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Summary Tricuspid regurgitation has long been a neglected and underestimated entity; its
prevalence is significant, and is increasing with the ageing population. Tricuspid regurgitation
is often a consequence of chronic left cardiac pathologies or atrial fibrillation. Surgical treat-
ment is recommended for patients with severe symptomatic tricuspid regurgitation or tricuspid
annulus dilatation at the time of left heart valve surgery. Secondary tricuspid regurgitation is
a complex disease; this review focuses on the need for better understanding of its mechanisms
and quantification — mandatory with the advent of new percutaneous treatments.

© 2019 Elsevier Masson SAS. All rights reserved.
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regurgitation; TV, tricuspid valve; VC, vena contracta.

* Corresponding author. Service de Cardiologie, Hopital Pontchaillou, CHU de Rennes, 35033 Rennes, France.

E-mail address: erwan.donal@chu-rennes.fr (E. Donal).

https://doi.org/10.1016/j.acvd.2019.04.010
1875-2136/© 2019 Elsevier Masson SAS. All rights reserved.


https://doi.org/10.1016/j.acvd.2019.04.010
http://www.sciencedirect.com/science/journal/18752136
http://crossmark.crossref.org/dialog/?doi=10.1016/j.acvd.2019.04.010&domain=pdf
mailto:erwan.donal@chu-rennes.fr
https://doi.org/10.1016/j.acvd.2019.04.010

Secondary tricuspid regurgitation: Do we understand what we would like to treat? 643

MOTS CLES
Insuffisance
tricuspide ;
Quantification ;
Pathophysiologie ;
Traitement

Résumeé

L’insuffisance tricuspide a été longtemps négligée. Sa prévalence est importante
et augmente avec le vieillissement de la population. C’est souvent la conséquence d’une
pathologie chronique du cceur gauche ou d’une fibrillation atriale. Le traitement chirurgical
est recommandé pour les patients ayant une régurgitation sévere et symptomatique ou lorsque
’anneau tricuspide est dilaté au moment d’une chirurgie du cceur gauche. L’insuffisance tri-
cuspide secondaire est une entité complexe. Cette revue est orientée sur les besoins d’une

meilleure compréhension de ses mécanismes et de sa quantification avec ’avenement de
nouveaux traitements percutanés.
© 2019 Elsevier Masson SAS. Tous droits réservés.

Background

Tricuspid regurgitation (TR) is one of the most frequent
manifestations of valvular heart disease, and a common
echocardiographic finding, the prevalence and severity of
which increase with age [1]. It is estimated that moder-
ate or severe TR may affect over 1 million patients in the
USA, with higher prevalence in women [2]. The aetiology
of TR is divided into two categories (Table 1). TR may be
primary (or organic), defined by abnormalities of the tricus-
pid valve (TV) structure. There are many causes of primary
TR, such as endocarditis, rheumatic heart disease, carci-
noid syndrome, congenital heart disease (mainly Ebstein’s
anomaly), endomyocardial fibrosis, myxomatous disease,
thoracic trauma or iatrogenic damage (including transve-
nous pacemaker or defibrillator leads, drug-induced valve
disease and radiation) [3,4]. Most cases of TR, however, are

Table 1

Primary (organic) causes
Rheumatic heart disease
Congenital heart disease (mainly Ebstein’s anomaly)
Endocarditis
Carcinoid syndrome
Endomyocardial fibrosis
Myxomatous disease
Thoracic trauma
latrogenic
Drug-induced
Radiation
Pacemaker or defibrillator leads
RV biopsy
Secondary (functional) causes
Left heart disease (valve disease or LV dysfunction)
Primary or secondary pulmonary hypertension from any
cause
Atrial fibrillation
Chronic high stroke volume state
Any cause of RV dysfunction

Aetiologies of tricuspid regurgitation.

LV: left ventricle; RV: right ventricle.

secondary (or functional), as a consequence of deformation
of the TV complex with morphologically normal leaflets.
Secondary TR (STR) is mainly related to right ventricu-
lar (RV) dilatation and/or dysfunction, annular dilatation
and/or leaflet tethering, which are usually secondary to left-
sided valvular heart disease (especially affecting the mitral
valve), atrial fibrillation or pulmonary hypertension [5,6].

TR is an independent prognostic factor associated with
significant excess mortality and morbidity that increase
with TR grade in various clinical situations (Table 2).
Surgery is mostly performed at the time of left-sided valve
surgery for STR, whereas isolated TV surgery is rarely per-
formed, but is recommended in patients with severe TR who
are either symptomatic or are facing progressive RV dila-
tion/dysfunction. However, the optimal timing for surgery
is difficult to determine, as patients may be asymptomatic
for a long period of time, symptoms are usually non-specific
and RV size and function are difficult to assess in routine
clinical practice.

The aim of this review is to look carefully at the deter-
minants of TR.

Anatomy of the TV complex (Fig. 1)

The TV has a more apical position than the mitral valve; it is
a dynamic complex structure that separates the right atrium
(RA) and the right ventricle (RV), and is generally associ-
ated with three leaflets of unequal size (anterior, posterior
and septal — in decreasing order of size, and in a clockwise
direction as seen by the surgeon) inserted in a fibrous annu-
lus and connected by chordae tendineae to papillary muscles
attached to the RV myocardium. TV function depends on the
integrity and coordination of all these components.

The number of leaflets can be restricted to only two
or extended to four or five. The septal leaflet is located
medially, at the level of the septum. The posterior leaflet
frequently comprises multiple scallops. Indeed, tricuspid
anatomy differs greatly from one patient to another. Pap-
illary muscle anatomy is highly variable: there are generally
two or three, but there can be up to nine. The anterior pap-
illary muscle is the most prominent, and arises from the
moderator band or from the adjacent myocardial wall. The
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Table 2 Prognostic value of secondary tricuspid regurgitation according to clinical situation.

