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Background: The latest evidence shows the association of atrial cardiopathy with embolic strokes of 
undetermined source. Advanced interatrial block (aIAB) is an electrophysiological mark of atrial cardiopathy. 
This study investigated the relationship between aIAB and the burden of silent cerebral small vessel diseases 
(SVD) on magnetic resonance imaging in the absence of atrial fibrillation (AF) and atrial flutter. 
Methods: This cross-sectional study included 499 patients with normal left ventricular ejection fraction 
(LVEF), who were free of AF, atrial flutter, stroke, and acute coronary syndrome in our hospital. aIAB was 
ascertained by digital electrocardiograms. Left atrial diameter, LVEF, and left ventricular posterior wall 
thickness (LVPWT) were measured on echocardiograms. Based on the presence of 4 manifestations of SVD, 
including white matter hyperintensity (WMH), lacunes, microbleeds, and enlarged perivascular spaces 
(EPVS) on magnetic resonance imaging, an ordinal SVD score (range, 0–4) was devised to reflect the total 
burden of cerebral SVD. The ordinal regression model was used to explore the association of aIAB with 
SVD burden after adjusting for confounding factors.
Results: The mean age was 67.7 years, and 327 (65.5%) were male. A total of 23 (4.6%) patients had 
aIAB. The number of patients with cerebral SVD scores of 0, 1, 2, 3, and 4 was 92 (18.4%), 122 (24.4%), 
190 (38.1%), 83 (16.6%), and 12 (2.4%), respectively. After adjusting for age, sex, hypertension, diabetes, 
hyperlipidemia, left atrial diameter, LVEF, and LVPWT, the regression model showed a significant 
association of aIAB with cerebral SVD score (OR =2.408, 95% CI, 1.082–5.366). 
Conclusions: Atrial cardiopathy indexed by aIAB was independently associated with a high burden of 
SVD in the brain. 
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Introduction

Advanced intera tr ia l  b lock  (aIAB)  indicates  the 
complete block of electrical stimulus conduction in the 
Bachmann’s bundle region between the two atria (1). 
On electrocardiogram (ECG), aIAB is conveniently 
diagnosed by a P-wave duration >120 ms, and a biphasic 
morphology of the P-wave in leads III, and aVF with 
biphasic morphology or notched morphology in lead  
II (2). Previous studies observed the association of aIAB 
with atrial remodeling [e.g., left atrium enlargement (LAE), 
atrial fibrosis, poor contractility] (3-5), and aIAB is thus 
recognized as a marker of atrial cardiopathy. In the general 
population, subjects with aIAB are more likely to develop 
atrial fibrillation (AF) compared with those without aIAB 
(incidence rate of AF: 29.8 vs. 6.8 per 1,000 person-years 
over a mean follow-up of 18.6 years, respectively) (6). 
In addition, O’Neal et al. found that aIAB is associated 
with incident ischemic stroke independent of AF over a 
follow-up of 22 years (7). Left atrial thrombosis may be 
one of the mechanisms explaining this phenomenon, and 
anticoagulation therapy among those with aIAB is under 
consideration but needs further investigation (8-10). 
Thus, aIAB may represent an early electrophysiological 
abnormality indicating prothrombotic remodeling of the 
left atrium (LA) (7). 

Silent cerebral small vessel disease (SVD) refers to a 
group of pathological processes affecting the small arteries, 
arterioles, venules, and capillaries of the brain, which usually 
result in silent cerebral parenchyma damage detectable by 
magnetic resonance imaging (MRI), manifesting as white 
matter hyperintensity (WMH), enlarged perivascular spaces 
(EPVS), lacunes, and cerebral microbleeds (CMBs) (11).  
Hypoperfusion, blood-brain barrier alterations, dysfunction 
of the cerebral blood flow autoregulation, edema, 
apoptosis, inflammation, and genetic factors are presumed 
to contribute to the so-called ischemic forms of SVD 
(e.g., WMH), but this view is still controversial (11-13). A 
previous study showed that greater LA volumes and reduced 
LA reservoir function were associated with lacunes and 
WMH, indicating the link between atrial dysfunction and 
SVD in the brain (14). However, aIAB is a separate entity 
from LA enlargement (4), and it remains unknown whether 
aIAB is associated with cerebral SVD. 

