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his  review  covers  the  important  publications  in  adult  car-
iac  surgery  in  the  last  few  years,  including  the  current
vidence  base  for  surgical  revascularisation  and  the  use  of
ff-pump  surgery,  bilateral  internal  mammary  arteries  and
ndoscopic  vein  harvesting.  The  changes  in  conventional
ortic  valve  surgery  are  described  alongside  the  outcomes
f  clinical  trials  and  registries  for  transcatheter  aortic  valve
mplantation,  and  the  introduction  of  less  invasive  and
ovel  approaches  of  conventional  aortic  valve  replacement
urgery.  Surgery  for  mitral  valve  disease  is  also  consid-
red,  with  particular  reference  to  surgery  for  asymptomatic
egenerative  mitral  regurgitation.

ntroduction

ardiac  surgery  remains  an  important  treatment  option
or  many  patients  with  coronary  artery  disease,  valvular
eart  disease  and  heart  failure.  Coronary  artery  remains
he  commonest  operation  undertaken  in  most  centres,  but
ts  proportion  is  decreasing  in  the  UK.1 More  patients  are
ndergoing  mitral  and  aortic  valve  procedures,  both  by  con-

entional  and  novel  approaches  including  smaller  incisions
or  conventional  surgery  and  insertion  of  new  prostheses
sing  catheter-based  devices.  This  article  will  summarise
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ublications  from  recent  years  that  are  having  an  impact
n  the  practice  of  cardiac  surgery.

oronary artery surgery

here  are  marked  changes  in  patients  coming  to  coronary
rtery  surgery  over  time  that  have  been  shown  clearly  from
he  analyses  of  large  series  from  the  USA  and  UK.  A  report
rom  the  Society  for  Thoracic  Surgeons  (STS)  database  has
escribed  the  increasing  risk  profile  of  patients  coming  to
urgery  with  fewer  smokers,  more  patients  with  diabetes
nd  more  use  of  the  left  internal  mammary  artery  (LIMA)
s  a  bypass  conduit.  Overall,  there  has  been  a  significant
ecline  in  postoperative  mortality  and  morbidity.2 Similar
rends  have  been  reported  in  the  UK  from  the  national  adult
ardiac  surgery  database,  where  there  has  been  a  greater
han  50%  reduction  in  risk  adjusted  mortality  since  2000,
gain  with  increasing  risk  profiles,  and  more  use  of  the  inter-
al  mammary  artery.1,3 However,  despite  some  evidence  for
heir  efficacy,  off-pump  surgery  and  multiple  arterial  grafts
ave  not  become  widespread  (see  below).1

oronary artery surgery or PCI for angina

he  major  contemporary  randomised  clinical  trial  to  inform

ecision  making  in  patients  with  multivessel  coronary  artery
isease  is  the  Synergy  between  PCI  with  Taxus  and  Cardiac
urgery  (SYNTAX)  trial.  The  study  randomised  1800  patients
ith  previously  treated  three  vessel  or  left  main  coronary

vez. Published by Masson Doyma México S.A. All rights reserved.
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artery  disease  or  both  in  85  sites  in  17  countries  across
Europe  and  the  USA.  The  1-year  results  were  published  in
2009,  showing  that  the  percutaneous  coronary  intervention
(PCI)  group  had  higher  rates  of  the  combined  end  point
of  major  adverse  cardiac  or  cerebrovascular  events  and
failed  to  achieve  the  predefined  end  point  of  inferiority.4

This  difference  was  driven  by  a  high  rate  of  repeat  revas-
cularisation  in  the  PCI  group  (13.5%  PCI,  5.9%  coronary
artery  bypass  grafting  (CABG)).  The  1-year  rates  of  death
or  myocardial  infarction  (MI)  were  not  different  between
the  groups.  These  differences  persist  over  longer  follow-up
with  3-year  MACCE  rates  (death  stroke,  MI  or  repeat  revas-
cularisation)  being  higher  in  the  PCI  group  (28%)  than  the
CABG  group  (20%),  again  driven  mainly  by  repeat  revascu-
larisation,  but  there  was  no  difference  in  the  primary  safety
end  point  or  the  incidence  of  stroke.  On  subgroup  analy-
sis,  there  was  no  difference  in  major  adverse  events  in  the
patients  with  left  main  stem  (LMS)  stenosis,  but  outcomes
were  worse  following  PCI  in  the  three  vessel  subgroup.5

Analysis  of  outcomes  based  on  procedural  risk  from  the
syntax  score  has  shown  at  4  years  that  the  curves  are  diverg-
ing  overall,  but  with  no  difference  in  the  low  risk  patients
(http://www.syntaxscore.com).

