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25 SUMMARY:
26 The following article describes the stepwise procedure for placement of a device (e.g,
27  Tandemheart) in cardiogenic shock (CS) that is a percutaneous left ventricular assist device
28 (pLVAD) and a left atrial to femoral artery bypass (LAFAB) system that bypasses and supports the
29 left ventricle (LV) in CS.
30
31 ABSTRACT:
32  The left atrial to femoral artery bypass (LAFAB) system is a mechanical circulatory support (MCS)
33  device used in cardiogenic shock that bypasses the left ventricle by draining blood from the left
34  atrium and returning it to the systemic arterial circulation via the femoral artery. It can provide
35 flows ranging from 2.5-5 L/min depending on the size of the cannula. Here, we discuss the
36 mechanism of action of LAFAB, available clinical data, indications for its use in cardiogenic shock,
37  steps of implantation, post-procedural care, complications associated with the use of this device
38 and their management, and finally the advantages of this device over other MCS devices.
39
40 We also provide a brief video of the procedural component of device therapy, including the pre-
41  placement preparation, percutaneous placement of the device via trans-septal puncture under
42  echocardiographic guidance and the post-operative management of device parameters and
43  clinical course.
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INTRODUCTION:

Cardiogenic shock (CS) is a state of tissue hypoperfusion with or without concomitant
hypotension, in which the heart is unable to deliver sufficient blood and oxygen to meet the
body’s demands, resulting in organ failure. It is classified into stages A to E by the Society of
Cardiovascular Angiography and Interventions (SCAI): stage A - patients at risk for CS; stage B -
patients at beginning stage of CS with hypotension or tachycardia without hypoperfusion; stage
C - classic CS with cold and wet phenotype requiring inotropes/vasopressors or mechanical
support to maintain perfusion; stage D - deteriorating on current medical or mechanical support
requiring escalation to more advanced devices; and stage E - includes patients with circulatory
collapse and refractory arrhythmias who are actively experiencing cardiac arrest with ongoing
cardiopulmonary resuscitation. The most common causes of CS are acute MI (AMI) representing
81% of cases in a recently reported analysis?, and acute decompensated heart failure (ADHF).
Cardiogenic shock is classically characterized by congestion and impaired perfusion, manifested
by elevated filling pressures (pulmonary capillary wedge pressure [PCWP], left ventricular end-
diastolic pressure, central venous pressure, and right ventricular end-diastolic pressure [LVEDP])
and poor CO (cardiac index [Cl], cardiac power output, and end-organ malfunction)3. In the past,
the only available treatments for AMI complicated by CS were early revascularization and medical
management with inotropes and/or vasopressors®. More recently, with the advent of MCS
devices and the recognition that escalation of vasopressors is associated with increased
mortality, there has been a paradigm shift in the treatment of both AMI and ADHF related CS°®©.

In the current era of percutaneous ventricular assist devices (pVAD), there are a number of MCS
device platforms/configurations available, which provide univentricular or biventricular
circulatory and ventricular support with and without oxygenation capability’. Despite steady
increases in the use of pVADs to treat both AMI and ADHF CS, mortality rates have remained
largely unchanged®. With emerging evidence for possible clinical benefits to early unloading of
the left ventricle in acute MI® and early use of MCS in AMI CS®, the use of MCS continues to
increase.

The Left Atrial to Femoral Artery Bypass (LAFAB) MCS device bypasses the left ventricle by
draining blood from the left atrium and returning it to the systemic arterial circulation via the
femoral artery (Figure 1). It is supported by an external centrifugal pump that offers 2.5-5.0 liters
per minute (L/m) flow (new generation pump, designated as LifeSPARC, capable of up to 8 L/m
flow) depending on the size of the cannulas. Once the blood is extracted from the left atrium via
the transseptal venous cannula, it passes through the external centrifugal pump which
recirculates the blood back into the patient’s body via the arterial cannula placed in the femoral
artery.

