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Abstract

BACKGROUND—The spectrum, prevalence, and prognostic implications of abnormal left 

ventricular geometry (LVG) in patients with lacunar stroke are unknown. We examined the 

spectrum of LVG and its relationship with vascular risk factors and outcomes after lacunar stroke.

METHODS—LVG was determined with transthoracic echocardiography for 1961 patients with 

MRI-verified recent lacunar stroke participating in the Secondary Prevention of Small Subcortical 

Strokes trial. Multivariable logistic regression and Cox proportional hazards models were used to 

identify characteristics independently associated with LVG and to estimate risk from abnormal 

LVG for recurrent stroke and death.

RESULTS—Abnormal LVG was present in 77%. Hispanic (OR 1.4, 95% CI 1.1–1.8) or black 

(OR 2.0, 1.3–2.9) race-ethnicity, diabetes (OR 1.3, 1.0–1.7), hypertension, impaired renal function 

(OR 1.8, 1.2–2.5), intracranial stenosis (OR 1.5,1.1–2.1), and abnormal left ventricular function 

(OR 2.0,1.4–3.0) were independently associated with abnormal LVG. Subjects with abnormal 

LVG also more frequently had advanced manifestations of small vessel disease specifically 

previous subcortical infarcts and white matter hyperintensities. After adjusting for assigned 

treatments, clinical risk factors, and advanced manifestations of small vessel disease, subjects with 

abnormal LVG remained at increased risk of stroke recurrence (HR 1.5, CI 1.0–2.4). There was no 
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interaction between LVG and assigned antiplatelet or blood pressure target. Abnormal LVG was 

not associated with mortality.

CONCLUSIONS—LVG consistent with chronic hypertensive changes was highly prevalent and 

correlated with neuroradiological manifestations of small vessel disease in lacunar stroke patients. 

These results support the constructs that both cerebral small vessel disease and LVG represent 

end-organ consequences of chronic hypertension.

REGISTRATION—http://www.clinicaltrials.gov/NCT00059306.
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BACKGROUND

Transthoracic echocardiography is routinely used to help ascertain stroke mechanism after 

an ischemic cerebrovascular event.[1,2] However its use, particularly in the context of 

lacunar (subcortical) infarction, is controversial,[3] with some investigators concluding that 

transthoracic echocardiography is of little to no utility in the workup of lacunar stroke.

Left ventricular geometry refers to the relationship between left ventricular wall thickness 

and left ventricular mass, indexed to body surface area. It is a conceptualization of cardiac 

remodeling in response to physiologic (e.g. athletic strength or endurance training) or 

pathologic (e.g., response to the pressure overload of hypertension or volume overload) 

changes.

Though abnormal left ventricular geometry in keeping with chronic hypertension (i.e. 

concentric remodeling or concentric hypertrophy) is the most common echocardiographic 

finding reported in previous small series of patients with lacunar stroke, it is unknown 

whether transthoracic echocardiography yields additional clinical or prognostic information 

in this cohort of patients.

Our aim was to define the prevalence, spectrum, and prognostic implications of abnormal 

left ventricular geometry in patients with symptomatic lacunar infarcts. Data were from the 

Secondary Prevention of Small Subcortical Strokes (SPS3) Trial involving patients with 

recent MRI-proven symptomatic lacunar infarcts. All participants, 86% of whom had 

hypertension at baseline,[4] had a transthoracic echocardiogram prior to randomization.

METHODS

All participants were part of the SPS3 trial, the design, rationale, participant characteristics, 

and results of which have been previously published.[4–7] Briefly, participants were 

enrolled within 180 days of a symptomatic lacunar infarct with a corresponding lesion on 

magnetic resonance imaging (MRI). Patients with a major-risk cardioembolic source 

(supplemental table 1), ipsilateral carotid stenosis >50%, or previous cortical infarcts were 

ineligible for the trial. Eligible patients were randomized in 2×2 factorial design to (1) a 

double-blinded antiplatelet intervention (1:1): 325 mg daily aspirin and either placebo or 75 
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mg daily clopidogrel, and (2) a prospective, open-label, systolic blood pressure target (1:1) 

of 130–139 mm Hg vs. <130 mm Hg. The study was approved at each site by the local 

institutional review committee. All participants gave informed consent.