In  line  with  the  data  from  SYNTAX,  a  large  registry-based
study  from  the  USA  linked  the  ACCF  National  Cardiovascu-
lar  registry  and  the  STS  adult  cardiac  surgery  database  to
the  Medicare  and  Medicaid  registries  and  used  propensity
scoring  to  match  patients  who  were  65  years  or  older  under-
going  PCI  and  CABG.  Four  years  after  intervention  there  was
a  mortality  advantage  in  the  CABG  group,  which  persisted
in  the  important  subgroups.6

While  the  late  outcomes  of  most  higher  risk  patients
with  multi-vessel  coronary  artery  disease  seem  to  be  better
with  CABG,  in  both  randomised  and  registry-based  studies,
the  outcome  following  intervention  for  LMS  stenosis  is  not
so  clear  cut,  certainly  during  early  follow-up.  In  a  meta-
analysis  of  patients  with  unprotected  LMS  stenosis  analyzing
2905  patients  from  eight  clinical  studies,  there  was  no  sig-
nificant  difference  between  the  two  groups  with  respect  to
mortality  or  a  composite  end  point  of  death,  MI  or  stroke
at  1  year.7 Another  meta-analysis  of  3773  patients  look-
ing  out  to  3  years  gave  similar  findings.8 Analysis  of  the
left  main  subgroup  of  the  SYNTAX  study  also  showed  no
difference  up  to  3  years.5,9 More  recently,  the  premier  of
randomised  comparison  of  bypass  surgery  versus  angioplasty
using  sirolimus-eluting  stent  in  patients  with  coronary  artery
disease  trial  has  reported  results  of  300  patients  in  each
arm  to  2  years,  and  showed  PCI  to  be  non-inferior,  but  the
authors  accept  that  the  non-inferiority  margin  was  wide,
leaving  open  the  need  for  further  studies.10 Similar  findings
have  also  been  detected  in  a  smaller  study.11 To  understand
better  the  safety  and  efficacy  of  the  place  of  PCI  for  LMS
stenosis,  the  Evaluation  of  Xience  Prime  versus  Coronary
Artery  Bypass  Surgery  for  Effectiveness  of  Left  Main  Revas-
cularisation  trial  is  ongoing  in  patients  with  LMS  disease  and
syntax  scores  of  #32.12,13
ESC/EACTS revascularisation guidelines

The  European  Society  for  Cardiology  and  European  Asso-
ciation  of  Cardiothoracic  Surgery  published  guidelines
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or revascularisation  in  2010  that  were  developed  by  a
alanced  writing  team  of  interventional  cardiologists,  non-
nterventional  cardiologists  and  surgeons.  The  guidelines
ecommend  decision  making  through  an  appropriately  con-
gured  ‘heart  team’  and  suggest  that  surgery  is  the  better
ption  for  revascularisation  for  the  majority  of  anatomi-
al  forms  of  coronary  artery  disease.14 Data  published  since
he  guidelines  were  released,  including  later  analyses  of
he  SYNTAX  trial,  have  further  reinforced  the  evidence  on
hich  the  guidelines  were  based.  Potential  implications
f  these  recommendations  have  been  reported,15,16 but
etailed  analyses  of  any  changes  in  practice  are  not  yet
vailable.

s off pump coronary artery surgery safe?

ontroversy  remains  surrounding  the  relative  benefits  of
ndertaking  coronary  artery  surgery  with  or  without  the  car-
iopulmonary  bypass  machine.17,18 In  the  UK,  around  20%  of
ases  are  undertaken  off  pump  but  there  are  conflicting  data
bout  safety  and  longer-term  outcomes.1

