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EDITORIAL COMMENT

Left Ventricular Geometry,
Blood Pressure, Arterial Hemodynamics,
and Mortality After Ischemic Stroke*
Thierry C. Gillebert, MD, PHD,a Julio A. Chirinos, MD, PHDb

T

he importance of left ventricular (LV) remod-

reﬂection for predicting LV hypertrophy, incident

eling as a determinant of cardiovascular risk

heart failure, and mortality (6,7).

is widely recognized. With age, stroke vol-

In large community-based cohort studies, such as

ume, and LV volumes decrease (1,2). LV mass de-

the Framingham Heart Study, LV remodeling and

creases as well, albeit to a lesser extent. As a

hypertrophy have been associated with poor long-

consequence, the LV mass/volume ratio and the rela-

term outcome (8). It has been recommended (9,10)

tive wall thickness (RWT) increase. Hemodynamic

to describe LV geometry as a function of LV mass and

load and other forms of cardiovascular stress trigger

RWT. This leads to 4 categories: normal geometry,

processes that lead to increased LV mass, remodeling,

concentric remodeling (increased RWT), concentric

and hypertrophy. Grossmann et al. (3) linked the type

hypertrophy (increased LV mass and RWT), and

of hemodynamic stress to the type of remodeling of

eccentric hypertrophy (increased LV mass and normal

the ventricle. They described concentric hypertrophy

RWT). Further studies (11) have linked cardiovascular

(thick-walled ventricle) in response to pressure over-

risk mainly to increased LV mass and concentricity (or

load and increased systolic wall stress as well as

RWT). The geometry of the ventricle is an established

eccentric hypertrophy (dilated ventricle) in response

prognostic factor, not only in the general population

to volume overload and increased diastolic wall

but also in the setting of hypertension, valvular heart

stress. Ross (4) applied this concept to hemodynamic

diseases, heart failure with preserved ejection frac-

load in aortic and mitral heart diseases. Recent

tion, and after myocardial infarction. However, no

research

of

data are available regarding the prognostic role of LV

ventricular-arterial interactions and revealed the

mass in patients with acute ischemic stroke. Long-

importance of the timing of systolic load, with early-

term mortality after ischemic stroke remains high,

systolic load triggering adaptive and late-systolic

which indicates the need for more aggressive thera-

load maladaptive hypertrophy (5). The timing of

peutic interventions that should be tailored to the

systolic load underlies the importance of arterial

risk of individual patients. Echocardiography is

stiffening and prominent/premature arterial wave

widely used in patients with acute ischemic stroke to

reﬁned

this

paradigm

in

view

assess for the presence of cardiac sources of emboli.
Therefore, the identiﬁcation of echocardiographic
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>115 (M) or >95 (W)
Normal

LV Mass g/m2

F I G U R E 1 LV Geometric Patterns Classiﬁed According to LV Mass, LV Volume, and RWT

Arterial hemodynamics could also be at play. With
every heartbeat, the pulse wave generated by LV
contraction becomes partially reﬂected at sites of

Dilated
hypertrophy

Proportional
hypertrophy

Concentric
hypertrophy

impedance mismatch along the arterial tree (13).
Whereas a local wave reﬂection at the aortic-carotid
interface has been proposed to prevent penetration

Eccentric
hypertrophy

Physiological
hypertrophy

of pressure and ﬂow pulsatility into the brain (14), the
bulk of wave reﬂections, which arise at the lower
body, travel back to the heart and penetrate the ca-

Concentric
remodeling
Normal LV

Eccentric
remodeling

rotid artery as a forward wave, which increases pulsatile pressure and ﬂow in the cerebrovascular bed
(15). Chronically increased pressure and ﬂow pulsatility in the cerebrovascular territory is thought to be

LV Volume ml/m2
Normal
RWT = 0.42

>75
RWT = 0.32

linked to chronic microvascular disease in the brain
(14), which could lead to impaired cerebral autoregulation. These wave reﬂections increase the mid to
late systolic wall stress of the LV (5), which leads to

