early  adaptive
esponse  in  all  saphenous  vein  grafts.  Xanthomas,  or  fatty
treaks,  are  typically  present  beyond  one  year.  However,
nlike  native  coronary  disease,  early  saphenous  vein  graft

esions  express  variable  degrees  of  macrophage  apoptosis,
ntailing  necrotic  nuclei  which  cause  plaque  expansion.
ipid  deposits  are  not  involved  in  this  process.  Typical
aphenous  vein  graft  atherosclerosis  is  often  concentric  and

.es por Elsevier en octubre 20, 2018.
2018. Elsevier Inc. Todos los derechos reservados.
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Are  we  aware  of  a  new  atherosclerosis  nomenclature?  

diffuse,  with  a  less  well  defined  fibrous  covering  than  in
native  coronary  disease.  The  fibrotic  capsule  appears  fragile
and  vulnerable  to  rupture.

The  critical  factors  underlying  rapid  neointimal  growth  in
saphenous  vein  grafts  are  the  result  of  the  endothelial  lesion
and  excessive  mechanical  stretching  of  the  vein  under  arte-
rial  pressure.  Arterialization  with  fibrointimal  thickening  is
a  consistent  adaptive  change  which  occurs  in  less  than  one
year  old  saphenous  vein  grafts.  It  is  generally  accompanied
by  a  less  than  50%  narrowing  of  the  cross-sectional  area.  A
greater  systolic  and  diastolic  arterial  pressure  is  considered
to  be  a  significant  predictor  of  severe  neointimal  thickening
and  possible  occlusion.  Other  factors  include  the  diameter  of
the  saphenous  vein  graft,  right  coronary  artery  graft,  and  the
characteristics  of  the  arterial  beds  in  the  operated  vessels.12

The  risk  factors  for  cardiovascular  disease  also  apply  to
saphenous  vein  graft  disease.  There  is  a  good  correlation
between  total  cholesterol  and  the  development  of  venous
graft  atherosclerosis.  Aggressive  treatment  with  statins
which  achieves  LDL  cholesterol  level  ranges  of  93-97  mg/dl,
significantly  reduces  saphenous  vein  graft  atherosclerosis
(27%).13Statin  or  �-blocker  treatment  has  also  proven  to
be  effective  in  limiting  saphenous  vein  graft  disease.12In
addition,  antiplatelet  treatment  has  been  shown  to  reduce
graft  failure  caused  by  thrombosis,  but  not  long-term
permeability.14

Neoatherosclerosis

Currently,  percutaneous  coronary  intervention  with  stents
(bare,  or  non-medicated  stents,  BMS)  or  drug-eluting
stents  (DES),  is  the  most  frequently  performed  procedure
for  treating  patients  with  symptomatic  coronary  artery
disease.  Delayed  arterial  scarring  and  reparation  with  poor
coverage  of  the  stent  struts  is  recognized  as  the  primary
substrate  for  stent  thrombosis  attributed  to  the  DES.  How-
ever,  neoatherosclerosis  within  the  stent  segment  has  been
reported  as  being  another  complication  which  presents
both  in  first  generation  as  well  as  second  generation  DES,
resulting  in  late  stent  failure  due  to  restenosis,  or  stent
thrombosis  caused  by  plaque  rupture.

The  introduction  of  coronary  stents  into  the
armamentarium  of  coronary  artery  disease  treatment
over  two  decades  ago  radically  changed  the  coronary  dis-
ease  treatment  regimen,  worldwide.  It  is  the  most  widely
used  procedure  for  managing  patients  with  acute  coronary
syndrome  and  stable  angina  with  severe  coronary  disease.
Technological  development  has  made  better  stent  releasing
systems  available:  metal  alloy  platforms  (CoCr/PtCr,  CoNi,
PtLr,  316L)  which  make  them  more  inert,  with  a  lower
possibility  of  peristrut  inflammation  and  allergic  reactions,
while  preserving  their  mechanical  capabilities  of  flexibility
and  radial  strength.  These  new  metallic  platforms  have
thinner  strut  designs,  between  60  and  120  �m.  There
have  also  been  important  developments  in  stent-coating
polymers  (durable  or  biodegradable)  in  order  to  allow  drug
release  (most  of  the  Limus  family:  sirolimus,  everolimus,

zotarolimus,  biolimus).  The  most  recent  studies  show  that
the  newer  generation  DES  not  only  have  advantages  com-
pared  with  the  BMS,  but  also  compared  with  first  generation
DES,  with  regard  to  a  significant  long-term  reduction  in
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evascularization  of  the  operated  lesion  (TLR;  5.0%  vs.
.6%),  and  definitive  stent  thrombosis  (0.9%  vs.  2.5%).15

