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Learning Objectives

Describe the mechanism, perioperative indications, and
contraindications of veno-venous (VV) and veno-arterial (VA- ECMQ)

Explore the limited clinical indications for the intra-aortic balloon bum

Review the mechanism and clinical role of microaxial flow pumps \

Review the perioperative considerations for left-ventricular assist _/\\'
devices for non-cardiac surgery ¥

Life-saving ECMO treatment helps
York County mom survive rare birth
complication | Health Smart

After a rare complication nearly took her life, a York County mom says
advanced ECMO technology and the team behind it gave her a second
chance.

SAVING LIVES WITH ECMO
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Ehe New York Eimes
The Race to Reinvent CPR

A new, high-tech approach called ECPR can restart more
hearts and save more lives. Why aren't more hospitals
embracing it?

Life-saving ECMO treatment helps
York County mom survive rare birth
complication | Health Smart
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THE NEW YORKER ANALS O peCTE :

HOW ECMO IS REDEFINING DEATH

A medical technology can keeps people alive when they othersoise wouid bave dicd. Where will it fead?

I

ECMO Overview

ECMO can act as important salvage therapy for
otherwise fatal perioperative emergencies

Functions as a bridge to recovery
ECMO therapy increasing

Plan to discuss the two major types of ECMO,

how it works, and broad perioperative clinical
indications

Foong TW, Ramanathan K, Chan ki
anaperperatheEmergendes: ANarraEReview
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Veno-venous (VV) Veno-arterial (VA)
ECMO

ECMO

Veno-venous
(VvV) ECMO

Pulmonary support Pulmonary & cardiac support

~
[¢¢]

Veno-venous (VV-ECMO) VV-ECMO Circuit Overview

Blender

| —
2

Directs blood outside of the body (extra-corporeal)

Function using large, venous cannulas to perform gas exchange

. Refractory hypoxemic or hypercapnic respiratory failure
Broad Clinical . - . S .
Bridge to recovery or additional life-saving intervention

ldications (i.e. lung transplant)
ARDS (i.e. COVID-pneumonia causing ARDS)
Common ICU .
P Status asthmaticus
Indications
Severe pulmonary disease before lung transplant CoTElE
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ECMO Oxygenator ECMO Oxygenator

Comprised of overlapping, hollow
microfiber network (non-porous)
permeable to gas exchange

Countercurrent blood & gas flow allows
for 0, and CO, exchange

11177777

/111777

Oxygenator surface area = 0.8-2.5 m? [T 4
(lungs ~ 50 m?) |'|||”l||

Outgoing blood
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The Holl Fbe ECHO Ongenatr




VV-ECMO Setting #1: Sweep

Sweep Gas Flow

+ Rate (L/min) that gas in‘infused
into oxygenator

|Il||l||

I

+ Sweep akin to minute ventilation

1 sweep « | partial pressure CO,

If’l«['“l]“
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ECMO Flow and Oxygenation

Hypoxic Failure

¥

VV-ECMO and ARDS Outcomes

Hypoxic Failure with VV-EC

ECMO blood
with 100% SpO,

1 ECMO flows = 1 proportion of cardiac output
comprised by well oxygenated ECMO blood

LANCET  cesarTrial (2009)

+ 180 patients with severe ARDS

« Conventional mechanical ventilation versus
transfer to specialized center for ECMO
consideration

EOLIA Trial (2018)

+ 249 patients with severe ARDS

+ Conventional mechanical ventilation versus
transfer to specialized center for ECMO
consideration
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VV-ECMO Setting #2: ECMO Flow

ECMO Flow Rate

+ ECMO flow rate: Determined
primarily by pump RPM’s (L/m)

Blender

lo J Oxygenator
il

1 ECMO flow « 1 oxygenation
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VV-ECMO Cannula Configurations

Femoral-femoral cannulation Femoral-jugular cannulation Dual lumen (1J;
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Clinical Vignette

25 year old male s/p auto-
pedestrian collision

Blunt abdominal trauma, OR for
emergent ex-lap

Undergoes massive transfusion

After two hours in the OR, bleeding

subsides and abdomen packed

Ventilation getting more difficult...

18



Perioperative Case (continued) GO

Stable hemodynamics on minimal pressor

Stiff lungs, poor oxygenation

FiO, 100%; peak pressure 40 cm H,0

Spo, 88%

7.22 / Pa0O, 55 / PaC0O, 55/ -4

Ruled out bronchospasm, mainstem intubation, pneumothorax

19

Key Considerations for VV ECMO Candidacg/

Reversible lung injury?

Otherwise survivable injuries and intact non-pulmonary organ |
function? \

Will tolerate eventual AC for VV-ECMO circuit?

