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Interaction RV and LVAD support

Interplay between
LVAD support,
combined pre and
post capillary HT
and

RV function
J

Sparrow JACC HF 2018, 11.e004255



INTERMACS definition of RVF

« Symptoms and Signs of persistent RVF following LVAD implantation characterized by

* Elevated CVP documented by:
o Right atrial pressure >16 mmHg on right heart catheterization

o Significantly dilated inferior vena cava with no inspiratory variation on echocardiography
o Elevated jugular venous pressure

 Manifestations of elevated CVP characterized by:
o Peripheral edema(>2+)
o Ascites or hepatomegaly on exam or diagnostic imaging

o Laboratory evidence of worsening hepatic (total bilirubin >2.0 mg/dl) or renal dysfunction
(creatinine >2.0 mg/dl)
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Severity of Post-op RV Failure

MILD

* RHF requiring IV inotropes or vasodilators and/or INO used for less
than 7 days post-implantation

MODERATE

» Persisting RHF requiring IV inotropes or vasodilators and/or iINO
used for > 7 days post-implantation but < 14 days post-implantation

SEVERE

« Persisting RHF requiring IV inotropes or vasodilators and/or iINO
used for > 14 days post-implantation or implantation of MCS device
for RV support at any time. 2.6 fold increase in mortality at 6 months

*

Penn Medicine



Clinical outcomes associated with INTERMACS-defined right
heart failure after left ventricular assist device implantation

306 pt with less than severe RVD and 139 with severe RVD, St Louis
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Severe RVD has profound effect in survival and clinical outcomes
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Right Ventricular Fallure

* 9-44% Incidence In VAD eligible
» 5-20% post-LVAD incidence

* RVF:

* Increased mortality

* Multi-system organ failure

» Coagulopathy

 Hemorrhage

* Pulmonary failure

* Thromboembolic complications

Circ Cardiovasc Imaging 2014
Kalogeropoulos JHLT 2015
Kormos JTCVS 2010
Genovese Ann Thor Surg 2009
Fitzpatrick JHLT 2008

Morgan Ann Thor Surg 2004
Slaughter JHLT 2010



Surgical RVAD’s in the US : Eighth INTERMACS Reports

Intermaeics

Implants: June 2006 — December 2016

All implants
n= 22866
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3.5% CF LVAD require RVAD

Intermaes CF-LVAD/BIVAD Implants: 2012 — 2016, n=10953

Placement of RVAD at time of LVAD (Bi-VAD) or subsequent

% Freedom from Severe RHF
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J Heart LungTransplant 2017;36:1080-1086



RV RIsk Assessment

e Clinical : MV,RF, LVD, INTMCS
hi  Hemodynamics: CVP, RVSWI, CVP:PCWP,
Mvichigan PVR, TPG, PA pressure

*Penn BIVAD | £cho: RV Failure, TAPSE. TR, 3D TEE
. Penn CRITT

* Risk Scores:

o ' Matthews JC JACC 2009
Berlin Fitzpatrick JR JHLT 2008

e Utah Drakos SGAm J Card 2010
- Atluri P Ann Thor Surg 2014

* U. Pitt Potapov JHLT 2008
e HM II Wang Y JHLT 2012

Kormos JTCVS 2010
Kiernan J Card Failure 2015



Clinical Tools for Assessing Risk for Right Ventricular Failure or Mortality After LVAD Since 2008

