
Impact of Ventricular
 Stroke Work Indices on
aBremer In

kum Links der

ter, Medical

Cardiovascula

Germany. Ma

received and ac

*Correspon

1675

E-mail add

0002-9149/© 2

https://doi.org/
Mortality in Heart Failure Patients After
Percutaneous Mitral Valve Repair
Rico Osteresch, MDa,*, Kathrin Diehl, MDa, Patrick Dierks, MDa, Johannes Schmucker, MDa,
Azza Ben Ammar, MDa, Andreas Fach, MDa, Harald Langer, MDb,c, Ingo Eitel, MDb,c,

Rainer Hambrecht, MDa, and Harm Wienbergen, MDa,b
stit

We

Clin

r R

nusc

cep

din

ress

021

10.
Optimal patient selection for transcatheter mitral valve repair (TMVR) remains challeng-
ing. The aim of the study was to assess the impact of left and right ventricular stroke work
index (LVSWi, RVSWi) on mortality in patients with chronic heart failure (CHF) undergo-
ing TMVR. One hundred-forty patients (median age 74 § 9.9 years, 67.9% male) with
CHF who underwent successful TMVR were included. Primary end point was defined
as all-cause mortality after 16 § 9 months of follow-up. LVSWi was calculated as:
Stroke volume index (SVi) * (mean arterial pressure − postcapillary wedge pressure)
* 0.0136 = g/m�1/m2. RVSWi was calculated as: SVi * (mean pulmonary artery pressure −
right atrial pressure) * 0.0136 = g/m�1/m2. Receiver operating characteristic (ROC) analysis
determined an optimal threshold of 24.8 g/m�1/m2 for LVSWi (sensitivity 80.4%, specificity
40.2%, area under the curve (AUC) 0.71 [0.60 to 0.81]; p = 0.001) and 8.3 g/m�1/m2 for
RVSWi (sensitivity 67.4%, specificity 57.0%, AUC 0.67 [0.56 to 0.78]; p = 0.006), respec-
tively. Kaplan-Meier analysis showed significantly lower survival in patients with
LVSWi ≤24.8 g/m�1/m2 (20.0% vs 39.4%; log-rank p = 0.038) and in patients with RVSWi
≤8.3 g/m�1/m2 (22.1% vs 43.7%; log-rank p = 0.026), respectively. LVSWi of ≤24.8 g/m�1/m2

and RVSWi of ≤8.3 g/m�1/m2 were independent predictors for all-cause mortality
(hazard ratio (HR) 2.83; 95% confidence interval (CI) 1.1 to 7.6; p = 0.04; HR 2.52;
95% CI 1.04 to 6.1; p = 0.041). A risk-score incorporating LVSWi and RVSWi cut-off
values from ROC analysis powerfully predicts long-term survival after successful
TMVR (log-rank p = 0.02). In conclusion, LVSWi and RVSWi independently predict
mortality in patients with CHF undergoing TMVR and might be useful in risk stratifi-
cation of TMVR candidates. © 2021 Elsevier Inc. All rights reserved. (Am J Cardiol
2021;147:101−108)
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Transcatheter mitral valve repair (TMVR) using the
MitraClip system (Abbott Vascular, Abbott Park, Illinois)
has emerged as an effective treatment option for surgical
high-risk patients with severe functional mitral regurgita-
tion (MR) and chronic heart failure (CHF).1-9 However,
several predictors of worse prognosis in patients treated by
TMVR have been identified, for example, high levels of
NT-proBNP, New York Heart Association (NYHA) func-
tional class IV prior to TMVR and a severely impaired
left and right heart function.5,8,10-13 Two recently published
randomized controlled clinical trials investigating clinical
outcome of TMVR for patients with severe functional MR
and CHF yielded different results.14,15 The COAPT trial
revealed a benefit in reduction in heart failure hospitaliza-
tions and mortality whereas the MITRA-FR study found no
differences between treatment groups. One reason for the
presumed inconsistent findings of these 2 trials might be
related to key differences in patient selection. Thus, optimal
patient selection for TMVR still remains a matter of debate
and there is an unmet need for identifying additional risk
factors of worse prognosis. It is the purpose of the present
study to evaluate if left and right ventricular stroke work
index (LVSWi, RVSWi) as hemodynamic parameters of
cardiac function could help identifying optimal candidates
for TMVR using the MitraClip system.
Methods

