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BACKGROUND Leadless pacemakers represent a paradigm-
changing advancement. However, they required innovative and
novel device design, including the use of nitinol tines for fixation.

OBJECTIVE We aimed to understand the potential for fracture in
the novel tine-based fixation mechanism.

METHODS A retrospective approach was used to search the MAUDE
(Manufacturer and User Facility Device Experience) database for
events related to Micra pacemaker tine fracture and damage. Review
of each report was performed to ascertain frequency of tine fracture
and damage.

RESULTS Of 4241 MAUDE reports (2104 Micra VR, 2167 Micra AV),
230 included the terms “fracture” or “tine,” which yielded 7 tine
fractures and 19 reports of tine damage. Overall, 2 (29%) of 7
tine fractures were noted during implantation, whereas 2 (29%)
of 7 were discovered >1 week after implantation; 5 (71%) of 7
tine fracture reports described no associated patient signs or symp-
toms, and 4 (57%) of 7 described no change in pacing parameters.
Tine damage occurred during implantation in 16 (84%) of 19,

compared with 2 (11%) of 19 noted >1 week after implantation;
15 (79%) of 19 tine damage cases reported no associated signs or
symptoms, and 7 (37%) of 19 described no changes in pacing pa-
rameters. Among all cases, there was 1 case of device embolization.

CONCLUSION The novel tine-based fixation mechanism appears
susceptible to a novel failure mechanism—tine fracture and/or
damage. Our analysis suggests these events may not always be asso-
ciated with adverse signs or symptoms. Diligent attention at
implantation, and future bench or clinical studies are needed to
understand the rate, clinical impact, and mechanism of such
failures, and role of surveillance.
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Introduction

While the advent of transvenous cardiac pacemaker systems
was a revolutionary development for the treatment of bradyar-
rhythmias, short- and long-term limitations of transvenous
hardware have been more and more limiting. Specifically, the
long-term risks of vascular occlusion, infection, and malfunc-
tion represent the Achilles heel of transvenous pacing. The
development of entirely self-contained, leadless pacemaker
devices represented a welcome alternative to traditional trans-
venous pacing systems and an important paradigmatic and
technological shift in the field.

The Micra leadless pacing system (Medtronic, Minneapo-
lis, MN) is a self-contained pacemaker implanted directly in
the right ventricle of the heart. Micra pacemakers have
demonstrated comparable electrical performance and lower
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rates of major complications compared with traditional trans-
venous pacemakers.'” Development of the device required
innovation, including a novel fixation approach for an
entirely leadless pulse generator and, over time, the ability
to sense atrial activity.” Active fixation relies on 4 electri-
cally inactive nitinol tines on the distal end of the device,
which are loaded with the tines in a straight position in the
delivery system prior to implantation, and self-expand into
the ventricular myocardium assuming their default curved
shape during the implantation procedure. This ensures low
pacing thresholds and prevents device dislodgement.”
Despite relatively low rates of complications, adverse
events of Micra pacemakers include, but are not limited to,
cardiac perforation and effusion, venous access—related com-
plications, micro-dislodgement and macro-dislodgment, and
embolization.” However, the technology is relatively new,
and an understanding of potential complications and risks
continues to evolve with augmented and broadened experi-
ence. Two recent case reports describe episodes of the nitinol
fixation tines fracturing and separating from the Micra

https://doi.org/10.1016/j.hr00.2023.11.018

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:benjamin.steinberg@hsc.utah.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.hroo.2023.11.018&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.hroo.2023.11.018

18

Heart Rhythm 07, Vol 5, No 1, January 2024

m We searched the MAUDE (Manufacturer and User Facil-
ity Device Experience) database for reports of damage
or fracture of nitinol tine fixation devices in the Micra
VR and Micra AV leadless pacemakers.

m A total of 7 reports of tine fracture and 19 reports of
tine damage were identified.

m The timing of the discovery of tine fractures varied in
relation to the implantation procedure, while the
majority of tine damage was discovered during the
implantation procedure.

m Clinical signs and symptoms were reported in a minority
of cases of both tine fracture (n = 2 of 7 [29%]) and
tine damage (n = 4 of 19 [21%]).

m Changes in device pacing parameters were more
commonly reported with tine fracture (n = 4 = 7
[57%]) compared with tine damage (n = 7 of 19
[37%]), but in both groups changes in device pacing
parameters were not consistently associated with
clinical signs or symptoms.

m No tine fracture reports described embolization of the
device or the fractured tine; however, one tine damage
report described embolization of the device to periph-
eral vasculature.

leadless pacemaker.”’ These cases represent the first reported
complications of their kind. The purpose of the current study
was to understand the potential scope of Micra tine fracture
and/or malfunctions within the Manufacturer and User Facil-
ity Device Experience (MAUDE) database, and explore
patterns that may explain the tine fractures, as well as clinical
impact.

