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ABSTRACT
OBJECTIVES This study sought to investigate the prognostic signiﬁcance of left ventricular (LV) mass and geometry in
ischemic stroke survivors, as well as the LV geometry–speciﬁc differences in the blood pressure–mortality relationship.
BACKGROUND LV mass and geometry are well-known prognostic factors in various populations; however, there
are no data on their role in ischemic stroke patients.
METHODS We prospectively recruited 2,328 consecutive patients admitted with acute ischemic stroke to our institute
between 2002 and 2010. Of these, 2,069 patients were analyzed in whom echocardiographic data were available to
assess LV mass and geometry.
RESULTS All-cause mortality was signiﬁcantly greater in patients with concentric hypertrophy (adjusted hazard ratio
[HR]: 1.417; 95% conﬁdence interval [CI]: 1.045 to 1.920) and concentric remodeling (HR: 1.540; 95% CI: 1.115 to 2.127)
but nonsigniﬁcantly in those with eccentric hypertrophy (HR: 1.388; 95% CI: 0.996 to 1.935) compared with normal
geometry in multivariate analyses. Relative wall thickness was a signiﬁcant predictor of all-cause mortality (HR: 1.149 per
0.1-U increase in relative wall thickness; 95% CI: 1.021 to 1.307), whereas LV mass index was not (HR: 1.003 per 1 g/m2
increase in LV mass index; 95% CI: 0.999 to 1.007). Similar results were observed with cardiovascular mortality. In
multivariable fractional polynomials, patients with altered LV geometry showed reverse J-curve relationships between
acute-phase systolic blood pressure and all-cause or cardiovascular mortality, with the highest risks in the lower
extremes, whereas those with normal geometry did not.
CONCLUSIONS Echocardiographic assessment of LV geometry provided independent and additive prognostic information
in ischemic stroke patients. A reverse J-shaped relation of mortality with blood pressure was found in patients with abnormal
LV geometry. (J Am Coll Cardiol Img 2018;11:373–82) © 2018 by the American College of Cardiology Foundation.
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troke is a highly prevalent disease and the

For this reason, various attempts have been made to

second-leading cause of mortality in the world

enhance clinical outcomes after ischemic stroke,

(1). Ischemic stroke is the most common type of

including the identiﬁcation of potential prognostica-

stroke and has a substantial case fatality rate (1,2).

tors such as the National Institutes of Health Stroke
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ABBREVIATIONS

Scale (NIHSS) (3). Indeed, recent studies

In this study, we investigated the prognostic

AND ACRONYMS

showed a temporal trend of a decrease in

value of LV mass and geometry in predicting

both stroke incidence and mortality along

mortality after acute ischemic stroke. We also

with improvements in the control of risk fac-

hypothesized that the adverse inﬂuence of low BP

tors, in particular hypertension (4). However,

on mortality would be more prominent in stroke

the mortality rates were still unacceptably

patients with altered LV geometry than in those with

LV = left ventricular

high after incident ischemic strokes (533 of

a normal geometry.

LVMi = left ventricular mass

929; 57.4%) (4), which suggests the need for

AUC = area under the curve
BP = blood pressure
CBF = cerebral blood ﬂow

index

better risk stratiﬁcation and tailored treat-

NIHSS = National Institutes of
Health Stroke Scale

RWT = relative wall thickness

METHODS

ment to further improve clinical outcomes.
In the diagnostic work-up of ischemic

STUDY DESIGN AND PARTICIPANTS. The design of

stroke patients, transthoracic echocardiogra-

the registry has been described elsewhere (18).

phy is widely performed to determine the presence of

Brieﬂy, this prospective registry was designed to

cardioembolic sources (5). Given that echocardiogra-

include consecutive patients with acute ischemic

phy provides useful prognostic information in various

stroke (i.e., <7 days from stroke onset). Only patients

diseases (6,7), it can also be used as a practical tool to

with available echocardiographic recordings were

stratify patients with ischemic stroke according to

eligible for this study. Exclusion criteria were di-

risk. Speciﬁcally, one study demonstrated that the

agnoses of intracerebral hemorrhage, subarachnoid

risk of developing stroke was associated with left

hemorrhage, or in-hospital stroke. Among 2,328

ventricular (LV) mass and geometry measured by

patients recruited from October 2002 to September

echocardiography (8). In spite of these previous re-

2010, the ﬁnal sample size was 2,069 for this study,

ports, there are no data on the prognostic value of LV

because individuals were further excluded for the

geometry for the prediction of long-term outcomes in

following reasons: poor echocardiographic image

patients after acute ischemic stroke, except for
lacunar stroke (9).
SEE PAGE 383