From March 2015 to April 2018 all consecutive patients
with NYHA functional class III or IV suffering from severe
MR due to CHF who underwent successful TMVR (MR ≤2
+ at discharge) at the Bremen Heart Center in Germany
were included. CHF was defined as heart failure from any
cause with reduced left ventricular ejection fraction (LV-
EF) ≤50%. All patients received optimal medical and
device treatment at least 3 months prior to the MitraClip
procedure according to the current heart failure guide-
lines.16 Patients undergoing TMVR were enrolled if they
were judged inoperable or at unacceptable high surgical
risk based on the logistic European System for Cardiac
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Operative Risk Evaluation (logistic EuroSCORE) and if
they had a favorable anatomy suitable for the MitraClip
procedure. The suitability was determined by a heart team
decision. All patients included in the study were fully
informed about the procedure and signed a written consent
form. The study complies with the Declaration of Helsinki
and the locally appointed ethics committee has approved
the research protocol.

Transthoracic and transesophageal echocardiographic
evaluations were performed at baseline. Severity grade of
MR at baseline was assessed according to the current guide-
lines.17,18 Transthoracic echocardiographic evaluations
were performed at pre-discharge, 30 days after the proce-
dure and, if possible, at follow-up. MR severity grade after
TMVR was evaluated according to the technique reported
by Foster et al.19

A baseline invasive hemodynamic study was conducted
in all included patients during the screening phase in a con-
scious non-sedated state. Right heart catheterization was
performed using a 6F single lumen, balloon-tipped, flow-
directed Swan-Ganz catheter (Arrow International, Inc,
Reading, Pennsylvania) to obtain the following variables:
pulmonary capillary wedge pressure (PCWP) including v-
wave analysis, pulmonary artery systolic, mean and dia-
stolic pressure (PASP, PAP mean, PAP diast.), pulmonary
artery oxygen saturation and right atrial pressure (RAP),
systemic arterial systolic, mean and diastolic pressure (RR
syst., RR mean, RR diast.). Systemic arterial oxygen satura-
tion was obtained from the LV pigtail catheter. Cardiac out-
put (CO) was calculated by the Fick method. Stroke
volume (SV) was calculated as CO / heart rate. Stroke vol-
ume index (SVi) was calculated as SV / body surface area
(BSA). BSA was estimated from the Du Bois formula. Pul-
monary vascular resistance (PVR) was calculated as the
ratio between the pressure drop along the vascular bed and
the CO and converted in metric units (dyn*s*cm�5). All
values are reported at end-expiration. Pulmonary artery pul-
satility index (PAPi) was calculated as (PASP − PAP diast.)
/ RAP. LVSWi and RVSWi were calculated as:
LVSWi = SVI * (RR mean − PCWP) * 0.0136 and
RVSWi = SVI * (PAP mean − RAP) * 0.0136, respectively.
Transpulmonary gradient (TPG) was calculated as PAP
mean − PCWP. Diastolic pulmonary gradient (DPG) was
calculated as PAP diast. − PCWP. The cardiac filling pres-
sures (CFP) as the RAP to PCWP ratio was calculated as
RAP / PCWP. All MitraClip procedures were performed
under general anesthesia using (3D-) transesophageal echo-
cardiographic and fluoroscopic guidance. TMVR with the
MitraClip was performed as previously described.2,20

Primary end point was all-cause mortality. Periproce-
dural and in-hospital major adverse events were reported
such as death, myocardial infarction, major stroke, renal
failure with the need for renal replacement therapy, pericar-
dial tamponade with the need for pericardiocentesis and
urgent or emergent cardiovascular surgery for adverse
events. Bleeding complications with the need for blood
transfusion and surgical re-operation for recurrent MR were
documented. Follow-up was conducted at 30 days and after
a mean follow-up period of 16§9 months. All follow-up
evaluations were conducted by the Bremer Institut f€ur
Herz- und Kreislaufforschung (BIHKF), Germany. If a
patient was not able to be present at follow-up, a telephone
interview was conducted with either the patient himself, the
patient‘s relatives or general practitioner. Major adverse
cardiac and cerebrovascular events (MACCE) were ana-
lyzed including all-cause death, major stroke, non-fatal
myocardial infarction and surgical or interventional
(TMVR) re-do for recurrent severe MR according to the
MVARC criteria.21 Changes in functional capacity, catego-
rized by the NYHA functional class, were assessed as well
as a state of health self-assessment based on a standardized
health-related quality of life questionnaire (EQ-5D).