Publication levices Kubucka 2011 115 Pubatile 56% 1. RV-to-LV end-diastolic Within 48 hours: RVAD implant or 2 of the following:  Lking a cutoff of R/L ratio =0.72 yielded an area under
First author date No. implanted (omponents of score” Definition of RV failure Major findings Continuous diameter (R/L) ratio the ROC curve of 0.742
Fitzpatrick” 2008 167 Pubatile 98% 1. Cardiac index Need for biventricular support Sensitivity of 83% and specificity of 8% to predict % obtzined from L. Mean arterial pressure <55 mmHg
(ontinuous 2 2. RV stroke work index successful LVAD support using a cutoff of 50 points. transesophageal eche 2 (VP prassure = 16 mm Hg
3. Severe RV dysfunction 3 Mized venous saturation < 55%
4. Preoperative creatinine 4. (ardiac index < 2 liters/min/m’
_ 3. Previous cardiac surgery o | 5. Inotropic support =20 units.
Maftimnss™ a0 A3 Pubetie 6% 1 Wsogresorn mpime | AE] R PEE SIS RUTWENLS TSI JPISL A urmler; s BHG o ik soon s .15 = Grant” 2002 117 (ontinuous 1 RV free wallpeak  Unplanned insertion of an RVAD or the use of an A peak strain cutoff of -9.6% predicted RV failure with a
(ontinuos 2 Aspertate for > 14 das, inhuled niric oudde for > 43 b, right- .04 100% lengitudinal strain intravenous inotrope for = 14 days post-operatively  sensitivity of 68% and specificity of 76% with an area
14% aminotransferase sided circulatory support, or hospital discharge on an der the ROC of 0.70. When added to th
% Bilmbin T under the ROC curve . Whan adda F

Michigan risk score, the area under the RO curve

4. (reatinine
Potapov™ 2008 56 Pubatile 31% 1. Tricuspid incompetence Within 48 hours: RVAD implant or 2 of the following:  OR for RV failure after LVAD implantation for Grade IT or § | - improved from 0,68 to 0.77 N
Confinous 2 BV end-dlaskdic IV tricuspid requrgitation was 4.7 fp = 0.012) Kato 212 111 Pubsatile 29% 1. LVEDD Need for inhalad nitric oxide for = 48 hours, IV Lsing a cutoff of & points provided a sensitivity of 68.6%,
B4, diameter =35 mm I. Mean arterial presure <55 mmHg Continuous 2 LV ejection fraction inotropes =14 days, and/or RVAD insertion specificity of 76.3%, and area under the ROC curve of
% RV ejection fraction 2 (VP =16 mmHg % 3 Left atrial diameter/ 0,789
<30% 3. Mixed venous saturation < 55% LVEDD
4. Right atrial dimension £ (ardiac index < 2 liters/min/m* 4. Total bilirubin
<50 mm 5. Inotropic support =20 units 5 Albumin
o Sﬁﬂ““ﬂ'ﬂ‘“ ratio 6. RV stroke work index
= 14 . . . . .
Puwanant’? 2008 33 Pubatile 45% 1 Tricuspid annular plane Meed for inotropic support or pulmonary vasodilators for A cutofF of 7.5 mm yields a sensitivity of 48%, specificity At 203 o F'uls.atil.e *1% L O >15mm g Need for biventricuar support The cnrrpum.!ru OF the risk com were 2ssacited with
Continuous motion =14 days post-operatively of 1%, and area under the ROC curve of 0.81 lonfinuous 2 Severe “ m the following odds of RV faiure:
E5a £9% 3 Pregperative intubation L. QP =15 mm Hyg (OR, 2.0: 95% (T, 0.9-4.2)
Drakos® 2011 175 Pulsatile 86% 1. Preoperative need Need for inhaled nitric oxide for =48 hours, IV~ Area under the ROC curve to predict RV failure was 4 Severe tricuspid % Severe RV dysfunction (OR, 4.1; 95% (1, 1.4-124)
(ontinupus  for IABP inotropes = 14 days and/or RV device insertion 0.743 * 0.037 regurgitation 3. Pregperative intubation (OR, 4.3; 95% O, 1.9-9.6)
1%, 2 Increased VR 5 Haartrate =100 beats/ 4. Severe fricuspid regurgitation (OR, 3.7; 95% O, 1.4-
3. Destination Therapy min 12.4)
4. Inotrope depandency 5. Heart rate = 100 beats/min (OR, 20; 95% (L 0.9-
5. (besity 43)
& ALEinhibitor andfor Viw® 2003 109 Pubsatile 15% 1 RV-to-LV end-diastolic  Mead of RVAD or = 14 comsecutive days of inotropic  Using a R/L ratio cutoffof 0.75 yislded an area under the
angiotesssin 1 moeptor (ontinuous diameter (R/L) mtic  support <30 days ROC curve of 0.68
blocker use BEY, btzined from
= - T Nead for RUAL, confinuous inotropic support for &t lesst - ated with RV Fransthorack echo
T e {nm%ME - fl.::d For " -ﬂ::ﬁ o E::I}" Lﬁ1:up;T:;ﬂ q :; days 111:1 mt:;:ﬂ!mﬁfﬂ bl Kienan” 2015 24 (onfinupus 1. RV end-systolic volume Need of RVAD or = 14 comsecutive days of inotropic |- RV end-systolic volume index =47 ml/m® had 3
pragperative vent after implantation L. (VP/pulmonary capillary wedge pressure ratio =063 100% index Support sensitivity of 83%, speciicity or 93%, and area under
3 BUN =39 mg/fdl (OR, 23; 95% (I, 1.2-43) 2 RV end-diastolic volume ROC curve of 0,88 (95% (0, 0.69-0.97; p <0.0001)
2 Meed for preoperative vent (OR, 5.5; 95% O, index L RV end-fiastolic volume index =61 ml/m” had a
23-13.3) snsitivity of 92%, specficity of 79%, and area undar
3. BUN =39 mg/dl (OR, 2.1; 95% (I, 1.1-4.1) ROC curve of 0.90 (95% O, 0.72-0.98 p < 0.0001)

