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Abstract

Background: The Society of Thoracic Surgeons (STS) IntermacgidRy represents a real-world data
source of durable, left ventricular assist devitted can address knowledge gaps not informed throug
randomized clinical trials. We sought to compauevisal with contemporary left ventricular assist
device technologies using multiple analytic apphescto assess concordance of treatment effectand
validate prior STS Intermacs observations.

Methods. Patients (aged > 19 years) enrolled into STS Indestbetween August 2017 - June 2019 were
stratified by device type (centrifugal device whigbrid levitation [CF-HL] or full magnetic levitain
[CF-FML]). The primary outcome was 1-year surviadsessed by three statistical methodologies
(multivariable regression, propensity score maighamd instrumental variable analysis).

Results: Of 4,448 patients, 2,012 (45.2%) received CF-HL 386 (54.8%) received CF-FML. One-
year survival for CF-FML was 88% vs. 79% for CF-Haverall p< .001), with a hazard ratio for
mortality of 3.18 for CF-HL §<0.0001) after risk adjustment. With propensitgrecmatching (n=1400
each cohort), 1-year survival was 87% for CF-FML 838% for CF-HL, with a hazard ratio of 3.20 for
mortality with CF-HL ©<0.0001) after risk adjustment. With an instrutakvariable analysis, the
probability of receiving CF-HL was associated wiathazard ratio of 3.13€0.0001).

Conclusions. Statistical methodology using propensity score hiatgand instrumental variable analysis
increased the robustness of observations derived feal-world data and demonstrates the feasilafity
performing comparative effectiveness research uSing§ Intermacs. These analyses provide additional

evidence supporting a survival benefit of CF-FMItsuss CF-HL.

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by
Elsevier on July 16, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.



Table of Abbreviations

CF-HL — Continuous flow left ventricular assist amv/with hybrid levitation
CF-FML — Continuous flow left ventricular assistvaae with full magnetic levitation
DT — Destination therapy

ECMO - Extracorporeal membrane oxygenation

HR — Hazard ratio

IQR — Interquartile range

IV — Instrumental variable

IVA — Instrumental variable analysis

LVAD — Left ventricular assist device

MCS — Mechanical circulatory support

RCT — Randomized control trial

RVAD - Right ventricular assist device

RV — Right ventricle

SD — Standard deviation

STS — The Society of Thoracic Surgeons

UNOS - United Network for Organ Sharing
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To date, evidence to support durable left ventacassist device (LVAD) selection has been
developed through randomized clinical trials (RC(sp) However, previous RCTs have not been
powered to assess mortality benefit alone, noecefieal-world populations that may differ fromipats
participating in RCT$6-8) Thus, real-world experience becomes a complimgndata sourcéd)
Mitigating the impact of confounding from inferesoderived from real-world data becomes an important
goal in order to utilize these data in clinical dean-making(9-11)

The Society of Thoracic Surgeons (STS) IntermactioNal Database is a U.S. registry of
patients receiving commercially-available, durabiechanical circulatory support (MCS) devices and
provides a real-world experien(E2-14) Recent observations from STS Intermacs demoesditriiat
patients receiving a continuous flow, centrifug®lAD with hybrid levitation (CF-HL) had a 3.01 highe
hazard for mortality compared to those receivirmgatinuous flow, centrifugal LVAD with full magneti
levitation (CF-FML)(12) However, the reliability of these observationsavealled into question because
of the potential for residual confounding and leitpatient follow up for the newest available tegthgy
(i.e., CF-FML device]15,16)

Statistical analytic methods to assess and mitigatéounding have developed over the past 30
years and include propensity scoring techniquestiumental variable analyses (IVA), and multivalgéab
regression analyses with time-related moEels23) These methods facilitate the appraisal of
contemporary observational registry-based data d@veldp real-world observatiolf$7-23) These
statistical approaches address some of the limitatof real-world data that are problematic for use
comparative effectiveness research, most importhat lack of treatment randomization causing
substantial differences in baseline characteristicomparative cohorts (i.e., treatment seledtias).