Institutional ECMO infrastructure
« Team to cannulate (cardiothoracic surgeons, general surgeons,
some intensivists in adult population) &

* ICU setting familiar with ECMO
« Ultimate destination for transfer?

21

Small heparin bolus
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VV-ECMO Indications and
Contraindications

Indication Strict Contraindications

Acute hypoxic or hypercarbic Do Not Resuscitate / patient preference

respiratory failure
2 4 Advanced cancer
Bridge to recovery (i.e.

reversible lung injury)* Significant intracranial hemorrhage

Irreversible lung injury
Relative Contraindications

Age > 70

Severe, multi-organ failure (i.e. anoxic brain injury)

Time on ventilator > 7 days

Contraindication to anti-coagulation
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Perioperative Case (continued)

« Stable hemodynamics on minimal pressor

« Stiff lungs, poor oxygenation
8, P ve Emergent VV-

ECMO Consult

« FiO, 100%; peak pressure 40 cm H,0

- SpO, 88%

+ 7.22/ Pa0, 55 / PaCO, 55 / -4

* Ruled out bronchospasm, mainstem intubation, pneumothorax
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Clinical Case: Before and After ECMO

Pre-ECMO Post-ECMO

7.22 / Pa0, 55 / PaCO, 55 / -4 7.30/ Pa0, 123 / PaCO, 39/ -3

Lung-damaging ventilator settings Ultra-lung protective ventilation

\ Poor oxygen delivery to cells,

organ failure

24



Perioperative Case (continued)

Patient transported .
to ICU on VV-ECMO Abdominal closure

ECMO decannulation Discharged to rehal
(at bedside)

Serial abdominal washouts
“Lung rest” (protective ventilation)
Diuresis

POD 0 POD 4 POD 5

25

Non-Emergent Perioperative VV-ECMO

+ Complex thoracic surgery
(complex tracheobronchial
operations, complex lung
resection, TE fistula repair)

« Certain anticipated difficult
airway (mediastinal mass, airway
compressing tumor, etc.)

Cannulation before induction

27

VV-ECMO Summary

VV-ECMO provides oxygenation and CO, removal for
patients with hypoxic or hypercarbic respiratory failure

Utilized frequently in ICU, growing utilization for non-
cardiac perioperative emergencies

Key considerations for VV-ECMO candidacy: reversible \
lung injury & otherwise intact/survivable organ function

« Critical to consider institutional ECMO availability and
staffing

29
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Emergent Perioperative VV-ECMO
Indications

Severe hypercarbic or hypoxic respiratory failure ‘

Induction/extubation aspiration

Fat embolism (severe hypoxemia)

Anaphylaxis (severe bronchospasm)

TRALI / severe pulmonary edema

Aspiration pneumonitis / pneumonia
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2022 Difficult Airway Algorithm

28

Veno-arterial
(VA) ECMO

30



Veno-arterial (VA-ECMO)

Directs blood outside of the body using large
venous “drainage” cannula and arterial |

Function “return” catheter

Performs gas exchange and provides
pressurized, arterial flow

Circulatory failure +/- respiratory failure

General Clinical

N Bridge to recovery or additional life-savin: §
Indications 8 i s~

intervention (i.e. LVAD, heart transplant) .

31

VA-ECMO Configurations

Central VA-ECMO
(Requires sternotomy for placement)

Peripheral VA-ECMO
Common rescue configuration

33

VA ECMO: Cardiopulmonary Support

Native cardiac output |

= Total cardiac
output

)

VA-ECMO Flow
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VA-ECMO

Blood drains from venous system

Directed through pump (pressurizes) Iland
oxygenator (oxygenation & ventilation)

Returned to patient’s arterial system

Pulmonary & cardiac support

32

Primary VA-ECMO Setting: Pump Speed

Pump Speed

Programmed pump RPM’s
are primary determinant
of ECMO flow (L/m)

Py
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VA-ECMO Indications and Contraindicatié_

Indication Strict Contraindications

Cardiogenic shock Do Not Resuscitate / patient preference
Severe, irreversible organ failure (i.e. anoxic brain

Acute cardiopulmonary failure )

Severe aortic insufficiency, aortic dissection

End stage malignancy

Relative Contraindications

Age > 70

Limited vascular access, severe PAD

Contraindication to anti-coagulation

36



Key Considerations for VA ECMO Candidacyy

» Reversible cardiopulmonary injury (or candidate for heart
transplant/LVAD?)

» Otherwise survivable injuries and intact neurologic, renal, and
liver function?

