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Background

During  the  Renaissance,  one  of  greatest  Italian  anatomists  of  the  time,  Leonardo  da  Vinci,
surprisingly  reproduced  the  anatomy  of  the  left  ventricular  outflow  tract  (LVOT);  since
then,  its  sumptuous  architecture  has  been  a  source  of  inspiration  to  many  geniuses.  How-
ever,  surgical  repair  of  the  aortic  valve  remains  a  challenge  for  modern-day  cardiac  surgery.

Over  time,  numerous  anatomical  and  physiological  studies  have  revealed,  down  to  the
last  detail,  the  secrets  of  how  the  aortic  valve  functions,  and  embryological  knowledge  of
Technique  de  Ozaki  ;
Tricuspidalisation  ;
Reconstruction
valvulaire

its  morphogenesis  has  been  almost  totally  acquired.  Consequently,  conservative  options  for
aortic  valve  treatment  have  evolved.  Over  the  past  two  decades,  this  knowledge  has  facili-
tated  progress  in  paediatric  interventional  procedures,  and  has  improved  and  standardized
our  surgical  techniques.

Abbreviations: AVR, Aortic Valve Replacement; LVOT, Left Ventricular Outflow Tract.
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Following  Alain  Carpentier’s  ‘‘French  correction’’  for
itral  valve  disease,  El  Khoury  et  al.,  in  2005,  proposed  a

unctional  classification  of  aortic  valve  abnormalities  based
n  the  movement  of  the  aortic  leaflets  (type  I,  normal;
ype  II,  excess;  and  type  III,  restricted  leaflet  motion)  [1];
n  appropriate  surgical  repair  (or,  in  the  extreme,  a valve
eplacement)  is  consequently  advised.  For  the  first  time,
e  had  a  clear,  standard,  predetermined  surgical  strategy
uided  by  physiopathological  analysis  of  the  aortic  valve.

Although  the  results  of  this  new  methodology  were
ncouraging,  Polain  de  Waroux  et  al.  identified  some
ey  points  for  valve  reparability  [2]:  smooth,  thin  and
arge  leaflets  with  redundant  tissue  were  considered  as
epairable,  whereas  small,  restrictive,  fibrous  or  thickened
eaflets  were  thought  to  preclude  surgical  repair.  As  we
an  see,  the  ‘‘quality  of  the  repair’’  is  determined  by  the
‘quality  of  the  tissue’’.

Unfortunately,  this  valid  tool  developed  for  adult  aor-
ic  pathology  is  not  optimal  for  children’s  disease,  for  two
easons:  (1)  the  aortic  valve  is  usually  congenitally  mal-
ormed  (endocarditis,  root  dilatation  and  calcification  are
are  in  childhood),  with  the  most  common  lesion  being  aor-
ic  stenosis;  isolated  aortic  regurgitation  is  rare,  and  a  mixed
ortic  valve  disease  is  often  the  result  of  previous  balloon
r  surgical  commissurotomy,  reasonably  tolerated  for  years;
nd  (2)  in  case  of  valvuloplasty  failure,  a  rescue  therapy
s  not  achievable  by  a  bioprosthesis  substitution  [3], and  a
echanical  valve  replacement  or  a  Ross  procedure  is  the

nly  acceptable  alternative.
Another  crucial  point  is  ‘‘surgical  timing’’  —  an  imper-

tive  variable  in  childhood.  Certainly,  the  valve  phenotype
tricuspid  <  bicuspid  <  unicuspid)  plays  an  important  role  in
rediction  of  freedom  from  reoperation,  but  —  above
ll  —  younger  age  at  surgery  is  a  hindrance  to  durability
f  repair  [4].  Finally,  having  moderate  aortic  regurgitation
≤  grade  2)  on  discharge  or  a  mean  transvalvular  gradi-
nt  ≤  20  mmHg  was  found  not  to  be  predictive  of  late  valve
ailure  [4].

So,  what  is  the  best  strategy  for  the  management  of  aor-
ic  valve  diseases  in  children?

urgical reasoning in children

he  most  common  congenital  heart  defect  is  bicuspid  aortic
alve,  which  manifests  mainly  in  infants  and  young  children
ith  isolated  aortic  stenosis  —  leaflet  deformity  and  com-
issural  fusion  being  the  most  common  mechanism  [5].  In

his  case,  the  treatment  is  well  established,  and  the  debate
etween  surgery  and  percutaneous  intervention  is  not  within
he  scope  of  this  editorial.

Excluding  isolated  aortic  stenosis,  the  discussion  remains
pen:  aortic  valve  pathology  in  childhood  is  a  broad  spec-
rum  of  mixed  aetiologies,  and  the  real  mechanism  is  often
isunderstood  until  the  aorta  is  opened.  In  this  situa-

ion,  the  optimal  operative  technique  is  still  a  ‘‘surgical
ilemma’’.