The objective of this study was to compare sulvieatcomes for patients receiving
contemporary durable LVAD designs using; 1) multihle, multiphase hazard function modeling, 2)
propensity score matching; and 3) IVA. We hypottexs that the previously reported survival benefit
CF-FML design based on the analysis of the nati@xglerience in STS Intermacs using multiphase

hazard function modeling only would be confirmeddogpensity matching and IVA.
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Patients and Methods

The study cohort consisted of all adult patientge(a 19 years) in STS Intermacs undergoing
primary (i.e., de novo), durable LVAD implantati¢N = 4448) with either a continuous flow LVAD
with centrifugal flow design and hybrid levitatiogfCF-HL; N = 2012; HVAD", Medtronic, Inc.,
Minneapolis, MN) or a continuous flow LVAD with ckifugal flow design and full magnetic levitation
(CF-FML; N = 2436; HeartMate™, Abbott Labs, Chicago, IL) between August 23, 28ddune 30,
2019 with follow-up through December 31, 201@igure 1) The August 2017 date was chosen as a
starting point for this analysis as this date repneed the first full month for which both the CIE-BEind
CF-HML devices were available for commercial (&4) Followup was censored at heart
transplantation, cessation of device support (withvithout device explant), device exchange to lagot
type of device, and study closeout (12/31,2019t&4 months of followup. Patients were not ceegor
for device exchange to the same device type ottiaddif a right ventricular assist device (RVAD}eaf
leaving the operating room following LVAD implanfatients receiving a continuous flow LVAD with
axial flow design (N=580) or receiving a concomit&RVAD (i.e., biventricular support [RVAD at time
of LVAD implant]; N=194) were excluded from the diucohort. Patients who received any LVAD
design not approved by the U.S. Food and Drug Adtnation and who were part of a clinical trial wer
not reported to STS Intermacs and not includetlimanalysis.

The cohort was broken down into 4 eras. Distrinuf device implants by era and by device
type is presented in tfgupplemental Appendix (Supplemental eFigure 1)

For descriptive purposes, categorical variables expressed as frequencies and percentages.
Continuous variables are expressed as means +asthdédviation (SD) or median with interquartile
range (IQR) as appropriate for data distributi@iscrete variables were compared with the use bf ch
square test. Kaplan-Meier survival estimationseagalculated with censoring of patients at the tahe
heart transplantation, cessation of device supfeither explant or device inactivation), or device
exchange to another type of device. For all sahanalyses, differences for specific subsets t dere

compared with the use of log-rank testing. OutcermEsociated with specified strategies at the time
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implant were examined using the Fine-Gray competingcomes analysis, in which multiple mutually
exclusive outcomes are tracked over time. At asigtgn time, the sum of the proportion (percenjagfe
patients in each outcome category equals 100%.

Please see tHeupplemental Appendixfor a detailed descriptidBupplemental Information on
Statistical Methodology (page 3 of the Supplemental Appendix)and supportingSupplemental
eFigures 1-10andSupplementaleTables 1-7of the multivariable, multiphase hazard functioadaling
(12-14) propensity score matching, and IMR5-27)

Statistical analysis was performed with SAS 9.4veafe (SAS Institute, Inc, Cary, NC). The
analyses reported here were approved by the SE8&Mats/PediMACS Committee of the STS Access
and Publications Task Force under the WorkforceRasearch Development and the Workforce on
National Databases. Patient consent for STS Irtesndata collection was obtained at enrolling gente

according to the local Institutional Review Boagguirements.

Results

Baseline Characteristics of the Patients based arable Mechanical Circulatory Support Type

The study cohort consisted of 4,448 patients, ®Rj012 (45.2%) patients receiving the CF-HL
device and 2,436 (54.8%) receiving the CF-FML devCable 1) The mean age of the study cohort
was 56.7+/-12.9 years with no significant differeriic age between device types. Patients recel¥ing
HL were more likely to be female, supported fortohedion therapy (DT), have smaller body surface
areas, with a higher prevalence of comorbidityjudimg severe diabetes, prior cancer, alcohol and/o
tobacco abuse, and prior cardiac surgery. Patmmt€F-HL vs. CF-FML had laboratory evidence of
greater preoperative hepatic dysfunction/congesfioigher alanine aminotransferase and aspartate
aminotransferase) and echocardiographic evidencegrefter preoperative right ventricular (RV)
dysfunction (severe tricuspid regurgitation andese\RV dysfunction). Patients receiving CF-HL &ver
more commonly STS Intermacs Profile 1 (19.8% vs8%#) or Profile 2 (34.9% vs. 32.3%). While there

were no differences between cohorts in need folyslls mechanical ventilation, or extracorporeal

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by
Elsevier on July 16, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.



membrane oxygenation (ECMO) prior to device implamntra-aortic balloon pump (17.9% vs. 13.6%)
and temporary MCS (37.3% vs. 29.9%) were more fatiy employed in those patients receiving the
CF-HL device.