Clinical situation

Prognostic value

References

General population

Heart failure with preserved ejection
fraction

LV systolic

dysfunction

Patients referred for heart
transplantation

Significant

isolated TR

Severe aortic regurgitation

Mitral valve

disease

Aortic valve surgery for aortic stenosis

Increased mortality
Prognostic marker

Severe TR: +55%
mortality
Severe TR: +50% cardiovascular events

Increased

mortality

TR > 2/4; mortality relative risk 1.47
Worse survival; increased heart failure;
reduced functional capacity

Worse postoperative survival

Nath et al., 2004 [45]
Mascherbauer et al., 2017 [46]

Koelling et al., 2002 [47]
Neuhold et al., 2013 [48]
Hung et al., 1998 [49]

Lee et al., 2010 [50]

Topilsky et al., 2019 [2]
Varadarajan et al., 2012 [51]
Shiran et al., 2009 [52]

Sagie et al., 1997 [53]
Mascherbauer et al., 2015 [54]

LV: left ventricle; TR: tricuspid regurgitation.
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Figure 1.

Anatomy of the tricuspid valve complex [12,35,36]. A. Drawings illustrating the anatomy of the tricuspid valve and its relation-

ships with the mitral valve, aortic valve, coronary arteries and veins, displaying the chordae tendineae and papillary muscles. B. Pictures
(and drawing illustrating the surgical view) of the complexity of the chordae tendineae, and of measurement of the mitral annular diameter
during a surgical intervention. C. Saddle shape of the mitral annulus; the saddle shape is lost when the atrium is enlarged and the tricuspid
annulus is enlarged; the enlargement of the tricuspid annulus is mainly in the lateral direction. A, Ant: anterior; Ao: aortic; AVN: atrioven-
tricular node; IVC: inferior vena cava; L: lateral; P, Post: posterior; RA: right atrium; RV: right ventricle; S, Sept: septal; SVC: superior vena

cava.

posterior papillary muscle is often bifid or trifid, and arises
from the inferior wall. Finally, the septal papillary muscle
is the least prominent, and can be absent in 20% of cases.
Three types of chordae tendineae can be distinguished: the
primary or marginal, attached to the free leaflet margin; the
secondary or intermediary, attached to the body of leaflets;
and the tertiary or basal. Some chordae tendineae arise
directly from the myocardial wall.

The tricuspid annulus (TA) has a non-planar three-
dimensional (3D) elliptical ‘‘saddle shape’’ in healthy

individuals. The ‘‘lowest point’’ from the RA (towards the
RV apex) is the posteroseptal segment where the coronary
sinus ends, whereas the anteroseptal and posterolateral seg-
ments are closer to the RA; the ‘‘highest point’’ of the TA
is located at the anteroseptal segment, close to the RV out-
flow tract and aortic valve. The shape and size of the annulus
change during the cardiac cycle and breathing. The TA size
decreases by up to 25% during systole in healthy individu-
als. The TA becomes more planar and more circular when it
dilates. Dilatation of the TA occurs mainly in the direction of
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its free wall, meaning at the level of the anterior and poste-
rior leaflets, but not the septal leaflet, because the septal
annulus is part of the cardiac fibrous skeleton.

The TV is closely related to two important structures that
can be injured at the time of intervention. First, the bundle
of His crosses the septal segment of the TA approximately
5 mm from the anteroseptal commissure. Secondly, the right
coronary artery runs in the right atrioventricular groove, a
few millimetres from the anteroposterior segment of the TA.

The challenging anatomy, the importance of the inter-
actions between each of the components (septum, RV, RA,
pericardium, etc.), and variations in the cardiac cycle and
breathing make assessment of the mechanisms and severity
of STR difficult [7].

Do we understand the mechanisms of STR?

The TV is the largest orifice among the four cardiac valves.
STR is not a disease of the leaflets, but the consequence of
loading conditions and right chamber remodelling [8]. Two
main processes seem to lead to STR. The first mechanism
relies on valvular leaflet tethering and restricted motion
induced by RV dilatation (most often as a consequence
of increased afterload caused by pulmonary hypertension),
leading to papillary muscle displacement and then chordal
traction. The second mechanism relies on TA dilatation as
a result of the enlargement of the RA extending to the RV,
which may result in loss of coaptation or malalignment of
the leaflets [6]. Atrial fibrillation is known to enlarge the
RA, as patients with STR and atrial fibrillation have a larger
TA diameter and a smaller tethering angle compared with
patients with STR in sinus rhythm [9]. Thus, annular dilata-
tion is a fundamental condition for STR onset [10] (Fig. 2). It
has been shown that STR cannot develop when the TA diame-
teris <33 mm [11]. However these two mechanisms, annular
dilatation and leaflet tethering, can be associated [12].
Indeed, ventricular volume overload occurring in patients
with TR may lead to progression of myocardial dysfunc-
tion and right chamber enlargement. This process of RV
remodelling affects the structure and function of the tri-
cuspid apparatus, and further increases the magnitude of
STR through a vicious cycle.

It is mandatory to assess the characteristics of right
chamber remodelling and the two types of STR mecha-
nisms for a better understanding of the pathological process
leading to STR and, further, for individualizing therapeu-
tic management. As data on these two mechanisms were
scarce, we initiated a French registry (TRAP) looking at the
mechanisms of STR and their consequences for prognosis.

How to assess STR?
Clinical evaluation

Patients with STR remain asymptomatic for a long period
of time; then, they develop non-specific symptoms, such
as asthenia, or symptoms that reflect low cardiac output,
dyspnoea as a consequence of elevated pulmonary or LV
filling pressures and, finally, signs of right heart failure
(peripheral lower limb oedema, ascites, etc.). Murmur

(soft pansystolic murmur at the lower sternal border that
increases in intensity during inspiration) is also not easily
audible. Unfortunately, STR is mostly diagnosed very late
in the course of the disease, when there is end-stage organ
damage with RV dysfunction and renal and liver failure.

