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PLATFORM OF LABORATORIES FOR ADVANCES IN CARDIAC EXPERIENCE «ccececccscssscscsssosssssescsssoscsscossssensesssosssssssssssesssssonssssssssssssssssosssssensesssssssssnsssserssssssossssvssssassssssssssnnensens

Insufficienza Cardiaca Avanzata

Gestione perioperatoria del paziente con
supporto meccanico al circolo

- D’Avino Emilio
’ Anestesia e Rianimazione
io Toraco Vascolare




Assistenza meccanica e trapianti
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o . o The 2023 International Society for Heart and Lung
) Transplantation Guidelines for Mechanical
Onpecee R Circulatory Support: A 10- Year Update

Nome. Cognome. Ka. cm mMOFO

Progressa cardiopatia ischemica 81 1 ~no [

Pregressa PTCA [ pragresso BPAC [ pregresso intervento cardiochirurgico [

Comorbilita: diabete [ arteriopatia periferica (1. BPCO [ insufficienza renale cronica

s ° Table 1 Triggers for Referral of Heart Failure Patient for
’ Advanced Therapies Evaluation

EcG: STEMI [ NSTEMI O tachiaritmie [ bradiaritmie 1 PMK C1

Emogasanalisi:
PH. po2 pco2z. HCO3. lattat] Hb,

IV Inotropes

NYHA IIIB/IV or persistently elevated Natriuretic peptides
End-organ dysfunction

EF < 35%

Defibrillator shocks

Hospitalizations >1

Edema despite escalating diuretics

Low blood pressure, high heart rate

Progressive intolerance or downtitration of GDMT

Supporto ventilatorio: si (] no [ invasivo (] non invasivo [ modalita
"

Fio2 Frequenza TIDAL VOLUME. PEEP______

Rivascolarizzazione:
si O no O completa O incompleta O
Dispositivi:

...da modelli «funzionali» a modelli
«strutturati», I'importanza di un
Referral.
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Durable therapies in advanced chronic heart

failure

01 Sep 2023

Evaluationfor LVAD or HT
Rule out contraindications

Severe RV dysfunction

Contraindication to

LVAD long term anticoagulation

Intractable VT

Active Infection*
Severe systemicdisorders
Neuropsychiatricillness
Severe renal dysfunction
Insulin-dependent severe
diabetes mellitus
Liver cirrhosis
Extreme frailty
Poor social support

Pregnancy

@ESC

European Society
of Cardiology

High PVR>6 Ul Wood**

Malignancy
Immunosuppressive HT
disorders



Too good to benefit
The balance between benefits

(quality of life, functional ,
capacity) vs. risks Very poor prognosis with
| —— . Exclude irreversible
multiorgan damage
High surgical risk

Critical
Advanced NYHA Exertion limited Housebound Frequent Stable on inotrope Progressive cardiogenic
class Il symptoms Flyer or inotrope- declhe shock

dependent

I | 25% 1-year mortality 35%-60% 1-year mortality 75-85% 1-year mortality I mmm
_.A




VALUTAZIONE DEL PAZIENTE CANDIDATO AD ASSISTENZA MECCAN
AL CIRCOLO

* INQUADRAMENTO PREOPERATORIO
— Ruolo dell’ Heart Failure Team
* PREPARAZIONE ED OTTIMIZZAZIONE
— Fattore tempo: Stato Nutrizionale, Funzione Ventricolare DX,
— Patient Blood Management, Funzione Respiratoria, Status Infettivo, etc.
* VALUTAZIONE DEI RISCHI
— Inrelazione al rischio di morte, INTERMACS 1-3
* SCELTA DEL DEVICE
— Temporary MCS nei casi piu gravi (Bridge to Decision)
— Durable MCS nei casi piu stabili (Destination Therapy o Bridge to THX)
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Review More sick
How to Select Patients for Left Ventricular Assist Devices? A
Guide for Clinical Practice

Daniele Masarone *, Brian Houston 2, Luigi Falco 1", Maria L. Martucci !, Dario Catapano !, Fabio Valente !,
Rita Gravino !, Carla Contaldi !, Andrea Petraio 3, Marisa De Feo 4, Ryan J. Tedford ? and Giuseppe Pacileo !

