m | N S E LS P | TA |_ University Clinic for Cardiology, Centre for Heart Failure

UNIVERSITATSSPITAL BERN
HOPITAL UNIVERSITAIRE DE BERNE

Adverse Event Management / Prevention

ETS, Bern 2016, Vilborg Sigurdardottir

g ;\‘4
N »
- -
>y .




Disclosure

PD Vilborg Sigurdardottir, MD
University Clinic for Cardiology
Centre for Heart Failure
Inselspital, Berne

| have no financial relationships to disclose relevant to my
presentation that create a conflict of interest.

SSSSSSSSSSSSSSSSSSSSSSS
EEEEEEEEEEEEEEEEEEEEEEEEEEEEE



L. I1.
I have received (a) I have been a speaker
research grant(s) / or participant in

in kind support accredited CME/CPD ... advisoretc. ...
A A

... from current ... from current

sponsor(s) sponsor(s)

YES NO YES NO YES

I have been a
consultant / strategic

... for current
sponsor(s)

X X

NO

B B

... from any institution ... from any institution ... for any institution

YES NO YES NO YES

X

X X

NO

SCORE: 3

X

IV.

I am a holder of
(a) patent /shares/
stocks or ownership...

A

... related to
presentation

YES NO
X

B

... not related to
presentation

YES NO
X




Outlines — AE Management/ Prevention

Assessment of Disease Severity for Mechanical Circulatory Support

Assessment of Operative Risk
* Pre-op Optimization
« Peri - Postoperative AE Patient

Institution related Aspects

Pump

Management
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Clinical Course of Heart Failure
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Circulation 2012, 125:1928-1952

Transition to
Advanced Heart

Failure:

* Oral therapies
failing

« Atime for many
major decisions

« Consider MCS
and/or
transplantation, if
eligible

« Consider inversion
of care plan to one
dominated by a
palliative
approach, which
may involve formal
hospice




Considerations for VAD Implant
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European Heart Journal Advance Access published May 20, 2016

European Heart Journal ESC GUIDELINES

EURDPEAN doi:10.1093/eurheartj/ehw128
SOCIETY OF
CARDIOLOGY ®

@ 2016 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure

The Task Force for the diagnosis and treatment of acute and chronic
heart failure of the European Society of Cardiology (ESC)

Developed with the special contribution of the Heart Failure
Association (HFA) of the ESC

13. Mechanical circulatory support
and heart transplantation
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Timing for LVAD Implant

Patients with >2 months of severe symptoms despite optimal
medical and device therapy and more than one of the following:

LVEF <25% and, if measured, peak VO, <12 mL/kg/min.

>3 HF hospitalizations in previous 12 months without an obvious
precipitating cause.

Dependence on i.v.inotropic therapy.

Progressive end-organ dysfunction (worsening renal and/or hepatic

function) due to reduced perfusion and not to inadequate ventricular filling
pressure (PCWP 220 mmHg and SBP <80-90 mmHg or Cl €2 L/min/m?).

Absence of severe right ventricular dysfunction together with severe
tricuspid regurgitation.

Cl = cardiac index; HF = heart failure; i.v. = intravenous; LVEF = left ventricular
ejection fraction; PCWP = pulmonary capillary wedge pressure; SBP = systolic
blood pressure; VO, = oxygen consumption.
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What is the Plan?

Bridge to Use of short-term MCS (e.g. ECLS or ECMO)
decision (BTD)/| in patients with cardiogenic shock until
Bridge to haemodynamics and end-organ perfusion are
bridge (BTB) stabilized, contra-indications for long-term MCS
are excluded (brain damage after resuscitation)
and additional therapeutic options including BT D/BT B

long-term VAD therapy or heart transplant can
be evaluated.

