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Summary  Acute  pulmonary  embolism  is  a  frequent  cardiovascular  emergency  with  an  increas-
ing incidence.  The  prognosis  of  patients  with  high-risk  and  intermediate-high-risk  pulmonary
embolism  has  not  improved  over  the  last  decade.  The  current  treatment  strategies  are
mainly based  on  anticoagulation  to  prevent  recurrence  and  reduce  pulmonary  vasculature
obstruction.  However,  the  slow  rate  of  thrombus  lysis  under  anticoagulation  is  unable  to
acutely decrease  right  ventricle  overload  and  pulmonary  vasculature  resistance  in  patients
with severe  obstruction  and  right  ventricle  dysfunction.  Therefore,  patients  with  high-risk  and
intermediate-high-risk  pulmonary  embolism  remain  a  therapeutic  challenge.  Reperfusion  thera-
pies may  be  discussed  for  these  patients,  and  include  systemic  thrombolysis,  catheter-directed
therapies and  surgical  thrombectomy.  High-risk  patients  require  systemic  thrombolysis,  but  may
have contraindications  as  a  result  of  the  high  risk  of  bleeding.  In  addition,  intermediate-high-
risk patients  should  not  receive  systemic  thrombolysis,  despite  its  high  efficacy,  because  of
prohibitive  bleeding  complications.  Recently,  percutaneous  reperfusion  techniques  have  been
developed to  acutely  decrease  pulmonary  vascular  obstruction  with  lower-dose  or  no  throm-
bolytic agents  and,  thus,  potentially  higher  safety  than  systemic  thrombolysis.  Some  of  these
techniques  improve  key  haemodynamic  variables.  Cardiac  surgical  techniques  and  venoarte-
rial extracorporeal  membrane  oxygenation  as  temporary  circulatory  support  may  be  useful  in
selected cases.  The  development  of  pulmonary  embolism  centres  with  multidisciplinary  pul-
monary embolism  teams  is  mandatory  to  enable  adequate  use  of  reperfusion  and  improve
outcomes.  We  aim  to  present  the  state  of  the  art  regarding  reperfusion  therapies  in  pulmonary
embolism,  but  also  to  provide  guidance  on  their  indications  and  patient  selection.
© 2020  Elsevier  Masson  SAS.  All  rights  reserved.
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Résumé  L’embolie  pulmonaire  aiguë  est  une  urgence  cardiovasculaire  fréquente.  Son  inci-
dence augmente  rapidement  tandis  que  sa  mortalité  reste  stable.  Le  pronostic  des  patients  à
haut risque  et  à  risque  intermédiaire  élevé  reste  médiocre  sans  amélioration  au  cours  de  la
dernière  décennie.  Les  stratégies  de  traitement  actuelles  reposent  sur  l’anticoagulation  pour
prévenir les  récidives  et  réduire  l’obstruction  vasculaire  pulmonaire.  Cependant,  la  lyse  du
thrombus  sous  anticoagulant  est  lente  et  ne  permet  pas  une  diminution  rapide  de  la  surcharge
du ventricule  droit  et  des  résistances  vasculaires  pulmonaires  chez  les  patients  présentant  une
obstruction  sévère  et  une  dysfonction  ventriculaire  droite.  La  prise  en  charge  de  ces  patients
reste un  défi  thérapeutique  et  peut  amener  à  discuter  des  thérapies  de  reperfusion  comme
la thrombolyse  systémique,  les  techniques  percutanées  par  cathéter  et  la  thrombectomie
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chirurgicale.  La  thrombolyse  systémique  est  indiquée  chez  les  patients  à  haut  risque  en
l’absence  de  contre-indication  formelle  en  raison  du  risque  hémorragique.  Mais  elle  ne  devrait
pas être  utilisée  chez  les  patients  à  risque  intermédiaire  élevé  malgré  son  efficacité  élevée  en
raison de  complications  hémorragiques  rédhibitoires.  Récemment,  les  techniques  de  reper-
fusion percutanées  ont  été  développées  visant  à  diminuer  de  manière  aiguë  l’obstruction
vasculaire pulmonaire  avec  un  dose  réduite  ou  sans  thrombolytique  et  en  conséquence  un  pro-
fil de  sécurité  amélioré.  Certaines  de  ces  techniques  ont  démontré  une  grande  efficacité  sur
les paramètres  hémodynamiques  clés.  Enfin,  les  techniques  de  chirurgie  cardiaque  et  le  sup-
port circulatoire  temporaire  par  ECMO  veno-artérielle  se  sont  améliorées  et  peuvent  être  utiles
dans certains  cas.  Le  développement  de  centres  spécialisés  avec  une  équipe  multidisciplinaire
est obligatoire  afin  de  permettre  une  utilisation  adéquate  de  la  reperfusion  pour  améliorer
le pronostic  des  patients.  Ce  document  vise  à  faire  un  état  de  l’art  concernant  les  thérapies
de reperfusion  de  l’embolie  pulmonaire  tout  en  discutant  leurs  indications  et  la  sélection  des
patients.
© 2020  Elsevier  Masson  SAS.  Tous  droits  réservés.
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with  the  highest  risk  of  subsequent  deterioration  (patients
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Background

Pulmonary  embolism  (PE)  is  the  third  most  common  cause  of
acute  cardiovascular  emergency,  and  has  high  rates  of  mor-
bidity  and  mortality  [1].  Although  progress  has  been  made
regarding  diagnosis  with  biomarkers  and  imaging,  therapeu-
tic  advances  are  scarce,  and  lag  far  behind  the  improvement
in  outcome  obtained  in  acute  coronary  syndromes  [2]. In
fact,  while  the  incidence  of  PE  is  increasing,  prognosis  has
not  improved  in  recent  years,  and  remains  poor  in  higher-risk
patients  [3].

