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Abstract

Introduction: There is insufficient research on the relationship between subclinical atrial fibrillation (SCAF) and silent ischemic
brain lesions (IBLs).

Aim: To investigate the relationship between SCAF and silent IBLs in patients with cardiac resynchronization therapy (CRT).

Material and methods: Of 720 CRT implanted patients in our department between 2012 and 2018, 121 patients who under-
went elective cranial multi-slice computed tomography (MSCT) during their follow-up were included in our study. Atrial high-rate
episodes (AHRE) were detected by the CRT device. Subclinical atrial fibrillation was defined as asymptomatic AHRE longer than
6 min and shorter than 24 h. A cranial MSCT scan was performed using a 128-section scanner with contiguous 2—-5 mm axial imag-
es. Patients were divided into two groups — with and without silent IBL.

Results: Silent IBLs were detected in 21 (17.4%) of 121 patients with CRT. Ischemic brain lesion presence was found to be
associated with age, CHA2DS2-VASc score, left ventricular (LV) ejection fraction (EF), hypertension and SCAF in univariate analysis
(p < 0.05). In multivariate regression analysis, presence of SCAF and LVEF were found to be independent parameters predicting the
risk of silent IBLs. According to this analysis, the presence of SCAF and every 1% decrease in LVEF were found to increase the risk of
silent IBL by 3.5 times and 14.8%, respectively.

Conclusions: Subclinical atrial fibrillation is independently associated with silent IBL presence. Patients with CRT should be
closely monitored for SCAF. Patients diagnosed with SCAF should be evaluated for IBL development and treated with the appropriate
oral anticoagulant.
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Summary

Subclinical atrial fibrillation can be detected with cardiac devices and may cause ischemic brain lesions. These lesions
may affect the mortality and morbidity of the patient. For this reason, early detection of these patients is important.

. patients to prevent thromboembolic events. In patients
Introduction with cardiac resynchronization therapy (CRT), continuous
Atrial fibrillation (AF) is the most common arrhythmia  recordings of the atrial lead in place of conventional meth-

in patients with heart failure (HF). Studies have shown ods (Holter, ECG, etc.) made it possible to detect SCAF
that HF increased the risk of developing AF by 43% [1].  with ease of access and were included in the 2016 ESC AF
Because of this association, detection of clinical AF, sub-  guideline [1]. In the studies that evaluate the relationship
clinical AF (SCAF) and silent AF is of great importance in HF  between the presence of atrial high-rate episodes (AHRE)
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and AF in CRT patients and their clinical significance and
association with thromboembolic events, AHRE and AF
were found to increase the risk of stroke 2—5-fold [2—4].
In the study of Shanmugam et al. the risk of thrombo-
embolic events was four times higher in CRT patients
with AHRE. Although the relationship between SCAF and
clinical stroke is clearly demonstrated in the literature,
the relationship between SCAF and silent ischemic brain
lesions (IBL) has not been evaluated in patients with
CRT. Only Benezet-Mazuecos et al. [5] showed a close
and independent relationship between AHRE > 5 min
and IBL in patients carrying cardiac devices [5].

In our study, we aimed to investigate the relationship
between SCAF and silent IBL detected with cranial multi-
slice computed tomography (MSCT) in patients with CRT.

Aim
The aim of this study to investigate the relationship
between SCAF and silent IBL in patients with CRT.

Material and methods
Study population

Of 720 CRT implanted patients in our department
between 2012 and 2018, 132 patients who underwent
elective cranial MSCT during their follow-up were includ-
ed in our retrospective study. Patients with previous his-
tory of documented AF, presence of related symptoms
suggesting AF, respiratory diseases (chronic obstructive
pulmonary disease, chronic bronchitis, pulmonary em-
bolism), primary pulmonary hypertension, prior or acute
stroke or transient ischemic attack, acute coronary syn-
drome in the last 2 months, isolated right HF, congenital
heart disease, or severe valve disease (aortic stenosis,
mitral stenosis and regurgitation) were excluded from
the study.

After the exclusion criteria were applied, the study
included 121 patients (54 male, 67 female; mean age:
65.6 +7.8 years). The Local Ethics Committee approved
the study protocol and each participant provided written
informed consent.