J HeartLungTransplant 2016;35:283—-293
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EUROMACS Right Sided-HF Risk Score

mmm Derivation Cohort mm Validation Cohort

-

0% 4 - Linear {Derivation Cohort) - Linear {(Validation Cohort)

45% 4 P (for trend) < 0.001 for both cohorts

Risk score components:

83.1% 424y

40% -

9.5-point risk score (5-item)

35% o

2
« Severe RV dysfunction on semi quantitative echocardiography (2 points) E 30°% - 2705
« Ratio of RAto PCWP 2 0.54 (2 points) e
» INTERMACS class 1 through 3 (2 points) A
* Need of 23 inotropic agents (2.5 points) z .
. Hemoglobin <10 g/dL (1 point). e I e
&  10% -
0-2: Low risk >
2.5-5: Intermediate risk i ,
> 4: High risk o o2 .y "

Soliman et al Circulation. 2018:137:891-906. EUROMACS RHF Risk Score Categories

Includes only the 3 most used CF pumps (HMII, HW, HMIII)

=83 Penn Medicine




How do we prevent and manage acute
perioperative RVF....



Pre-operative Optimization RV

 Diuresis (Lasix Drip/ CVVH, target CVP<15 mmhg)

* Preoperative Inotropic Support (Milrinone preferred
over Dobutamine).

* |ABP



RV Pre- and Post-Optimization

PHILIPS 09/16/2015 06:58:47 TIS0.1 MI 0.5 DHILIPS 09/16/2015 10:27:10 TISO.0 MI 0.6

X7-2tITEE ————. X7-2tITEE
FR S0Hz FR 37Hz
13cm 12cm
2D ) ) 2D
74% : 72%
Gen ; Gen S/P #21 AVR
G > HM 3
OFF CPB
CHEST CLOSED

PAT T: 37.0C PAT T: 37.0C
TEE T: 39.0C ‘TEE T: 37.7C




Preoperative IABP

Intra-Aortic Balloon Pump Use Before Left Ventricular Assist
Device Implantation: Insights From the INTERMACS Registry

Cumulative incidence of right heart failure, hepatic dysfunction,
renal dysfunction, or death

Intra-Aortic Balloon Pump Use Before LVAD 2507
Implantation 1 —— No IABP
| ——- IABP
No (n=2013) Yes (n = 433) p 20%
ik
Right ventricular function, No. (%) <0.001 e :
Normal 327 (16.2) 51 (11.8) € 159]
Mild dysfunction 298 (14.8) 60 (13.9) & :
Moderate dysfunction 314 (15.8) 80 (18.5) © _
Severe dysfunction 125 (6.2) 48 (11.1) = _
Unknown 949 (47.1) 194 (44.8) £ 10%;
Cardiac arrest this hospitalization 11 (0.5) 14 (3.2) <0.001 - '
support within 48 hours after implant, No. (%) & :
Inotropes 1350 (67.1) 280 (64.7) 0.34 59, |
Mechanical ventilation 29 (1.4) 15 (3.5) 0.004 :
0% -

