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Original Article

Aims: The relationship between left ventricular (LV) function and AF detection in embolic stroke of 
undetermined source (ESUS) patients with insertable cardiac monitors (ICMs) remains unclear. We investigated 
the association between LV function and AF detection in patients with ESUS after ICMs implantation.

Methods: We enrolled patients with ESUS who underwent ICMs implantation from September 2016 to 
September 2020 using a single-center, prospective registry. LV systolic and diastolic functions were assessed on 
precordial echocardiography by LV fractional shortening (LVFS) and average E/e’, respectively. Associations 
between characteristics of LV function and detection of AF by ICMs were analyzed.

Results: Participants comprised 101 patients (median age, 74 years; male, 62%). During a median follow-up 
period of 442 days (interquartile range (IQR), 202–770 days), AF was detected in 24 patients (24%). Median 
duration from ICMs implantation to AF detection was 71 days (IQR, 13–150 days). When LVFS and E/e’ were 
dichotomized by cutoff value, each of low LVFS (＜35.5%; adjusted hazard ratio (HR), 4.77; 95% confidence 
interval (CI), 1.77–12.9) and high E/e’ (≥ 8.65; adjusted HR, 4.56; 95%CI, 1.17–17.7) were independently 
associated with AF detection after adjusting for age and sex. When patients were divided into four groups 
according to dichotomized LVFS and E/e’, the combination of low LVFS and high E/e’ was independently 
associated with AF.

Conclusions: In patients with ESUS after ICMs implantation, the LV characteristics of low LVFS and high E/e’ 
were associated with AF detection.

relevant. Regarding the pathophysiology of the 
development of AF, left atrial (LA) remodeling has 
been known as one of the major contributors2). The 
left ventricular (LV) systolic and diastolic dysfunction 
has been reported to contribute to the remodeling of 
the LA, suggesting the LV dysfunction may also be 
important predictors of AF 3-5). Actually, LV 
dysfunction has been associated with AF in the 
previous population-based study6). In terms of AF 
detection in ESUS patients by ICMs, factors of the 

Introduction and Aims

Insertable cardiac monitors (ICMs) are useful to 
detect covert atrial fibrillation (AF) in patients with 
embolic stroke of undetermined source (ESUS) who 
could not be detected AF by usual electrocardiogram 
monitoring1). Since ICMs implantation is invasive 
and costly, we have to select candidates for ICMs 
implantation among ESUS patients. Strong predictors 
for AF detection in ESUS patients would be clinically 
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systolic function was assessed by LVFS. LVFS was 
calculated according to the formula: fractional 
shortening (FS)= (LVIDd－LVIDs) / LVIDd×100 
(%), where LVIDd indicates the LV internal 
dimension at end-diastole and LVIDs indicates the LV 
internal dimension at end-systole13). LV diastolic 
function was assessed as the average E/e’. Doppler 
tissue imaging of the mitral annulus was obtained 
from the apical four-chamber view using a 1- to 2-mm 
sample volume placed in the septal and lateral mitral 
valve annulus. The E wave reflects mitral inflow and 
the e’ wave reflects mitral annulus velocity. Average E/
e’ was calculated as the average of septal E/e’ and 
lateral E/e’ values, and it is known to be accurate 
noninvasive predictor of increased LV filling pressure 
and LV diastolic dysfunction14). LV hypertrophy was 
assessed from LV mass index (LVMI) indexed to the 
body surface area, as follows: LV mass=0.8×1.04 
[(LVIDd＋LVPWTd＋IVSTd)3－(LVIDd)3]＋0.6, 
where IVSTd was the diastolic interventricular septal 
wall thickness, and LVPWTd was the diastolic LV 
posterior wall thickness. LV hypertrophy was defined 
as ＞115 g/m2 for male patients and ＞95 g/m2 for 
female patients15). Mean left atrial appendage velocity, 
presence of smoke-like echo and patent foramen ovale 
were assessed by transesophageal echocardiography.