(n ¼ 174), insufﬁcient anthropometric data (n ¼ 47),
signiﬁcant valvular heart disease (n ¼ 36), and hypertrophic cardiomyopathy (n ¼ 2). The institutional
review board of the Seoul National University Hos-

Among risk factors for ischemic stroke, high blood

pital approved the study protocol (H-1009-062-332),

pressure (BP) is a major contributor, not only to its

and written informed consent was obtained from all

development but also to poor outcomes after acute

participants or from the next of kin when it was not

ischemic stroke (10,11). Conversely, there have been

possible to obtain the patient’s agreement.

concerns about whether ischemic stroke patients with

DATA COLLECTION. We recorded baseline demographic,

BP below certain cutoff values, even within normal

clinical, and laboratory data for all patients. We deﬁned

range, are associated with grave prognosis (12). In

acute post-stroke BP as the ﬁrst BP measured in the

particular, among patients with underperfused but

emergency department or other area (19).

still viable brain tissue (i.e., penumbra), any fall in BP

Ischemic stroke subtype was assessed by stroke

can increase the infarct area by reducing the survival

physicians on the basis of clinical and radiological

of penumbra, subsequently resulting in stroke pro-

data and classiﬁed into 5 categories according to

gression. In this regard, pressure-dependent cerebral

TOAST (Trial of Org 10172 in Acute Stroke Treatment)

blood ﬂow (CBF) for penumbra has been suggested as

(20): 1) large-artery atherosclerosis; 2) small-artery

a plausible mechanism for a U- or J-shaped curve,

occlusion; 3) cardioembolism; 4) stroke of other

with higher mortality rates at low BP and at very high

origin; and 5) stroke of undetermined origin. In

BP in ischemic stroke patients (13,14). Furthermore,

addition to 5 original subtypes, transient ischemic

the threshold of low BP that leads to a reduced cere-

attack was included in the analysis, which was

bral perfusion can be different depending on the

deﬁned as an episode of focal neurological deﬁcit

severity and duration of the underlying hypertension

that resolved within 24 h and was attributed to

(15,16). Given that adverse cardiac remodeling reﬂects

focal cerebral ischemia. The initial neurological

myocardial response to pressure overload integrated

severity was estimated with the NIHSS score at

over time, including hypertension (17), it can be

admission (21). Body surface area was calculated

speculated that patients with different LV geometric

by the DuBois and DuBois formula. Brain magnetic

patterns could have different BP cutoff values for

resonance imaging was obtained with a 1.5-T or 3.0-T

impaired cerebral perfusion and potentially poor

system and was performed according to a standard

clinical outcomes after ischemic stroke than those

protocol (22). Signiﬁcant carotid artery stenosis

with concentric forms of remodeling.

was deﬁned as luminal diameter narrowing $50% in
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the internal carotid artery. Body mass index was

expressed as Kaplan-Meier estimates and compared

calculated as measured body weight divided by

according to LV geometry. The log-rank test was

height squared (kg/m 2) and categorized as obese

performed for comparison of the differences in clin-

and nonobese groups according to previous studies

ical outcomes. We calculated the area under the curve

with modiﬁcation for Asian populations (23–25).

(AUC) by receiver operating characteristic analysis,

MORTALITY DATA. Patients were closely followed up

net reclassiﬁcation improvement, and integrated

at the stroke clinic of our institute at 3-month in-

discrimination improvement to evaluate the predic-

tervals. All-cause and cardiovascular deaths were

tive value of LV geometry for mortality. A multivari-

used as outcome variables. Mortality data, including

able Cox proportional hazards regression model was

the date of death and cause of death, were collected

used to ﬁnd the independent predictors of all-cause

from the governmental statistics ofﬁce in South Korea

and cardiovascular death. Variables associated with

(19). Cardiovascular death was deﬁned as death of

mortality with a p value <0.05 in univariate analysis

stroke, myocardial infarction, cardiac arrhythmia,

were included as confounding variables in multivar-

heart failure, pulmonary embolism, or other cardio-

iate analysis. To assess potential differences in re-

vascular causes.

