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Case Report
Ischemic stroke resulting from isolated left atrial  
fibrosis independent of atrial fibrillation: a case  
report with review of the literature
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Abstract: Objective: To investigate the underlying mechanism of unexplained ischemic stroke in a 29-year-old male 
patient without atrial fibrillation (AF). Methods: Clinical data including surface 12 leads electrocardiogram (ECG), 
24 hours Holter recording, cranial MRI and transthoracic echocardiography (TTE) were analyzed, meanwhile, elec-
trophysiology study (EPs) was performed by means of detailed voltage mapping of left and right atrium. Results: 
Surface ECG manifested embryonic P wave in 12 leads, multiple Holter recordings revealed arrhythmia of atrial 
premature contractions (APCs) and short run of atrial tachycardia (AT) without AF, voltage mapping demonstrated 
diffuse and massive low-voltage areas within left atrium, however, right atrium presented normal voltage mapping, 
which suggested isolated left atrial fibrosis or standstill contributing to the occurrence of ischemic stroke. The 
patient received anticoagulation with dabigatran and no stroke recurred during 3 years of follow-up. Conclusion: 
Mechanical dysfunction of left atrium could lead to ischemic stroke even in the absence of AF, and patient with left 
atrial standstill need long term anticoagulation. 
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Introduction

Atrial fibrillation is one of the most common 
arrhythmias in clinical practice, which could 
result in ischemic stroke and heart failure. The 
ischemic stroke risk of AF patients is 5 times 
greater than those with sinus rhythm [1]. 
CHA2DS2-VASC score had been proved as a reli-
able method for risk stratification and recom-
mended as guideline for directing anticoagula-
tion therapy in non-valvular AF patients by many 
cardiovascular societies [2]. However, some-
times CHA2DS2-VASC score is not an absolute 
gold standard for predicting future risk of isch-
emic stroke, especially for low or intermediate 
risk patients [3], which implied that some other 
factors may contribute to the pathogenesis of 
ischemic stroke.

Case report

A 29-year-old male patient was referred to our 
hospital with unexplained ischemic stroke for 5 
months, who suffered sudden onset of right 

limbs weakness, speech difficulties with tem-
poral blindness in Jan 2016. MRI scan con-
firmed left cerebral infarction with cortex 
involvement, and the characteristics of MRI 
imaging and clinical manifestation supported 
the cardioembolic stroke. In the past 6 years, 
he complained of paroxysmal palpitation and 
multiple 24-hour ambulatory ECG recordings 
just revealed APCs and short runs of AT without 
atrial fibrillation. He denied history of hyperten-
sion, diabetes mellitus, hyperthyroidism, car-
diomyopathy and alcohol abuse. In particular, 
the patient experienced intermittent fever dur-
ing childhood without definite etiology. 

12 leads surface ECG revealed sinus rhythm 
with small or embryonic P wave in limb and pre-
cordial leads (Figure 1). Holter recording (Figure 
2) showed frequent APCs and 20 episodes of 
short runs of AT without AF, positive P wave of 
APCs in lead V1 suggesting left atrial origin. 
Transthoracic echocardiography (TTE) revealed 
left atrium enlargement (42 mm, anteroposte-
rior diameter) with normal left ventricular func-
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tion (LVEF 64%). There was no thrombus and 
spontaneous contrast phenomenon detected 
by transesophageal echocardiography (TTE), 
meanwhile, there was no atherosclerosis 
plaque in carotid artery observed by echo. No 
significant findings were revealed by laboratory 
test, including negative of extractable nu- 
clear antigen (ENA), antinuclear antibody, 
β2-glycoprotein and anticardiolipin antibody. 
Homocysteine was in normal range (15.4 
umol/L). MRI scan showed left occipital lobe 
infarction with cortex involvement (Figure 3).

