
Rev Port Cardiol. 2020;39(8):441---442

www.revportcardiol.org

Revista Portuguesa de

Cardiologia
Portuguese Journal of Cardiology

EDITORIAL COMMENT

Transcatheter aortic  valve implantation-associated

conduction  disturbances are moving  to  center  stage

Perturbações da  condução  associadas  a  implantação  percutânea  valvular
aórtica:  em trânsito  para  o  palco  central

Stefan Toggweiler ∗, Benjamin Berte

Heart  Center  Lucerne,  Luzerner  Kantonsspital,  Lucerne,  Switzerland

Available  online  3 August  2020

Increased  operator  experience,  advances  in  transcathe-

ter  heart  valve  technologies  and  preprocedural  planning

are  among  the  key factors  that  have  improved  outcomes

in  transcatheter  aortic  valve  implantation  (TAVI).1 TAVI  is

now  performed  not  only in elderly,  high-risk  patients,  but

also  in  younger  patients  with  lower  surgical  risk.  These

patients  have  a  longer  life-expectancy  and  conduction  dis-

turbances  such  as new  left-bundle  branch  block  (LBBB),

new  atrioventricular  (AV)  block,  a  need  for  a  new perma-

nent  pacemaker  and  new-onset  atrial  fibrillation  (AF)  may

become  increasingly  important  for periprocedural  manage-

ment,  prognosis,  and  costs.  Indeed,  several  studies  have  now

confirmed  that  new  onset  LBBB  or  the need  for  a permanent

pacemaker  have  a  significant,  detrimental  association  with

prognosis.2---5 However,  despite  advances  in biomedical  engi-

neering  and increased  operator  experience,  the incidence  of

TAVI-associated  new  conduction  disturbances  remains  high.

In  this  issue  of  the  Portuguese  Journal  of  Cardiology,

Manuel  et  al.  investigated  the  incidence  and  predictors  of

new  conduction  disturbances  following  TAVI.  After  excluding

patients  with  a  preprocedural  pacemaker,  a postprocedu-

ral  new  permanent  pacemaker  and  those  who  were  lost

to  follow-up,  they  observed  new-onset  AF  in 11%  and  new

LBBB  in  as  many  as  25%  of patients.  QRS  duration  (perma-

nently)  and  PR  interval  (transiently)  increased  after  TAVI.

This  transient  PR  prolongation  is  also  observed  in the general
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population  with  normalization  in  30% of  individuals,  with-

out  any  prognostic  relevance.6 They also  found  that  deep

(ventricular)  valve  implantation  was  significantly  associated

with  new-onset  LBBB.  This  finding,  which  corroborates  pre-

vious  studies,  should encourage  operators  to  aim  for  a  high

implantation  for  most  of  the currently  available  transcathe-

ter  heart  valves.  The  exception  is  the ACURATE  neo,  where

an  implantation  with  the  inflow  7 mm  below  the  annular

level  results  in  optimal  sealing  without a  relevant  increase

in  conduction  disturbances.7---9

New-onset  atrial fibrillation

Calcium  deposits,  fibrosis  and  advanced  age  are risk  factors

common  to  severe  aortic  stenosis  and  AF.  Not  surpris-

ingly,  about  a third of  all  patients  undergoing  TAVI  have

pre-existing  AF.10,11 An additional  5-10%  may  have  pre-

existing,  but  undetected  AF.  Previous  studies  have  reported

new-onset  AF after  transcatheter  aortic  valve  replace-

ment  (TAVR) in about  7-8%  of patients,12,13 similar  to  the

11%  reported  in the  study by  Manuel  et  al.  Changes  in

volume  state,  systemic  inflammatory  response  and  non-

transfemoral  access  may  all  act  as  a trigger  of  new  onset

atrial  fibrillation.10 Studies  have  consistently  demonstrated

an  increased  stroke  risk  in such patients.  Indeed, new  onset

AF after TAVI  has  been linked  to  an  absolute  stroke  increment

as  high  as  3%  and  to  increased  mortality.12 Early  diagnosis

and  proper  treatment  of  new  onset AF  is  of  importance,

however  scientific  evidence  guiding  optimal  anticoagulation

management  in TAVI  patients  is  scarce.  Direct  oral  antico-
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agulants  appear  to  be  safe and  effective  in patients  with