The  prognosis  of  patients  with  high-risk  PE  (HRPE)  and
intermediate-high-risk  PE  (IHRPE)  is  poor,  even  though  they
account  for,  respectively,  2—4%  and  10—15%  of  all  PE  cases
in  the  emergency  ward,  with  30-day  mortality  rates  of  34.8%
and  8.2%,  and  30-day  major  bleeding  rates  of  23.9%  and  9.6%
[4,5].

Although  aggressive  therapy  with  systemic  thromboly-
sis  has  resulted  in  great  improvements  in  the  treatment
of  pulmonary  obstruction,  it  is  associated  with  a  dra-
matic  increase  in  bleeding;  in  particular,  prevention  of
intracerebral  bleeding  has  been  implemented  in  clinical
practice  for  intermediate-risk  patients  with  PE  [6].  Over
the  last  few  years,  new  percutaneous  interventions  have
been  developed  to  enable  a  quick  and  significant  reduc-
tion  in  pulmonary  obstruction,  with  potentially  enhanced
safety  compared  with  systemic  thrombolysis  [7].  These
interventions  may  improve  the  outcome  of  higher-risk
patients  with  PE,  and  were  accordingly  upgraded  in  the
recent  guidelines  to  a  IIb  level  of  recommendation  [3].
In  addition,  in  patients  with  severe  haemodynamic  insta-
bility  (patients  with  refractory  circulatory  collapse  or
cardiac  arrest),  the  updated  guidelines  support  venoar-
terial  extracorporeal  membrane  oxygenation  (VA-ECMO)
to  optimize  end-organ  function  in  combination  with  sur-
gical  embolectomy  or  catheter-directed  therapy  (CDT)
[3].
One  major  advance  in  the  guidelines  is  their  promotion
of  PE  centres  and  multidisciplinary  care  for  PE.  In  fact,  PE
is  a  complex  condition,  and  a  significant  proportion  of  its
morbidity  and  mortality  is  related  to  concomitant  diseases.
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o  improve  the  prognosis  of  PE,  we  may  need  to  proceed
s  is  done  in  acute  coronary  syndromes,  with  dedicated  PE
entres,  a network  of  care,  protocols  for  reperfusion  and
ncreased  use  of  reperfusion  in  selected  patients.  Based  on
he  available  evidence,  we  aim  to  provide  the  state  of  the
eld  regarding  existing  reperfusion  therapies,  and  guidance
n  their  appropriate  use.

E risk stratification

evere  PE  or  HRPE  is  defined  by  cardiac  arrest,  obstruc-
ive  shock  (i.e.  systolic  blood  pressure  <  90  mmHg  or
equirement  of  vasopressors  to  achieve  a  systolic  blood
ressure  >  90  mmHg  despite  adequate  filling  status)  accom-
anied  by  signs  of  end-organ  hypoperfusion  or  persistent
ypotension  (i.e.  systolic  blood  pressure  <  90  mmHg  or  sys-
olic  pressure  drop  by  40  mmHg  for  >  15  minutes,  if  not
aused  by  new  onset  arrhythmia,  hypovolemia  or  sepsis)  [3].
igh-risk  PE  accounts  for  <  5%  of  all  acute  PE  cases,  and  con-
titutes  a medical  emergency;  it  is  associated  with  a  30%  risk
f  in-hospital  death,  particularly  during  the  first  hours.

In  addition,  among  initially  haemodynamically  stable
atients,  approximately  10%  may  experience  early  clinical
nd  haemodynamic  deterioration,  with  an  overall  in-hospital
E-related  mortality  risk  of  approximately  50%  in  this
ubgroup  of  patients  who  undergo  deterioration  [5].  Risk
tratification  of  acute  patients  with  PE  allows  physicians
o  accurately  identify  those  with  an  elevated  risk  of  death
r  major  complications.  For  patients  without  cardiogenic
hock  or  cardiac  arrest,  advanced  risk  stratification  with

 combination  of  clinical  variables  (i.e.  tachycardia,  mild
ypotension,  hypoxemia,  age  and  previous  cardiorespiratory
isease)  using  the  simplified  PE  severity  index,  biomarkers
eflecting  myocardial  injury  (troponin)  and  imaging  of  right
entricular  (RV)  dilatation  and  dysfunction  allows  physicians
o  identify,  among  initially  clinically  stable  patients,  those
ith  IHRPE).  Such  patients  might  benefit  from  intensive
onitoring  and,  in  selected  cases,  from  reperfusion  therapy