Days following VAD implant

Despite markers of higher risk in patients with IABP use, we found no significant difference in
30 day outcomes compared to those without. The results suggest that IABP use may mitigate
risk of early postoperative adverse outcomes in select patients.

ASAIO Journal 2018; 64:218-224
STS/EACTS Latin America Cardiovascular Surgery Conference 2018



Intra-and Perioperative Strategies to Prevent/Treat RV Fallure

Surgical Strategies Perioperative management
* TV Repalr » Nitric Oxide or inhaled
* Minimize CPB prostacyclin

 Avoid bleeding /prevent transfusions * TEE monitoring of RVF
* [notropic support to

* Delayed chest closure | Maintain systolic BP and
» Adjust LVAd flow (avoid septal shift) avoid vasodilation
. - - * Milrinone
RVAD (early implantation) . Epinephrine
* |soproterenol
* Ventilator strategies

* Maintain O2 and reduce CQO2
(avoid hypercarbia )



Right heart fallure and benefits of adjuvant tricuspid valve repair
In patients undergoing left ventricular assist device implantation

141 LVAD /69 TVr

Variables TVR (n=69) Mo TVR P-value )
(n=72) Table 2: Surgical procedures

Duration of heart 44+5) 53+5.4 0.405

failure (years) .
On ventilator 13 (18%) 23 (32% 0107 Surgical procedures RVF (n=27) Mo RVF (n=114) P-value
|ABP support 41 (58%) 46 (64%) 0709
OnVA-ECMO 13 (16%) 22(32%) 0157 - -
INTERMACS (Level 3) 24 (42%) 30 (35%) 0.504 LVAD implantation
Total bilirubin (mg/dl)  2.2+15 22427 0.86 Fulsatile 26 93 0.109
Creatinine (mg/dI) 1.6+ 1.1 11£0.6 0.006 -
LVDd (mm) 74£12 7311 0815 Continuous flow 1 21
LVDs (mm) 6712 66+ 12 0.645 RVAD-ECMO 3
EjEuE-I:iun fraction (%) 16+8 17+8 0.892 TVR 18 (67% 57 (45% 0067
TR (Grades 0-4) 26:1.0 13+0.8 <0001 - .- o
Cardiac index 20:05 20205 0717 Ring annuloplasty  14(78%, 34(67%
Mean PAP (mmHg) 33:10 31£10 0392 Flexible ring 11 [(61%] 271 [41%]
PCWP (mmHg) 24+8 23+9 0738 L — —
CVP (mmHs) . . 0006 Semingid nng 3 :'I?‘}E-: 13 :25‘}.’:-:
CVP/PCWP 0.54 £ 035 038+0.19 0003 DeVega method 4(22%, 17(33%)
RVSWI 045+027 046 +0.28 0.94
Fibrosis (Scores 0-3) 24107 21108 0,009

European Journal of Cardio-Thoracic Surgery (2014) 1-6
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Tricuspid regurgitation grade
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Right heart fallure and benefits of adjuvant tricuspid valve repair
In patients undergoing left ventricular assist device implantation

*P<0.001 vs pre.

[: Non-TVR (n=7
v: TVR (n=69)

4

3 6 12 18
Months after TVR

O

Survival rate

0.8-
0.6 -
0.4-

0.2-

141 LVAD /69 TVR

P=0.281 |
Non-TVR
49%‘1 TVR
Patients at risk
172 52 34 5 Non-TVR
167 48 26 10 TVR
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1 1%
[ ‘_\‘L—M,‘_. 83”’(1
s BEE ™
59% !
3 Lj Non-RVF with [

O
(o))

8 8 (.)/';3

9%

P <0.0001

R |

Tricuspid valve repair Is a useful and durable adjuvant procedure for restoring
deteriorated right ventricular function in patients requiring LVAD implantation..

