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Nonsustained atrial tachycardia in 24-hour Holter monitoring: a
potential cardiac source of embolism in acute ischemic stroke
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Background: Whether nonsustained atrial tachycardia (NSAT) has a causative role similar to paroxysmal
atrial fibrillation (AF) in ischemic stroke is unclear. We investigated the clinical and imaging features of
ischemic stroke patients with NSAT to demonstrate that these patients would have a higher proportion of
embolic strokes.

Methods: We retrospectively reviewed ischemic stroke patients who underwent Holter monitoring and
selected patients with NSAT. The clinical and imaging characteristics were compared between patients
with and without NSAT, and the risk factors for embolic stroke were evaluated. Moreover, the images
of the selected patients were analyzed according to the Trials of Org 10172 in Acute Stroke Treatment
classification.

Results: From a total of 1,051 patients who had 24-hour Holter monitoring, 681 patients were selected for
the study. Among the selected patients, NSAT was detected in 243 patients. The patients with NSAT had a
significantly higher proportion of imaging findings suggestive of cerebral embolism compared with patients
without NSAT (27% vs. 14%, P<0.001). Moreover, the presence of NSAT was a statistically significant
factor associated with imaging findings suggestive of cerebral embolism in the univariate (OR, 2.22; 95%
CI, 1.51-3.27; P<0.001) and multivariate (OR, 2.26; 95% CI, 1.53-3.34; P<0.001) analyses. The patients
with NSAT had a significantly older age at diagnosis, higher proportion of female sex, higher proportion of
hypertension, lower proportion of smokers, higher CHA,DS,-VASc score, and higher left atrium index value
compared with patients without NSAT.

Conclusions: The embolic pattern of acute ischemic stroke in patients with NSAT was frequently
observed and shared clinical characteristics of AF rather than those of atherosclerosis. As NSAT may be a
potential source of cardiac embolism, we suggest a more intensive search for modifiable risk factors such as
AF in ischemic stroke in patients with NSAT.
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Introduction is found despite an extensive evaluation, or a cause for the

Cryptogenic stroke is defined by the Trial of Org 10172 in stroke cannot be established because of multiple possible

Acute Stroke Treatment (TOAST) classification as when the ctiologies (1). Cryptogenic ischemic strokes account for

diagnostic assessment is incomplete, no cause for the stroke approximately 25-33% of ischemic strokes, and paroxysmal
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atrial fibrillation (AF) is often suspected as the cause of
cryptogenic stroke. The incidence of stroke in patients with
paroxysmal AF is similar to that in patients with sustained
AF (2). Therefore, identification of AF is essential because
the risk of recurrent stroke can be significantly reduced by
the use of anticoagulation in patients with ischemic stroke
having AF.

A single electrocardiogram (EKG) recording or 24-hour
Holter monitoring has a low diagnostic yield in detecting
paroxysmal AF, but detection of AF has improved with
the use of ambulatory cardiac monitoring and implantable
devices (3,4). These devices have also enabled the detection
of other aberrations such as atrial premature beats (APB),
supraventricular ectopic activity, and nonsustained atrial
tachycardia (NSAT) in patients with ischemic stroke.
Although NSAT is often considered a benign phenomenon,
it often precedes episodes of AF in patients with cryptogenic
stroke (5-7). It remains unclear whether NSAT has a
causative role similar to paroxysmal AF in ischemic stroke
(8-10). In clinical practice, the presence of NSAT is not
regarded as a cardiac source of embolism, and antiplatelets
are generally prescribed for patients with ischemic stroke
and NSAT for secondary prevention.