Echocardiography

Two-dimensional (2D) transthoracic echocardiography is the
cornerstone for assessing TV morphology, TA dilatation
and/or leaflet tethering and the grade of TR in routine prac-
tice. However, only two leaflets can be seen simultaneously
using 2D echocardiography, and the use of 3D echocardiogra-
phy (either transthoracic or transoesophageal) is mandatory
to see the entire TA with all leaflets at the same time.
Thus, assessment of the TA diameter using 2D transtho-
racic echocardiography is difficult, especially as it has a
non-circular, non-planar shape. It is recommended to mea-
sure the TA diameter in the apical four-chamber view
(septal-lateral) at the time of maximum TV diastolic open-
ing between the two hinge points at the junction between
the valvular leaflets and the TA, but we should keep in mind
that this measurement systematically underestimates the
long axis of the TA compared with 3D echocardiography [13]
and cardiac magnetic resonance imaging (Fig. 3). The nor-
mal TA diameter is 28 =5mm in the apical four-chamber
view in diastole in healthy adults. Current guidelines from
the European Society of Cardiology/European Association
for Cardio-Thoracic Surgery and the American College of
Cardiology/American Heart Association suggest a threshold
diameter of > 40 mm or 21 mm/m? to recommend combined
TV annuloplasty at the time of left-sided valve surgery.

Leaflet tethering is the consequence of the displace-
ment of the papillary muscles with RV dilatation, and
can be assessed by measuring the coaptation height (the
distance between the annulus plane and the point of coap-
tation) and the tenting area (the area between the atrial
surface of the leaflets and the annulus plane) in the api-
cal four-chamber view at maximal systolic closure. 3D
echocardiography allows measurement of tenting volume.
A coaptation height>10mm, a tenting area>16 mm? and
a tenting volume>2.3mL are associated with severe TR
and TV repair failure immediately after surgery [14], con-
sequently favouring TV replacement.

The grade of TR can change according to the cardiac
cycle, notably during respiration. Indeed, inspiration is asso-
ciated with an increase in right cardiac chamber volumes
and TA size that can worsen TR. A decreased peak of TR
velocity during inspiration of > 0.6 m/s compared with expi-
ration is associated with severe TR (sensitivity of 66% and
specificity of 94%) [15].

TR grade can be assessed by qualitative, semiquantita-
tive and quantitative variables (Fig. 4). Visual evaluation
using colour flow Doppler is a good qualitative approach
for moderate-to-severe TR, but is insufficient to accurately
quantify the leak [16]. To assess TR, guidelines [17,18] rec-
ommend 2D and colour Doppler echocardiography in all
standard views (parasternal tricuspid inflow view and short-
axis view at the level of the aortic valve, apical view and
subcostal view). Several variables have been proposed, and
should be used in a multivariable approach to assess TR,
because no single variable is ideal for STR quantification.
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Structural left heart abnormality
(valvular heart disease, left ventricular
Atrial dyfunction) Pulmonary disease
i [ | | ] 1 1
[ Atrial dilatation ]4—[ Increase in atrial pressure and wall stress ]—»[ Pulmonary hypertension ]
[ Atrial arrhythmias ] Right ventricular
enlargement and
J geometrical changes
Tricuspid annulus dilatation
and
geometrical modification Secondary tricuspid regurgitation Tricuspid leaflet tethering
iTricuspid
regurgitation
Figure 2. Mechanisms of secondary tricuspid regurgitation [37].
Figure 3. Measurement of the tricuspid annulus diameter. A. Using two-dimensional transthoracic echocardiography. B. Using three-

dimensional transoesophageal echocardiography. C. Using cardiac magnetic resonance imaging [13].

In addition, TR grade is influenced by loading conditions
that vary from time to time (for instance, a change in the
patient’s position or diuretic treatment), RV compliance and
respiratory cycle.

The TR jet area in the RA does not correlate well with
TR severity, unlike vena contracta (VC) width and prox-
imal isovelocity surface area (PISA) measurements. A VC
width > 6.5 mm is correlated with severe TR [19]; this vari-
able is relatively unaffected by loading conditions, but

one limitation is its reliance on the complex regurgitant
orifice geometry, which is not necessarily circular. A TR
PISA radius>9mm at a Nyquist limit of 28cm/s has been
associated with severe TR (corresponding to an effective
regurgitant orifice area [EROA] > 40 mm? and a regurgitant
volume > 45mL). The PISA method has several specific limi-
tations. First, alignment with the beam of ultrasound may be
difficult for eccentric jets. Second, leaflets are tenting, and
the outer angle formed by leaflets should be accounted for
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Qualitative

Tricuspid valve morphology
Color flow TR jet
CW signal of TR jet

Normal / abnormal
Small, central
Faint / parabolic

T T T T S

Normal / abnormal
Intermediate
Dense / parabolic

Abnormal / flail / large coaptation defect
Very large central jet or eccentric wall impinging jet
Dense / triangular with early peaking (< 2m/s in massive TR)

Semi-quantitative

VC width (mm) Not defined <65 >6.5

PISA radius (mm) <5 6.9 >9

Hepatic vein flow Systolic dominance  Systolic blunting Systolic flow reversal

Tricuspid inflow Normal Normal E-wave dominant (> 1 cm/s)
Quantitative

EROA (mm?) Not defined Not defined =40

R Vol (ml) Not defined Not defined >45

1L 060cm

-
-

ITRAllas 1.22cm
ITV.Allas 027 m.“; -

ITFlux  253.65 mL‘|
' E .