European Journal of Cardio-Thoracic Surgery (2014) 1-6

. | TVR
. 15% |
Patients at risk H\l ~ RVF with TVR
|51 39 25 5 Non-RVF with TVR|
[t 1] : 1___RVFwith TVR _
0 1 2 3 4 5



Concomitant tricuspid valve surgery during implantation of
continuous-flow left ventricular assist devices: A Society of Thoracic
Surgeons database analysis.

2196 cf LVADs , 588 (27%) LVAD-TVr
(TVr in mod-severe TR , annulus >40 mm)

Table 5 Sensitivity Analysis Comparing Results from Traditional Multivariate Regression Analysis to Inverse Probability Weighting
* No difference iIn RVAD

Using Conditional Logistic Regression

Before IPW adjustment After IPW adjustment

Variables No. (events/total) OR for TVP (95% (1) p-value OR for TVP (95% (I) p-value need Or mOrtal Ity
Operative mortality 224/2,196 1.22 (0.83-1.80) 0.3050 0.95 (0.61-1.47) 0.8177
Reoperation

Any 710/2,189 1.39 (1.08-1.79) 0.0099 1.46 (1.11-1.93) 0.0076

Bleeding or tamponade 350/2,189 1.67 (1.22-2.27) 0.0012 1.93 (1.37-2.72) 0.0002

RVAD insertion 99,/2,196 0.94 (0.54-1.64) 0.8170 0.69 (0.36-1.32) 0.2631
Prolonged ventilation 1,462 /2,189 1.48 (1.13-1.940) 0.0039 1.40 (1.04-1.89) 0.0262
New renal failure 214/1,851 1.66 (1.12-2.48) 0.0121 1.93 (1.37-2.72) 0.0002
Stroke b7/2,188 1.25 (0.63-2.50) 0.5227 1.22 (0.57-2.62) 0.6045

TVP was associated with an increased risk for postoperative renal failure (RR,1.53;95%CI,1.13-2.08; p
=0.0061), dialysis (RR,1.49;95%CI,1.03-2.15; p = 0.0339), reoperation (RR,1.24;95%CI,1.07-1.45; p = 0.0056),
greater total transfusion requirement (RR,1.03;95%CI,1.01-1.05; p = 0.0013),and hospital length of stay >21
days (RR,1.29;95%CI,1.16-1.43; p 0 0.0001). Time on the ventilator and intensive care unit length of stay were
also significantly prolonged for the LVAD -pTVP group.

The Journal of Heart and Lung Transplantation, Vol 33, No 6, June 2014
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Continuous Flow Left Ventricular Assist Device Implant Significantly ImprovesPulmonary
Hypertension, Right Ventricular Contractility, and Tricuspid Valve Competence

TABLE 3
Mean Preoperative, Immediate Postoperative, and Follow-Up Right Ventricular Dysfunction and Tricuspid
Regurgitation Following Continuous Flow Left Ventricular Assist Device Implant

Pre- Post- 3-Month 6-Month 12-Month P = (Post-
Operative Operative Follow-Up Follow-Up Follow-Up Op
(n=114) (n=114) (n=71) (n =63) (n=52) vs. Pre-Op)
Right ventricular dysfunction 2.09+0.64 1.654+0.71 1.67+0.77 1.36+ 0.88 1.644+0.79 0.001
(all patients)
Right ventricular dysfunction 2464049 1.89 +0.55 1.794+0.74 1.48 4+ 0.80 1.754+0.80 <(0.00001
(pre-op moderate or
severe, n= ha)
Tricuspid regurgitation 1.48+0.75 1.24 +0.50 1.054+ 0.53 1.044+ 042 0.754+0.58 0.001
(all patients)
Tricuspid regurgrtation 2.17+0.28 1.38 £ 0.60 1.14 4+ 0.61 1174+ 047 0.714+0.57 <0.0000017

(pre-op moderate or
severe, n=h9)

There was an iImmediate improvement in TR grade and RV

function following LVAD implant, which was sustained long term

Conclusion: Continuous flow LVAD implant improves pulmonary
hypertension, RV function, and tricuspid regurgitation. TR may be

managed non-operatively during CF LVAD implant.

