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Abstract

Background

Early performance of the Micra transcatheter pagemiom the global clinical trial reported a
99.2% implant success rate, low and stable pa@ptuce thresholds, and a low (4.0%) rate of
major complications up to 6 months.

Objective

The pre-specified long-term safety objective of Miat 12 months and electrical performance
through 24 months are reported.

M ethods

The Micra Transcatheter Pacing Study was a prosgeesingle-arm study designed to assess the
safety and efficacy of the Micra VVIR leadless/agardiac pacemaker. Enrolled patients met
Class | or Il guideline indications for de novo trezular pacing. The long-term safety objective
was freedom from a system or procedure relatedmeajoplication at 12 months. A pre-defined
historical control group of 2667 patients with s&anous pacemakers was used to compare
major complication rates.

Results

The long-term safety objective was met with a femadrom major complication rate of 96.0%
at 12 months (95% CI: 94.2%-97.2P0.0001 versus performance goal). The risk of major
complications for Micra patients (N=726) was 48%véo than for transvenous patients through
12-months post-implant (HR: 0.52, 95% CI: 0.35-QF%0.001). Across subgroups of age, sex,
and comorbidities, Micra reduced the risk of maomplications compared to transvenous
systems. Electrical performance was excellent gfind24 months, with projected battery

longevity of 12.1 years.
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Conclusions

Long-term performance of the Micra transcatheteepsaker remains consistent with previously
reported data. Few patients experienced major doatjgns through 12 months follow-up, and
all patient subgroups benefited as compared tars¥enous pacemaker historical control group.

Keywords: Transcatheter pacemaker, leadless pacing, longresuits
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Introduction
The source for the majority of short- and long-t@wmplications associated with traditional
pacing systems can be attributed to the pocketestl Within months from the implant
procedure, as many as 1 in 8 patients may experi@womplication such as infection,
hematoma, loose header connection, lead dislodgesrepneumothorak.? Chronically,
complications with traditional systems include tfen, Twiddler's Syndrome, lead fracture and
insulation breach, venous thrombosis/obstructiad, teicuspid valve injury.Advances in
battery chemistry and component design have enahbletiac pacemakers to be dramatically
reduced in size and placed entirely in the heimjrating the need for a subcutaneous “pocket”
and a transvenous lead and the related complication

To date, only the early performance of transcathgacing systems have been repotted.
* The Micra Transcatheter Pacing Study was a gldbatal trial evaluating the safety and
efficacy of the Micra Transcatheter Pacemaker SygMedtronic plc, Minneapolis, MN). The
trial enrolled 745 patients from 56 centers in d@rties, where 99.2% of patients were
successfully implanted by 94 physicians. Both thenary safety and efficacy objectives were
met at 6 months of follow-upln this report, we describe the long-term eleatrjzerformance
and safety objective of patients followed for u2tbmonths from the Micra Transcatheter
Pacing Study.
M ethods
Study Design
The design of the pivotal study has been descrbedously Briefly, the aim of the
prospective, non-randomized, worldwide clinicaltivas to evaluate the short-term and long-

term safety and efficacy of the Micra TranscathB&@cemaker System. The protocol was
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approved by the ethics committee at each of theaticipating centers. Adverse events were
adjudicated by a Clinical Events Committee (CEG)pdsed of independent physicians. Safety
oversight was provided by an independent data mong committee (DMC).

Patients and Procedures

Detailed inclusion/exclusion criteria have beervimesly described.Enrolled patients met

Class | or Il guideline recommendati6risfor de novo ventricular pacing and were not restricted
by comorbidities. All patients provided written amfiormed consent.

The Micra transcatheter pacemaker is a single-beawentricular pacemaker, is 90%
smaller than a transvenous system, and is selkowt in a hermetically enclosed capsule (0.8
cubic centimeter, 2.0 grams). Functionality anduess of the device are similar to existing
single chamber pacemakers and include rate adapdisiag, remote monitoring capabilities, and
automated pacing capture threshold managementxomza battery longevity. Micra is
inherently MRI conditionally safe for full body stain both 1.5 and 3.0 Tesla scanners due to
its small size and low amount of ferrous matétial.