bioprosthetic  valves,  but  not  in patients  with  mechanical

prostheses.14 Moreover,  data  from  our  group  suggest  that

continuation  of oral  anticoagulation  may  be  equally  safe  and

efficacious  as  the interruption  of  anticoagulation  in patients

with  pre-existing  AF undergoing  TAVI.11

New-onset left  bundle  branch block

During  TAVR,  there  is  a direct  interaction  beetween  the

conduction  system  and  the stiff  wire,  the  balloon,  the deliv-

ery  catheter  and  the  transcatheter  heart  valve  itself.  New

LBBB  is  most  frequently  observed  and  thus,  patients  with  a

pre-existing  right  bundle  branch  block  are  at high  risk  for

the  development  of  an intra-  or  postprocedural  high-grade

AV  block.  Identification  of  new  LBBB  is  important  as  it may

progress  further  to  a delayed  high-grade  AVblock.  Also,  stud-

ies  have  consistently  associated  new  LBBB  with  an  increased

risk  for  sudden  cardiac  death,  reduced  left  ventricular  ejec-

tion  fraction  and  heart  failure,  especially  in  patients  with  a

long  QRS  duration.2---4 Choice  of  prosthesis,  depth  of  implan-

tation  and  the  degree  of  oversizing  are the  main  predictors

of  new  LBBB.  Indeed  the risk  of  a  new LBBB  shows  a  rela-

tive  increase  of  ∼20-30%  per  1  mm  of  implantation  depth.2

To  achieve  a  high  implantation  with  self-expanding  valves,

the  cusp-overlap  technique  has  become  popular.15 With  this

technique  (often  a  right  anterior  oblique/caudal  projec-

tion),  the  right  and  the  left coronary  cusps  are  overlapped

and  the  non-coronary  cusp  is  used  as  a  reference  for  implan-

tation  depth.  This  technique  enables  a high  implantation  and

at  the  same  time  mitigates  the risk  of  device  pop-out.

The  continuing importance of postprocedural
monitoring

In recent  years,  physicians  have  attempted  to  simplify

and  streamline  the  procedure  and early  discharge  has

been  advocated  to  reduce  the duration  of hospitalization

and  healthcare  costs.16 However,  this should  not  come

at  the  price  of  patient  safety  and we  should not  for-

get  that  postprocedural  conduction  disorders  are  frequent

complications.  Therefore,  it  appears  reasonable  to  moni-

tor  patients  for  24-48  hours  after TAVI.  Finally,  negative

dromotropic  medication  such as  betablockers,  verapamil,

amiodarone  or  digoxin  should  be  discontinued  periprocedu-

rally  to  reduce  the incidence  of  high-degree  AV  blocks  and

the  need  for  a permament  pacemaker.7,17

Conflicts of  interest

ST  is a  consultant  and proctor  for  Boston  Scientific,  New

Valve  Technology  and  Abbott  Vascular.  He  has received

institutional  research  grants  from  Boston  Scientific  and

Fumedica,  has received  speaker  honoraria  from  Medtronic.

He  holds  equity  in  Hi-D  Imaging.

References

1. Stortecky S, Franzone A, Heg D, et  al. Temporal trends in adop-

tion and outcomes of transcatheter aortic valve implantation:

a Swisstavi Registry Analysis. Eur Heart J  Qual Care Clin Out-

comes. 2018.

2. Auffret V,  Puri R, Urena M, et al.  Conduction disturbances

after transcatheter aortic valve replacement: current status

and future perspectives. Circulation. 2017;136:1049---69.

3. Urena M, Webb JG, Cheema A, et al.  Impact of new-onset

persistent left bundle branch block on late clinical outcomes

in patients undergoing transcatheter aortic valve implanta-

tion with a balloon-expandable valve. JACC Cardiovasc Interv.

2014;7:128---36.

4. Urena M,  Webb JG, Eltchaninoff H, et  al. Late cardiac death

in patients undergoing transcatheter aortic valve replacement:

incidence and predictors of advanced heart failure and sudden

cardiac death. J Am Coll Cardiol. 2015;65:437---48.