After obtaining informed consent, intracardiac 
electrocardiogram were recorded using an 
electrophysiology system (Prucka CardioLabTM 
General Electric Health Care system). One 
decapolar mapping catheter (Biosense We- 
bster, Diamond Bar, CA) was positioned in the 
coronary sinus (CS) through the right jugular 
vein access using the standard Brockenbrough 
technique [4], atrial transseptal puncture  
was performed under fluoroscopic guidance, 
L1-type Swartz sheath (St Jude Medical, 
Minneapolis, MN) was transseptally introduced 
into left atrium via right femoral vein, and intra-
venous unfractionated heparin 5000u was 
administrated immediately after atrial trans-
septal puncture. Selective pulmonary vein 
venography was performed to identify all PV 
ostia; one decapolar circular mapping catheter 
(Lasso Biosense Webster) was advanced to 
reconstruct LA geometry and perform voltage 
mapping. Low voltage and normal voltage were 
defined as potential less than 0.1 mv and great-

er than 0.5 mv respectively. The mapping result 
revealed that there was massive and extensive 
area of low-voltage within LA including left atrial 
appendage, and mapping catheter in coronary 
sinus could simultaneously record distinctive 
atrial potential, which suggested epicardial atri-
um of LA may not be affected by fibrosis (Figure 
4A, 4B). only the septal portion connecting with 
right atrium and small spots of roof adjacent to 
left super pulmonary vein (LSPV) remained 
intact voltage (Figure 4C), however, right atrium 
was not affected and manifested as normal 
voltage (Figure 5A-C). The EP findings support-
ed the diagnosis of isolated left atrial standstill, 
which was the underlying mechanism of embry-
onic P wave of surface ECG. Even most of endo-
cardial LA exhibited low voltage, and the decap-
olar mapping catheter in the CS still recorded 
distinct atrial potential, which suggested LA 
epicardial may have some intact myocardium.

It was believed that isolated left atrial standstill 
could play an important role in thrombus forma-
tion due to its mechanical dysfunction, conse-
quently, the patient received long-term antico-
agulation therapy shifting from warfarin to 
dabigatran with the dosage of 150 mg twice 
daily. During 2 years’ follow-up, no thromboem-
bolic events recurred.

Discussion

Cardioembolic stroke is the highest risk of mor-
tality and poor functional outcome in all sub-
types of ischemic stroke; in clinical practice, 

Figure 1. 12 leads surface ECG. ECG exhibited tiny or embryonic P wave (black arrow indicated) in limb and precor-
dial leads.
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Figure 2. Short run of atrial tachycardia. Holter recording revealed short run of atrial tachycardia (black arrow indi-
cated the minimal P wave of atrial tachycardia in lead V1, the upright P wave suggested left atrium origin).

nearly 30% ischemic stroke has not been iden-
tified the cause and known as cryptogenic 
stroke or ESUS (embolic stroke of undeter-
mined source) [5]. The MRI characteristics of 
this subtype stroke was affecting the territory 
of major branches or distal end vessels of the 
cerebral artery tree [6]. The cerebral MRI scan 
of the patient in this report manifested same 
features and firstly diagnosed as cryptogenic 
stroke. There are several mechanisms respon-

sible for cryptogenic stroke, including occult 
paroxysmal atrial fibrillation, patent foramen 
ovale, hypercoagulability, and substenotic ath-
erosclerosis [7]. However, a series of clinical 
examination had ruled out these possibilities.

Many clinical studies have strongly supported 
the close relationship between AF and ischemic 
stroke [8], and some researches demonstrated 
that long-term ECG monitoring could increase 
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Figure 3. Cranial MRI scan. Left occipital lobe infarc-
tion (black arrow showed gray area) with cortex in-
volvement.

detection of AF after cryptogenic stroke [9]. 
However, ASSERT and TRENDS study did not 
prove constant temporal association between 
AF and stroke [10, 11], and only 25% patients 
have AF episodes in the 30 days prior to embol-
ic events, which suggested that AF may not be 
the direct etiology of stroke in most patients. In 
our study, several 24-hour ECG recordings of 
this patient had not detected AF, which further 
confirmed this hypothesis.