Prior to enrolment, participants were required to have a transthoracic echocardiogram to 

exclude any participant with a major-risk cardiogenic embolic source. Echocardiography 

was not performed according to a pre-specified protocol or interpreted centrally, and site 

personnel reported available information from echocardiography reports on a standardized 

data form. All participants who had measurements reported for left ventricular end-diastolic 

dimension (LVEDD), interventricular septal thickness at end-diastole (IVST), and posterior 

wall thickness at end-diastole (LVPWT) were included in these analyses. (Supplementary 

Figure I) LVEDD measurements were obtained from the two dimensional 

echocardiographic parasternal long-axis views of the left ventricle at the tips of the mitral 

valve for the internal dimension, interventricular septal thickness and posterior wall 

thickness. The left ventricular end-systolic measurement was also obtained from this view 

and a fractional shortening calculated. A qualitative assessment of the left ventricular 

systolic performance was obtained per site protocol and recorded as normal or abnormal 

(mild or moderate-severe). An estimate of left ventricular ejection fraction was also made 

qualitatively or semi-quantitatively by Simpson’s biplane technique. Ejection fractions > 

50% were considered normal, 40–50% mildly reduced left ventricular function, and 

moderate-severely reduced left ventricular dysfunction if below 40%.

Left ventricular geometry was indexed to body surface area and classified per Devereaux as 

normal, concentric remodeling, concentric hypertrophy, or eccentric hypertrophy.[8] Body 

surface area was estimated according to the Mosteller formula.[9]

Previous subcortical stroke or transient ischemic attack was defined as a clinical episode 

occurring prior to the qualifying event associated with a classical lacunar stroke syndrome. 

Diabetes was defined as (1) a clinical history of diabetes at the time of the qualifying event 

(91%) or (2) initiation of anti-diabetic medications over the first three months of follow-up 

(9%). Ischemic heart disease was defined as any clinical history of myocardial infarction, 

angina, or coronary artery bypass surgery, angioplasty or stenting. Glomerular filtration rate 

was estimated using the Chronic Kidney Disease Epidemiology Collaboration equation.[10] 

Blood pressure at entry was defined as the average of two screening systolic blood pressure 

determinations done at least one week apart.[6] To determine severity of hypertension, an 

adjustment was made by adding 5 mmHg to the systolic blood pressure for each 

antihypertensive medication the participant was taking at that time, to a maximum of 4 

medications. Normotensive was defined as <120 mmHg, pre-hypertensive as 120–<140 

mmHg, stage I hypertension as 140–<160 mmHg, and stage II hypertension as ≥160 mmHg.

De-identified magnetic resonance images (MRI) were submitted to the SPS3 Coordinating 

Center for interpretation by a neuroradiologist blinded to clinical information and assigned 

treatment.[11] Old subcortical infarcts were defined as hypointense areas on fluid-attenuated 

inversion recovery (FLAIR) and/or T1 measuring ≥3 mm, but no more than 15 mm in 

maximum dimension. Hypointense lesions at the level of the anterior commissure, 

convexity, or midbrain, were considered enlarged peri-vascular spaces (EPVS) and not 
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classified as infarcts, unless the lesion was surrounded by a hyperintense halo on FLAIR.

[11,13] Burden of white matter hyperintensities was evaluated visually on FLAIR images 

using the Age-Related White Matter Changes (ARWMC) scale. A priori, ARWMC scores 

of 0–4 were defined as none-mild disease, 5–8 moderate, and 9+ severe.[11,13]

Participant characteristics were compared between groups using Student’s t-test or ANOVA 

for continuous variables and a chi-square test (or Fisher’s exact test if expected cell count < 

5) for categorical data. Multivariable binomial logistic regression was used to identify 

participant characteristics independently associated with left ventricular geometry group at 

study entry. To estimate risk associated with abnormal left ventricular geometry at study 

entry for each of recurrent stroke and death, we fit multivariable Cox proportional hazards 

models adjusted for assigned treatments and clinical variables previously reported as 

independently predictive of recurrent stroke[14] and death[15] in this cohort. All analyses 

were performed using SPSS for Windows, Version 20 (Armonk, NY). All statistical tests 

were two-sided, no adjustments were made for multiple comparisons, and significance was 

accepted at the 0.05 level.

RESULTS

The 65% of the 3020 SPS3 participants with the necessary echocardiographic measurements 

(LVEDD, IVST, LVPWT) recorded to determine left ventricular geometry are included in 

these analyses. Included participants did not differ strikingly from excluded participants. 