J CARD SURG ATLURI, ETAL. 771 2013;28:7/0—-775




Inhaled nitric oxide after left ventricular assist device implantation: A
prospective, randomized, double-blind, multicenter, placebo-controlled trial

105 patients randomized to receive 40ppm NO vs placebo at time of
weaning from bypass

Use of INO at 40 ppm given before separation from CPB did not reach statistical
significance for the primary end point of reduction in RVD incidence. No statistically
significant difference was found for secondary variables, including time on mechanical
ventilation, ICU or hospital stay, and the need for RVAD after LVAD placement.

Table 5 Primary and Secondary Outcome Measures in the Intent-to-Treat Population

Outcome Measure iNO Placebo p-value
Patients meeting RVD criteria =48 hours 0.330
No. of total (%) 7/73 (9.6) 12/77 (15.6)
95% (I 2.8-16.3 1.5-23.7
Males, No. (%) 7/64 (10.9) 7/65 (10.8) =0.99
Females, No. (%) 0/9 (0.0) 5/12 (41.7) 0.045
PVRI <270.5 dyne/sec/cm™™ 6/51 (11.8) 6/48 (12.5) ==().99
PVRI =270.5 dyne/sec/cm™™ 1/7 (14.3) 5/7 (71.4) 0.103
Days on mechanical ventilation® 70 67 0.077
Mean (5D) 5.37 (7.72) 11.10 (24.81)
Median (range) 2.0 (1-30) 3.0 (0-160)
No. of ICU days® 60 58 0.630
Mean (5D) 20.52 (32.31) 19.90 (24.38)
Median (range) 11.0 (3-194) 9.0 (3-115)
No. of total hospital days® 58 58 0.979
Mean (5D) 40.57 (32.19) 40.76 (29.41)
Median (range) 32.0 (11-194) 31.5 (10-156)
Quantity of blood products used 73 17
Mean, ml (5D) 4,232 (4675) 4,885 (7760) 0.226

) : 220 ¥ J Heart Lung Transplant 2011;30:870-8



Surgical Temporary Mechanical RV Support Options

Sternotomy/Thoracotomy

- o .
, ] ' v s N
B e ; ;\§ ) 2P Bt S
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»

Centrifugal Pump RVAD

DA approved for RV support



Percutaneous Temporary RV Support Options

Tandem Heart-

* *%k*
Impella RP Protek-Duo Cann**. ECMO

*FDA Approval for RV support
** FDA Approval for Circulatory Support 6h
*** EDA Approval for Circulatory Support 6h



Early, Planned Institution of Biventricular Mechanical Circulatory
Support Results in Improved Outcomes Compared to Delayed
Conversion of LVAD to BIVAD

167 LVAD alone ,71 Planned BIVAD and 28 delayed BIVAD (PVADS)
Similar patient characteristics in the BIVAD group

100%
90% < 0.0001 Survival Distribution Function: Survival D'Et"l?mm“ Function:
p
¢ ¢ P-BiVAD D-BiVAD
80% 1 0=0.002
70% - : . * 100% 100%
° p=0.046 30% -
¢ . - (8 e
60% - 80%
Percent ?':',;“ . BO% |
: 50% e T | ',
Survival ° 50% 1 : 40% 4~ -
40% +=_ . 4 "
40%ﬁ 308 Cemsssssssasseaas 0% .:I
Eljr:.i:l . ) I. 111111111111111111111111111111111
30% - 10% 0%
0% - ' ' ' ' ; ' 0 500 1000 1500 2000 2500 3000 3500
20% - 0 500 1000 1500 2000 2500 3000 3500
. . survival Time (Days)
10% - Survival Time (Days)
0%

LVAD P-BiVAD D-BiVAD

When patients at risk for isolated LVVAD support failure are identified, proceeding directly to BiIVAD
Implantation Is advised, as early institution of biventricular support results in dramatic improvement in survival

J Thorac Cardiovasc Surg. 2009 April ; 137(4): 971-977

STS/EACTS Latin America Cardiovascular Surgery Conference 2018
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Outcome of unplanned right ventricular assist device
support for severe right heart failure after implantable left
ventricular assist device insertion.