lationships between mortality and BP in different LV

ECHOCARDIOGRAPHIC

ANALYSIS. Echocardiography

was performed according to the recommendations
of the American Society of Echocardiography (26,27)
using commercially available systems. Among various
methods used to assess LV geometry and architecture,
such

as

sphericity

index

(28,29),

we

classiﬁed

LV geometry according to the report of Verma et al. (6).
Echocardiographic variables included left ventricular
end-diastolic internal diameter (LVIDd), LV end-systolic
internal diameter, interventricular septum thickness

geometric patterns, patients were stratiﬁed into those
with normal or abnormal LV geometry, and then the
associations between systolic BP and all-cause or
cardiovascular death were modeled with Cox regression, and nonlinearities were explored with multivariable

fractional

polynomials

(31).

Two-sided

p values <0.05 were considered signiﬁcant. Statistical tests were performed with STATA software
version 12 (Stata Corp., College Station, Texas).

RESULTS

at end diastole (IVSTd), and posterior wall thickness at
end diastole (PWTd). LV mass was calculated on the

BASELINE

basis of standard methods currently recommended

patients, the prevalence of overweight and obesity was

CHARACTERISTICS. Among

(27,30): LV mass ¼ 0.80  (1.04  [(IVSTd þ LVIDd þ

27.9% and 35.9%, respectively. Baseline characteris-

PWTd)3  LVIDd3]) þ 0.6. LV mass was then indexed to

tics according to LV geometry are summarized

all

study

body surface area, and LV hypertrophy was deﬁned as

in Table 1. Brieﬂy, patients with normal geometry were

echocardiography-derived left ventricular mass index

younger; more frequently male; less likely to have a

(LVMi) >115 g/m2 for men and >95 g/m2 for women

history of diabetes mellitus, hypertension, or hyper-

(6,27,30). Regional wall thickness (RWT) was calculated

lipidemia; and likely to have lower body mass index.

as: 2  (PWTd)/(LVIDd), and increased RWT was deﬁned

Stroke severity, measured by NIHSS score, was great-

when this ratio was >0.42 for both men and women

est in patients with eccentric hypertrophy, followed

(6,27,30). Patients were classiﬁed into 4 groups of LV

by those with concentric hypertrophy, concentric

geometric pattern based on LVMi and RWT: normal

remodeling, and normal geometry. There were no

geometry (normal LVMi and normal RWT), eccentric

signiﬁcant differences in the use of medications or

hypertrophy

interventional or surgical treatments among groups.

(LV

hypertrophy

and

normal

RWT),

concentric remodeling (normal LVMi and increased

RELATION OF LV GEOMETRY TO MORTALITY AFTER

RWT), and concentric hypertrophy (LV hypertrophy and

ISCHEMIC STROKE. During a median follow-up of

increased RWT).

37.6 months, 367 patients (18%) died of all causes and

STATISTICAL ANALYSIS. Data were presented as

166 (8%) of cardiovascular causes. Patients who died

numbers and frequencies for categorical variables

had more adverse baseline characteristics, such as

and as mean  SD for continuous variables. For

older age, higher prevalence of hypertension and

comparison between groups, the chi-square test or

diabetes mellitus, previous history of atrial ﬁbrilla-

Fisher exact test was used for categorical variables

tion, or higher NIHSS score than those who survived

and the unpaired Student t test for continuous vari-

(Online Table 1).

ables, as appropriate. One-way analysis of variance

When classiﬁed according to LV geometric patterns,

and Scheffé post hoc test were used to analyze dif-

unadjusted all-cause mortality was higher in patients

ferences for continuous variables among more than 2

with abnormal geometry than in those with normal

groups. The chronological trend of outcomes was

geometry (concentric remodeling, log-rank p ¼ 0.006;
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T A B L E 1 Baseline Characteristics Stratiﬁed by LV Geometric Patterns (N ¼ 2,069)

Normal Geometry
(n ¼ 695)

Concentric Remodeling
(n ¼ 390)

Eccentric Hypertrophy
(n ¼ 421)