(Supplementary Table II) The average age of the 1961 included participants was 63 years, 

64% were male, and histories of hypertension, diabetes, and prior symptomatic lacunar 

infarct were present in 75%, 36%, and 14% of patients respectively. Qualitative assessment 

of left ventricular function was normal for 86% of patients. Participants were followed for a 

mean of 3.7 (SD 1.9, median 3.6) years.

Over 75% of the participants had abnormal left ventricular geometry. (Figure 1) As 

compared to those with normal geometry (n = 449), participants with abnormal geometry (n 

= 1512) were slightly older, more often of Hispanic or black race-ethnicity, and had a higher 

prevalence of diabetes, hypertension, more severe hypertension, impaired renal function, 

intracranial stenosis, and abnormal left ventricular function. (Tables 1 and 2) Participants 

with abnormal vs. normal geometry more frequently had old small subcortical infarcts on 

MRI (43% vs. 34%, p < 0.001). White matter hyperintensities were also more prevalent 

among those with abnormal (ARWMC score 0–4 46%, 5–8 29%, >8 24%) vs. normal 

(ARWMC score 0–4 60%, 5–8 23%, >8 18%) geometry (p < 0.001).

Amongst patients with abnormal geometry, concentric remodeling and concentric 

hypertrophy were more common than eccentric hypertrophy. (Figure 1) Those with 

concentric hypertrophy were more often female and had a history of hypertension and more 

severe hypertension than those with concentric remodeling. Concentric hypertrophy was 

also associated with more neuroradiological manifestations of small vessel disease, i.e. 

higher ARWMC score and previous subcortical infarct on MRI. (Table 3)

Field et al. Page 4

J Stroke Cerebrovasc Dis. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Recurrent stroke occurred in 163 patients (136 ischemic, 24 hemorrhagic, 3 uncertain/

unknown) and death in 122 patients. Participants with abnormal geometry were at mildly 

increased risk of recurrent stroke (adjusted HR 1.6, 95% CI 1.0, 2.2, p = 0.04) after adjusting 

for assigned treatment groups and published clinical risk factors predictive of recurrent 

stroke in SPS3 participants13, i.e. male sex, black race-ethnicity, diabetes, and previous 

symptomatic subcortical infarct. (Table 4, Figure 2) None of severity of hypertension, 

intracranial stenosis, or left ventricular dysfunction was additionally predictive of recurrent 

stroke nor appreciably changed the estimated HR for abnormal left ventricular geometry in 

this model. There was no significant interaction between left ventricular geometry and either 

assigned antiplatelet (p=0.9) or blood pressure target (p = 0.9). None of the individual 

components of the left ventricular geometry formula (i.e. left ventricular end diastolic 

dimension, mass index, relative wall thickness), either as continuous measures or 

categorized as normal versus abnormal, was singularly predictive of recurrent stroke in the 

adjusted model (data not shown). We also investigated if abnormal left ventricular geometry 

remained predictive after additionally adjusting for cerebral manifestations of small vessel 

disease, i.e. we added terms for subcortical infarcts and ARWMC score group (0–4, 5–8, 9+) 

to the adjusted model described above. The estimated risk for recurrent stroke with 

abnormal geometry remained relatively unchanged (adjusted HR 1.5, 95% CI 1.0, 2.4, p = 

0.05).

Annualized hemorrhagic stroke rates were similar across the groups of normal geometry 

(0.39%, 6 of 24 strokes), concentric remodeling (0.41%, 11 of 80), and concentric 

hypertrophy (0.32%, 7 of 51), with no hemorrhagic strokes in the eccentric hypertrophy 

group (0 of 8 strokes). Abnormal left ventricular geometry was not predictive of death 

(adjusted HR 1.3, 95% CI 0.76, 2.1, p = 0.4). (Table 4)

DISCUSSION

In this cohort of patients with recent symptomatic lacunar stroke, abnormal left ventricular 

geometry, especially those changes consistent with chronic hypertension, was highly 

prevalent. Further, left ventricular geometry consistent with chronic hypertension had 

distinct risk factors and was associated with neuroradiological correlates of cerebral small 

vessel disease. We also found abnormal left ventricular geometry to be predictive of stroke 

recurrence.