+ Will tolerate eventual AC for VV-ECMO circuit? \

« Institutional ECMO infrastructure
« Team to cannulate (cardiothoracic surgeons, general surgeons, |
some intensivists in adult population) i

* ICU setting familiar with ECMO
« Ultimate destination for transfer?

37

27 year old G1PO presenting for
elective 41 week induction of labor at
satellite hospital in the community

Developed non-reassuring fetal heart
tones, rushed to OR for emergent C/S

Unremarkable C/S facilitated by
anesthesia from epidural catheter

At fascial closure, developed
shortness of breath...

39

VA-ECMO Indications and Contraindicatiol

Indication Strict Contraindications

Canlgaie die Do Not Resuscitate / patient preference

Acute cardiopulmonary failure q q q q 5 p
P "y Severe, irreversible organ failure (i.e. anoxic brain

injury)

Severe aortic insufficiency, aortic dissection

Relative Contraindications
Age > 70

Limited vascular access, severe PAD

Contraindication to anti-coagulation
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VA-ECMO and Cardiogenic Shock Outcomes \

Extracorporeal Life Support in Infarct-Related Cardiogenic Shock

Thiele Hetal. DO 10.1056/NEJMos2307227

= 420 patients with ACS-related cardiogenic shock pending revascularization
« Fairly severe cardiogenic shock: mean pH 7.2, median lactate 6.8

Death from Any Cause within 30 Days
Relatve risk, 0.98 (95% 1, 0.80-119); P-0.81

490
(102/208)
==+ Control Group

0 (100/209)
—— ECISGroup

Percentage of Patients

o 5 10 15 Y % %
Days since Randomization

38

VA-ECMO Perioperative Case

Patient devolved into PEA
ROSC after 5 cycles of CPR

Urgent transthoracic echocardiography
demonstrated severe right ventricular
dysfunction

VA-ECMO
Candidate?

Requiring near code dose epinephrine,
norepinephrine

Plt 87, fibrinogen <60, lactate 13.2

Diagnosed with amniotic fluid embolism

40

ECMO consult placed to affiliate
tertiary hospital

Mobile cannulation team placed the
patient on femoral VA-ECMO

Patient stabilized, epinephrine and
norepinephrine weaned

| Arteria
| cannula

Transferred to tertiary academic
medical center

42



VA-ECMO Perioperative Case Presentatio

Patient transported
to affiliate hospital

Coagulopathy improved,
AC initiated

VA-ECMO support

2/19/2026

on VA-ECMO Extubation
ECMO decannulation Discharged home |
(OR procedure) from hospital |

POD 0 POD 2 POD 3 POD 4 POD 16
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Left Ventricular Venting/Unloading

» Retrograde flow coming into left ventricle
from aorta significantly increases afterload

» Retrograde flow can cause multiple issues .
&

1. Prevent AV from opening (AV thrombosis,
LV thrombus) :

2. Increased left ventricular diastolic
pressure - pulmonary edema

« Ensure pulsatility on arterial line
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North-South Syndrome

With concomitant lung failure, native
ejected blood is deoxygenated

Competitive flow from the heart (poorly
oxygenated) and femoral ECMO (well
oxygenated) establishes an aortic mixing
cloud

Critical to maintain a right radial arterial
line to assess cerebral oxygenation
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Two Critical Post-VA ECMO
Cannulation Considerations

Ensure adequate left ventricular forward flow (“venting/unloading”) .“.

Femoral VA-ECMO requires right radial arterial line

Emergent Perioperative VA-ECMO Examplé_

Amniotic fluid embolism

Stabilization during pulmonary embolism mechanical
thrombectomy

LAST

Intraoperative takotsubo cardiomyopathy

Pregnancy with pulmonary hypertension

Severe anaphylaxis




Local Anesth

« Call for help

= Leaieh Consider administering

. Cons.ider LIPID EMULSION
cardiopulmonary early

bypass team

Intra-aortic
Balloon Pump

51

Systole Diastole

Rapid inflation
improves coronary
perfusion

Rapid deflation
reduces afterload

| afterload

| myocardial 1 myocardial
oxygen demand ~ oxygen supply

53
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VA-ECMO Summary

« VA-ECMO provides cardiac and respiratory support for
reversible cardiopulmonary failure

Frequently employed in ICU, growing utilization for non-
cardiac surgeries

Key considerations for VV-ECMO candidacy: reversible
cardiopulmonary injury, otherwise survivable organ
function

After rescue femoral VA-ECMO, critical to establish right
radial arterial line and monitor for pulsatility (AV opening)

50

IABP Overview

Endovascular catheter and
polyurethane balloon positioned
in descending thoracic aorta

Placed by interventional
cardiologist or cardiothoracic
surgeon through femoral artery