Critical cardiogenic shock
1 despite escalating
support Early VAD o e o
3 Experience s E:
Progressive decline Device .~ N
2 ; REMATCH &
despite inotropes or | HeartMatell
\
% Bt Launch X O /
3 Clinically stable but Into Now Bra: = S _-
inotrope dependent o LT
o - MO 2 i s s
° el
4 Recurrent, not refractory, 3 .. - S
advanced
& Risk Scoring  / 3
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5 Exertion intolerant; Urgent Need | X
comfortable at rest, can do for : MedaMACS '
ADL with slight difficulty Decision Functioning ' :
Beyond & Quality of | I @
Exertion limited; Survival Lifepata 1 ROADMAP
6 can perform mild activity, Al \ '
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CONTROINDICAZIONI AL TRATTAMENTO CON LVAD
(dMCS)

Insufficienza aortica severa (Ill/IV )

Sepsi, shock settico

Insufficienza epatica ( bil > 5mg/dl)

Malattie ematologiche

Disturbi del comportamento e neuropatie gravi
Insufficienza renale (Cr > 5 mg/dl) o dialisi
Neoplasia con bassa aspettativa di vita

Eta (>65a) C BTT or DT
; . Ventilazione meccanica con scambi scadenti ( ¢ FiO, ¢ PEEP)
eo rel ati v eMalattiatrombo -embolica

Superficie corporea ridotta (< 1,5m  2), cachexia

0 Ri gdntricular failure 6



Management intra e post: - -operatorio




Hemostatic complications associated with ventricular assist

devices
REVIEW ARTICLE

Artificial surface

Una vasta superficie priva

di endotelio che attiva le proteine
della fase di contatto

ed il fibrinogeno con aumentata

VAD triad

adesione piastrinica ed Acquired VWD
elevato rischio di stroke. Hemolysis
Thrombosis

Bleeding

Shear force Blood changes

Res Pract Thromb Haemost. 2019;3:58971 598.



Trombosi ed emolisi: due complicanze legate in modo
bidirezionale

* Virchow’s triad, modified and applied to the context of the
VAD microenvironment (bioreactivesurfaces activated
platelets, abnormalflow patterns) remains the key to
understanding the fundamental principles of b?;gfii%gi;v
thrombogenesis in mechanical circulatory support [ ,.

« Hemolysis appears to be a relatively common complication
of mechanical circulatory support that may serve as an early
indicator of adverse events «

e Hgb < 10 g/dL, haptoglobin < 8 g/dL and LDH > 250 1U/L Endofhelial  Hypercoagulability
demonstrated a four to five-fold higher incidence (18%)%

* Extremely high 1-year mortality that is more than 2 times
greater than that observed for the non-hemolyzing

[1] Papanastasiou CA,et al. Comprehensive review of hemolysis in ventricular assist devices. World J Cardiol. 2020 Jul 26; 12(7):334-341.
[2] Ravichandran AK, et al. Hemolysis in left ventricular assist device: a retrospective analysis of outcomes. J Heart Lung Transplant 2014; 33: 44-50



VESSEL LUMEN

Sequestered Oxyhemoglobin Haptoglobln

The Clinical Sequelae
on v Of Intravascular Hemolysis

MACR
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Concetto di Emolisi Refrattaria

U Anemia con riduzione dell’Aptoglobina
U Elevazione delle LDH

U Colorazione delle Urine

U Aumento della Bilirubina Indiretta

U Comparsa di Insufficienza Renale

|

Esame Hb Low su Plasma — v.n. 0-20 mg/I

2" A OESAERA Where the Devil Is in the Details
SAN CAMILLO FORLANINI
Pacchetto Emolisi Meccanica 700

