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ABSTRACT

Objective We investigated whether interankle blood
pressure difference (IAND) can predict major adverse
cardiovascular events (MACESs) in patients with cryptogenic
stroke (CS) without peripheral artery disease (PAD).
Design A retrospective cohort study.

Setting Retrospective medical record data of patients
with first-ever acute cerebral infarction who were admitted
between 1 January 2007 and 31 July 2013.

Participants CS patients admitted within 7 days of
symptom onset were included.

Outcome measures MACEs were defined as stroke
recurrence, myocardial infarction occurrence, or death.
Survival analyses were conducted using the Kaplan-Meier
method and Cox regression analysis.

Methods Consecutive CS patients without PAD who
underwent ankle—brachial index (ABI) measurements

were enrolled. PAD was defined if a patient had an ABI

of <0.90or a history of angiographically confirmed PAD.
Systolic and diastolic IANDs were calculated as follows:
right ankle blood pressure—left ankle blood pressure.
Results A total of 612 patients were enrolled and followed
up for a median 2.6 (interquartile range, 1.0-4.3) years. In
the Cox regression analysis, systolic and diastolic IANDs
>15mm Hg were independently associated with MACEs

in CS patients without PAD (hazard ratio (HR) 2.115, 95%
confidence interval (Cl) 1.230 to 3.635 and HR 2.523,

95% Cl 1.086 to 5.863, respectively). In the subgroup
analysis, systolic IAND >15mm Hg was independently
associated with MACEs in older patients (age >65 years)
(HR 2.242, 95% Cl 1.170 to 4.298) but not in younger
patients (age <65 years).

Conclusions Large IAND is independently associated with
the long-term occurrence of MACEs in patients with CS
without PAD. In particular, the association between IAND
and MAGEs is only valid in elderly patients.

INTRODUCTION

Despite extensive stroke evaluations, the
cause of approximately 20%-30% cerebral
infarction cannot be determined. This type
of stroke is called cryptogenic stroke (CS).!

Strengths and limitations of this study

» This was a single-centre, hospital-based, retrospec-
tive observational study.

» We investigated the prognostic value of interankle
blood pressure difference (IAND) in cryptogenic
stroke patients without peripheral artery disease.

» We used a multivariate Cox proportional hazards re-
gression to determine the independent association
between IAND and major adverse cardiovascular
events (stroke recurrence, myocardial infarction oc-
currence or all-cause death).

» Design permits only association rather than deter-
mination of causality.

Overt peripheral artery disease (PAD) is not
frequent in patients with CS.2 Our previous
study has shown that the interankle blood
pressure difference (IAND) obtained during
ankle-brachial index (ABI) measurements
can identify mild PAD and predict poor short-
term and long-term outcomes in patients
with ischaemic stroke without overt PAD.”
The prognosis of patients with CS is largely
unknown because of concealed etiologies.
In particular, age is a strong predictor of
stroke recurrence and death in patients with
CS* and influences the likelihood of various
etiologies.” Therefore, we investigated the
association between IAND and major adverse
cardiovascular events (MACEs) in patients
with CS without overt PAD. In addition, we
evaluated whether the prognostic value of
IAND differs according to age.

MATERIALS AND METHODS

Patients and evaluation

Our prospectively collected stroke database
was retrospectively reviewed. The candidates
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Patients with acute ischemic stroke registered in
the Yonsei stroke registry during the study period
(n = 3822)

Other stroke subtypes (n =3016)
Transient ischemic attack (n = 52)
Large artery atherosclerosis (n = 762)
Cardioembolism (n = 1091)

Small vessel occlusion (n = 329)
Stroke of other determined etiology (n = 89)
Incomplete evaluation (n = 11)

Two or more causes (n = 682)

\ 4

v
r Patients with cryptogenic stroke (n = 806) I

— |

—)' Not performed ABI measurements (n = 124) I

L

> Peripheral artery disease (n = 36) |

Not available mRS after 3 months
from stroke onset (n = 34)