Concentric Hypertrophy
(n ¼ 563)

p Value

62.5  13.9

65.4  11.7

67.5  10.9

66.7  11.1

<0.001

73.2

77.7

38.2

54.9

<0.001

Systolic

146.0  24.7

150.9  26.5

152.0  27.3

159.0  28.5

<0.001

Diastolic

84.3  14.6

86.4  15.4

85.2  15.8

89.4  17.9

<0.001

23.7  3.1

23.9  3.1

24.0  3.4

24.7  3.4

<0.001

Nonobese

68.6

65.1

63.4

58.3

Obese

31.4

34.9

36.6

41.7

Demographic data
Age, yrs
Men
Blood pressure, mm Hg

Body mass index
Value, kg/m2
Classiﬁcation

0.002

Past medical history
Diabetes mellitus

27.3

37.9

30.9

36.4

<0.001

Hypertension

51.7

66.2

68.2

79.9

<0.001

Hyperlipidemia

20.6

22.6

23.5

26.6

0.088

Smoking

41.4

42.6

24.2

32.1

<0.001

Transient ischemic attack

5.1

5.9

3.1

4.1

0.220

18.4

20.9

17.7

22.3

0.212

Large-artery atherosclerosis (28.6%)

30.8

31.8

24.1

27.2

Small-vessel occlusion (25.7%)

21.6

28.4

27.0

28.0

Cardioembolism (17.1%)

16.3

13.2

20.8

17.9

Stroke of other determined origin (3.0%)

4.5

3.1

2.6

1.3

Stroke of undetermined origin (19.5%)

19.1

16.8

21.2

20.4

Transient ischemic attack (6.1%)

7.7

6.7

4.3

5.2

Leukocytes, per ml

7,867.3  2,773.9

7,987.7  2,962.7

7,571.0  2,653.4

7,993.1  2,775.0

Hemoglobin, mg/dl

13.9  1.9

14.0  1.8

13.1  1.9

13.7  1.8

Total cholesterol, mg/dl

175.8  37.5

182.3  39.3

178.2  39.0

183.0  39.4

0.004

HDL, mg/dl

44.6  12.9

44.2  12.2

45.2  12.7

44.0  12.7

0.550
<0.001

Stroke

<0.001

TOAST stroke classiﬁcation (% of overall patients)

Laboratory ﬁndings
0.085
<0.001

Triglycerides, mg/dl

119.5  64.2

134.1  75.6

124.4  76.5

140.1  83.4

LDL, mg/dl

107.5  32.8

111.6  34.0

108.0  34.1

111.1  33.7

0.113

FBS, mg/dl

107.3  34.6

115.8  40.4

110.2  36.6

115.9  47.0

<0.001

6.3  1.2

6.6  1.4

6.4  1.2

6.5  1.4

<0.001

HbA1c, %
Electrocardiography and echocardiography ﬁndings
Atrial ﬁbrillation
Ejection fraction, %

12.5

13.3

17.3

16.5

0.071

61.9  7.0

63.3  6.6

58.1  10.5

62.1  7.8

<0.001

9.4

13.5

10.0

9.5

0.160

4.1  4.8

4.6  5.2

4.9  5.4

4.8  5.2

0.029

Magnetic resonance angiography
Carotid artery stenosis $50%
Neurological severity
NIHSS score
Medication at discharge
Antiplatelet medication

78.3

78.2

75.5

76.0

0.622

Anticoagulation management

22.9

22.6

26.8

25.0

0.384

Intervention during admission
Thrombolysis

7.1

6.7

9.0

7.5

0.570

Craniectomy

0.6

0.3

0.7

1.4

0.186

Endarterectomy

0.0

0.0

0.0

0.2

0.444

Angioplasty

2.7

3.8

3.1

2.7

0.715

Values are mean  SD or %.
BP ¼ blood pressure; FBS ¼ fasting blood sugar; HbA1c ¼ glycated hemoglobin; HDL ¼ high-density lipoprotein; LDL ¼ low-density lipoprotein; LV ¼ left ventricular; NIHSS ¼ National
Institutes of Health Stroke Scale; TOAST ¼ Trial of Org 10172 in Acute Stroke Treatment.
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F I G U R E 1 Impact of LV Geometry on Mortality in Ischemic Stroke Patients

