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Should  we  be concerned  about  the  durability  of
percutaneous aortic  valves?

¿Deberíamos  preocuparnos  por  la  durabilidad  de  las  válvulas  aórticas
percutáneas?
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Transcatheter  aortic  valve  replacement  is  an  excellent
treatment  option  for  patients  with  severe  symptomatic  aor-
tic  stenosis  and  high  or  intermediate  surgical  risk.  Based  on
solid  scientific  evidence  obtained  from  randomized  clinical
studies,  why  would  it  be  important  to  consider  the  durabi-
lity  of  these  valves,  and  why  has  this  concern  just  now  been
made  public?

The  long-term  durability  of  valves  used  in  transcathe-
ter  aortic  valve  replacement  has  been  of  interest  based  on
various  factors.  Ongoing  technological  development  reduces
the  procedural  risks  and  improves  life  expectancy.  Transcat-
heter  aortic  valve  replacement  is  increasingly  being  used  in
young  patients,  even  those  with  congenital  pathologies  such
as  bicuspid  aortic  valves.  Even  in  more  complex  pathologies
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including  dysfunctional  bioprostheses  with  severe  stenosis
or  regurgitation,  a  procedure  known  as  valve-in-valve.1,2

However,  in  spite  of  the  ever  increasing  penetration  of
the  technique,  a  large  population  with  severe  symptomatic
aortic  stenosis,  who  could  be  potential  candidates  for  trans-
catheter  aortic  valve  replacement,  remains  undiagnosed
and  untreated.

Technology  today  has  advanced  greatly,  allowing  a
smaller  valve  and  delivery  system  profile,  production
using  better  materials  (hydrophilic),  developments  in  tis-
sue  preservation  techniques  (3rd and  4th generation),
recapturable  designs  and  thinner  materials  used  in  manu-
facturing  the  valve  (thickness  of  percutaneous  valve  leaflets
≈0.25  mm  compared  to  ≈0.4  mm  leaflets  in  surgical  valves).
These  conditions  help  to  explain  the  greater  use  and  avai-
lability  of  more  than  25  percutaneous  valves  in  the  global
market.3,4

In  spite  of  the  excellent  clinical  evaluation  of  survival,
the  long-term  hemodynamic  evaluation  is  only  evolving.
Group  analyses  mask  individual  changes  in  mean  gradients,
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and  could  be  subject  to  bias.  Furthermore,  findings  of  valve
leaflet  immobility  or  in-situ  thrombi  are  only  detectable
with  careful  transesophageal  echocardiogram  or  4D  cardiac
tomography  techniques.

In  2012,  the  Valve  Academic  Research  Consortium-
2  Consensus,5 drafted  a  document  which  attempted  to
describe  for  the  first  time,  the  criteria  for  identify-
ing  structural  deterioration  of  transcatheter  implanted
valves.  Criteria  such  as  mean  aortic  valve  gradient  ≥  20  mm
Hg,  effective  valve  opening  area  ≤  0.9  cm2,  moderate  or
severe  prosthetic  valve  regurgitation  with  a  regurgitant
volume  >  30  ml,  regurgitant  fraction  >  30%  and  effective
regurgitant  orifice  area  >  0.10  cm2,  along  with  the  need  to
repeat  the  procedure  (percutaneous  valve  implantation  or
surgical  valve  replacement),  were  considered.

One  of  the  first  clinical  registries  of  transcatheter  aor-
tic  replacement  patient  follow-up  was  published  in  2013,6

consolidating  the  results  of  five  years  following  implanta-
tion  of  the  Cribier-Edwards  and  Edwards  SAPIEN  valves  in
88  patients  in  Canada.  A  mean  gradient  post-transcatheter
aortic  valve  replacement  of  10.0  ±  4.5  mm  Hg  was  achieved,
along  with  a  post-transcatheter  aortic  valve  replacement
aortic  valve  area  of  1.67  ±  0.41  cm2.  It  was  interesting  to
note  that  at  five  yearśı follow-up,  a  small  percentage  of
patients  developed  moderate  or  severe  aortic  valve  regurgi-
tation.  Furthermore,  the  five  year  report  of  the  PARTNER  1
study  in  patients  with  severe  aortic  stenosis  and  high  surgical
risk,7 as  well  as  in  patients  with  inoperable  aortic  stenosis,8

did  not  report  signs  of  structural  valve  deterioration,  accord-
ing  to  the  Consensus  definition.  In  2015,  Barbanti  et  al.9

issued  the  results  of  a  five  year  follow-up  of  353  patients
who  had  undergone  third  generation  Core  Valve  (Medtronic
Inc,  Minneapolis,  Minnesota)  implantation  in  18  Italian  cen-
ters.  They  described  severe,  late  prosthetic  failure  in  5  cases
(1.4%).  Two  patients  required  valve-in-valve  implants  due
to  symptomatic  restenosis,  one  case  of  endocarditis  with
severe  aortic  regurgitation,  one  case  of  severe  structural
valve  deterioration,  and  one  with  severe  paravalvular  leak.
In  ten  additional  patients  (2.8%),  late  mild  aortic  steno-
sis  was  documented,  with  a  mean  transvalvular  gradient  of
20-40  mm  Hg.