600 %6QP530

% 550

2 volte/settimana 500 “ 500> PTOGLOBINA
'] & ) A10 -
u LDH 400 @@mﬁw
U Aptoglobina 300 A 300 “ LDH
5 . " 200 22204220 ==RET. %
U Reticolociti 100 S 1504
U Test di Coombs 0 BOE OG-
U pFHb (lab, Hemcheck ?) 1 2 3 4 5 6 7 8
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Adult Echo TIS0.1 Mi0.4 AZIENDA OSPEDALIERA
SAN CAMILLO FORLANINI

o] Eparinai.c.  ACT > 180
= aPTT> 50 34 v/die

Rotem/ PLTcount
Test immunologicdgGanti PF4

| | ez et in caso di positivita (HIT tipo I1)

INIBITORI DIRETTI DELLA TROMBINA

PAT T: 37.0C
TEET: 38.0C

ARGATROBAN Incgkg/ min
Fino a raggiungereaPTT50-6 O’

* Monitoraggio: aPTT vs anti-Xa
* Importanza dei Dimeri e dell’AT Il
» Sistemi viscoelastici ed aggregometria a completamento



Guidelines on enhanced recovery after cardiac surgery under

. Y, Yove
cardiopulmonary bypass or off-pump
(&ﬁ Patient blood management in cardiac surgery A"R
Ay O
OPERATIVE POSTOPERATIVE
z Screen and E Decision support Prevent bleeding
8 correctiron @ i
é deficiency é
g anaemia g ) J; Chest tube monitoring
8 Q : g
2 % Fluid balance monitoring
ERACS ol = | Prevent haemodilution
program f; g
s
<

&37 °‘C

P-M. Mertes M. Kindo, J. Amour et al.AnaesthCrit Care PairMed 41 (2022) 101059
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Guidelines on enhanced recovery after cardiac surgery under
cardiopulmonary bypass or off-pump™**

(&' d Perioperative prescription of ) AAR
SFCTCV % Beta-blockers (first line treatment) or .

" Amiodarone )

—— . \ % Normokalaemia
: Prevent pain p
. 2

jA’J,\M\w_L\ — Hypomagnesemia —_—
P . L

POAF prevention

. S
‘ Avoid hypovolemia “ Avoid hypoxemia ]

~\
y
/

. 2 J

~
g 37 .(J Perioperative normothermia ]

.

P-M. Mertes M. Kindo, J. Amour et al.AnaesthCrit Care PairMed 41 (2022) 101059
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Review
Predicting, Recognizing, and Treating Right Heart Failure in
Patients Undergoing Durable LVAD Therapy

LVAD Influence

RV must match '
: Acutely Tvenous . : ' Worsen q .
cardiac output — A — | Rvdiatation » existing TR — Potential worsening of
generated by LVAD A .
preexisting RV dysfunction
Leftward shift of Compromised RV -« 1 Contribution of >
[ interventricular septum > contraction : septal contraction
Perioperative Effects
. . Contractile properties
[ Median sternotomy | i of RV altered —
. CABG grafts / Collaterals . s
[ Hypotension ] | can be injured ] — RV ischemia —
Cardiopulmonary Volume resuscitation : N Challenging for RV —
[ bypass run l Maijor fluid shifts [ Vasoplegia ] to compensate

J. Clin. Med. 2022, 11, 2984. https:/ /doi.org/10.3390/jem11112984



MODIFICAZIONI MORFO-FUNZIONALI DELLE DUE CAMERE VENTRICOLARI

Sheehan F, Redington A. The right ventricle: anatomy, physiology and clinical imaging. Heart. 2008;94:1510i 1515



A new “twist” on right heart failure with left ventricular

The Journal of

I Heart and Lung Ti lantati
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FATTORI DI RISCHIO CHE SI ASSOCIANO ALLA DISFUNZIONE DESTRA POST-LVAD