5. Brinkert M,  Wolfrum M, Moccetti F, et  al. Relevance of  new

conduction disorders after implantation of the ACURATE Neo

transcatheter heart valve in the aortic valve position. Am J

Cardiol. 2020;125:783---7.

6. Aro AL, Anttonen O, Kerola T, et al. Prognostic significance of

prolonged PR interval in the general population. Eur Heart J.

2014;35:123---9.

7. Toggweiler S, Nissen H, Mogensen B, et al. Very low pacemaker

rate following ACURATE neo transcatheter heart valve implan-

tation. EuroIntervention. 2017;13:1273---80.

8. Husser O,  Pellegrini C, Kessler T, et al. Predictors of permanent

pacemaker implantations and new-onset conduction abnormal-

ities with the SAPIEN 3  balloon-expandable transcatheter heart

valve. JACC Cardiovasc Interv. 2016;9:244---54.

9. van der Boon RM, Houthuizen P, Urena M, et al. Trends in

the occurrence of new conduction abnormalities after trans-

catheter aortic valve implantation. Catheter Cardiovasc Interv.

2015;85:144---52.

10. Tarantini G, Mojoli M, Urena M,  et al. Atrial fibrillation in

patients undergoing transcatheter aortic valve implantation:

epidemiology, timing, predictors, and outcome. Eur Heart J.

2017;38:1285---93.

11. Brinkert M,  Keller LS, Moriyama N, et al. Safety and efficacy

of transcatheter aortic valve replacement with continuation of

oral anticoagulation. J  Am Coll Cardiol. 2019;73:2004---5.

12. Vora AN, Dai D,  Matsuoka R,  et al. Incidence management,

and associated clinical outcomes of new-onset atrial fibrillation

following transcatheter aortic valve replacement: an analy-

sis from the STS/ACC TVT Registry. JACC Cardiovasc Interv.

2018;11:1746---56.

13. Tarantini G,  Mojoli M, Windecker S,  et  al. Prevalence and impact

of atrial fibrillation in patients with severe aortic stenosis

undergoing transcatheter aortic valve replacement: an analy-

sis from the SOURCE XT  Prospective Multicenter Registry. JACC

Cardiovasc Interv. 2016;9:937---46.

14. Eikelboom JW,  Connolly SJ, Brueckmann M,  et  al. Dabigatran

versus warfarin in patients with mechanical heart valves. N  Engl

J  Med.  2013;369:1206---14.

15. Tang GHL, Zaid S, Michev I, et  al. ‘‘Cusp-overlap’’ view sim-

plifies fluoroscopy-guided implantation of  self-expanding valve

in transcatheter aortic valve replacement. JACC Cardiovasc

Interv. 2018;11:1663---5.

16. Wood DA, Lauck SB, Cairns JA, et al. The Vancouver 3M (mul-

tidisciplinary, multimodality, but minimalist) clinical pathway

facilitates safe next-day discharge home at low- medium-, and

high-volume transfemoral transcatheter aortic valve replace-

ment centers: the 3M TAVR study. JACC Cardiovasc Interv.

2019;12:459---69.

17. Toggweiler S, Kobza R. Pacemaker implantation after transcat-

heter aortic valve: why is  this still happening? J  Thorac Dis.

2018;10 Suppl. 30:S3614---9.

http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0090
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0095
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0095
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0095
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0095
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0095
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0095
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0095
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0095
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0095
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0095
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0095
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0095
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0095
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0095
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0095
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0095
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0095
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0095
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0095
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0095
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0095
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0095
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0095
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0095
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0095
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0095
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0095
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0100
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0105
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0110
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0115
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0120
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0125
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0130
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0135
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0140
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0145
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0150
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0155
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0155
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0155
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0155
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0155
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0155
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0155
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0155
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0155
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0155
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0155
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0155
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0155
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0155
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0155
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0155
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0155
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0155
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0155
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0155
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0155
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0155
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0155
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0155
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0155
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0155
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0155
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0160
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0165
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170
http://refhub.elsevier.com/S0870-2551(20)30311-5/sbref0170

	Transcatheter aortic valve implantation-associated conduction disturbances are moving to center stage
	New-onset atrial fibrillation
	New-onset left bundle branch block
	The continuing importance of postprocedural monitoring
	Conflicts of interest

	References

