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Abstract

Introduction. The inadvertent lead malposition in the left heart chambers (ILMLH) is an under-recognized event which may

complicate implantation of cardiac electronic devices (CIEDs). Methods and Results. We investigated the clinical conditions

associated with ILMLH and the treatment strategies in these patients. We made a systematic review of literature and identified

132 studies which reported 157 patients with ILMLH. Mean age of patients was 68 years and 83 were women. ILMLH was

diagnosed, on average, 365 days after CIEDs implantation. Coexisting conditions were patent foramen ovale in 29% of patients,

arterial puncture in 24%, perforation of the interatrial septum in 20%, atrial septal defect in 16% and perforation of the

interventricular septum in 4%. At the time of diagnosis of ILMLH, 46% of patients were asymptomatic, 31% had acute TIA or

stroke and 15% had overt heart failure. Overall, 14% of patients were receiving anticoagulants at the time of diagnosis of ILMLH.

After diagnosis of ILMLH, percutaneous or surgical lead extraction was carried out in 93 patients (59%), whereas 43 (27%)

received anticoagulation. During a mean 9-month follow-up after diagnosis of ILMLH, 4 patients experienced TIA or stroke (3

on oral anticoagulant therapy and 1 after percutaneous lead extraction). Conclusion. ILMLH is a rare complication which is

usually diagnosed about one year after CIEDs implantation. An early diagnosis of ILMLH is important. Lead extraction is a

safe and effective alternative to anticoagulants.
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ABSTRACT

Introduction. The inadvertent lead malposition in the left heart chambers (ILMLH) is an under-recognized
event which may complicate implantation of cardiac electronic devices (CIEDs).

Methods and Results. We investigated the clinical conditions associated with ILMLH and the treatment
strategies in these patients. We made a systematic review of literature and identified 132 studies which
reported 157 patients with ILMLH. Mean age of patients was 68 years and 83 were women. ILMLH was
diagnosed, on average, 365 days after CIEDs implantation. Coexisting conditions were patent foramen ovale
in 29% of patients, arterial puncture in 24%, perforation of the interatrial septum in 20%, atrial septal defect
in 16% and perforation of the interventricular septum in 4%. At the time of diagnosis of ILMLH, 46% of
patients were asymptomatic, 31% had acute TIA or stroke and 15% had overt heart failure. Overall, 14%
of patients were receiving anticoagulants at the time of diagnosis of ILMLH. After diagnosis of ILMLH,
percutaneous or surgical lead extraction was carried out in 93 patients (59%), whereas 43 (27%) received
anticoagulation. During a mean 9-month follow-up after diagnosis of ILMLH, 4 patients experienced TIA or
stroke (3 on oral anticoagulant therapy and 1 after percutaneous lead extraction).

Conclusion. ILMLH is a rare complication which is usually diagnosed about one year after CIEDs implan-
tation. An early diagnosis of ILMLH is important. Lead extraction is a safe and effective alternative to
anticoagulants.

Keywords

Lead malposition; cardiac implantable electric devices; pacemaker; implantable cardioverter defibrillator;
stroke; transient ischemic attack; lead extraction.
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. Inadvertent lead malposition in the left heart (ILMLH) is a rare complication which may occur during
implantation of cardiac electronic devices (CIEDs). It may be recognized either during the procedure or at
variable time distance spanning from days to years. The first case has been reported in 1969 by Stillman and
Richards1 and since then only relatively few additional cases have been published.

A reliable assessment of the true prevalence of IMLH may be prevented by the high rate of underdiagnosis,
which may lead to underreporting. If the malposition is diagnosed after discharge from hospital, which may
occur in up to 40% of cases, the diagnosis can be driven by a variety of clinical complications2. However,
this condition might remain silent even for a very long time2, 3. In a cohort of over 2000 patients receiving
a CIED, ILMLH was found in 0,34% of patients4. ILMLH has been associated with patent foramen ovale5,
atrial or ventricular septal defect6, perforation1 or arterial puncture7.