More CF-HL patients received a device in Era 1920vs. 7.6%) and Era 2 (36.5% vs. 17.4%).
(Table 1; Supplemental eFigure 1) At the time of surgical implantation, more patiergseiving the
CF-FML underwent a sternotomy approach (90.0% &5%). Cardiopulmonary bypass time was

longer for patients receiving the CF-FML device@13-/-104.6 vs. 89.1+/-47.0 minutes).

Survival According to Device Type

Cumulative follow-up for the entire study cohortsv, 357 years with a median follow-up of 11
(6.9 — 16.9) months. Median follow-up was 10.3(*¥ 14.2) months for the CF-FML device and 12.9
(6.3 — 19.0) months for the CF-HL device.

The Kaplan-Meier survival (risk unadjusted) estiesator CF-FML and CF-HL are compared in
Figure 2. Overall survival was significantly higher fortjgnts with CF-FML (log rankp= 0.0001), with
a survival at 1-year of 88% versus 79% with CF-HIA competing outcomes analysis at 1-year
demonstrated that for patients receiving CF-HL,1%b.underwent heart transplantation, 19.6% died,
1.6% underwent device explant (or cessation of stppand 63.7% remained alive on device support.
(Supplemental eFigure 2A) For patients receiving the CF-FML device, at &yel0.6% received a
heart transplantation, 11.7% died, 0.6% underwentcé explant (or cessation of support), and 77.1%
remained alive on device suppdf®upplemental eFigure 2B)Gray's test comparing outcomes between
groups demonstrated significant differences betw€erHL and CF-FML for transplantp£0.0006),

death on device suppop<(0.0001), and explant or cessation of device sugpe6.0001).

Multivariable, Multiphase Hazard Function Modeling Mortality According to Device Type

On adjusted analyses, the risk factors for deatherearly and constant hazard phases are listed

in Table 2 Device type was not associated with an earlyeiased risk of death. In contrast, the strongest
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risk factor for death in the long-term (constanagd) was a CF-HL device (hazard ratio (HR) of 3.18,

p<0.001).

Propensity Score Matching and Mortality Assessment

Propensity score matching identified 1400 patieaitspwithin the CF-HL and CF-FML cohorts,
defined through use of 60 matched variab{8sipplemental eTable 1) These arms represented 69.5%
of the original CF-HL cohort and 57.4% of the onigii CF-FML cohort. Distribution of the propensity
scores before and following matching are preseritedhe Supplemental eFigure 3 Patient
characteristics of the propensity score matchedortehare presented iBupplemental eTable 2
Characteristics of the patients not matched inptlogensity score matching analysis are presentéuein
Supplemental eTable 3

A Kaplan-Meier analysis for the propensity scoraahad cohorts demonstrated a survival at 1-
year of 87% for CF-FML device and 80% for CF-Hi<(.0001). (Figure 3) A Kaplan-Meier survival
estimate for the patients not matched in the prsipenscore matching showed similar survival
differences. $upplemental eFigure 4) A competing outcomes analysis at 1-year forphapensity
score matched cohorts demonstrated that for patieeteiving CF-HL, 15.9% underwent heart
transplantation, 18.7% died, 1.7% underwent deeigantation (or cessation of support; i.e., device
inactivation), and 63.7% remained alive on deviggp®rt. (Supplemental eFigure 5A) For patients
receiving CF-FML, at 1-year, 10.9% received a hearisplantation, 12.8% died, 0.6% underwent device
explantation (or cessation of support; i.e., deviwactivation), and 75.6% remained alive on device
support. (Supplemental eFigure 5B)Gray’s test comparing outcomes between groups dstmabed
significant differences between CF-HL and CF-FMLr foansplant (=0.0013), death on device

(p<0.0001), and explant or cessation of supgmr0(0007).
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A multiphase hazard multivariable analysis to iffgrnpre-implant risk factors associated with
death within the propensity score matched cohaogiraglentified CF-HL device as a significant risk

factor for death in the long-term (constant phasé)) a HR of 3.20 (p<0.0001)Table 2)

Instrumental Variable Analysis

The IVA first generated a probability for devitkerapy (expressed as the probability of
receiving a CF-HL device) using all of the priowvadables in the multivariable model plus the ptn
instrumental variable; i.e., era. The distributimihthe predicted probability of receiving the devio
actual device received is displayed in Bepplemental eFigure 6 Multiphase hazard multivariable
modeling was then performed for the entire cohort @,448) using the probability of receiving the-C
HL device and prior covariateSupplemental eTable 1l)used in the previous multiphase hazard
multivariable modeling but not including the instrental variables as covariates. The HR for theHCF-
device in the multiphase multivariable modelingngsihe probability of receiving the CF-HL devicesva

