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V tfor patlents in AF Thc: time resolution of Lhc routine 3D Zoom
- mode is reduced by i increasing the area of interest, Because ECG

with' reduced time resoltion may be unreliable. LAA
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This study had several limitations and our results could notbe

readily compared with previous reports. Pirst, tlmc wasa-risk of
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Factors Associated with Proximal Cdrotid Axis Occlusion
in Patients with Acute Stroke and Atrial Fibrillation

Yuki Sakamoto, Mp,* Shoichiro Sato, mp,* Yuka Kuronuma, Mp,*
Kazuyuki Nagatsuka, Mp,T Kazuo Minematsu, Mp,* and Kazunori Toyoda, mp*

Background: Patients with atrial fibrillation (AF) are more likely to exhibit prox-
imal carotid axis occlusion than those without AE. However, clinical characteris-
tics associated with proximal arterial occlusion (PAO) in acute stroke patients
with AF are not fully known. This study was aimed to elucidate the factors
correlated with PAO. Methods: Consecutive patients with acute ischemic stroke
developed in the middle cerebral artery (MCA) territory and AF who underwent
magnetic resonance angiography (MRA) within 24 h from onset were retro-
spectively enrolled. Prior users of warfarin were excluded. Patients were divided
into 3 groups based on the site of arterial occlusion: occlusion at the internal carotid
artery (ICA), at the horizontal segment of the MCA (M1), and at the MCA branch
or no identifiable occlusion. Clinical characteristics were compared between the
3 groups, and the factors associated with proximal vessel occlusion were evaluated
with ordinal logistic regression analysis. All variables identified on univariable
analyses with P values less than .1 were entered into the model. Results: A total
of 244 patients (124 women, median 80 years old [interquartile range 72-87],
median National Institutes of Health Stroke Scale [NIHSS] score 16 [7-22]) were
studied. MRA was performed median 2.7 h (1.5-8.9) after stroke onset. Occlusion
site was the ICA in 34 patients, M1 in 78, and MCA branch or no occlusion in
the remaining 132. As the occlusion site was more proximal, patients were older
and more female, the initial NIHSS score was higher, levels of p-dimer and brain
natriuretic peptide (BNP) were higher, and histories of heart failure and systemic
embolism were more common. On multivariable ordinal logistic regression
analysis, female sex (odds ratio [OR] 1.83, 95% confidence interval [CI] 1.03-
3.26), advanced age (OR 1.37, 95% CI 1.02-1.84 for every 10 years), history of
systemic embolism (OR 14.9, 95% CI 1.41-157.75), and higher BNP level (OR
1.03, 95% CI 1.01-1.07 for every 100 pg/mL) were independent factors associated
with the risk of occlusion at more proximal arteries. The risk was 2.68-fold higher
(95% CI 1.28-5.61) in patients having 2 of the following factors: female sex,
age more than 80 years, systemic embolism, and BNP greater than 250 pg/mL;
and 4.50-fold (2.11-9.59) higher in those having 3 or 4 of the 4 factors compared
with those without any of these factors. Conclusions: Female sex, advanced
age, history of systemic embolism, and higher BNP level were independently
associated with more proximal carotid axis occlusion. Patients with AF having
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these factors may be prone to have relatively large thrombi in the
heart. Key Words: Acute ischemic stroke—magnetic resonance angiography—

atrial fibrillation—arterial occlusion.
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Introduction

The site of arterial occlusion plays a key role in neuro-
logic severity and outcome in patients with acute ischemic
_ stroke. Patients with proximal arterial occlusion (PAO)
show more severe symptoms,? poorer outcomes,’ and
more limited response to intravenous tissue plasminogen
activator therapy than those with distal artery occlusion.**
The factors associated with PAO are not fully known, and
related factors are considered to differ according to the
etiologies. Embolic PAO seems to be correlated with
embolus size. Patients with atrial fibrillation (AF) often
develop severe ischemic stroke and poor outcomes,®’
even after thrombolytic therapy,® mainly because they are
more likely to have PAO on admission than patients with-
out AR8 However, clinical factors associated with PAO in
patients with AF are not well known.
The aim of this study was to clarify the clinical charac-
teristics related to PAO in acute stroke patients with AF.