As  mentioned  previously,  the  long-term  results  of  con-

enital  aortic  valve  repair  depend  on  the  ‘‘quality  of  the
issue’’.

Regarding  the  ‘‘quality  of  the  tissue’’,  Mastrobuoni  and  El
houry  [6]  proposed  the  classification  of  two  scenarios  from

A
‘
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 surgical  point  of  view:  (1)  lesions  with  enough  or  an  excess
f  tissue  (or,  in  any  case,  with  good  quality  of  leaflets);
nd  (2)  lesions  with  a  lack  of  tissue  (such  as  unicuspid  and
ostballoon  valvotomy  valves).

In  the  first  scenario,  several  surgical  options  usually
llow  a successful  primary  repair  by  means  of  free  margin
hortening,  such  as  central  plication  [7],  without  the  need
or  exogenous  material.  Trusler  et  al.,  in  1992,  described
he  interesting  option  of  ‘‘lateral’’  leaflet  plication  for
reatment  of  chronic  aortic  cusp  prolapse,  often  seen  in
utlet-type  ventricular  septal  defects  [8].  In  all  these  cases,
xcellent  and  durable  results  are  expected.

In  the  second  scenario,  lesions  with  a  lack  of  tissue  are  a
hallenge  to  manage  surgically,  and  are  the  key  issue  under
ebate.  This  subgroup  of  congenital  pathologies  should  be
amed  ‘‘complex’’  aortic  valve  disease.  Aortic  regurgitation
r  a  mixed  disease  represents  the  typical  clinical  presen-
ation,  and  the  surgical  reasoning  should  be  governed  by
he  risk  of  failure  and  the  expected  long-term  results.
wo  strategies  are  possible:  replacement  or  ‘‘attempt’’  to
epair.

eplacement strategies in childhood

ortic  valve  replacement  (AVR)  in  children  is  realized  by
echanical  prosthesis  or  autologous  pulmonary  graft  sub-

titution  (Ross  procedure).  These  procedures  are  always
chievable,  long-term  results  are  similar  and  studies  have
hown  good  outcomes  and  an  acceptable  complication  rate
ith  both  valve  choices  [9].

Lifestyle  limitations  and  morbidity  resulting  from  antico-
gulation  therapy  are  the  main  disadvantages  of  mechanical
VR.  Furthermore,  younger  age  (<  6  years)  has  been  shown
o  be  an  independent  predictive  factor  for  reoperation  [10],
iven  the  significantly  increased  risk  of  early  and  late  death
n  children  receiving  smaller  mechanical  valves  (patient-
rosthesis  size  mismatch).

Even  if  pulmonary  autograft  AVR  confers  a  survival  advan-
age  in  this  younger  population  [9],  age  between  0  and
0  years  (and  possibly  15  years)  remains  the  ‘‘Achilles’
eel’’  of  the  Ross  procedure  [11].  Pulmonary  autograft  and
ight  ventricular  outflow  tract  intervention  (1.28%/year  and
.97%/year,  respectively)  are  a  source  of  mandatory  reop-
ration  in  young  children  [12]. We  do  believe  that  the
‘modified  Ross  operation’’,  described  by  Alain  Prat  in  2010
13], with  reinforcement  of  the  pulmonary  autograft  (not
ndicated  for  growing  structures),  and  a bigger  right  ventric-
lar  outflow  tract  conduit  are  the  secrets  behind  the  better
esults  in  the  adult  population  compared  with  the  paediatric
opulation  [11].

For  these  multiple  reasons,  when  it  comes  to  ‘‘complex’’
ortic  valve  treatment,  even  if  the  correction  is  not
‘perfect’’,  congenital  surgeons  are  forced  to  repair  the
ortic  valve  in  order  to  delay  the  ‘‘gold  standard’’  Ross  pro-
edure  or  an  ‘‘adult-sized’’  mechanical  valve  replacement.

onservative strategies for ‘‘complex’’ aortic
ortic  valve  repair  in  children  is  an  interesting  option,  but
‘attempts’’  may  involve  a  cost  associated  with  converting
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Figure 1. A and B. Two-dimensional transthoracic echocardiography of the new aortic valve (after the Ozaki procedure), from (A) the
ional
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long-axis view and (B) the short-axis view. C and D. Three-dimens
aortic view and (D) the left ventricular outflow tract view.

the  initial  procedure  to  AVR.  Furthermore,  the  use  of  foreign
materials  is  mandatory  to  recreate  a  good  coaptation.