Methods

The MAUDE database is an online catalogue containing
searchable, de-identified medical device reports voluntarily
submitted to the Food and Drug Administration by both
required and elective reporters. The database serves as a pas-
sive postmarket surveillance system that is frequently queried
by researchers and medical professionals to identify device
issues that may influence patient safety. MAUDE reports
contain limited information, including the date of the event,
the device, and a narrative description of the event; they
also include an analysis on devices returned to the manufac-
turer if available.

This is a retrospective analysis of Micra VR and Micra AV
MAUDE reports received by the Food and Drug Administra-
tion between June 9, 2016, and April 28, 2023. Micra VR and
AV models use the same nitinol fixation mechanism.
MAUDE reports were manually exported on June 4, 2023.
We identified duplicate reports via search for identical report
number or event description; duplicate event descriptions

were reviewed, and only 1 report was included in the analysis
if reports represented a single event.

Keyword searches for “fracture” and “tine” identified re-
ports of interest, which were manually reviewed for descrip-
tions of tine damage or tine fracture. A report was classified
as tine fracture if it was reported that at least 1 tine was sepa-
rated from the implantable pulse generator (IPG), or if the
term “fracture” was used in the event description to describe
a nitinol tine. Criteria for tine damage included descriptions
of tines that were broken, damaged, bent, loose, or deformed.
Reports of tine fracture and damage were reviewed for device
model, timing of event relative to device implantation,
patient signs and symptoms at time of detection, changes in
pacing parameters, and device analysis from the manufac-
turer, if available. Patient signs and symptoms were defined
as descriptions of clinical symptoms, changes in vital signs,
or clinical events reported in the MAUDE reports. Changes
in pacing parameters were defined as descriptions of rising
pacing thresholds, changes in impedance, and pacing loss
or failure described in the MAUDE reports.

The MAUDE database contains publicly available, de-
identified data, and thus does not rise to the level of “human
subjects research” under the Federal Common Rule, 45 CFR
Part 46. Therefore, in accordance with University of Utah
policies, this study did not require Institutional Review Board
review. The research reported in this article was conducted in
accordance with ethical standards and principles outlined in
the Declaration of Helsinki, which were applied to this study
involving nonhuman subjects medical research.

Results

A total of 4241 MAUDE database medical device reports
were exported, including 2104 Micra VR model reports
and 2167 Micra AV model reports. After excluding dupli-
cates, keyword searches revealed a total of 230 reports
including terms “fracture” or “tine.” Manual review of these
reports identified 7 tine fracture events and 19 reports of tine
damage (Tables 1 and 2). Of the tine fracture reports, 2 (29%)
of 7 occurred with the Micra VR model, while 5 (71%) of 7
were reported with the Micra AV model. Of the tine damage
reports, 10 (53%) of 19 occurred with the Micra VR model,
and 9 (47%) of 19 occurred with the Micra AV model.

Tine fracture reports

The 7 cases of tine fracture varied in the timing of the discov-
ery of the event. Two (29%) of 7 cases of tine fracture were
identified during the leadless pacemaker implantation pro-
cedure, whereas 2 (29%) of 7 of tine fractures were discov-
ered a week or more after device implantation. An
additional 3 (43%) of 7 of tine fracture reports did not specify
the timing of the discovery of the fracture in relation to the
implantation procedure (Figure 1); these include 2 reports
describing tine fractures identified during later cardiac pro-
cedures. Only 2 (29%) of 7 cases of tine fracture described
clinical signs or symptoms associated with the event, but 4
(57%) of 7 described changes in pacing parameters
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Table 1

Fractured tine reports of Micra leadless pacemaker devices identified via MAUDE database review, including an abbreviated event

description, the timing of the event in relation to device implantation, and patient signs or symptoms associated with the tine fracture