Recent data suggest that the pathological atri-
al substrate, or atrial cardiopathy, that under-
lies AF, rather than atrial fibrillation itself, may 
be an important cause of unexplained strokes 
[12]. Cardiac emboli may occur temporally dis-
associated from episodes of AF, while biomark-
ers of left atrial structural and electrophysiolog-
ical abnormalities have been associated with 
stroke risk, even in the absence of AF. In our 
case, the specific characteristic of ECG was 
embryonic P wave which suggested diseased 
atrium, and the intracardiac mapping finally 
demonstrated isolated left atrial standstill 
attributed to the pathogenesis of abnormal P 
wave. Recently, Bayés syndrome [13] was intro-
duced into clinical practice, which manifested 
as prolonged P wave duration > 120 ms with 
biphasic morphology in the inferior leads, and 
closely associated with cardioembolic stroke 
due to left atrial electromechanical dysfunc-
tion. Benito [14] had proved severe atrial fibro-
sis in patients with Bayés syndrome. Therefore, 
embryonic or prolonged P wave could be used 

as a non-invasive marker of fibrosis. It was sug-
gested that relying on surface ECG to detect AF 
could underestimate atrial disease or dysfunc-
tion and perhaps the attributed embolic risk, 
and some data demonstrated electromechani-
cal dissociation between surface ECG and 
echocardiographic left atrial function. One 
study [15] showed that 6 out of 24 patients 
with a history of AF and recent stroke undergo-
ing transesophageal echocardiogram (TEE) had 
a LAA flow pattern of typical AF despite in sinus 
rhythm at the time of TEE.

Recent study [16, 17] showed that certain 
genetic mutation linked with AF was closely 
associated with ischemic stroke even before 
the evidence of AF. For example, single-nu- 
cleotide polymorphism (rs2200733 and 
rs10033464) is associated with increased risk 
of AF and ischemic stroke, especially those 
thought to be cardioembolic, even in those 
without detected AF. 

The term fibrotic atrial cardiomyopathy was 
originally proposed by Kottkamp [18] to 
describe a specific, primary form of atrium 
pathology, characterized by extensive fibrosis 
as the substrate of AF and thromboembolism. 
The absolute risk of stroke with AF is variable 
and derives from biological factors and comor-
bidities that promote thrombogenic substrate 
of AF, and atrial fibrosis could be the indepen-
dent risk factor of stroke in the absence of AF. 
It is hypothesized that AF and thromboembo-
lism may result from the same substrate: atrial 
fibrosis. In this case report, the patient had not 
been detected with AF by several Holter record-
ings. Even he suffered occult AF, the CHA2DS2-
VASC score was only 0 which suggested no indi-
cation for anticoagulation therapy based upon 
current guideline. CHA2DS2-VASC is a prediction 
model quantifying individual stroke risk, how-
ever, our case indicated that this method was 
not reliable for stroke classification in moder-
ate risk young patients with atrial fibrosis.

Atrial fibrosis could be assessed by delayed-
enhancement MRI. Some study had shown that 
patients who had experienced a prior stroke 
had a significantly higher percentage of LA 
fibrosis than those without stroke, and the inci-
dence rate of stroke was positively correlated 
with stage of left atrial fibrosis [19]. Some study 
revealed that the severity of LA fibrosis was 
associated with LAA flow pattern, and sponta-
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Figure 4. Voltage mapping of left atrium (LA). A: Decapolar circular catheter could only record minimal potentials (white arrow indicating intracardiac potential) in 
the roof of LA, mapping catheter in coronary sinus could simultaneously record normal atrial potential (yellow arrow). B: In PA projection, voltage mapping indicated 
extensive low voltage area (red color area represented local voltage less than 0.1 mv indicating scar or fibrosis, green color indicated voltage between 0.1-0.5 mv 
indicating partial fibrosis, purple color area represented local voltage greater than 0.5 mv indicating normal tissue). C: In AP projection, only the septal portion con-
necting with right atrium and small spots of roof adjacent to LSPV exhibited intact voltage.PA: Posteroanterior AP: Anteroposterior. LSPV: left superior pulmonary 
vein; LIPV: left inferior pulmonary vein; RSPV: right superior pulmonary vein; RIPV: right inferior pulmonary vein. 
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Figure 5. Voltage mapping of right atrium (RA). A: Decapolar circular catheter could record normal potentials (white arrow) in RA. B: In LAO projection, mapping indi-
cated normal voltage in RA (purple color area represented local voltage greater than 0.5 mv) except SVC (red color indicated the position of superior vena cava) and 
IVC. C: The combination of LA and RA voltage mapping in LAO projection. SVC: superior vena cava; IVC: inferior vena cava. LAO: left anterior oblique.
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neous contrast and LAA thrombus were linked 
with more pronounced LA fibrosis on TEE exam-
ination [20]. These findings confirmed that LA 
fibrosis could be a variable of structural atrial 
remodeling and a useful tool for clinicians to 
use in conjunction with the CHA2DS2-VASC index 
for anticoagulation risk stratification, and LA 
substrate analysis could be used in addition to 
standard clinical variables. 