Methods

A prospective database of consecutive patients with
acute stroke treated in the Stroke Care Unit in the Na-
tional Cerebral and Cardiovascular Center was created
(National Cerebral and Cardiovascular Center Stroke
Registry).” From April 2006 to May 2012, consecutive
acute stroke patients (<24 h from onset) with AF who ful-
filled the following criteria were retrospectively enrolled
from the registry: (1) underwent magnetic resonance im-
aging (MRI) examinations including diffusion-weighted
imaging (DWI) and time-of-flight magnetic resonance an-
giography (MRA) on admission and (2) developed ische-
mic stroke in the middle cerebral artery (MCA) territory
confirmed on initial DWI with compatible acute neuro-
logic deficits. Patients with contraindications to MRI
(eg, cardiac pacemakers or mechanical heart valve re-
placements) were excluded. Stroke patients having con-
comitant etiology other than AF (eg, >50% stenosis on
the responsible artery) and patients on anticoagulant ther-
apy were also excluded because anticoagulant therapy
could reduce intracardiac thrombi and then affect the
site of arterial occlusion in subjects with AE.'® The institu-
tional ethics committee approved this study.

Clinical Background Characteristics ‘

Clinical background characteristics, including sex, age,
cardiovascular risk factors, and medical history, were
obtained on admission. Cardiovascular risk factors were

defined as: (1) hypertension, history of using antihyperten-
sive agents, systolic blood pressure of 140 mm Hg or more,
or diastolic blood pressure of 90 mm Hg or more before or 2
ormore weeks after stroke onset; (2) diabetes mellitus, use of
hypoglycemic agents, random glucose level of 200 mg/dL
or more, or glycosylated hemoglobin of 6.5% or more on ad-
mission; (3) hyperlipidemia, use of antihyperlipidemic
agents, or a serum total cholesterol level of 220 mg/dL or
more; and (4) current smoking habit. Routine blood bio-
chemistry examinations were performed on admission.
Stroke severity was assessed using the National Institutes
of Health Stroke Scale (INIHSS), and functional outcome
was estimated by the modified Rankin scale' score at hos-
pital discharge or 30 days from onset. AF was diagnosed on
12-lead electrocardiogram or a history of AF was confirmed.

Neuroimaging

MRI studies including DWI and time-of-flight MRA
were performed on admission using a commercially avail-
able echo planar instrument operating at 1.5 T (Siemens
MAGNETOM Vision or MAGNETOM Sonata scanner,
Erlangen, Germany). DWI was obtained using the follow-
ing parameters: repetition time/echo time, 4000/100 ms;
b values, 0 and 1000 s/mm?; field of view, 24 cm; acquisi-
tion matrix, 96 X 128; and slice thickness, 4.0 mm, with
a 1.0-mm intersection gap. The occluded vessel was deter-
mined on initial MRA. All patients were divided into 3
groups based on the occluded site: at the internal carotid
artery (ICA) group, at the MCA horizontal segment (M1
group), and at the MCA branch occlusion orno identifiable
occlusion (Branch group).

Statistical Analysis

First, clinical background characteristics were com-
pared among the 3 groups. Univariable analyses were
performed using the chi-square test, Fisher exact test, or
the Kruskal-Wallis test, as appropriate. The data are pre-
sented as median values (interquartile range) or frequen-
cies (%). Next, multivariable ordinal logistic regression
analysis was performed to identify independent factors
associated with more proximal arterial occlusion. This
model allows the outcome variable to have more than 2
categories and estimates a proportional odds ratio (OR)
for each predictor of shifting to a more proximal arterial
occlusiont category (eg, the ICA group versus the M1
and Distal groups or the ICA and M1 groups versus the
Distal group). Sex, age, and all clinical characteristics
identified on univariable analyses with P values less
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than .1 were entered into the model. Receiver operating
characteristic (ROC) curve analyses were conducted to
obtain the practical cutoff value of continuous variables.
All statistical analyses were performed using PASW for
Windows version 17.0 software (SPSS Inc., Chicago, IL).
Results were considered significant at P less than .05.

Results

Overall, 503 patients with both acute ischemic stroke
and AF were admitted to our stroke center during the
study period. Of these, 61 patients were excluded because
of absent or incomplete MRI, 29 were excluded because
the site of the index stroke was outside the MCA territory,
14 were excluded because of concomitant etiology, and
155 were excluded for taking prestroke anticoagulant
therapy. Finally, 244 patients (124 women, median age
80 [interquartile range 72-87] years, median NIHSS score
16 [7-22]) were enrolled in the present study.