Concern  was  raised  from  the  ROOBY  trial  in  which  2203
atients  undergoing  CABG  were  randomised  to  surgery  on
r  off  pump.  There  was  no  significant  difference  in  30-day
ortality,  but  there  were  a  higher  proportion  of  patients

eceiving  fewer  grafts  than  planned  in  the  off-pump  group.
f  concern,  there  was  a  significantly  worse  1-year  composite
nd  point  of  death,  repeat  revascularisation  or  non-fatal  MI
nd  poorer  graft  patency  in  the  off-pump  group.19 Critics  of
he  study  have  commented  that  the  trial  enrolled  low  risk,
ale  patients  who  would  be  the  least  likely  to  benefit  from

voiding  cardiopulmonary  bypass,  the  surgeons  were  inex-
erienced  and  there  was  a  high  (12%)  rate  of  intraoperative
onversion  to  bypass  surgery.20 Furthermore,  endoscopic
ein  harvesting  was  associated  with  worse  outcomes  at  1
ear  in  the  study  (see  further  below).21 In  addition,  Moller
t  al.  have  reported  randomised  trial  data  on  341  high  risk
EuroSCORE  >  5)  patients  with  three  vessel  disease  under-
oing  surgery  on  or  off  pump  in  the  Best  Bypass  Surgery
rial.  There  was  no  significant  difference  in  primary  out-
ome  of  adverse  cardiac  and  cerebrovascular  events  during

 median  follow-up  of  3.7  years,  although  all  cause  mortality
as  higher  in  the  off-pump  group.22

More  reassuring  data  have  recently  been  published  from
he  MASS  3  trial  with  5-year  follow-up  from  a  single  centre
ith  no  difference  in  a  composite  end  point  of  death,  MI
r  further  revascularisation  between  the  groups  and  from
he  CORONARY  study,  which  randomised  4752  patients  to  on
r  off  pump  and  showed  no  significant  difference  in  30-day
ortality  or  the  incidence  of  MI,  stroke  and  renal  failure.23,24

ater  outcomes  data  from  this  study  are  awaited  with  inter-
st.

There  has  also  been  a  meta-analysis  of  35  propensity
core  studies  on  123  137  patients  undergoing  on  or  off  pump
urgery.  This  suggested  that  off-pump  surgery  was  superior
or  short-term  mortality  and  other  outcomes.25 In  a  single
entre  study  of  14  766  patients  reported  by  Puskas  et  al.

here  was  no  difference  in  operative  mortality  in  the  lowest
isk  quartile  but  increasing  benefit  for  higher  risk  patients,
hich  supports  the  argument  used  by  critics  of  the  findings
f  the  ROOBY  study.26 Similar  findings  have  been  reported  on

http://www.syntaxscore.com/
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6  

49  survivors  of  two  randomised  studies  comparing  on-  and
ff-pump  surgery  in  which  199  patients  had  graft  patency
ssessed,  and  in  299  patients  health-related  quality  of  life,
ith  no  difference  seen  between  the  groups  at  6  and  8
ears.27

While  the  benefits  or  otherwise  of  off-pump  surgery  are
ot  yet  clearly  defined,  there  remains  interest  in  opti-
ising  outcomes  from  on-pump  surgery  by  refining  bypass

echniques.  For  example,  a  recent  trial  has  drawn  atten-
ion  to  how  the  brain  might  be  protected  by  using  a
inimal  extracorporeal  circulation.28 In  this  randomised

omparison  of  minimal  versus  conventional  extracorpo-
eal  circulation,  the  minimal  circuit  was  associated  with
mproved  cerebral  perfusion  during  cardiopulmonary  bypass
nd  improved  neurocognitive  performance  on  direct  testing
t  discharge,  with  evidence  of  sustained  effects  at  3  and
4  months.  The  data  suggest  that  some  of  the  advantages
roposed  by  off-pump  enthusiasts,  particularly  cerebral
rotection,  might  be  achieved  by  modifying  on-pump  strate-
ies.

s endoscopic vein harvesting safe?