The pink horizontal line separates LV hypertrophy from normal LV mass, and the green
vertical line separates dilated from nondilated ventricles. The 2 oblique blue lines
delimit the upper (0.42) and lower (0.32) limit of normal RWT. The gray ellipse indicates
the area of normal ventricles including physiological LV enlargement. Modiﬁed with

maladaptive concentric remodeling and hypertrophy
(7). Therefore, abnormal LV geometry could be a
marker of prominent wave reﬂections, increasing

permission from Oxford University Press from Marwick et al. (10). LV ¼ left ventricular;

late-systolic LV wall stress on the one hand and

M ¼ men; RWT ¼ relative wall thickness; W ¼ women.

leading to microvascular dysfunction with impaired
cerebrovascular regulation on the other. The microvascular function of other vascular beds (e.g., kidneys) could be similarly impaired. Impaired tissue

(of which 166 were of a cardiovascular cause). This is

perfusion of critical organs might contribute to the

an important cohort study with careful follow-up and

total and cardiovascular mortality observed after

with mortality data collected from the governmental

stroke by Park et al. (12).

statistics ofﬁce in South Korea. The main ﬁnding of

The lesser risk of patients with eccentric hyper-

the study is that concentric remodeling and hyper-

trophy deserves further attention. When the pre-

trophy, but not eccentric hypertrophy, were inde-

sented data are examined, there is a trend toward

pendently associated with a higher risk of mortality

increased mortality in eccentric hypertrophy that

than normal LV geometry. Accordingly, RWT was a

might statistically not differ from the effect of

signiﬁcant independent predictor of all-cause mor-

concentric remodeling or hypertrophy. The authors

tality, whereas LV mass was not. These results

(12) argue that the peripheral circulation might be

pinpoint concentricity as a maladaptive phenotype

better preserved in patients with eccentric hypertro-

that is associated with a poor outcome. A second

phy. But admittedly, eccentric hypertrophy, as clas-

important ﬁnding is that there was a signiﬁcant

sically deﬁned by LV mass and RWT, is a melting pot

interaction between LV geometry and systolic BP

of dissimilar ventricles. For this and other reasons,

during hospital admission as predictors of mortality,

Zile et al. (16) proposed a classiﬁcation of the geom-

such that mortality decreased as systolic BP was

etry of the ventricle as a function of LV volume,

lower in patients with normal LV geometry, whereas

combined with LV mass and RWT. They tested this

in patients with abnormal LV geometry, mortality

classiﬁcation in the Cardiovascular Health Study. The

risk increased at both extremes of the BP range

proposed classiﬁcation is based on the presence or

but more prominently among patients with lower

absence of LV enlargement and LV hypertrophy, and

(<w150 mm Hg) systolic BP on admission. These

RWT is valuable primarily for subclassifying people

ﬁndings suggest that in patients with abnormal LV

with normal LV size and mass. Compared with the

geometry, cerebral autoregulation is more disturbed

American Society of Echocardiography criteria, the

(shifted to higher pressures), presumably as a conse-

proposed scheme requires the presence of a normal

quence of chronic hypertension and arterial stiff-

LV volume for concentric remodeling or concentric

ening. In this situation, lower BP can cause cerebral

hypertrophy, whereas an enlarged LV volume is

hypoperfusion and further ischemic insult, whereas

required for classiﬁcation as eccentric hypertrophy

similar BP values are within the range of cerebral

(17). An American Society of Echocardiography/

autoregulation in patients with normal LV geometry.

European Association of Echocardiography writing
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group (10) recently expanded this classiﬁcation

interaction between LV remodeling, BP, and arterial

(Figure 1) and deﬁned categories on the basis of LV

hemodynamics as prognostic factors after acute

volume, LV mass, and RWT. The advantages of this

ischemic stroke. Similarly, whether antihypertensive

expanded classiﬁcation are that it includes physio-

therapy should be tailored according to the prevalent

logical hypertrophy, categorizes dilated ventricles,

LV geometry in patients with ischemic stroke remains

and can be used in various patient populations,

to be addressed in properly designed prospective

including valvular heart diseases. Of note, dilated

clinical trials.

hypertrophy was previously categorized as concentric
hypertrophy, and proportional hypertrophy was pre-
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