Fig.  1)  [3].
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Figure 1. Assessment of pulmonary embolism severity according to the 2019 European Society of Cardiology guidelines for the diagnosis and
management of acute pulmonary embolism [3]. NT-proBNP: N-terminal prohormone of brain natriuretic peptide; PE: pulmonary embolism;
P  systolic blood pressure; sPESI: simplified pulmonary embolism severity
i oracic echocardiography.
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Figure 2. Physiopathology of pulmonary embolism severity. Early
pharmacological reperfusion is partial, but can avoid cardiogenic
shock and circulatory arrest by lowering pulmonary vascular resis-
t
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ESI: pulmonary embolism severity index; RV: right ventricle; SBP:
ndex; TDM: tissue Doppler echocardiography method; TTE: transth

tate of the art reperfusion therapies

cute  PE  interferes  with  both  circulation  and  gas  exchange
3].  RV  failure  secondary  to  acute  pressure  overload  is  con-
idered  the  primary  cause  of  death  in  HRPE.  As  shown  in
ig.  2,  mild  increases  in  vascular  obstruction  may  translate
nto  a  large  increase  in  RV  pressure.  While  anticoagulation
nd  natural  fibrinolysis  may  require  up  to  7  days  to  signi-
cantly  reduce  pressure,  systemic  thrombolysis  and  other
eperfusion  therapies  have  been  shown  to  be  much  quicker.
his  is  the  rationale  for  the  use  of  reperfusion  therapy  in
atients  with  haemodynamic  impairment  and  RV  dilatation.
hree  types  of  reperfusion  therapies  are  available:  systemic
hrombolysis,  CDT  and  surgical  thrombectomy.

ystemic thrombolysis

he  benefit  of  systemic  thrombolysis  is  related  to  the
uick  reduction  in  vascular  obstruction,  translating  into
mmediate  improvement  in  RV  haemodynamics.  It  must  be
cknowledged  that  this  benefit  is  related  to  the  quick  action
f  systemic  thrombolysis,  and  is  limited  to  the  first  days  of
E,  because  anticoagulation  alone  achieves  a  similar  haemo-
ynamic  benefit  within  7  days  [8,9].  Systemic  thrombolysis
s  mostly  efficient  within  the  first  2  days  of  acute  PE,  but
t  can  still  be  successful  within  the  first  15  days  [8,10]. Of
ote,  unsuccessful  thrombolysis  has  been  reported  in  8%
f  patients  with  HRPE  [10].  The  gold-standard  treatment

or  thrombolysis  is  recombinant  tissue  type  plasminogen
ctivator,  based  on  the  available  evidence  [3].  Systemic
hrombolysis  remains  the  reperfusion  technique  with  the
ighest  level  of  evidence.
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ance (PVR). IU: international units. [Journal: please change to IU
n figure].
Systemic  thrombolysis  is  associated  with  an  increased
isk  of  major  bleeding  episodes,  particularly  intracerebral
leeds  (2—3%)—a  fourfold  increase  compared  with  that  of
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Table  1  Contraindications  for  systemic  thrombolysis
according  to  the  2019  European  Society  of  Cardiology
guidelines  [3].

Absolute  Relative

History  of  haemorrhagic
stroke  or  stroke  of
unknown  origin

Transient  ischaemic  attack
in  previous  6  months

Ischaemic  stroke  in
previous  6  months

Oral  anticoagulation

Central  nervous  system
neoplasm

Pregnancy  or  first
postpartum  week

Major  trauma,  surgery  or
head  injury  in  previous
3  weeks

Non-compressible
puncture  sites

Bleeding  diathesis  Traumatic  resuscitation
Active  bleeding  Refractory  hypertension

(SBP  >  180  mmHg)
Advanced  liver  disease
Infective  endocarditis
Active  peptic  ulcer

SBP: systolic blood pressure.
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anticoagulant  alone,  particularly  in  patients  aged  over  65
years  [11,12].  Of  importance,  some  patients  are  considered
at  high  bleeding  risk  and  should  not  receive  systemic  throm-
bolysis  (Table  1).

Systemic  thrombolysis  is  the  gold  standard  in  HRPE  based
on  a  single  very  small  study  that  included  11  patients  and  was
terminated  prematurely  because  of  a  higher  rate  of  death  in
patients  assigned  to  the  placebo  group  [13].  A  meta-analysis
and  a  large  registry  confirmed  these  results  [14].  Thereafter,
alternative  protocols  for  thrombolysis—particularly  proto-
cols  with  reduced  doses  of  thrombolytics,  such  as  30  mg
of  recombinant  tissue  type  plasminogen  activator—were
tested  [15].  However,  despite  encouraging  results  regard-
ing  bleeding  episodes  in  particular,  there  is  a  lack  of
adequately  powered  trials  to  enable  the  recommenda-
tion  of  such  alternative  protocols  [15,16].  The  PEITHO-3
trial  will  soon  assess  the  efficacy  and  safety  of  a  reduced
dose  of  alteplase  (0.6  mg/kg,  not  exceeding  50  mg,  intra-
venously  over  15  minutes)  on  top  of  low-molecular-weight
heparin  compared  with  low-molecular-weight  heparin  alone
in  patients  with  acute  IHRPE  and  an  elevated  risk  of  early
death,  haemodynamic  collapse  or  PE  recurrence.

In  patients  with  IHRPE,  the  PEITHO  trial  randomized
patients  to  systemic  thrombolysis  or  unfractionated  heparin
alone.  In  this  trial,  although  systemic  thrombolysis  signi-
ficantly  reduced  the  risk  of  haemodynamic  deterioration,
it  was  associated  with  a  large  increase  in  major  bleeding
episodes  [6].  Therefore,  despite  its  high  efficacy,  systemic
thrombolysis  is  not  recommended  in  patients  at  an  increased
risk  because  of  safety  issues  (class  III)  [3].