n  line  with  other  moves  towards  less  invasive  surgery,  there
as  been  a  significant  move  towards  harvesting  the  long
aphenous  vein  through  minimally  invasive,  including  endo-
copic,  approaches  but  there  remains  some  concern  over
afety.  As  described  previously,  a  subgroup  analysis  of  the
OOBY  trial  suggested  that  endoscopic  vein  harvesting  was
ssociated  with  worse  outcomes.21 A  secondary  analysis  of
atients  from  the  PREVENT  IV  trial  at  3  years  of  follow-up
lso  showed  worse  outcomes  for  patients  undergoing  endo-
copic  harvesting,  but  this  finding  has  not  been  confirmed  in
ther  observational  studies.29---31

hould bilateral internal mammary artery
rafts be used for coronary artery surgery?

t  is  generally  accepted  that  using  the  LIMA  graft  to  the
eft  anterior  descending  coronary  artery  is  associated  with
etter  inhospital  mortality,  long-term  survival  and  freedom
rom  angina,  and  a  number  of  observers  suggest  that  if
ne  mammary  is  good,  two  would  be  better.  Despite  this,
10%  of  coronary  artery  operations  in  the  UK  receive  both
nternal  mammary  arteries.1 To  address  this,  the  ART  trial
s  a  large  randomised  study,  which  has  now  reported  1-
ear  data  on  1554  patients  receiving  a  single  LIMA  graft
nd  1548  receiving  bilateral  mammary  arteries  (BIMA).  It
as  been  powered  to  look  at  survival  at  10  years.  The
-year  data  show  no  mortality  difference  between  the
roups  but  there  was  a  three  times  increase  in  the  rate
f  sternal  wound  reconstruction  in  the  BIMA  group.32 In
iew  of  our  understanding  of  the  timing  of  vein  graft  fail-
re  it  would  have  been  surprising  to  see  any  benefit  from
IMA  grafting  at  this  stage.  Further  supportive  evidence  for
he  beneficial  effect  of  BIMA  has  been  shown  from  a  sin-

le  centre  propensity  matched  study  of  928  BIMA  versus
28  LIMA  and  saphenous  vein  grafts  reporting  to  17  years
ith  a  survival  benefit  of  10%  at  10  years  and  18%  at  15
ears.33

o
w
v
a

B.  Bridgewater

There  has  been  great  interest  in  the  use  of  the  radial
rtery  as  a  conduit  for  coronary  artery  bypass  surgery,
ith  enthusiasts  recommending  its  use,  either  alongside
oth  internal  mammary  arteries  for  a  total  arterial  graft-
ng  approach  or  in  addition  to  a  single  mammary  artery,  to
mprove  long-term  outcomes.  However,  a  randomised  study
f  733  patients  comparing  radial  artery  grafts  to  saphe-
ous  veins  has  recently  shown  similar  graft  patency  at  1
ear  (both  89%).34 Of  concern,  the  radial  artery  was  asso-
iated  with  a higher  incidence  of  vasospasm  in  this  study
nd  the  saphenous  vein  had  better  outcomes  in  diabetic
atients.  Further  concern  has  been  raised  from  a  study
sing  CT  scanning  to  assess  graft  patency.35 However,  there
emain  a  number  of  reports  claiming  good  late  patency
ates.36---38

Most  of  the  studies  looking  at  comparative  outcomes  of
ifferent  surgical  strategies  have  relied  on  late  outcomes,
ith  mortality  being  most  important,  and  these  data  are
bviously  difficult  to  collect  and  they  only  provide  useful
nformation  many  years  ‘after  the  event’.  To  help  provide
seful  and  more  timely  differential  data,  some  workers  have
een  looking  at  techniques  to  assess  preoperative  risk  other
han  clinical  outcomes  such  as  per-operative  injury  to  the
eft  ventricular  myocardium.  This  is  hard  to  quantify  and
as  the  subject  of  a  recent  study  from  Oxford  in  which
0  patients  underwent  cardiac  MR  before  and  after  CABG
ith  serial  assessment  of  troponin  I  (TnI).39 TnI  correlated
losely  with  the  mass  of  new  cardiac  MR  necrosis  (r  =  0.83,

 <  0.001),  with  sensitivity  and  specificity  values  of  75%  and
7%,  making  it  a  robust  means  of  diagnosing  this  type  of
I.