Clinical Characteristics Laboratory Markers

* Female gender

il * Blood urea nitrogen /
° - Use of IABP o B b ° ek
: = * Creatlnlne :ll:q zzljlll‘S"::uOBms
= * Mechanical ventilator support  : “ J B '
: + Hepatic function
ok * Renal replacement therapy (AST/ALT, bilirubin, INR)
* Dependency on inotropes
* Number/Dose of inotropes
Echocardiographic Features : _Anhvasive Hemodynamie

- Elevated CVP >15mmHg

* Moderate-to-severe
preoperative RV dysfunction [ * CVP:PCWP ratio >0.63
* RV/LV diameter ratio =0.75 : rfg * Pulmonary artery

pulsatility index <1.85

* RV free wall strain

* RV stroke work index
<300 mmHg x mL x m2



STRATEGIE PER RIDURRE LA DISFUNZIONE DESTRA PERIOPERATORIA

Preoperative

reload
#-—_  *Consider continuous
‘“‘““)\'ll hemodynamic monitoring

i * Optimize CVP for goal
<15 mmHg

Afterload

== = +Pulmonary vasodilators

Contractility

« If necessary, consider
milrinone > dobutamine

1
Identify patients who would benefit from

planned or early institution of
biventricular support

Intraoperative

Minimize

+ Cardiopulmonary bypass time

* Perioperative bleeding
* Blood product transfusion

% /)

Optimize

* Pump speed to avoid
septal shift

Consider

+ Lateral thoracotomy
approach (SWIFT trial)

'

/
S

®

=
"4

Postoperative

1) Preload optimization

2) Inotropy

3) Chronotropy

4) PVR management

5) Optimize systemic MAP and pump
speed

Maintain perfusion

* MAP > 70 mmHg
« Cardiac index > 2.2 L/min/m?
- CVP < 12 mmHg

Toolbox

Diuresis Pulmonary vasodilators

Inotropes  Adjustment of pacemaker

Temporary MCS Intermediate MCS

* Impella RP * CentriMag
* Protek Duo * Rotaflow
* VA-ECMO » TandemHeart



Complete Hemodynamic Profiling With
Pulmonary Artery Catheters in
Cardiogenic Shock Is Associated With
Lower In-Hospital Mortality

N\ CENTRAL ILLUSTRATION Frequency of Mortality Among PAC Use Overall and by SCAI Stage

PAC Utilization PAC Utilization Among Study Cohort

Presence of NONE of the following invasive
hemodynamics:

. Pulmonary Artery Systolic Pressure

. Pulmonary Artery Diastolic Pressure
. Pulmonary Capillary Wedge Pressure
. Pulmonary Artery Saturation

. Right Atrial Pressure

Incomplete Presence of 1-4 of the following invasive
Assessment hemodynamics:
. Pulmonary Artery Systolic Pressure
. Pulmonary Artery Diastolic Pressure
. Pulmonary Capillary Wedge Pressure Association with Mortality Among Advanced Stage Patients
. Pulmonary Artery Saturation
Overall SCAI Stage D SCAl Stage E

(N =1,279) (N =758) (N=212)
Complete Presence of ALL of the following invasive -
Assessment hemodynamics: 40 ﬂ
. Pulmonary Artery Systolic Pressure
. Pulmonary Artery Diastolic Pressure 2 60 p<0.001
. Pulmonary Capillary Wedge Pressure "é" 40 —
. Pulmonary Artery Saturation =
X 20
AND presence of Right Atrial Pressure
0

Garan, A.R. et al. J Am Coll Cardiol HF. 2020;8(11):903-13.




AHA SCIENTIFIC STATEMENT

Evaluation and Management of Right-Sided

Heart Failure

A Scientific Statement From the American Heart Association

Direct RV Bypass

Indirect RV Bypass

Impella RP

Impella RP

Tandem RVAD

Protek Duo

VA-ECMO

Axial Flow

Extracorporeal Centrifugal Flow




Adult Echo TIS02 MIOS
X8-2t
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Ospedale S. Camillo Forlanini - Roma
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1 2005

HeartMate Il

HVAD HeartWare

b

2013

« 12 GiUgQNO MINICORS! Precongressucii
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AZIENDA OSPEDALIERA
SAN CAMILLO FORLANINI

Il Dipartimento di Cardiochirurgia e Centro
Trapianti dell’ A.O.SCF di Roma, ha nella
chirurgia dello scompenso Trapianti e VAD
la sua principale missione.