Table 1 shows the clinical background characteristics of
the included patients. MRA was performed median 2.7 h
(1.5-8.9) after stroke onset. Of the 244 patients, 34 (14%)
had ICA occlusion (ICA group), 78 (32%) had M1 occlu-
sion (M1 group), and 132 (54%) had MCA branch occlu-
sion or no arterial occlusion (Branch group) on initial

801

MRA. As the occlusion site was more proximal, patients
were older (P <.001), the initial NIHSS score was higher
(P <.001), levels of p-dimer (P = .002) and brain natri-
uretic peptide (BNP, P = .029) were higher, and female
sex (P = .004) and histories of heart failure (P = .047)
and systemic embolism (P = .001) were more common.
The results of multivariable ordinal logistic regression
analysis are shown in Table 2. Female sex (OR 1.83, 95%
confidence interval [CI] 1.03-3.26, P = .039), advanced
age (OR 1.37,95% CI1.02-1.84, P =.037 for every 10 years),
history of systemic embolism (OR 14.9, 95% CI 1.41-
157.75, P = .025), and higher BNP level (OR 1.03, 95% CI
1.01-1.07, P = .048 for every 100 pg/mL) were indepen-
dent factors associated with increased risk of more proxi-
mal arterial occlusion. The practical cutoff values for age
and BNP to predict ICA or M1 occlusion were 80 years
(sensitivity, 57%; specificity, 64%; area under the ROC
curve, .645) and 250 pg/mL (sensitivity, 57%; specificity,
61%; area under the ROC curve, .578), respectively. Hav-
ing more of the following 4 factors, female sex, age more
than 80 years, history of systemic embolism, and BNP
greater than 250 pg/mL was also independently related
to more proximal arterial occlusion (P = .001, chi-square
test, Fig 1). The risk of more proximal arterial occlusion
was 2.68-fold higher (95% CI 1.28-5.61) in patients having

Table 1. Clinical background characteristics

Total, ICA group, M1 group, Distal group,
Variables n = 244 n =34 n =78 n =132 P

Female sex, n (%) 124 (51) 24 (71) 45 (58) 55 (42) .004
Age, y, median (IQR) 80 (72-87) 85 (74-88) 82 (74-89) 79 (69-84) <.001
Onset to MR, h, median (IQR) 2.7 (1.5-8.9) 2.3 (1.7-6.6) 2.4 (1.4-4.8) 3.8 (1.6-11.4) 193
Vascular risk factors, n (%)

Hypertension 171 (70) 24 (71) 52 (68) 95 (72) 794

Diabetes mellitus 34 (14) 4 (12) 8 (10) 22 (17) 400

Hyperlipidemia 62 (25) 8 (24) 18 (23) 36 (27) .768

Current smoking 43 (18) 5(15) 10 (13) 28 (21) 286
History, n (%)

Ischemic stroke 53 (22) 8 (24) 16 21) 29 (22) 934

Hemorrhagic stroke 10 (4) 1(3) 2(3) 7() .586

Ischemic heart disease 21 (9) 4 (12) 79 10 (8) 732

Heart failure 44 (18) 10 (29) 17 (22) 17 (13) .047

Peripheral artery disease 10 (4) 2 (6) 2(3) 6 (5) .662

Systemic embolism 4(2) 3(9) 1(1) 0 () .001
Prior antiplatelet therapy, n (%) 99 (41) 12 (35) 29 (37) 58 (44) .500
Initial NIHSS score, median (IQR) 16 (7-22) 22 (18-26) 18 (16-23) 10 (4-17) <.001

Biochemistry sign at admission,
median (IQR)
Leukocyte count, /uL

6700 (5400-8900) 6700 (4800-9300) 7100 (5600-8600) 6400 (5500-8900)  .580

Blood glucose, mg/dL 124 (107-152) 126 (109-152) 129 (109-152) 119 (106-153) 467
Total cholesterol, mg/dL 182 (161-206) 172 (164-202) 176 (155-204) 186 (167-211) 191
p-dimer, pg/mL 2.1 (1.4-3.3) 2.6 (2.0-3.1) 2.1 (1.4-3.5) 1.8 (1.2-3.3) 002
Brain natriuretic peptide, pg/mL 236 (127-437) 340 (197-666) 266 (130-409) 215 (104-409) 029