Rapid helium inflation and
deflation (counterpulsation)
augments cardiac cycle

Diastole

52

IABP Indications

Cardiogenic shock (left ventricular failure or mechanical
complications of an acute myocardial infarction)

Low cardiac output after cardiopulmonary bypass

Prophylaxis in patients with severe left main coronary
arterial stenosis in whom surgery is pending

Intractable myocardial ischemia awaiting further
therapy

Refractory heart failure as a bridge to further therapy

54



Questionable Benefit

Early Intra-Aortic Balloon Support for
Heart Failure-Related Cardiogenic Shock

Fiaune 2 Bridss
100
07 —

HR: 072 (85%C1.0.31-168)
Pr0as

® 5 10 15 0 25 0 I 40 45 S0 5 60
Days since Randomization
- 58C - 1ABP#SOC.

2/19/2026

HRT = heart replacemant therapy; IABP = Inr3-30tc Bloon pump; SoC = standrd of care

55

RASH

Microaxial Flow Pumps
for the Uninitiated

Non-pulsatile
Axial flow

59

Questionable Benefit &) e

Intraaortic Balloon Support for Myocardial Infarction
with Cardiogenic Shock

R
Caniol
e

o 3 [ [} = = »
D since Randamitation

Figere 1. Time-to-Event Carves for the Primary End Point.

Meler estimates.
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Characteristics

Percutaneous insertion
(femoral or axillary arterial)

Objectives

v

Introduce microaxial flow pumps and examine benefits and limitations of each
device

v

Discuss the data supporting the use of impella for cardiogenic shock and
ventricular unloading in concert with other MCS

v

Review perioperative considerations for mar including h
goals and waveform analysis

58

Mechanics

Draws blood from LV and ejects into ascending

Reduced
Increased MAP LVEDP Reduced PAP

Decreased
MvO2

10



Types of Devices - CP

7y GuidoWire 0.018" diametor x 260 ¢ placement guidawire
rron)
i B8PS dlone *
Indicabon HR-PCIand CS
Somen Her iimb ischemia, bleeding, siroke, nfectl
Parcutaneous ormorsior Complications oty b schemis, bleeding.sioke. Infecton
ncsess
ity
) ASiR ¥ thrombus, Clo AC
MotorSia (F) u
Catnetotsize () 9
Sneatnsiza u
MaxFlowRata (Umin) | 37
Max Speed () 51000
Pertormance Lewls Po-p
—— [ry—
for ot suppor it
fo— ves ~
Prassure Semor Optical sansar
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Unfavorable Criteria

Severe PAD
<1-year life expectancy
Biventricular fallure
Clinical frallty /Advanced age

Cardiac arrest > 10 min

@006 e

Glasgow Coma Scale < 8 @

+ Favorable Criteria

Young age

No comorbidities
Left-predominant failure
ACS/STEMI presentation
No severe valvulopathies

No cardiac arrest or <10 min

Aortic dissection, immcardiac@ No history of previous DCM
thrombi
Active bleeding or severe @
coagulopathy
Figure 1. Factors for I L. pMCS:

Mechanical Circulatory Suppoet, ACS: Acute Coronary Syndrome, STEMI: ST-clevation Myocardial
Disease.

Infarction, DCM: Dilated Cardioa

thy, PAD: Periphoral Arte:

2/19/2026

Types of Devices - 5.5

[
tcumem
intcaan s
s | m.....mmmmn....ml
imaaa
Motor Size (Fr) "
Gatharer 520 ) i
r—— =
- cusewis 0.01" clametet 260 cm piscement guidens
ax Fowrate Lminy |85
reE—r— H000
Peormance Levsis PO-PY Comeion Homotysis i ischamia, blowding, stroke. infection
Durstion of suppan sams ASIAR, W thrombun,CiteAC
Smarthsaist Yo -
Pressaro Sensor [om———
Contraindications
> Relative
» Severe Al » Absolute
» VSD » Mechanical aortic valve
» HOCM prosthesis

» Mobile LV thombi or ruptured

»> Severe PAD papillary muscles

» Aortic dissection or severe
calcification

~J
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Data Progression

| |
por Tl e )

ki

e ot ST | s || et
[—
2008 2009 2012 2015 2016 20172018 2018 2020 Future.
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Data Progression

67

Data Progression

69
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IMPELLA-STIC

v

Acute MI <24h post-
revascularization

Small study (12 total)
IABP v IABP + Impella 5.0

Increased in significant

MG RN bleeding §
Mechanical circulatory support with the L] No change in CPI
Impella® LP5.0 pump and an intra-aortic
balloon pump for cardiogenic shock in acute
myocardial infarction: The IMPELLA-STIC
randomized study

v

v

v

v

68

A.Impella CP 8. Intra-Aortic Balloon Pump

IMPRESS

» Larger cohort
» Impella CP v IABP
» No change in mortality

» More bleeding, hemolysis in pMCS
arm

Logrankp=08

0 3 6 9 120 150
Days since Randomization
—impela P — i Aatic Bsloon Pump.

