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Introduction

Atrial fibrillation (AF) is one of the most prevalent 
arrhythmias and most common causes of cardiogenic 
thromboembolism including stroke/transient ischemic 
attack (TIA) (1-4). 

In AF patients, left atrial appendage (LAA) is the major 
source of thrombi causing stroke/TIA. To prevent thrombi 
from developing in the LAA, anticoagulation therapy is 

initiated in thromboembolism high-risk AF patients (5,6). 
The CHA2DS2-VASc score (congestive heart failure, 
hypertension, age ≥75 years, diabetes mellitus, prior stroke or 
TIA to thromboembolism, vascular disease, age 65–74 years, 
and sex category) is an effective evaluation method relevant 
to the risk of stroke and widely used for clinical decision-
making regarding whether or not anticoagulation therapy 
should be initiated (7). While the CHA2DS2-VASc score is 
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practical and useful, evaluating the LAA morphologically 
and hydrodynamically can also be useful, representing 
another aspect of the CHA2DS2-VASc score. Occlusion 
of the LAA as the source of thrombi has recently been 
highlighted as an effective approach for preventing stroke 
in AF patients (8-11). Although the LAA is involved in 
thrombus formation in AF patients, a practical method for 
evaluating the state of the LAA has yet to be developed. 

In previous studies, many factors of the LAA are 
investigated: the morphology, size, volume, orifice area, 
and velocity to the LAA (12-16). A number of techniques 
for evaluating the LAA have also been examined, and 
transesophageal echocardiography is traditionally used to 
clarify the kinetic hemodynamics (17-20), with computed 
tomography (CT) has been recently used to clarify the 
static hemodynamics (20-22). Defects in medium contrast 
in the LAA have been detected in some AF patients and was 
regarded as an indicator of LAA thrombus (20,23,24). 

In the present study, we assessed the hypothesis that 
contrast medium defects seen only in the early phase with 
none in the late phase demonstrated congestion of the 
blood flow to the LAA but not thrombus, thereby creating 
a high risk of thromboembolism. We studied the medium 
contrast enhancement patterns in the LAA by CT to 
identify different LAA blood flow patterns and tried to 
correlate the different patterns with the patient history of 
cardiogenic stroke. 

Methods

Patients

The patient population in this study consisted of 147 
consecutive patients with chronic AF planning to undergo 
cardiac surgery or catheter ablation in two institutions 
(Tsukuba Memorial Hospital,  Tsukuba, Japan). In 
preparation for these procedures, CT was performed not 
explicitly for this study. The CHADS2 and CHA2DS2-
VASc score of each patient was evaluated when the CT 
was performed, so the surgery or ablation had no influence 
on this study. In addition, only the factor of stroke/TIA 
history was evaluated before the last occurrence of stroke/
TIA history. If recurrent stroke happened, then two points 
were added for a “history of stroke”. It is because the factor 
whether the history of stroke/TIA exists is the criteria of 
dividing the patients into the two groups of “No stroke” and 
“Prior stroke”. This method is previously reported in the 
paper about LAA evaluation (12). The LAA enhancement 

pattern on CT was then classified into three different 
categories of risk (as discussed later). 

CT

Contrast-enhanced cardiac CT was performed with a 
64-slice CT scanner (Aquilion CXL, Toshiba Medical 
Systems, Tochigi, Japan) with a standardized protocol, as 
previously reported (23,25). The same protocol was used 
for both patients with AF and those with sinus rhythm. 

After a preliminary planning scan, the deviation of the 
heart rate during breath-holding was checked and calculated 
using a HeartNAVI application (Toshiba Medical Systems). 
Based on the evaluation of the heart rate, the helical pitch 
and the delay time between breath-holding and the scan 
starting was determined. 

A bolus of contrast media with 370 mgI/mL iopamidol 
was injected intravenously. The dose was decided based 
on the patient’s body weight, and the injection rate was 
modified to allow for an injection time of 17 seconds.