B

Free From All-Cause Death Rate

1.00

0.90

0.80

0.70
LV geometry
0.60

Log-rank p

Normal vs. concentric remodeling

0.50

0.006

1.00
Free From Cardiovascular Death Rate

A

0.90

0.80

LV geometry

0.70

Log-rank p

Normal vs. concentric remodeling

0.089

Normal vs. eccentric hypertrophy

0.001

Normal vs. eccentric hypertrophy

0.003

Normal vs. concentric hypertrophy

0.066

Normal vs. concentric hypertrophy

<0.001

0

1800

900

0.60

2700 (days)

0

900

1800

2700 (days)

Number at Risk

Number at Risk
Normal
geometry

695

363

141

23

Normal
geometry

695

377

180

47

Concentric
remodeling

390

239

107

18

Concentric
remodeling

390

242

124

50

Eccentric
hypertrophy

421

251

91

10

Eccentric
hypertrophy

421

264

120

88

Concentric
hypertrophy

563

400

203

40

Concentric
hypertrophy

563

412

223

97

Normal geometry

Concentric remodeling

Eccentric hypertrophy

Concentric hypertrophy

Kaplan-Meier curves showed a difference in freedom from all-cause (A) and cardiovascular (B) death after ischemic stroke based on LV geometry. LV ¼ left ventricular.

eccentric hypertrophy, log-rank p ¼ 0.001; and
¼

RWT were signiﬁcant univariate determinants of

0.066)

all-cause or cardiovascular death. Multivariate ana-

(Figure 1A). The risk of cardiovascular mortality was

lyses also showed that the LVMi and RWT remained

also higher in patients with concentric remodeling

independent predictors of all-cause or cardiovascular

(log-rank p ¼ 0.089), eccentric hypertrophy (log-rank

death, whereas the association between LVMi and

p ¼ 0.003), and concentric hypertrophy (log-rank

all-cause death was nonsigniﬁcant.

concentric

hypertrophy,

log-rank

p

p < 0.001) than in those with normal geometry
INCREMENTAL PROGNOSTIC VALUE OF LV GEOMETRY

(Figure 1B).
Table 2 shows the results from the Cox proportional

OVER NIHSS SCORE. The addition of LV geometry to

hazard models. Univariate analyses demonstrated

NIHSS score signiﬁcantly increased the AUC for

that all abnormal LV geometric patterns were signif-

predicting cardiovascular death (from 0.703 to 0.734;

icantly associated with an increased risk of all-cause

p ¼ 0.024) but not for all-cause death (from 0.672

death. In multivariate analyses, concentric remodel-

to 0.684; p ¼ 0.176) (Table 3). When LVMi and RWT

ing and concentric hypertrophy were signiﬁcant

were incorporated with NIHSS score as continuous

determinants for all-cause death, whereas eccentric

variables, it signiﬁcantly increased the AUC for all-

hypertrophy showed nonsigniﬁcance. Similar ﬁnd-

cause death (from 0.672 to 0.699; p ¼ 0.009) and for

ings were observed with cardiovascular death. Sub-

cardiovascular death (from 0.703 to 0.751; p ¼ 0.001).

group

artery

The addition of either LV geometry or LVMi and

stenosis <50% showed that concentric remodeling or

RWT also improved the measures of reclassiﬁcation

analysis

in

patients

with

carotid

concentric hypertrophy was associated with worse

(i.e., net reclassiﬁcation improvement and integrated

outcomes in this subpopulation (Online Table 2).

discrimination improvement) for all-cause or cardio-

When analyzed as continuous variables, LVMi and

vascular death.
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T A B L E 2 Unadjusted and Adjusted Cox Regression Analysis for All-Cause and Cardiovascular Mortality

Univariate Analysis
HR

95% CI

Multivariate Analysis*
p Value

HR

95% CI

p Value

All-cause death
Categorical variables
Normal geometry (reference)

1.000

Concentric remodeling

1.537

1.127–2.097

0.007

1.540

1.115–2.127

0.009

Eccentric hypertrophy

1.652

1.219–2.240

0.001

1.388

0.996–1.935

0.053

Concentric hypertrophy

1.491

1.124–1.976

0.006

1.417

1.045–1.920

0.025

LVMi

1.008

1.005–1.011

<0.001

1.003

0.999–1.007

0.096

RWT  10

1.144

1.029–1.272

0.013

1.149

1.021–1.307

0.022

Continuous variables

Cardiovascular death
Categorical variables
Normal geometry (reference)