Case

no.  MAUDE report no. Model Year Event description

Associated signs/symptoms or

Timing of event changes in pacing parameters

1 9612164-2020- Micra 2020 Tines came off IPG

04355 VR
2 9612164-2021- Micra 2021 Tine separated from IPG
00493 AV

3 9612164-2022- Micra 2022 Tine separated from IPG during

00581 AV tensile test

4 9612164-2022- Micra 2022 Attachment arm fractured on x-
02445 VR ray

5 9612164-2022- Micra 2022 Tines fractured and separated
03072 AV from IPG

6 9612164-2022- Micra 2022 Tine separated from IPG
03313 AV

7 9612164-2022- Micra 2022 Tine fracture and separation
03766 AV from IPG on fluoroscopy

During device implantation No signs/symptoms/pacing
changes reported
Unclear (not specified) Change in pacing parameters

During device implantation Cardiac arrest

1 week postimplantation Bradycardia, change in pacing
parameters

Unclear (“during a procedure for Change in pacing parameters
mitral valve”)

Unclear (“during an upgrade
procedure”)

2 months postimplantation

No signs/symptoms/pacing
changes reported
Change in pacing parameters

Micra VR refers to the MC1VRO1 model transcatheter pacing system; Micra AV refers to the MC1AVR1 model transcatheter pacing system.
IPG = implantable pulse generator; MAUDE = Manufacturer and User Facility Device Experience.

associated with the tine fracture. This resulted in a total of 5
(71%) of 7 cases of tine fracture with either associated signs/
symptoms or changes in pacing parameters, as 1 report
described both a change in pacing parameters and patient
signs/symptoms. The remaining 2 (29%) of 7 cases of tine
fracture described no patient signs or symptoms, or changes
in pacing parameters associated with the event (Table 1). In
the 2 tine fracture cases describing clinical signs or symp-
toms, patients experienced cardiac arrest (n = 1) and brady-
cardia (n = 1). In the report describing cardiac arrest the tine
fracture and cardiac arrest both occurred at the time of device
implantation, with no cause for the cardiac arrest described,
and no changes in pacing parameters reported. In the report
describing bradycardia the patient experienced bradycardia
1 week after device implantation, with tine fracture discov-
ered on radiography. An etiology for bradycardia was not
provided, but the report noted an increase in pacing thresh-
olds for the device. None of the 7 reports categorized as
tine fractures described embolization of either the IPG or
the fractured tine. The Micra devices that experienced tine
fractures were returned to the manufacturer in 4 (57%) of 7
cases, while 3 (43%) of 7 were not available to the manufac-
turer. Of the devices that were returned to the manufacturer,
none of the reports included an analysis or evaluation from
the manufacturer.

Tine damage reports

The 19 cases of tine damage represented a variety of issues
with the tines, including bent, broken, deformed, and loose
tines, as well as tines that did not deploy properly and one
that was hanging from the IPG (Table 2). Tine damage was
discovered during the leadless pacemaker implantation pro-
cedure in 16 (84%) of 19 cases, whereas 2 (11%) of 19 tine
damage events were discovered a week or more after device
implantation. In addition, 1 (5%) of 19 cases of tine damage
did not specify the timing of the damage in relation to implan-

tation (Figure 1). A slim majority (n = 10 of 19 [53%]) of tine
damage reports described neither patient signs or symptoms
nor changes in pacing parameters associated with the tine
damage (Table 2). The remaining 9 (47%) of 19 tine damage
reports described either clinical signs/symptoms or changes
in pacing parameters, which included 4 (21%) of 19 cases
of tine damage associated with clinical signs or symptoms,
and 7 (37%) of 19 cases describing changes in pacing param-
eters; 2 (11%) of 19 cases described both clinical signs or
symptoms and changes in pacing parameters. In the 4 cases
of tine damage with associated signs or symptoms, patients
experienced complete atrioventricular block (n = 1), severe
pain (n = 1), hypotension and tamponade (n = 1), and migra-
tion of the IPG to a vessel near the femoral vein (n = 1). In the
cases of complete atrioventricular block, severe pain, and hy-
potension and tamponade, the tine damage as well as signs
and symptoms were noted during the device implantation
procedure; 2 of these cases described changes in pacing pa-
rameters at the time of implantation, while the other 2 did
not report changes in pacing parameters. In contrast, in the
1 case of IPG migration, both device embolization and tine
damage were discovered 2 weeks following device implanta-
tion; this represented the only case of device embolization
among all 19 reports of tine damage. Of the Micra devices
that experienced tine damage, 10 (53%) of 19 devices were
returned to the manufacturer and 9 (47%) of 19 were not
available to the manufacturer. Of the 10 devices that were re-
turned, 3 reports included a device analysis from the manu-
facturer. These analyses were brief with 1 describing a bent
fixation mechanism, 1 reporting 2 bent tines, and 1 describing
no anomalies identified.