3.11(Table 2; Supplemental eFigure 7)

Causes of Death

Please see tHeupplemental Appendixfor a description of causes death for each ddywe.
Sensitivity Analyses

A number of important sensitivity analyses werefqgrened to determine if the risk associated
with the CF-HL device in the overall study cohdxt £ 4448) was generalizable to specific subgroups.
For each subgroup of interest, a multiphase hazauitjvariable model was performed to determine if
CF-HL device remained an important risk factor foortality. Co-variates included in the model
included those listed in Supplemental eTable 1e Sitbgroups of interest that were explored included
1) Overall Study Cohort (N = 4448; 100% of the $t@bhort); 2) female sex (N = 1037; 23% of the
Study Cohort); 3) body surface area less than N.& 68; 6% of the Study Cohort); 4) thoracotomy

approach (N = 595; 13% of the Study Cohort); 5) gs than 60 years (N = 2410; 54% of the Study

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by
Elsevier on July 16, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.



Cohort); and 6) age greater than or equal to 6@syfd = 2038; 46% of the Study Cohort). In each
subgroup of interest, the CF-HL device remained important risk factor for mortality. (see
Supplemental Appendix section on Sensitivity Analyss: Supplemental eFigures 11-16 and

Supplemental eTables 8-13).

Comment

In this analysis of STS Intermacs, a clinically ueb source of real-world data for patients
undergoing implantation of commercially availabiirable MCS devices, we identified an important
survival benefit for recipients receiving a durahAD with CF-FML design. The direction of the
mortality ascription was consistent across all éhstatistical methodologies, and was consistertt wit
prior observations from STS Intermgd®2) The magnitude of the survival benefit was similaross all
three statistical approaches which reflects theoitamce of considering all potential confounderewh
assessing the effectiveness of LVAD support usawistry data. Since the HR (3.18) for the CF-HL
device obtained from the multiphase hazard muithde analysis using device received was similar to
the HR (3.11) obtained from the multiphase hazauttivariable modeling using probability of receigin
a CF-HL device, we infer that the instrumental &hkes (era; participation in the Multi-center Stuafy
MagLev Technology in Patients Undergoing MCS Therdfith HeartMate 3™ Investigational Device
Exemption Clinical Study (MOMENTUM 3); and Unitedevork for Organ Sharing (UNOS) region)
had little impact on the effect size of the CF-Hivite as an independent risk factor for mortalitihis
registry-based analysis underscores the importahial-world data in generating novel and incretaken
clinical evidence, informing clinical decision-maki beyond what can be interpreted with the data
generated in RCTs.

Data to support durable LVAD therapy derives laydebm RCTs(1-5), but inherent limitations
imposed by pre-defined inclusion and exclusionedat in RCTs restricts the generalizability of the
conclusions. Thus, real-world studies provide toidal evidence of therapeutic effectiveness in

commercial use settings which typically includeraader profile of patient characterist{@&9) Recent

10
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analyses from STS Intermacs have demonstratech#daaty 50% of patients receiving durable LVADs
would not meet eligibility criteria of contemporaRCTs of durable LVADs and that the survival benefi
of patients not meeting trial inclusion and exabuscriteria is less than patients who are triajible (6-
8) Thus, data from real-world sources provide anorgnt source of complementary data that can
provide valuable observations in assisting healtle providers in making informed clinical decisig8%

In this study, we observed a 1-year risk-unadjustedtival of approximately 88% for CF-FML
and nearly 79% for CF-HL. In the MOMENTUM 3 climicstudy, 1-year unadjusted survival of 515
patients receiving CF-FML was approximately 86.68&f, observation that is consistent with the
observations from our current stuy). Approximately 61% of patients in the MOMENTUM 3ati
receiving the CF-FML device were implanted with Difent compared to approximately 51% of patients
in our current study who were implanted with DTeintt In the HeartWal¥ Ventricular Assist System
as Destination Therapy of Advanced Heart Failuree ENDURANCE Trial (ENDURANCE), 296
patients received the CF-HL device with an obsemvealdjusted 1-year survival of approximately 77%,
findings similar to the 79% 1-year survival obsehia the present stud®,3) A salient difference
between the populations of ENDURANCE and that ofHlFpatients in our current study is that the
ENDURANCE population represented patients ineligifidr transplant while approximately 15.3% of
patients receiving the CF-HL device in our currstuidy were listed for heart transplantation atttime
of implant and an additional 23.7% were listed adde to decision at the time of VAD implant. Thus
the small differences in survival observed in #gtigdy (88% vs. 86.6% for CF-FML and 79% vs. 77% for
CF-HL) compared to those observed in the RCTsikedylattributable to differences in patient sansple
Additionally, rates of transplantation between tliterent devices (CF-HL versus CF-FML) may have
been impacted by the change in the UNOS heartaditot system in October of 2018 that assessed less
priority to durable VADs compared to temporary M@28) This change in allocation policy may have
biased the CF-FML group to a greater degree (femamsplants) as more CF-FML were implanted after

the change in allocations poli¢9)