We lack specific guidelines for the management of this complication8. Anticoagulation with warfarin with an
international normalized ratio (INR) set to > 2,5 can protect from thromboembolism and subtherapeutic
values during chronic therapy have been associated with an increased risk of stroke and TIA9, 10. Conversely,
antiplatelet therapy does not seem to be effective for prevention of cerebrovascular events10. Lead extrac-
tion has been suggested as the most reasonable therapy and it can be performed either percutaneously or
surgically3. Since percutaneous lead extraction may carry a high risk of thrombus mobilization and embo-
lization, it has been reserved to recently implanted leads or to high surgical risk patients11. Surgical lead
extraction might be the preferred strategy when leads are old or show a high thrombotic burden and when
concomitant defects need surgical correction12, 13.

Because the reported data in this area remain few and sparse, we conducted the present systematic review
of published cases of ILMLH with the aim of investigating the diagnostic process, therapy and outcome of
these patients.

Methods

This review was conducted according to Preferred Reporting Items for Systematic Reviews and Meta-
Analyses extension for scoping reviews (PRISMA-ScR) guidelines14. We performed a literature search using
MEDLINE (through PubMed) with the keyword “lead malposition” to select published studies reporting
cases of ILMLH. Studies were considered eligible if they were in English language and if the malposed leads
were placed inside the left atrium or ventricle. We retrieved additional cases from detailed analysis of bi-
bliographic references cited by the selected studies and also from the Pacemaker/Implantable Cardioverter
Defibrillator Registry of the University Hospital of Perugia. The latter is an observational registry of conse-
cutive patients undergoing CIEDs surgery at the electrophysiology laboratory of the University Hospital of
Perugia approved by the local Ethical Commitee.

Data about patients included in the selected reports were extracted independently by two authors (S.L and
N.F) and discrepancies were resolved in conference.

The full list of extracted data is provided below.

• Historical data : age at diagnosis, gender and main comorbidities;
• Baseline data : time from CIEDs surgery to the diagnosis of ILMLH, indication for implantation, side of

implantation, type of device implanted, mode of diagnosis of ILMLH, cause of malposition, symptoms
at diagnosis, antithrombotic therapy at diagnosis;

• Therapy after diagnosis of ILMLH : antithrombotic therapy, extraction type (percutaneous or surgical)
and complications;

• Follow-up data after diagnosis of ILMLH : length of follow-up, events at follow up (transient ischemic
attack/stroke, death);

• Left ventricular paced ECG data : axis on the frontal plane, polarity of the QRS in the precordial leads
and DI defined as the sum of the positive and negative deflections, QRS transition in the precordial
lead defined as the lead were the QRS becomes predominantly negative or isoelectric, QRS morphology
(R, qR, RS, QS, Rr, rR, rS) in the precordial leads.
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. As for our Center, data are collected from periodical clinical visits and telephone contacts with patients.

Statistical Analysis. We used the SPSS Software, Version 22 (IBM corporation, US), for data analysis.
Continuous variables are presented as mean±standard deviation (SD) or median (interquartile range) and
categorical variables as frequency (percentage). Continuous variables were compared with the Student’s t-
test or Mann-Whitney’s test as appropriate. Categorical variables were compared through the chi-squared
test or Fisher’s test as appropriate. The relationship between lead extraction and some selected explanatory
variables was assessed in a multivariable analysis model by binary logistic regression. Two-sided P values <
0.05 were considered statistically significant.

Results

Overall, 437 records were screened, 69 full text studies were assessed for eligibility, 56 of them satisfied
the pre-specified review inclusion criteria and 76 additional studies were judged eligible after a detailed
screening of the bibliographic references. Two additional cases were identified in the PMK/ICD Registry of
the University Hospital of Perugia. Finally, 157 patients were included in the review. The flow-diagram of
the study is reported in Figure 1 .

Baseline characteristics. The main clinical characteristics of patients are shown in Table 1 . Mean age was
68 years and 74 patients (47%) were male. The reasons for CIEDs implantation were atrioventricular block
in 41% of cases, sick sinus syndrome in 29% and primary or secondary prevention of sudden cardiac death in
11%. The median time from implantation to diagnosis of ILMLH was 365 (30 - 1642) days. When ILMLH was
discovered 55 patients (35%) were not taking antithrombotics, 24 patients (15%) were on antiplatelets and 22
patients (14%) on anticoagulants. There was no association between anticoagulant therapy and TIA/stroke
at presentation (p=0.469).