After the CT attenuation value in the ascending aorta 
reached 150 HU, the breath-holding information was 
obtained automatically. After the predefined delay time, 
the helical scan started. The whole volume of the heart 
was scanned during a single breath-hold of approximately  
10 seconds in a typical case. No specific adjustment 
protocol for the LAA or AF was implemented. The detector 
collimation was 64×0.5 mm, and the tube voltage was  
120 kVp. Gantry rotation was adjusted for the helical pitch 
speed, which usually ranged from 350–400 ms/rotation. 
The raw images were reconstructed to generate 1-mm-
thick slices. All images were reviewed by two cardiologists 
and one radiologist independently. All of the reviewers 
were blinded to the history of stroke. The final decision 
regarding the risk pattern was made by consensus. The 
inter-observer variability was small, with detailed data 
reported in the Results. 

Classification of the LAA enhancement pattern

Based on the extent of enhancement in the LAA in early 
phase, three enhancement patterns were established:

Poor enhancement pattern 
A clear and linear boundary between the well-enhanced area 
and unfilled area (Figure 1). Checking the contrast medium 
status in the LAA in the late phase as well was important, as 
this confirmed that the filling defect in the early phase was 
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not a thrombus. This method of LAA thrombus exclusion 
was previously reported (25). This pattern was also called a 
“pseudo-defect”.

Good enhancement pattern 
Contrast medium fully fills the LAA in the early phase 
(Figure 2). The enhancement pattern of the LAA was the 
same as the pattern in the late phase.

Intermediate enhancement pattern
All enhancement patterns other than the poor and good 

enhancement patterns (Figure 3). We classified patterns 
that could not be confirmed as good or poor enhancement 
patterns into this category, so this category includes 
substantial variation. 

Statistical analysis

Continuous data are presented as the mean ± standard 
deviation and were compared using the t-test for normally 
distributed data and Kruskal-Wallis test for three LAA 
enhancement patterns. Categorical variables are presented 

A B

A B

Figure 1 CT image of a poor enhancement pattern LAA. The poor enhancement pattern presents as a clear and linear boundary between 
the well-enhanced area and unfilled area in the early phase (A) (red arrow demonstrates the linear boundary in LAA). No contrast defects are 
detected in the late phase (B), which shows that the defect is not a thrombus. CT, computed tomography; LAA, left atrial appendage. 

Figure 2 CT image of a good enhancement pattern LAA. The good enhancement pattern presents as contrast medium fully filling the LAA 
in the early phase (A). The enhancement pattern of the LAA is the same as the pattern in the late phase (B). CT, computed tomography; 
LAA, left atrial appendage. 
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as the count and percent and were compared using Fisher’s 
exact test. CT images were blindly and independently 
evaluated by one cardiologist and one radiologist, who 
categorized the LAA enhancement patterns into the three 
categories described above. The interobserver reliability 
among the evaluators was determined by Cohen’s Kappa; a 
kappa value >0.61 was regarded as indicating a good level of 
agreement (26). 

The classification was finally determined by the 
evaluation which the 2 of 3 readers judged when the three 
evaluations were not same. In no case, all the three readers 
judged different classifications. 

A multivariate logistic model was used to verify new 
indicators as significant independent risk factors of stroke. 
All potential factors were entered into the logistic model, 
based on the previously known clinical indicators (e.g., 
CHA2DS2-VASc score). The CHA2DS2-VASc excluding the 
factor of stroke/TIA history score was calculated when the 
CT was performed, and 2 points were added to the history 
of stroke/TIA only when it was recurrent. This reason was 
discussed above.

In all tests, a P value <0.05 was considered statistically 
significant.

Statistical analyses were performed with the EZR 
software program (Saitama Medical Center, Jichi Medical 
University, Saitama, Japan), which is a graphical user 
interface for R (The R foundation of Statistical Computing, 
Vienna, Austria). More precisely, it is a modified version 
of the R commander designed to add statistical functions 
frequently used in biostatistics (27).

Ethics

This study obtained ethics approval of institutional review 
board (Tsukuba Memorial Hospital Ethics Committee, 
approval number H-27901), and the participants gave 
informed consent before taking part. 