11
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The conventional method used to adjust for basalifferences between treatment groups in
observational databases is covariate adjustmemt,enddl relevant patient characteristics are inetlith a
regression model relating the outcome of intereghé alternative treatments. A commonly cited eonc
is that such models are overfitted when the nurobeovariates is large compared with the number of
patients or outcome events. Techniques such gepsdy score matching and IVA become important
statistical methodologies to reduce selection tmasmatching characteristics of patients in différen
cohorts of the study22,30-32) Using different statistical approaches to mitgthte risk of confounding
and bias in our comparative effectiveness evaloatiee observed a numerically smaller yet clinically
consistent survival benefit for CF-FML technologylayear with each statistical approach. We believ
the comparative effectiveness evaluation is theeeftrengthened by the consistency of each staiisti
approach to identify a similar survival benefitdaeduces the impact of confounding on the obsienvat

Given the potential for centers selectimgy CF-HL or CF-FML device in a non-random fashitbre
IVA was incorporated to examine the potential effe€ covariates which might influence device
selection without themselves directly affectingvseal. Instrumental variable analysis is a techeiq
designed to control for measured and unmeasurddwading. It utilizes an IV which is associatedtwi
outcome only through its correlation with choicetliérapy, in this case device type. Of importartice,
IV must be “strongly” associated with choice of rdqgy, but must have not independent effect on the
outcome examine(R5-27) After considering a number of possible such véesk{see Methods), the
potential IV which best fulfilled these criterian¢luding a “strong” association with choice of dmy)i
was era. Given that we are basically judging“dfect” of the IV by comparing the hazard ratiotbe
risk factor “actual” device selected (standard gsia) versus the risk factor of “probability of ey a
specific device” (IVA), the observed differencetive hazard ratios has importance for inferencesceS
the IV is affecting the likelihood of selecting auice, the stronger the relationship, the lowerttheard
ratio should be for the risk factor “probability gétting a specific device”, since the IV itselfshao
effect on outcome. We interpret that small hazatib difference as a relatively mild effect obth/s

that was examined.

12
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Limitations

Although propensity score matching and IVA provatigitional statistical methods to control for
confounding, the latter may persist in inferred esbiations. Propensity scores only assure relative
balance of measured confounders and their validitgontingent upon the appropriate selection of
covariates, matching techniques, and methods ef fiata analysis. The exclusion of some patients
incurred by the use of the propensity matching nesylt in a loss of precision and generalizabilitthe
target population may not be clinically relevaniaifge number of patients were excluded. In thedyaisa
herein, propensity matching led to removal of 310patients in the original CF-HL cohort and 43% of
the original CF-FML cohort. While the proportio @T patients was reduced, the frequencies of other
key characteristics (Intermacs 1 profile, ECMO sappage) remained stable. For IV analysiss it
important to realize that even if a valid instrut@variable is available, IV methods will not alygabe
helpful. If the instrument is weak, an IVA studylMie underpowered to detect anything less thaarg v
strong effect, even with large samples. In theyamimhere, the IV analysis demonstrated an impathe

hazard ratio, supporting its importance in the yics.

Conclusions

In an analysis of STS Intermacs, a clinically rdbesurce of real-world data for patients
undergoing implantation of a commercially availablerable MCS device, we confirmed a survival
benefit at 1-year for recipients of durable LVADssijned with CF-FML technology using multiple
contemporary statistical methodologies. Furthadiss are needed with longer durations of follow-up

and careful analyses of adverse events to bettlarsiand the differences noted in herein.
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Table 1: Patient Characteristics for the Study Cobrt Stratified by CF-HL (N = 2012) and CF-

FML (N = 2436) Device Type (Total Cohort Size; N 4448)