As shown in Table 2 , 46% of patients were asymptomatic at the time of ILMLH diagnosis. In the group
with symptoms, 57% of patients had acute TIA or stroke (Supplementary Table S1, Supplementary
Appendix 1 ), and 27% had acute heart failure, at the time of ILMLH diagnosis. Malposition was confirmed
through transthoracic echocardiography, chest x-ray or transesophageal echocardiography in the majority
of cases. ILMLH was associated with a congenital heart disease in the vast majority of patients (patent
foramen ovale in 29%, atrial septum defect in 16%, complex congenital disease in 4%) and in a minority with
interatrial or interventricular septum perforation (24%) or arterial puncture (24%).

ECG. Ventricular paced ECG was available in 64 patients. As shown in Table 3 , there was a right bundle
branch block (RBBB) pattern in 98% of cases and 73% of cases had a QRS transition after V3. In 98% of
cases there was a predominantly positive QRS pattern in V1 and in 86% a predominantly negative QRS
pattern in Lead I. The median paced QRS axis on the frontal plane was -120° (IQR -150°-40°).

Treatment. After diagnosis of ILMLH, most patients underwent percutaneous (40%) or surgical (20%) lead
extraction (Supplementary Table S2, Supplementary Appendix 1 ) and the remaining patients were
managed conservatively. In the latter group, 78% of patients received anticoagulants, 13% antiplatelets and
9% no antithrombotic therapy.

As shown in Table 4 , the patients who underwent lead extraction were younger (p=0.014), implanted in
more recent years (p=0.002), and diagnosed earlier after implantation (p<0.0001), when compared with those
who were treated non-invasively. As shown in table 5 , age [?] 75 years (OR 4.4, 95% CI 1.0 – 6.8, p=0.001),
lead dwelling time [?] 1 year (OR 10.7, 95% CI 4.1 – 27.5, p<0.0001) and TIA/stroke at ILMLH diagnosis
(OR 2.7, 95% CI 1.0 – 6.8, p=0.042) were independent predictors of lead extraction. Patients with congenital
heart defects had the same probability of receiving surgical or percutaneous extraction (44% versus 56%,
p=0.265). During surgical extraction 20 patients (64%) underwent various additional procedures including
coronary artery bypass graft (N=3), congenital defect correction (N=8), valve repair or replacement (N=6),
epicardial PMK in (N=5), perforation repair (N=1) and aortic root surgery (N=1). A procedure related
sepsis was the sole reported serious complication.

Cerebral protection devices were used during percutaneous extraction in 7 patients. Four procedural compli-
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. cations were reported during percutaneous extraction (1 respiratory tract infection, 1 periprocedural stroke
and 2 subclavian artery occlusion).

Follow-up . Follow-up data were available in 62 patients (39%) and the median duration of follow-up was 9
months (IQR 1 - 40). Follow-up duration was shorter in patients who underwent than in those who did not
undergo lead extraction (2 vs 36 months; p<0.0001).

During follow-up, 7 patients (11%) experienced an adverse event. Four patients developed a TIA or stroke
and 3 patients died. Among those with cerebrovascular event, 2 patients reported sub-therapeutic INR values
during VKA therapy, one patient was receiving a non-Vitamin-K oral anticoagulant (NOAC) and another
patient developed stroke during percutaneous extraction. Two deaths occurred in the conservative treatment
group, and one death in the extraction group. Lead extraction was associated with a non-significant lower
incidence of cerebrovascular events or death (6% versus 17%, p=0.163).

Discussion

To the best of our knowledge, this is the largest systematic review on ILMLH. This is an important, albeit
relatively rare, complication of CIEDs surgery. Ohlow et al. reported an ILMLH incidence of 0.34% in a
vast cohort of patients from a tertiary center15. Diagnosis of ILMLH is done at a variable distance spanning
days to years after the index procedure 16, 17. Careful analysis of both fluoroscopic projections during the
implantation and chest x-ray before discharge can allow identification of ILMLH in most patients because
the tip of the malposed lead is displaced more superiorly and leftward in the antero-posterior view and
more posteriorly in the lateral view compared to the standard position in the right-sided chambers18. The
definitive confirmation is usually obtained with transthoracic echocardiography. However, transesophageal
echocardiography may be required to characterize associated cardiac defects and to rule out lead thrombosis.