We hypothesized that patients with ischemic stroke and
NSAT would have a higher proportion of embolic strokes
than patients without NSAT. In this investigation, we
studied the clinical characteristic and imaging findings of
patients with NSAT and evaluated the risk factors associated
with imaging findings suggestive of cerebral embolism.
In addition, we investigated the clinical and laboratory
findings of patients with stroke and NSAT on 24-hour
Holter monitoring and compared them between patients
with and without an embolic pattern of infarction on brain
images. We present the following article in accordance with
the STROBE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-21-5245/rc).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The
institutional review board of Severance Hospital, Yonsei
University Health System, approved this retrospective study
(3-2014-0264). Written informed consent for participation
was waived for this retrospective study. We retrospectively
reviewed 1,752 patients with acute ischemic stroke who
were admitted to the neurology department of a tertiary
university hospital between January 2012 and May 2018.
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From 1,051 patients who had 24-hour Holter monitoring,
we initially selected 985 patients who underwent (I) brain
magnetic resonance imaging, and either magnetic resonance
angiography or computed tomography angiography; and (II)
transthoracic echocardiography. We excluded 304 patients
with any potential cardiac sources of embolism, including
(I) a history of AF; (II) documented AF on EKG, 24-
hour Holter monitoring, or echocardiography; (III) patent
foramen ovale; and (IV) aortic atheroma with thickness
>4 mm. Baseline characteristics, underlying vascular risk
factors (hypertension, diabetes mellitus, coronary artery
disease, dyslipidemia, and current smoking), prior history of
transient ischemic attack or ischemic stroke, stroke severity
as per the National Institutes of Health Stroke Scale
(NIHSS), cardiac parameters, and etiology subtype based
on TOAST classification were collected from 681 selected
patients. The radiographic images were also carefully
reviewed to find images suggestive of cerebral embolism.
Imaging findings suggestive of cerebral embolism were
defined when any of the following features were found:
(I) simultaneous acute ischemic lesions among multiple
arterial territories (Figure 1), (II) presence of an isolated
acute cortical lesion, (III) angiographic evidence of isolated
arterial occlusion or recanalization without underlying
arterial stenosis on follow-up angiography (Figure 2) (11).
The imaging findings were investigated by a neurology
specialist with five years of experience who was blinded to
the clinical results.

The selected patients were divided into two groups
according to the presence or absence of documented
NSAT on 24-hour Holter monitoring. NSAT was
defined as three or more consecutive APB with a rate of
>100 beats/min and lasting <30 s. We defined APB when
the following criteria were met: (I) a reduced RR interval
>25%, (II) the presence of a P wave, and (IIT) a QRS width
<0.12 s (12). The incidence of imaging findings suggestive
of cerebral embolism was compared between the two
groups. We analyzed the risk factors related to imaging
findings suggestive of cerebral embolism.

Patients with NSAT were further divided into two
groups according to the presence or absence of image
findings suggestive of cerebral embolism. To find
characteristic features in patients with image findings
suggestive of cerebral embolism, the vascular risk factors,
cardiac parameters, specific parameters related to NSAT,
and lipid profiles were compared.

Statistical analysis was performed using IBM SPSS
Statistics 25.0. Continuous variables were presented
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Figure 1 Example of simultaneous acute ischemic lesions in multiple arterial territories on the diffusion-weighted image. Concurrent acute

ischemic lesions detected at the (A) right posterior inferior cerebellar artery territory, (B) left posterior cerebral artery territory, and (C) right

middle cerebral artery territory.

Figure 2 Example of angiographic evidence of cut-off sign and recanalization. (A) Cut-off sign at the right middle cerebral artery without

evidence of atherosclerosis on CT angiography. (B) Cerebral angiography after recanalization by mechanical thrombectomy. (C) Diffusion-

weighted image one day after recanalization.

as means with standard deviations or as medians with
interquartile ranges and were compared using the
independent two-sample #-test or Mann-Whitney U
test, respectively. Categorical variables were presented
as counts (percentage) and were compared using the chi-
square test or Fisher’s exact test. Risk factors for image
findings suggestive of cerebral embolism were evaluated
using a logistic regression model. Univariable analyses were
performed with variables, including the presence of NSAT,
age at diagnosis, sex, vascular risk factors, and cardiac
parameters. Multivariable analyses using variables with P
values <0.10 were performed to identify the risk factors for
image findings suggestive of cerebral embolism. A two-
sided P value <0.05 was considered statistically significant.