Furthermore,  in  an  exhaustive  analysis10 carried  out  to
identify  the  clinical  results  and  durability  of  transcatheter
valves,  with  more  than  two  years  of  follow-up  in  23  analyzed
articles,  only  one  case  of  early  pseudo-degeneration  of  the
valve  with  thrombosis  at  six  months,  and  eight  reports  of
structural  valve  deterioration  were  described;  five  of  them
with  CoreValve  (Medtronic  Inc,  Minneapolis,  Minnesota),  and
three  with  Edwards  SAPIEN.  No  patients  developed  severe
aortic  regurgitation  or  stenosis,  or  required  surgery  or  rein-
tervention.  More  recently,  results  were  presented  during
the  TCT2016  in  Washington,  of  a  two  year  follow-up  of
patients  after  implantation  of  the  Evolut  R  (Medtronic  Inc,
Minneapolis,  Minnesota)  valve.  Sixty  patients  with  follow-up
at  30  days,  one,  and  two  years,  reported  0%  embolization  or
migration,  0%  endocarditis,  0%  valve  dysfunction  requiring
new  procedures,  and  0%  valve  thrombosis.

All  these  results  had  the  scientific  community  at  ease
with  regard  to  the  durability  of  the  valves.  However,  in  2016
there  were  new  findings,  and  new  concepts  were  defined.

Del  trigo  et  al.11 sought  to  determine  the  incidence,
the  timing  and  the  predictors  of  valve  hemodynamic

deterioration  (VHD),  using  a  multicenter  registry  which
included  1,521  patients  who  underwent  transcatheter  aortic
valve  replacement;  48%  of  them  were  male,  with  an  aver-
age  age  of  80  ±  7  years.  A  transthoracic  echocardiogram  was
performed  at  discharge,  at  six  and  12  months,  and  then
yearly.  VHD  was  defined  as  a  ≥  10  mm  Hg  increase  in  the
transvalvular  gradient.  This  study  identified  the  predictors
of  VHD  following  transcatheter  aortic  valve  replacement,
including:  lack  of  anticoagulant  therapy  at  discharge,  valve-
in-valve  procedures,  transcatheter  valve  diameter  ≤  23  mm,
and  higher  body  mass  index.  This  study  now  considers  the
possibility  of  anticoagulation  following  transcatheter  aortic
valve  replacement,  especially  those  patients  with  valve-in-
valve,  small  valve  diameters,  and  obesity.

Possible  causes  of  structural  deterioration  of  percuta-
neous  valves  may  include  native  valve  calcification  and
some  technical  aspects  in  the  preparation  of  the  valve
to  be  implanted.  The  severity,  extent  and  distribution  of
native  valve  contributes  to  the  is  responsible  for  the  distor-
tion  of  the  implanted  valve.  This  will  lead  to  inappropria-
te  placement,oblique  implantation,  incomplete  expansion,
increased  mechanical  tension  in  the  leaflets,  and  paravalvu-
lar  leaks.12---15

The  tissue  used  for  transcatheter  aortic  valve  replace-
ment  is  similar  to  that  of  the  surgical  valve  (bovine  or
porcine  pericardium),  and  the  anticalcification  treatment
used  is  equivalent  to  that  of  surgical  valves.  However,  the
reasons  for  which  the  durability  of  surgical  and  percuta-
neous  valves  may  be  different  are  related  to  the  need  to
reduce  the  profile  of  the  system,  using  thinner  materials;  in
addition,  crimping  the  leaflets  may  cause  microscopic  tissue
damage.  In  the  United  States,  studies  have  been  performed
on  computational  models  of  tissue  fatigue4 to  compare  the
durability  of  transcatheter  aortic  valve  replacement  vs.  sur-
gical  bioprosthetic  valves  under  optimal  conditions,  and  the
durability  of  the  transcatheter  aortic  valve  replacement
devices  compared  with  surgical  valves  has  been  shown  to
be  reduced  to  ≈7.8  years;  it  is  expected  that  this  durabi-
lity  will  be  even  further  reduced  under  less  than  optimal
conditions  (elliptical  anatomy,  or  sub-expanded  implant).
Likewise,  crimping,  implantation  and  balloon  dilation  of
percutaneous  valves  may  cause  various  degrees  of  lesions,
deformations  and  tears  in  the  collagenous  structure  of  the
pericardial  leaflets  of  the  implanted  valves,  which  promotes
platelet  adhesion  and  capture,  and  exacerbates  thrombo-
genicity,  supporting  the  growing  reasoning  that  long-term
durability  of  the  biofunctionality  of  percutaneous  implanta-
tion  valves  is  questionable.16

In  general,  bioprosthetic  valves  are  less  thrombogenic
than  mechanical  valves.  However,  SVD  may  occur  due  to  a
decreased  mobility  of  the  leaflets,  resulting  in  thrombosis.
According  to  previous  studies  of  surgical  valves,  an  incidence
of  valvular  thrombosis  close  to  1%  is  expected.  Using  high
resolution  multidetector  CT,  the  incidence  of  thromboses  in
transcatheter  aortic  valve  implantation  of  up  to  7%  at  three
months,  which  could  have  relevant  implications.  Hansson
et  al.17 evaluated  the  incidence,  predictors,  and  clinical
implications  of  transcatheter  aortic  implant  thromboses,
using  multidetector  CT  in  460  consecutive  patients  under-
going  Edwards  Sapien  XT  or  Sapien  3  (Edwards  Lifesciences,
Irvine,  California)  transcatheter  aortic  valve  replacement.
Thickening,  hypoattenuation  of  the  leaflets,  suggestive  of
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