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LVAD+CCP (n=533 pts) vs. isolated LVAD (n=2227 pts) cohorts

Propensity Score Matching 481 vs. 481

CABG
6%

Septal 
Defect

17%

TRV/PV 43%

AV 20%

Combi 9%

MV 5%

Valvular
77%

UNMATCHED groups (n=2760) MATCHED groups (n=962)
PREOPERATIVE

FEATURES
LVAD

(n=2227)
LVAD+CCP

(n=533)
LVAD

(n=481)
LVAD+CCP 

(n=481)

n % n % p-value n % n % p-value

Age 52.5 + 12.6 54.7 + 11.7 0.001
Male 1869 83.9 433 81.2 0.070 385 80.0 394 81.9 0.460
BSA 1.96 + 0.23 1.96 + 0.24 0.803 1.95 + 0.23 1.97 + 0.24 0.086
Etiology 0.000 0.422
Idiopathic dilatative 850 38.1 244 45.8 250 51.9 242 50.3
Hypertrophic 24 1.1 3 0.6 3 0.6 2 0.4
Restrictive 12 0.5 3 0.6 3 0.6 2 0.4
Valvular 33 1.5 21 3.9 12 2.4 21 4.3
Ischemic 961 43.0 212 39.8 209 43.5 205 42.6
Congenital 18 0.8 10 1.9 4 0.8 9 1.8
missing data 329 14.7 40 7.5

NYHA class 0.001 0.554
III 160 7.2 28 5.3 22 4.5 26 5.4
IV 1998 89.7 502 94.2 459 95.4 455 94.6
Unknown 69 3.1 3 0.6

INTERMACS profile 0.009 0.230
Level 1 309 13.9 72 13.5 88 18.3 67 13.9
Level 2 695 31.2 200 37.5 175 36.4 177 36.8
Level 3 566 25.4 153 28.7 121 25.2 141 29.3
Level 4 406 18.2 75 14.1 75 15.6 70 14.6
Level 5 86 3.9 12 2.3 14 2.9 12 2.5
Level 6 38 1.7 12 2.3 4 0.8 11 2.2
Level 7 32 1.4 3 0.6 4 0.8 3 0.6
Unknown 95 4.3 6 1.1
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UNMATCHED groups (n=2760) MATCHED groups (n=962)

LVAD (n=2227)
LVAD+CCP 
(n=533)

LVAD (n=481)
LVAD+CCP 
(n=481)

n % n % p-value n % n % p-value
Ejection fraction 0.010 0.042

<20% 956 42.9 230 43.2 245 50.9 224 46.6
20-29% 570 25.6 168 31.5 124 25.8 167 34.7
30-39% 70 3.1 17 3.2 24 4.9 17 3.5
40-50% 9 0.4 3 0.6 3 0.6 1 0.2
>50% 12 0.5 5 0.9 3 0.6 5 1.0

Aortic regurgitation grade 0.000 0.000
Moderate 34 1.5 32 6.0 10 2.1 31 6.4
Severe 12 0.5 5 0.9 3 0.6 5 1.0

Mitral regurgitation grade 0.143 0.444

Moderate 534 23.9 137 25.7 134 27.8 135 28.0

Severe 313 14.0 105 19.7 77 16.0 103 21.4
Tricuspid regurgitation grade 0.000 0.000

Moderate 446 20.0 146 27.4 115 23.9 140 29.1
Severe 201 9.0 124 23.3 42 8.7 94 19.5

Inotropic/mechanical support
Norepinephrine 293 13.1 126 23.6 0.000 81 16.8 122 25.4 0.002
Levosimendan 142 6.4 75 14.1 0.000 32 6.7 74 15.4 0.000
Milrinone 364 16.3 138 25.9 0.000 91 18.9 138 28.7 0.001
Nitric Oxyde 455 20.4 9 1.7 0.035 3 0.6 9 1.9 0.092
IABP 229 10.3 47 8.8 0.124 63 13.1 44 9.1 0.044
ECMO 230 10.3 54 10.1 0.857 64 13.3 50 10.4 0.144

CBP time 84.5 + 46.8 121.4 + 49.5 0.000 82.3 + 52.3 125.6 + 63.7 0.000
Time for implant 244.6 + 95.3 287.6 + 154.3 0.000 246.7 + 114.4 299.8 + 165.6 0.000
LVAD brand 0.000