-' -

Figure 4.

Echocardiographic assessment of tricuspid regurgitation (TR) severity [17]. CW: continuous wave; EROA: effective regurgitant

orifice area; PISA: proximal isovelocity surface area; R Vol: regurgitant volume; VC: vena contracta.

VCW (mm) - <3 3-6.9 7-13 14-20 >20
EROA - <20 20-39 40 - 59 60-79 >80
(mm?)

Figure 5.
area; VCW: vena contracta width.

in the calculation of the regurgitant volume. Peak E veloc-
ity>1m/s on anterograde tricuspid flow (in the absence
of TV stenosis) and systolic flow reversal in the hepatic
vein are also markers of severe TR. Assessment of pul-
monary pressure level (with maximal velocity of TR) as
well as right chamber volumes and RV function (with tri-
cuspid annular plane systolic excursion [TAPSE], tricuspid
annular systolic velocity, fractional area change, etc.) are
mandatory.

New classification of tricuspid regurgitation grades, proposed by Hahn and Zamorano [22]. EROA: effective regurgitant orifice

Other imaging methods

Cardiac magnetic resonance imaging is considered as the
gold standard technique for evaluating the size (vol-
umes) of the right chambers and RV function. Cine
cardiac magnetic resonance sequences and 3D reconstruc-
tions can be useful for assessing TV morphology and TA
motion. Regurgitant tricuspid volume can also be quantified
[20].
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Transcatheter TV replacement Percutaneous bicaval valve implantation Mitraclip® system
FORMA™ system Cardioband™ system
Trialign® system
Figure 6.  Percutaneous treatment of tricuspid valve (TV) regurgitation [38—44]. A. Prosthetic approach on the TV. B. Prosthetic approach

in the vena cava. C. Mitraclip® system (Abbott, Abbott Park, IL, USA: the clip can be used as for the mitral valve, trying to grasp the anterior
and septal leaflets. D. The FORMA™ system (Edwards Lifesciences, Irvine, CA, USA): a balloon is positioned in the middle of the regurgitant
TV to decrease the defect between leaflets. E. The Cardioband™ system (Edwards Lifesciences, Irvine, CA, USA): the percutaneous annulus
placed on the tricuspid annulus is trying to mimic surgical tricuspid annuloplasty, which is the current gold standard technique for treating
tricuspid regurgitation. G. The Trialign™ system (Mitralign, Inc., Tewksbury, MA, USA) is a technique for achieving bicuspidization of the
TV, and trying to decrease and change the geometry of the tricuspid annulus. F. The TriCinch™ system (4Tech Cardio Ltd., Galway, Ireland)
acts on the tricuspid annulus shape and size (F). None of these techniques has been validated as yet, but some are under investigation.

Multislice computed tomography only informs about
static anatomy, but can be relevant for measuring teth-
ering height, tethering angle, annular diameter and the
distance between each commissure before tricuspid annu-
loplasty [21]. This technique also reveals the right coronary
artery anatomy, providing a landmark before a percutaneous
intervention.

Right heart catheterization is essential in the clinical
work-up of TR, not for TR quantification, but rather for
measuring pulmonary artery pressures, especially when lam-
inar TR precludes reliable assessment, as severe pulmonary

hypertension can be a contraindication for surgical interven-
tion.

Evolution of TR gradation

The development of percutaneous or transcatheter solu-
tions to treating severe TR highlighted the limited value of
guidelines for assessing TR grade. Not only were mild and
moderate TR not defined clearly on a quantitative basis,
but the need to define very severe (massive) or worse
than massive (torrential) grades has emerged, in order to
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Patients with severe STR after optimal medical management
+ Symptoms or progressive RV dilatation/dysfunction

1) severe RV dysfunction (TAPSE < 17 mm, strain = -25%, §’ < 10 em/s, FAC <35%) ?
2) severe RV dilatation (index RV volume > 100ml/m?) ?
3) irreversible elevation of pulmonary artery pressure or vascular resistance (=3 UW) ?

NO w‘

| Patient with comorbidities and high surgical risk ?

YES Discuss percutaneous
treatment

increase anterior leaflet with autologous pericardial patch
if tethering height > 8 mm or tethering area > 1,6 cm?

NO
prosthetic annuloplasty
+

impossible

| left-sided valve surgery (if required) |

Tricuspid valve replacement

Figure 7.
TAPSE: tricuspid annular plane systolic excursion; UW: Wood units.

objectively evidence the severity of TR and the decrease in
severity after percutaneous interventions [22]. Hence, Hahn
and Zomorano proposed a new classification for severe-to-
torrential TR. Severe TR was defined as a VC diameter of
7—13 mm or an EROA of 40—59 mm?, massive TR was defined
as a VC diameter of 14—20mm or an EROA of 60—79 mm?,
and torrential TR was defined as a VC diameter >21mm
or an EROA > 80 mm?2. Although this classification adds new
information about TR magnitude, and will help clinicians to
explain to their patients that percutaneous interventions are
actually effective in reducing TR (e.g. torrential or massive
to severe, rather than severe to severe), the most important
aspect is the absolute need for a quantitative approach to TR
rather than the qualitative approach used by most clinicians

(Fig. 5).