Ouweneel, D.M. et al. J Am Coll Cardiol. 2017,69(3):278-87.

Data Progression

s o [ |
T oo | s (| =
o o e e Fe

2012

G ik | | AL | el
sion e Lot npRit) | S =
=1 el = B
(-5
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ISAR-SHOCK

» Impella 2.5 v IABP

» Superior hemodynamic support (30
minutes post-placement)

A Randomized Clinical Trial to

Evaluate the Safety and Efficacy of a

Percutaneous Left Ventricular Assist Device

Versus Intra-Aortic Balloon Pumping for Treatment
of Cardiogenic Shock Caused by Myocardial Infarction

Melchior Scyfarth, MDD, Dick Sibbing, MD:* Iris Bacr, MS,* Georg Frohlich, MDD,

Lorera Bott-Fiigel, MD,t Robert Byrme, MB, MRCPE Josef Dirschinges, MD.t
Adnan Kastrati, MD* Albert Schomig, MD*
Muich, Germany

72
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If at first (or second, or
third, or fourth...) you don’t
succeed, TRY TRY AGAIN!

75

DAN-SHOCK

» STEMI with cardiogenic shock
» Standard therapy vs standard +
Impella CP
» Decreased all cause mortality (45.8%
v 58.5%, p = 0.04)
» Higher complication rate (24% vs
6.2%) T AW ENGLAND JOURNAL of MEBICINE
» Bleeding
> Limb ischemia I P G AN |
> Hemolysis Microaxial Flow Pump or Standard Care
» Renal replacement therapy in Infarct-Related Cardiogenic Shock
> Sepsis JE Malfer, T, Engstrom, LO.Jensen, H.

beck, P. Cler:

2/19/2026

PROTECT i e o=

NTERVENTIONAL CARDICA

A Clinical Trial of
Support With Impella 2.5 Versus Intra-Aortic Balloon
Pump in Patients Undergoing High-Risk Percutaneous

Coronary Intervention
» Larger study T BACTICT Ry
i i i Wiltiam W, O'Neill, MD, Neal 5. Kisiman, MD, Jeffrey Moses. MD, Jose P.5. Hervigues.
H1gh risk PCl with MD, PhO, Simen Dixon, MBChB, Joseph Massaro, PhD, igor Palacios, MD., Brijeshwar \
percutaneous support Maird, D, Surwsh Wulukutia, WD, Viadienic Diavik, MO, Jofirey Popma, MD, Pamela 8. |
Douples, MD, and Magras Ohenar, MO \
» Comparable to surgical
outcomes
» No mortality difference IABP v

Impella 2/5
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Data Progression
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Future Pathways

» ECMELLA
» Pre-revascularization unloading
» Decreased MVO2
» Reduction in infarct size
» RP Flex
» RECOVER RIGHT
» STEMI_DTU, NCSI-Il, ANCHOR, UNLOAD ECMO

78
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Waveform Analysis

Impella Placement Screen

Red Aortic
Placement
Signal

White: LV
Placement ———
Signal ormal Lv:
100/-10

seen Motar
Current

Systolic Flow 9 min|  MENU
Diastolic Flow - 3

Mean Flow  Should be spinning  Should be flowing
clockwise if Teft 1o right if purge
Impella is running  fluid is running

Transthoracic Echocardiography

[ e Bt

LVAD Management in
Non-Cardiac Sugery

83

Transthoracic Echocardiography

PLAX view annotated

» Malrotation
» Thrombosis
» Hemolysis

Complications
» Vascular Access
» Bleeding
» Limb ischemia
82
Objectives

=

J—

» Examine the history of durable mechanical support for the heart failure
population

» Explore indications and patient selection for left ventricular assist device
(LVAD) implantation

» Identify types of LVADs and their similarities and differences
» Describe the LVAD-specific preoperative evaluation process
» Identify monitoring considerations

» Discuss perioperative hemodynamic and device goals

» Trouble shoot LVAD-specific issues

84
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A Case!

“Roger”

» 53M presents for upper “push” endoscopy for persistent melena and anemia
» LVAD implanted in 2021

» VAD coordinator says “He can’t cough or bad things happen”

OK...but what is an LVAD?

» (L)eft (V)entricular (A)ssist (D)evice
> ldeal state

» Assist LV in pumping blood

» Avoid major thrombosis

» Implantable

» Portable

» Electrically powered

85

OK...but that’s probably super
rare...right?