Discussion

We report a systematic analysis to understand a series of new
issues with a novel pacemaker fixation mechanism. The tine-
based fixation mechanism developed for the Micra leadless
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Table 2

Damaged tine reports of Micra leadless pacemaker devices identified via MAUDE database review, including an abbreviated event

description, the timing of the event in relation to device implantation, and patient signs or symptoms associated with the tine damage

Case

no. MAUDE Report no. Model Year Event description

Associated signs/symptoms or

Timing of event changes in pacing parameters

1 9612164-2017- Micra 2017 “Broken tine” (bent on

01067 VR manufacturer analysis)
2 9612164-2018- Micra 2018 2 tines were bent
00892 VR

3 9612164-2020- Micra 2020 1 tine did not deploy and

01611 VR remained inside catheter

4 9612164-2020- Micra 2020 Tines opened unevenly
04053 VR

5 9612164-2021- Micra 2021 Tines broken on x-ray
01202 VR

6 9612164-2021- Micra 2021 Tines damaged during removal
01811 VR

7 9612164-2021- Micra 2021 Tines stuck and bent outward
02899 VR

8 9612164-2021- Micra 2021 Tines of device bent
04499 VR

9 9612164-2022- Micra 2022 Tine “was hanging” from IPG
02447 AV

10 9612164-2022- Micra 2022 Tines deformed
02746 VR

11 9612164-2022- Micra 2022 Tines opened too wide
02929 AV

12 9612164-2022- Micra 2022 Tines “noted to be flared”
03563 AV

13 9612164-2022- Micra 2022 Tine “became loose” from IPG
04173 AV

14 9612164-2022- Micra 2022 Tines were bent
04481 AV

15 9612164-2022- Micra 2022 Tine “was deformed”
04710 AV

16 9612164-2022- Micra 2022 Tines more spread out than usual During device implantation
04884 VR

17 9612164-2023- Micra 2023 Tine “was deformed”
00599 AV

18 9612164-2023- Micra 2023 Tines did not return to normal

00793 AV state

19 9612164-2023- Micra 2023 Tines “were possibly damaged”

01158 AV

Unclear (noted during valve
surgery)
During device implantation

No signs/symptoms/pacing
changes reported

Change in pacing parameters

During device implantation No signs/symptoms/pacing
changes reported

During device implantation Change in pacing parameters

7 mo postimplantation Change in pacing parameters

During device implantation Complete AV block

During device implantation No signs/symptoms/pacing
changes reported

During device implantation Change in pacing parameters

During device implantation Hypotension, tamponade,
change in pacing parameters

Severe pain, change in pacing
parameters

Change in pacing parameters

During device implantation

During device implantation

During device implantation No signs/symptoms/pacing
changes reported

No signs/symptoms/pacing
changes reported

No signs/symptoms/pacing
changes reported

No signs/symptoms/pacing
changes reported

No signs/symptoms/pacing
changes reported

IPG migrated to “near the
femoral vein”

No signs/symptoms/pacing
changes reported

No signs/symptoms/pacing
changes reported

During device implantation
During device implantation

During device implantation

2 weeks postimplantation
During device implantation

During device implantation

Micra VR refers to the MC1VRO1 model transcatheter pacing system; Micra AV refers to the MC1AVR1 model transcatheter pacing system.
IPG = implantable pulse generator; MAUDE = Manufacturer and User Facility Device Experience.

pacemaker represents a novel system, and tine fracture and
damage theoretically have potential to cause pacemaker
dysfunction and adverse complications. Our analysis
revealed a total of 7 reports of Micra tine fractures and 19 re-
ports of tine damage. A complete understanding of the scope
of this problem would require detailed knowledge of implan-
tation volumes worldwide. Estimates of U.S. implantations
are up to 100,000 in 2023 (including both models).* Howev-
er, the MAUDE database includes reports submitted from
practitioners globally, and data on international implanta-
tions are even more limited; it has been reported that nearly
200,000 patients globally have been implanted with Micra
devices.” Based on these numbers, our analysis suggests
the incidence of tine fracture or damage could be as low as
0.01% (26 of 200,000)—a relatively rare phenomenon with
the novel tine-based fixation mechanism developed for the
Micra devices. This calculation provides only a rough

estimate of the rate of known tine fracture or damage and is
susceptible to error, as the MAUDE database relies on
voluntary reports and therefore may underestimate the true
incidence if a significant number of tine fracture or damage
events either have not been identified or have not been
reported to the database.