1.000

Concentric remodeling

1.557

0.938–2.584

0.087

1.723

1.024–2.898

0.040

Eccentric hypertrophy

2.007

1.252–3.217

0.004

1.589

0.955–2.644

0.075

Concentric hypertrophy

2.254

1.471–3.454

<0.001

1.851

1.167–2.937

0.009

LVMi

1.013

1.009–1.018

<0.001

1.006

1.001–1.012

0.025

RWT  10

1.301

1.123–1.507

<0.001

1.258

1.053–1.504

0.012

Continuous variables

*HRs have been adjusted by age, sex, systolic blood pressure, obesity, smoking history, previous history of stroke, TOAST classiﬁcation, ejection fraction, leukocyte,
hemoglobin, HbA1c, carotid artery stenosis, and NIHSS score when admitted.
CI ¼ conﬁdence interval; HR ¼ hazard ratio; LVMi ¼ left ventricular mass index; RWT ¼ relative wall thickness; other abbreviations as in Table 1.

BETWEEN

for a systolic BP of z150 to 160 mm Hg in ischemic

SYSTOLIC BP AND MORTALITY. The Cox model with

stroke patients with abnormal LV geometry, in

multivariable fractional polynomials showed that the

contrast to those with normal geometry, in whom a

risk of all-cause death decreased as systolic BP

BP lower than this value conferred lower mortality.

decreased in patients with normal LV geometry

There was a signiﬁcant interaction between the LV

(Figure 2A); however, in patients with abnormal LV

geometry groups and BP for all-cause and cardiovas-

REVERSE

J-SHAPED

ASSOCIATION

geometry, all-cause death risk increased at both

cular mortality (p for interaction ¼ 0.041 and 0.044,

extremes of systolic BP, with a steeper increase in the

respectively).

lower extreme (Figure 2B). With regard to cardiovascular death, this reverse J-shaped association was

DISCUSSION

also found in patients with abnormal LV geometry
(Figure 2D) but not in those with normal geometry

The major ﬁndings of this study are as follows:

(Figure 2C). Accordingly, mortality risks were lowest

1) the LV geometric pattern was an independent

T A B L E 3 Impact of Adding LV Geometry to NIHSS Score on Predicting Outcomes

AUC
Value

Category-Free NRI
p Value

Value

p Value

IDI
Value

p Value

All-cause death
NIHSS score (reference)*

0.672

—

—

—

—

—

NIHSS score þ LV geometry

0.684

0.176

0.213

<0.001

0.008

<0.001

NIHSS score þ LVMi þ RWT

0.699

0.009

0.231

<0.001

0.016

<0.001

Cardiovascular death
NIHSS score (reference)*

0.703

—

—

—

—

NIHSS score þ LV geometry

0.734

0.024

0.354

<0.001

0.012

0.002

NIHSS score þ LVMi þ RWT

0.751

0.001

0.305

0.081

0.020

0.003

*Results of NIHSS score were taken as reference values for analyses.
AUC ¼ area under the curve; IDI ¼ integrated discrimination improvement; NRI ¼ net reclassiﬁcation improvement; other abbreviations as in Tables 1 and 2.
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F I G U R E 2 Association Between Acute Post-Stroke Blood Pressure and Adjusted Mortality
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Adjusted fractional polynomial Cox regression showed the relationship between acute post-stroke systolic blood pressure and all-cause (A and B) or cardiovascular
(C and D) mortality, according to left ventricular geometry (normal geometry, A and C; abnormal geometry, B and D). Orange line indicates hazard ratio, shaded area
indicates 95% conﬁdence interval. Hazard ratios were adjusted by age, systolic blood pressure, ejection fraction, leukocyte, hemoglobin, glycated hemoglobin, and
National Institutes of Health Stroke Scale score at admission.

determinant of all-cause or cardiovascular death in

Hence, it is not surprising that the role of LV mass or

ischemic stroke patients; 2) the addition of LV ge-

geometry in relation to clinical outcomes has been

ometry to NIHSS score signiﬁcantly improved the

well investigated and established in patients with

predictive ability for all-cause or cardiovascular death

hypertension, which is one of the most important

in this population; and 3) a lower systolic BP por-

causes of pressure overload on the LV (7,17,33).