Bridge to Use of MCS (usually LVAD) to improve end-organ
candidacy function in order to make an ineligible patient
(BTC) eligible for heart transplantation.
Bridge to Use of MCS (LVAD or BiVAD) to keep patient BTC
transplantation | alive who is otherwise at high risk of death before
(BTT) transplantation until a donor organ becomes
available.
Bridge to Use of MCS (typically LVAD) to keep patient
recovery (BTR) | alive until cardiac function recovers sufficiently to
remove MCS.
Destination Long-term use of MCS (LVAD) as an alternative
therapy (DT) to transplantation in patients with end-stage HF BT R BTT

ineligible for transplantation or long-term waiting
for heart transplantation.

BiVAD = biventricular assist device; BTB = bridge to bridge; BTC = bridge to
candidacy; BTD = bridge to decision; BTR = bridge to recovery; BTT = bridge to
transplantation; DT = destination therapy; ECLS = extracorporeal life support;
ECMO = extracorporeal membrane oxygenation; HF = heart failure; LVAD =
left ventricular assist device; MCS = mechanical circulatory support; VAD =
ventricular assist device.
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ROADMAP

Optimal Medical Management
VS
LVAD Therapy
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Assessment of Operative Risk
for VAD Implant
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Assessments of Risk

Outpatient Setting

« Assessment of maximal oxygen consumption (Peak VO,)
« Seattle Heart Failure Score

« Heart Failure Survival Score

Inpatient Setting

« ADHERE CART Analysis (BUN, SBP, Creatinine)
« SOFA - Complex

« INTERMACS Score

« SAVE
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The Journal of
Heart and Lung
Transplantation

e
http:/fwww . jhltonl ine.org

ISHLT GUIDELINES

The 2013 International Society for Heart and Lung
Transplantation Guidelines for mechanical circulatory
support: Executive summary

Co-chairs: David Feldman, MD, PhD;™ Salpy V. Pamboukian, MD, MSPH;™
Jeffrey J. Teuteberg, MD;™
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INTERMACS Scale
to Predict Outcome after VAD implantation
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Frailty and the Selection of Patients for Destination Therapy

Left Ventricular Assist Device
Circ Heart Failure 2012; 5:286
Kelsey M. Flint, MD; Daniel D. Matlock, MD, MPH: JoAnn Lindenfeld, MD; Larry A. Allen, MD, MHS

Frailty

Increased Vulnerability to Stress

LVAD-Independent Frailty

~ LVAD-Responsive Frailty
-

Systolic and Inflaypmation N Aging
diastolic dysfunction Anoyexia COPD / lung disease
Polypharmacy Cancer
l Deconditioning Diabetes
S < f «—— Osteoporosis
" PCWP and CVP  eni Peripheral vascular disease
| Cardiac output . Clihass
P alnutrition Neurologic disease
Cognitive deficits

N

Injurious falls _/

Post-Operative Impaired
Complications Health Status Reduced
P — Disability —_— Survival
rolonged LOS Loss of ADLs
Need for ICU care Institutionalization
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SAVE

Survival After Veno-arterial ECMO
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/D'iagnosis: i ]

Myocarditis

Refractory VT/VF

Post heart or lung transplantation
Congenital heart disease

Other diagnoses

Age (years):

Weight (kg):

Cardiac:

Pulse pressure pre ECMO =20 mmHg @

Diastolic BP pre ECMO 240 mmHg @
Pre-ECMO cardiac arrest
Respiratory:

Peak inspiratory pressure =20 cmH20
Intubation duration pre ECMO (hrs)

Renal:

Acute renal failure @

Chronic renal failure @

HCO3 pre ECMO 215 mmol/L @
Other organ failures pre ECMO:

Central nervous system dysfunction @
wver failure @

http://www.save-score.com 16




HeartMate Il Risk Score

Preoperative predictors of mortality in candidates for LVAD
« Age, albumin, se-creatinine, INR, implant after 2007 and
Implant center experience = 15

Derivation Cohort Validation Cohort

100 Low Risk (N=168)
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HeartMate XVE, DT Risk Score:
It might be Too Late!
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Table 4 Risk Factors for 90-Day Mortality and the
Weighted Scores

Risk factor

Score

Platelet count <148 X 10°/ul

Serum albumin <3.3 q/dl

International normalization ratio >1.1
Vasodilator therapy

Mean pulmonary artery pressures <25 mm Hg
Aspartate aminotransferase >45 U/ml
Hematocrit <34%

Blood urea nitrogen >51 mg/dl

No intravenous inotropes

N NN W s o

WINSELSPITAL

UNIVERSITATSSPITAL BERN
HOPITAL UNIVERSITAIRE DE BERNE

24

Months after LVAD Implantation

36

48

Lietz K et.al. Circulation 2007;116 18




Principle of Risk Assessment: the Ideal

Maximum Therapeutic
Benefit

!