Twelve-lead ECG can rise the suspect of ILMLH when the QRS in V1 displays RBBB morphology. This
pattern has been reported also in patients paced from the right ventricle and it has been referred as “pseudo
RBBB”. By lowering V1 and V2 to the fifth intercostal space, known as the Klein’s maneuver, the RBBB
pattern disappears when the pacing electrode has been correctly positioned4whereas no changes are detected
if the lead is in the left ventricle19. Okmen et al. developed an ECG algorithm to distinguish with high
specificity and sensitivity the patients with pseudo RBBB from those with true RBBB caused by malposed
leads20. In this study, among 12 patients with the electrode in the left ventricle, 83% had frontal axis
between -30deg and -90deg, 100% had precordial transition after V3 and 100% had absence of a S wave in
DI. In our study we found QRS axis between -30deg and -90deg in 82% of patients, precordial transition
after V3 in 73% and predominantly positive QRS in DI in 87% suggesting that Okmen’s criteria may have
lower diagnostic accuracy in a larger cohort. Unfortunately Klein’s maneuver was reported only in one case
and no information can be provided about its utility4 (Figure 2 ).

Congenital cardiac defects were the most common cause of ILMLH. The leads could reach left-sided cham-
bers through a patent foramen ovale or through an unrecognized atrial or ventricular septal defect21. The
inadvertent arterial puncture and the advancement of the lead through the aortic valve was the cause of
ILMLH in 24% of patients7, 22-25 whereas atrial or ventricular septal perforation was found in the remaining
patients26-28.

ILMLH can remain asymptomatic and incidentally discovered or it can present with severe symptoms. In
our review, 46% of patients were fully asymptomatic when ILMLH was discovered whereas 31% suffered a
TIA/stroke, not dissimilarly from the 37% reported by Van Gelder et al.9.

Management of ILMLH remains a clinical dilemma and guidelines do not provide solid recommendations8.
Antiplatelet therapy does not adequately protect from thromboembolic events associated with left-sided
leads, as suggested in some reports29, 30. In the present study, the prevalence of acute TIA/stroke at the
time of diagnosis did not differ between patients treated or untreated with anticoagulants (46% versus
37%%, p=0.469). Anticoagulation with warfarin and INR > 2.5 has been reported effective in preventing
thromboembolic recurrences in patients with ILMLH, but the benefit was mitigated by fluctuations in the
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. INR which may be associated with thromboembolism2. Three patients suffered a cerebrovascular ischemic
event during anticoagulant therapy. Two of them had sub-therapeutic INR and one was on NOAC. The
limited efficacy of Warfarin in the setting of pacing leads inside the left-sided chambers can be inferred also
from studies that tested left ventricular endocardial pacing leads as part of CRT. Despite a target INR of 3
the incidence of TIA/stroke was 11% in the ALSYNC trial, 7% in a more recent study and 5 events per 100
patient years in a meta-analysis of published studies31-33. Taken together, these data reinforced the concept
of a limited utility of Warfarin in the setting of pacing leads inside the left atrium or ventricle.

Lead extraction may provide a definitive treatment, thereby avoiding the need for anticoagulation. It was
performed in the majority of patients (60%). We noted that lead dwelling time less than one year, age less
than 75 years and TIA/stroke at ILMLH diagnosis increased the likelihood of receiving lead extraction.

Traditionally, surgical extraction has been considered the gold standard to remove leads inadvertently placed
in the left atrium or ventricle because it could minimize the risk of thrombi and debris dislodgement espe-
cially when leads had a long dwelling time3. Moreover, the surgical procedure offered the possibility to
perform additional interventions such as the repair of congenital defects, the treatment of mitral valvulopa-
thy or the placement of epicardial electrodes13, 34. Unexpectedly, we found that only one-third of patients
in the extraction group received the surgical procedure, whereas two-thirds were treated percutaneously.
Traditionally percutaneous extraction for ILMLH has been discouraged for the risk of thromboembolism due
to lead manipulation. Indeed, the extraction tools have been designed for transvenous procedures and the
potential complications connected to their use on the arterial side are unknown. Cerebral embolic protection
devices can minimize the risk of cerebral embolism trough the preventive deployment of filters in the carotid
and subclavian arteries35. However, cerebral protection was used in a minority of patients included in our
overview and one patient who experienced a periprocedural stroke had received this protective measure. A
point to consider is that the low rate of complications associated with percutaneous or surgical extraction
occurred in a context of devices implanted more recently. Taken together, these data suggest that percuta-
neous extraction might be a preferable option in older and fragile patients (Figure 3 ), particularly if the
index procedure is quite recent, whereas surgical extraction might be preferable in younger patients with old
leads. The need for epicardial pacing or presence of congenital or valvular defects as well as transarterial
leads may also favor surgical extraction.