Nel 2008 ¢ stato il secondo in Italia ad
impiantare un cuore artificiale totale.
Cardiowest TAH

Nel 2010 e stato eseguito, sullo stesso
paziente il primo tx su TAH in Italia.

Nel 2012 inizia I'impianto di device di terza
generazione LVAD HM 3 (microcentrifuga a
levitazione magnetica con la finalita di
aumentare emocompatibilita e ridurre lo
shear stress).

Nel 2019 (Syncardia) TAH trapiantato dopo
un anno.

Nel 2023 impianto Carmat BTT

PLACE® ROMA 2024



LVAD evolution

1‘5en'muon 3° generation
sl “FullMagnetic

displacement / e
pump* levitation”




d 4 infection is the
second most common cause

of death after cardiac
failure in MCS patients pp




Understanding LVAD &
artificial hearts

icu-management.org VOLUME 18 - ISSUE 1 - spring 2018
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Enhanced Recovery After Surgery in Patients Implanted with

Left Ventricular Assist Device Lindenmuth et al.
Journal of Cardiac Failure Vol. 27 No. 11 November 2021

Postoperative ICU Postoperative Floor

Anesthesia- Acute Pain

Anesthesia- Cardiac

Cardiac Care Advanced Practice Providers

Heart Failure Cardiology Heart Failure Cardiology

Intensivists
Nursing- Cardiac Care

Nutrition Nutrition
Occupational Therapy Occupational Therapy
Pharmacy Pharmacy
Physical Therapy Physical Therapy

Surgical Team
Social Work Physical Therapy

VAD Coordinators VAD Coordinators



Enhanced Recovery After Surgery in Patients Implanted with

Left Ventricular Assist Device Lindenmuth et al.
Journal of Cardiac Failure Vol. 27 No. 11 November 2021

*  Pre-operative LOS < 7 days
=== ¢  Nutritional optimization with supplements, limited fasting, and carbohydrate loading
*  Anemia optimization with IV iron
*  Smoking and alcohol cessation counseling
Prehabilitation including physical and occupational therapy, and inspiratory muscle training

Opioid and benzodiazepine minimization

Lung protective mechanical ventilation
Intraoperative Strict glucose control (< 180)

Temperature regulation with minimization of hypothermia
Paralysis reversal upon arrival to the ICU

Evaluation for early extubation and mobilization

Multimodal (opioid sparing) analgesia including the utilization of peripheral nerve blocks

. Delirium prevention with non-pharmacologic interventions and systematic delirium screening
Postoperatlve ICU Nutrition optimization with early feeding and resumption of ensure shakes

Active patient and family involvement in aspects of care

Daily ERAS ICU checklist incorporated into daily rounding

Progressive mobility with active involvement of physical therapy
Postoperative Floor Pulmonary toileting with incentive spirometry and flutter valve

Education and skill competency of the LVAD and the care required for discharge
Daily ERAS Floor checklist incorporated into daily rounding




CONCLUSIONI

La gestione intensiva del paziente con MCS si B
completa, necessariamente, con le —_—

—— e
' o'
’ L

T 5

competenze degli altri specialisti dell’HT failure

Spesso la permanenza prolungata in ICU ci < \g ,
porta ad avvertire precocemente i segnali di N T 1/
deterioramento v |\
La competenza sui principali «pitfalls» correlati
ai device e necessaria ai professionisti che
«curano» i pazienti in MCS

La diagnostica ecocardiografica, necessaria ad
identificare le principali criticita trova, |
nell’integrazione con i convenzionali riferimenti _

emodinamici (PAC), un notevole punto di forza ™

Vanno guardate con interesse tutte le strategie
di ottimizzazione di questi pazienti