Therapeutic management

Intervention is the only curative treatment for severe TR,
as medical therapy — mainly with diuretics — has only a
palliative effect, by decreasing volume overload. Although
significant TR with progressive RV dilatation and dysfunc-
tion may remain clinically silent for a prolonged period, it
compromises individual patient outcome. In addition, the
timing of surgical intervention for TR remains controversial,
and surgery is commonly undertaken at a late stage.
Recent international guidelines on valvular heart disease
contain sparse recommendations regarding the manage-
ment of STR. The guidelines from both Europe [23] and
the USA [24] state that isolated TV surgery should be con-
sidered after previous left-sided valve surgery in patients
with severe STR who are symptomatic or have progressive
RV dilatation/dysfunction in the absence of severe RV or LV
dysfunction and severe pulmonary hypertension (Class IlaC
in the European Society of Cardiology/European Association
for Cardio-Thoracic Surgery guidelines and class IIbC in the

Proposal for management of severe secondary tricuspid regurgitation (STR). FAC: fractional area change; RV: right ventricular;

American College of Cardiology/American Heart Association
guidelines). Isolated TV surgery may also be considered for
those patients, even if there was no previous left-sided valve
surgery [25].

The mortality rate for isolated TV surgery is still high
(between 8% and 10% in the most recent studies) because
patients are referred to the surgeon too late after congestive
heart failure, RV dysfunction, liver disease and/or renal fail-
ure onset [26,27]; surgery should be performed earlier in the
course of the disease, before irreversible RV dysfunction.

TV surgery for STR should be a repair whenever possible.
TV replacement (almost exclusively a biological prosthesis)
will be performed only when the TV leaflets are significan-
tly tethered and the annulus is severely dilated, because it
is associated with poorer perioperative and long-term out-
come than TV repair [28]. TV surgery is mostly performed via
median sternotomy under cardioplegia, although beating-
heart surgery may prevent atrioventricular block and reduce
ischaemic time. High mortality (around 10% at 1year), and
high rates of permanent pacemaker implantation remain a
matter of concern [29,30]. Several surgical techniques have
been proposed for TV repair, with either plication suture of
the annulus (De Vega’s annuloplasty), suture bicuspidization
(Kay’s annuloplasty), suture of the leaflets (‘‘clover’’) or a
ring around the annulus (flexible or rigid). The aim of these
techniques is to narrow the valve orifice to achieve leaflet
coaptation. The best option is still a matter of debate,
but annuloplasty with an open prosthetic oval-shaped ring
(to avoid injury to the bundle of His) is usually associated
with the best early and long-term results [31]. To take into
account both tethering leaflet and annular dilatation, Drey-
fus et al. suggested a technique for treating severe STR,
increasing anterior leaflet size with an autologous pericar-
dial patch and annuloplasty [32].

New transcatheter solutions are now emerging for high-
risk patients with severe STR; they are still in development
or in the initial phase of clinical application to demonstrate



650

A. Guérin et al.

their safety and efficacy, but seem really promising (Fig. 6)
[33,34].

STR remains poorly understood, and we have to separate
isolated STR and STR associated with left-valve disease to
reflect upon it. The identification of prognostic factors and
characterization of the population seems essential for clin-
ical decision making, including the possibility of correcting
STR surgically or percutaneously. The optimal therapeu-
tic strategy is still to be defined, although many technical
advances are already showing promise (Fig. 7).

Conclusions

STR is frequent, significantly influences outcome and needs
specific management, but is often diagnosed late in the
course of the disease and poorly quantified. The TV is no
more the forgotten valve, but identification of the mecha-
nisms and accurate grading of STR are still challenging. As
a consequence, we need to improve understanding of this
disease through dedicated studies, such as the TRAP reg-
istry, with the ultimate goal of offering the most appropriate
treatment to patients.

Sources of funding

None.

Acknowledgments

The authors wish to acknowledge the Filiale d’imagerie de
la SFC, Elisabeth Riant, Yvan Ledolley, Arnaud Maudiere,
Aurélien Seeman, Clémence Antoine, Yoan Lavie-Badie, Car-
oline Cueff, Olivier Huttin, Maria Le Roux, Didier Bruere,
Stéphane Ederhy, Léopold Olivier, Julien Ternacle, Yohann
Bohbot, Sylvestre Maréchaux, Stéphane Lafitte, Christophe
Tribouilloy and the TRAP investigators.

Disclosure of interest

The authors declare that they have no competing interest.

References

[1] Singh JP, Evans JC, Levy D, et al. Prevalence and clinical
determinants of mitral, tricuspid, and aortic regurgitation (the
Framingham Heart Study). Am J Cardiol 1999;83:897—902.

[2] Topilsky Y, Maltais S, Medina Inojosa J, et al. Burden of tricuspid
regurgitation in patients diagnosed in the community setting.
JACC Cardiovasc Imaging 2019;12:433—42.

[3] Hauck AJ, Freeman DP, Ackermann DM, Danielson GK, Edwards
WD. Surgical pathology of the tricuspid valve: a study of 363
cases spanning 25 years. Mayo Clin Proc 1988;63:851—63.

[4] Waller BF. Etiology of pure tricuspid regurgitation. Cardiovasc
Clin 1987;17:53—-95.

[5] Mutlak D, Aronson D, Lessick J, Reisner SA, Dabbah S, Agmon Y.
Functional tricuspid regurgitation in patients with pulmonary
hypertension: is pulmonary artery pressure the only determi-
nant of regurgitation severity? Chest 2009;135:115—-21.

[6] Spinner EM, Shannon P, Buice D, et al. In vitro characteriza-
tion of the mechanisms responsible for functional tricuspid
regurgitation. Circulation 2011;124:920—-9.

[7] Topilsky Y, Khanna A, Le Tourneau T, et al. Clinical context
and mechanism of functional tricuspid regurgitation in patients
with and without pulmonary hypertension. Circ Cardiovasc
Imaging 2012;5:314-23.

[8] Kim HK, Kim YJ, Park JS, et al. Determinants of the
severity of functional tricuspid regurgitation. Am J Cardiol
2006;98:236—42.