In this study, we constructed an ordinal SVD score 
(range, 0–4) to reflect the burden of cerebral SVD, based 
on the presence of 4 manifestations of SVD (WMH, 
EPVS, lacunes, CMBs) on MRI. The association of aIAB 

with SVD burden was investigated in subjects with normal 
left ventricular ejection fraction (LVEF), who were free 
of AF, atrial flutter, stroke, and acute coronary syndrome, 
after adjusting for confounding factors [e.g., LA diameter 
(LAD), LVEF, and left ventricular posterior wall thickness 
(LVPWT)].

Methods

Subjects

We recruited consecutive stroke/acute coronary syndrome-
free subjects at the outpatient clinic of the Department 
of Geriatrics, the First Affiliated Hospital of Nanjing 
Medical University, between 2015 and 2016. These 
subjects were community citizens coming to our hospital 
for a health check-up. Resting digital electrocardiogram 
(ECG), echocardiography, and MRI were performed for 
all the patients. We excluded those with AF and atrial 
flutter. AF and atrial flutter were ascertained by ECG 
when recruited or from previous records of ECG (ECGs 
were performed annually for these health examination 
patients, and whenever they were previously hospitalized). 
Also, we only included patients with LVEF over 50% (15). 
Ethics approval was obtained from the Nanjing Medical 
University, and written informed consent was obtained from 
each participant. All methods were performed following 
the relevant guidelines and regulations (the Declaration of 
Helsinki and the Nanjing Medical University policies).

Demography and vascular risk factors

We collected data on basic demography (age and sex) 
and vascular risk factors. Hypertension was defined as 
systolic blood pressure >140 mmHg and/or diastolic blood 
pressure >90 mmHg, a history of hypertension, or use of 
antihypertensive medication. Diabetes mellitus (DM) was 
defined as fasting serum glucose ≥7.0 mmol/L, postprandial 
serum glucose ≥11.1 mmol/L, or the use of hypoglycemic 
agents or insulin. Hyperlipidemia was defined as a total 
cholesterol level of ≥5.2 mmol/L, a low-density lipoprotein 
cholesterol level of ≥2.6 mmol/L, a triglyceride level of 
≥1.70 mmol/L, or the use of lipid-lowering drugs. 

ECG and echocardiography

Resting digital ECG was performed to detect aIAB, 
which was defined as a P-wave duration >120 ms and a 
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biphasic morphology of the P-wave in leads III and aVF 
with biphasic morphology or notched morphology in 
lead II (2). LAD, LVEF, and LVPWT were recorded on 
echocardiography (16). LAD measurement was performed 
during end ventricular systole. These data were rated 
by a cardiologist blinded to the clinical information of 
participants. 