The device is implanted using a 23 French intedreheter/27 French outer diameter
introducer through a femoral vein and the deliveatheter is advanced into the right ventricle.
The device is fixated in the myocardium via 4 fl@ginitinol tines. After verifying device
fixation and obtaining adequate electrical measerds) a tether is cut and the delivery system
is removed.

Enrolled patients underwent implant attempt andeviellowed, including adverse event
and device evaluation at 1, 3, and 6 months anmdlihannually for at least 12 months until all
successfully implanted patients had the opportunitgomplete their 12-month visit at which

time the study was closed.
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Endpoints

As reported previously, the two primary endpoirgsessed the system’s early performance: a
safety endpoint to evaluate freedom from major darafpons at 6 months and an efficacy
endpoint to evaluate the proportion of patienthwetv and stable pacing thresholds at 6 months.
Both primary objectives were meWith respect to the safety objective, major coogilons

were defined as events resulting in death, perntdass of device function due to mechanical or
electrical dysfunction, hospitalization, prolondeaspitalization by at least 48 hours, or system
revision. The diagnoses of all adverse events veaperted by site investigators. An independent
CEC reviewed and adjudicated at minimum all procedu system related events to determine
relatedness and seriousness.

The subject of this report is of the long-term sadnd electrical performance. The trial
had a pre-specified long-term safety performangeative to be assessed after all implanted
patients had the opportunity to complete at ledsnbnths of follow-up. The objective was to
demonstrate that the freedom from major complicetieelated to the Micra system or procedure
was significantly greater than 82% at 12 monthg poglant (assumed performance, 89%). For
a comparison of safety performance relative to eatienal pacemaker systems with
transvenous leads, an individual patient levelskttaf 266 tle novo pacemaker patients from 6
recent Medtronic trials of dual chamber pacing assembled.A single chamber dataset was
approximated by excluding events related only eortght atrial lead. Rates of major
complications (using the major complication crigfriom the Micra trial) were compared
between Micra and the transvenous control groupalBy, electrical performance was assessed

in patients followed up to 24 months.
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Statistical Analysis
The study sample size of 720 patients successfafpjanted with the Micra system provided
>90% power to test the study’s two primary objeesit®> The long-term safety performance
goal of 82% was based on the major complicatioedoen rates at 12-months from the 6 trials in
the reference dataset and set to 1% below the @mpanformance goal used for the primary
objective to reflect the expectation that few maomplications would be anticipated beyond 6-
months post-implant. The 12-month Kaplan-Meiermsate of the freedom from major
complications was evaluated against the performgoaéof 82% using a one-sample Wald test
implying that the long-term safety objective woblel met if the lower two-sided 95%
confidence limit of the Kaplan-Meier estimate exare 82%. Simulation analyses confirmed the
power to test the long-term safety objective exede®D% when the 6-month major
complication freedom rate (primary objective) exdesk90%.

The Fine-GraYycompeting risk model was used to compare theafiskajor
complication through 12-months between the 266iép&t in the transvenous control group and
the 726 Micra patients with an attempted implamifarly, this model was used to compare the
Micra patients and transvenous control group wepect to each component of the major
complication endpoint and within subgroups. Finglhe primary comparison was repeated with
a 1:1 propensity matched subgroup of transvenoosal@atients to adjust for differences in
patient characteristics, including age, sex, canpasdery disease history, congestive heart
failure history, atrial fibrillation history, hyptnsion history, valvular disease history, and all
pairwise interactions. All analyses were conduetéd SAS software, version 9.4 (SAS

Institute), or the R statistical package (R ProfectStatistical Computing).
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Electrical parameters were summarized at eacly sisd using means and standard
deviations. Battery longevity was projected usingnté Carlo methods by combining bench
measured static current drain distributions comdbiwegh actual use conditions obtained via 12-
month device interrogation files, plus six 30-mmmteglemetry sessions per year.