\4
Enrolled patients
(n =612)

Figure 1 Flow chart of participants according to inclusion
and exclusion criteria. ABI, ankle—brachial index; mRS,
modified Rankin Scale.

were patients with first-ever acute cerebral infarction who
were admitted within 7 days of symptom onset between 1
January 2007 and 31 July 2013 and who were registered in
the Yonsei Stroke Registry. If symptom onset was unclear,
the last known normal time was used. Acute cerebral
infarction was defined as sudden onset of acute neuro-
logical deficits of presumed vascular aetiology lasting
24hours or evidence of acute infarction on brain CT or
MRI. During the study period, 3822 consecutive patients
with acute ischaemic stroke were registered. The stroke
subtypes were determined during weekly conferences
and classified according to the Trial of ORG 10172 in
Acute Stroke Treatment classification.’” We defined CS as
stroke of an undetermined aetiology attributable to nega-
tive evaluation findings, despite extensive work-up. The
exclusion criteria were stroke subtypes other than CS,
including transient ischaemic attack (n=52), large artery
atherosclerosis (n=762), cardioembolism (n=1007), small
vessel occlusion (n=329), stroke of other determined
causes (n=89), and stroke of two or more causes (n=682);
incomplete evaluation (n=11); follow-up loss (n=34); not
performed bilateral ABI measurements (n=124); and
PAD (n=36). After exclusion, a total of 612 patients with
CS were finally enrolled in this study (figure 1).

Patient and public involvement
No patient was involved.

Demographic characteristics and risk factors

We collected data on the baseline characteristics, including
gender, age and neurological deficit (National Institutes
of Health Stroke Scale (NIHSS) score) at admission, pres-
ence of risk factors and laboratory data (total cholesterol,
low-density lipoprotein, high-density lipoprotein, and
triglyceride).” Hypertension was defined as being present
when a patient had been taking antihypertensive medi-
cations or had a systolic blood pressure (BP) of 2140 mm

Hg or a diastolic BP of 290 mm Hg on repeated measure-
ments during admission. Diabetes mellitus was diagnosed
for fasting plasma glucose levels of >7.0mmol/L or
taking oral hypoglycaemic agent or insulin. Hypercho-
lesterolaemia was diagnosed for low-density lipoprotein
cholesterol levels of >4.1 mmol/L, total cholesterol levels
of 26.2mmol/L, or currently taking lipid-lowering agents.
Congestive heart failure was determined from the history
of heart failure diagnosis, treatment with loop diuretics,
and ejection fraction of <35% on echocardiography.
Coronary artery disease was diagnosed when a patient
had a previous history of coronary artery disease (acute
myocardial infarction, unstable angina, coronary artery
bypass graft or percutaneous coronary artery stent/angio-
plasty) or the presence of significant stenosis (250%) in
any of three main coronary arteries on multislice CT
coronary angiography taken during admission. Current
smoking was defined as having smoked a cigarette within
1year prior to admission. PAD was determined if a patient
had an ABI of <0.90or a history of angiographically
confirmed PAD.

Measurement of ABI and brachial-ankle pulse wave velocity
ABI and brachial-ankle pulse wave velocity were measured
in the supine position once at <7days from admission
using an automatic device (VP-1000; Colin, Komaki,
Japan), which has been validated previously.” This device
simultaneously measures four-limb pulse wave forms and
BP using the oscillometric method. ABI was calculated by
the ratio of the ankle systolic BP divided by the higher
systolic BP of the arms. Systolic and diastolic IANDs were
extracted as BPs from both legs and calculated as Iright
ankle BP - left ankle BPIl. Brachial-ankle pulse wave
velocity on each side was automatically calculated as the
transmission distance divided by the transmission time
and expressed in centimetres per second. Transmission
distance from the arm to each ankle was automatically
calculated according to the patient’s height. Transmission
time was defined as the time interval between the initial
increase of brachial and tibial waveforms. The higher
values of brachial-ankle pulse wave velocity on both sides
were used for analysis.