tended a higher mortality rate in stroke patients with

Furthermore, LV mass and geometry have been

abnormal LV geometry but not in those with normal

considered a cumulative

geometry. An increased hemodynamic load, either

the severity and chronicity of cardiovascular risk

pressure, volume, or a combination of both, contrib-

factors, which suggests their potential to be better

utes to the increase in LV mass and/or chamber

prognosticators than the traditional ones. In this

dilation, resulting in different LV geometric adapta-

regard, the clinical signiﬁcance of LV mass and

tions, such as concentric remodeling, eccentric

geometry has been extensively explored in various

hypertrophy,

cardiovascular diseases, including coronary artery

and

concentric

hypertrophy

(32).

indicator

that reﬂects
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disease (34), post-myocardial infarction (6), and pre-

the concern with lowering BP in ischemic stroke

served LV ejection fraction (23). However, there is a

patients is additional loss of viable brain tissue

paucity of data on the prognostic implications of LV

because of worse hypoperfusion than the penumbral

geometry in patients with ischemic stroke, although it

threshold.

has been reported that LV hypertrophy and abnormal

In physiological conditions, the detrimental effects

geometry are associated with an increased risk of

of low BP on brain tissue can be prevented by cerebral

developing ischemic stroke (8).

autoregulation, a homeostatic mechanism to main-

Our data demonstrated that concentric hypertro-

tain CBF nearly constant when cerebral perfusion

phy and concentric remodeling conveyed higher

pressure or systemic BP changes (40). However,

mortality after ischemic stroke than normal LV ge-

previous studies suggested that patients with long-

ometry, which was in line with previous studies;

standing hypertension have a right-shifted auto-

however,

between

regulation curve (15,16). Thus, low BP values in

eccentric hypertrophy and adverse outcomes is

patients with chronic hypertension can cause cerebral

distinct from other studies. This difference can be

hypoperfusion and further ischemic insult, whereas

explained in part by the previous ﬁndings that car-

similar BP values are within the range of cerebral

diovascular resistance and cerebral perfusion were

autoregulation in patients without underlying hy-

different according to LV geometric pattern (17).

pertension. Indeed, a previous study suggested that

Speciﬁcally, among those with abnormal LV geo-

the clinical outcome of lowering BP in ischemic

metric patterns, patients with eccentric hypertrophy

stroke patients might be related to accustomed long-

the

insigniﬁcant

association

had the lowest cardiovascular resistance and highest

term BP (19). On the other hand, given that altered LV

cardiac index, which led to improved cerebral perfu-

geometry can be a time-integrated indicator of

sion. Given that the maintenance of cerebral perfu-

chronic pressure overload, it can be hypothesized

sion is a critical determinant of the extent of ischemic

that patients with abnormal LV geometry have an

brain injury (35), it can be speculated that lower

increased probability of right-shifted autoregulation

cardiovascular resistance in patients with eccentric

curves compared with those with normal geometry.

hypertrophy might contribute to fewer adverse
consequences after ischemic stroke.

In the present study, intriguingly, only patients
with

abnormal

LV

geometry

demonstrated

an

Mortality rates for ischemic stroke remain high

elevated mortality risk associated with a lower acute

despite recent progress in risk factor control and

post-stroke BP, contrary to their counterparts. These

treatment, which highlights the need to develop a

ﬁndings on the LV geometry–speciﬁc association

better risk stratiﬁcation and tailored treatment strat-

between BP and mortality support the hypothesis

egy. Our study showed that the assessment of LV

that hypertension contributes to both adverse LV

mass or geometry provided an incremental prognostic

remodeling and impaired autoregulation of cerebral,

value above that of the NIHSS score to predict all-

coronary, or renal blood ﬂow (Online Figure 2) (41–43)

cause or cardiovascular death in patients with acute

and suggest a potential role for assessment of LV

ischemic stroke. Given that echocardiography is one

geometric patterns in guiding decisions regarding

of the most commonly performed tests to evaluate for

the optimal BP target in ischemic stroke patients.

a cardioembolic source of stroke, echocardiography-

Further studies are required to validate these hypo-

based assessment of LV geometry can be a practical

thetical explanations. Another possibility is that

and useful clinical tool to improve risk prediction

patients with abnormal LV geometry were more

and management in ischemic stroke patients.