[9] Utsunomiya H, Itabashi Y, Mihara H, et al. Functional tri-
cuspid regurgitation caused by chronic atrial fibrillation:
a real-time 3-dimensional transesophageal echocardiography
study. Circ Cardiovasc Imaging 2017;10, http://dx.doi.org/10.
1161/CIRCIMAGING.116.004897 [pii: €0044897].

[10] Tei C, Pilgrim JP, Shah PM, Ormiston JA, Wong M. The tri-
cuspid valve annulus: study of size and motion in normal
subjects and in patients with tricuspid regurgitation. Circula-
tion 1982;66:665—71.

[11] Sugimoto T, Okada M, Ozaki N, Hatakeyama T, Kawahira T.
Long-term evaluation of treatment for functional tricuspid
regurgitation with regurgitant volume: characteristic differ-
ences based on primary cardiac lesion. J Thorac Cardiovasc
Surg 1999;117:463—71.

[12] Fukuda S, Gillinov AM, Song JM, et al. Echocardio-
graphic insights into atrial and ventricular mechanisms of
functional tricuspid regurgitation. Am Heart J 2006;152:
1208—14.

[13] Dreyfus J, Durand-Viel G, Raffoul R, et al. Comparison of 2-
dimensional, 3-dimensional, and surgical measurements of the
tricuspid annulus size: clinical implications. Circ Cardiovasc
Imaging 2015;8:e003241.

[14] Fukuda S, Song JM, Gillinov AM, et al. Tricuspid valve teth-
ering predicts residual tricuspid regurgitation after tricuspid
annuloplasty. Circulation 2005;111:975—9.

[15] Mutlak D, Carasso S, Lessick J, Aronson D, Reisner SA, Agmon
Y. Excessive respiratory variation in tricuspid regurgitation sys-
tolic velocities in patients with severe tricuspid regurgitation.
Eur Heart J Cardiovasc Imaging 2013;14:957—62.

[16] Rivera JM, Vandervoort PM, Morris E, Weyman AE, Thomas JD.
Visual assessment of valvular regurgitation: comparison with
quantitative Doppler measurements. J Am Soc Echocardiogr
1994;7:480—7.

[17] Lancellotti P, Tribouilloy C, Hagendorff A, et al. Recommenda-
tions for the echocardiographic assessment of native valvular
regurgitation: an executive summary from the European Asso-
ciation of Cardiovascular Imaging. Eur Heart J Cardiovasc
Imaging 2013;14:611—44.

[18] Zoghbi WA, Adams D, Bonow RO, et al. Recommendations
for noninvasive evaluation of native valvular regurgitation:
a report from the American Society of Echocardiography
Developed in Collaboration with the Society for Cardiovas-
cular Magnetic Resonance. J Am Soc Echocardiogr 2017;30:
303-71.

[19] Tribouilloy CM, Enriquez-Sarano M, Bailey KR, Tajik AJ,
Seward JB. Quantification of tricuspid regurgitation by mea-
suring the width of the vena contracta with Doppler color
flow imaging: a clinical study. J Am Coll Cardiol 2000;
36:472-8.

[20] Huttin O, Voilliot D, Mandry D, Venner C, Juilliere Y, Selton-Suty
C. All you need to know about the tricuspid valve: tricuspid
valve imaging and tricuspid regurgitation analysis. Arch Car-
diovasc Dis 2016;109:67—80.

[21] Gopalan D. Right heart on multidetector CT. Br J Radiol
2011;84(Spec No. 3):5306—23.

[22] Hahn RT, Zamorano JL. The need for a new tricuspid regur-
gitation grading scheme. Eur Heart J Cardiovasc Imaging
2017;18:1342-3.


http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0275
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0280
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0280
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0280
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0280
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0280
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0280
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0280
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0280
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0280
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0280
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0280
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0280
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0280
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0280
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0280
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0280
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0280
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0280
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0280
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0280
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0280
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0280
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0280
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0280
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0280
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0280
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0280
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0280
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0285
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0290
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0290
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0290
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0290
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0290
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0290
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0290
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0290
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0290
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0290
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0290
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0290
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0290
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0290
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0295
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0300
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0300
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0300
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0300
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0300
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0300
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0300
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0300
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0300
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0300
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0300
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0300
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0300
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0300
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0300
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0300
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0300
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0300
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0300
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0300
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0300
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0300
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0300
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0300
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0300
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0305
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0310
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0310
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0310
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0310
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0310
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0310
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0310
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0310
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0310
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0310
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0310
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0310
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0310
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0310
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0310
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0310
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0310
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0310
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0310
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0310
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0310
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0310
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0310
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0310
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0310
dx.doi.org/10.1161/CIRCIMAGING.116.004897
dx.doi.org/10.1161/CIRCIMAGING.116.004897
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0320
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0325
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0330
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0330
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0330
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0330
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0330
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0330
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0330
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0330
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0330
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0330
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0330
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0330
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0330
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0330
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0330
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0330
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0330
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0330
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0330
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0330
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0330
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0330
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0330
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0330
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0330
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0330
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0330
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0335
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0335
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0335
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0335
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0335
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0335
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0335
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0335
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0335
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0335
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0335
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0335
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0335
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0335
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0335
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0335
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0335
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0335
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0335
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0335
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0335
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0335
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0335
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0335
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0335
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0335
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0335
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0335
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0340
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0340
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0340
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0340
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0340
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0340
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0340
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0340
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0340
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0340
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0340
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0340
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0340
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0340
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0340
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0340
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0340
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0340
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0340
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0340
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0340
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0340
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0340
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0340
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0340
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0345
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0350
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0355
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0360
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0365
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0370
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0375
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0375
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0375
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0375
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0375
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0375
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0375
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0375
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0375
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0375
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0375
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0375
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0375
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0375
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0375
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0375
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0380
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0380
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0380
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0380
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0380
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0380
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0380
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0380
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0380
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0380
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0380
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0380
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0380
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0380
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0380
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0380
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0380
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0380
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0380
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0380
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0380
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0380
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0380
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0380

Secondary tricuspid regurgitation: Do we understand what we would like to treat? 651

[23] Baumgartner H, Falk V, Bax JJ, et al. 2017 ESC/EACTS guide-
lines for the management of valvular heart disease. Eur Heart
J 2017;38:2739-91.