No!

» >100,000 devices currently implanted

» Implanted as bridge to transplant (BTT) or destination therapy (DT)

86

OK...but I probably won’t need to take
care of one of these patients...right?
Also no!

» ~30% of all LVAD supported patients will require non-cardiac surgery

» 20-40% will require endoscopic intervention for Gl bleeding

87

Durable Mechanical Support

> ldeal state
» Assist LV in pumping blood
» Avoid major thrombosis
» Implantable

» Portable

>

Electrically powered

89

ittt Vo

88

+ LVAD Pump

« Inflow Cannula
- Outflow Cannula
- Driveline

- Controller

- Battery

Aot (2072, Hesrste 3 Let Venrcular AssitSytan rtrctions o U,

2/19/2026
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How did we get here?

» First LVAD placed in 1966 by
DeBakey

» Three case series published in 1971
describing prolonged wean from
cardiopulmonary bypass

e e ot et s s o o st Chnclespsnc. A Gl 19712713415 10 1016/002-
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Pneumatic

2
v

Investigation of Nontransplént
Eligible Patients Who Are Inotro
Dependent (INTREPID) 2007 |

» Not randomized but statistidally
S matched to OMT \
mLvAD

P00 peooont pe008 e 0009 pa0s
—_—— —A— — ——— —_——

v

Sicker cohort

Worse survival than REMATCH ‘put
reinforced superiority over medical
management (27% vs 11%)

v

Blesding  Carclovascular VA Renal Inteeson
Oystuncion Dystunction

R X, Bt ), oo Gt A

P
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Third Generation

v

HeartMate 3 (HM3) and HVAD

Intrapericardial, directly implanted

v v

HVAD - centrifugal impeller with hybrid
magnetic/hydrodynamic impeller suspension

» HM3 - fully magnetically levitated

95
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Pneumatic
» First device approved by the FDA in 1994 for BTT 100
» Randomized Evaluation of Mechanical Assistance - \..
for the Treatment of Congestive Heart Failure "
(REMATCH) 2001 % L T
» NYHAType IV ineligible for cardiac transplantation k oy S et covion
» 48% risk reduction death from all causes LVAD vs. 0 . s
medical management
20
» 52% vs. 25% at one year, 23% vs 8% at 2 years Madiesl tharapy
I i lity of Life +
» Improve in quality of life 3 T '3 % o -y
> Adverse events x2.35 in LVAD group Months
» Infection Mo a7 e
LV sasint duvice 08 » n " ' '
> Bleeding prémmasiie » i
» Device malfunction
kot et 0, Seison U bty W, A 5, AR, et R, Wion I Wk , o150 A e T, WA . Gt i 0%, D
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Continuous Flow (2" Gen)

v

Rotary pump
Smaller
Improved durability

with only one moving
part

» Significant reductions
in SAEs and
improvement in

vy

et sator aed
bhood o

mortality

wewrghmenes

g, 5,10, .o AL, Asanson KD, Con B, ok , o , D A, MG T, sl 0o .
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Third Generation

» Interagency Registry for Mechani
Circulatory Support (INTERMACS)

gap  Certrugalfion

gg 0 Lol na > 140pts. HVAD noninferior to HM2 (
bH % » MOMENTUM 3 (Multicenter Study of
R4 0 608 Technology in Patients Undergoing Mel
?'i :: Circulatory Support Therapy with Heal
e v HM3

:'g 0 » 366 BTT and DT

v

Survival free of disabling stroke or\free of
reoperation 77.9% to 56.5% at two years

0 6 12 18 2

Months since Implantation » Pump thrombosis exceedingly rare |
No. at Risk . o
Centrifugal-flow pump 516 418 37 n 230 » Ischemic stroke significantly ly
sial-flow pump 512 01 21 264 an

96



Who gets an LVAD?

Cardiac

Non-Cardiac

Psychosocial

573 10 HOLIOTIORS D, 15407630 A PACRO01ES
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Noncardiac Evaluation