ICMs Findings and AF Detection
ICMs (Reveal LINQ; Medtronic, Irvine, CA, 

USA, and Biomonitor III; Biotronic, Berlin, 
Germany) were implanted under local anesthesia. 
These devices can automatically detect and store AF 
episodes ≥ 2 min according to the unique AF 
detection algorithm. Data transmission was remotely 
performed. A real-time report was obtained from each 
patient. A study physician received an alert if the 
device detected an AF episode. AF was then confirmed 
by an expert cardiologist (Dr. Nagase). Written 
informed consent was obtained for ICMs 
implantation and remote monitoring.

Outcomes Measures
The primary outcome of the present study was 

detection of AF by ICMs.

Statistical Analysis
We compared the above clinical information 

between patients with and without AF. Continuous 
variables are reported as median and interquartile 
range (IQR). Categorical variables are presented as 
frequency and proportion. Continuous variables were 
assessed using the Wilcoxon rank-sum test. Categorical 
variables were analyzed using the 2-sided Fisher’s exact 
test. For univariate analyses, we compared baseline 

LA remodeling such as the LA enlargement and 
frequent premature atrial contraction (PAC)7) have 
reportedly been associated with AF detection8, 9). 
However, no studies focused on the relationship 
between LV dysfunction and AF detection by ICM in 
ESUS patients. Consequently, the predictive value of 
the LV dysfunction for AF detection in these cohorts 
remains to be elucidated. The present study aimed to 
investigate the association between the LV dysfunction 
and AF detection using the cohort of ESUS with 
ICMs implantation.

Methods

Study Population
All patients with ESUS and ICMs implantation 

were prospectively registered to the ICMs registry at 
the National Cerebral and Cardiovascular Center 
(NCVC). Patients registered from September 2016 to 
October 2020 were retrospectively reviewed. Inclusion 
criteria for the ICMs registry were patients diagnosed 
with ESUS. ESUS was diagnosed based on the criteria 
by the Cryptogenic Stroke/ESUS International 
Working Group10). ICMs were implanted according 
to the recommendations in the Japanese clinical guide, 
which recommended brain magnetic resonance 
imaging (MRI), long-term cardiac monitoring 
including Holter ECG, assessment of extra- and 
intracranial arteries supplying the area of brain 
ischemia as mandatory examinations, and strongly 
recommended transesophageal echocardiography and 
ultrasonographic examinations for right-to-left shunt 
or aortic CT11). This ICMs registry was approved by 
the institutional review board of NCVC (approval 
number: R20087). The opt-out method for patient 
recruitment was used.

Clinical Data Collection
We collected the following clinical demographic 

data and comorbidities from medical records: age, sex, 
hypertension (diagnosis at hospital discharge or use of 
antihypertensive medications), dyslipidemia (diagnosis 
at hospital discharge or use of statins), diabetes 
mellitus (diagnosis at hospital discharge or use of oral 
hypoglycemic agents or insulin), CHA2DS2-VASc 
score after index stroke and baseline National 
Institutes of Health Stroke Scale (NIHSS) score. 
Concentration of BNP and estimated glomerular 
filtration rate12) were collected from blood tests. The 
PAC rate was calculated by the total number of PACs 
per day of 24-h Holter electrocardiogram monitoring. 
LV fractional shortening (LVFS), left atrial diameter, 
average E/e’ and presence of LV hypertrophy were 
evaluated by transthoracic echocardiography. LV 
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Results