[FIGURE 1 HERE]
PROTOCOL:

This procedure and protocol have been approved by the institutional review board and FDA.
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1. Patient criteria

1.1. Include patients with cardiogenic shock stage B and above as defined by the SCAI
consensus statement?,

1.2. Include as bridge to transplant or durable left ventricular assist system in stage D heart
failure.
1.3.  Include as bridge to recovery in acute myocardial infarction complicated or cardiogenic
shock.

1.4.  Exclude contra-indication to systemic anticoagulation.
1.5.  Exclude life-expectancy <émonths (active malignancy).
1.6.  Exclude if there is the presence of left atrial thrombus.

1.7.  Exclude if patients have peripheral vascular disease with small arteries that cannot
house the large cannulas.

1.8.  Exclude if patients have an irreversible neurological injury/coma.

1.9.  Exclude if patients have a severe aortic insufficiency.

1.10. Exclude if patients have a ventricular septal defect.

NOTE: The placement of the TH device includes three separate processes: 1) setting up the
controller and the pump; 2) placement of arterial and venous cannulas and transeptal access
under transesophageal echocardiogram (TEE) or intracardiac echocardiogram (ICE); and 3)
connecting the system to the circuit.

2. Placement of the left atrium to femoral artery bypass device

2.1. Setting up the controller

NOTE: This step can be performed as the patient is being transported to the lab and the table is
being set up for the procedure. Usually, the device representative and perfusionist team is
present to assist with the process.

2.1.1. Open the box and initiate the controller setup with the following steps.

2.1.1.1. Turn on power in the back of the controller and allow the system to power up.
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2.1.1.2. Select either View Instructions (for a step by step tutorial) or Skip Instructions on
the screen.

2.1.2. Remove the intravenous tubing set from the sterile package. Priming the infusate is a
critical step in the whole process.

2.1.3. Plugin the pressure transducer cable and wait for it to calibrate. Hang a bag of saline by
the holder at the controller.

2.1.4. Turn the stopcock off to the saline spike and then connect the saline spike to the bag of
saline. Fill the drip chamber two-thirds with saline.

2.1.5. Prime the lower housing of the circuit. Connect a 20 mL syringe to the stopcock and fill 20
mL from the saline bag.

2.1.6. Open the stopcock to the transducer to expel any air between the transducer and the
filter.

2.2. Setting up the pump

NOTE: Pump priming requires two people — one person is scrubbed and stays in the sterile field.
The other person handles the controller in the non-sterile field. Pump de-airing is a crucial step
and needs to be performed very carefully.

2.2.1. Have the primary operator from the sterile field hand the ends of the pump’s external
communicating line and infusate line to the secondary operator managing the controller (in the
unsterile field).

2.2.2. Have the secondary operator connect the infusate line to the bacteriologic filter at the
end of the infusion assembly and connect the power line to the controller.

2.2.3. Have the controller operator refill the 20 mL syringe from the bag and slowly inject 15 mL
of heparinized saline into the pump’s infusion line to prime the lower housing of the pump. Then
refill the syringe.

2.2.4. Plug in the power cable and connect it to the infusate line (from the scrub table). Inject
15 mL of heparinized saline into the pump’s lower chamber.

2.2.5. Start the pump and inject additional saline with the pump running. Then turn off the
pump and inspect the lower chamber for any air bubbles (the pump will shut down automatically
if it is on screen three of the “View Instructions Mode”). Repeat the above steps if air bubbles are
detected.
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2.2.6. From the scrub table, inject 60 mL of saline into the pump’s upper chamber. Refill the
syringe and inject an additional 60 mL of saline into the pump tubing.

2.2.7. Tap the pump and the tubing to ensure that all the air bubbles are removed.
2.2.8. Clamp the tubings below the fluid line.

2.2.9. Place the infusate tubing into the infusion pump and the air detector on the side of the
controller.

2.3. Transseptal access'?3?
2.3.1. Prepare and drape the patient in a sterile manner.
2.3.2. Perform the procedure under general anesthesia with the anesthesia team.

2.3.3. Once the patient is intubated and sedated adequately, pass the TEE probe into the
esophagus and obtain the basic images. If using intracardiac echocardiogram (ICE), then the
images can be obtained after venous access.