Alongside  analyses  of  ways  to  optimise  operative  surgical
trategy,  there  is  also  an  increasing  focus  on  non-mortality
ostoperative  outcomes  and  pathways.  For  example,  a  study
ublished  in  this  journal  has  examined  the  implications  of
ostoperative  anaemia  in  a  retrospective  analysis  of  2553
ABG  patients  included  in  the  IMAGINE  trial.40 They  showed
hat  postoperative  anaemia  sustained  for  >50  days  is  asso-
iated  with  an  increased  incidence  of  cardiovascular  events
uring  the  first  3  months.  The  researchers  also  found  that
CE  inhibition  slowed  recovery  from  postoperative  anaemia
nd  increased  the  incidence  of  cardiovascular  events  after
ABG,  although  the  mechanism  and  therapeutic  implica-
ion  of  this  observation  is  not  clear.  It  is  also  becoming
ncreasingly  accepted  that  formal  cardiac  rehabilitation  is
eneficial  to  enhance  recovery  after  CABG  surgery,  with  an
mphasis  being  placed  on  exercise  programmes.  While  the
est  means  of  delivering  these  programmes  is  unclear,  a
anadian  study  favoured  a  home-based  strategy  based  on

 6-year  follow-up  of  patients  randomised  to  hospital  versus
elephone-monitored  home-based  exercise  training.41

oronary artery surgery for heart failure?

he  STICH  trial  has  showed  that  there  is  no  difference  in
urvival  between  patients  with  heart  failure  and  poor  left
entricular  function,  randomised  to  either  medical  therapy

r  medical  therapy  plus  CABG.  In  a subset  of  this  study  in
hich  myocardial  viability  was  assessed,  the  presence  of
iable  myocardium  was  associated  with  better  survival  over-
ll,  but  this  was  not  significant  after  adjusting  for  other
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baseline  variables.42,43 Taken  at  face  value  these  are  pro-
found  findings  for  the  practice  of  coronary  artery  surgery
and  are  at  odds  with  many  physicians  and  surgeons  pre-
conceptions,  but  some  observers  have  questioned  whether
the  findings  of  the  trial  are  valid  because  of  difficulties  in
trial  recruitment  leading  to  changes  in  trial  design  after
instigation  alongside  a  crossover  rate  of  17%  to  CABG,  there-
fore  underestimating  the  benefits  of  surgery  and  suggesting
that  CABG  should  still  be  considered  if  CAD  is  severe  and
viable  myocardium  is  seen.44 For  example,  a  recent  propen-
sity  matched  study  of  CABG  versus  medical  therapy  in
these  patients  (designed  to  mimic  the  STICH  trial  inclusion)
showed  a  clear  survival  advantage  of  CABG  at  10  years.45

Aortic valve surgery

The  practice  of  aortic  valve  surgery  is  changing.  In  the
USA,  an  analysis  of  108  687  isolated  aortic  valve  replace-
ment  (AVR)  patients  from  1997  to  2006  was  reported  in
2009.46 Morbidity  and  mortality  have  fallen  despite  gradual
increases  in  patient  age  and  overall  risk  profile,  alongside
an  increase  in  biological  valve  use.  Similar  trends  have  been
seen  in  the  UK  with  a  report  of  41  227  patients  between  2004
and  2009  with  an  overall  inhospital  mortality  of  4.1%.  The
annual  number  increased  by  20%,  with  significant  increases
in  the  mean  age  of  patients  with  aortic  stenosis,  octoge-
narians,  the  proportion  of  high-risk  patients  and  again  those
receiving  biological  valves  (which  is  almost  certainly  influ-
enced  by  surgeons’  views  of  better  longevity  of  modern
biological  valves  and  the  promise  of  a  transcatheter  valve
solution  for  subsequent  valve  failure).47 Over  this  time,
inhospital  mortality  decreased  from  4.4%  to  3.7%.48 While
transcatheter  valve  insertion  (TAVI)  (see  below)  is  having  an
impact  on  valve  surgery,  in  contrast  to  just  eroding  the  num-
bers  of  conventional  valve  operations,  it  has  been  reported
that  starting  a  TAVI  service  may  increase  overall  aortic  valve
interventions,  including  those  for  conventional  surgery.49