Continuous data are expressed as mean § standard devi-
ation (SD) or median (interquartile range) where appropri-
ate. Mann-Whitney test was used to compare continuous
variables. Categorial variables are presented as numbers
and proportions and were compared using chi-square or
Fisher‘s exact test. Receiver operating characteristic (ROC)
curves were used to assess the discriminative capacity of
LVSWi and RVSWi and to determine related cut-off scores
for primary end point. Parametric/nonparametric distribu-
tion of data was assumed by Kolmogorov-Smirnow-testing
and distribution analysis. Pearson‘s and Spearman Rho cor-
relation function was used to analyze the association
between LVSWi and LV-EF and between RVSWi and
echocardiographic parameters of RV systolic function, e.g.
tricuspid annular plane systolic excursion (TAPSE) and
doppler tissue imaging S‘ (DTI-S‘). The Kaplan-Meier
method was used for survival analysis. Log-rank testing
was used to compare event-free survival from primary end
point. A multivariable Cox proportional-hazards regression
analysis was performed to assess the association between
LVSWi and RVSWi and all-cause mortality, adjusting for
covariates reported in the literature to be associated with
mortality; these included TAPSE ≤16mm, LV-EF ≤25%,
severe tricuspid valve regurgitation and those variables sig-
nificantly different between groups (male gender, creatinine
levels ≥1.5mg/dl and NT-proBNP levels ≥10.000ng/l). A
ventricular stroke work index (VSWi) risk score predicting
all-cause mortality at long-term follow-up was generated
from the LVSWi and RVSWi cut-off values from the afore-
mentioned ROC curve analysis. A 2-sided p value <0.05
was considered statistically significant. All statistical analy-
ses were performed using SPSS version 22 (SPSS, Inc, Chi-
cago, Illinois).
Results

A total of 140 consecutive patients were enrolled
(Table 1). Mean age of all patients was 74 § 9.9 years
(68% male). Mean LVSWi of the study population was
22.3 § 10.7 g/m�1/m2 and 8.9 § 4.1 g/m�1/m2 for RVSWi,
respectively. Clinical follow-up was obtained in all
included patients. The rate of in-hospital mortality and the
rate of all-cause mortality at 30 days after the procedure
was 1.4% and 2.9%, respectively. No procedure related
death or emergent cardiovascular surgery for adverse events
occurred in the study population. Bleeding complications
requiring transfusion of 2 or more units of blood occurred
in 6 patients (4.2%, 3 in each group). In 4 cases, the cause
of bleeding was related to vascular access site. In 2 cases,
the cause of bleeding was related to gastrointestinal
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Table 1

Demographic baseline characteristics

Variable All Patients (n=140) Survivors (n=94) Non-Survivors (n=46) p-value

Age (years § SD) 74 § 9.9 74 § 10.7 74 § 8.4 0.8

Men 95 (68%) 57 (61%) 37 (80%) 0.023

NYHA functional class IV 24 (17%) 12 (13%) 12 (26%) 0.13

Coronary artery disease 85 (61%) 55 (59%) 29 (63%) 0.43

Chronic atrial fibrillation 67 (48%) 39 (42%) 28 (61%) 0.06

Hypertension 101 (72%) 67 (72%) 33 (72%) 0.9

Chronic obstructive pulmonary disease 21 (15%) 101 (11%) 11 (24%) 0.06

Diabetes mellitus 30 (21%) 19 (19%) 12 (26%) 0.38

Logistic EuroSCORE (mean % § SD) 22.6 § 15.1 20.1 § 13.8 27.9 § 16.6 0.001

NT-proBNP (mean ng/l § SD) 8430 § 10972 6745 § 10820 12121 § 10602 0.001

Creatinine (mean mg/dl § SD) 1.5 § 0.8 1.4 § 0.8 1.8 § 0.8 <0.001

Number of Clips implanted 0.13

1 69 (49%) 51 (54%) 18 (39%)