Renal
Gastrointestinal

Basic metabolic panel

EGD/Colonoscopy
Hepatic Liver panel, liver
ultrasound

If needed to r/o
cirrhosis: liver bx, portal
pressures

CBC, coags, HIT panel
(selected pts)
Age-appropriate
screening

Hematology

Oncology

High Risk Contraindications

- eGFR < 30

- Significant ulcers, AVMs Malignancy with poor 5yr

- Chronic liver dz with
bili 1-3 g/dL

- Acute liver injury
without improvement in
48h prior to implant

Pro-thrombotic state

H/o prior malignancy

Hemodialysis*

survival

- Chronic liver dz with
bili >3g/dL

- E/o cirrhosis*

- MELD >17

Active malignancy*

Noncardiac Evaluation

Endocrine TSH
HbA1c
Nutrition Albumin, pre-albumin

Neurologic CTH or MRI brain
Neurocognitive
evaluation

Dental XR or CT as indicated

High Risk Features __] Contraindication

- Poorly controlled
diabetes

- BMI < 20, BMI > 40

- albumin < 3.2 mg/dL

- pre-albumin <15 mg/dL
- h/o prior CVA

- Active dental infection

Substantial neurologic
deficits or neurocognitive
disabilities impairing
functional status

101

2/19/2026

Cardiac Evaluation

Right heart catheterization - Elevated PVR
- Elevated TPG
Left heart catheterization
obstructive CAD
Transthoracic Echocardiogram
- RV dysfunction
Electrocardiogram
arrhythmia

Cardiopulmonary exercise test

High Risk Features Contraindications

- Significant multivessel
- Valvular disease
- Refractory ventricular

- Significant pulmonary disease
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Noncardiac Evaluation

Vascular Vascular ultrasound
Ankle-brachial index
Pulmonary Pulmonary function test

Lung imaging

Infectious Disease Dependent on history and

physical exam

High Risk Features

- Significant lower
extremity vascular dz

- Ascending aorta
calcifications, significant
carotid plaque

- Low FEV1 and FVC,
DLCO < 50% predicted

- Extensive pulmonary
pathology (increases risk
of post-op RV failure)

- Recent treated
infection, esp nosocomial

Active infection

100

Psychosocial Evaluation

High Risk Features

- Active substance use
- Untreated or newly dx’d

SIPAT score
Comprehensive psychosocial and

substance abuse history psychiatric dz

- H/0 noncompliance
- Lack of caregiver support
- Lack of insurance coverage

Poor psychosocial profile with no
viable plan for improvement in a
short timeframe, lack of stable

housing, at risk for incarceration
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Surgical Technique

v

Sternotomy or bilateral
thoracotomies

v

Easier via sternotomy

v

Lower incidence of RV failure and
preserves sternum in event of BTT
via thoracotomy
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HVAD Controller
Parameters

» Pump Speed (RPM)
» Power (W)

» Flow (L/min)

» Waveform

LVAD Type HVAD

Speed (RPM) 2.4K-3K
Flow (L/min) 4-6
Power (W) 3-7
Pulsatility 2-3

2/19/2026

Devices

104

Waveform Analysis

Flow (L/min)
o N & O @
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Waveform analysis
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Flow vs
Gradient
%* Trough |
0 T ; ]
0 50 100 150
o H (mmHg)
108

18



Controller Parameters
HeartMate 2/3

» Pump Speed (RPM)
» Power (W)

» Flow (L/min)

» Pulsatility Index

[LsoType | Mz | hm3 |

Speed (RPM) 8K-10K 5K-6K

Flow (L/min) 4.7 4-6
Power (W) 58 4.5-6.5
Pl 5.8 3.5-5.5

(2072, Hesrate 3 Lot Vesiclar Aot Syt st fr s
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Device Parameters

Speed (RPM) 8K-10K 5K-6K 2.4K-3K
Flow (L/min) 4-7 4-6 4-6
Power (W) 5-8 4.5-6.5 3-7
PI/pulsatility 5-8 3.5-5.5 2-3

111

Case

Roger had a HeartMate 3 placed via bilateral thoracotomy two years earlier

113
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Pulsatility Index

» Dimensionless

» Indicative of 1 0 x

» Contractility

> LV preload
> Afterload

Ok so you have your LVAD...

» Trading one pathology for another
» -30% of all LVAD supported patients will require non-cardiac surgery

> 20-40% will require endoscopic intervention for Gl bleeding

Preoperative Assessment - Patient

v

Reason for presentation

» Bleeding

» Surgical technique/requirements
Co-morbidities

v

» Medication review

v

Cardiac Status
» Signs/symptoms of RHF
> Labs

v

Recent imaging

v

Additional hardware
> AICD/pacemaker




K.