Follow-up and outcome measures

After discharge, each patient was followed regularly for 3
months, 1year, and every year thereafter. Every follow-up
visit, medical information such as the occurrence of
cardiovascular events, newly detected vascular risk factors,
lifestyle modification after stroke and readmission to
other hospitals were obtained through direct interviews
with neurologists or through clinical research associates
at the outpatient clinic. When the patients missed a sched-
uled visit, we obtained the information from the patients
or their proxy through a telephone interview with a struc-
tured questionnaire. Short-term functional outcomes at 3
months were determined by a structured interview using
the modified Rankin Scale. Poor functional outcome was
defined as a modified Rankin Scale of >3. Deaths among
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participants from 1 January 2007 to 31 December 2013
were confirmed by matching the information in the
death records and identification numbers assigned to
the participants at birth. We obtained data for the date
and causes of death from the Korean National Statistical
Office, which were identified based on death certificates.
MACEs were defined as any stroke recurrence, myocardial
infarction occurrence or all-cause death. The censoring
date was 31 December 2013.

Statistical analysis

SPSS for Windows (V.25, SPSS) was used for the statistical
analysis. Cut-off values for systolic and diastolic IANDs
were based on those used in the previous study, which
reported that IAND of 215mm Hg was a cut-off value
that could predict mortality in stroke patients and elderly
people.”® Patients with CS were divided into two groups
according to the presence of IAND>15mm Hg. The statis-
tical significance of intergroup differences was assessed
using the y” or Fisher’s exact test for categorical variables
and independent two-sample t-test or Mann-Whitney
U test for continuous variables. Data were expressed as
meanzstandard deviation or median (interquartile range)
for continuous variables and number (%) for categorical
variables. Survival curves were generated according to the
Kaplan-Meier method and compared using the log-rank
test. Multivariable Cox proportional hazards regression
was performed to determine the independent associa-
tion between IAND and MACEs. We adjusted gender,
age, NIHSS score at admission, cardiovascular risk factors
(hypertension, diabetes mellitus, hypercholesterolaemia,
current smoking, congestive heart failure, and coronary
artery disease), and variables (brachial-ankle pulse wave
velocity and high-density lipoprotein) that exhibited a
p<0.05 in the univariable analysis. Subgroup analysis was
performed with Cox regression analysis based on >65
years or <65 years old. All p values were two tailed, and
differences were considered significant at p<0.05.

RESULTS

Prevalence of PAD

The prevalence of PAD was significantly different
depending on the stroke subtype. The prevalence of PAD
was 5.6% in CS, 13.0% in large artery atherosclerosis,

Table 1 Prevalence of peripheral artery disease among
ischaemic stroke subtypes

Peripheral artery disease

Number (%) P value
Cryptogenic stroke (n=682) 38 (5.6) <0.001
Large artery atherosclerosis 80 (13.0)
(n=615)
Cardioembolism (n=776) 63 (8.1)

Small vessel occlusion (n=281) 16 (5.7)

8.1% in cardioembolism, and 5.7% in small vessel occlu-
sion (table 1).

Clinical characteristics

The mean patient age was 64.7+12.5 years. Of the total
patients with CS, 60.1% were men and 17.2% had a poor
functional outcome. Systolic and diastolic JANDs >15mm
Hg were noted in 8.5% and 2.3% patients, respectively.
Compared with patients with systolic IAND <15mm Hg,
those with systolic IAND >15mm Hg were older, had
lower high-density lipoprotein, had higher brachial-ankle
pulse wave velocity and systolic and diastolic IANDs (all
p<0.05). They also showed a poor functional outcome at
3 months (p<0.001). Patients with diastolic IAND >15mm
Hg had higher systolic and diastolic IANDs than those
with diastolic IAND <15mm Hg (all p<0.05) (table 2).
Large IAND was significantly associated with lower ABI in
both systolic and diastolic (all p<0.05) (table 3).