2 69 (49%) 41 (44%) 28 (61%)

3 2 (1%) 2 (2%) 0
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hemorrhage. One patient (0.7%) experienced pericardiac
tamponade with the need for pericardiocentesis. All patients
underwent a single MitraClip procedure. No patient needed
an interventional re-do for recurrent MR after TMVR as a
second procedure during the follow-up period. The rate of
hospitalization for heart failure at 30 days after the proce-
dure and at long-term follow-up was 9.3% and 35.0%,
respectively. The primary end point of all-cause mortality
at long-term follow-up occurred in 46 patients (33.1%).
Patients who died presented lower LVSWi and lower
RVSWi, respectively (Table 2). Nonsurvivors were more
likely to have higher levels of NT-proBNP, higher levels of
creatinine and a higher logistic EuroSCORE (Table 1). The
proportion of male gender was significantly higher in non-
survivors. Patients who died showed a higher proportion of
Table 2

Baseline invasive hemodynamic parameters

Variable All Patients (n=

Heart rate (mean beats/min § SD) 77 § 15

Systemic arterial systolic pressure (mean mmHg § SD) 127 § 15

Systemic arterial diastolic pressure (mean mmHg § SD) 71 § 13

Systemic arterial mean pressure (mean mmHg § SD) 91§ 18

Pulmonary artery systolic pressure (mean mmHg § SD) 60 § 16

Mean pulmonary artery pressure (mean mmHg § SD) 39 § 11

Postcapillary wedge pressure (mean mmHg § SD) 28 § 10

V-wave (mean mmHg § SD) 42 § 15

Pulmonary artery diastolic pressure (mean mmHg § SD) 24 § 9

Right atrial pressure (mean mmHg § SD) 13 § 7

Cardiac output (mean l/min § SD) 3.7 § 1.3

Cardiac index (mean l/min/m2 § SD) 1.9 § 0.6

Pulmonary vascular resistance (mean dyn*s*cm-5 § SD) 277 § 196

Cardiac filling pressures (mean mmHg § SD) 0.49 § 0.2

Pulmonary artery pulsatility index (mean § SD) 3.51 § 2.6

Left ventricular stroke work index (mean g/m-1/m2 § SD) 22.3 § 10.

Right ventricular stroke work index (mean g/m-1/m2 § SD) 8.9 § 4.1

Transpulmonary gradient (mean mmHg § SD) 10.6 § 7.1

Diastolic pulmonary gradient (mean mmHg § SD) 3.6 § 7.5

Pulmonary artery compliance (mean ml/mmHg § SD) 1.61 § 0.8

Stroke volume (mean ml/beat) 50 § 21

Stroke volume index (mean ml/m2/beat) 26.1 § 9.7
atrial fibrillation and chronic obstructive lung disease
(Table 1). The proportion of patients suffering from NYHA
functional class IV prior to TMVR and the numbers of clips
implanted were similar in both groups (Table 1).

The degree of MR severity was similar between survi-
vors and non-survivors but nonsurvivors trend to show a
higher effective regurgitant orifice area (Table 3). No dif-
ferences between survivors and nonsurvivors were observed
in terms of residual MR and mean mitral valve gradient
after successful TMVR (Table 3).

Directly measured traditional hemodynamic values such
as PASP, PAP mean, PCWP, RAP, CO, and CI were com-
parable between survivors and non survivors (Table 2),
whereas RR syst. and RR mean were lower in non-survi-
vors. Patients who died trend to show lower PAPi (Table 2).
140) Survivors (n=94) Non Survivors (n=46) p-value