[24] Nishimura RA, Otto CM, Bonow RO, et al. 2014 AHA/ACC
guideline for the management of patients with valvular
heart disease: a report of the American College of Car-
diology/American Heart Association Task Force on Practice
Guidelines. J Am Coll Cardiol 2014;63:e57—185.

[25] Badano LP, Muraru D, Enriquez-Sarano M. Assessment of func-
tional tricuspid regurgitation. Eur Heart J 2013;34:1875—85.

[26] Dreyfus J, Ghalem N, Garbarz E, et al. Timing of referral of
patients with severe isolated tricuspid valve regurgitation to
surgeons (from a French nationwide database). Am J Cardiol
2018;122:323—6.

[27] Zack CJ, Fender EA, Chandrashekar P, et al. National trends and
outcomes in isolated tricuspid valve surgery. J Am Coll Cardiol
2017;70:2953—60.

[28] Guenther T, Noebauer C, Mazzitelli D, Busch R, Tassani-Prell
P, Lange R. Tricuspid valve surgery: a thirty-year assessment of
early and late outcome. Eur J Cardiothorac Surg 2008;34:402—9
[discussion 9].

[29] Algahtani F, Berzingi CO, Aljohani S, Hijazi M, Al-Hallak A,
Alkhouli M. Contemporary trends in the use and outcomes of
surgical treatment of tricuspid regurgitation. J Am Heart Assoc
2017;6.

[30] Kundi H, Popma JJ, Cohen DJ, et al. Prevalence and outcomes
of isolated tricuspid valve surgery among medicare beneficia-
ries. Am J Cardiol 2019;123:132—8.

[31] Tang GH, David TE, Singh SK, Maganti MD, Armstrong S, Borger
MA. Tricuspid valve repair with an annuloplasty ring results in
improved long-term outcomes. Circulation 2006;114:1577—81.

[32] Dreyfus GD, Raja SG, John Chan KM. Tricuspid leaflet aug-
mentation to address severe tethering in functional tricuspid
regurgitation. Eur J Cardiothorac Surg 2008;34:908—10.

[33] Hahn RT, Meduri CU, Davidson CJ, et al. Early feasibility study
of a transcatheter tricuspid valve annuloplasty: SCOUT Trial
30-Day Results. J Am Coll Cardiol 2017;69:1795—806.

[34] Taramasso M, Pozzoli A, Guidotti A, et al. Percutaneous
tricuspid valve therapies: the new frontier. Eur Heart J
2017;38:639—47.

[35] Dreyfus GD, Corbi PJ, Chan KM, Bahrami T. Secondary tricuspid
regurgitation or dilatation: which should be the criteria for
surgical repair? Ann Thorac Surg 2005;79:127—-32.

[36] Ton-Nu TT, Levine RA, Handschumacher MD, et al. Geo-
metric determinants of functional tricuspid regurgitation:
insights from 3-dimensional echocardiography. Circulation
2006;114:143-9.

[37] Mascherbauer J, Maurer G. The forgotten valve: lessons to be
learned in tricuspid regurgitation. Eur Heart J 2010;31:2841—3.

[38] Besler C, Orban M, Rommel KP, et al. Predictors of procedural
and clinical outcomes in patients with symptomatic tricuspid
regurgitation undergoing transcatheter edge-to-edge repair.
JACC Cardiovasc Interv 2018;11:1119—28.

[39] Corno AF, Zhou J, Tozzi P, von Segesser LK. Off-bypass implan-
tation of a self-expandable valved stent between inferior
vena cava and right atrium. Interact Cardiovasc Thorac Surg
2003;2:166—9.

[40] Latib A, Agricola E, Pozzoli A, et al. First-in-man implantation
of a tricuspid annular remodeling device for functional tricus-
pid regurgitation. JACC Cardiovasc Interv 2015;8:e211—4.

[41] Laule M, Stangl V, Sanad W, Lembcke A, Baumann G, Stangl K.
Percutaneous transfemoral management of severe secondary
tricuspid regurgitation with Edwards Sapien XT bioprosthe-
sis: first-in-man experience. J Am Coll Cardiol 2013;61:
1929-31.

[42] Lauten A, Ferrari M, Hekmat K, et al. Heterotopic tran-
scatheter tricuspid valve implantation: first-in-man application
of a novel approach to tricuspid regurgitation. Eur Heart J
2011;32:1207—13.

[43] Perlman G, Praz F, Puri R, et al. Transcatheter tricuspid
valve repair with a new transcatheter coaptation system for
the treatment of severe tricuspid regurgitation: 1-year clin-
ical and echocardiographic results. JACC Cardiovasc Interv
2017;10:1994—2003.

[44] Schofer J, Bijuklic K, Tiburtius C, Hansen L, Groothuis A, Hahn
RT. First-in-human transcatheter tricuspid valve repair in a
patient with severely regurgitant tricuspid valve. J Am Coll
Cardiol 2015;65:1190—5.

[45] Nath J, Foster E, Heidenreich PA. Impact of tricuspid regur-
gitation on long-term survival. J Am Coll Cardiol 2004;43:
405-9.

[46] Mascherbauer J, Kammerlander AA, Zotter-Tufaro C, et al.
Presence of isolated tricuspid regurgitation should prompt the
suspicion of heart failure with preserved ejection fraction.
PLoS One 2017;12:e0171542.