Association between IAND and MACE

All patients were followed up for a median of 2.6 (inter-
quartile range, 1.0-4.3) years. The incidence of MACEs
was 21.2%. In the Kaplan-Meier survival analyses, the inci-
dence of MACEs was higher in patients with systolic and
diastolic IANDs >15mm Hg than in those with systolic
and diastolic JANDs <15 mm Hg (log-rank test, all p<0.05)
(figure 2). In the multivariable Cox regression analysis,
systolic and diastolic JANDs >15mm Hg were indepen-
dent predictors of MACEs in patients with CS (hazard
ratio (HR) 2.115, 95% confidence interval (CI) 1.230 to
3.635 and HR: 2.523, 95% CI 1.086 to 5.863, respectively).
In the subgroup analysis according to age, systolic IAND
>15mm Hg in elderly patients (age: 265 years) was signifi-
cantly associated with MACEs (HR 2.242, 95% CI 1.170 to
4.298), but not diastolic IAND >15mm Hg. In younger
patients (age: <65 years), there was no significant associa-
tion between IAND and MACEs (table 4).

DISCUSSION

This study showed that systolic and diastolic IANDs were
associated with MACEs in patients with CS without overt
PAD, after adjusting for well-known prognosis predictors.
In particular, large JAND was associated with outcomes
in elderly patients with CS. These findings suggest that
large JAND may be a useful predictor for the long-term
occurrence of MACE:s in elderly patients with CS without
overt PAD.

Interarm BP difference has been associated with recur-
rent stroke,” poor prognosis,'’ and mortality."" Similarly,
previous studies have been shown that large IAND is
associated with all-cause and cardiovascular mortality in
the elderly population and patients with acute myocar-
dial infarction.® '* Our previous study also reported that
large IAND could predict poor short-term and long-term
outcomes in patients with acute ischaemic stroke without
PAD and that the prognostic value of IAND was superior
to the interarm BP difference.? However, the prognostic
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Table 2 Clinical characteristics and comparison of study patients with and without interankle blood pressure

difference >15mm Hg

Systolic Systolic Diastolic Diastolic
IAND <15mm |AND >15mm IAND <15mm  |AND >15mm
Total Hg Hg Hg Hg
(n=612) (n=560) (n=52) Pvalue (n=598) (n=14) P value

Age, y 64.7+12.5 64.4+12.5 68.2+11.2 0.036 64.6+12.4 68.5+14.0 0.248
Men 368 (60.1) 332 (59.3) 36 (69.2) 0.161 360 (60.2) 8 (57.1) 0.817
NIHSS score at admission 2.0(1.0, 5.0) 2.0 (1.0, 4.0 3.0 (1.0, 7.0) 0.239 2.0 (1.0, 4.0 3.0 (2.0, 5.8) 0.456
Poor functional outcome 105 (17.2) 85 (15.2) 20 (38.5) <0.001 101 (16.9) 4 (28.6) 0.276
Body mass index, kg/m? 24.0+3.3 24.0+3.3 23.5+3.0 0.215 24.0+3.3 22.5+3.0 0.083
Brachial-ankle pulse wave 2050.0+534.4  2035.0+534.2 2195.5+510.5 0.048 2039.1+524.1  2476.6+779.6 0.079
velocity, cm/s
Risk factors

Hypertension 466 (76.1) 427 (76.3) 39 (75.0) 0.840 454 (75.9) 12 (85.7) 0.536

Diabetes mellitus 192 (31.4) 171 (30.5) 21 (40.4) 0.143 188 (31.4) 4 (28.6) 1.000

Hypercholesterolaemia 107 (17.5) 97 (17.3) 10 (19.2) 0.729 105 (17.6) 2 (14.3) 1.000