Therapeutic
Benefit

Too Well To [Too Sick To
l Benefit Benefit

WINSELSPITAL
UNIVERSITATSSPITAL BERN Cleland J. G.F.et.al. JACC 2009:539
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Risk Assessment in Reality

Even small changes in patient condition can affect the balance
Re-assess your strategy!

20
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Peri - Postoperative AE
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Adverse Events after VAD - Implantation

Early: RHF, neurological, MSOF
Late: Infection, Neurological, MSOF

Intermécs  Continuous Flow LVAD/BiVAD Implants: 2008 — 2014, n=12030

Instantaneous Death Rate (Hazard) for selected causes

0.010
0.009 Cause of Death
0.008 Infection
= RHF
€ 0.007 Neurological
(o] o .
= 0.006 Device Malfunction
a MSOF
E 0.005
[
0O 0.004
0.003 Neurological
0.002 = Ir
0.001 Device Malfunction
o'w\t " L A L i 1 A L i 1 A 1 A 1 A ey
0 6 ? 18 24 30 36 a2 [ag]

Months post implant

MSOF, multisystem organ failure.

Kirklin JHLT 2015;34

WINSELSPITAL

UNIVERSITATSSPITAL BERN
HOPITAL UNIVERSITAIRE DE BERNE

Percentage survival

SAE: Infection, Bleeding, Stroke

Continuous flow primary LVAD and BiVAD implantations for adults:
Freedom from major adverse events with 95% confidence intervals;

(n=525 LVADs and n=64 BiVADs)
@® Malfunction @ ewomacs

® Bleeding
® Stroke

® Infection

0 12 24 36
Time after implantation / months

De By; EJCTS 2015;47
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Pre-operative Optimization

Invasive Hemodynamic Monitoring
 INTERMACS 1-3, for 4-7 selective

Aim
« Hepatic Decongestion/ Reduction in CVP

« Optimize organ perfusion, inotropes, vasodilator therapy
tailored to reduce PVR, increase CO

If unresponsive
« Possible IABP
* Possible Temporary ECMO (VAD)
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Peri-operative Management

Intraoperative
« Multidisciplinary Management
 Individual Patient situation

Early Post-Operative Management
« Clear strategy for this particular patient
 Who is in charge?
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Algorithm for the Diagnosis and Management
of Suspected Pump Thrombosis®

. ’ Power Elevations! i Isolated LDH Rise? ‘ Evidence of Hemolysis® | New CHF Symptoms |
Early Detection : ‘ : '
Late | « Optimize Anticoagulation *Admit to Hospital
* Check Serum Indices of Hemolysis *Consider IV Heparin
Early *CXR
_—— > Yes Echocardiog (+ Pump Speed Changes), Consider RHC
* Consider | *Monitor LDH, pfHgb, indirect bilirubin, Haptoglobin, Renal Function

| Echocardiogram (& Pump No
Speed Changes) | « Consider Echocardiogram (£ Pump T nbaduw?
L Speed Changes)
i ‘ No