76 § 15 79 § 15 0.09

131 § 27 120 § 23 0.019

72 § 14 68 § 11 0.24

94 § 17 84 § 17 0.004

60§ 17 58 § 15 0.64

39 § 11 37 § 9 0.48

29 § 11 27 § 9 0.57

42 § 16 41 § 15 0.61

25 § 10 24 § 8 0.97

13 § 7 13 § 6 0.65

3.7 § 1.4 3.6 § 1.0 0.74

2.0 § 0.6 1.9 § 0.5 0.91

295 § 211 242 § 159 0.25

4 0.47 § 0.20 0.53 § 0.29 0.31

7 3.67 § 2.87 3.1 § 2.21 0.07

7 24.1 § 11.5 18.6 § 7.9 0.005

9.4 § 4.4 7.8 § 3.2 0.041

10.8 § 6.9 10.2 § 7.5 0.38

3.9 § 7.3 3.0 § 7.4 0.71

7 1.63 § 0.92 1.55 § 0.78 0.66

51 § 22 47 § 17 0.22

26.8 § 10.4 24.6 § 8.2 0.16



Table 3

Baseline echocardiographic parameters

Variable All Patients (n=140) Survivors (n=94) Non Survivors (n=46) p-value

Vena contracta width (mean mm § SD) 8 § 1.3 8 § 1.2 8 § 1.4 0.1

Effective regurgitant orifice area (mean cm2 § SD) 0.36 § 0.2 0.35 § 0.2 0.39 § 0.2 0.06

Regurgitant volume (mean ml § SD) 55 § 25 53 § 25 58 § 22 0.11

Left ventricular ejection fraction (mean % § SD) 35 § 9 36 § 9 34 § 9 0.36

Left ventricular enddiastolic diameter (mean mm § SD) 59 § 9 58 § 9 60 § 9 0.12

Left ventricular enddiastolic diameter index (mean mm/m2 § SD) 31 § 4.8 31 § 4.4 32 § 5.4 0.14

Left ventricular endsystolic diameter (mean mm § SD) 49 § 11 48 §11 49 § 10 0.42

Left ventricular endsystolic diameter index (mean mm/m2 § SD) 26 § 5.3 26 § 5.0 27 § 5.9 0.46

Right ventricular enddiastolic diameter (mean mm § SD) 38 § 8 38 § 8 39 § 9 0.30

Right ventricular enddiastolic diameter index (mean mm/m2 § SD) 20 § 4.1 20 § 4.3 21 § 3.8 0.28

Tricuspid annular plane systolic excursion (mean mm § SD) 17 § 4 18 § 4 16 § 4 0.28

Doppler tissue imaging S‘ (mean cm/s § SD) 10.5 § 3.0 10.7 § 2.8 9.9 § 3.4 0.89

Tricuspid regurgitation severity grade III˚ 11 (16%) 11 (12%) 8 (17%) 0.77

Pulmonary artery systolic pressure (mean mmHg § SD) 46 § 12 47 § 13 45 § 13 0.87

Mitral valve gradient after-procedural (mean mmHg § SD) 3.4 § 1.5 3.3 § 1.4 3.6 § 1.5 0.24

Distribution of residual mitral regurgitation after-procedural 0.15

Trace 6 (4%) 3 (3%) 3 (7%)

1 97 (70%) 71 (76%) 26 (57%)

2 37 (26%) 20 (21%) 17 (37%)
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A weak to modest positive correlation between LVSWi
and LV-EF was observed (r=.330, p < 0.0001). No correla-
tion between RVSWi and echocardiographic parameters
of RV function such as TAPSE or DTI-S‘ was found
(TAPSE: r=.105, p = 0.24; DTI-S‘: r=.122, p = 0.37). ROC
curve analysis yielded a cut-off value for LVSWi of ≤24.8
g/m�1/m2 as a predictive marker for primary end point (sen-
sitivity 80.4%, specificity 40.2%, area under the curve
(AUC) 0.71 [0.60 to 0.81]; p = 0.001; Figure 1) and
revealed that optimal sensitivity and specificity for RVSWi
were achieved using a threshold of 8.3 g/m�1/m2 (sensitivity
67.4%, specificity 57.0%, AUC 0.67 [0.56 to 0.78]; p = 0.006;
Figure 1). Kaplan-Meier analysis for primary end point strati-
fied according to the corresponding cut-off values revealed a
significantly lower survival rate in patients with lower LVSWi
(≤24.8 g/m�1/m2) as compared with higher LVSWi (20.0%
vs 39.4%; log-rank p = 0.038; Figure 2). Patients with lower
RVSWi (≤8.3 g/m�1/m2) showed a significantly lower
Figure 1. Receiver operating characteristic curve analysis for LVSWi and