Current smoking 164 (26.8) 146 (26.1) 18 (34.6) 0.183 161 (26.9) 3 (21.4) 0.769

Congestive heart failure 10 (1.6) 10 (1.8) 0(0.0) 1.000 10 (1.7) 0 (0.0 1.000

Coronary artery disease 109 (17.8) 102 (18.2) 7 (13.5) 0.392 105 (17.6) 4 (28.6) 0.289
Laboratory findings

Total cholesterol, mg/dL 182.2+42.1 182.3+42.2 181.3+42.0 0.865 182.4+42.3 177.7+36.5 0.685

LDL, mg/dL 114.3+38.1 113.9+38.2 117.9+36.6 0.471 114.2+38.3 115.8+29.1 0.881

HDL, mg/dL 42.4+10.8 42.8+10.7 39.1+10.4 0.018 42.5+10.7 40.2+12.0 0.496

Triglyceride, mg/dL 128.9+89.9 129.6+91.6 121.7+69.0 0.545 129.4+90.7 108.7+43.3 0.545
IAND, mm Hg

Systolic IAND 6.71+5.88 5.43+3.81 20.42+6.74 <0.001 6.55+5.67 13.36+10.04 0.396

Diastolic IAND 3.58+3.73 3.43+3.33 5.29+6.45 0.044 3.20+2.70 19.79+5.40 <0.001

Data are expressed as mean + standard deviation, median [interquartile range], or number (%).
HDL, high-density lipoprotein; IAND, interankle blood pressure difference; LDL, low-density lipoprotein; NIHSS, National Institutes of Health Stroke

Scale.

effects of IAND in stroke patients are not fully established.
Particularly, little is known about the prognostic value of
TAND according to stroke subtypes such as CS.

In the Oxford Vascular Study, patients with CS had
the lowest frequency of PAD and a lower atherosclerotic
burden than those with other stroke subtypes.2 3 We
also found that the prevalence of overt PAD was lower in

Table 3 Association between IAND and ABI
Mean ABI value

Mean+SD P value
Systolic IAND
<15mm Hg (n=560) 1.139+0.073 0.037
>15mm Hg (n=52) 1.116+0.084
Diastolic IAND
<15mm Hg (n=598) 1.138+0.073 0.016
>15mm Hg (n=14) 1.090+0.085

ABI, ankle-brachial index; IAND, interankle blood pressure
difference; SD, standard deviation.

patients with CS compared to those with known etiologies.
Nevertheless, intermittent claudication, the most common
symptom of PAD, was reported to be quite frequent and
associated with a worse health-related quality of life in
patients with coronary heart disease without overt PAD."
A recent study also found that 13.1% of stroke patients
with normal ABI (0.9<ABI<1.4) had PAD, defined as low
toe—brachial index.'” In this context, screening for mild
PAD in patients with CS may provide additional informa-
tion to estimate the prognosis. Therefore, we excluded

A 10 B 10
2o <15 mmHg 2 o4l <15 mmHg
£ £
5 os §os
] g
g 04 [Systolic 1AND £ % [ Diastolic IAND

215 mmHg =15 mmHg

°

Survival probability
° °

302

0o Logrrank test,p<0.001
o 1 2 3 4 5 & 7 o 1 2 3 4 5 & 71
‘Time to major adverse cardiovascular events, year Time to major adverse cardiovascular events, year
<15mmHg 598 541 521 500 489 478 477 475
25mmHg 14 10 10 9 7 7 71 7

Log-rank test, p=0.004
00

<15mmHg 560 509 492 473 461 452 451 449
215mmHg 52 42 3 3 35 3B 3} B

Figure 2 Kaplan-Meier survival analysis. (A) Major adverse
cardiovascular events according to systolic IAND >15mm
Hg; (B) major adverse cardiovascular events according to
diastolic IAND >15mm Hg. IAND, interankle blood pressure
difference.
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Table 4 Cox regression analysis of major adverse cardiovascular events