Limitations

This review included data originated from case reports and small observational series. Complications caused
by extraction procedures might be under-reported and patients with favorable clinical course might have
been preferentially published. Duration of follow-up differed across the studies.

Conclusion

ILMLH is a rare complication which may occur after implantation of CIEDs. It becomes symptomatic
in more than one half of patients after a variable time from the index procedure. Lead extraction, the
ultimate treatment, appears to be associated with a low incidence of complications. Surgical extraction
is mandatory in patients requiring additional procedures such as mitral valve or cardiac congenital defect
surgery. Anticoagulation should be reserved to fragile patients and to asymptomatic patients with very old
leads.
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Figure legends

Figure 1 . Flow diagram of the study.
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. Figure 2 Suggested diagnostic algorithm. A right bundle branch block morphology in V1 on the ECG
despite Klein’s maneuver or an atypical position on the chest X-ray should prompt further investigations to
rule out lead malposition.

Figure 3 Suggested treatment algorithm. Patients with very high surgical risk and asymptomatic can be
managed conservatively with Vitamin-K antagonists and INR between 2.5 and 3.5. For patients suitable for
lead extraction the surgical procedure can be preferred if the lead dwelling time is more than one year, the
embolization risk is high, the lead is placed through the arterial route and if additional interventions must
be performed (e.g. epicardial leads, congenital heart defect repair).

Table 1 . Baseline characteristics of patients with Inadvertent lead malposition in the left heart chambers

Number of cases Number of cases 157

Age at diagnosis, years (SD) Age at diagnosis, years (SD) 68 (14)
Male gender, N (%) Male gender, N (%) 74 (47)
Atrial Fibrillation, N (%) Atrial Fibrillation, N (%) 23 (15)
Hypertension, N (%) Hypertension, N (%) 23 (15)
Ischaemic Heart Disease, N (%) Ischaemic Heart Disease, N (%) 23 (15)
Diabetes, N (%) Diabetes, N (%) 11 (7)
Mechanical Heart Valve, N (%) Mechanical Heart Valve, N (%) 2 (1)
History of Stroke/TIA, N (%) History of Stroke/TIA, N (%) 5 (3)
Heart Failure, N (%) Heart Failure, N (%) 14 (9)
Baseline Antithrombotic Therapy No Antithrombotic therapy, N (%) 55 (35)

Antiplatelets, N (%) 24 (15)
Anticoagulants, N (%) 22 (14)
Unknown, N (%) 56 (36)

Indication for implant Sick Sinus Syndrome, N (%) 45 (29)
Atrioventricular block, N (%) 64 (41)
Primary prevention, N (%) 11 (7)
Secondary prevention, N (%) 6 (4)
Other, N (%) 18 (11)
Unknown, N (%) 13 (8)

Right sided implant, N (%) Right sided implant, N (%) 38 (24)
Type of device Pacemaker, N (%) 138 (88)

Implantable Cardioverter Defibrillator, N (%) 16 (10)
Cardiac Resynchronization Therapy, N (%) 3 (2)

Table 2 . Diagnosis of inadvertent lead malposition in the left heart chambers

Number of cases Number of cases 157

Time to diagnosis, days (IQR) Time to diagnosis, days (IQR) 365 (30 - 1642)
Symptoms at diagnosis Asymptomatic, N (%) 73 (46)

Transient ischemic attack or
Stroke, N (%)

48 (31)

Heart Failure, N (%) 23 (15)
Endocarditis, N (%) 2 (1)
Other, N (%) 11 (7)