Neuroimaging examinations of SVD

Brain MRI (3.0 Tesla, TIM Trio, Simens, Erlangen, 
Germany) was performed to detect SVD. All patients 
received T1-weighted imaging, T2-weighted imaging, 
f luid-attenuated inversion recovery (FLAIR), and 
sensitivity-weighted imaging (SWI) using standard 
protocols. Deep and periventricular WMH were rated 
using the Fazekas scale from 0 to 3 on FLAIR images (17). 
Lacunes were identified as a round or ovoid hypointense 
lesions on FLAIR (with hyperintense rim) and T1-weighted 
images of between 3 and 15 mm in diameter (18). Cerebral 
microbleeds, defined as focal areas of a very low signal 
intensity of 10 mm maximum in diameter, were counted on 
SWI (19). EPVS was defined as small, sharply delineated 
structures of cerebrospinal fluid intensity on imaging that 
followed the orientation of the perforating vessels and ran 
perpendicular to the brain surface. They were of high signal 
on T2 and low signal on T1 and fluid-attenuated inversion 
recovery sequences (18). EPVS was rated in the basal 
ganglia and centrum semiovale separately, according to a 
previously validated semiquantitative scale (Grade 0–4) (20).  
EPVS was counted on one side of the brain that had more 
EPVS compared with the other side. All ratings were 
performed blind to patients’ clinical data. Both intrarater 
agreements and interrater agreements between 2 raters 
were good or excellent for rating these neuroimaging 
markers on 30 randomly selected patients (the intraclass 
correlation coefficient ranged from 0.81 to 0.99). The 
presence of lacunes or CMBs was defined as ≥1 lacune or ≥1 
CMBs, respectively. The presence of WMH was defined as 
either (early) confluent deep WMH (Fazekas score 2 or 3)  
or irregular periventricular WMH extending into the deep 
white matter (Fazekas score 3). The presence of EPVS 
was defined as a Grade 2–4 of EPVS (21). One point was 
awarded for each of the above 4 neuroimaging presences, 
constructing an ordinal score ranging from 0 to 4 to reflect 
the total burden of cerebral SVD (21). The EPVS in basal 
ganglia, rather than centrum semiovale, was involved in this 
SVD score because EPVS in basal ganglia are specifically 

associated with cerebral SVD (21,22). 

Statistics

Continuous and categorical variables were reported as 
means (standard deviations) and frequencies (percentages), 
respectively. Comparisons between groups were conducted 
using Student’s t-test, Mann-Whitney U test, Chi-square, 
or Fisher’s exact test, as appropriate. Ordinal regression was 
used to investigate the association of aIAB with the burden 
of cerebral SVD, adjusting for age, sex, hypertension, DM, 
hyperlipidemia, LAD, LVEF, and LVPWT. SPSS 22.0 was 
used for analysis, and α was set at 0.05 for all statistical 
analyses.

Results

A total of 499 patients were included in this study. The 
mean age was 67.7 years (SD 13.6), and 327 (65.5%) were 
male. aIAB were detected in 23 (4.6%) patients. WMH, 
EPVS in BG, EPVS in centrum semiovale, lacunes, and 
CMBs were present in 310 (62.1%), 334 (66.9%), 394 
(79.0%), 134 (26.9%), and 21 (4.2%) patients, respectively. 
The number of patients with a cerebral SVD score of 0, 1, 
2, 3, and 4 was 92 (18.4%), 122 (24.4%), 190 (38.1%), 83 
(16.6%), and 12 (2.4%), respectively.

Compared with subjects without aIAB (Table 1), those 
with aIAB had a larger LAD (38.3 vs. 35.1 mm, P=0.001), 
lower LVEF (63.1 vs. 65.1, P=0.007), and a higher incidence 
of WMH (82.6% vs. 61.1%, P=0.038). Chi-square also 
showed a significant association of aIAB with SVD total 
score (P=0.024; Table 1).

The association of aIAB with SVD burden is shown 
in Table 2. An ordinal regression model found that aIAB 
was associated with a high SVD score (OR =2.408, 95% 
CI, 1.082–5.366, P=0.031), after adjusting for age, sex, 
hypertension, diabetes, hyperlipidemia, LAD, LVEF, and 
LVPWT. In addition, age (OR =1.058, 95% CI, 1.044–
1.073, P<0.001), hypertension (OR =1.824, 95% CI, 1.250–
2.662, P=0.002), LVEF (OR =0.899, 95% CI, 0.856–0.946, 
P<0.001), and LVPWT (OR =1.363, 95% CI, 1.188–1.565, 
P<0.001) were all related to a high burden of cerebral SVD. 