Results

Study Patients

Enroliment began December 2013 and concluded Ma§ 26th a total of 745 patients at 56
centers in 19 countries worldwide. There were 7&fiepts who underwent attempted Micra
implant by 94 physicians, of which, 720 (99.2%)i@ats were successfully implanted. Detailed
patient characteristics have previously been desdfi(the original 6 month primary endpoints
report was on 725 attempted and 719 successfupiaimed; one additional successful implant
occurred after database closure of the early pedoce analysis). Average follow-up duration
was 16.4 + 4.9 months. Compliance to protocol-neglistudy visits was >99%.

Long-Term Safety

There were a total of 32 major complications inp28ients adjudicated as related to the Micra
system or procedure. The long-term safety objectias met with 96.0% freedom from major
complications related to the Micra system or procedt 12-months post-implant (95% CI:
94.2% - 97.2%P<0.0001 versus performance goal). Major complicetiare shown in Table 1.
Four new major complications occurred since theary results analysis, which occurred when
the first 300 patients had been followed for 6 rhefit3 were associated with cardiac failure
events and 1 was associated with pacemaker syndiidraee were no radiographically visible
device dislodgements and no telemetry failureso Alsere were no infections related to the

Micra device during the entire follow up duration.



185 Of the 32 major complications, 24 (75%) occurrethimi 30 days of a Micra implant
186 attempt, and 6 (19%) occurred between 30 days andréhs of implant attempt. Only two of
187 the major complications occurred after 6 monththefimplant attempt. The two events

188 involving hospitalizations for heart failure at 380d 343 days post implant, respectively,

189 occurred in two patients paced 87% and 99% ofithe.t

190 Major complication criteria were not mutually exsive, and of the 32 major

191 complications: 18 were associated with prolongespftalization, 17 with new hospitalization, 5
192  with system revision, 2 with loss of device funatibiough neither were caused by technical
193 failure of the device (elevated pacing threshold pacemaker syndrome leading to the device
194 programmed off to OOO mode), and 1 death follovihmegprocedure (Table 2).

195 Of the 5 system revisions that met the criterraafonajor complication, percutaneous
196 retrieval was attempted in 3 patients: 1 attemyst staccessful 16 days post implant, 1 attempt
197 was unsuccessful due to inability to extract the@e259 days post implant, and 1 attempt was
198 aborted due to fluoroscopy failure 229 days pogtiiamt. In the remaining 2 patients, the Micra
199 device was turned to Device Off mode without aiegtll attempt 32 and 44 days post implant.
200 Pacemaker Syndrome and Heart Failure

201 The 2 patients with a major complication relategpacemaker syndrome, as expected, were
202 among the 36% of patients who had no persisteiall atrhythmias at baseline. Both patients
203 were upgraded — one to dual chamber pacing antbd@RT.

204 All 6 patients with a major complication relatedneart failure had persistent atrial

205 arrhythmias at baseline. Only 1 of these patiersts wpgraded to CRT. The remainder were

206 managed with medication.
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Infections

There were no major infectious complications relatethe Micra device or procedure. There
were 26 patients with 33 systemic infectious eventing the trial; including septic shock (16),
endocarditis (2), bacteremia (3), and other segmtémts (12). In all instances, these events were
determined to be unrelated to the Micra devicerocgdure by the investigator, and these
determinations were confirmed by the CEC. Micrageah was not required in 25 of 26 patients.
In 1 patient, Micra was removed 430 days after anptiuring surgical replacement of an
infected prosthetic aortic valve.

Deaths

There were 77 deaths among the 745 enrolled ssbg@twere previously reportednd there
were 48 new deaths since the primary results aisal$ the 77 deaths, 10 were due to sudden
cardiac death, 22 were due to non-sudden cardett,dé3 were due to non-cardiac death, and 2
were for unknown reasons. None of the deaths wensidered related to the Micra system; 1
death was considered related to the implant praeeaiud was previously describéd.
Comparison to Historical Control

The risk of major complication through 12-monthstionplant was 48% lower in Micra

patients relative to transvenous control patiedR:(0.52, 95% CI: 0.35-0.7P=0.001, Figure

1). To account for differences in baseline chargsttes, propensity scores for each patient were
derived and each of the 726 Micra patients was Imegt¢o a historical control patient. Absolute
standardized differences were all less than Odi¢@ing successful matching. After propensity
matching, a similar reduction in major complicasomas observed (HR: 0.46, 95% CI: 0.30 —
0.72,P<0.001). The reduction in major complications weamarily driven by a 47% relative

risk reduction in hospitalizations and 82% relatiigk reduction in system revisions (Table 2).