Tricuspidization,  described  by  Pretre  et  al.  in  2006  [14],
could  be  an  option  in  bicuspid  aortic  valve  with  at  least
one  relatively  normal  leaflet.  The  new  cusp  should  be  cre-
ated  from  the  autologous  pericardium.  In  the  other  cases,
surgeons  treat  the  ‘‘lack  of  tissue’’  by  using  patch  cusp
extension  (associated  with  several  combinations  of  tech-
niques),  cautiously  tailored  to  minimize  the  risk  of  coronary
ostial  obstruction  [15].

All  of  these  procedures  are  clearly  operator  dependent,
and  suboptimal  results  are  accepted,  even  if  this  is  not  nec-
essarily  satisfactory.  In  addition  to  the  ‘‘well  known’’  use  of
foreign  materials,  the  durability  depends  on  the  morphology
of  the  final  reconstruction.

Absence  of  prolapse  (coaptation  tip  below  the  level  of
the  aortic  annulus),  coaptation  length  (>  4  mm)  and  symme-
try  of  leaflets  are  considered  universally  to  be  predictors

of  durability  [16].  Although  the  heterogeneous  population
makes  data  difficult  to  interpret,  less  satisfying  outcomes
are  related  to  the  non-tricuspid  postrepair  arrangement
[17],  and  the  degree  of  coaptation  asymmetry  (often
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 transthoracic echocardiography of the aortic valve, from (C) the

ssociated  with  complex  lesion  repair)  seems  to  be  strongly
elated  to  early  reoperation  rate  [16].  Anyway,  the  state  of
he  art  and  the  longevity  of  complex  repair  are  far  from
erfect!

A new  option  of  ‘‘in  between’’  repair  and  replacement  is
ow  available  for  the  treatment  of  complex  lesions:  aortic
alve  reconstruction  with  glutaraldehyde-treated  autolo-
ous  pericardium.  This  ‘‘adult’’  technique,  described  by
zaki  et  al.  in  2014  [18],  may  offer  some  advantages  in  the
aediatric  population:  surgeons  create  a new  biological  tri-
uspid  aortic  valve  presenting  all  the  morphological  criteria
or  good  outcomes.

zaki procedure: preliminary experience
nd  conclusions

e  recently  started  our  ‘‘aortic  valve  reconstruction  pro-

ramme’’  at  the  Children’s  Hospital  of  Toulouse,  treating
wo  cases  (both  aged  4  years),  each  presenting  with  a  com-
lex  aortic  valve  disease,  a  lack  of  tissue  resulting  from  a
revious  balloon  angioplasty  or  a  three-leaflet  retraction.
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[18] Ozaki S, Kawase I, Yamashita H, et al. A total of 404 cases of

aortic valve reconstruction with glutaraldehyde-treated autol-
56  

he  reconstruction  was  carried  out  as  described  meticu-
ously  by  Ozaki  et  al.  [18],  without  complications,  and  with

 clamping  time  shorter  than  a  ‘‘classical’’  Ross  procedure.
Early  postoperative  results  are  encouraging,  with  less

han  trivial  central  valve  regurgitation  and  a  mean  gradi-
nt  <  20  mmHg,  even  in  a  smaller  annulus.  Echocardiographic
valuation  showed  perfect  symmetry  of  the  ‘‘new’’  leaflets,
ith  a  coaptation  length  >  10  mm  without  prolapse  (Fig.  1).

We  decided  to  perform  the  Ozaki  procedure  in  children
ged  <  10  years,  and  even  if  some  teams  have  associated  this
echnique  with  annulus  enlargement  to  treat  patients  with
nnular  hypoplasia,  we  do  believe  that,  at  the  moment,
evere  LVOT  obstruction  should  be  considered  as  a  con-
raindication.

Definitely,  the  Ozaki  procedure  is  a  reproducible  tech-
ique.  Questions  remain  regarding  the  durability  of  the
‘foreign’’  material  used  for  plasty,  the  feasibility  in  an
nnulus  that  is  very  small  in  size  (<  13  mm)  and  the  long-
erm  effect  of  growing  LVOT  structures.  The  decision  to  treat
he  pericardium  for  a  maximum  of  5  minutes  and  future
‘customization’’,  derived  from  advances  in  new  technolo-
ies  (three-dimensional  simulation,  bioprinting),  could  lead
o  further  evolution  of  the  technique.

A  multicentre  study  with  long-term  follow-up  is  required
o  define  the  limits  of  this  procedure  and,  consequently,  to
mprove  our  decision  making.

cknowledgments

e  would  like  to  acknowledge  with  gratitude  Dr  Martin  Kos-
olny  (Great  Ormond  Street  Hospital,  London)  for  his  kind
upport  and  guidance  in  helping  us  to  complete  our  proce-
ures  successfully.

isclosure of interest

he  authors  declare  that  they  have  no  competing  interest.

eferences

[1] El Khoury G, Glineur D, Rubay J, et al. Functional classifica-
tion of aortic root/valve abnormalities and their correlation
with etiologies and surgical procedures. Curr Opin Cardiol
2005;20:115—21.