Lee [21] reported that a young male patient 
suffered cerebral infarction with left atrium 
standstill without evidence of AF, which was 
similar to our case. Atrial standstill was charac-
terized by the absence of electrical and 
mechanical activity, and this patient manifest-
ed as single left atrium involvement and normal 
right atrium known as partial atrial standstill. 
The underlying mechanism of left atrial stand-
still could be related to specific atrial inflamma-
tion linked with recurrent fever during his 
childhood.

Left atrial fibrosis could be an independent risk 
factor for cardioembolic stroke in the absence 
of AF. Patients with severe left atrial fibrosis 
should be anticoagulated despite of atrial 
fibrillation. 

Acknowledgements

This project was supported by the PLA’s Special 
Research Project on Health Care (17BJZ08).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Xiangmin Shi, 
Department of Cardiology of The First Medical 
Center, The General Hospital of PLA, 28 Fuxing 
Road, Haidian District, Beijing, China. Tel: +86-010-
55499337; Fax: +86-010-55499209; E-mail: xiang-
mingshi1@126.com

References

[1] Freedman B, Potpara TS and Lip GY. Stroke 
prevention in atrial fibrillation. Lancet 2016; 
388: 806-817.

[2] Kaplan RM, Koehler J, Ziegler PD, Sarkar S, 
Zweibel S and Passman RS. Stroke risk as a 
function of atrial fibrillation duration and 
CHA(2)DS(2)-VASc score. Circulation 2019; 
140: 1639-1646.

[3] Fang MC, Go AS, Chang Y, Borowsky L, Pomer-
nacki NK and Singer DE. Comparison of risk 

stratification schemes to predict thromboem-
bolism in people with nonvalvular atrial fibrilla-
tion. J Am Coll Cardiol 2008; 51: 810-815.

[4] De Ponti R, Cappato R, Curnis A, Della Bella P, 
Padeletti L, Raviele A, Santini M and Salerno-
Uriarte JA. Trans-septal catheterization in the 
electrophysiology laboratory: data from a mul-
ticenter survey spanning 12 years. J Am Coll 
Cardiol 2006; 47: 1037-1042.

[5] Yaghi S, Kamel H and Elkind MSV. Atrial cardi-
opathy: a mechanism of cryptogenic stroke. 
Expert Rev Cardiovasc Ther 2017; 15: 591-
599.

[6] Kamel H and Healey JS. Cardioembolic stroke. 
Circ Res 2017; 120: 514-526.

[7] Yaghi S, Bernstein RA, Passman R, Okin PM 
and Furie KL. Cryptogenic stroke: research and 
practice. Circ Res 2017; 120: 527-540.

[8] Li YG, Bisson A, Bodin A, Herbert J, Grammati-
co-Guillon L, Joung B, Wang YT, Lip GYH and 
Fauchier L. C(2) HEST score and prediction of 
incident atrial fibrillation in poststroke pa-
tients: a french nationwide study. J Am Heart 
Assoc 2019; 8: e012546.

[9] Edwards SJ, Wakefield V, Jhita T, Kew K, Cain P 
and Marceniuk G. Implantable cardiac moni-
tors to detect atrial fibrillation after cryptogenic 
stroke: a systematic review and economic eval-
uation. Health Technol Assess 2020; 24: 
1-184.

[10] Brambatti M, Connolly SJ, Gold MR, Morillo CA, 
Capucci A, Muto C, Lau CP, Van Gelder IC, 
Hohnloser SH, Carlson M, Fain E, Nakamya J, 
Mairesse GH, Halytska M, Deng WQ, Israel CW 
and Healey JS. Temporal relationship between 
subclinical atrial fibrillation and embolic 
events. Circulation 2014; 129: 2094-2099.