However, the finding that the rate of tine fracture and dam-
age appears rare is consistent with early testing of the Micra
fixation mechanism in animal models over 6 to 91 weeks,
which showed no tine fractures, no dislodgements, and a
high safety factor against dislodgement.” Subsequent studies
in humans also showed no evidence of tine fracture or dam-
age, including the pivotal prospective Micra transcatheter
pacing study, which reported no episodes of mechanical
integrity issues, device connection issues, device lead dam-
age, or device dislocation in over 700 patients, as well as
postapproval registry analysis, which did not describe any
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Figure 1

Timing of the discovery of tine fractures (n = 7) and tine damage (n = 19) in relation to implantation procedure of Micra leadless pacemakers. Reports

of tine fracture or damage occurring during the implantation procedure are designated as “during implantation.” There were no reports of tine fracture or damage
within 1 week of the implantation procedure. Tine fractures and damage occurring >1 week postimplantation are designated as such. Several reports did not
specify how much time had elapsed from implantation to tine fracture or damage; these reports were categorized as “unclear.”

events of tine fracture or damage.”'" Prior reports of tine
fracture are limited to 2 case reports.””’ Our analysis expands
the number of known cases of tine fracture and damage, but
the true incidence of tine fracture and damage is unknown,
and cannot be accurately estimated using retrospective pas-
sive surveillance data, such as those from the MAUDE data-
base. Furthermore, it is difficult to know the true incidence of
tine fracture or damage, as our analysis suggests that neither
patient signs and symptoms nor clinically significant device
dysfunction are consistently associated with tine fracture or
damage, and surveillance imaging is not routinely performed
either in the clinical trials or clinical practice.

The nitinol tines of the Micra device are responsible for
fixing the device to the heart wall and keeping the electrode
in close proximity to the myocardium. Thus, tine fracture or
damage can theoretically cause not only alterations in pacing
parameters and symptoms of pacing failure, but also device
dislodgement and embolization that could result in harmful
complications. The findings of our study identified that a ma-
jority of reports of tine fracture and damage did not describe
associated patient signs or symptoms or clinically significant
device dysfunction (Tables | and 2). The low rates of re-
ported clinical signs and symptoms associated with tine frac-
ture and damage suggest that patients may be asymptomatic
at the time of discovery of tine damage, but may also repre-
sent an oversight during the event reporting process in which
patient symptoms were not described. If patients truly were
asymptomatic with tine fracture and damage, it is likely in
part due to the requirement that at least 2 tines be visualized
as fixed during the implantation procedure and underscores
the importance of the pull-and-hold test during implanta-
tion—to ensure that multiple tines are engaged. Early studies
of the Micra tine-based fixation mechanism described that 2
engaged tines provide 15 times the holding force required
to prevent dislodgement, accentuating the redundancy in
the fixation mechanism.” Our study suggests that this
redundancy appears to be relatively effective in preventing

clinically significant complications, though it remains early
in the expected lifespan of these novel devices. The data
also indicate symptoms and changes in pacer parameters
are inconsistent indicators and cannot be relied on to ascer-
tain tine fracture or damage, as patients may not have associ-
ated signs, symptoms, or changes in pacer measurements.
Thus, there may be additional cases of tine fracture or dam-
age that are unrecognized, and understanding the true preva-
lence of these events may require surveillance imaging of the
tines to accurately define.