RVSWi. AUC: area under the curve; LVSWi = left ventricular stroke work

index; RVSWi right ventricular stroke work index

Figure 2. A, B: Kaplan-Meier estimate of primary end point (all-cause

death). Kaplan-Meier analysis demonstrated a significantly lower event

free survival from primary end point in the low LVSWi group (2A) and in

the low RVSWi group (2B). LVSWi = left ventricular stroke work index;

RVSWi = right ventricular stroke work index
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survival rate as compared with higher RVSWi (22.1% vs.
43.7%; log-rank p = 0.026), as well (Figure 2).

In multivariable Cox regression analysis, a LVSWi cut-
off value of ≤24.8 g/m�1/m2 as well as a RVSWi cut-off
value of ≤8.3 g/m�1/m2 remained independent predictors
for all-cause mortality at long-term follow-up, even after
adjustment for other known clinical, echocardiographic and
hemodynamic variables (hazard ratio (HR) 2.83 for
LVSWi; 95% confidence interval (CI) 1.1 to 7.6; p = 0.04;
HR 2.52 for RVSWi; 95% CI 1.04 to 6.1; p = 0.041, respec-
tively; Figure 3).

LVSWi and RVSWi were next incorporated into a
simple scoring system (VSWi-risk score) to predict all-
Figure 3. A, B: Multivariate Cox proportional-hazards regression analysis for pr

adjusted for TAPSE ≤16mm, LV-EF ≤25%, TR III˚, male gender, creatinine le

ejection fraction; LVSWi = left ventricular stroke work index; RVSWi = right ven

sion; TR III˚ = tricuspid valve regurgitation severity grade III˚
cause mortality following successful TMVR. For each
index below the ROC cut-off points, 1 point was awarded
(for a possible total of 2 points). Evaluating survival
depending on this VSWi-risk score, patients with a
VSWi-risk score of 0 points showed a survival rate of
89.7% at long-term follow-up, whilst patients with a
VSWi-risk score of 2 points showed a survival rate of
54.5% (p = 0.005; Figure 4). Thus, Kaplan-Meier analysis
for primary end point stratified according to the VSWi-
risk score revealed a significantly lower survival rate in
patients with a VSWi-risk score of 2 points as compared
with a VSWi-risk score of 1 or 0 point (log-rank
p = 0.02, Figure 4).
imary end point (all-cause death) including LVSWi (3A) and RVSWi (3B)

vels ≥1.5 mg/dl, NT-proBNP levels ≥10.000 ng/l. LV-EF: left ventricular

tricular stroke work index; TAPSE = tricuspid annular plane systolic excur-



Figure 4. A, B: All-cause mortality at long-term follow-up according to

VSWi-risk score (4A) and Kaplan-Meier estimate of primary end point

(all-cause mortality) at long-term follow-up (4B). Group 0 = RVSWi >8.3
g/m�1/m2 and LVSWi >24.8 g/m�1/m2; Group 1 = RVSWi ≤8.3 g/m�1/

m2 or LVSWi ≤24.8 g/m�1/m2; Group 2 = RVSWi ≤8.3 g/m�1/m2 and

LVSWi ≤24.8 g/m�1/m2. Numbers in columns denote percentage of

patients. LVSWi = left ventricular stroke work index; RVSWi = right ven-

tricular stroke work index
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Discussion

The present study shows that lower LVSWi and lower
RVSWi were associated with all-cause mortality in patients
with CHF undergoing TMVR. A LVSWi cut-off value of
≤24.8 g/m�1/m2 and a RVSWi cut-off value of ≤8.3 g/
m�1/m2 were independent predictors of all-cause mortality
even after adjustment for other known risk factors. More-
over, a novel VSWi-risk score incorporating LVSWi and
RVSWi cut-off values from ROC curve analysis powerfully
predicts long-term survival after successful TMVR. Both
ventricular stroke work indices have shown their associa-
tion with worse clinical outcome in various domains of
CHF. RVSWi is a known independent risk factor for right
ventricular failure after left ventricular assist device
(LVAD) implantation in patients with end stage heart
failure and predicts worse clinical outcome in patients with
precapillary pulmonary hypertension.22-24 LVSWi is asso-
ciated with outcome after mitral valve surgery for func-
tional MR in nonischemic dilated cardiomyopathy and
predicts the need for inotropic support in CHF patients.25,26