CDT
Based  on  the  results  of  the  PEITHO  trial,  showing  the  efficacy
of  more  aggressive  therapy  in  IHRPE,  CDT  was  developed
to  achieve  similar  efficacy  for  clot  reduction  and  haemo-
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ynamic  improvement  with  a  lower  bleeding  risk  compared
ith  systemic  thrombolysis  [3,6].

Schematically,  two  principles  are  reported:  a  mechan-
cal  method  to  retrieve  thrombi  through  aspiration  or
hrombectomy;  and  in  situ  fibrinolysis  assisted  by  differ-
nt  catheters.  Most  of  these  devices  have  demonstrated  the
bility  to  reduce  pulmonary  artery  obstruction  and  improve
aemodynamic  variables,  with  variable  safety  and  efficacy.
hese  techniques  require  a  team  experienced  in  endovascu-

ar  techniques  (interventional  cardiologists  or  radiologists).
ulmonary  angiography  enables  thrombus  localization  (most
ften  femoral),  and  guides  pulmonary  artery  reperfusion.
owever,  clinical  outcome  data  from  randomized  trials  are

acking  for  all  of  these  techniques.  We  have  summarized  the
vailable  evidence  for  the  most  studied  devices  in  Table  2
7,17—23].

echanical methods
atheter-based  mechanical  methods  can  be  divided  into
hromboaspiration  and  fragmentation.

For  thromboaspiration,  suction  thrombectomy  allows
spiration  of  the  thrombus  into  the  lumen  of  catheters  of
arying  diameters  with  discharge  into  an  aspiration  contai-
er.  These  devices  may  be  of  particular  interest  in  the
ase  of  active  bleeding  preventing  surgical  procedures  and
n  situ  fibrinolysis.  However,  caution  is  warranted,  as  the
se  of  these  devices  has  been  associated  with  sudden  death,
rrhythmias,  shock  or  distal  embolization.  In  addition,  sig-
ificant  blood  loss  has  been  reported.

The  principles  of  mechanical  thrombectomy  include  clot
ragmentation,  fragmentation  with  aspiration  and  rheolytic
hrombectomy.  However,  these  techniques  may  cause  dis-
al  embolisms,  which  may  increase  pulmonary  vascular
esistance  and  RV  strain.  Recent  data  have  suggested  an
ncreased  risk  of  major  adverse  events,  including  deaths  or
aemodynamic  deterioration,  with  the  use  of  the  AngioJetTM

evice  (Boston  Scientific,  Marlborough,  MA,  USA)  in  PE  care.
t  is  therefore  the  object  of  a  black  box  warning  from  the
DA  in  this  clinical  setting.

n situ fibrinolytic therapy
ranscatheter  thrombolysis  directed  into  pulmonary  thrombi
as  the  theoretic  advantage  of  supplying  a  high  local  concen-
ration  of  the  agent  in  the  clot,  with  lower  systemic
xposure.  This  technique  was  already  being  used  in  the  early
000s,  and  aims  to  reduce  the  thrombolytic  dose  and  thus
leeding  complications.  However,  despite  numerous  proto-
ols  and  devices,  few  data  are  available  [3,6,17,23].

Ultrasound-assisted  thrombolysis  (USAT)  is  another
ption  for  achieving  pulmonary  reperfusion  using  ultra-
ound  associated  with  local  thrombolysis.  A  randomized  trial
omparing  USAT  with  unfractionated  heparin  reported  that
SAT  was  associated  with  increased  RV/left  ventricular  (LV)
atio  reduction  and  improved  haemodynamic  variables  [21].

 recent  meta-analysis  of  trials  assessing  this  technique
eported  a  large  decrease  in  mean  pulmonary  artery  pres-
ure  and  a  reduction  in  the  RV/LV  ratio  in  patients  with

RPE  and  IHRPE  compared  with  heparin  alone.  In  this  meta-
nalysis,  the  rates  of  major  and  intracerebral  bleeding  were
ow  (<  0.5%),  although  the  bleeding  risk  remains  to  be  clar-
fied  [21,24]. However,  the  actual  superiority  of  USAT  over
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Table  2  Overview  of  available  catheter-directed  therapies.

Desobstruction
principle

Device;  vendor
[reference]

Mechanism  Technical
considerations

Study  design;
endpoints

Thromboaspiration  AngioVacTM;
AngioDynamics,
Latham,  NY,  USA
[17]

Veno-veno  bypass;
funnel-shaped
inflow  tip  to  engage
thrombi  and  aspirate

26-French  access  for
inflow;  16-  to
20-French  access  for
outflow;  requires
perfusion  team

Single  centre,  case
reports  (n  =  5)

FlowTriever;  Inari
Medical,  Irvine,  CA,
USA  [23]

Nitinol  discs  engage
and  mechanically
retrieve  clot  with
simultaneous
aspiration

20-French  catheter;
must  manage  blood
loss  associated  with
large-bore
aspiration

Single  arm,
multicentre
(n  =  106);  reduction
in  RV/LV  ratio,  3.8%
major  adverse
events

Indigo® System;
Penumbra,  Alameda,
CA,  USA  [18]

Mechanical  clot
engagement  with
mechanized
aspiration

8-French  catheter  Retrospective,
single  arm,  single
centre  (n  =  54);
mean  PAP,  major
adverse  events