After assessment of detailed medical history and
a complete physical examination, the baseline charac-
teristics of patients including age, sex, history of isch-
emic heart disease, dilate cardiomyopathy, hypertension,
diabetes, hyperlipidemia, current smoking status and
medications were recorded for all patients. All patients
had QRS duration greater than 120 msn. Patients were
classified according to the NYHA staging system by two
cardiologists. If there was no consensus, NYHA class was
determined by a joint decision including a third cardiolo-
gist. Weight and height were taken and body mass index-
es were calculated. CHA DS -VASc scores and HAS-BLEED
scores were calculated. Patients’ medical treatment was
adjusted according to recent HF guidelines and their clin-
ical stage.
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Echocardiographic and electrocardiographic
evaluation

Baseline ECGs of patients were recorded (Nihon
Kohden, Cardiofax V, model ECG-1550K, 25 mm/s rate
and 1 mV/10 mm standard) and heart rhythm (sinus, AF),
left branch block and QRS durations were calculated. Left
ventricular (LV) ejection fraction (EF) and left atrial (LA)
end-diastolic diameter were obtained from the hospital
records by accessing the previous echocardiographic
measurements (Phillips Healthcare, DA Best, Nether-
lands).

Pacemaker measurements

The examination of AT/AF episodes was carried out
in the routine follow-up of patients and recorded. Pace-
maker measurements were made with a MEDTRONIC
Programmer 2090 programmable pacemaker analyzer.
Firstly, patients’ AT/AF episodes were examined from
the device logs (interrogation window). Secondly, the
records of all patients diagnosed with AT/AF episodes
were reviewed by two experienced cardiologists. After
that, these patients with AF were included in our study
(Figure 1). In recent studies > 6 min was taken as a cri-
terion for SCAF [6, 7]. As a result of this study and other
findings, the baseline AHRE duration for the SCAF defini-
tion in the last published consensus was increased from
5 min to 6 min [8]. Intracardiac ECGs were obtained at
the time of the event when the device detected SCAF be-
tween 6 min and 24 h. The documented SCAF episodes
were placed in patient files.

Cranial multi-slice computed tomography scan
procedure

Magnetic resonance imaging (MRI) is superior to
MSCT in assessing IBL. Magnetic resonance imaging can
be used with MRI-conditional cardiovascular implantable
electronic devices [8]. However, none of our patients had
an MRI-conditional device. Therefore, cranial CT was used
for imaging. The cranial CT scan was performed using the
128-section scanner (Philips CT Ingenuity 128), with con-
tiguous 2—-5 mm axial images. Two radiologists examined
the MSCT scans independently. Ischemic brain infarction
is defined as a focal lesion of the same intensity as the
cerebrospinal fluid in MSCT. After the MSCT scan, the di-
ameter of the low-density area was measured. The IBLs
were defined as lesions > 3 mm separated by a sharp
border from surrounding tissue (Figure 2). Patients with
prior or acute stroke or TIA were excluded from our study.
For this reason, all detected IBLs were considered as si-
lent infarcts.

Statistical analysis

Statistical analyses were conducted using SPSS, ver-
sion 20.0, (SPSS Inc. Chicago, Illinois). Data are expressed
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Figure 1. Demonstration of atrial fibrillation episode with MEDTRONIC programmer 2090 device in patients
with Protecta CRT-D
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Figure 2. MSCT images showed lesion > 3 mm separated by a sharp border from surrounding tissue in right
basal ganglion (A) and right cerebellar hemisphere (B)

as mean + SD for continuous variables and percentages the developments of IBL were detected with the multivari-
for categorical variables. The Shapiro-Wilk test was used  ate model using statistically significant parameters in uni-
to test normality and a p > 0.05 was considered to in-  variate analysis. Multivariate logistic regression analyses
dicate normally distributed data. Continuous variables  were performed to determine significant predictors for IBL.
that showed normal distribution were compared using  Significant variables in univariate analysis at the level p <
Student’s t test, whereas the Mann-Whitney U test was 0.1 were entered in the logistic regression analysis.

used for non-normally distributed samples. Categorical

variables and frequencies were compared by means Results

of the x? test. Statistical significance was defined as The MSCT was performed to patients within a mean of
a p < 0.05 for all comparisons. Parameters determining  3.52 +2.14years after pacemakerimplantation. In MSCT ex-
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amination silent IBL was detected in 21 (17.4%) of 121 pa-
tients with CRT. Patients were divided into two groups,
IBLs and normal CT scan. All parameters were compared
and parameters predicting IBLs were found. When the de-
vice records of the remaining 121 patients were examined,
SCAF was detected in 34 (28.1%) patients.