2.3.4. l|dentify the ideal spot for septostomy on the inter-atrial septum using TEE (Figure 2) or
ICE (Figure 3). Use the bicaval view on TEE showing the membranous part of the inter-atrial
septum at the region of the fossa ovalis to expose the inter-atrial septum better.

2.3.5. Confirm the absence of any thrombus in the left atrium where the inflow cannula will be
positioned using TEE or ICE.

[FIGURE 2/3 HERE]

2.3.6. Obtain femoral venous access via ultrasound guidance with modified Seldinger technique
and insert an 0.035” guidewire.

2.3.7. Advance the guidewire to the inferior vena cava — right atrial junction and then direct it
towards the inter-atrial septum under fluoroscopic and TEE or ICE guidance. Using multiple
angiographic projections (Right or Left Anterior Oblique), identify the optimal site for transeptal
puncture (Figure 4).

NOTE: Ideally, it should be done in the region of the foramen ovale!® to minimize complications.
In patients with thick or aneurysmal septa or an inter-atrial septum which has been previously
patched or instrumented surgically or closed percutaneously, one may consider use of an
energized or radiofrequency transseptal needle to insure precise puncture without needle
deflection.

[FIGURE 4 HERE]
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2.3.8. Anticoagulate the patient (ACT more than 250 seconds). Perform transseptal puncture
using a trans-septal needle, insert guidewire to the left atrium (LA).

2.3.9. Dilate the venous access and the interatrial septum with a 2-stage dilator. Insert the
transseptal cannula and advance it into LA, remove introducer and guidewire, wait for back-
bleed, and clamp. Secure cannula to the patient.

2.4. Arterial access

2.4.1. Obtain femoral arterial access via the modified Seldinger technique using ultrasound and
angiographic guidance at the level of the femoral head. Insert an 0.035” guidewire.

2.4.2. Consider use of “pre-closure” technique (e.g., Perclose ProGlide Suture Mediated Closure
system) prior to upsizing arterial access.

2.4.3. Serially dilate the arterial access site appropriate to the size of the arterial cannula
selected. Insert the Protek Solo arterial cannula, and remove the introducer and guidewire. Wait
for back-bleed, and then clamp. Secure the cannula to the patient using the holders.

2.5. Connecting the components

NOTE: It is crucial to make wet-to-wet connections to the cannulas to avoid introduction of any
air bubbles in the circuit.

2.5.1. Use saline immersion or constant infusion of saline (“waterfall”) over the two ends of the
cannulas as they are being connected.

2.5.2. Connect the transseptal cannula (venous) to the pump inlet which is marked in blue and
the arterial cannula to the pump outlet which is marked in red.

2.5.3. First, remove the venous clamps and start the pump (from the controller box). Then
release the other clamps sequentially, constantly checking for any air, releasing the arterial clamp
last.

2.5.4. Adjust pump speed (by adjusting the RPMs) to optimize flow. Confirm the position of the
cannula under fluoroscopy and TEE or ICE and secure the circuit to patient.

2.5.5. Maintain therapeutic anticoagulation (activated clotting time ACT at 180-220 s or
activated partial thromboplastin time aPTT at 65—80 s) for as long as the pump is in place to

prevent pump thrombosis and stroke.

3. Right Atrium to Pulmonary Artery Bypass (RAPAB) system placement
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3.1. Initiate the controller, prime the lower chamber of the pump and check for any air
bubbles — same steps described as above.

3.2.  Then prime the upper chamber of the pump, check for any air and clamp it — same steps
described as above.

3.3.  Patient procedure

3.3.1. Obtain venous access at the right internal jugular (RIJ) vein via modified Seldinger
technique under ultrasound guidance.

3.3.2. Insert a Pulmonary Artery (PA) Catheter with a 0.035 in lumen and advance it to the main
PA just before the bifurcation. Insert a stiff-bodied 0.035 in guidewire and remove the PA
Catheter.

3.3.3. Anticoagulate the patient (ACT > 250 s).

3.3.4. Dilate the venous access site sequentially using the stepwise dilators provided in the
package until the desired size is reached (29 French or 31 French).