Heartware HVAD 1147 51.5 263 49.3 279 58.0 247 51.4
HeartMate II 665 29.9 169 31.7 124 25.8 144 29.9
Heartmate III 206 9.3 78 14.6 47 9.8 73 15.2
Others 209 9.3 23 4.3 31 6.4 17 3.5

RISK FACTOR ANALYSIS FOR OVERALL SURVIVAL (matched 
population)

Multivariate

p-value HR CI

Age 0.302 1.01 0.99-1.03

BMI 0.000 1.08 1.04-1.13

Dilatative idiopathic etiology 0.716 1.08 0.72-1.62

NYHA class 0.365 0.54 0.14-2.06

INTERMACS level 0.232 0,86 0.68-1.10

Major miocardial infarction 0.587 1.21 0.61-2.40

Intubation 0.491 1.36 0.57-3.23

Dialysis 0.697 1.28 0.37-4.47

REDO 0.143 3.14 0.68-14.55

Paced 0.139 1.38 0.90-2.10

Mitral regurgitation grade 0.035 0.84 0.71-0.99

Hemodynamics

PAPs 0.634 1.01 0.99-1.03

PAPd 0.957 1.00 0.97-1.04

PWCP 0.032 0.97 0.94-1.00

Cardiac Output 0.055 0.86 0.74-1.00

Inotropic/mechanical support

Epinephrine 0.070 0.68 0.45-1.03

Norepinephrine 0.008 1.95 1.19-3.20

IABP 0.059 0.49 0.24-1.00

ECMO 0.028 1.38 0.48-3.93
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UNMATCHED groups (n=2760) MATCHED groups (n=962)

EARLY OUTCOMES LVAD (n=2227) LVAD+CCP (n=533) LVAD (n=481) LVAD+CCP (n=481)

n % n % p-value n % n % p-value

ICU stay (days) 19.6 ± 27.0 27.2 ± 34.5 0.000 20.9 ± 26.8 25.5 ± 32.3 0.019

Reoperation for bleeding (within 48h) 145 6.5 43 8.1 0.195 48 10.0 48 10.0 1.000

Reoperation for bleeding  (after 48h) 115 5.2 50 9.4 0.000 39 8.1 47 9.7 0.366

Dialysis 89 4.0 35 6.6 0.014 25 5.2 35 7.2 0.182

Ventilation time (hours) 202.2 ± 365.2 268.3 ± 382.7 0.001 230.6 ± 352.1 261.5 ± 373.2 0.219

Respiratory failure 55 2.5 22 4.1 0.038 18 3.7 21 4.3 0.624

Right heart failure (inotropic + mechanical) 319 14.3 88 16.5 0.193 59 12.3 53 11.0 0.546

RVAD support 109 4.9 39 7.3 0.033 34 7.0 36 7.5 0.804

Inotropic support 200 9.3 49 9.2 0.188 25 5.3 17 3.5 0.046

In hospital morbidity (30-days)

Infection 28 1.3 6 1.1 0.531 21 4.3 32 6.6 0.143

Bleeding 27 1.2 16 3.0 0.010 20 4.1 35 7.2 0.027

Stroke 20 0.9 9 1.7 0.218 11 2.3 12 2.4 0.679

Pump thrombosis 14 0.6 4 0.8 0.973 7 1.4 9 1.9 0.527

In hospital mortality (30-days) 314 14.1 114 21.4 0.000 84 17.4 107 22.2 0.063

Unmatched groups (n=2760) Matched groups (n=962)

LONG-TERM (FU) OUTCOMES LVAD (n=2227) LVAD+CCP (n=533) LVAD (n=481) LVAD+CCP (n=481)

% n % p-value n % n % p-value

Long-term (FU) mortality 486 21.8 104 19.5 0.151 108 22.5 98 20.3 0.432

Heart Transplantation 554 24.9 148 27.8 0.231 122 25.4 146 30.4 0.084

Early morbidity (< 6 months)

Infection 91 4.1 20 3.8 0.041 46 9.6 74 15.4 0.022

Bleeding 65 2.9 29 5.4 0.011 33 6.9 52 10.8 0.031

Stroke 75 3.4 18 3.4 0.719 29 6.0 23 4.7 0.446

Pump thrombosis 49 2.2 7 1.3 0.114 19 4.0 10 2.0 0.100

Late morbidity (> 6 months)