Mechanical
thrombectomy

AmplatzTM

thrombectomy
device;  Microvena,
St.  Paul,  MN,  USA
[19]

High-speed  impeller  6-French  catheter  Case  reports

Aspirex®

thrombectomy
catheter;  Straub
Medical,  Wangs,
Switzerland  [22]

Rotating  spiral
inside  a catheter

8-French  catheter  Single  centre,  single
arm  (n  =  16);  mean
PAP,  RV/LV  ratio

In  situ  fibrinolytic
therapy

Uni-FuseTM;
AngioDynamics,
Latham,  NY,  USA
[20]

CDF  4-  to  5-French
catheter

Single  centre,
prospective  (n  =  18);
RV/LV  ratio

EkoSonicTM;  Boston
Scientific,
Marlborough,  MA,
USA  [21]

USAT  5-French  catheter  Multicentre,
randomized,
prospective  (n  =  59);
RV/LV  ratio

CDF: catheter-directed fibrinolysis; LV: left ventricle; PAP: pulmonary artery pressure; RV: right ventricle; USAT: ultrasound-assisted
thrombolysis.
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ther  CDT  devices  has  not  been  evaluated,  and  clinical  out-
ome  data  are  lacking  [25].

In  a  retrospective  analysis,  investigators  compared  CDT
nd  systemic  thrombolysis  in  acute  patients  with  HRPE  and
HRPE.  After  propensity  matching,  patients  undergoing  CDT
ad  a  lower  rate  of  hospital  mortality  and  major  bleed-
ng  episodes  than  those  undergoing  systemic  thrombolysis
21,26].

urgical thrombectomy

urgical  thrombectomy  in  acute  PE  usually  requires  car-
iopulmonary  bypass  without  aortic  cross-clamping  and
ardioplegic  cardiac  arrest,  and  involves  incision  of  the

wo  main  pulmonary  arteries,  with  the  removal  or  suction
f  fresh  clots.  Compared  with  repeat  fibrinolysis,  surgical
hrombectomy  is  associated  with  a  trend  toward  higher
n-hospital  survival,  uneventful  evolution  and  lower  PE
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ecurrence  after  fibrinolysis  failure  [10].  Thus,  the  usual
ndications  for  surgical  thrombectomy  are  contraindication
or  or  failure  of  fibrinolysis  (grade  Ib  recommendation)
3,27].  The  surgical  procedures  require  general  anaesthesia
nd  sternotomy  in  critically  ill  patients  with  haemodynamic
nstability,  which  may  be  associated  with  significant  mortal-
ty  and  morbidity.  The  indications  for  surgical  thrombectomy
re  limited  to  PE  because  of  proximal  or  intracardiac
hrombi.

In  practice,  the  results  of  surgical  thrombectomy  are
ighly  variable  according  to  patient  selection,  the  timing
f  implementation,  and  the  experience  of  the  surgical  and
edical  teams.  Although  fibrinolysis  has  reduced  bleed-

ng  rates  compared  with  systemic  thrombolysis,  surgical

anagement  may  induce  serious  potential  complications

ncluding  tamponade,  atrial  fibrillation  and  right  heart
ailure  [28].  Interestingly,  recent  studies  reported  that
he  in-hospital  mortality  of  patients  with  PE  undergoing
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Figure 3. Suggested protocol for discussing, transferring and m
embolism. ICU: intensive care unit; IV: intravenous; PE: pulmonary 

surgical  thrombectomy  in  dedicated  PE  centres  was  3—6%,
and  that  the  1-year  mortality  rate  was  15—23%  [27—32].  The
improvement  in  surgical  techniques  and  in  the  management
of  critically  ill  patients  may  explain  these  results.

Some  authors  recommend  thrombectomy  in  cases  of
intracardiac  and/or  intra-patent  foramen  ovale  thrombi
as  first-line  therapy  [29,31,32].  However,  dedicated  ran-
domized  trials  comparing  surgical  thrombectomy  and  other
reperfusion  techniques  are  needed,  and  thus  the  level  of
evidence  for  its  use  remains  low.

VA-ECMO

In  most  patients  with  severe  disease,  temporary  circulatory
support  (VA-ECMO)  may  be  used  to  allow  the  transfer  or
referral  of  the  patient  to  a  dedicated  team  [33].

The  use  of  VA-ECMO  in  unstable  patients  with  PE  seems
appealing  from  a  physiopathological  point  of  view,  because
of  the  heart  −  lung  block  with  extracorporeal  circulation
associated  with  an  oxygenator.  This  feature  ensures  rapid
circulatory  and  respiratory  stabilization,  saves  time  for
thrombus  lysis  and  provides  a  bridge  to  endovascular  or  sur-
gical  reperfusion.  However,  evidence  is  weak,  with  most
studies  being  small  and  old  series,  with  very  disparate
results  related  to  a  lack  of  standardization  in  patient
selection,  techniques  and  timing  of  implantation  and  mana-
gement.  ECMO  should  be  considered  in  patients  with  very
severe  disease  with  refractory  circulatory  collapse  or  car-
diac  arrest  (30—100%  of  patients)  [33,34].  The  reported
hospital  survival  ranged  from  25%  to  100%  (34).  A  recent
large  multicentre  retrospective  series  focused  on  HRPE  sug-

gested  that  standalone  VA-ECMO  tended  to  be  associated
with  a  higher  mortality  than  ECMO  in  combination  with
reperfusion  therapy  (relative  risk  of  30-day  all-cause  death
1.47,  95%  confidence  interval  0.98—2.20;  P  =  0.06)  [33].
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ing patients with high-risk and intermediate-high-risk pulmonary
lism; UFT: unfractionated heparin.