© Annals of Translational Medicine. All rights reserved.

Results

The patient characteristics are summarized in Table 1. We
identified 681 patients satisfying the inclusion and exclusion
criteria of the study. The mean age was 63 years and 240
(35%) of the patients were female. Four hundred (59%) had
hypertension, 208 (31%) had diabetes mellitus, 54 (8%) had
coronary artery diseases, and 351 (52%) had dyslipidemia.
Seventy-seven (11%) patients had a previous history of
transient ischemic attack or ischemic stroke. The median
initial NIHSS score was two.

Among the 681 patients, 243 (36%) had documented
NSAT on 24-hour Holter monitoring. The patients
with NSAT had a significantly older age at diagnosis,

Ann Transl Med 2022;10(8):433 | https://dx.doi.org/10.21037/atm-21-5245



Page 4 of 8

Table 1 Clinical characteristics and imaging findings between patients with and without nonsustained atrial tachycardia in acute ischemic stroke
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patients
Variables All (n=681) NSAT (n=243) Non-NSAT (n=438) P
Age, year 6314 7111 59+14 <0.001
Female sex, n 240 103 [42] 137 [31] 0.004
Hypertension, n 400 164 [67] 236 [54] 0.001
Diabetes mellitus, n 208 84 [35] 124 [28] 0.10
Coronary artery disease, n 54 22 [9] 32[7] 0.46
Dyslipidemia, n 351 136 [56] 215 [49] 0.09
Prior history of TIA/stroke, n 77 35 [14] 42 [10] 0.06
Current smoker, n 325 91 [37] 234 [53] <0.001
Initial NIHSS score 2 [1-4] 2[1-5] 2 [1-4] 0.14
CHA,DS,-VASc 2 [1-3] 3[2-4] 2[1-3] <0.001
LV EF, % 67 [62-71] 67 [63-71] 67 [62-71] 0.12
LA index, mL/m® 25 [21-31] 27 [22-34] 24 [20-30] <0.001
TOAST, n [%]
LAA 259 [38] 90 [37] 169 [39] 0.69
SVO 255 [37] 73 [30] 182 [42] 0.003
Cryptogenic 154 [23] 76 [31] 78 [18] <0.001
Other 131[2] 412] 91[2] 0.78
Any embolic feature, n 129 66 [27] 63 [14] <0.001
Simultaneous acute lesions in multiple arterial territories 55 29[12] 26 [6] 0.006
Isolated acute cortical lesions 23 13 [5] 10 [2] 0.03
Angiographic evidence of cut-off sign or recanalization 51 24 [10] 27 [6] 0.08

NSAT, nonsustained atrial tachycardia; TIA, transient ischemic attack; NIHSS, National Institutes of Health Stroke Scale; CHA,DS,-VASc,
congestive heart failure, hypertension, age =75 years, diabetes, prior stroke or TIA, vascular disease, age 65-74 years, sex; LV EF, left
ventricular ejection fraction; LA, left atrium; TOAST, Trial of Org 10172 in Acute Stroke Treatment; LAA, large artery atherosclerosis; SVO,
small vessel occlusion; cryptogenic, undetermined-more than two causes or undetermined-negative; other, other determined etiologies.

and a higher proportion was female compared to those
without NSAT. The patients with NSAT also had a higher
proportion with hypertension than those without NSAT.
In patients with NSAT, the CHA,DS,-VASc scores and left
atrium (LA) index values were higher. Moreover, a lower
proportion of NSAT patients smoked compared to those
without NSAT. There was no significant difference in the
proportion of diabetes mellitus, coronary artery disease,
dyslipidemia, prior history of transient ischemic attack or
ischemic stroke, NIHSS score, and left ventricular ejection
fraction. Upon TOAST classification, patients with NSAT
had more classified as cryptogenic, and those without NSAT

© Annals of Translational Medicine. All rights reserved.

had more classified as small vessel occlusion. The incidence
of imaging findings suggestive of cerebral embolism was
also compared between the two groups. The patients with
NSAT had a significantly higher proportion of imaging
findings suggestive of cerebral embolism than those without
NSAT (27% vs. 14%, P<0.001) (Tuble 1).