There  remains  some  controversy  about  the  timing  of
surgery  in  asymptomatic  aortic  stenosis  (see  parallels  with
mitral  valve  repair  below).  Some  work  is  being  produced
suggesting  benefits  from  earlier  intervention  but  other
observers  have  published  data  suggesting  benefits  and  safety
of  the  watchful  waiting  approach.50---53

Transcatheter valve insertion

The  major  change  in  the  treatment  of  patients  with  aortic
stenosis  in  recent  years  has  been  the  advent  of  TAVI,  which
has  now  been  shown  to  be  a  good  option  for  the  treatment
of  some  patients  with  aortic  stenosis.  The  Partner  study
Cohort  A  trial  of  358  patients  who  were  not  considered  suit-
able  for  conventional  AVR  showed  that  TAVI  decreased  the
rate  of  mortality  at  1  year  (from  51%  to  31%)  and  reduced
cardiac  symptoms  compared  with  conventional  treatment.54

The  2-year  results  have  also  been  reported  showing  persis-
tent  survival  advantage,  but  a  high  rate  of  stroke  in  the  TAVI
group,  due  to  more  ischaemic  strokes  in  the  first  30  days

after  the  procedure  and  more  haemorrhagic  events  there-
after.  The  rate  of  rehospitalisation  was  35%  in  the  TAVI  group
and  72%  in  the  conventional  group.  Quality  of  life  stud-
ies  on  these  patients  using  the  Kansas  City  Cardiomyopathy
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uestionnaire  and  the  SF-12  showed  significant  benefits  in
he  TAVI  group  going  out  to  1  year.55 An  economic  analysis  of
hese  data  demonstrated  an  incremental  cost  per  life-year
ained  that  was  well  within  the  acceptable  range.56

TAVI  has  also  been  shown  to  be  comparable  with  conven-
ional  aortic  valve  surgery.  In  the  Partner  study  Cohort  B,
99  patients  with  severe  aortic  stenosis  who  were  deemed
o  be  high  risk  were  randomised  to  TAVI  or  conventional
urgery.57 There  was  no  significant  difference  in  mortality
ates  at  30  days  (3.4%  TAVI  and  6.5%  conventional  surgery)
r  1  year  (24.2%  TAVI,  26.8%  conventional  surgery).  Two-year
ata  have  also  been  reported,  again  showing  no  differ-
nce  in  mortality  rates.58 Procedural  complication  rates
ere  different  between  the  groups,  with  major  vascular
omplications  being  more  common  in  the  TAVI  patients  and
leeding  and  new  onset  atrial  fibrillation  (AF)  more  common
n  conventional  surgery.  A  number  of  large  registry  studies
ave  also  confirmed  acceptable  procedural  and  longer-term
utcomes.59---63

Transcatheter  aortic  valves  are  now  being  inserted  in
ncreasing  numbers  through  the  femoral  artery,  trans-
pically  directly  via  the  left  ventricle  and  through  the
ortic  approach.64---66 In  response  to  potential  benefits  from
ess  invasive  approaches,  there  has  also  been  increas-
ng  interest  in  conducting  ‘conventional’  surgery  through

 variety  of  smaller  incisions  including  mini-sternotomy,
ara-sternotomy,  transverse  sternotomy  and  right  ante-
ior  thoracotomy.  Various  studies  including  single  centre
xperiences  and  meta-analyses  have  shown  that  it  can  be
pplied  safely  in  expert  centres.67,68 Alongside  less  invasive
pproaches,  to  minimise  insertion  times  and  allow  easier
alve  implantation  through  small  incisions,  various  novel
ortic  valves  are  being  developed  and  tested  which  have
sutureless’  implantation  techniques.69,70

A  final  word  on  aortic  valve  surgery  and  TAVI  is  that  there
re  now  consensus  statements  produced  about  the  practice
f  TAVI  and  to  understand  better  how  to  achieve  optimal
utcomes  from  conventional  AVR,  health  service  research
tudies  have  shown  that  outcomes  of  surgery  are  better  for
igher  risk  patients  under  high  volume  surgeons,  which  lay
own  a  challenge  for  configuration  of  surgical  services  for
hese  patients.71,72

itral valve surgery

he  major  advances  in  understanding  of  mitral  valve  surgery
n  recent  years  are  related  to  mitral  valve  repair.  It  is  now
ell  accepted  that  repair  is  a  better  option  than  replace-
ent  for  most  patients  with  degenerative  mitral  valve
isease,  and  that  inhospital  and  later  mortality  outcomes
re  dependent  on  the  degree  of  symptoms  and  left  ventri-
ular  dysfunction  at  the  time  of  surgery.  Evidence  from  the
K  suggests  that  many  patients  are  still  being  referred  late

n  the  disease  process  with  47%  of  patients  having  NYHA  class
 or  4  symptoms  and  31%  of  people  displaying  left  ventricular
LV)  ejection  fractions  of  <50%  at  the  time  of  surgery.1