Owing  to  the  intensive  resource  consumption  and  the
omplexity  of  the  technique,  multidisciplinary  selection  of
atients  is  mandatory.  Life  expectancy  of  <  1 year,  previous
ardiac  arrest  with  an  unknown  no  flow  duration  and  high
actate  at  implantation  were  associated  with  higher  mortal-
ty.  Such  variables  should  be  taken  into  consideration  before
aking  a  decision  about  VA-ECMO  implantation  [35].
Thus,  given  the  level  of  evidence  (grade  IIb)  and  the  high

ate  of  complications  (bleeding  and  infection,  especially
ith  use  over  longer  periods),  VA-ECMO  may  be  consid-
red  by  an  experienced  team  in  combination  with  surgical
mbolectomy  or  CDT  in  refractory  circulatory  collapse  or
ardiac  arrest;  it  may  be  discussed  for  patients  with  HRPE  or
HRPE  who  deteriorate  when  thrombolysis  is  contraindicated
r  has  failed  [3].  Again,  the  potential  benefit  of  this  tech-
ique  is  derived  from  observational  data,  and  is  not  backed
y  randomized  trials.

xpert opinions

ritical role for PE centres and
ultidisciplinary  PE response teams (PERTs)

E  is  at  the  intersection  of  several  specialties;  it  involves
ardiologists,  chest  specialists  and  intensivists,  as  well  as
pecialists  in  haemostasis,  oncology  and  imaging,  cardiovas-
ular  surgeons  and  emergency  physicians.

Given  the  lack  of  formal  evidence  in  many  fields  of  PE
anagement,  to  adequately  manage  these  patients,  the
evelopment  of  a multidisciplinary  PE  response  team  (PERT)
s  key  to  providing  optimal  acute  and  long-term  care  [3].

n  fact,  improving  outcomes  requires  reducing  not  only
E-related  death,  but  also  the  morbidity  and  mortality  of
ssociated  diseases,  such  as  cancer.  PERTs  should  develop
rotocols  of  care  for  acute  patients  with  PE,  depending  on
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Table  3  Which  reperfusion  technique  to  use  in  patients
with  high-risk  and  intermediate-high-risk.

Systemic
thrombolysis

Patients  with  HRPE

Patients  with  IHRPE  who
deteriorate

Surgical
embolectomy

Patients  with  HRPE  with
contraindications  to  systemic
thrombolysis
Patients  with  IHRPE  who
deteriorate

Percutaneous
reperfusion

Patients  with  HRPE  with
contraindications  to  systemic
thrombolysis
Patients  with  HRPE  with  a  high
bleeding  risk
Patients  with  IHRPE:
who  deteriorate
who  do  not  improve  over  the  first
24  hours
with  severe  respiratory  distress
with  thrombus  in  transit
with  kidney  or  liver  injury
with  RV/LV  ≥  1.3
with  sPAP  >  50  mmHg
with  severe  RV  hypokinesia  (onde,
etc.)

HRPE: high-risk pulmonary embolism; IHRPE: intermediate-
high-risk pulmonary embolism; LV: left ventricle; RV: right
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he  severity  of  PE  and  the  patient’s  condition,  but  should
lso  determine  the  necessary  associated  care,  including
aematological  work-ups,  cancer  screening  and  the  poten-
ial  need  for  long-term  anticoagulant  therapy.  In  addition,
uch  teams  can  help  in  decisions  about  timing  and  type
f  reperfusion  therapy.  Similar  to  cardiogenic  shock  teams,
uch  multidisciplinary  care  and  regional  networks  are  likely
o  improve  clinical  outcome  [36].

PERTs  should  work  within  an  organized  regional  network
f  care  with  other  hospitals,  and  in  coordination  with  emer-
ency  transport  services  to  help  to  diagnose  and  classify
cute  PE,  as  well  as  to  select  patients  who  should  be  trans-
erred  to  the  PE  centre  and/or  require  reperfusion  and  to
ecide  on  the  optimal  technique.  Within  a  PE  centre,  all
eperfusion  therapies  should  be  available  (including  percu-
aneous  techniques),  with  staff  members  trained  and  able
o  deal  with  all  of  them  and  their  complications  around  the
lock.  The  literature  suggests  that  PE  centres  provide  up-to-
ate  and  homogenous  care  for  patients  with  PE  and  increase
eperfusion  rates  [37—39].

Consistently,  the  recent  guidelines  on  PE  support  recom-
end  the  development  of  such  PERTs  and  centres  (grade

Ia  recommendation)  [3].  A  standardized  protocol  of  care
hould  be  used  within  a  network  of  care  to  determine  who
hould  be  transferred  and  considered  further  for  reperfu-
ion  (Fig.  3).  Such  protocols  should  be  updated  according
o  the  scientific  literature  and  self-assessment  of  PERT
esults.  Although  these  structures  are  backed  by  guidelines
nd  observational  data,  their  ability  to  improve  outcomes
emains  unconfirmed.

election of  patients for reperfusion therapy

wing  to  the  differences  in  benefits  and  risks  between
eperfusion  techniques,  they  need  to  be  discussed  for  each
atient,  and  selected  according  to  the  patient’s  profile.  Sys-
emic  thrombolysis  remains  the  gold  standard  for  HRPE.  In
hose  with  an  excessive  risk  of  bleeding  or  with  a  contraindi-
ation  for  systemic  thrombolysis,  another  technique  should
e  considered  [3].