Abbreviations: Distal group: patients with more distal occlusion or no identifiable occlusion; ICA group: patients with internal carotid artery
occlusion; IQR, interquartile region; M1 group: patients with middle cerebral artery horizontal segment occlusion; MRI, magnetic resonance

imaging; NIHSS, National Institutes of Health Stroke Scale.
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Table 2. Result of multivariate ordinal logistic regression
analysis for factors associated with larger vessel occlusion

Variables OR 95%Cl P
Female sex 1.83 1.03-3.26 .039
Age (for every 10 y) 1.37 1.02-1.84 .037
History of heart failure 1.11 54228 773
History of systemic embolism 14.9 1.41-158 .025
p-dimer (for every 1.0 pg/mL) 1.01 91-1.11 .887

BNP (for every 100 pg/mL) 1.03 1.01-1.07 .048

Abbreviations: BNP, brain natriuretic peptide; CI, confidence
interval; OR, odds ratio.

2 of the above 4 factors, and 4.50-fold (95% CI 2.11-9.59)
higher in those with 3 or 4 of the 4 factors compared
with those without any of these factors on ordinal logistic
regression analysis (Fig 2).

Discussion

The first major finding of the present study was that
46% of the patients with both acute ischemic stroke and
AF without prior anticoagulant therapy had ICA or M1
occlusion on initial MRA. This percentage was between
that of patients within 3 h from onset (75%)® and that of
patients within 7 days from onset (33%)'? because the per-
centage decreases with spontaneous recanalization as
onset-to-imaging time increases.'®

The second major finding was that female sex, ad-
vanced age, history of systemic embolism, and higher
BNP level were independent factors associated with the
risk of more proximal arterial occlusion. In addition, coex-
istence of 2 or more of these 4 factors clearly increased the
risk. This finding is partly in line with the previous re-
ports that showed that advanced age,'*'® history of

100%

80%

60%

Branch
M1
HICA

40%

20%

0% -

0 1 2 3ord
n=54 n=69 n=64 n=57
Number of factors*

Figure 1. The site of arterial occlusion based on the number of factors in-
dependently associated with larger arterial occlusion. Abbreviations: BNF,
brain natriuretic peptide; Branch, middle cerebral artery branch or no iden-
tifiable occlusion; ICA, internal carotid artery; M1, middle cerebral artery
horizontal segment. “*,” Female sex, age more than 80 years, history of sys-
temic embolism, and BNP greater than 250 pg/mL.
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OR and 95% CI

0.1 4 e . R R .
0 1 2 3or4

Number of factors*

Figure 2. OR and 95% CI of the risk of more proximal arterial occlusion
according to the number of factors independently associated with larger ar-
terial occlusion on ordinal logistic regression analysis. Abbreviations:
BNP, brain natriuretic peptide; Cl, confidence interval; OR, odds ratio.
“*" Female sex, age more than 80 years, history of systemic embolism, and
BNP greater than 250 pg/mL.

systemic embolism,'” and elevated BNP level'® were cor-
related with the presence of intracardiac thrombi in AF
patients. However, there is no study investigating the re-
lationships between intracardiac clot size and patients’
characteristics. It is possible that a prothrombotic state
and large intracardiac thrombi are induced by these fac-
tors and cause PAO.

The female hormone, estrogen, increases fibrinolytic
potential’® and accelerates the recovery of injured endo-
thelial cells.”® Estrogen production is reduced after men-
opause, and elderly women with AF have a higher clot
formation marker level”! and worse outcomes after
stroke'? than men. Most women in the present study
were considered to be postmenopausal because the me-
dian age of the included women was 84 years.