Variable CF-HL CF-FML P Value
Demographics
Age at Implant (years) 56.6 +-13.2 (n=201z 56.7 +-12.7 (n=243¢ 0.
Sex (Male) 1471 (73.1 1940 (79.6 <0.000:
Race (White) 1256 (62.4 1526 (62.6 0.€
Ethnicity (Hispanic) 149 (7.6 125 (5.3 0.002¢
Married 1126 (57.1 1417 (59.4 0.1
Body mass index 28.1 +- 7.7 (n=199¢ 29.3 +- 7.3 (n=242¢ <0.000:
(Kg/iM?)
Body surface area (N) 2.0 +- 0.3 (n= 199¢ 2.1 +- 0.3 (n=242¢ <0.000:
Era of Implant
1 420 (20.9) 185 (7.6) <0.0001
2 734 (36.5) 425 (17.4) <0.0001
3 567 (28.2) 670 (27.5) 0.6
4 291 (14.5) 1156 (47.5) <0.0001
Intermacs Patient
Profile
1 398 (19.8) 361 (14.8) <0.0001
2 702 (34.9) 787 (32.3) 0.07
3 692 (34.4) 918 (37.7) 0.02
4 180 (8.9) 307 (12.6) 0.0001
5 22 (1.1) 32 (1.3) 0.5
6 12 (0.6) 23 (0.9) 0.2
7 6 (0.3) 8 (0.3) 0.9
NYHA Class IV 1657 (84.8 2011 (84.1 0.€
Co-Morbidities
History of Alcohol 180 (8.9 164 (6.7 0.005¢
Abuse
Ascities Pre-implant 104 (5.6 70 (3.0 <0.000:
Atrial Fibrillation 134 (6.9 157 (6.7 0.7
History of Cancer 117 (5.8 95 (3.9 0.002¢
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Current Smoker
Severe Diabetes

Primary Diagnosis
CAD
History of Stroke

History of other
Cerebrovascular
Disease
Hypertension

Implantable Cardio-
defibrillator (ICD)
History of Repeated
Non-compliance
History of Pulmonary
Hypertension
Peripheral Vascular
Disease

Previous Cardiac
Surgery

Warfarin pre-implant

Arrhythmia at clinical
presentation

Laboratory Data
Albumin (g/dL)
Total Bilirubin
(mg/dL)

Blood Type O

Blood Urea Nitrogen
(mg/dL)

Creatinine (mg/dL)
INR

Aspartate

Aminotransferase/AST

(u/L)
Alanine

Aminotransferase/ALT

(u/L)
Sodium (mmol/L)

White Blood Cell

142 (7.1
210 (10.4

111(5.6)
74 (3.7

32 (1.6

15 (0.8
1494 (74.€
93 (4.6
304 (15.1
81 (4.0
573 (28.5
212 (10.5)

449 (23.1

3.4 +- 0.60 (n= 192
1.3 +- 1.6 (n= 194¢
980 (48.9

29.6 +- 16.8 (n= 201(
1.4 +- 0.6 (n= 200€
1.3 +- 0.4 (n=1934

54.2 +- 249.2
(n= 1946)

60.6 +-194.4
(n=1940)

134.8 +- 4.9 (n= 2007

8.7 +~ 3.8 (n= 2004

130 (5.3
179 (7.3

111 (4.6
67 (2.8

37 (1.5

20 (0.80
1851 (76.5
78 (3.2
377 (155
75 (3.1
609 (25.0
236 (9.7

639 (27.2

3.5 +- 0.6 (n= 234¢
1.3 +- 1.6 (n= 236<
1176 (48.6

28.1 +- 16.2 (n= 243:
1.4 +- 0.7 (n= 243C
1.3 +- 0.6 (n= 235C

425 +-74.9
(n=2367)

49.5 +-91.9
(n= 2369)

135.5 +- 4.7 (n= 2431

8.5 +- 3.7 (n= 242¢

0.017:
0.000:

0.1

0.0¢

0.€

0.€
0.1

0.01

0.0¢

0.00¢

0.002:

<0.000:

0.€

0.1

0.€

0.0¢

0.01

<0.000:

0.1
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Count (x10°/L)
Echocardiography

Aortic Regurgitation:
moderate/severe
Tricuspid
Regurgitation:
moderate/severe
Mitral Regurgitation:
moderate/severe
LVEF < 20% (severe)

LVEDD

RVEF (severe)

Hemodynamics
Heart rate (beats/min)

Cardiac Index
(L/Kg/M ?)