Confirmation of Malposition By Fluoroscopy, N (%) 3 (2)
By Chest X-ray, N (%) 28 (18)
By Transthoracic
Echocardiography, N (%)

95 (60)
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. Number of cases Number of cases 157

By Transesophageal
Echocardiography, N (%)

23 (15)

By Computed Tomography, N
(%)

4 (2)

Unknown, N (%) 2 (3)
Cause of Malposition Interatrial septum perforation,

N (%)
31 (20)

Patent foramen ovale, N (%) 46 (29)
Atrial Septal Defect, N (%) 25 (16)
Interventricular septum
perforation, N (%)

7 (4)

Arterial puncture, N (%) 38 (24)
Complex congenital heart
disease, N (%)

6 (4)

Other, N (%) 4 (3)

Table 3 . Electrocardiographic features.

QRS Transition Number of cases (%)

V1, N (%) 1 (2)
V2, N (%) 3 (5)
V3, N (%) 13 (20)
V4, N (%) 17 (26)
V5, N (%) 20 (31)
V6, N (%) 10 (16)
QRS pattern in lead V1

R, N (%) 26 (40)
qR, N (%) 5 (8)
QS, N (%) 1 (2)
Rr’, N (%) 20 (31)
rR’, N (%) 12 (19)
QRS pattern in lead L1
QS, N (%) 19 (30)
rS, N (%) 30 (47)
Rs, N (%) 6 (9)
R, N (%) 8 (12)
rs, N (%) 1 (2)
QRS pattern in lead V6

QS, N (%) 19 (30)
rS, N (%) 37 (59)
R, N (%) 3 (5)
RS, N (%) 4 (6)
QRS pattern in lead aVL
QS, N (%) 13 (20)
rS, N (%) 27 (42)
R, N (%) 18 (28)
qR, N (%) 1 (2)
RS, N (%) 4 (6)
QRS pattern in lead III
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. QRS Transition Number of cases (%)

QS, N (%) 14 (23)
rS, N (%) 11 (18)
Rr’, N (%) 2 (3)
R, N (%) 19 (31)
rR’, N (%) 2 (3)
qR, N (%) 12 (19)
RS, N (%) 2 (3)

Table 4 . Comparison between patients treated conservatively or with lead extraction.

Conservative
treatment N=55

Lead extraction
N=93 p-value

Age, years (IQR) Age, years (IQR) 74 (67-79) 69 (62-76) 0.014
Year of report
(IQR)

Year of report
(IQR)

2006 (1998-2011) 2011 (2003-2015) 0.002

Time from
implantation,
days (IQR)

Time from
implantation,
days (IQR)

875 (292-2281) 90 (2-690) <0.0001

Male gender Male gender 23 (42%) 48 (52%) ns
Symptoms at
diagnosis

Asymptomatic, N
(%)

27 (49%) 41 (44%) ns

TIA/Stroke, N
(%)

15 (27%) 32 (34%) 0.105

Heart Failure, N
(%)

9 (16%) 12 (13%) ns

Congenital heart
disease

Congenital heart
disease

12 (22%) 18 (19%) ns

Transarterial lead Transarterial lead 12 (22%) 25 (27%) ns
Antithrombotic
therapy at diagnosis

No antithrombotics,
N (%)

24 (52%) 30 (56%) ns

Antiplatelets, N
(%)

11 (24%) 13 (24%) ns

Anticoagulants, N
(%)

11 (24%) 11 (20%) ns

Follow-up,
months (IQR)

Follow-up,
months (IQR)

36 (12-72) 2 (1-6) <0.0001

Table 5 . Predictive factors of lead extraction. Multivariable logistic regression model.

Variable Odds Ratio 95% Confience Interval p value

Age [?] 75 years old 4.4 1.0 – 6.8 0.001
Dwelling time [?] 1 year 10.7 4.1 – 27.5 <0.0001
TIA/Stroke at ILMLH diagnosis 2.7 1.0 – 6.8 0.042
Congenital Heart disease 1.6 0.6 – 4.4 0.328
Year of the report 1.0 0.9 – 1.1 0.085
Male gender 1.1 0.5 – 2.5 0.842
Transarterial lead 1.7 0.6 – 4.9 0.328
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Figure 1 .

Figure 2.
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Figure 3.
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