A total of 101 patients (median age, 74 years; 
IQR, 62–79 years; 61% male) were enrolled in the 
registry and selected as the available cohort. Reveal 
LINQ and Biomonitor III ICMs were implanted in 
95 patients (94%) and 6 patients (6%), respectively. 
Median time from stroke onset to ICMs implantation 
was 57 days (IQR, 20–112 days). Median duration of 
observation after ICMs implantation was 442 days 
(IQR, 202–770 days). AF was detected in 24 patients 
(24%) at a median of 71 days (IQR, 13–150 days) 
after ICMs implantation (Table 1). There were no 
patients with symptomatic heart failure. No data were 
missing for LVFS, but E/e’ was missing for 22 patients 
(22%). Patients with AF showed lower LVFS and 
higher average E/e’ than patients without AF, in 
addition to higher levels of BNP, higher frequency of 
PACs, and larger left atrial diameter. Patients with AF 
also displayed a shorter interval from stroke onset to 
ICMs implantation and longer duration of 

characteristics and physiological markers between 
groups dichotomized by the cutoff values of LVFS and 
E/e’. A receiver operating characteristic (ROC) curve 
analysis using the Youden Index was performed to 
determine the optimal cutoff value of LVFS and E/e’. 
Cox proportional hazard models for detection of AF 
were created in groups dichotomized by LVFS and E/
e’. These models were adjusted for age and sex. In 
addition, we compared cumulative AF-free rates 
among 4 groups dichotomized by LVFS and E/e’ 
using Holm-Sidak multiple comparisons testing. We 
also compared the presence of LV hypertrophy among 
the 4 groups. Missing data were handled with pairwise 
deletion. Values of p＜0.05 were considered 
statistically significant. The 95% confidence intervals 
(CIs) were calculated for all measures that required 
reporting of statistical uncertainty. Statistical analyses 
were performed in JMP version 14.3.0 (SAS Institute, 
Cary, NC, USA).

Table 1. Baseline clinical characteristics according to detection of AF

All (n=101) AF- (n=77) AF+ (n=24) p-value

Male 62 (61) 47 (61) 15 (63) 1.00
Age, years 74 (62–79) 72 (60–77) 78 (70–81) 0.02
Hypertension 69 (68) 53 (69) 16 (67) 1.00
Dyslipidemia 60 (59) 46 (59) 14 (58) 1.00
Diabetes 14 (14) 9 (12) 5 (21) 0.31
CHA2DS2-VASc score 3 (1–4) 3 (1–4) 3 (2–4) 0.32
NIHSS score 2 (0–5) 1 (0–3) 3 (1–9) ＜0.01
Blood test results

BNP, pg/ml 41 (14–85) 25 (11–53) 118 (47–200) ＜0.01
eGFR, ml/min 64 (53–77) 63 (52–74) 67 (57–82) 0.23

24-h Holter ECG findings
Rate of PAC, % 0.10 (0.02–0.45) 0.06 (0.02–0.25) 0.55 (0.10–3.85) ＜0.01

TTE findings
LVFS, % 36 (32–41) 37 (33–41) 33 (30–35) 0.01
Average E/e’ (n=79) 8.8 (7.3–11.6) 8.4 (7.2–10.2) 11.6 (8.8–17.2) ＜0.01
LAD, mm 35 (32–39) 34 (32–38) 38 (33–43) ＜0.05
LV hypertrophy 14 (14) 7 (9) 7 (29) 0.02

TEE findings
Mean LAA velocity, cm/s 60 (44–76) 61 (50–76) 51 (32–79) 0.11
Smoke-like echo 3 (3) 0 (0) 3 (13) 0.01
Patent foramen ovale 53 (52) 38 (49) 15 (63) 0.35

ICMs findings
Stroke onset to implant, days 57 (20–112) 61 (27–115) 30 (15–61) 0.01
Duration of observation, days 442 (202–770) 358 (159–705) 710 (421–829) ＜0.01

Data are presented as n (%) or median (interquartile range).
Abbreviations: AF, atrial fibrillation; NIHSS, National Institutes of Health Stroke Scale; BNP, brain natriuretic peptide; eGFR, estimated 
glomerular filtration rate; ECG, electrocardiogram; PAC, premature atrial contraction; LVFS, left ventricle fractional shortening; LAD, left atrial 
diameter; LAA, left atrial appendage; ICMs, insertable cardiac monitors; TTE, transthoracic echocardiography; TEE, transesophageal 
echocardiography.