11
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Across age, sex, and comorbidities, Micra was aatsgtwith a lower risk of major
complications through 12 months compared to tramswe pacemakers, and there were no
subgroups where Micra showed a higher risk (Fi@)re

Electrical Performance

Of the 630 subjects with available pacing threshaith at 12 months, 93% had a pacing
threshold<1V (mean 0.60 + 0.38V) at 0.24 ms pulse duratiod, @ the 58 subjects with
available pacing threshold data at 24 months, 9&@ahpacing threshokllV (mean 0.53 +
0.23V) also at 0.24 ms. Pacing thresholds tendel@toease after implant and remained stable
thereafter (Figure 3A). The estimated battery laitgebased upon use conditions at 12 months
was 12.1 years with 89% of patients having a ptegetongevity >10 years. The average pacing
impedance decreased from implant to 12-months Of##s compared to 596 Ohms, Figure 3B)
and was stable through 24 months. Following suégkissplant, the mean R-wave amplitude
was 11.2 mV compared to a mean R-wave amplitud® df mV at 12-months post-implant and
was 15.5 mV at 24 months.

Discussion

In a prospective, non-randomized, worldwide triaf @6 patients, the Micra transcatheter
pacemaker met its long-term safety performancectibgewith 96.0% freedom from major
complications through 12 months post-implant. Toknowledge, this is the largest report of
transcatheter pacing patients with the longesvéollip. As previously reported in the 6 month
follow-up dataset, electrical performance rematabls through 12 months with 93% of patients
having a pacing threshotd V at 0.24 ms. Micra patients experienced a 48%acton in the

risk of major complication compared to transvenoastrol patients, driven by reductions in

hospitalizations and system revisions. Throughl@tduration of the trial, Micra met all pre-

12
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specified objectives, beginning with the early parfance objectives at 3 montffshe primary
objectives at 6 montisand continuing through 12 months as outlined is téport.

Major complications occurred in 4% of patientshis first-in-man trial, which is in-line
with published reports for transvenous systérhdmong 94 implanters from 56 centers in 19
countries, the implant success rate was 99.2%. Railg, there were no device dislodgements
or infections related to the device.

The advantage of leadless pacemakers lies inobenae of a lead and pocket, the
primary sources of complications with transvenorstesns. Specifically, lead related
complications (2.4-5.5%), pocket related complimasi (0.4-4.8%), pneumothorax (0.9-2.2%),
and infection (0.3-0.8%) are well-characterizethia transvenous peri-procedural setfirfdJse
of Micra avoided all of these complications. Thda& highlight that this advantage is observed
very early in follow-up and sustained in the longgm. As with transvenous systems, the
majority of complications occurred early, but Migatients experienced 82% fewer system
revisions and 47% fewer hospitalizations. Thesecgons were despite Micra patients being
older and having more co-morbidities than the tansus control group patients.

While these long-term data demonstrate that tinefobzal effects of Micra versus
transvenous systems are sustained to 2 years,tiggate continued benefit chronically with
Micra. Long-term data suggest that transvenoueBystemain prone to infections and are
associated with complications related to venousrobigon, lead fracture and insulation breach,
injury to the tricuspid valve, and Twiddler's Syodne. Data of transcatheter pacemakers is
needed to shed light on the benefits of eliminativese chronic device complications.

The electrical performance of Micra remains stalpléo 24 months follow-up. Based on

the actual use conditions of patients followed tigto 12 months, the mean longevity is projected

13
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to be >12 years which compares favorably to tranéi system$™ *?Given the typical patient
profile indicated for VVI pacing (e.g. average afeyears, comorbidities), this longevity
projection suggests that a single Micra will settve total pacing needs of at least 75% of
patients (Rys et al, unpublished data). Though eeipee was limited, Micra was able to be
retrieved percutaneously or turned off and lefblexce with a concomitant device placed, thus
allowing for options when device upgrade or rephaeet is required.