We performed a logistic regression analysis for imaging
findings suggestive of cerebral embolism. Among the
risk factors, the presence of the NSAT was a statistically
significant factor associated with imaging findings suggestive
of cerebral embolism in univariate [odds ratio (OR), 2.22;
95% CI, 1.51-3.27; P<0.001] and multivariate (OR, 2.26;
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Table 2 Results of logistic regression analysis for images suggestive of cerebral embolism in patients with acute ischemic stroke
Univariable model Multivariable model

Variables

OR (95% CI) P OR (95% CI) P
NSAT 2.22 (1.51-3.27) <0.001 2.26 (1.53-3.34) <0.001
Age, year 1.01 (1.00-1.02) 0.16 - -
Female sex 1.11 (0.75-1.65) 0.60 - -
Hypertension 0.93 (0.63-1.38) 0.73 - -
Diabetes mellitus 0.82 (0.53-1.25) 0.35 - -
Coronary artery disease 0.41 (0.16-1.06) 0.07 0.39 (0.15-1.00) 0.0504
Dyslipidemia 0.81 (0.55-1.19) 0.28 - -
Prior history of TIA/stroke 1.04 (0.57-1.89) 0.90 - -
Current smoker 0.91 (0.62-1.33) 0.62 - -
CHA,DS,-VASC 1.07 (0.95-1.21) 0.26 - -
LV EF, % 1.01 (0.98-1.04) 0.51 - -
LA index, mL/m’ 1.00 (0.98-1.03) 0.76 - -

OR, odds ratio; Cl, confidence interval; NSAT, nonsustained atrial tachycardia; TIA, transient ischemic attack; NIHSS, National Institutes of
Health Stroke Scale; CHA,DS,-VASc, congestive heart failure, hypertension, age =75 years, diabetes, prior stroke or TIA, vascular disease,
age 65-74 years, sex; LV EF, left ventricular ejection fraction; LA, left atrium.

95% CI, 1.53-3.34; P<0.001) analyses (Zable 2). The history
of coronary artery disease was associated with imaging
findings suggestive of cerebral embolism; however, it was not
statistically significant in the univariable and multivariable
analysis (OR, 0.39; 95% CI, 0.15-1.00; P=0.05). None of the
other variables, including age, sex, other vascular risk factors,
prior history of transient ischemic attack or ischemic stroke,
CHA,DS,-VASc score, left ventricular ejection fraction,
and LA index value were associated with imaging findings
suggestive of cerebral embolism. Further analysis of imaging
features by TOAST classification revealed that in patients
classified as large artery atherosclerosis (LAA), patients
with NSAT showed a significantly higher proportion of
angiographic evidence of cut-off or recanalization than
patients without NSAT (Table S1).

Patients with NSAT were divided into two groups based
on imaging findings suggestive of cerebral embolism: 66 and
177 patients with and without embolic features, respectively.
The comparison of clinical characteristics and laboratory
findings between the two groups is shown in Table S2.
Patients with embolic features had a significantly higher
initial NIHSS score {3 [interquartile range (IQR), 1-9] vs.
2 (IQR, 1-4), P=0.002} compared with patients without
embolic features. The total number of APB, number of

© Annals of Translational Medicine. All rights reserved.

APB in the longest run, and LA index showed no significant
difference between the two groups.