P atl e nt E d u Catl O n ! ™ 1 | * Chest CT Angiogram ' * Evaluate Other Causes

of CHF and Hemolysis
Yes No
Close Follow Up
* Increase INR s
. o nou Consider Surgical
ASA ?25 mg Malposition or Outflow 2 L
* Consider a Second Anti- Graft Obstruction? Correction
platelet Agent
L o
Yes w - ICU - Add Inotropes,
N Diuresis as Needed
M‘nmi: —-o '
Ipower Elevations:
«Sustained (>24hre) Power > 10W; or Yes Consider:
*Sustained (> 24hrs) Power Increase > 2W from Baseline 5
Rectatad (DN Sia: Direct Thrombin Inhibitors
*LDH > 3x Upper Limit of Normal (ULN)
3Hemolysis:
«Clinical Diagnosis; or
*LDH > 3x ULN and pfHgb > 40
“Resolved: Normal Powers, Normal LDHs, Sufficient LV = T
Unloading, and No Clinical Evidence of Hemolysis Consider Thrombolytics in
Ahhmdﬂgm LV, Left Ventricle; LDH, Lactate Pump Exchange or Urgent Patient with End Organ
8 pfHgb, Pl fi RHC, Transplantation or Explant for Dysfunction or Hemodynamic
R-ghl Heart Cath; CXR, Chest X ray Recovery Compromise

Figure 1: LVAD Trend over the last 31 days
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Institution related Aspects
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WINSELSPITAL Ok, we give up! Where did you hide the patient?
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Patient safety - System Errors and Weaknesses
Individual

Adverse Event

Communication
Information
Education
Environment
Equipment
Routines
Guidlines/SOP
Barriers

etc.

Systemperspective

Open culture for discussions about failures

Technique Organisation

[ INSELSPITAL God Vard - Vilborg Sigurdardottir
UNIVERSITATSSPITAL BERN Goteborg Sahlgrenska 2005
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MCS — Team

Management

Re-
Evaluate

WINSELSPITAL
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Intermécs INTERMACS: HMII Pump Investigation
Implants: April 2008 — June 2014, n=9808
Follow-up: Thru September 2014

“Expanded Scale”

By Implant year

8

©
51

P(overall) < .0001

- % Freedom from pump thrombosis a
- _Implant year n events 6 mths 12 mths 36 mths 48 mths
L 2008 459 21 99% 98% 91% 89%
L 2009 866 34 98% 98% 93% 87%
| 2010 1581 118 98% 96% 88% 84%
85 i 2011 1838 173 96% 94% 85% -
" 2013 2036 191 92% 89%
2014 (thru June) 845 39 95% --- --- ==

% Freedom from pump thrombosis
0
(=]

@' Event: pump thrombosis — removal, transplant or death due to thrombus
A ' 'l

/V 0 1 2 3 4 5 6 7 8 9 10 N 12

Months post implant

In 2014, freedom from pump thrombosis improved to a level approaching that in 2011

WINSELSPITAL
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ENDURANCE Trial

Pump Thrombosis (2 years)

Ao LIV A TR o s b o

o0z . HVAD Thrombus Risk Factor Multivariable Analysis

20.0% ICVA Risk Factor Multivariable Analysis (HVAD)

15.0%
MAP (> 20 n )
10.0% Odds Ratfio P-value

MAP (> 20 mmH 4
5030

| INR (£ 2) 30 0.002
0.0% Non therapeu
H

sint Non-Sintered ASA (81 mg) 22 0.034

Sintering reduc
both overall th
in patients witt -10 5

v Statistically sic

therapeutic IM v statistically significantly more HYAD patients (7.3%, 0.07 EPPY) had a sub-
therapeutic INR <2.0 compared to control patients (2.2%, 0.02 EPPY), P=0.04.
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Prevention of AE - Summary

Carefully assess Frallty in the VAD candidates

« Chronic disease with limited survival

Scores as a Forum for discussion

Emergency situations, be careful — INTERMACS 1-2 vs 3-47?
Strategy — Re-evaluation — Feedback to the MCS Team

LVAD Implantation should never be an emergency
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32229 Hospitalization Episodes in Validation Cohort

ADHERE Inhospital risk score

BUN <43 mg/dL

Risk Stratification for
In-Hospital Mortality in Acutely
Decompensated Heart Failure

2.83% Crude
Mortality
(704/24871)