Ikenouchi et al.

1072

showed significantly higher BNP, larger left atrial 
diameter, and higher frequencies of LV hypertrophy 
and PACs (Table 2). Cox proportional hazard 
modeling adjusting for age and sex demonstrated that 
each of low LVFS (adjusted HR, 4.77; 95% CI, 1.77–
12.9) and high E/e’ (adjusted HR, 4.56; 95%CI, 
1.17–17.7) were associated with AF as detected by the 
ICMs. The combination of low LVFS and high E/e’ 
(crude HR, 9.38; 95% CI, 3.46–25.5) was associated 
with AF detection even after adjusting for age, BNP, 
PAC or LAD (Table 3).

monitoring (Table 1).
The area under the curve (AUC) of LVFS and E/e' 

was 0.67 (95% CI 0.55–0.80) and 0.72 (95% CI 
0.58–0.87) and optimal cutoff value of LVFS and E/e’ 
was 35.5% and 8.65, respectively. Comparisons of 
clinical characteristics between patients with high/low 
LVFS and high/low E/e’ are shown in Table 2. LVFS 
and E/e’ were dichotomized about values of 35.5% 
and 8.65, respectively. On univariate analyses, low 
LVFS and high E/e’ were each associated with higher 
frequencies of AF detection. Patients with high E/e’ 

Table 2. Comparison of clinical characteristics between patients with high and low LVFS, and between patients with high and low E/e’

Low LVFS ＜35.5% 
(n=49)

High LVFS ≥ 35.5 
(n=52)

p-value Low E/e’ ＜8.65 
(n=38)

High E/e’ ≥ 8.65 
( =41)

p-value

Male 34 (69) 28 (54) 0.15 33 (87) 18 (44) ＜0.01
Age, years 73 (61–79) 75 (63–79) 0.49 63 (52–76) 77 (73–81) ＜0.01
Hypertension 35 (71) 34 (65) 0.53 20 (53) 32 (78) 0.02
Dyslipidemia 27 (55) 33 (64) 0.42 22 (58) 26 (63) 0.65
Diabetes 8 (16) 6 (12) 0.57 4 (11) 7 (17) 0.52
CHA2DS2-VASc score 3 (2–4) 3 (1–4) 0.66 2 (1–3) 3 (3–5) ＜0.01
NIHSS score 2 (0–6) 1 (0–3) 0.43 1 (0–4) 1 (0–3) 0.66
Blood test results

BNP, pg/ml 36 (12–112) 41 (19–62) 0.63 19 (6–42) 53 (24–112) ＜0.01
eGFR, ml/min 63 (53–73) 65 (52–77) 0.68 63 (52–76) 64 (57–72) 0.93

24-h Holter ECG findings
PAC, % 0.06 (0.02–0.61) 0.13 (0.02–0.38) 0.98 0.03 (0.01–0.21) 0.15 (0.05–0.50) 0.01

TTE findings
LAD, mm 35 (32–40) 35 (33–38) 0.84 34 (31–36) 38 (33–42) ＜0.01
LV hypertrophy 7 (14) 6 (12) 0.77 0 (0) 9 (22) ＜0.01

TEE findings
Mean LAA velocity, cm/s 60 (46–80) 62 (44–70) 0.67 66 (55–78) 54 (39–64) ＜0.01
Smoke-like echo 3 (6) 0 (0) 0.11 0 (0) 3 (7) 0.24
Patent foramen ovale 28 (57) 25 (48) 0.43 20 (53) 22 (54) 1.00

ICMs findings
Stroke onset to implant, days 55 (19–107) 58 (26–111) 0.77 45 (24–121) 59 (27–84) 0.76
Duration of observation, days 526 (218–801) 355 (185–750) 0.27 306 (103–701) 397 (204–758) 0.23
AF detection 19 (39) 5 (10) ＜0.01 3 (8) 14 (34) ＜0.01

Data are presented as n (%) or median (interquartile range).
Abbreviations: NIHSS, national institute of health stroke scale; BNP, brain natriuretic peptide; eGFR, estimated glomerular filtration rate; ECG, 
electrocardiogram; PAC, premature atrial contraction; LVFS, left ventricular fractional shortening; LAD, left atrial diameter; LAA, left atrial 
appendage; ICMs, insertable cardiac monitors; TTE, transthoracic echocardiography; TEE, transesophageal echocardiography; AF, atrial fibrillation.