3.3.5. Insert the venous cannula (e.g., ProtekDuo) over the guidewire.

3.3.6. Remove the guidewire, wait for back-bleed, and then clamp the distal port which is
marked as “Distal.”

3.3.7. Remove the hemostasis cap, wait for back-bleed, and clamp the proximal port which is
marked as “Proximal.” Secure the cannula to patient via sutures.

3.3.8. Verify the cannulas and make wet-to-wet connections from the pump to the cannula.

3.3.9. Connect the proximal cannula to the pump inlet which is marked in blue and the distal
cannula to the pump outlet which is marked in red. Turn on the pump (from the controller).

3.3.10. Release clamps sequentially, constantly checking for any air bubbles. Adjust pump speed
(by controlling the RPMs) to optimize flow.

3.3.11. Confirm cannula position under fluoroscopy (may use TEE guidance to confirm position in
the main PA) and secure the circuit to patient. Maintain therapeutic anticoagulation (ACT at 180—

220s; aPTT at 65—80 s).

3.4. Device removal
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NOTE: Once the patient’s end organ function has improved and hemodynamics have stayed
stable with either left ventricular recovery or advanced therapies such as durable LVAD
placement/transplant, the device can be removed.

3.4.1. Before removing the device, slowly turn down the speed by 0.5 L/min in a stepwise
manner, carefully observing the hemodynamics to make sure there is adequate cardiac output
and normal filling pressures with less support (also known as the ramp down or turn down study).

3.4.2. Turn off the pump once the turndown study is successful.

3.4.3. Make sure the ACT is < 150 seconds before removing the arterial cannula. Tighten the
previously placed intravascular suture to occlude the arteriotomy site or manual pressure can be
held for at least 40 minutes to ensure hemostasis.

3.4.4. Withdraw the trans-septal cannula into the IVC and remove it slowly from the femoral
vein. Apply a figure of 8 suture to the venous site and additionally, hold manual pressure over
the site to achieve hemostasis.

NOTE: The atrial septal defect is usually small and is not closed routinely.

3.4.5. Post procedure, perform continuous monitoring of patient’s hemodynamics and end
organ function to ensure stability.

3.4.6. Removal of RAPAB

3.4.7. Similar to the LAFAB removal, when the patient’s end-organ function has stabilized with
recovery or advanced therapies, slowly turn down the pump by 0.5 L/min, carefully observing the
hemodynamics.

3.4.8. Turn off the pump when turn-down study is successful.

3.4.9. Once ACT is < 150 seconds, remove the venous cannula from the neck and place a figure
of 8 suture to secure the puncture site. Hold manual pressure in addition to the suture to achieve
complete hemostasis.

3.4.10. Post removal, closely monitor patient’s hemodynamics and end-organ function to ensure
stability.

TABLE 1 HERE

REPRESENTATIVE RESULTS:

Clinical applications of LAFAB device

The technique and feasibility of a percutaneous trans-atrial left ventricular bypass system were
first described in the 1960s by Dennis et al.'*2. However trans-septal puncture was not initially
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widely adopted due to complications with the septostomy technique. Over the last decade, with
advancements in the field of percutaneous interventions, operators have accumulated
experience with atrial septostomy (most commonly also used for percutaneous mitral valve
interventions), which has led to a resurgence of the trans-septal ventricular assist device or
LAFAB device.

From the initial clinical studies conducted in the 1990s, the LAFAB strategy has demonstrated a
high level of myocardial preservation with larger decrease in infarct size from, and greater LV
unloading in AMI CS, as compared to the intra-aortic balloon pump (IABP)*3.

LAFAB device for cardiogenic shock

The LAFAB circuit is most widely used in the setting of CS, where it has been shown to be safe
and effective in augmenting CO. A 2006 randomized trial comparing the LAFAB device to IABP
in CS% in 42 patients demonstrated that the LAFAB device was more effective in lowering PCWP
and improving Cl (1.2 + 0.8 (P < .05 vs baseline), although mortality did not differ between the
two groups. The incidence of severe adverse events was likewise not significantly different
between the two groups in this small cohort. Another trial comparing IABP and LAFAB showed
significant improvement in cardiac power index with the LAFAB device (0.22 to 0.37 W/m?,
p<0.001), but with a trend towards more complications and no mortality benefit in the LAFAB
group'®. More patients in the LAFAB group experienced significantly higher acute limb ischemia
necessitating revascularization (n=7 vs.n=0, P=0.009) and bleeding complications (n=19
vs. n=8, P=0.002). There was also a trend towards increased incidence of disseminated
intravascular coagulopathy in the LAFAB group.