Associated patient signs or symptoms were reported in a
minority of events of tine fracture and damage. Among re-
ports of both tine fracture and damage, 6 cases (2 tine fracture
cases and 4 tine damage cases) described signs or symptoms
associated with the tine issue. These clinical events included
cardiac arrest, bradycardia, complete atrioventricular block,
hypotension and tamponade, severe pain, and device emboli-
zation, with each of these signs or symptoms associated with
1 case of tine fracture or damage. Overall, there was no com-
mon sign or symptom that was consistent among cases
describing tine issues. Reports from MAUDE provide limited
details, making it impossible to determine the causality be-
tween the clinical events and the tine fracture or damage. In
addition, the finding that 57% of reports of tine fracture
and 37% of reports of tine damage describe changes in pacing
parameters, with only a small subset of these reports
describing clinical symptoms, indicates some patients may
have subclinical changes in pacing parameters that may
only be identified on device interrogation. A higher propor-
tion of the tine fracture reports described associated changes
in pacing parameters compared with tine damage reports,
implying that tine fracture may have a higher probability of
disrupting the interface between the device electrode and
the myocardium to an extent that impacts the function of
the pacemaker but may not alter function enough to elicit
clinically meaningful signs or symptoms. However, it is
possible that additional cases of tine fracture and damage
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caused disruptions in pacing parameters that were not
described in the MAUDE reports. These findings reiterate
that clinical symptoms and changes in pacing parameters
may be unreliable indicators of tine issues. However, if these
signs or symptoms, or changes in device pacing parameters
are encountered in a patient with a Micra device in the clinical
environment, tine fracture or damage is a possible explana-
tion to consider.

Overall, a minority of cases of tine fracture and a majority
of cases of tine damage were discovered during device im-
plantation (Figure 1). It is reassuring that these issues were
discovered during the implantation procedure when they
might be addressed immediately. In contrast, cases in which
tine fracture or damage where discovered a week or more af-
ter device implantation are more concerning, as this suggests
the tine issue either did not exist at the time of the implanta-
tion procedure or the tine issue was not identified with imag-
ing or device interrogation during the implantation
procedure. Furthermore, clinical management in this setting
is less clear, and may be complicated with longer dwell
time of the device.

It was not possible to discern the cause of tine fracture or
damage from the MAUDE reports, as specific data elements
that might shed light were not available (eg deployment at-
tempts, number of tines engaged at implantation). The avail-
able manufacturer analyses were limited in scope and did not
provide insight into the cause of tine fracture or damage.
Possible contributing factors to tine fracture and damage
may include direct damage to the tines during implantation,
manufacturer defects, operator errors during device manipu-
lation, or durability of the nitinol tines. Hu and colleagues’
speculated that the location of the Micra device in their
case report may have placed extra stress on the tines during
the cardiac cycle, which may have contributed to tine frac-
ture. Whether specific device implantation locations, or the
angle at which the device is implanted within the right
ventricle contribute to undue stress on the nitinol tines cannot
be definitively answered with data from the MAUDE data-
base, as the location of implantation is not consistently re-
ported.

Overall, device complication rates of the Micra leadless
pacemaker remain lower than traditional transvenous pacing
systems.” However, tine fracture and damage represent novel
and poorly understood complications of the new fixation
mechanism employed by the device. It will be important to
continue to monitor device complications moving forward
to better understand the prevalence of tine issues and the
durability of the nitinol tines as the Micra device is implanted
into a growing number of patients. Furthermore, the
discrepant reports of events from Micra AV vs Micra VR re-
quires attention; this may be play of chance in reporting and
sampling of the newer device, or there may be subtle hard-
ware differences that are contributing. Additional clinical
and bench testing may shed light on mechanisms and risk fac-
tors for such events.

Several limitations should be considered when discussing
our results. Despite Food and Drug Administration recom-

mendations, adverse events in clinical practice may not be
routinely reported and included in the MAUDE database,
which could result in significant selection bias and an under-
estimate of the number of device complications. In addition,
reports in the MAUDE database are provided by physicians,
the manufacturer, and other stakeholders, who frequently
provide only short descriptions that lack patient demo-
graphics, information about physician experience with the
implantation procedure, and the number of deployments,
and do not use consistent terminology to describe device is-
sues. Micra tine fracture and damage are seemingly rare phe-
nomenon, making systemic assessment difficult; thus, the
MAUDE database presents an opportunity to assess these
events in a limited capacity. Larger registry data from clinical
practice are needed to identify the true incidence and preva-
lence of tine fracture and damage. Nonetheless, this analysis
provides insight into a rare but novel and potentially conse-
quential finding with the novel Micra pacemaker fixation
mechanism.

Conclusion

Tine fracture and damage is a rarely reported phenomenon
with the novel tine-based fixation mechanism developed
for the Micra leadless pacing system but is now recognized.
Tine fracture and damage appear to be only loosely associ-
ated with clinically significant device dysfunction and patient
symptoms, and is inconsistently associated with changes in
the device’s pacing parameters. Additional research is
needed to better understand the realities of tine durability
and its clinical implications.
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