In this study, a weak correlation between LVSWi and LV-
EF was observed, whereas no correlation between RVSWi
and echocardiographic parameters of RV function such as
TAPSE and DTI-S‘ was found. This is congruent with ear-
lier findings that invasively derived indices of cardiac func-
tion are poorly correlated with echocardiographic markers
of left and right ventricular function.27 Ventricular stroke
work indices are considered as more precise parameters of
cardiac function compared with echocardiographic derived
LV-EF or TAPSE,17 as it takes into account the stroke vol-
ume with the influence of pre- and afterload. Thus, the abil-
ity to generate higher stroke work levels is related to a well-
preserved ventricular contractility. Therefore, a well-pre-
served stroke work may suggest a less advanced stage of
heart failure. The results of the present study support the
hypothesis that hemodynamic determination of LVSWi and
RVSWi could provide additional prognostic information
and may be utilized when selecting optimal candidates for
TMVR. Furthermore, survival estimation is increased, if
both cut-off values for LVSWi and RVSWi are incorpo-
rated into a simple VSWi-risk score. Nearly half of patients
with a VSWi-risk score of 2 points (both indices below the
defined thresholds) died within 16 months of follow-up. On
the contrary, survival rates among patients with both indi-
ces above the aforementioned cut-off values (score of 0)
are excellent, reaching nearly 90% at long-term follow-up.
Thus, this novel VSWi-risk score may provide an additional
way to distinguish between those patients who benefit most
from TMVR (score of 0), and that subgroup of patients who
might show a poor prognosis despite successful TMVR
(score of 2). Indeed, 2 recently published randomized con-
trolled trials exploring outcome of MitraClip therapy in
CHF patients with severe MR showed apparent opposed
results and aggravate the issue of optimal patient selec-
tion.14,15 The MITRA-FR study failed to proof any benefi-
cial effect of TMVR on top of optimal medical therapy on
the primary composite end point of all-cause death and
unplanned rehospitalization for heart failure at 12 months.15

In contrast, the COAPT trial showed that TMVR using the
MitraClip in CHF patients with functional MR significantly
reduced the primary end point of hospitalizations for heart
failure within 24 months and also mortality at 2 years.14

One reason for the presumed inconsistent findings of these
2 trials might be related to key differences in patient selec-
tion. Thus, identifying additional risk factors of worse prog-
nosis could greatly facilitate selection of appropriate
candidates for TMVR. The data of the present study suggest
that ventricular stroke work indices, especially if incorpo-
rated into a simple VSWi-risk score, may serve as addi-
tional markers of worse clinical outcome and may help to
simplify optimal patient selection. Further randomized
studies are required to provide additional information
regarding optimal patient selection. The ongoing
RESHAPE-HF-2 (RESHAPE-HF-2, ClinicalTrials.gov
Identifier: NCT01772108 Ref.) study may provide more
evidence in this issue.
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Study limitations: The study is limited by its single-cen-
ter, observational design with relatively small sample size.
However, as a strength of the investigation the impact of
ventricular stroke work indices on outcome is evaluated in
a “real-world“ consecutive cohort of patients undergoing
TMVR without any exclusion criteria usually used in ran-
domized studies. Furthermore, the study is limited by the
lack of a conservative control group guided with optimal
medical therapy alone. Therefore, it remains unclear
whether patients with reduced ventricular stroke work indi-
ces might not have a better prognosis after TMVR as com-
pared with a conservative treatment strategy alone. Thus,
more studies are needed to determine whether stroke work
indices might help to identify patients who do not benefit
from TMVR.

Conclusions: This is the first study demonstrating a
strong association between stroke work indices and all-
cause mortality in patients with CHF undergoing TMVR. A
LVSWi cut-off value of ≤24.8 g/m�1/m2 and a RVSWi
cut-off value ≤8.3 g/m�1/m2 predict worse prognosis inde-
pendent of other known risk factors. A simple VSWi-risk
score based on this cut-off values might be useful in risk
stratification of TMVR candidates.
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