Results

The CT images and clinical records of 147 consecutive 
patients with AF who underwent cardiac CT were 
collected. The patients’ characteristics was as follows: age  
69±9 years, 82% male, ejection fraction 57%±12%, and 
42% with CHA2DS2-VASc score >1. Warfarin was given to 
59 patients, so was dabigatran to 24 patients, rivaroxaban to 
31 patients, and apixaban to 27 patients. Six patients did not 
take coagulants due to some reasons; side effect of bleeding, 
cost, or allergy. The prevalence of poor, intermediate, and 
good enhancement patterns of the LAA was 72 (49%), 33 
(22%), and 42 (29%), respectively. 

No statistically significant bias was detected in 
categorizing the LAA enhancement patterns by operators 
(cardiologist and radiologist), and the kappa values are 
as follows: kappa =0.80, 95% confidence interval (CI):  
0.63–0.97, P=0.01.

Table 1 presents the baseline characteristics of the whole 
patients and the populations sorted by three LAA patterns. 
No marked differences between the groups were found in 
the prevalence of dyslipidemia, coronary artery disease, 
or diabetes mellitus, or in the ejection fraction. However, 

A B

Figure 3 CT image of an intermediate enhancement pattern LAA. The intermediate enhancement pattern is all enhancement patterns 
other than the good and poor enhancement patterns. All patterns that could not be confirmed as good or poor enhancement patterns were 
assigned as this pattern. CT, computed tomography; LAA, left atrial appendage. 



3319Journal of Thoracic Disease, Vol 11, No 8 August 2019

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2019;11(8):3315-3324 | http://dx.doi.org/10.21037/jtd.2019.08.42

the groups did differ in the AF duration, hypertension, 
congestive heart failure, history of stroke, and CHADS2 
score. In all cases, the heart rate was controlled under  
75 beats per minute when cardiac CT performed. 

Prevalence of stroke 

In this study, 58 (39%) patients had a history of stroke. 
The distribution of stroke history differed among the 
LAA patterns: 42 (58%), 9 (27%), and 7 (17%) for poor, 
intermediate, and good enhancement patterns, respectively 
(P<0.001) (Table 1). In particular, a history of a stroke 
history was significantly more prevalent in those with a poor 
enhancement pattern (58% vs. 21%, P<0.001) that in those 
with other patterns combined with good and intermediate 

patterns. Table 2 shows the clinical characteristics of the 
patients with and without a previous stroke history. Those 
with a poor enhancement pattern of LAA had a significantly 
higher rate of stroke than those with other patterns. The 
CHA2DS2-VASc score was not a significant factor between 
the two groups.

Univariate analysis

The variables previously known as risk factors were 
evaluated by a univariate analysis on the basis of having a 
history of stroke. The odds ratios (ORs) and 95% CIs for 
the baseline variables are shown in Table 3. Figure 4 shows 
that patients with a stroke history were more likely to have 
a poor enhancement pattern in the LAA than other patterns 

Table 1 Patients basic characteristics

Characteristics Overall population (n=147) Poor (n=72) Intermediate (n=33) Good (n=42) P value