Table 3. Cox proportional hazard analysis for AF detection on low LVFS and high E/e’

Model 1 Model 2 Model 3 Model 4

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Low LVFS and high E/e’ 6.65 (2.32–19.1) ＜0.01 4.44 (1.47–13.4) ＜0.01 8.73 (3.21–23.8) ＜0.01 6.84 (2.22–21.1) ＜0.01

model 1; adjusting for age, model 2; adjusting for BNP, model 3; adjusting for PAC, model 4; adjusting for LAD
Abbreviations: AF, atrial fibrillation; HR, hazard ratio; CI, confidence interval; LVFS, left ventricular fractional shortening; BNP, brain natriuretic 
peptide; PAC, premature atrial contraction; LAD, left atrial diameter.
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0.05 each) (Fig.1). As for LV hypertrophy among 4 
groups, the frequency of LV hypertrophy was highest 
in Group 4 with 0% in Group 1, 0% in Group 2, 
16% in Group 3, and 31% in Group 4 (P＜0.01).

Discussion

Our results demonstrated the following major 
findings. First, among ESUS patients with ICMs 
implantation, AF was detected in 24% of patients 
during observation (median, 442 days) after ICMs 
implantation. Second, patients with the combination 
of low LVFS and high E/e’ displayed a HR for AF 
detection about eight times higher than other 
combinations of LVFS and E/e’. Third, the 
combination of low LVFS and high E/e’ was 

We repeated Cox proportional hazard analysis 
and Holm-Sidak multiple comparisons testing for 4 
subgroups categorized according to the combinations 
of dichotomized LVFS and E/e’. Group 1 comprised 
18 patients with low LVFS and low E/e’ and showed 
an AF detection rate of 11%. Group 2 consisted of 20 
patients with high LVFS and low E/e’, with a 5% AF 
detection rate. Group 3 consisted of 25 patients with 
high LVFS and high E/e’, with a 12% AF detection 
rate. Group 4 comprised 16 patients with low LVFS 
and high E/e’, with a 69% AF detection rate. On Cox 
proportional hazard analysis, only Group 4 showed a 
significantly higher hazard ratio for AF detection 
(Table 4). Similarly, the Holm-Sidak multiple 
comparisons test revealed that Group 4 had a lower 
cumulative AF-free rate than the other 3 groups (P＜

Table 4. Cox proportional hazard analysis for AF detection according to groups dichotomized by LVFS and E/e’

Patients, n AF, n (%) HR (95%CI) p-value

Group 1
Low LVFS and low E/e’ 18 2 (11) 1.00 (reference)

Group 2
High LVFS and low E/e’ 20 1 (5) 0.42 (0.04–4.68) 0.48

Group 3 
High LVFS and high E/e’ 25 3 (12) 0.97 (0.16–5.81) 0.97

Group 4 
Low LVFS and high E/e’ 16 11 (69) 7.82 (1.73–35.36) ＜0.01

Abbreviations: AF, atrial fibrillation; HR, hazard ratio; CI, confidence interval; LVFS, left ventricular fractional shortening.