Systolic Blood Pressur¢

(mmHg)

Diastolic Blood
Pressure (mmHg)
Pulmonary Artery
Systolic Pressure
(mmHg)
Pulmonary Artery
Diastolic Pressure
(mmHg)

Support at Implant
Inotropes

Phosphodiesterase-5
Inhibitor

Interventions with 48
Hours of Implant

Dialysis
ECMO

IABP
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71 (4.1

832 (44.6

1088(58.3
1385 (71.7
6.7 +- 1.1 (n= 1632

309 (18.2

91.2 +- 17.7 (n=200:
2.1 +- 0.8 (n=1724
106.2 +- 16.9
(n=1985)

66.4 +- 11.7 (n= 197¢

49.4 +- 15.0 (n= 179«

24.9 +-9.2 (n= 1787

1723(86.2

135 (7.1

23 (1.1
49 (2.4

360 (17.9

85 (4.0

877 (38.9

1261 (55.7
1610 (69.2
6.8 +~ 1.1 (n= 199C

253 (12.5

89.8 +- 17.5 (n=242¢
2.1 +- 0.8 (n= 2142
107.3 + 16.2

(n= 2394)

67.4 +- 11.8(n= 2393

495 +- 15.1 (n= 222¢

24.7 +- 8.9 (n= 2227

2018 (82.9

177 (7.8

24 (1.0
44 (1.8

332 (13.6

<0.000:

<0.000:

0.00¢

0.024:

0.003¢

0.4

0.003¢

0.4

0.€

0.1

<0.000:
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Temporary 654 (37.3 612 (29.9 <0.000:
Mechanical

Circulatory Support

Ventilator 74 (3.7 72 (3.0 0.z

Indication for LVAD

Therapy
BTD 476 (23.7) 614 (25.2) 0.2
BTT,; Listed 307 (15.3) 506 (20.8) <0.0001
DT 1223 (60.8) 1249 (51.3) <0.0001

Operative Details

Cardiopulmonary 89.1 +-47.0 100.1 +- 104.6 <0.000:
bypass time (min) (n=1820) (n=2295)
Concomitant Surgical 804 (40.0) 1037 (42.6 0.€
Procedures
Surgical Approach
Sternotomy 1657 (82.5) 2185 (90.0) <0.0001
Thoracotomy 351 (17.5) 244 (10.0) <0.0001

Abbreviations: CAD - coronary artery disease; CE-HCentrifugal flow-hybrid levitation; CF-FML -
Centrifugal flow-full magnetic levitation; ECMO —xteacorporeal membrane oxygenation; INR —
International normalized ratio; IABP — intra-aortiballoon pump; LVEDD - Left ventricular end-
diastolic dimension; NYHA — New York Heart AssdoigtRVEF — Right ventricular ejection fraction;

LVAD - left ventricular assist device.
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Table 2: Summary of Multivariable Analyses Examinng Mortality According to Device Type (CF-

HL versus CF-FML)*

22

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by
Elsevier on July 16, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.



Multiphase Hazard
Multivariable Model
Overall Cohort (N = 4,448)

Multiphase Hazard Multivariable
Model Propensity Matched
Cohort (N = 2880)

tMultiphase Hazard Multivariable
Model with Instrumental Variable
Overall Cohort (N = 4,448)

Early Hazard

Constant
Hazard

Early Hazard

Constant
Hazard

Early Hazard

Constant

Hazard

Pre-implant Risk
Factors for Death

HR

p-value

HR

P

HR

p-value

HR

p-value

HR

p-value

HR

p-value

CentrifugalFlow
Pump with Hybrid
Levitation
(CF-HL)

3.18

<0.0001

3.20

<0.00d

Probability of
Receiving a
CF-HL Device

3.11

<0.000

Demographics

Era « January-
June 2019

0.73

0.014

0.75

0.0299

Age at Implan
(years)

1.02

0.0006

1.08

0.0004

1.0 0.0

Ag€’ (60 versus
50 years)

141

<.0001

1.41

<0.00p1

1.47

<0.0001

Male

1.49

0.0213

1.51

0.01

Body MassIndex
(kg/M?)