Discussion

A major finding of this study is that patients with acute
ischemic stroke and NSAT had a higher proportion of
embolic imaging patterns than those without NSAT.
Moreover, NSAT was independently associated with
such imaging findings. A previous study has shown that
the cardioembolic stroke subtype tends to occur in older
patients (age >70 years), a higher proportion of females, and
demonstrates more severe stroke symptoms (mean NIHSS
of 8 compared to 5 of LAA). In contrast, the LAA stroke
subtype tends to occur in a higher number of patients
with hypercholesterolemia and a higher proportion of
smokers (13). In our study, the patients with NSAT were
older, a higher proportion was female, a higher proportion
had a history of hypertension, and they had higher
CHA,DS,-VASc scores and LA index values, which are
factors known to be associated with AF (14,15). Similarly,
patients without NSAT included a higher proportion
of smokers, which is associated with atherosclerosis.
Moreover, the logistic regression model showed that NSAT
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was positively associated with embolic features, while a
history of coronary artery disease was negatively associated
with NSAT, although this was not statistically significant.
Patients with acute ischemic stroke and NSAT were
likely to share the risk factors for AF rather than those for
atherosclerosis.

About one-third of ischemic strokes are classified as
cryptogenic strokes, and covert AF is often suspected as the
cause. Since patients with a definite cardioembolic source
such as AF were excluded from our study population,
we could find a higher proportion of embolic stroke in
patients with NSAT. Furthermore, patients with NSAT
were classified as cryptogenic more often and as small vessel
occlusion less often according to the TOAST classification
compared with those without NSAT. Additionally, although
there was no difference in the proportion of patients
classified as LAA between patients with and without NSAT;
analysis of radiographic images showed that the patients
with NSAT had significantly more isolated arterial cut-
off signs or recanalization without atherosclerosis in other
vessels. This could mean that LAA with isolated cut-off
and recanalization without any residual stenosis could be
caused by cardiac embolism rather than atherosclerosis,
despite being classified as LAA according to the TOAST
classification. These features suggest that a significant
proportion of patients with acute ischemic stroke and
NSAT might have a cardiogenic mechanism though they
were classified as having LAA or cryptogenic stroke.

The mechanism of embolic stroke in patients with
NSAT is unclear. Frequent APB represents a proarrhythmic
tendency and could be the precursor or the first
manifestation of subclinical AF (16-19). The number of
APB on a routine 24-hour Holter EKG was shown to be
a strong predictor of subclinical AF in a subgroup analysis
of the EMBRACE trial (5). In a study with a large and
demographically diverse sample of patients, paroxysmal
supraventricular tachycardia was associated with ischemic
stroke and may account for the rationale behind some
proportion of cryptogenic stroke (20). Moreover, extended-
duration monitoring or long-term EKG monitoring tools
such as inpatient cardiac telemetry or implantable loop
recorders have increased the detection of AF in cryptogenic
stroke patients (21). Our study showed that patients
with NSAT had higher CHA,DS,-VASc scores and LA
index values with a higher proportion of patients with
cryptogenic stroke. Subgroup analysis with NSAT patients
with and without an embolic feature showed no significant
differences in the total APB or longest run of APB between
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the two groups. Therefore, NSAT may be a marker of
covert AF not detected in a particular Holter monitoring
rather than being a direct cause of clot formation. Further
study using extended cardiac monitoring to detect AF in
patients with NSAT is necessary to prove the role of NSAT
in ischemic stroke.

Our study has several limitations. First, there may be
selection bias because not all the acute ischemic patients
underwent 24-hour Holter monitoring due to various
reasons such as cost and low probability of a cardiogenic
cause, and we obtained data from a single center. However,
because we included numerous consecutive patients, we
expect the selection bias to be diluted. Second, some
patients with definite cardioembolic causes might be
included in the study since not all the patients underwent
transesophageal echocardiography. However, we expect
that number of patients to be small because most patients
with a suspicion of cardioembolic stroke routinely undergo
transesophageal echocardiography in our clinical setting.
Third, our study was retrospective in nature. Although
prospective population-based studies have not been
conducted, we believe our study might provide preliminary
insights into the role of NSAT in patients with ischemic
stroke.