Both concentric remodeling and concentric hypertrophy subtypes may develop in the 

context of chronic hypertension. [16] Pathophysiologically, geometric changes that occur in 

the transition from normal to concentric hypertrophy in the setting of systemic hypertension 

are postulated to be a response of the left ventricle to increased pressure overload, operating 

through left ventricular wall tension and stress. As left ventricular systolic pressure rises, 

wall tension increases and left ventricular radius remains normal or may even decrease. This 

increases wall stress which is then ‘normalized’ by increasing wall thickness resulting in 

concentric remodeling.[17] Recovery of left ventricular volume then results in concentric 

hypertrophy, the most advanced hypertrophic change with hypertension.[17]
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About 75% of SPS3 participants have hypertension, yet in previous analyses we did not find 

that history of hypertension, severity of hypertension, or blood pressure at study entry were 

predictive of recurrent stroke.[14] The association between abnormal geometry and stroke 

recurrence, independent of hypertension, suggests that abnormal geometry may be a marker 

for suboptimal duration or degree of blood pressure control from the perspective of 

secondary stroke prevention. Abnormal left ventricular geometry is known to reverse over 

years in the context of adequately controlled hypertension.[18]

In population-based studies, abnormal left ventricular geometry is associated with 

cerebrovascular events and mortality.[19–21] In our cohort, abnormal left ventricular 

geometry carried an increased risk of stroke, but not for death. While our results may be due 

to play of chance, the lack of association between abnormal geometry and death may be 

explained by a comparatively short period of follow-up. (Other large studies examining the 

relationship between geometry and prognosis had mean/median follow-up periods ranging 

from 4–8 years.) It is also possible that in this cohort with symptomatic cerebral small vessel 

disease and a relatively young age that geometry portends different prognostic implications 

than in the general population. The association between concentric hypertrophy and 

increased vascular risk, for example, is postulated to be partly due to the association of 

increased large-vessel atherosclerosis with this geometry subtype.[16,22] In our cohort, 

however, the overall prevalence of clinically manifest large vessel disease was quite low 

with only 3% of patients having a history of ischemic heart disease, fewer still having a 

history of peripheral vascular disease, and patients with symptomatic carotid disease and 

major-risk cardioembolic conditions being excluded from the study. Thus, it is possible in 

this comparatively etiologically “pure” cohort, hypertensive end-organ damage in the 

context of microvascular brain disease is not associated with an excess risk of death.

Limitations to our analysis include its post-hoc nature. Interpretation of baseline 

echocardiograms in SPS3 was not centralized, which while increasing the generalizability of 

our findings, may also introduce inter-rater variability that blunted relationships. 

Furthermore, adequate quantitative echocardiography measurements were only available for 

two-thirds of participants and were limited to a single study at study entry, and we cannot 

exclude that an unidentified selection bias related to left ventricular geometry may have 

occurred. Finally, as SPS3 participants were subsequently treated to systolic blood pressure 

targets that have been shown to modify left ventricular geometry and vascular prognosis 

over time, having a single study limited our ability to interpret the relationship between left 

ventricular geometry and stroke recurrence during the median follow-up of 3.6 years.

The relationship between left ventricular geometry, its evolution alongside cerebral 

microvascular changes in the context of small vessel disease, and its prognostic implications 

in this context requires further study. Our findings should be viewed as hypothesis-

generating and suggest that routine transthoracic echocardiography may be of value in 

patients with lacunar infarction given our finding that abnormal left ventricular geometry 

provides independent additional prognostic information about increased risk of recurrent 

infarction.
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CONCLUSIONS

Abnormal left ventricular geometry is common in lacunar stroke, and abnormal geometry 

subtypes are associated with distinct patient characteristics and correlate with 

neuroradiological findings. Abnormal geometry was independently associated with stroke 

recurrence in this population. Our findings suggest that abnormal left ventricular geometry 

on transthoracic echocardiography may provide additional prognostic information about risk 

of stroke recurrence in lacunar stroke patients.

Supplementary Material
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Figure 1. 
Left ventricular geometry of participants
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Figure 2. 
Kaplan-Meier curve for recurrent stroke by left ventricular geometry
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Table 1

Characteristics of participants by left ventricular geometry

Normal
geometry
(n = 449)

Abnormal
geometry
(n = 1512)

p-value

Age, mean (SD) 62 (11) 64 (11) 0.002

Male, % 67 63 0.1

Race-ethnicity, %* < 0.001

  Non-Hispanic white 58 45

  Hispanic 31 37

  Black 9 16

  Other/multiple 2 3

History of hypertension, % 68 77 < 0.001

Severity of hypertension, %* < 0.001

  Normal 2 2

  Pre-hypertensive 25 16

  Stage I 45 41

  Stage II 28 41

Diabetes, % 30 38 0.002

Ischemic heart disease, % 10 9 0.7

Estimated GFR (mL/min/1.73m2)

mean (SD) 85 (19) 81 (20) < 0.001

< 60, % 10 17 0.001

Prior symptomatic lacunar infarct, % 15 14 0.8

Fractional shortening, mean (SD) 38 (11) 36 (15) 0.009

Fractional shortening ≤ 25%, % 6 9 0.1

Left ventricular function*,**, % < 0.001

  normal 91 84

  mild dysfunction 8 15

  moderate-severe dysfunction 1 1

Intracranial stenosis ≥50%, % (n = 1850) 11 19 < 0.001

Abbreviations: SD = standard deviation, GFR = glomerular filtration rate. ARWMC = age-related white matter changes