Table 2 here

A 10-patient report also demonstrated successful LAFAB device use in patients with severe aortic
stenosis and CS. In this case series, the LAFAB device was used as a temporizing measure to
stabilize hemodynamics and end-organ function prior to definitive valve replacement (8 patients
who received it in the cath lab before surgical valve replacement had improved renal function
prior to surgery, 2 patients received the device support in the operating room after valve
replacement and both of them died. Overall, 3/10 patients died)’.

More recently, in 2011, Kar et al. published a study of 117 patients who underwent LAFAB
implantation for severe CS refractory to IABP and vasopressor therapy!8. 80 patients had ischemic
cardiomyopathy, and 37 had non-ischemic cardiomyopathy. There was an immediate
improvement in hemodynamics (as evidenced by improved Cl — 0.53 |/ (min-m?) to 3.0 I/
(min-m?), p<0.001 and PCWP-31.53 + 10.2 mm Hg to 17.29 + 10.82 mm Hg (p < 0.001)) as well as
end-organ function in both groups. Mortality rates at 1 and 6 months were 40.2% and 45.3%
respectively.

LAFAB device as a bridge to transplant/durable VAD
Another important application of pVADs is in end-stage heart failure, where they are used as a
bridge to definitive therapy — durable left ventricular assist device (LVAD) or cardiac
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transplantation®®.

The LAFAB device has been shown to be effective in this scenario as well. In a series of 25 patients
with CS%, 44% of patients underwent placement of durable left ventricular assist device (LVAD),
30% recovered, and 36% died on support. The mean duration of LAFAB support was 4.8 + 2.1
days. 56% of patients experienced device-related complications, of which 90% were secondary
to vascular access complications.

Gregoric et al. reported a series of 9 patients with end-stage cardiomyopathy and refractory
shock who were bridged with the LAFAB device to a durable LVAD. Eight of these nine patients
were supported with IABP prior to being upgraded to LAFAB. Mean duration to durable LVAD
was 5.9 days. All 9 patients showed improvement in their hemodynamics and end-organ function
on LAFAB support before undergoing LVAD implantation??.

In another series of 5 critically ill patients with CS?2, the LAFAB device was placed emergently for
left ventricular support as a bridge to transplantation. The mean duration of support was 7.6 +
3.2 days, and all five patients underwent cardiac transplantation successfully. No device-related
complications were reported in this cohort.

Agarwal et al. in 2015 also described a rare, interesting case of durable LVAD thrombosis with CS
treated successfully with fibrinolytic therapy and temporary support with LAFABZ,

LAFAB device for high-risk percutaneous interventions

Another clinical application for LAFAB use is in the setting of high-risk percutaneous coronary
intervention (PCl)?*. The LAFAB device has been studied and utilized extensively in this
setting?>2627.28 with device-related vascular complications within acceptable ranges compared to
other comparable devices. In a recent series of 37 patients who underwent LAFAB device
placement for CS, 28 patients also underwent high-risk PCl successfully while being supported
with the LAFAB device. 71% of patients in the cohort were successfully discharged home. The
mean EuroSCORE was 11 + 3.4, indicating a high complexity of this critically ill cohort. The authors
concluded that the LAFAB device could be used safely and effectively for high-risk PCI?°. In
addition to high-risk PCI, the LAFAB device has also been used for high risk patients undergoing
percutaneous aortic valve replacement, as demonstrated in one small series3°. Finally, there is
also a small 2-patient report of successful LAFAB device use for post-cardiotomy shock3?.

FIGURE AND TABLE LEGENDS:
Figure 1: LAFAB setup. Image courtesy of TandemLife, a wholly owned subsidiary of LivaNova US
Inc.