aggressively treated to lower BP than those with

A J-curve association between BP and worse

normal geometry, which means that overly aggressive

prognosis of cardiovascular events has been reported

BP lowering, rather than LV geometry, could be a

repeatedly (36,37). Clinicians are often faced with

major cause of poor outcomes. However, when we

difﬁculties in deciding whether to lower raised BP

evaluated BP changes according to mortality, there

after acute ischemic stroke, because previous studies

was no signiﬁcant difference in the magnitude of BP

reported that although 84% of stroke patients had

reduction during hospital stay between patients who

elevated BP on admission (38), BP usually decreased

survived and those who died within the follow-up

spontaneously, and only one-third of the patients

period. On the other hand, patients with abnormal

remained hypertensive (39). Our study showed that

LV geometry had signiﬁcantly higher values of

BP on the ﬁrst and fourth days after admission was

systolic BP but similar magnitudes of systolic BP

lower than that on admission (Online Figure 1), which

reduction during the ﬁrst 5 days compared with those

suggests initial post-stroke BP might be inﬂuenced by

with normal geometry (Online Figures 3A and 3B).

various factors such as pain or anxiety. Furthermore,

These ﬁndings could support our speculation about
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possible right-shifted CBF autoregulation curves in

relationship

patients with abnormal LV geometry.

all-cause or cardiovascular mortality, with higher

STUDY

mortality risks for lower systolic BP values.

LIMITATIONS. First,

we used the cutoff

between

acute

post-stoke

BP

and

values of LVMi and RWT published in previous
studies, which did not include people of East Asian

ADDRESS FOR CORRESPONDENCE: Dr. Jun-Bean

ethnicity as subjects. A recent study showed that the

Park, Cardiovascular Center, Seoul National Univer-

upper reference values of LVMi were lower for East

sity Hospital, Room 9623, 101 Daehak-ro, Jongno-gu,

Asian than European men, whereas those of RWT

Seoul 110-744, Republic of Korea. E-mail: nanumy1@

were similar between the 2 groups (44), which sug-

gmail.com OR Dr. Seung-Hoon Lee, Department of

gests that cutoff values of LVMi for hypertrophy

Neurology, Seoul National University Hospital, Room

could also be different for East Asians. However,

11604, 101 Daehak-ro, Jongno-gu, Seoul 110-744, Re-

there was no evidence for the ethnicity-speciﬁc

public of Korea. E-mail: sb0516@snu.ac.kr.

cutoffs to deﬁne LV hypertrophy or increased
RWT. Furthermore, similar results were found when

PERSPECTIVES

we analyzed LVMi and RWT as continuous variables.
Second, we excluded patients who did not have
echocardiographic

measurements

at

admission,

COMPETENCY IN MEDICAL KNOWLEDGE: There are few
data on the prognostic value of LV geometry in patients with

which could have introduced inclusion bias favoring

ischemic stroke, even though LV geometry reﬂects the chronicity

less ill patients who were able to undergo echocar-

and severity of cardiovascular risks. Currently available data also

diography. Third, we could not clearly explain the

do not provide an optimal target BP during the acute phase of

relatively high prevalence of concentric remodeling

ischemic stroke.

and concentric hypertrophy in this study. This
ﬁnding might be explained in part by the evidence

COMPETENCY IN PATIENT CARE AND PROCEDURAL

that concentric forms of remodeling can be prevalent

SKILLS: Echocardiography is a widely used imaging technique

in stroke patients who were enrolled relatively

for the evaluation of patients with acute ischemic stroke.

recently (9). Finally, although a different subtype of

Echocardiography-based assessment of LV geometry can provide

stroke, particularly cardioembolic stroke, can have

prognostic information in ischemic stroke patients and help

an entirely different pathophysiology, we could not

identify the subgroup of individuals with increased mortality risks

evaluate our ﬁndings according to stroke subtype.

at low BP levels.

CONCLUSIONS

TRANSLATIONAL OUTLOOK: Further studies are required to

In patients with acute ischemic stroke, LV geometry is
an independent and incremental prognostic factor for
all-cause and cardiovascular mortality. Only patients

elucidate whether therapeutic strategies to achieve different
target levels of acute post-stroke BP guided by LV geometry can
improve prognosis in ischemic stroke patients.

with abnormal LV geometry have a reverse J-shaped
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