Fig.1. Cumulative AF-free rate among groups dichotomized by LVFS and E/e’

Days from implantation of ICMs to AF detection were significantly shorter in patients with Group 4 (low LVFS and high E/e’ group) than in 
those without on Holm-Sidak multiple comparisons test. Group 1 represents patients with low LVFS and low E/e’; Group 2 represents 
patients with high LVFS and low E/e’; Group 3 represents patients with high LVFS and high E/e’; Group 4 represents patients with low LVFS 
and high E/e’. 
Abbreviations: AF, atrial fibrillation; LVFS, left ventricular fractional shortening; ICMs, insertable cardiac monitors.
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slight LV remodeling despite the low frequency of AF. 
The present study might suggest the LV remodeling 
could serve as the strong marker for AF detection even 
in ESUS patients. Since both LVFS and E/e’ can be 
c a l c u l a t e d  f r o m  s t a n d a rd  t r a n s t h o r a c i c 
echocardiography, these parameters may be useful for 
stratifying the risk of covert AF before ICMs 
implantation.

There are several limitations in the present study. 
First, this study was a single-center, retrospective study 
with a small subject cohort. We therefore could not 
perform multivariable analyses adjusting for a 
sufficient number of confounding factors. Second, 
missing values for E/e’ were not rare. Third, our results 
have yet to be verified in an external validation cohort, 
which limits the generalizability of our results.

Conclusion

Patients displaying characteristics of low LVFS 
and high E/e’ were associated with AF detection 
among ESUS patients after ICMs implantation. 
Assessment of LVFS and E/e’ using standard 
transthoracic echocardiography may offer a useful 
surrogate for AF detection by ICMs in ESUS patients. 
Further validation studies are warranted.
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independently associated with AF detection after 
adjusting for age, BNP, PAC, and LAD. Our results 
indicate the combination of low LVFS and high E/e’ 
would be the simple and useful tool for stratifying AF 
risk among ESUS patients with ICMs implantation.

The rate of AF detection in the present study was 
24% during a median of 71 days after implantation. 
The rate of AF detection in our cohort was higher 
than that in the CRYSTAL-AF study, despite the 
relatively shorter observation period1). The higher rate 
of AF detection in our study may reflect the higher 
median age of our cohort. A higher proportion of 
patients underwent transesophageal echocardiography 
before ICMs implantation, which may also have 
contributed to stricter diagnosis of ESUS and a 
resulting higher rate of AF detection in the present 
study.

We determined the cutoff value of LVFS (35.5%) 
and E/e’ (8.65) by ROC analysis. According to the 
previous studies, the normal value of LVFS was 
reported as more than 30%13). As for E/e’, definitively 
normal values of E/e’ have been reported as ＜8.0 and 
definitely abnormal values of E/e’ have been reported 
as ＞14.0, with E/e’ between 8.0 to 14.0 considered 
indeterminate14). In the present study, the IQR of 
LVFS was 32–41% and the IQR for E/e’ was 7.7–
12.7, with most patients showed normal LV systolic 
and diastolic function and these cutoff values of LVFS 
and E/e’ were not far from the above-normal values.

A recent study has reported that patients with 
mild LV systolic dysfunction have a higher frequency 
of AF than those with normal LV systolic function4). 
LV systolic dysfunction has been observed in patients 
with LV hypertrophy, which leads to congestion of the 
left atrium and cause AF4). The high average E/e’ 
could reflect increased LV filling pressure and LV 
diastolic dysfunction, which directly leads to AF3, 4). In 
addition, LV systolic and diastolic dysfunction have 
also been known as characteristics of LV hypertrophy, 
which is also associated with a high frequency of AF4, 16). 
Therefore, both characteristics of LV systolic and 
diastolic dysfunction may reflect the underlying LV 
remodeling related to AF.

The LV wall thickness and LV systolic 
dysfunction has been associated with AF in the 
previous population-based study6). In the present 
study, the combination of low LVFS and high E/e’ was 
independently associated with AF detection after 
adjusting for several factors related to the LA 
remodeling7-9, 17). The combination of low LVFS and 
high E/e’ are representative findings of LV 
hypertrophy, and may offer surrogates for AF 
detection in patients with ESUS with ICMs. In other 
words, patients with AF detected by ICMs may show 
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