Figure 2: TEE with biplane in the bicaval view showing the inter-atrial septum. LA — Left Atrium,
RA — Right Atrium, IVC — Inferior Vena Cava, SVC — Superior Vena Cava, Ao — Aorta, PV —
Pulmonary Vein, RV — Right Ventricle. Picture courtesy Alkhouli M, Rihal CS, Holmes DR.
Transseptal Techniques for Emerging Structural Heart Interventions. JACC: Cardiovascular
Interventions. 2016;9 (24):2465-80'°
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Figure 3: ICE for transeptal access (A) The fossa ovalis (FO) as seen in the “septal” view.
(B) Tenting of the FO with the transseptal needle. (C) The transseptal sheath across the FO in the
Left Atrium (LA). RA — Right Atrium, IVC — Inferior Vena Cava, SVC — Superior Vena Cava. Picture
courtesy Alkhouli M, Rihal CS, Holmes DR. Transseptal Techniques for Emerging Structural Heart
Interventions. JACC: Cardiovascular Interventions. 2016;9 (24):2465-80'°

Figure 4: Multiple angiographic projections to optimize the site for transseptal access. RAO —
Right Anterior Oblique. LAO — Left Anterior Oblique. RA—Right Atrium, LA- Left Atrium, RV — Right
Ventricle, LV — Left Ventricle, FO — Foramen Ovale, CS — Coronary Sinus, TV - Tricuspid Valve, AV
— Aortic Valve, AR — Aortic Root, PA — Pulmonary Artery and Ao — Aorta. Picture courtesy Alkhouli
M, Rihal CS, Holmes DR. Transseptal Techniques for Emerging Structural Heart Interventions.
JACC: Cardiovascular Interventions. 2016;9 (24):2465-80%°

Figure 5: Schematic of ProTek Duo system. Image courtesy of TandemlLife, a wholly owned
subsidiary of LivaNova US Inc.

Table 1: Complications of LAFAB device®.

Table 2: Table of results for hemodynamic improvement post LAFAB compared with intra-
aortic balloon pump. Adapted from Thiele et al.%’.

DISCUSSION:

Hemodynamics of LAFAB device:

The hemodynamic profile of the LAFAB device is distinct from other pVADs. By draining blood
directly from the left atrium and returning it to the femoral artery, the device bypasses the LV
completely. In doing so, it reduces LV end diastolic volume and pressure, contributing to
improved LV geometry thereby effecting a decrease in LV stoke work. However, by returning the
blood back into the iliac artery/descending aorta, afterload increases. This results in loading of
the LV via elevated left ventricular end-systolic pressure (LVESP). Overall, the pressure-volume
loop narrows and shifts modestly to the left3*. The result is a reduction in myocardial workload
and decreased oxygen consumption3®. The LVEDP and LVESP may be optimized by increasing
pump speed, further unloading the LV3¢,

The advantages of the LAFAB device include decompression of the LV and decreased stroke work,
leading to myocardial recovery. LAFAB unloads the LV indirectly by venting the left atrium (and
does not require a separate device for LV unloading). It can provide cardiac support up to 4.5
L/min at the bedside, and its durability has been well established up to 2 weeks in vivo?’.

Disadvantages of LAFAB lie in the advanced procedural skills required for device placement, as
trans-septal puncture is not a ubiiquitous cardiac catheterization lab skill. The need for TEE or ICE
as well as fluoroscopy limits the use of this device at bedside in emergent situations. Femoral
vascular access prevents patients from ambulating adversely affecting patient rehabilitation. As
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with other MCS, both hemolysis and access site complications may also be significant. Residual
atrial septal defect may also occur and adversely affect outcomes in patients bridged to recovery.