[11] Daoud EG, Glotzer TV, Wyse DG, Ezekowitz MD, 
Hilker C, Koehler J and Ziegler PD. Temporal 
relationship of atrial tachyarrhythmias, cere-
brovascular events, and systemic emboli ba- 
sed on stored device data: a subgroup analysis 
of TRENDS. Heart Rhythm 2011; 8: 1416-
1423.

[12] Yaghi S, Boehme AK, Hazan R, Hod EA, Canaan 
A, Andrews HF, Kamel H, Marshall RS and El-
kind MS. Atrial cardiopathy and cryptogenic 
stroke: a cross-sectional pilot study. J Stroke 
Cerebrovasc Dis 2016; 25: 110-114.

[13] Bacharova L and Wagner GS. The time for 
naming the interatrial block syndrome: bayes 
syndrome. J Electrocardiol 2015; 48: 133-134.

[14] Benito EM, De Luna AB, Baranchuk A and Mont 
L. Extensive atrial fibrosis assessed by late 
gadolinium enhancement cardiovascular mag-
netic resonance associated with advanced in-
teratrial block electrocardiogram pattern. Euro-
pace 2017; 19: 377.

[15] Bellotti P, Spirito P, Lupi G and Vecchio C. Left 
atrial appendage function assessed by trans-

mailto:xiangmingshi1@126.com
mailto:xiangmingshi1@126.com


Stroke associated with left atrial standstill

765 Int J Clin Exp Med 2021;14(1):758-765

esophageal echocardiography before and on 
the day after elective cardioversion for nonval-
vular atrial fibrillation. Am J Cardiol 1998; 81: 
1199-1202.

[16] Henningsen KM, Olesen MS, Haunsoe S and 
Svendsen JH. Association of rs2200733 at 
4q25 with early onset of lone atrial fibrillation 
in young patients. Scand Cardiovasc J 2011; 
45: 324-326.

[17] Gretarsdottir S, Thorleifsson G, Manolescu A, 
Styrkarsdottir U, Helgadottir A, Gschwendtner 
A, Kostulas K, Kuhlenbäumer G, Bevan S, Jon-
sdottir T, Bjarnason H, Saemundsdottir J, Pals-
son S, Arnar DO, Holm H, Thorgeirsson G, 
Valdimarsson EM, Sveinbjörnsdottir S, Gieger 
C, Berger K, Wichmann HE, Hillert J, Markus H, 
Gulcher JR, Ringelstein EB, Kong A, Dichgans 
M, Gudbjartsson DF, Thorsteinsdottir U and 
Stefansson K. Risk variants for atrial fibrillation 
on chromosome 4q25 associate with ischemic 
stroke. Ann Neurol 2008; 64: 402-409.

[18] Kottkamp H and Schreiber D. The substrate in 
“early persistent” atrial fibrillation: arrhythmia 
induced, risk factor induced, or from a specific 
fibrotic atrial cardiomyopathy? JACC Clin Elec-
trophysiol 2016; 2: 140-142.

[19] Kis Z, Hendriks AA, Muka T, Bramer WM, Ko-
vacs I and Szili-Torok T. The role of atrial fibro-
sis detected by delayed - enhancement MRI in 
atrial fibrillation ablation. Curr Med Imaging 
Rev 2020; 16: 135-144.

[20] Wang F, Zhu M, Wang X, Zhang W, Su Y, Lu Y, 
Pan X, Gao D, Zhang X, Chen W, Xu Y, Sun Y 
and Xu D. Predictive value of left atrial append-
age lobes on left atrial thrombus or spontane-
ous echo contrast in patients with non-valvular 
atrial fibrillation. BMC Cardiovasc Disord 2018; 
18: 153.

[21] Lee GH, Kim DK, Song YJ, Yang JI, Shin HC, Ong 
S and Lee HY. Stroke in a young individual with 
left ventricular noncompaction and left atrium 
standstill. Korean Circ J 2015; 45: 432-438.