[2] le Polain de Waroux JB, Pouleur AC, Goffinet C, et al. Functional
anatomy of aortic regurgitation: accuracy, prediction of surgi-
cal repairability, and outcome implications of transesophageal

echocardiography. Circulation 2007;116:I264—9.

[3] Saleeb SF, Newburger JW, Geva T, et al. Accelerated degen-
eration of a bovine pericardial bioprosthetic aortic valve in
children and young adults. Circulation 2014;130:51—60.
F.  Cuttone  et  al.

[4] Poncelet AJ, El Khoury G, De Kerchove L, et al. Aortic
valve repair in the paediatric population: insights from a
38-year single-centre experience. Eur J Cardiothorac Surg
2017;51:43—9.

[5] Cognet T, Seguela PE, Thomson E, et al. Assessment of valvular
surfaces in children with a congenital bicuspid aortic valve:
preliminary three-dimensional echocardiographic study. Arch
Cardiovasc Dis 2013;106:295—302.

[6] Mastrobuoni S, El Khoury G. Aortic valve repair and Ross oper-
ation in children: the importance of patient selection and
surgical technique. Eur J Cardiothorac Surg 2016;49:892—3.

[7] Boodhwani M, de Kerchove L, Glineur D, El Khoury G. A simple
method for the quantification and correction of aortic cusp pro-
lapse by means of free margin plication. J Thorac Cardiovasc
Surg 2010;139:1075—7.

[8] Trusler GA, Williams WG, Smallhorn JF, Freedom RM.
Late results after repair of aortic insufficiency associated
with ventricular septal defect. J Thorac Cardiovasc Surg
1992;103:276—81.

[9] Alsoufi B, Al-Halees Z, Manlhiot C, et al. Mechanical valves
versus the Ross procedure for aortic valve replacement in chil-
dren: propensity-adjusted comparison of long-term outcomes.
J Thorac Cardiovasc Surg 2009;137 [362-70 e9].

10] Myers PO, Mokashi SA, Horgan E, et al. Outcomes after
mechanical aortic valve replacement in children and young
adults with congenital heart disease. J Thorac Cardiovasc Surg
2019;157:329—40.

11] Bansal N, Kumar SR, Baker CJ, Lemus R, Wells WJ, Starnes VA.
Age-Related Outcomes of the Ross Procedure Over 20 Years.
Ann Thorac Surg 2015;99:2077—83 [discussion 84-5].

12] Etnel JRG, Grashuis P, Huygens SA, et al. The ross procedure:
a systematic review, meta-analysis, and microsimulation. Circ
Cardiovasc Qual Outcomes 2018;11:e004748.

13] Juthier F, Banfi C, Vincentelli A, et al. Modified Ross opera-
tion with reinforcement of the pulmonary autograft: six-year
results. J Thorac Cardiovasc Surg 2010;139:1420—3.

14] Pretre R, Kadner A, Dave H, Bettex D, Genoni M. Tricus-
pidisation of the aortic valve with creation of a crown-like
annulus is able to restore a normal valve function in
bicuspid aortic valves. Eur J Cardiothorac Surg 2006;29:
1001—6.

15] d’Udekem Y, Siddiqui J, Seaman CS, et al. Long-term results of
a strategy of aortic valve repair in the pediatric population. J
Thorac Cardiovasc Surg 2013;145:461—7 [discussion 7—9].

16] Stern KW, White MT, Verghese GR, Del Nido PJ, Geva T.
Intraoperative echocardiography for congenital aortic valve
repair: predictors of early reoperation. Ann Thorac Surg
2015;100:678—85.

17] Vergnat M, Asfour B, Arenz C, et al. Contemporary results
of aortic valve repair for congenital disease: lessons for
management and staged strategy. Eur J Cardiothorac Surg
ogous pericardium. J Thorac Cardiovasc Surg 2014;147:301—6.

http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0005
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0010
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0015
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0020
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0025
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0030
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0035
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0040
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0045
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0050
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0055
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0060
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0060
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0060
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0060
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0060
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0060
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0060
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0060
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0060
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0060
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0060
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0060
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0060
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0060
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0060
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0060
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0060
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0060
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0060
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0060
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0060
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0060
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0060
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0060
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0065
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0070
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0075
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0080
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0085
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090
http://refhub.elsevier.com/S1875-2136(19)30167-6/sbref0090

	Aortic valve reconstruction in children: A new string to our bow
	Background
	Surgical reasoning in children
	Replacement strategies in childhood
	Conservative strategies for “complex” aortic valve disease

	Ozaki procedure: preliminary experience and conclusions
	Disclosure of interest
	Acknowledgments
	References