[47] Koelling TM, Aaronson KD, Cody RJ, Bach DS, Armstrong WF.
Prognostic significance of mitral regurgitation and tricuspid
regurgitation in patients with left ventricular systolic dysfunc-
tion. Am Heart J 2002;144:524—9.

[48] Neuhold S, Huelsmann M, Pernicka E, et al. Impact of tricuspid
regurgitation on survival in patients with chronic heart failure:
unexpected findings of a long-term observational study. Eur
Heart J 2013;34:844—52.

[49] Hung J, Koelling T, Semigran MJ, Dec GW, Levine RA, Di
Salvo TG. Usefulness of echocardiographic determined tricus-
pid regurgitation in predicting event-free survival in severe
heart failure secondary to idiopathic-dilated cardiomyopathy
or to ischemic cardiomyopathy. Am J Cardiol 1998;82:1301—3
[A10].

[50] Lee JW, Song JM, Park JP, Lee JW, Kang DH, Song JK. Long-term
prognosis of isolated significant tricuspid regurgitation. Circ J
2010;74:375—80.

[51] Varadarajan P, Pai RG. Prognostic implications of tricuspid
regurgitation in patients with severe aortic regurgitation:
results from a cohort of 756 patients. Interact Cardiovasc Tho-
rac Surg 2012;14:580—4.

[52] Shiran A, Sagie A. Tricuspid regurgitation in mitral
valve disease incidence, prognostic implications, mech-
anism, and management. J Am Coll Cardiol 2009;53:
401-8.

[53] Sagie A, Freitas N, Chen MH, Marshall JE, Weyman AE, Levine
RA. Echocardiographic assessment of mitral stenosis and its
associated valvular lesions in 205 patients and lack of asso-
ciation with mitral valve prolapse. J Am Soc Echocardiogr
1997;10:141-8.

[54] Mascherbauer J, Kammerlander AA, Marzluf BA, Graf A, Kocher
A, Bonderman D. Prognostic impact of tricuspid regurgitation
in patients undergoing aortic valve surgery for aortic stenosis.
PLoS One 2015;10:e0136024.


http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0385
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0385
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0385
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0385
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0385
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0385
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0385
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0385
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0385
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0385
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0385
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0385
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0385
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0385
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0385
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0385
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0385
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0385
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0385
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0385
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0385
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0385
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0385
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0385
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0385
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0385
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0390
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0395
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0395
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0395
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0395
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0395
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0395
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0395
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0395
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0395
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0395
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0395
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0395
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0395
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0395
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0395
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0395
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0395
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0395
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0395
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0400
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0405
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0405
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0405
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0405
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0405
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0405
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0405
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0405
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0405
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0405
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0405
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0405
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0405
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0405
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0405
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0405
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0405
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0405
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0405
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0405
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0405
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0405
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0405
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0405
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0405
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0405
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0410
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0415
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0420
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0425
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0430
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0430
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0430
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0430
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0430
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0430
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0430
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0430
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0430
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0430
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0430
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0430
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0430
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0430
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0430
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0430
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0430
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0430
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0430
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0430
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0430
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0430
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0430
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0430
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0430
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0430
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0430
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0435
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0440
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0440
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0440
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0440
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0440
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0440
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0440
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0440
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0440
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0440
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0440
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0440
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0440
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0440
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0440
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0440
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0440
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0440
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0440
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0440
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0440
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0440
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0440
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0440
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0440
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0445
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0445
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0445
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0445
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0445
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0445
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0445
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0445
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0445
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0445
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0445
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0445
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0445
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0445
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0445
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0445
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0445
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0445
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0445
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0445
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0445
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0445
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0445
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0445
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0445
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0445
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0445
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0445
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0450
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0450
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0450
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0450
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0450
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0450
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0450
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0450
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0450
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0450
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0450
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0450
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0450
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0450
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0450
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0450
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0450
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0450
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0450
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0450
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0450
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0450
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0450
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0450
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0450
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0450
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0455
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0455
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0455
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0455
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0455
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0455
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0455
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0455
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0455
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0455
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0455
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0455
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0455
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0455
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0455
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0455
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0455
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0455
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0455
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0455
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0460
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0465
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0470
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0470
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0470
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0470
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0470
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0470
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0470
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0470
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0470
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0470
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0470
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0470
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0470
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0470
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0470
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0470
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0470
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0470
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0470
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0470
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0470
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0470
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0470
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0470
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0470
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0470
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0470
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0470
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0475
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0480
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0485
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0490
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0495
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0495
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0495
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0495
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0495
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0495
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0495
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0495
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0495
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0495
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0495
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0495
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0495
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0495
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0495
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0495
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0495
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0495
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0495
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0495
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0495
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0495
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0495
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0500
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0505
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0510
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0515
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0520
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0520
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0520
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0520
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0520
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0520
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0520
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0520
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0520
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0520
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0520
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0520
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0520
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0520
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0520
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0520
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0520
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0520
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0520
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0520
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0520
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0520
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0520
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0520
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0520
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0520
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0520
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0520
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0525
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0530
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0530
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0530
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0530
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0530
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0530
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0530
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0530
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0530
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0530
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0530
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0530
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0530
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0530
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0530
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0530
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0530
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0530
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0530
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0530
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0530
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0530
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0530
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0530
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0530
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0530
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0535
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540
http://refhub.elsevier.com/S1875-2136(19)30112-3/sbref0540

	Secondary tricuspid regurgitation: Do we understand what we would like to treat?
	Background
	Anatomy of the TV complex (Fig. 1)
	Do we understand the mechanisms of STR?
	How to assess STR?
	Clinical evaluation
	Echocardiography
	Other imaging methods
	Evolution of TR gradation

	Therapeutic management
	Conclusions
	Sources of funding
	Disclosure of interest
	Acknowledgments
	References