Patients  with  IHRPE  who  have  severe  respiratory  dis-
ress  and/or  marked  RV  dysfunction  are  at  high  risk  of
econdary  haemodynamic  instability  and  death  [6]. Among
hese  patients,  the  selection  of  those  who  may  benefit  from
eperfusion  and  the  means  to  obtain  it  should  be  deter-
ined  by  the  multidisciplinary  team  based  on  risk-benefit

ssessment  and  according  to  local  expertise  (Fig.  3  and
able  3).  The  following  factors  should  be  considered  when
etermining  the  need  and  means  [3,40]:  haemodynamic
nstability  of  the  patient;  age  and  co-morbidities;  computed
omography  and/or  echocardiography  findings  regarding  RV
ilatation,  RV  function,  pulmonary  artery  pressure,  local-
zation  of  thrombi  and  thrombus  burden;  local  resources,
ncluding  availability  of  the  surgical  team  and  the  type
f  percutaneous  reperfusion  techniques;  experience  of  the
urgical  and  intensivist  team;  bleeding  risk;  and  contraindi-

ations  for  fibrinolysis  (recent  major  surgery,  peripartum,
ecent  stroke,  etc.;  Table  1).

To  improve  the  management  of  patients,  PE  centres
hould  have  a  validated  local  protocol  that  can  be  applied
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ventricle; sPAP: systolic pulmonary artery pressure.

o  most  patients.  A  multivariable  evaluation  is  needed  to
etermine  who  should  benefit  from  an  intervention  (Fig.  4).

iming of reperfusion therapy

arly  and  efficient  doses  of  pharmacological  treatment  can
void  RV  dysfunction  and  severe  events  in  HRPE  and  IHRPE
3].

In  HRPE,  systemic  thrombolysis  by  alteplase  infusion  is
ecommended  (100  mg  in  2  hours  or  0.6  mg/kg  in  15  minutes;
aximum  dose  50  mg),  and  should  be  started  as  soon  as  pos-

ible,  as  the  risk  of  sudden  cardiac  arrest  resulting  from  RV
ailure  is  high.  In  HRPE  not  suitable  for  intravenous  throm-
olysis,  either  surgical  or  percutaneous  reperfusion  could
e  proposed  [41], surgery  being  mainly  intended  for  cases
f  intracardiac  thrombus.

In the  case  of  in-hospital  cardiorespiratory  arrest  within
n  institution  with  access  to  VA-ECMO  support,  thrombolysis
hould  be  considered  to  allow  rapid  haemodynamic  and  res-
iratory  stabilization,  and  a  reperfusion  strategy  including
DT  or  surgery  should  be  determined  as  a  secondary  option.

For  IHRPE,  the  current  guidelines  recommend  rescue  sys-
emic  thrombolysis  in  the  case  of  clinical  deterioration.
s  an  alternative  to  rescue  thrombolytic  therapy,  surgical

hrombectomy  or  percutaneous  catheter-directed  embolec-
omy  should  be  considered  with  issues  such  as  hypotension
ithout  hypoperfusion,  a  requirement  for  high  oxygen  sup-
ly,  severe  RV  dilatation  or  high  pulmonary  artery  pressure,
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Figure 4. Multivariable evaluation of reperfusion technique indication. HAS-BLED: hypertension, abnormal renal/liver function, stroke,
bleeding history or predisposition, labile international normalized ratio, elderly, drugs/alcohol concomitantly; LE: life expectancy; LV: left
ventricle; REITE: Computerized Registry of Patients with Venous Thromboembolism; RV: right ventricle; SBP: systolic blood pressure.

Table  4  Monitoring  of  patients  with  severe  pulmonary  embolism.

Efficacy  of  reperfusion  Complications

Medical  therapies  Catheter-directed
thrombolysis
techniques

VA-ECMO

Clinical  examination Regression  of  clinical
signs  of  shock;
regression  of  clinical
signs  of  right  heart
failure

Evidence  of  bleeding
(abdominal  distension,
flank  haematoma,
impairment  of
neurological  status);
arterial  and  other
venous  thrombosis

Bradycardia;
haemoptysis;  vascular
access;  diuresis  and
urine  aspect
(rust-coloured)

Pupil  examination;  leg
cannula  (inspection,
palpation,
measurement  of  leg
circumference)

Biological  variables  Lactate;  NT-proBNP  ACT;  platelets;
haemoglobin

Haemoglobin;  plasma
free  haemoglobin;
creatinine

Haemoglobin;  plasma
free  haemoglobin

Imaging  TTE:  (decrease  in
RV/LV  dimension  ratio;
sPAP;  and  cardiac
flow);  CTPA:  (decrease
in  RV/LV  dimension;
and  Qanadli  score  to
evaluate  filling  defect)

Any  major  bleedings  TTE  (pericardial
effusion);
ultrasonography  (site
puncture
complications);  CT  scan
(any  major  bleeding
and  arterial  injury)