Advanced age may represent a longer period witha path-
ologic condition, such as hypertension, heart failure, and
AFE. Prolonged exposure to these pathologic conditions
leads to cardiac remodeling, including left atrial enlarge-
ment and reduced atrial contractility.”2?* This remodeling
causes blood stasis in the left atrium and left atrial
appendage and could contribute to form large thrombi.
Furthermore, advanced age itself may be associated with
a prothrombotic state.”®

BNP is proven to be well correlated with heart failure
though a high BNP level remained an independent pre-
dictor for PAO in the present patients using the regression
model containing both heart failure and BNP as variables.
The association of BNP with PAO independently from
heart failure was because a high BNP level also stands
for high left ventricular filling pressure,” which leads to
left atrial enlargement™ and left atrial appendage dys-
function?’; all these cause formation of large thrombi. A
history of systemic embolism may also indicate that the
patients were prothrombotic.
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This study had some limitations. First, the retrospective
design might have contributed to some selection bias. Sec-
ond, PAO might be overestimated because distal arterial
occlusion and slow flow velocity in the proximal arteries
are sometimes difficult to distinguish from PAO on MRA.
On the other hand, the inclusion criteria of less than 24 h
of onset might lead underestimation of the presence of
PAO because of spontaneous recanalization, despite the
MRI examinations were performed 2.7 h (median) from
onset in the present study. Third, only the internal validity
of the present results was assessed. The present findings
should be confirmed with a prospective cohort.

In conclusion, nearly half of acute stroke patients with
AF who did not receive anticoagulant therapy had ICA or
MCA horizontal segment occlusion. Female sex, ad-
vanced age, history of systemic embolism, and higher
BNP level were independent factors associated with
PAQ. Patients having these factors may be prone to hav-
ing larger thrombi in the heart than those without these
factors.

Acknowledgment: We thank Akiko Kada, MPH, for ad-
vice on the statistical analyses.
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Abstract A hybrid procedure combining bilateral pul-
monary artery banding with ductal stenting has recently
been used as stage I palliation for hypoplastic left heart
syndrome. However, the advantage of the hybrid proce-
dure over the Norwood procedure on ventricular energet-
ics remains unclear. To clarify this, we performed a com-
putational analysis with a combination of time-varying
elastance chamber model and modified three-element
Windkessel vascular model. Although mean pulmonary
artery (PA) pressure, pulmonary flow, and oxygen satura-
tion were almost equivalent with the Norwood procedure,
the hybrid procedure delivered higher systolic and lower
diastolic systemic arterial pressures compared to the Nor-
wood procedure with right ventricle (RV) to PA shunt. As
a result, the hybrid procedure yielded increased systolic
pressure—volume area and impaired mechanical efficiency.
Therefore, the hybrid procedure has probably no advantage
on ventricular energetics compared to the Norwood proce-
dure with a RV-PA shunt.

Keywords Hypoplastic left heart syndrome - Hybrid
procedure - Norwood procedure - Ventricular energetics -
Computational model
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Introduction

Advances in surgical techniques for hypoplastic left
heart syndrome (HLHS) in the past several decades have
improved outcomes after stage I palliation. In 1993, Gibbs
et al. [1] first reported stenting of the arterial duct com-
bined with banding of the pulmonary arteries and atrial
septectomy or septostomy as a new palliation approach for
HLHS. Since this approach can be performed without the
use of cardiopulmonary bypass (CPB), the hybrid proce-
dure has recently been conducted as stage I palliation for
HLHS to salvage high-risk neonates [2]. Several studies
demonstrated its comparable outcomes to those of the Nor-
wood procedure [3, 4]. At the same time, despite the lower
invasiveness, a recent study reports that this procedure does
not improve outcome with respect to survival beyond stage
II palliation [5] compared to the Norwood procedure. Fur-
thermore, Sasaki et al. [6] reported that this procedure was
associated with high interstage morbidity.

On the other hand, since Sano et al. [7] reported their
experience with the right ventricle (RV)-to-pulmonary
artery (PA) shunt as a modification of the Norwood proce-
dure in 2003, this modified procedure has been performed
widely with lower interstage mortality [8]. The reason why
this modification improves interstage mortality may be due
to the improvement of ventricular energetics. Lee et al. [9]
have reported that RV stroke work (SW) may be useful to
quantify RV inefficiency. Bove et al. [10] have reported
that the RV-PA shunt demonstrates lower SW and higher
mechanical efficiency. We have also reported that the RV-
PA shunt reduces systolic pressure—volume area (PVA) and
increases mechanical efficiency in spite of the presence of
diastolic regurgitation [11].

The reason why the hybrid procedure does not improve
outcome despite its less invasiveness may be that the
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