1.0
0 . h'_"‘—l-..,__l_ 953,./
L L 92% | ~ 92% n=278 -
86% " N 0
solated LVAD — 57 - | _I“ Isolated LVAD T -
n=278 0.8
R 82%  RVAD weaning group n=17 |
L 75%
_ | p=0.189 vs LVAD
59% 59% n=27 06
Unplanned RVAD (+) 54% | -
I
|
0.4 Ly

| p <0.001 vs isolated LVAD
I p < 0.001 vs RVAD weaned off (+)

| - 20%
RVAD weaning failure group

278 263 248 238 214
278 263 248 239 214 17 14 14 14 11
27 16 16 15 12 10 3 3 9 1
0.0
0 90 180 270 360 0 90 180 270 360
(days) (days)

J Heart Lung Transpl:m:n 2014;33:141 - 148]



Clinical experience with Centrimag temporary right
ventricular mechanical circulatory support

80 TABLE 2. Adverse events and causes of death in studv paticnis
Total patients Variahle PCCS (in = 13 (%) CTx (n = 25), (%) LYAD (n = 42), (%) P value
] Adverse event
: : I —F et S o e = 52
PLLS CTx LVAD Major infection B (62) 13 (52) 23 (55) £S5
13 patients (16%] 25 patients (31%) 42 patients (53%) Arrhythmia 5 (38) 10 (40 21 (50) 64
'| I Strokefencephalopathy 1 (8) 3(12) 9 (21) 54
— FUT SRS IR T T2 63
13 implants 26 implants* 42 implants SN OF Cacly death
MSOF fse psis 1 (8) 5 (200 3(T) 25
-1 LV failure 1 (8) 1 (4) 0 (0) 22
Stroke 0 (0) 0 (0) 0 (0) _
Device Wean Device Wean Device Wean Care withdmwn 3 (38) 1 (4) 4 (10) 01
6/13 (46%) 21/25 (84%) 35/42 (83%) Causes of late death
Stroke 0 (D) 0 () 0 (D)
Care withdrawn 1 (8) 1 (4) 4 (10 a1
Early Death Early Death Early Death
9/13 (69%) 10425 (40%) 10/42 (24%)
Late Death Late Death Late Death
1/13 (8%) 3/25 (12%) 13/42 (31%) _ _
Risk factors for weaning RVAD

Centrimag Central cann. Miitivariate analysis
PCCS mdication 0.161 07 004 3-0.60
Female sex 0.313 56 0.095-1.03

J.Thorac Cardiovasc Surg 2018;156:1885-91



Clinical experience with temporary right
ventricular mechanical circulatory support

Survival of Centrimag RVAD by Indication , Era and Timing of Implantation
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2006-2006 39 26 23 2 Number at nsk
2008-2093 49 33 3 28 Post Caed Post Tx mmedate 43 38 35 M
! LV Delayed 37 23 '8 '7
2005-2008 2000-2013 Post LVAD
Immedate Delayed

Conclusions: Temporary right ventricular mechanical support remains an
effective treatment strategy after left ventricular assist device placement with
Immediate support resulting in superior short-term survival. Caution should be
applied in postcardiotomy cardiogenic shock when weaning and survival are
poor. Overall survival outcomes have remained relatively static over time.