Conclusions

In conclusion, NSAT was significantly associated with
embolic patterns in acute ischemic stroke patients.
Moreover, NSAT was an independent risk factor for
embolic stroke. The patients with NSAT shared the risk
factors of AF rather than those of atherosclerosis. This
could mean that NSAT could be a predisposing event of AF.
Prolonged EKG monitoring could potentially offer more
opportunities to detect AF and, eventually, a chance to
identify modifiable risk factors for recurrent stroke.
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Supplementary

Table S1 Comparison of imaging features between patients with and without nonsustained atrial tachycardia by TOAST classification (LAA and
cryptogenic)

LAA (n=259) Cryptogenic (n=154)
Variables
NSAT (n=90)  Non-NSAT (n=169) P"  NSAT (n=78)  Non-NSAT (n=76) P
Any embolic feature 21 [23] 23 [13] 0.047 44 [58] 38 [49] 0.25
Simultaneous acute lesions in multiple arterial 0[0] 1[1] >0.99 29 [38] 23 [29] 0.26
territories
Isolated acute cortical lesions 0 [0] 0[0] - 13[17] 10[13] 0.46
Angiographic evidence of cut-off sign or 21 [23] 22 [13] 0.03 23] 5[6] 0.44

recanalization

T, Chi square test or Fisher’s exact test were used. LAA, large artery atherosclerosis; cryptogenic, undetermined-more than two causes or
undetermined-negative; other, other determined etiologies; NSAT, nonsustained atrial tachycardia.

Table S2 Clinical characteristics and laboratory findings between patients with and without imaging findings suggestive of cerebral embolism in
acute ischemic stroke patients with nonsustained atrial tachycardia

Variables All (n=243) Embolic (n=66) Non-embolic (n=177) P

Age, year 7111 72+10 7111 0.65
Female sex, n [%] 103 25 [38] 78 [44] 0.39
Hypertension, n [%] 164 48 [73] 116 [66] 0.29
Diabetes mellitus, n [%] 84 19 [29] 65 [37] 0.25
Coronary artery disease, n [%] 22 4 [6] 18 [10] 0.32
Dyslipidemia, n [%)] 136 33 [50] 103 [58] 0.25
Prior history of TIA/stroke, n [%] 35 9 [14] 26 [15] 0.84
Current smoker, n [%] 91 27 [41] 64 [36] 0.50
Initial NIHSS score 2 [1-5] 3[1-9] 2 [1-4] 0.002
CHA,DS,-VASc 3 [2-4] 3[2-4] 3 [2-4] 0.88
LV EF, % 67 [62-71] 67 [63-71] 67 [62-72] 0.90
LA index, mL/m’ 27 [22-34] 27 [23-35] 27 [22-34] 0.83
Total APB, n 12 [5-24] 15 [6-23] 10 [5-26] 0.44
Longest run of APB, n 5 [3-9] 5[3-9] 5 [3-8] 0.46
D-dimer, mcg/mL 0.57 [0.26-1.29] 0.71[0.46-2.06] 0.56 [0.25-1.16] 0.18
Total cholesterol, mg/dL 175+41 169+37 177+42 0.18
LDL-cholesterol, mg/dL 118+33 112+29 120+35 0.11
HDL-cholesterol, mg/dL 44+12 45+14 44+11 0.36
Triglyceride, mg/dL 102 [76-136] 91 [77-123] 106 [76-140] 0.16

TIA, transient ischemic attack; NIHSS, National Institutes of Health Stroke Scale; CHA,DS,-VASc, congestive heart failure, hypertension,
age =75 years, diabetes, prior stroke or TIA, vascular disease, age 65-74 years, sex; LV EF, left ventricular ejection fraction; LA, left atrium;
APB, atrial premature beat; LDL, low-density lipoprotein; HDL, high-density lipoprotein.
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