Infection 415 18.6 208 39.0 0.036 68 14.1 62 12.9 0.613

Bleeding 188 8.4 55 10.3 0.199 25 5.2 22 4.6 0.548

Stroke 188 8.4 43 8.1 0.683 35 7.3 34 7.0 0.760

Pump thrombosis 219 9.8 54 10.1 0.937 42 8.7 51 10.6 0.578
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Risk factor analysis for INFECTION

UNIVARIATE MULTIVARIATE

p-value HR CI p-value HR CI

Inotropes 0.001 0.42 0.25 0,71 0.003 0.45 0.26-0.76

Norepinephrine 0.045 1.37 1.01 1,86 0.411 1.16 0.82-1.65

ECMO 0.001 1.92 1.33 2,78 0.003 1.58 1.05-2.38

LVAD brand

Heartware HVAD 0.000 2.47 1.77 3,44 0.181 0.83 0.64-1.09

Risk factor analysis BLEEDING

UNIVARIATE MULTIVARIATE

p-value HR CI p-value HR CI

Age 0.000 1.03 1.01-1.05 0.033 1.03 1.00-1.07

Coronary disease 0.039 1.44 1.02-2.03 0.133 1.64 0.86-3.11

INTERMACS level 0.011 1.19 1.04-1.36 0.028 1.30 1.03-1.63

Dialysis 0.004 2.58 1.35-4.91 0.000 12.69 3.57-45.14

Mitral regurgitation grade 0.064 1.17 0.99-1.38 0.130 1.25 0.94-1.66

PVR (dynes) 0.083 1.01 1.00-1.01 0.171 1.01 1.01-1.01

Time for implant 0.000 1.01 1.00-1.01 0.000 1.01 1.01-1.01
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Risk factor analysis for Neurological dysfunction

UNIVARIATE MULTIVARIATE

p-value HR CI p-value HR CI

Dilatative etiology 0.020 0.64 0.44-0.93 0.086 0.71 0.48-1.05

Intubation 0.040 1.72 1.03-2.89 0.552 1.22 0.64-2.33

Inotropes 0.077 0.66 0.41-1.05 0.071 0.65 0.40-1.04

ECMO 0.008 2.01 1.20-3.38 0.182 1.56 0.81-3.01

LVAD brand

Heartware HVAD 0.001 1.90 1.28-2,82 0,004 1.80 1.20-2.69

Risk factor analysis for Device malfunction

UNIVARIATE MULTIVARIATE

p-value HR CI p-value HR CI

Male 0.043 0.65 0.43-0.99 0.475 0.84 0.53-1.35

BSA 0.032 0.43 0.20-0.93 0.126 0.51 0.21-1.21

Major miocardial infarction 0.026 1.67 1.06-2.64 0.041 1.64 1.02-2.64

Inotropes 0.030 0.61 0.39-0.95 0.014 0.56 0.36-0.89

Strategy

Bridge to candidacy 0.022 1.52 1.06-2.16 0.008 1.63 1.14-2.35

LVAD brand

HeartMate II 0.079 0.71 0.48-1.04 0.115 0.73 0.49-1.08
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Concomitant Subgroups

logistic regression for inhospital mortality

Unmatched population Matched population

p-value OR IC p-value OR IC

LVAD + CCP 0.000 1.65 1.30-2.10 0.064 1.35 0.98-1.86

CABG 0.041 2.03 1.03-4.02 0.043 2.08 1.02-4.25

VALVULAR 0.500 0.85 0.53-1.37 0.086 1.35 0.96-1.90

Aortic valve 0.007 1.83 1.18-2.86 0.001 2.08 1.34-3.22

Mitral valve 0.013 2.36 1.20-4.64 0.079 1.89 0.93-3.84

Tricuspid valve 0.032 1.42 1.03-1.97 0.300 1.22 0.82-1.81

SEPTAL DEFECTS 0.408 0.78 0.42-1.42 0.775 0.91 0.49-1.68



CCPs matched cohorts Kaplan-

Meier survival analysis.

TVs vs Overall
AVs vs Overall

MVs vs Overall
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• CCPs performed during implantation of a long-term CF LVAD may not increase
the peri-operative ICU outcomes and in-hospital mortality. Type of CCP
surgery addressed should be properly weighted (particularly focusing on CABG
and AVR).

• Mitral valve repair may be protective in the long-term period, while tricuspid
valve repair may not have any influence.

• Mid- to long-term conditional survival (and PS matched) is not influenced by
CCPs at the time of LVAD primary implantation.

• This, however, remains a delicate population to be strictly monitored and
homogeneously managed to preserve satisfactory outcomes.

Conclusions
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Thank You!
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