J.Thorac Cardiovasc Surg 2018;156:1885-91



TandemHeart RVAD (TH pump and Dual Lumen Cannula)

Placement under fluoroscopy
using One flow directed PA
catheter and COOK®.035
Lunderquist® guidewire used
to advance the Cannula

PROTEK-DUO Cannula
29 and 31 FR



Outcomes with the Tandem Protek Duo Dual-Lumen
Percutaneous Right Ventricular Assist Device

Table 1. Demographics and Baseline Characteristics

Factor Value + SD
Age 56.3+8
Gender, male 13 pts (76%)
Diabetes? 12 pts (71%a)
smoker 3 pts (18%)
lschemic etiology of CMP 5 pts (29%)
Hypertension 11 pts (65%)
Serum sodium 133.9+3.7
GFR 60.8+ 37
Albumin 2.4+04
ALT 37.6+£29.2
Total bilirubin 1.6+0.9
Wt (kg) 98.7+18.6
LVEF 17.5+16.5
RA pressure 21.6+6.9
PA systolic 92+14.3
PA diastolic 27.8+£7.1
PA mean 35.1+8.5
PCWP 25.3+6.8
PA saturation 53.1+£12.0
Cardiac output 4.8+1.3
Cardiac index 2.2+0.7
Outcome weaned 4 (23%)

Outcome: VAD
Outcome: Death
Days of TPD support

6 pts (35%)
7 pts (41%)
10.5+£6.5

Two-center experience using the
TPD Iin 17 patients with right
ventricular(RV) failure (12 of whom
were post-left ventricular assist
device (LVAD) implantation)

Complications occurred in 6 (35%):

* 1 pt epistaxis and hematemesis.
* 1pt had injury to left internal jugular due

to inability to advance the catheter past
the RV due to tortuous anatomy.

« 2 Intracranial bleeds
« 2 Dbleeding at the catheter insertion site

after placement.

Ravichandran et al ASAIO Journal 2017



Impella RP: Percutaneous Device

Pum p oOutriow In Blue Impella® Plug
BYAY \ Pigtail
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* Axial Flow pump (22 Fr)
» Catheter based (11Fr)
 |[VC implant.

« RPM up to 33000.




RECOVER Trial :Patient Outcomes and Adverse Events

Primary End Points

ALl patients Cohort A Cohort B
(N = 30) (n = 18) (n = 12)
Event % (No.) % (No.) % (No.) p-value
Alive at
73.3-{22) 83.3-{18) (2 0120
Discharge 70.0 (21) (14) (7) 0.255
30 days /discharge/next therapy 73.3 (22) (15) (7) 0.129
180 days 70.0 (21) (14) (7) 0.255
Secondary EndPoints
All patients Cohort A Cohort B
(N = 30) (n = 18) (n = 12)
Safety end points % (No.) % (No.) % (No.) p-value
Death 26.7 (8) 16.7 {3) 41.7 (5) 0.12G
Major bleeding 60.0 (18) 55.6 (10) 66.7 (8) 0.543
Device access site 3.3 0.0 8.3
Postoperative” 36.7 33.3 41.7
Transfusion with no overt bleeding 16.7 22.2 8.3
Other 13 0.0 8.3
Hemolysis 13.3 (4) 16.7 (3) 8.3 (1) 0.511
Pulmonary embaolism 0.0 {0} 0.0 (D) 0.0 (D)

Tricuspid and pulmonary valve dysfunction®

3.3 (1)

5.6 (1)

0.0 (0)

0.406

*Chest or mediastinal re-exploration, tamponade, hemothorax.

“Increase in valve regurgitation by more than one grade on a &-grade scale compared with baseline,

Anderson ,et al. J HeartLungTransplant 2015;34:1549-1560




Flows and Hemodynamics

FLOW BY COHORT CARDIAC INDEX CENTRAL VENOUS PRESSURE
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Summary

» The presence of acute severe RV failure Is associated with increased
risk of mortality and morbidity.

» Preoperative, intraoperative and postoperative management are key to
prevent and avoid progression of RVF and may be critical to prevent
poor outcomes.

» There Is an increasing number of surgical and percutaneous RVAD
options that seem to be efficacious and safe, but timing implantation
seems to be a critical step to prevent progression to MOF.
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Post-Operative/ICU Management

* Bleeding

* Nitric Oxide

* Inotropes

* Maintain MAP

» Watch CVP/PA ratio — go to RVAD early If any doubts
* Role of Pump Speed? — Don't know, do not over pump