Age, years 69±9 70±9 68±8 69±9 0.39

Male 121 (82%) 61 (85%) 26 (79%) 34 (81%) 0.73

AF duration, months 60 [24–120] 72 [36–159] 48 [12–108] 48 [12–84] 0.05

BMI 24±3 24±3 24±4 23±3 0.83

Dyslipidemia 23 (16%) 12 (17%) 5 (15%) 6 (14%) 0.98

Hypertension 110 (75%) 62 (86%) 21 (64%) 27 (64%) 0.01

CHF 30 (20%) 18 (25%) 9 (27%) 3 (7%) 0.04

Diabetes 34 (23%) 20 (28%) 7 (21%) 7 (17%) 0.38

Prior stroke 58 (39%) 42 (58%) 9 (27%) 7 (17%) <0.001

CAD 7 (5%) 3 (4%) 1 (3%) 3 (7%) 0.65

CHADS2

0 17 (12%) 2 (3%) 5 (15%) 10 (24%) 0.003

1 67 (46%) 31 (43%) 17 (52%) 19 (45%) 0.72

≥2 63 (43%) 39 (54%) 11 (33%) 13 (31%) 0.003

CHA2DS2-VASc

0 6 (4%) 1 (1%) 2 (6%) 3 (7%) 0.18

1 25 (17%) 9 (13%) 7 (21%) 9 (21%) 0.33

≥2 116 (79%) 62 (86%) 24 (73%) 30 (71%) 0.10

EF, % 57±12 58±11 57±13 56±13 0.85

Values are mean ± SD, n (%), or median (interquartile range). CHADS2 and CHA2DS2-VASc scores have been calculated before any 
thromboembolic history. AF, atrial fibrillation; BMI, body mass index; CAD, coronary artery disease; CHADS2, congestive heart failure, 
hypertension, age ≥75 years, diabetes mellitus, prior stroke or transient ischemic attack to thromboembolism; CHA2DS2-VASc, congestive 
heart failure, hypertension, age ≥75 years, diabetes mellitus, prior stroke or transient ischemic attack to thromboembolism, vascular 
disease, age 65–74 years, and sex category; CHF, congestive heart failure; EF, ejection fraction.
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(OR: 5.1, 95% CI: 2.5–10.7, P<0.001). The CHA2DS2-
VASc score was not a significant factor in this analysis.

Multivariate analysis

By adding factors previously regarded as stroke risk 
factors (CHA2DS2-VASc score, AF duration, congestive 
heart failure and ejection fraction) to the LAA patterns, a 
regression model was constructed with backward stepwise 
approach. The components of the CHA2DS2-VASc score 
were excluded because the correlation was significant. After 
controlling for the CHA2DS2-VASc score and ejection 
fraction using a multivariable logistic model, the poor 

enhancement pattern was found to be significantly more 
likely to be associated with a stroke history than the other 
patterns (OR: 5.3; 95% CI: 2.5–11.1; P<0.0001). This 
result did not change when the CHA2DS2-VASc score was 
replaced with the CHADS2 score (congestive heart failure, 
hypertension, age, diabetes mellitus, prior stroke or TIA). 

LAA patterns and stroke risk in patients with low 
CHADS2/CHA2DS2-VASc score

In 84 patients with a low CHADS2 score (0 or 1 point), 
those with a poor enhancement pattern had the highest risk 
of previous stroke (Figure 5). On a univariate analysis, only 

Table 2 Baseline characteristics according to stroke

Characteristics No stroke Prior stroke P value

Total (N=147) 89 58 –

Age, years 69±9 70±9 0.63

Male 72 (81%) 49 (84%) 0.66

LAA patterns <0.001

Poor enhancement 30 42

Intermediate enhancement 24 9

Good enhancement 35 7

AF duration, months 71 120 0.003

BMI 24±3 23±3 0.08

Dyslipidemia 15 (17%) 8 (14%) 0.45

Hypertension 68 (76%) 42 (72%) 0.70

CHF 15 (17%) 15 (26%) 0.41

Diabetes 19 (21%) 15 (26%) 0.84

CAD 5 (6%) 2 (3%) 0.70

CHADS2 0.31

0–1 54 (61%) 30 (52%)

≥2 35 (39%) 28 (48%)

CHA2DS2-VASc 0.68

0–1 20 (22%) 11 (19%)

≥2 69 (78%) 47 (81%)

EF, % 56±12 59±12 0.09

Values are n, mean ± SD, n (%). LAA, left atrial appendage; AF, atrial fibrillation; BMI, body mass index; CAD, coronary artery disease; 
CHADS2, congestive heart failure, hypertension, age ≥75 years, diabetes mellitus, prior stroke or transient ischemic attack to 
thromboembolism; CHA2DS2-VASc, congestive heart failure, hypertension, age ≥75 years, diabetes mellitus, prior stroke or transient 
ischemic attack to thromboembolism, vascular disease, age 65–74 years, and sex category; CHF, congestive heart failure; EF, ejection 
fraction.
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the poor enhancement pattern was identified as a risk factor 
of stroke (OR: 2.55, 95% CI: 1.03–6.34, P=0.04). The trend 
of results remained unchanged when replacing CHADS2 
to CHA2DS2-VASc score, but statistically significance was 
not found. In 31 patients with a low CHA2DS2-VASc score 
(0 or 1 point), stroke history was more prevalent in patients 
with a poor enhancement pattern than in those with other 
patterns, but not statistically significant [6 of 21 (29%) vs.  
5 of 10 (50%), P=0.06]. 