Univariable Multivariable*
HR (95% ClI) P value HR (95% ClI) P value
All patients (n=612)
Systolic IAND >15mm Hg 2.355 (1.446 to 3.836) 0.001 2.115 (1.230 to 3.635) 0.007
Diastolic IAND >15mm Hg 2.886 (1.346 to 6.188) 0.006 2.523 (1.086 to 5.863) 0.031
<B5year (n=272)
Systolic IAND >15mm Hg 2.709 (1.057 to 6.947) 0.038 1.749 (0.524 to 5.834) 0.363
Diastolic IAND >15mm Hg 6.570 (2.328 to 18.543) <0.001 3.487 (0.850 to 14.308) 0.083
>65year (n=340)
Systolic IAND >15mm Hg 2.034 (1.148 to 3.601) 0.015 2.242 (1.170 to 4.298) 0.015
Diastolic IAND >15mm Hg 1.602 (0.506 to 5.072) 0.423 1.964 (0.600 to 6.428) 0.264

Data are derived from multivariable Cox proportional hazards regression analysis.

*Adjusted for gender, age, National Institutes of Health Stroke Scale score at admission, brachial-ankle pulse wave velocity, high-density
lipoprotein, hypertension, diabetes mellitus, hypercholesterolaemia, current smoking, congestive heart failure, and coronary artery disease.
Cl, confidence interval; HR, hazard ratio; IAND, interankle blood pressure difference.

patients with CS with overt PAD to show the implication
of mild PAD for stroke prognosis.

We found that large IAND was associated with old age,
lower high-density lipoprotein, higher arterial stiffness,
and lower ABI. Poor long-term outcome was also inde-
pendently associated with large IAND in patients with
CS without overt PAD. Moreover, presence of PAD is
known to be associated with endothelial dysfunction,'®
arterial stiffness,17 increased left ventricular mass index,18
coronary disease,' cerebral artery disease,” and poor
outcome.”! In this regard, our study suggests that large
IAND may be a surrogate marker of mild PAD in patients
with CS without overt PAD, and thus patients with large
IAND may have a worse prognosis due to exposure to
more risk factors and atherosclerotic burden.

Age is a significant predictor of long-term stroke recur-
rence and all-cause mortality in patients with CS.* In our
study, the prognostic implication of large IAND was age
dependent. Elderly patients, but not younger patients,
with CS showed a strong association between systolic IAND
and stroke outcomes. The interaction between advanced
age and difference in the atherosclerotic burden may be
one of the determinants of the prognosis of patients with
CS.

This study has several limitations. First, there is a
possible selection bias owing to the retrospective design.
To overcome this, we enrolled consecutive patients with
CS. However, depth of cardiac evaluation and presence
of hidden cardiac embolic source may affect the results.
Second, we measured BP only once. Repeated measure-
ment is recommended to reduce the variation of IAND.
Therefore, we repeated BP measurements in patients with
ABI <1.0or JAND >10mm Hg for reliability. Third, not
all patients underwent angiographic studies of the lower
extremity to diagnose PAD. However, substenotic athero-
sclerosis may not be visible on lumen imaging® and ABI
is recommended for use in clinical practice and research

according to guidelines from the American College of
Cardiology/American Heart Association.? Fourth, ankle
BP may be affected by medial artery calcification or
muscle atrophy and stiffening in the legs. Fifth, we did
not include other cardiovascular events (coronary revas-
cularisation, hospitalisation for heart failure, etc) in the
MACEs. Thus, a caution is required in interpreting the
results of this study. Finally, this study was performed in
a South Korean population. Studies for different ethnici-
ties are needed.

CONCLUSIONS

We demonstrated that systolic and diastolic IANDs were
significantly associated with the long-term occurrence of
MACE:s in patients with CS without PAD. In particular, the
association between IAND and MACE was only observed
in elderly patients. Therefore, we suggest that large IAND
may be a useful prognostic marker in CS patients, espe-
cially elderly patients with CS.
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