When the demographic findings were compared be-
tween patients with and without IBL, it was found that
patients with IBLs were older and had a higher frequen-
cy of hypertension (p < 0.05 for all). When the medical
treatments of patients with IBLs were examined, it was
found that the anti-platelet and anti-coagulant treat-

ments did not have any statistical difference between
the two groups (p > 0.05 for all). The CHA DS,-VASc score
was found to be significantly higher in the IBL group
(p < 0.05) (Table I). Patients with IBL had a higher fre-
quency of SCAF (Table Il). It was found that the LVEF was
significantly lower in patients with IBLs (p < 0.05). Other
findings were similar between the two groups (p > 0.05,
for all) (Table I).

Ischemic brain lesion was found to be associated
with age, CHA,DS,-VASc score, LVEF, higher frequency of
hypertension and SCAF in univariate analysis (Table I).
When the parameters found to be significant in univari-

Table I. Comparison of baseline characteristics of patients with IBL and normal CT

Characteristics Ischemic brain lesions Normal CT scan P-value
(n=21) (n = 100)
Age [years] 69.3 5.9 64.8 £7.5 0.011
Gender (female/male) 8/13 46/54 0.325
Systolic blood pressure [mm Hg] 127.6 +14.4 121.2 +17.9 0.125
Diastolic blood pressure [mm Hg] 80.2£9.2 78.7 +10.6 0.421
Pulse [beats/min] 74.4 +10.8 78.6 +12.3 0.152
Body mass index [kg/m?] 26.4 2.7 26.6 £3.8 0.773
Smoking, n (%) 2 (9.5%) 14 (14%) 0.439
Diabetes, n (%) 11 (52.4%) 42 (42%) 0.276
Hypertension, n (%) 16 (76.2%) 55 (55%) 0.048
Hyperlipidemia, n (%) 11 (52.4%) 51 (51%) 0.382
Ischemic cardiomyopathy, n (%) 9 (42.9%) 45 (45%) 0.512
Non-ischemic cardiomyopathy, n (%) 12 (57.1%) 54 (54%) 0.512
Alcohol, n (%) 7 (33.3%) 17 (17%) 0.087
NYHA (II/111/1V) 9/10/2 44/52/3 0.556
CHA,DS,-VASc score 3.81£1.43 2.97 £1.44 0.017
HAS-BLEED score 2.81+0.98 2.93 +1.12 0.650
Basal QRS [msn] 147.5 £12.9 147.5 £13.0 0.886
LBBB morphology, n (%) 21 (100%) 86 (94.5%) 0.347
SCAF, n (%) 11 (52.4%) 23 (23%) 0.009
AF < 6 min, n (%) 4 (19%) 21 (21%) 0.553
LV EF (%) 23.0 £5.35 26.8 +4.64 0.001
LA diameter [mm] 355443 352 5.1 0.972
Common carotid IMT [mm)] 1.17 £0.21 1.22 +0.29 0.523
Internal carotid IMT [mm] 1.11 +0.26 1.19 +0.34 0.280
Anti-platelet treatment, n (%) 10 (47.6%) 54 (54%) 0.367
Anticoagulation treatment, n (%) 2 (9.5%) 6 (6%) 0.632
MSCT scan time after CRT [years] 3.89 +1.98 3.45 +2.18 0.773

AF —atrial fibrillation, SCAF — subclinical AF LV — left ventricular, LA — left atrial, EF — ejection fraction, IMT — intima-media thickness.
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ate analysis were evaluated by regression analysis, pres-
ence of SCAF and LVEF were found to be independently
associated with the risk of IBLs. According to this anal-
ysis, it was found that the presence of SCAF and every
1% decrease in LVEF increased the risk of IBL exposure by
3.5 times and 14.8%, respectively (Table II).

Discussion

To our knowledge this is the first study that shows
the relation of SCAF with silent IBLs. In our study, two
important data related to the development of silent IBL
in CRT patients were identified: (1) silent IBL incidence is
17.4% in our study population; (2) reduced LVEF and the
presence of SCAF independently predict the occurrence
of silent IBL.

The coexistence of AF and HF necessitates thrombo-
embolic events, the most feared complications of both
of these diseases. In the CHA DS,-VASc scoring system
that calculates the annual stroke risk of patients with
AF, patients with HF receive 1 point plus and are more
likely to have a stroke. Because of these reasons, both
clinical AF and SCAF diagnosis are of great importance
in HF patients. In CRT implanted patients, continuous re-
cordings of the atrial lead in place of conventional meth-
ods (Holter ECG etc.) and the clinician’s ability to access
these recordings allowed us to detect silent and asymp-
tomatic AF. In patients with a cardiac electronic implant-
able device (CEID), atrial tachycardia episodes of > 5 or
6 min and > 180 beats/min were defined as AHRE [1].
In a study evaluating the relationship between IBL and
AHRE in patients carrying cardiac devices, > 5 min AHRE
was accepted as AF [5]. In a recent joint opinion report,
asymptomatic episodes of AHRE > 6 min and < 24 h re-
corded by CEID were defined as SCAF [9]. In our study, we
identified the SCAF group as > 6 min AHRE in line with
the European Heart Rhythm Association (EHRA) proposal
and found that SCAF incidence was 28.1% in HF patients.