Surgical  treatment  for  mitral  valve  disease  is  changing

ver  time,  and  a  report  on  58  370  patients  with  isolated
itral  regurgitation  from  the  STS  database  in  the  8  years  to
ecember  2007  showed  progressive  adoption  of  mitral  repair
ather  than  replacement  from  51%  to  69%.  There  was  also
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 decrease  in  the  use  of  mechanical  rather  than  biological
alves  over  that  time  from  68%  to  37%  (and  there  are  similar
ata  from  the  UK).1,73 This,  of  course,  indicates  that  one  in
hree  patients  with  severe  MR  undergo  a  valve  replacement,
nd  this  remains  a  concern  from  the  perspective  of  health
ervice  delivery.74

The  major  controversy  around  patients  with  severe  MR
s  around  the  timing  of  surgery.  There  are  no  randomised
rial  data  to  support  early  surgery  or  ‘watchful  waiting’
nd  so  the  evidence  is  derived  from  observation  studies.  In
005,  Enriquez-Sarano  and  colleagues  from  the  Mayo  Clinic
eported  an  observational  study  on  456  patients  with  symp-
omatic  organic  mitral  regurgitation,  showing  that  patients
ith  an  effective  regurgitant  orifice  area  of  >40  mm2 had

 survival  at  5  years  that  was  lower  than  expected.75

n  this  basis,  they  recommended  mitral  valve  repair  for
atients  with  genuinely  severe  mitral  regurgitation,  purely
n  the  basis  of  symptoms,  irrespective  of  left  ventricular
ize  or  function.  Similar  findings  have  been  reported  from
orea  on  447  consecutive  asymptomatic  patients  undergo-
ng  early  surgery  or  conventional  treatment  strategy  with
arly  surgery  associated  with  improved  long-term  event
ates  by  decreasing  cardiac  mortality  and  congestive  heart
ailure  hospitalisation.76 A  further  observational  study  of
92  patients  followed  up  for  8.5  years,  divided  into  an  early
urgery  and  a  conservative  group,  also  showed  better  out-
omes  in  the  conservative  group.77

Conversely,  Rosenhek  et  al.  have  reported  outcomes  on
32  patients  and  only  intervened  at  the  time  of  onset
f  symptoms,  left  ventricular  impairment  or  significant
V  dilatation  according  to  the  accepted  guidelines  of  the
ime  of  onset  of  symptoms,  left  ventricular  impairment  or
ignificant  LV  dilatation.78,79 Overall,  late  outcomes  were
xcellent,  and  only  a  third  of  patients  required  surgery
uring  the  follow-up  period  of  5  years,  but  it  is  obviously
mportant  that  if  this  strategy  is  followed,  follow-up  must
e  robust  and  comprehensive.

Guidance  from  the  American  College  of  Cardiol-
gy/American  Heart  Association  from  2006  suggests  that
arly  surgery  should  be  considered  for  asymptomatic
atients  at  low  procedural  risk  in  ‘experienced  centres’
s  long  as  the  likelihood  of  successful  repair  is  >90%.80

n  attempt  has  been  made  from  a  UK  consensus  study
o  describe  the  criteria  associated  with  an  experienced
entre.81 However,  if  one  comes  from  a  surgical  epidemiol-
gy  approach  there  must  be  some  concern  about  an  overall
arly  surgery  strategy  for  these  patients.74 In  a  report  of
3  614  patients  with  mitral  regurgitation  undergoing  surgery
rom  the  STS  database  there  was  marked  variation  in  overall
olumes  per  year,  and  higher  volume  centres  showed  higher
ates  of  valve  repair  and  lower  risk  adjusted  mortality.82