Discussion

This cross-sectional study observed an association of aIAB 
with the total burden of SVD in the brain, independent 
of LAD, LVEF, LVPWT, and other possible confounding 
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Table 1 Characteristics of the patients with and without aIAB

Variables Patients with no aIAB (n=476) Patients with aIAB (n=23) P

Age 67.5±13.7 71.8±11.4 0.136

Male, n (%) 311 (65.3) 16 (69.6) 0.677

Hypertension, n (%) 326 (68.5) 12 (52.2) 0.102

Diabetes, n (%) 145 (30.5) 7 (30.4) 0.998

Hyperlipidemia, n (%) 385 (80.9) 20 (87.0) 0.467

LAD (mm) 35.1±4.7 38.3±4.4 0.001

LVEF 65.1%±3.5% 63.1%±2.7% 0.007

LVPWT (mm) 9.7±1.4 10.0±0.9 0.427

Presence of WMH, n (%) 291 (61.1) 19 (82.6) 0.038

Presence of EPVS in BG, n (%) 315 (66.2) 19 (82.6) 0.102

Presence of EPVS in CS, n (%) 375 (78.8) 19 (82.6) 0.798

Presence of lacunes, n (%) 124 (26.1) 10 (43.5) 0.065

Presence of CMBs, n (%) 20 (4.2) 1 (4.3) 0.973

SVD total score, n (%) 0.024

0 91 (19.1) 1 (4.3)

1 116 (24.4) 6 (26.1)

2 184 (38.7) 6 (26.1)

3 74 (15.5) 9 (39.1)

4 11 (2.3) 1 (4.3)

Continuous and categorical variables are presented as mean ± SD and percentages, respectively. aIAB, advanced interatrial block; BG, 
basal ganglia; CS, centrum semiovale; CMBs, cerebral microbleeds; EPVS, enlarged periventricular spaces; LAD, left atrial diameter; 
LVEF, left ventricular ejection fraction; LVPWT, left ventricular posterior wall thickness; SVD, small vessel diseases; WMH, white matter  
hyperintensities.

Table 2 Associations of aIAB with total SVD score in multivariate ordinal regression analysis

Variables OR (95% CI) P

Age 1.058 (1.044–1.073) <0.001

Male 0.748 (0.525–1.064) 0.106

Hypertension 1.824 (1.250–2.662) 0.002

Diabetes 1.156 (0.804–1.662) 0.433

Hyperlipidemia 1.358 (0.870–2.117) 0.178

LAD (mm) 0.980 (0.945–1.018) 0.306

LVEF 0.899 (0.856–0.946) <0.001

LVPWT (mm) 1.363 (1.188–1.565) <0.001

aIAB 2.408 (1.082–5.366) 0.031

aIAB, advanced interatrial block; SVD, small vessel diseases; LAD, left atrial diameter; LVEF, left ventricular ejection fraction; LVPWT, left 
ventricular posterior wall thickness.



589Quantitative Imaging in Medicine and Surgery, Vol 10, No 3 March 2020

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2020;10(3):585-591 | http://dx.doi.org/10.21037/qims.2020.02.02

factors. To the best of our knowledge, this is the first study 
to investigate the relationship between aIAB and cerebral 
SVD. 

aIAB is a blockade of the electrical impulse between 
the right and left atrium. It is easily recognized on resting 
ECG and is related to LAE, atrial fibrosis, poor atrial 
contractility, high incidence of AF, ischemic stroke, 
and all-cause mortality after ischemic stroke (3-7,23). 
Therefore, it is a marker of atrial cardiopathy, which 
is a term to describe structural or electrophysiological 
changes affecting the atria that potentially causes clinically 
relevant manifestations (24). aIAB is not uncommon in 
the general population (around 1%) (6), and several small 
studies reported a higher prevalence of aIAB in subjects 
with heart failure (10–23.5%) (1,25) or AF (39%) (26). In 
our study, the prevalence of aIAB was 4.6%, and patients 
with aIAB had a bigger LAD compared to patients without 
aIAB in univariable analysis (Table 1). aIAB, although often 
accompanied by LA enlargement, is indeed a separate 
entity from LA enlargement (4), and it may precede or 
occur without LA enlargement and atrial arrhythmia (9). 
The association of atrial cardiopathy indexed by aIAB with 
cerebral SVD burden in this study is independent of LAD, 
LVEF, and LVPWT, indicating that LA electrophysiological 
dysfunction is independent of these cardiac structural/
functional abnormalities in this cardiac-brain link.