TTE

ACT: activated clotting time; CT: computed tomography; CTPA: computed tomography pulmonary angiography; LV: left ventricle;
NT-proBNP: N-terminal prohormone of brain natriuretic peptide; RV: right ventricle; sPAP: systolic pulmonary artery pressure; TTE:
transthoracic echocardiography; VA-ECMO: venoarterial extracorporeal membrane oxygenation.
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kidney  or  liver  impairment  or  high  lactate  concentrations.
In  most  PE  centres,  ‘‘preventive’’  percutaneous  techniques
are  performed,  based  on  PERT  decisions  and  protocols,  to
prevent  decompensation  and  reduce  length  of  stay  in  the
intensive  care  unit.  To  date,  these  types  of  approaches  are
mainly  carried  out  in  the  context  of  studies  or  prospective
registries  within  expert  institutions  aimed  at  clarifying  the

real-world  role  of  these  techniques,  and  dedicated  trials  are
warranted  to  demonstrate  the  efficacy  and  safety  of  these
protocols.
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When  surgery  or  percutaneous  interventions  are  pro-
osed  by  the  PERT,  unfractionated  heparin  should  be
referred  [3].  Anticoagulants  should  be  started  as  soon
s  possible  after  the  diagnosis  is  suspected.  For  HRPE,
nfractionated  heparin  is  recommended  with  the  following
ose  regimen:  a  bolus  of  80  IU/kg  +  infusion  of  18  IU/kg/h
activated  partial  thromboplastin  time  2—2.5  times  normal

alue  or  factor  Xa  inhibitor  at  0.3—0.7  IU/mL).  In  patients
ith  IHRPE,  curative  doses  of  low-molecular-weight  heparin
r  fondaparinux  should  be  preferred  over  unfractionated
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eparin  during  the  first  24—48  hours,  and  oral  anticoagu-
ant  therapy  (non-vitamin  K  antagonist  oral  anticoagulant
r  vitamin  K  antagonist)  can  be  prescribed  when  clinical
mprovement  is  obtained.

onitoring of acute PE and reperfusion
echniques

he  monitoring  of  severe  patients  with  PE  includes  assess-
ent  of  the  efficacy  of  reperfusion  and  of  the  occurrence

f  complications  related  to  the  reperfusion  techniques
Table  4).

The  efficacy  of  reperfusion  will  be  assessed  by  clin-
cal  examination  (regression  of  right  heart  failure  and
ardiogenic  shock),  biological  variables  (improvement  of
rgan  dysfunction  and  lactate  decrease)  and  RV  imaging
transthoracic  echocardiography  and,  in  some  cases,  com-
uted  tomography  to  assess  RV/LV  dimension  or  residual
hrombi).

Regarding  complications,  physicians  should  be  aware  of
he  high  risk  of  bleeding  induced  by  systemic  thromboly-
is  and  anticoagulation,  and  the  specific  complications  of
DT  and  thrombectomy  techniques  with  or  without  VA-ECMO
40,42].  Analyses  of  clinical  variables,  biological  markers
f  haemolysis,  leg  ischaemia  and  kidney  function  should
e  performed  at  least  twice  a  day.  The  identification  of
omplications  and  their  severity  should  lead  the  PERT  to
iscuss  the  risk-benefit  ratio  for  continuing  such  therapies.

onclusions and perspectives

he  guidelines  released  recently  by  the  European  Society  of
ardiology  are  in  favour  of  the  development  of  PE  centres
ithin  a  regional  network  and  a  multidisciplinary  PE  team

o  provide  multidisciplinary  care  and  appropriate  reper-
usion  techniques  to  improve  the  outcome  of  higher-risk
atients  with  PE.  In  most  severe  and  unstable  patients,
he  use  of  VA-ECMO  as  salvage  therapy  should  be  consid-
red  as  a  bridge  to  reperfusion  therapy.  While  surgical
hrombectomy  remains  an  option,  its  availability  is  lim-
ted;  therefore,  catheter-directed  treatments  represent  a
romising  alternative,  with  low  morbidity  and  mortality.
ercutaneous  reperfusion  techniques  have  seen  advances,
nd  should  be  proposed  in  patients  with  HRPE  with  a  con-
raindication  for  intravenous  thrombolysis;  they  should  also
e  discussed  in  patients  with  IHRPE  who  deteriorate  under
nticoagulation,  as  an  alternative  to  systemic  thrombol-
sis.  The  newly  developed  percutaneous  techniques  have
romising  potential  in  the  care  of  such  patients,  as  they
rovide  quick  and  significant  haemodynamic  improvements
ith  low  rates  of  bleeding.  Ultrasound-facilitated  catheter

hrombolysis  has  a  higher  level  of  evidence  for  these  indi-
ations  compared  with  the  other  percutaneous  techniques.
owever,  these  techniques  are  limited  by  the  lack  of  ran-
omized  clinical  trials  demonstrating  their  clinical  benefit
see  Appendix).

Future  trials  should  aim  to  establish  whether  catheter-

irected  therapies  have  a  clinical  benefit,  and  which
atients  should  be  selected  for  these  procedures  (see
ppendix:  Table  A.1  and  Table  A.2).  In  the  meantime,  while
he  guidelines  are  enhancing  the  level  of  evidence  for

asson SAS.All rights reserved. - Document downloaded on 21/12/2020 by RODRIGUES SEBAST
C.  Delmas  et  al.

eperfusion  in  PE,  it  is  critical  that  PE  networks  and  centres
e  developed.
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