Another  important  advance  in  cardiovascular  interven-
ionism  technology  is  the  bioresorbable  non-metallic  stents,
r  scaffolds  (BVS).  These  are  made  of  non-toxic  bioab-
orbable  materials  (poly-L-lactic  acid  ---  PLLA),  which  are
ompletely  reabsorbed  within  2-3  years  of  implantation.
hey  also  release  limus  and  offer  a  novel  concept  for  the
reatment  of  native  atherosclerotic  disease.  Comparative
tudies  of  DES  and  BVS  have  shown  similar  results  in  TLR,  but

 greater  incidence  of  definite  and  probable  thrombosis.16

herefore,  among  the  stent  limitations  described  today
re:  restenosis,  thrombosis,  and  now,  recently  described,
eoatherosclerosis.

The  latter  is  defined  as  an  accumulation  of  macrophages
nd  foam  cells  within  the  neointima  formed  in  a  segment
ontaining  a  stent,  with  or  without  the  formation  of  a
ecrotic  nucleus,  calcification,  or  underlying  thrombosis.17

his  process  implies  that,  beginning  with  neointimal  for-
ation  (unlike  native  atherosclerosis),  with  a  delayed

eendothelialization  process,  and  a  reduction  in  smooth
uscle  cell  activity  with  intercellular  junction  alterations,

here  is  endothelial  dysfunction,  altered  shear  stress,
ro-inflammatory  phenotype  cellular  activation,  an  ongo-
ng  response  to  a  foreign  body,  neovascularization,  and
acrophage  recruitment.  Histologically,  it  is  characterized
y  macrophage  deposition  and  the  formation  of  live  and
poptotic  foam  cells,  the  formation  of  a  stable  lipid  nucleus,
ncipient  microcalcifications  within  the  intima,  vulnerable
laques  (TCFA),  and  intraplaque  hemorrhages.

It  is  clear  today,  thanks  to  intravascular  imaging  and
istopathological  findings,  that  neoatherosclerosis  in  DES
ccurs  faster  and  has  more  macrophages  and  foam  cells,  as
ell  as  the  possibility  of  TCFA  and  the  risk  of  plaque  rupture,
ith  possible  stent  thrombosis.18

Neoatherosclerosis  is  an  entity  whose  clinical  preva-
ence  is  still  unknown.  It  can  only  be  detected  through
ntravascular  imaging  (intravascular  ultrasound  or  optical
oherence  tomography  ---  OCT).  OCT  has  a  greater  axial
esolution  up  to  10-20  �m,  which  allows  the  identification
f  foam  cells  in  the  intrastent  neointima,  and  therefore
arly  neoatherosclerosis.19 Based  on  imaging  findings,  there
s  a  21%  prevalence  of  neoatherosclerosis  in  first  generation
ES  with  paclitaxel,  37%  in  those  with  sirolimus,  and  29%  in
econd  generation  everolimus-releasing  DES.20

Currently,  there  is  great  interest  in  the  neoatheroscle-
otic  process  as  the  cause  of  stent  thrombosis,  and  its
ossible  relationship  with  underlying  native  atherosclerosis.
eoatherosclerosis  once  again  highlights  the  deficiencies  in
econdary  prevention  strategies.

In  conclusion,  the  comprehension  of  the  new  atheroscle-
otic  processes,  and  the  morphological  and  pathophysio-
ogical  comparisons  of  atherosclerotic  plaque  progression,
hould  help  advance  understanding  of  native  atheroscle-
otic  disease,  saphenous  vein  graft  atherosclerosis,  and
eoatherosclerosis.  This,  in  turn,  should  aid  the  develop-
ent  of  improved  strategies  for  modifying  cardiovascular

isk  and  secondary  disease  prevention.  The  near  future  is
imed  at  generating  ideas  and  new  strategies  for  identify-
ng  and  treating  atherosclerosis  in  all  its  forms,  innovating

nti-atherosclerotic  treatment  platforms,  and  strengthen-
ng  secondary  prevention  programs.

ey.es por Elsevier en octubre 20, 2018.
t ©2018. Elsevier Inc. Todos los derechos reservados.
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