*
For subsequent analyses, and due to small numbers, severity of hypertension categories normal and pre-hypertensive were combined into non-

hypertensive, and left ventricular function categories of mild and moderate-severe dysfunction were combined into abnormal dysfunction

**
As per qualitative assessment
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Table 2

Participant characteristics from Table 1 independently associated with abnormal left ventricular geometry

Odds ratio (95% CI)

Race-ethnicity

  Hispanic 1.4 (1.1, 1.8)

  Black 2.0 (1.3, 2.9)

  All others reference group

Diabetes 1.3 (1.0, 1.7)

Severity of hypertension

  Non-hypertensive reference group

  Stage I 1.4 (1.0, 1.8)

  Stage II 1.9 (1.4, 2.5)

Estimated glomerular filtration rate < 60 mL/min/1.73m2 1.8 (1.2, 2.5)

Abnormal left ventricular function* 2.0 (1.4, 3.0)

Intracranial stenosis ≥ 50% 1.5 (1.1, 2.1)

*
As per qualitative assessment
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Table 3

Characteristics of participants by type of abnormal left ventricular geometry

Concentric
remodeling

(n = 773)

Concentric
hypertrophy

(n = 603)

Eccentric
hypertrophy

(n = 136)

p-value

Age, mean (SD) 63 (11) 64 (11) 65 (11) 0.1

Male, % 70 56 53 < 0.001

Race-ethnicity, %* < 0.001

  Non-Hispanic white 50 38 46

  Hispanic 30 46 38

  Black 17 14 15

  Other/multiple 3 2 1

History of hypertension, % 71 83 79 < 0.001

Severity of hypertension, % < 0.001

  Non-hypertensive 22 13 16

  Stage I 43 38 40

  Stage II 35 49 44

Diabetes, % 40 35 36 0.2

Ischemic heart disease, % 9 9 14 0.2

Estimated GFR (mL/min/1.73m2),

mean (SD) 82 (20) 79 (20) 79 (21) 0.01

< 60, % 15 18 18 0.2

Prior symptomatic lacunar infarct, % 15 13 16 0.6

Fractional shortening

mean (SD) 35 (17) 37 (13) 36 (10) 0.2

≤ 25%, % 10 6 12 0.04

Abnormal left ventricular function*, % 14 17 27 < 0.001

Intracranial stenosis ≥50%, % 18 21 15 0.2

Small subcortical infarcts on FLAIR/T1 (hypointense) on MRI, % 39 50 41 < 0.001

White matter hyperintensities

ARWMC score, mean (SD) 5.6 (4) 6.3 (4) 5.7 (4) 0.005

ARWMC score 0.04

  none-mild (0–4) 49 41 49

  moderate (5–8) 29 31 28

  severe (>8) 22 28 23

GFR = glomerular filtration rate; ARWMC = Age Related White Matter Changes
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*
As per qualitative assessment
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Table 4

Hazard ratios (HR) for recurrent stroke and death by left ventricular geometry.

# of events (n) Unadjusted HR
(95% CI)

Adjusted* HR
(95% CI)

Recurrent stroke

  Normal geometry 24 (449) reference group reference group

  Abnormal geometry 139 (1512) 1.7 (1.1, 2.6) 1.6 (1.0, 2.4)

Death

  Normal geometry 18 (449) reference group reference group

  Abnormal geometry 104 (1512) 1.6 (0.97, 2.6) 1.3 (0.76, 2.1)

*
Recurrent stroke: Multivariable model adjusted for assigned treatment groups, male sex, Black race-ethnicity, diabetes, and previous symptomatic 

subcortical infarct13

Death: Multivariable model adjusted for age, body mass index, history of hypertension, systolic blood pressure, diabetes, low hemoglobin (< 13 g/

dL), estimated glomerular filtration rate, and interactions of assigned antiplatelet with non-hypertension and ischemic heart disease14
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