Although 36% of patients receiving Micra VVI pacitigerapy were without persistent
atrial arrhythmia at baseline, only 1.1% of patseexperienced major complications related to
this pacing mode — 6 were associated with heduréaand 2 with pacemaker syndrome. While
careful pacing mode selection is advised, it apptat in this trial the low rate of heart failure
and pacemaker syndrome reflects reasonable ubesafaw technology.

Published literature indicates that cardiac im@hlg electronic device related infections
occur with traditional transvenous systems in Q&4of implants=> Currently, experts
recommend complete hardware removal in virtuallpBthese situations as infections typically
involve the device pocket and/or the Iéad>Micra’s small size, reduced surface area, and lack
of polymer insulated lead exposed to the bloodstrappear to substantially mitigate the risk of
early device infection. Over the long-term, thesatdires will also promote complete device
encapsulation, which may significantly reduce fisk of chronic infection. The absence of
obvious device infections in this trial is encourag

Results from a differently designed leadless pat¢em(Nanostim, St. Jude Medical)
have also been reported. Primary efficacy andpalgectives were met in 300 patients, with
90% receiving adequate pacemaker function to 6 hsdrin the total cohort of 526 patients,

device-related serious adverse events occurreds® 6f patients, including cardiac perforation

14
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in 8 (1.5%) patients, device dislodgement in 6%4). patients, device migration in 2 (0.4%)
patients, and infection in O patients. Long-terfiesadata have not yet been reported.
Limitations

A limitation of the trial is the absence of a ramidped control group for comparison. In order to
derive a relative comparison to transvenous systarhsstorical control comprised of 6
transvenous pacemaker trials was assembled and coayplications were estimated. The safety
analyses, as pre-specified, are restricted tovbete meeting major complication criteria, and
events not leading to death, hospitalization, prgéal hospitalization by at least 48 hours, or loss
of device function are outside the scope of thegmeanalysis. In addition, there are limited data
on system revisions, and no patients were follolegbnd 2 years. Data from the Micra Post-

Approval Registry (refer to https://clinicaltriadgv/ct2/show/NCT02536118) is aimed to

address these questions.

Conclusion

The Micra Transcatheter Pacing Study met its pi@Bpd long-term safety objective with 96%
freedom from major complications. Micra patientpesenced a 48% reduction in the risk of
major complication at 12 months compared to transus patients from a historical control
group, resulting in 82% fewer system revisions 4n% fewer hospitalizations. Pacing

thresholds remained low and stable through 24 nsoiaifow-up.
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378 Tablel: Major Complications (Patientswith Micra I mplant Attempt, N=726)

No. Events
(No. Subjects, %)
Adver se Event K eyterm Within 30 Days SON? oar):tsh_sa >6-Months C-I;(I’):l?)l| |'\é|a?| 2:15
TOTAL MAJOR COMPLICATIONS 24 (21, 2.89%) 6 (6, 0.83%) 2(2,0.28%) 32(29, 3.99%)
EMBOLISM AND THROMBOSI S 2(2, 0.28%) 0(0, 0%) 0(0, 0%) 2(2, 0.28%)
DEEP VEIN THROMBOSIS 1 (1, 0.14%) 0 (0, 0%) 0 (0, 0%) 1(1, 0.14%)
PULMONARY EMBOLISM 1 (1, 0.14%) 0 (0, 0%) 0 (0, 0%) 1(1, 0.14%)
EVENTSAT GROIN PUNCTURE SITE 5 (5, 0.69%) 0(0, 0%) 0(0, 0%) 5 (5, 0.69%)
ARTERIOVENOUS FISTULA 4 (4, 0.55%) 0 (0, 0%) 0 (0, 0%) 4 (4, 0.55%)
VASCULAR PSEUDOANEURYSM 1 (1, 0.14%) 0 (0, 0%) 0 (0, 0%) 1(1, 0.14%)
CARDIAC EFFUSION/PERFORATION 10 (10, 1.38%) 1(1, 0.14%) 0 (0, 0%) 11 (11, 1.52%)
PACING I SSUES: ELEVATED THRESHOLDS 2(2, 0.28%) 0(0, 0%) 0(0, 0%) 2(2, 0.28%)
OTHER 5 (5, 0.69%) 5 (5, 0.69%) 2(2, 0.28%) 12 (12, 1.65%)
ACUTE MYOCARDIAL INFARCTION 1 (1, 0.14%) 0 (0, 0%) 0 (0, 0%) 1(1, 0.14%)
CARDIAC FAILURE 0 (0, 0%) 4 (4, 0.55%) 2 (2,0.28%) 6 (6, 0.83%)
METABOLIC ACIDOSIS 1 (1, 0.149%) 0 (0, 0%) 0 (0, 0%) 1(1, 0.14%)
PACEMAKER SYNDROME 1 (1, 0.14%) 1 (1, 0.14%) 0 (0, 0%) 2 (2, 0.28%)
PRESYNCOPE 1(1,0.14%) 0 (0, 0%) 0 (0, 0%) 1(1,0.14%)
SYNCOPE 1(1,0.14%) 0 (0, 0%) 0 (0, 0%) 1(1,0.14%)