24702 Hospitalization Episodes

Systolic Blood
Pressure
2115 mm Hg

Systolic Blood
Pressure
<115 mm Hg

Intermediate
Risk 3

5.67% Crude
Mortality
(220/3882)

Low Risk

2.31% Crude
Mortality
(480720820

)
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JAMA. 2005;293(5):

BUN 243 mg/dL
N

8.35% Crude
Mortality
(565/6764)

6697 Hospitalization Episodes
Systolic Blood
Pressure
<115 mm Hg

16.30% Crude
Mortality
(285/1863)

Systolic Blood
Pressure
2115 mm Hg

Intermediate
Risk 2

5.63% Crude
Mortality
(272/4834)

1862 Hospitalization Episodes

Serum Creatinine
22.75 mg/dL

Serum Creatinine
<2.75 mg/dL

Intermediate
Risk 1

13.23% Crude
Mortality
(168/1270)

High Risk

19.76% Crude
Mortality
(117/592)




INTERMACS level NYHA Description Device ly survival with
Class LVAD therapy
|. Cardiogenic shock v Haemodynamic instability in spite of increasing doses of catecholamines ECLS,ECMO, | 52.615.6%
“Crash and burn” and/or mechanical circulatory support with critical hypoperfusion of target | percutaneous
organs (severe cardiogenic shock). support devices
2. Progressive decline v Intravenous inotropic support with acceptable blood pressure but rapid ECLS,ECMO, | 63.113.1%
despite inotropic deterioration of renal function, nutritional state, or signs of congestion. LVAD
support “Sliding on
inotropes”
3. Stable but inotrope v Haemodynamic stability with low or intermediate doses of inotropics,but | LVAD 78.4+2.5%
dependent “Dependent necessary due to hypotension, worsening of symptoms, or progressive
stability” renal failure.
4. Resting symptoms v Temporary cessation of inotropic treatment is possible, but patient presents | LVAD 78.743.0%
“Frequent flyer” ambulatory | with frequent symptom recurrences and typically with fluid overload.
5. Exertion intolerant v Complete cessation of physical activity, stable at rest, but frequently with LVAD 93.0£3.9%"
“Housebound” ambulatory | moderate fluid retention and some level of renal dysfunction.
6. Exertion limited I Minor limitation on physical activity and absence of congestion while at LVAD / Discuss | -
“Walking wounded” rest. Easily fatigued by light activity. LVAD as option
7."Placeholder” Il Patient in NYHA Class lll with no current or recent unstable fluid balance. | Discuss LYAD | -
as option

ECLS = extracorporeal life support; ECMO = extracorporeal membrane oxygenation; INTERMACS = Interagency Registry for Mechanically Assisted Circulatory Support;

LVAD = left ventricular assist device; NYHA = New York Heart Association.

*Kaplan-Meier estimates with standard error of the mean for 1 year survival with LVAD therapy. Patients were censored at time of last contact, recovery or heart transplantation.

Due to small numbers outcomes for INTERMACS levels 5, 6, 7 were combined®™.

Patients with active infection, severe renal, pulmonary or hepatic dysfunction or

uncertain neurological status after cardiac arrest or due to cardiogenic shock are not

usually candidates for BTT or DT but may be candidates for BTC
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Heart Failure Survival Score (HFSS)

Event free survival rates at 1 year

/ ALGORITHM FOR HEART TRANSPLANTATION \

« Peak VO,

* LVEF%

« Se-sodium

* QRS interval 2120 msec
« Coronary artery disease
 MAP

» Heart rate

WINSELSPITAL

HEART FAILURE

v

MEDICAL THERAPY

v
<10 | « PEAKVO2 —> | >14
TRANSPLANT 10-14 MEDICAL THERAPY
( HIGH RISK | € HFSS —> | LOW RISK
<7.19 'l’ >8.10
MEDIUM RISK

7.2-8.09

CLERATED BETABLOCKERS

TOLERATED BETABLOCKERS/

Aaronson K et.al. Circulation 1997:95; Domingo. Falla Cardiaca Oct.2008
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