1.02

0.0363

1.02

0.0242

1.02

0.0190

Clinical Status

Device Strategy:
Bridge to Decisiof

1.50

0.0055

0.59

0.02851.94

0.0003

Device Strateg'
Destination
Therapy

1.31

0.0371

Intermacs Patier
Profile 1

2.15

<0.0001

1.92

<0.0001L

2.18

<0.0001

Intermacs Patier
Profile 2

1.47

0.0095

1.47

0.0084

Phosphodiesters
-5 Inhibitor Pre-
implant

1.62

0.0059

2.02

0.0037

1.58

0.0098

Cardiac Factors

RightVentricular
Ejection Fraction:
Severe

1.69

.0004

1.70

0.0047

1.69

0.0004

Tricuspid
Regurgitation:

Moderate/Severe

1.37

0.0178

1.3Y

0.048%

1.4p  0.0(
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Mitral
Regurgitation:
Moderate/Severe

0.56

<0.0001

0.61

0.0011%

0.56

<0.0001

Aortic
Regurgitation:
Moderate/Severe

1.75

0.0209

1.77

0.018(

LVEF < 20
(severe)

0.70

0.0041

0.72

0.0079

Pulmonary arter
diastolic pressure
(mmHg)

1.03

0.004¢

LVEDD (cm)

0.85

0.0144

0.76

0.00Q8

0.81

0.003(

Non Cardiac
Systems

Intervention
within 48 hours —
Ventilation

1.84

0.0043

1.78

0.0054

Intervention
within 48 hours —
Dialysis

2.62

0.0010

2.86

0.0063

2.58

0.0014

Blood Urea
Nitrogen (mg/dL)

1.02

<.0001

1.03

0.0044

1.0

<0.00a101

0.0042

1.02

<0.000

1.01

0.01

Sodium (mmol/L)

0.96

.0005

0.95

0.0004

0.97

<0.0001

Internationa
Normalized Ratio
(INR)

1.23

0.0003

1.24

0.00(

Albumin

0.71

0.0009

0.5¢

)

<0.000

0.04

Aspartate
Aminotransferase
[ AST (IU/L)

1.00

0.016(

Severe Diabetes

1.61

0.0358

AscitesFre-
implant

2.03

0.0200

Surgical
Complexities

Cardiopulmonan
Bypass Time
(minutes)

1.01

<0.0001

Previous Cardia
Operation

1.47

0.001

1.60

0.0020

151

0.0005

Modifier:
Temporary
Circulatory

Support

1.62

0.0012

1.62

0.0014
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tThree Instrumental Variables (United Network of @rgsharing (UNOS) Region; Participation in the
MOMENTUM 3 clinical trial; and Era) and other covates were used to predict the probability of
receiving a CF-HL. The probability of receiving @#k-HL device (PS CF-HL) was expressed as a value
between 0.0 and 1.0, where a probability of 1.0msdhat receiving a CF-HL is certain to happen and
0.0 means that it is certain not to happen. Tlabpbility of receiving a CF-HL (PS CF-HL) was then

used in the multiphase hazard multivariable modgirbduce the hazard ratio for mortality above.

*Era of device implant was included as a potentigk factor in the multivariable hazard function

analysis.
Abbreviations: CF-HL: Centrifugal flow with hybridvitation; CF-FML — Centrifugal flow with full

magnetic levitation; LVEF — Left ventricular ejemtifraction; LVEDD - Left ventricular end diastolic

dimension; M — meter; mg - milligrams; dL - deg@ititL - liter
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Figure Legends
Figure 1. Consolidated Standards of Reporting Trials (CONSPRagram Detailing Inclusion and

Exclusion Criteria Used to Develop the Study Cahort

Figure 2. Kaplan-Meier Survival Estimate (Risk Unadjusted) tlee CF-HL (N = 2012) and CF-FML
(N = 2436) Device Cohorts (Overall Study Cohort=m,448) for the Time Period of Implants from
August 2017 through June 2019.*

*The shaded areas represent the 70% confidencealser

Figure 3. Kaplan-Meier Survival Estimate for the Propensitp® Matched Study Cohorts (CF-HL, N
= 1400 and CF-FML, N = 1400) for the Time Periodraplants from August 2017 through June 2019.*

*The shaded areas represent the 70% confidencealser
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All Adult Patients > 19 Years Receiving Durable Primary
LVAD Implants from August 23, 2017 - June 30, 2019
(With follow-up through December 31, 2019)
Centrifugal Devices Only (CF-FML and CF-HL)
N=5222

Exclude Patients Receiving Concomitant RVAD Support

(BiVADs); N = 194
CF-HL BiVAD (N=105)
CF-FML BiVAD (N=89)

Exclude Patients Receiving Axial Flow Design
Continuous Flow LVAD; N = 580

All Adult Durable Primary LVAD Implants from August
23,2017 - June 30, 2019
Centrifugal (CF-FML and CF-HL Devices Only)
N = 4448

—

Centrifugal LVAD with Centrifugal LVAD with
Full Magnetic Levitation Hybrid Levitation
N=2436 N=2012
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