Consistent with our study, a latest population-based 
study observed an association of atrial cardiopathy (defined 
as excessive supraventricular ectopy on 24-hour Holter 
ECG with WMH (27). The exact mechanism for the 
association of aIAB with cerebral SVD is unclear, but may 
be accounted for by the following phenomena: first, aIAB 
may represent a hypercoagulable and prothrombotic state of 
LA (7). Previous cohort studies observed the association of 
aIAB with an increased risk of ischemic stroke, independent 
of atrial arrhythmia (7,8). aIAB-induced electromechanical 
dysfunction leads to the sluggishly contractile left atrium, 
which may form a nidus for microthrombi (28), causing 
SVD in the brain (e.g., WMH and lacunes). Thus, 
prophylactic anticoagulation in aIAB without associated 
atrial tachyarrhythmias is under consideration (9), but it still 
needs further exploration in prospective studies, especially 
randomized controlled trials. Second, atrial cardiopathy 
reflected by aIAB may compromise the perfusion to the 
brain, causing cerebral SVD. A cross-sectional study found 
that reduced LA reservoir function was associated with 
a higher burden of WMH and silent brain infarcts in a 
stroke-free community-based cohort (14), suggesting the 

contribution of chronic cardiogenic hypoperfusion to SVD 
in the brain. Third, the relationship reported here might 
indicate the presence of shared risk factors between atrial 
cardiopathy and cerebral SVD, although the risk factors 
were adjusted.

This study has several strengths. First, we constructed an 
SVD score to represent the burden of cerebral SVD, which 
could better capture the overall effect of SVD than a single 
MRI manifestation of cerebral SVD. Second, the large 
sample size makes it possible to adjust for confounding 
factors, including LAD, LVEF, and LVPWT, which are 
structural or functional cardiac changes.

Our study also has limitations. First, participants did not 
undergo continuous heart-rhythm monitor to detect occult 
AF or atrial flutter, and we cannot exclude the possibility 
that subclinical AF mediated the association of aIAB with 
silent cerebral SVD. However, AF and atrial flutter were 
ascertained by ECG when recruited or from previous records 
of ECG. Participants in this study received 3–5 ECGs  
before they were recruited according to their medical 
records. Multiple ECG monitoring decreases the possibility 
of false-negative AF/atrial flutter. In addition, we reviewed 
the medical records of these 23 participants with aIAB and 
performed 24-hour Holter ECG monitor on those who 
had not undergone Holter monitoring previously. Among 
them, 10 had already undergone a 24-hour Holter ECG 
monitoring, 12 accepted the 24-hour Holter monitoring 
during the study, and 1 patient was lost to follow-up with no 
Holter monitoring available. Only 1 patient presented with 
paroxysmal AF among these 22 participants. The association 
of aIAB with silent SVD still held (data not shown) after 
excluding those 2 patients (1 AF patient and the 1 patient 
lost to follow-up now). This association would be expected 
to be more significant if occult AF carriers were also 
excluded among participants without aIAB, supposing AF 
was a confounding factor. Furthermore, even if undetected 
occult AF mediates some of the associations of aIAB with 
silent SVD, this finding on standard ECG screening 
is easier and more cost-effective than the continuous 
heart-rhythm monitor. Nevertheless, future studies with 
continuous heart-rhythm monitoring are needed. Our 
second limitation is the observational cross-sectional design 
of this study, which cannot confirm a causal effect between 
atrial cardiopathy and cerebral SVD. Third, despite several 
“events” (the presence of SVD manifestations on MRI), 
there are still few patients with aIAB. Overadjustment may 
be a concern in the statistical analysis. Fourth, the older age 
in this study limited its generalizability to all populations. 
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In conclusion, this cross-sectional study demonstrated 
an association of aIAB with a high burden of cerebral SVD. 
aIAB might help to improve risk stratification of individuals 
at an elevated risk of subclinical cerebrovascular diseases. 
Prospective studies with larger sample sizes are needed to 
explore the mechanisms behind this.
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