Contraindications to LAFAB device:

Absolute contraindications to LAFAB system use include pre-existing ventricular septal defects,
severe aortic regurgitation, left atrial thrombus, and severe peripheral vascular disease
precluding device insertion38,

Right Atrium to Pulmonary Artery Bypass (RAPAB) for right ventricular failure:

Right ventricular (RV) dominant or biventricular CS is as fatal as left ventricular dominant CS, with
in-hospital mortality rates ranging up to 75%3°. Various MCS devices have been successfully used
in the management of RV CS. Similar to the LAFAB system, there is also a novel right ventricular
support device draining blood from the right atrium to the pulmonary artery. It is called the
ProtekDuo® system (Figure 5), which can provide up to 4 lpm of flow for the RV“. It consists of a
long 31 F (also available in smaller sizes) dual lumen cannula that traverses from the internal
jugular vein through the right atrium and right ventricle, into the main pulmonary artery*'. The
system is supported by a centrifugal pump similar to the LAFAB system. It empties blood from
the right atrium and returns it to the main pulmonary artery, bypassing the RV. It may also be
connected to an oxygenator for pulmonary support. The RAPAB system helps unload the RV and
reduce the RV stroke work?®?. It requires TEE guidance for confirmation of position and placement
in the main pulmonary artery. This device is being used increasingly in RV cardiogenic shock*3,
massive pulmonary embolism?#*, and postcardiotomy RV failure after LVAD or transplant®. The
bulk of the data for RV support comes from the TandemHeart Experiences and Methods (THEME)
registry*®, where the RAPAB system was used in 30 patients with RV failure of various etiologies,
with a 30-day survival of 72.4%, and most patients bridged to recovery.

[FIGURE 5 HERE]

Use of the LAFAB circuit may provide differential benefit over a transvalvular axial flow pump
such as Impella in a number of specific clinical scenarios. As stated previously, the LifeSPARC
pump is capable of delivering supraphysiologic levels of flow (up to 8 L/min) with current cannula
configurations and thus larger patients and those not adequately supported or fully unloaded on
transvalvular axial flow pumps (Impella 2.5 Lor CP 4 L) devices may benefit from LAFAB. Secondly,
patients with prosthetic aortic valves or unfavorable aortic valve/root anatomy such as those
with critical aortic stenosis or aortic valve endocarditis and patients with left ventricular
thrombus may be preferentially considered for LAFAB. Finally, LAFAB may be part of a staged
support strategy that began with TandemlLife VA-ECMO for acute cardiopulmonary rescue
followed by subsequent left atrial drainage into the circuit, thus effectively providing near-
complete biventricular support plus oxygenation.

The LAFAB device is an effective and safe pVAD that can be used in acute or chronic LV failure
providing up to 4.5 to 5 Ipm of circulatory support as well as indirect LV unloading via left atrial
decompression. The need for trans-septal access may limit the widespread use of this device for
emergent LV support in CS. Although observational data suggests both safety and efficacy of the
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device in both CS and high-risk PCI, well-conducted large, randomized control trials are needed.
In the meantime, results of the ongoing THEME registry may shed more light on the real-world
outcomes in patients managed with the LAFAB device.
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Timing of
occurrence

Complication Risk factors Precaution

Accurate assessment of
Inadvertent advancement ) inter-atrial septum on TEE
) . ) During transseptal L
Cardiac perforation and of needle or dilator or or ICE and optimizing the
. |puncture, placement of :

tamponade sheath along the posterior | site and angle of

) inflow cannula )
free wall of left atrium. transseptal puncture via

angiography and echo.

Small caliber vessels

Acute limb ischemia distal |housing large cannulas, prejlmmediately post Peripheral angiogram prior
to arterial cannulation existing peripheral arterial |procedure to cannulation.
disease

Optimize pump speed for
every patient individually.

Hemolysis, retroperitoneal . .
Avoid supratherapeutic

bleeding, vascular Higher pump speeds, i )

complications such as pump thrombosis, DIC, Anytime on the pump anticoagulation.

pseudoaneurysm anticoagulation Optimal site of arterial

formation. access at the femoral head
in the common femoral
artery.

Residual atrial septal

Rare complication After decannulation
defect



https://www.editorialmanager.com/jove/download.aspx?id=1329109&guid=196de27d-ab49-48af-909a-b1de845859a5&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1329109&guid=196de27d-ab49-48af-909a-b1de845859a5&scheme=1

Management

Immediate
pericardiocentesis to
relieve tamponade. May
need surgical intervention.