gain  from  the  STS  database  in  an  analysis  of  28  507  patients
ndergoing  isolated  mitral  valve  surgery  with  or  without
ricuspid  valve  or  concomitant  AF  surgery  under  1088  sur-
eons,  the  mean  rate  of  repair  by  surgeon  was  only  41%.
he  median  annual  number  of  operation  was  5  (1---166)  and

ncreasing  surgeon  volume  was  independently  associated
ith  increased  probability  of  repair.83 The  consensus-based

pinion  study  from  the  UK  has  suggested  that  hospitals
hould  be  undertaking  more  than  50  mitral  repair  operations
ach  year  to  get  optimal  outcomes,  and  individual  surgeons
hould  be  doing  more  than  25.  It  seems  that  many  hospitals
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nd  surgeons  fall  short  of  this.  Offering  an  early  surgical
trategy  in  the  absence  of  assurance  about  high  repair  rates
nd  excellent  durability  of  repair  procedures  may  not  be  in
he  patients’  best  interests.

There  have  been  some  developments  in  the  techniques
f  mitral  valve  repair  with  a  move  towards  more  use  of
rtificial  chordae  tendinae  and  preservation  of  leaflet  tis-
ue  rather  than  resection  and  increasing  use  of  less  invasive
echniques.84---89 While  there  are  a  growing  number  of  reports
uggesting  the  safety  of  minimally  invasive  approaches,
here  is  significant  anecdotal  reporting  of  the  concern  about
hese  techniques  and  their  safety.

There  are  also  developments  in  catheter-based  treat-
ents  of  mitral  regurgitation,  and  the  endovascular  valve

dge  to  edge  repair  (EVEREST  2)  trial  has  reported  the  out-
omes  of  78  patients  at  high  risk  from  conventional  surgery
aving  an  ‘edge  to  edge’  treatment  with  the  ‘MitralClip’
howing  a  procedural  mortality  of  7.7%  with  a  reduction  in
R  in  most  patients  with  an  improvement  in  clinical  symp-

oms  in  three-fourths  of  the  patients.90

isk modelling

he  assessment  of  operative  risk  in  cardiac  surgery  is  impor-
ant  to  guide  decision  making  (e.g.,  conventional  surgery
r  TAVI  for  patients  with  aortic  stenosis),  support  informed
onsent  and  for  governance  and  public  reporting  of  hospital
nd  surgeon  mortality  rates.  The  STS  scores  were  published
n  2009  after  analysing  data  from  the  STS  database,  with
odels  published  for  coronary  artery  surgery,  valve  surgery

nd  combined  coronary  and  valve  surgery.  These  model  a
tandard  set  of  outcomes  for  all  procedures  including  mor-
ality,  stroke,  reoperation,  renal  failure,  deep  sternal  wound
nfection,  prolonged  ventilation,  composite  major  morbid-
ty,  prolonged  length  of  stay  and  short  length  of  stay.91---94

More  recently,  it  has  been  accepted  that  the  EuroSCORE
s  no  longer  suitable  for  contemporary  practice  and  the
uroSCORE  2  has  been  published.95,96 Unlike  the  STS  models,
hich  are  procedure  specific,  the  EuroSCORE  2  is  a  generic
odel  covering  all  cardiac  surgery,  which  has  some  poten-

ial  strengths  and  weaknesses.  It  was  derived  from  a  patient
opulation  of  22  381  consecutive  patients  undergoing  major
ardiac  surgery  in  154  hospitals  in  43  countries  over  a  12-
eek  period  (May  2010---July  2010).  The  fields  required  to
erive  the  score  have  been  updated  from  the  previous  model
nd  include  creatinine  clearance,  modifications  to  the  cat-
gorisation  of  LV  ejection  fraction  and  introduction  of  a
imited  mobility  field.96,97 The  ‘weight  of  intervention’  is
lso  dealt  with  differently  from  the  original  EuroSCORE
odel.  The  developers  report  good  discrimination  and  cal-

bration  and  it  is  likely  this  model  will  be  widely  adopted,
ut  it  will  require  robust  external  validation.  There  remains
ebate  about  the  derivation  and  use  of  this  type  of  model.98
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