“Led to procedure-related death in patient with stagje renal disease

379
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380 Table2: Componentsof Major Complication for Micra and Transvenous Control Patients

381
382
383
384

385

12-Month Kaplan-M eier Event Rate
(95% CI)

Major Complication Criterion

Micra
(n=726)

Historical Control
(n=2667)

Rdative Risk
Reduction
(95% CI)

Total Major Complications

4.0% (2.8% - 5.8%)

7.6% (6.6% - 8.7%

48% (23%%p5

Death

0.1% (0% - 1.0%)

0.0% (NE)

NE

Hospitalization

2.3% (1.4% - 3.7%)

4.1% (3.4% - 5.0%

47% (11%%B9

Prolonged Hospitalization

2.2% (1.4% - 3.6%)

2.4% (1.9% - 3.1%

9% (-5797%}

System Revision

0.7% (0.3% - 1.7%)

3.8% (3.1% - 4.6%

82% (55% %P3

L oss of device function

0.3% (0.1% - 1.1%)

0.0% (NE)

NE

Not mutually exclusive as a single event may meaterthan one major complication criteria.

NE = Not estimable
*P<0.05
** P<0.001
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386

387
388
389
390
391

392
393
394
395
396
397

398
399
400

FigureLegends

Figure1l: Major Complication Ratethrough 18-months Post-Implant for Micra and
Transvenous Control Cohort. Subdistributional hazard ratio derived from datatgh 365
days post implant for each cohort by comparingctimaulative incidence functions to the left of
the dashed line.

Figure2: Risk of Major Complications through 12 M onths Post-l mplant Comparing
Micrato Reference Dataset in Subgroups. Vertical solid line corresponds to equal risk.
Vertical dashed line is the subdistributional hdzatio from the full comparison. Horizontal
solid lines are the 95% confidence intervals fer hlazard ratios.

Figure3: MicraElectrical Parametersby Study Visit. Data in the graphs are mean values.
Vertical solid lines represent the standard demmatiN values are the numbers of patients for
whom data were available at each study visit.
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VARIABLE No. OF PATIENTS
Age (years)

<75 1763

>75 1630
Sex

female 1497

male 1896
Diabetes

no 1929

yes 602
Coronary artery disease

no 2163

yes 1230
Atrial fibrillation

no 1889

yes 1504
Congestive heart failure

no 2862

yes 531
Hypertension

no 1030

yes 2363
Valvular disease

no 2567

yes 826
COPD

no 1316

yes 145
LBBB

no 2033

yes 290
Vascular disease

no 2190

yes 225
All patients 3393
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R-wave Amplitude (mV) Pacing Threshold (V)

Impedance (Ohms)
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By Visit (All 720 Implanted Patients)

n=

711 640 644 685 677 630 275 58
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B

690 674 653 631 609 577 254 56

Implant PHD 1™ 3M 6M 12M 18M 24M

C
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