In patients with both conventional and ICD devices,
documented AF AHRE and SCAF were found to increase
the incidence of thromboembolic events [10-12]. Similarly,
in CRT patients, the presence of AHRE and AF increased
the risk of stroke 2-5-fold [13-16]. In addition, patients
with AHRE were found to have fewer echocardiographic
responses to CRT, more ICD shocks, and more hospital-
izations due to HF [17, 18]. In the study of Shanmugam
et al. [2], in CRT patients, thromboembolic events were
similar between patients with initial permanent AF and
patients with AHRE detected by device monitoring. In
the same study, the risk of thromboembolic events was
4 times higher in CRT patients who had AHRE in follow-up
[2], Glotzer et al. [19] reported that the annual thrombo-
embolism risk was 2.4 in patients with AHRE > 5.5 h/day
in a 30-day follow-up. In a 2017 joint opinion report of the
EHRA, OAC therapy was proposed in patients with AHRE
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Table Il. Multivariate regression analysis of ische-
mic brain lesions

Characteristics Odds 95% confidence P-value
ratio interval
Presence of SCAF 3.555 1.266-9.984 0.016

> 5.5 h and in patients with AHRE > 6 min if there is a very
high risk factor [9].

In the literature, there were no studies examining the
presence of subclinical IBL and associated parameters in
HF patients with CRT. In patients with AF MSCT and MRI
are useful in symptomatic silent IBL detection [20-22]
MRI is superior to MSCT in assessing IBL. Except for the
MRI-compatible battery, MRI is contraindicated in CRT
patients. For this reason, we used MSCT for IBL evalua-
tion. In a study of AF patients assessed by cerebral MRI,
40% of patients had one or more silent IBL[21]. Silent IBL
is usually seen in patients with SCAF [22, 23]. The SCAF
can be detected from both Holter and cardiac device re-
cords. A close association between the detected SCAF
and IBL was found in both cases [5, 24]. Although there
is a clear correlation between AHRE and increased stroke
risk according to the obtained data, because of the highly
subclinical nature of IBLs, the embolic risk is below that
predicted. In a recent study of Benezet-Mazuecos et al.
[5] there was an independent relationship between MSCT
detected IBL and AHRE. In this study, AHRE’s presence in-
creased the IBL incidence three-fold. However, the SCAF
rate may have been predicted higher than anticipated in
this study, since AHRE > 5 min was accepted as SCAF un-
like the current guideline recommendation of > 6 min. In
our study, the close association between SCAF and IBL
supports the results of the study of Benezet-Mazucos
et al. However, in our study, we only evaluated HF pa-
tients with CRT. In addition, our study was more selective
in the SCAF group because patients with AHRE > 6 min
were accepted as having SCAF. According to our study
results, the development of IBL is increased 3.5-fold in
patients with SCAF. In our study, we also found an inde-
pendent association between reduced LVEF and IBL. Each
1 unit decrease in the LVEF was found to increase the risk
of IBL by 14.8%.

There are some limitations to our study. It is not correct
to associate all IBLs with SCAF in patients with HF and CRT.
Many stroke risk factors are present in these patients. As
a single-center study, our patient cohort might be differ-
ent from that in other centers. The sample size is relatively
small and our results need to be confirmed in future large
multi-center prospective trials. Currently, the efficacy and
safety of new oral anticoagulations (NOAC) therapy in pa-
tients with AHRE/SCAF that are not clinically documented
are unknown. Studies investigating the effect of apixaban
and edoxaban treatment on thromboembolic prevention
in patients with SCAF/AHRE detected by CEID are still in
progress [25, 26]. Although our study used MSCT for IBL
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detection, MRI is more sensitive in IBL detection and even
small infarcts can be detected. For this reason, the IBL fre-
quency may be lower than expected.

Conclusions

According to our and previous studies, SCAF is inde-
pendently associated with silent IBL presence. Patients
with CRT should be closely monitored in terms of SCAF.
Patients diagnosed with SCAF should be evaluated for
IBL development and treated with the appropriate OAC.
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