Discussion

In this study, different patterns categorized by contrast 
enhancement of medium in the LAA were correlated with 

the risk of prior stroke. We demonstrated that patients 
with a poor enhancement pattern or “pseudo-defect” had a 
statistically significant higher risk of prior stroke than those 
with other patterns. This result can be clinically useful, 
especially for patients with low CHA2DS2-VASc scores of  
0 or 1, as these patients are generally judged to be in the 
low-risk group for stroke/TIA, but the presence of LAA 
pseudo-defect increases the risk of thromboembolism. 
This fact suggests that such patients, even those with 
a low CHA2DS2-VASc score, should be treated with 
anticoagulants. Furthermore, in patients with CHA2DS2-
VASc scores of 1, anticoagulation therapy may not 
necessarily be needed if the LAA enhancement pattern is the 
good enhancement pattern. These present findings suggest 
the appropriateness of indications for anticoagulation 
therapy and may influence changes in the guidelines for AF 
treatment.

CHA2DS2-VASc score and LAA evaluation

The CHA2DS2-VASc score is the most prevalent and 
practical indicator for calculating the risk of cardiogenic 
thromboembolism in patients with AF. In the clinical 
guideline suggested by AHA/ACC (5), the need for 

Table 3 Univariate analysis of OR for stroke/TIA

Variable OR (95% CI) P value

Age, years 1.01 (0.97–1.05) 0.62

Age >75 years 1.43 (0.67–3.04) 0.35

Male 1.29 (0.53–3.12) 0.58

LAA patterns

Poor enhancement 5.1 (2.5–10.7) <0.001

Intermediate enhancement 0.50 (0.21–1.17) 0.11

Good enhancement 0.21 (0.09–0.52) <0.001

CHADS2 ≥2 1.44 (0.74–2.81) 0.26

CHA2DS2-VASc ≥2 1.24 (0.54–2.82) 0.61

BMI 0.91 (0.81–1.01) 0.08

Dyslipidemia 0.98 (0.35–2.74) 0.97

Hypertension 0.81 (0.38–1.73) 0.59

CHF 1.72 (0.77–3.86) 0.18

Diabetes 1.29 (0.59–2.79) 0.52

CAD 0.59 (0.11–3.16) 0.54

EF, % 1.03 (0.97–1.06) 0.09

The reference group for the LAA enhancement pattern was 
the other two remaining LAA enhancement patterns. CI, 
confidence interval; LAA, left atrium appendage; OR, odds ratio; 
CHADS2, congestive heart failure, hypertension, age ≥75 years, 
diabetes mellitus, prior stroke or transient ischemic attack to 
thromboembolism; CHA2DS2-VASc, congestive heart failure, 
hypertension, age ≥75 years, diabetes mellitus, prior stroke 
or transient ischemic attack to thromboembolism, vascular 
disease, age 65–74 years, and sex category; BMI, body mass 
index; CHF, congestive heart failure; CAD, coronary artery 
disease; EF, ejection fraction.  
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Figure 4 The prevalence of history of stroke according to the 
different patterns of the LAA. The vertical bars are the rates of 
stroke history with the univariate OR (95% CI) shown above 
the bars. While a good enhancement pattern was found to be an 
independent non-risk factor of stroke, a poor enhancement pattern 
was detected as an independent predictor of stroke. LAA, left 
atrial appendage; CT, computed tomography; OR, odds ratio; CI, 
confidence interval.
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anticoagulants in patients with CHA2DS2-VASc scores higher 
than 1 is outlined, but whether or not anticoagulation should 
be introduced for patients with low CHA2DS2-VASc scores, 
especially scores of 1, is controversial. Some patients with 
low CHA2DS2-VASc scores suffer from thromboembolism 
caused by LAA thrombus. In the evaluation of the 
CHA2DS2-VASc score, LAA characteristics are not taken 
into account. 