Placement of distal
perfusion catheter,
vascular surgery assistance
in severe cases.

Reducing pump speed,
maintaining therapeutic
range of anticoagulation.

Hemodynamically
significant defects can be
closed percutaneously.




Table 2

Parameter

Cardiac output
(L/min)

CI (L/min/m2)
Blood pressure
mean (mmHg)

CPI (W/m2)

SVR (dynxsxcm-5)

Heart rate
(beats/min)

PCWP (mmHg)
Central venous
pressure (mmHg)
PAP mean (mmHg)

Serum lactate
(mmol/L)
Standard base
excess (mmol/L)
pH

Pre-implantation
IABP
3.0 (2.5-4.0)

1.5 (1.3-2.0)
64 (57-74)

0.22 (0.18-0.30)
1440 (1034-1758)

122 (92-130)

27.0 (20.0-30.0)
13.0 (11.0-16.5)

32.5 (27.5-38.0)
3.8 (3.5-6.7)
-6.8 [-8.3—(-3.9)]

7.34 (7.28-7.38)

Pre-implantation
VAD
3.5(3.3-4.2)

1.7 (1.5-2.1)
63 (51-70)

0.22 (0.19-0.30)
1049 (852—-1284)

113 (107-121)

20.0 (18.0-23.0)
11.0 (9.0-15.3)

28.0 (24.5-34.8)
4.5 (3.1-6.5)
~5.1 [-7.5—(-4.4)]

7.28 (7.24-7.36)

P -value

0.29

0.35
0.50

0.72
0.16

0.57

0.02
0.29

0.45

0.53

0.74

0.50

Post-implantation
IABP
3.3(2.9-4.3)

1.7 (1.5-2.1)
67 (62-84)

0.28 (0.24-0.36)
1388 (998—-1809)

115 (90-125)

21.5 (17.0-26.0)
12.0 (10.0-17.5)

28.5 (25.5-33.5)
3.25 (2.7-7.0)
-4.3 [-8.8—(-2.3)]

7.36 (7.28-7.41)

Click here to access/download;Table;Table 2.xIsx 2

Post-implantation
VAD
4.5 (4.0-5.4)

2.3 (1.9-2.7)
74 (70-84)

0.37 (0.30-0.47)
1153 (844—1425)

105 (100-116)

16.0 (12.5-19.0)
10.0 (8.0-12.0)

24.5 (20.0-26.0)
2.8 (2.3-3.5)
-4.3[-6.1—(-3.3)]

7.33 (7.31-7.40)
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P -value

0.007

0.005
0.38

0.004
0.08

0.94

0.003
0.06

0.007

0.03

0.28

0.49
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Company Catalog Number Comments/Description

For LAFAB (TandemHeart)
Factory Supplied Equipment for circuit
connections. TandemlLife
ProtekSolo 15 Fr or 17 Fr Arterial Cannula TandemlLife
ProtekSolo 62 cm or 72 cm Transseptal Cannula TandemLife
TandemHeart Controller TandemlLife For adjusting flows/RPM
TandemHeart Pump LifeSPARC Centrifugal pump
For RAPAB (ProtekDuo)
Factory Supplied Equipment to complete the
circuit. TandemlLife
ProtekDuo 29 Fr or 31 Fr Dual Lumen Cannula )

TandemlLife
TandemHeart Controller TandemlLife For adjusting flows/RPM

TandemHeart Pump LifeSPARC Centrifugal pump
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REBUTTAL LETTER

4/30/21

To
The Editor in Chief,

JoVE Journal.

Respected editor in chief,

We have made the necessary corrections to avoid overuse of commercial names. We have used the
commercial names only in very few sentences where we think it is imperative to mention them.

We have made the changes suggested by the reviewers.
Essential steps of the protocol are highlighted. Inclusion/exclusion criteria included.

We feel that the revised manuscript is now ready for expert review.

Look forward to your comments and feedback.

Thank you.

Sincerely,
Swethika Sundaravel MD
University of Nebraska Medical Center,

Omaha, Nebraska, USA
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