LVADs in Gl

» Bleeding Triad
» Anticoagulation
» AV malformations
» Acquired VWF deficiency
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Preoperative Assessment - Device

» Hardware
> Manufacturer/model
» Date of implantation
» Contact Info

| » Interrogation \
» Alarms \
» Suction events \

» Complications
» Bleeding &

» Driveline-infectior

» Thrombosis
»Urine color,

i)
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Waveform Analysis

Flow (L/min)
o N & O 0

Time (s)
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Case

v

anemia and multiple suction alarms

vyvy

to keep up with transfusion requirement

v

AICD in place prior to LVAD implantation

Roger has had persistent melena for the last month. He has required
intermittent transfusions as an outpatient but was admitted last night with

LVAD was implanted for NICM but his RV function never normalized

On Coumadin at home, INR was 3.5 on presentation, not reversed given ability
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Intraoperative Management

» Monitoring
» Standard ASA Monitors
» Blood pressure
» Noninvasive v Arterfal line
» Oxygenation
» 5p02 may be unreliable
» Serial ABG

»_Cerebral oximetry

» LVAD console

» PAC, CVP
» TEE/TTE

2 19

$p0: Puise

" 90/78 (83)
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Volume Status

» Hyper
» High Flow
» High Pulsatility

AAANAA AR

RPM=2800
Mean Flow =6.0

» Hypo 9

8 7 6 5 4 3 2 1

» Low Flow

> Low Pulsatility

4 JANANNNNNNNNNNNNNNS

2 RPM=2800
o Mean Flow = 4.1
=87 & s 4 '3 gy

Time [s)
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Afterload

RPM=2520
Mean Flow = 2.6

YW ;".._IUUM MAP = 110mmHg
2 N

3

MAP = 60 mmHg

lime (s)

> Hyper";
» Low Floy
» High Pulsat]

» Hypo

» High Flow

» Low Pulsa
=

olowirg L
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Case

» Standard ASA monitors
» Pre-sedation arterial line but no central access

» Connected to LVAD console to monitor for line-of-sight monitoring

123

Case

Did not place pads - no magnet for AICD
Diluted epinephrine, push dose vasopressin

Minimized fluids, blood available

vvYyvy

Endoscopy performed through a mask
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RV failure,
hypovolemia,

Lower pulsatility

tamponade, occlusion,

Vfib/rapid VT

Higher pulsatility

suction

_ Lower Mean Flow Higher Mean Flow

HTN (with low trough),
low RPMs, continuous

Hypotension/vasodilati
on, aortic
regurgitation, pump
thrombosis (falsely
elevated)

Hypervolemia,
recovery
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Hemodynamic Goals

» Blood pressure
» Goal MAP 70-90mmHg
» HTN
» Increases risk of pump thrombosis

> Decreases flow especially in
centrifugal pumps

» HoTN

> May precipitate suction events

> “pushing on an open door”

i)

» RV function

» Rhythm

> Avoid hypoxia, hypercarbia, acidosis
» Avoid (as able) rapid shifts in RV afterloa

» Maintain sinus native rhythm, sinus in
possible
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Right Heart Failure

RPM=2700
Mean Flow 2.4

A
8
> Low flow 6
a
» Low pulsatility 2
» Must correlate with physical exam T S
findings/clinical situation E
B:

Inotrope reinitiated

[—1 9 8 7 & 5 4 3 2 1

Iime (s

126

21



Aortic Regurgitation

ANANNNNNNANANNNNANNS

_ |8

E 6

S5 |4 RPM=2920

> |2 Mean Flow = 8.1
2

o |0

[

— 9 &8 7 €6 § 4 3 2 1

> High flow
» Low pulsatility

Time (s)

olowirg L
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Complications

» Suction Events

» Hypovolemia (low LV preload)
RV failure / hypervolemia
High PVR

Vasoplegia

vvuv

» Dysrhythmias
» Poorly tolerated
» May require cardioversion
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Pump
Thrombosis

Wow R @ W A m w W
v

) Ingestion

' Build Up

Sudden

Occlusion
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Cardiac Tamponade

_|® RPM=2500

16 Mean Flow =2.3

Ela

§ 2 \NNA_NNANA
o]0

fra

8. 8 (7 shiwsiag

Time (s)
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UNRESPONSIVE
LVAD PATIENT

‘Assess ventilation
« Wormal skin color?
« Normal capilfay refiil?

and treat non-LVAD causes Assess VAD:
= Connections ok
+ Adequate power?

= Auscultate apex for VAD hum » Cardiac Arrest |

» OK for compres!
cannula dislodge

» Power loss

Pobary M, Ghick I, Ot P, Sermue: CA, Gfin R, Kascain V, Korer RE, Lk EF, Lok VS, Wi, Timoory 1.
sncton Emerpety Cativastar S Camiie: Councs n Catiapmonary Gl Car, Peropaet
Carsoicuar Surgry nd Areshesia; Coued on Codoascula and St fursi: nd Counch n

o b reccon T Ao, Cecuatin, 207 35 111561 1. G 10 1oV CI coag00000

Recovery

» Usual care for extubation

» Depending on center weigh PACU vs ICU
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