Previous studies have shown that LAA characteristics 
are related to the risk of cardiogenic thromboembolism. 
Funabashi et al. reported that LAA CT contrast defects 
may be a prognostic indicator of thromboembolism in AF 
patients (28). However, they focused on CT attenuation 
occurring at just one point of the LAA while we investigated 
the entire LAA, but the concept and the results were 
concordant with our hypothesis. We also evaluated the CT 
contrast defect more comprehensively and identified three 
patterns. Kimura et al. reported that poor enhancement 
was not a factor relevant to stroke (15); however, in their 
study, this point was not a keynote, and their definition of 
poor enhancement is unclear. Yaghi et al. reported that the 
prevalence of non-chicken wing LAA morphology was 
higher among patients with cardiogenic stroke and embolic 
stroke of undetermined source than among those with non-
cardiogenic stroke (29). The difference was not significant, 

but the trend was concordant to previous reports. 

LAA blood flow evaluation

Under the existing guidelines for AF treatment, the 
decision to prescribe anticoagulants is made based on the 
CHA2DS2-VASc score, which accounts for just one factor of 
Virchow’s triad, the endothelial dysfunction. Our study may 
demonstrate that another factor of Virchow’s triad, blood 
flow, is also related to thrombus formation in LAA. This 
new factor is related to the stroke history independent of 
the CHA2DS2-VASc score. Various indicators related to the 
LAA have been suggested (13,30,31), but they represent the 
blood flow to the LAA indirectly. For example, complicated 
morphology may lead to congestion of blood flow, but other 
factors, such as the ejection fraction and heart rate, also 
affect the blood flow to the LAA. However, our new factor 
may represent the blood flow to the LAA directly. 

Potential clinical implications

The occurrence of an insufficient blood flow when the 
contrast medium entered the LAA was observed. 

These results include all factors concerning the blood 
flow, including the ejection fraction, heart rate, size, and 
morphology of the LAA, which may be the reason why 
a strong correlation between this factor and cardiogenic 
stroke history exists.

The simplicity of this indicator is also important. 
A tool that is difficult to use will not enjoy widespread 
adoption, so we tried to make the definition as clear and 
easy-to-understand as possible. The definitions of “poor 
enhancement” and “good enhancement” patterns are clear; 
the former requires only the presence of a linear border, and 
the latter requires only the same pattern as in the late phase. 
When the pattern does not fit either or when deciding 
if the pattern is poor or good is difficult, the pattern 
may be categorized as an intermediate risk pattern. The 
intermediate enhancement pattern is useful for enhancing 
the inter-observer reliability. In addition, the good kappa 
values among the operators indicate that the inter-observer 
variability with this method is minimized.

Study limitation

Several limitations associated with the present study 
warrant mention. First, this study is retrospective and 
includes a small sample size. Second, our data are derived 
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Figure 5 The prevalence of a stroke history among poor and 
non-poor enhancement patterns in those with low CHADS2. 
This graph shows that a poor enhancement pattern of the LAA 
is associated with an increased risk of stroke compared with non-
poor enhancement patterns of the LAA in patients with CHADS2 
scores of 0 or 1 points (OR: 2.55, 95% CI: 1.03–6.34). LAA, left 
atrial appendage; OR, odds ratio; CI, confidence interval.
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from a population of patients who were scheduled to 
undergo surgery or catheter treatment, meaning that the 
rate of a stroke history was markedly higher than in the 
general population with AF. Third, the protocol and the 
performance of the device affect the results, which makes 
replication research difficult. A similar study with another 
protocol or device should be performed to validate our 
findings. 

Conclusions

This study suggests that patients with a poor contrast 
medium enhancement pattern in the LAA have a 
significantly higher rate of cardiogenic stroke history 
than those with other patterns, after controlling for the 
CHA2DS2-VASc score. 
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