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Peak systolic longitudinal strain of the lateral left
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symptomatic hypertrophic obstructive cardiomyopathy:
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Abstract Speckle tracking echocardiography (STE)

or two-dimensional (2D) strain imaging is a novel

ultrasound method to assess myocardial deformation.

Peak systolic longitudinal strain (PSLS) of the basal

septum (IVS) and the opposite lateral (LVFW) wall

were measured in addition to standard echocardiog-

raphy in 88 consecutive patients (pts) with obstruc-

tive hypertrophic cardiomyopathy (HOCM) who

underwent a septal ablation procedure (PTSMA)

and who were re-evaluated 12 ± 12 after months. At

baseline, PSLS was substantially reduced both in

basal regions. While PSLS remained unchanged in

the basal IVS, i.e. the target region for PTSMA

(baseline: -5.3 ± 4.1%; follow-up: -6.0 ± 4.3%;

P = 0.06), it improved in the opposite LVFW (from

-9.4 ± 4.7 to -12.4 ± 4.8%; P \ 0.0001). Wall

thickness decreased in both regions (Septum: from

20 ± 4 to 17 ± 4 mm; P \ 0.0001; LV free wall:

from 13 ± 2 to 12 ± 2 mm; P = 0.001). PSLS

correlated significantly with wall thickness, both at

baseline and at follow-up. NYHA functional class

(from 2.9 ± 0.4 to 1.6 ± 0.6; P \ 0.0001) and

objective exercise capacity (from 96 ± 42 to 114 ±

42 W; P = 0.001) improved together with the reduc-

tion of outflow obstruction (LVOTO: from 62 ± 30

to 11 ± 19 mm Hg at rest, from 121 ± 26 to

43 ± 40 mm Hg with provocation; P \ 0.0001).

During the 12 months of observation, no patient

had a severe adverse event. Regional myocardial

deformation can be assessed quantitatively by STE.

Reduction of LV afterload by elimination of the

outflow gradient following a successful PTSMA with

low doses of alcohol results in improvement of

systolic lateral longitudinal function.
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Introduction

Hypertrophic cardiomyopathy (HCM) is a genetic

disorder characterized by left ventricular (LV) wall

hypertrophy, diastolic LV dysfunction, and myocar-

dial disarray [1, 2]. Up to 70% of the patients

additionally have manifest or latent obstruction to LV

outflow (LVOTO; 3); this variant is denominated also

obstructive HCM (HOCM). Patients with HOCM and
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symptoms limiting daily activities despite adequate

medical therapy may be candidates for surgical

myectomy or catheter-based septal ablation [4–19].

Both procedures aim at reducing outflow obstruction

together with the distorted movement of the mitral

valve (‘‘SAM’’ = systolic anterior movement) that

often results in obstruction-associated mitral regurgi-

tation. Comparable short- and mid-term treatment

results have been reported [2, 4, 20–22] with both

interventions concerning clinical improvement,

reduction of outflow obstruction, and preservation

of global LV function [4–24].

Noninvasive evaluation of global and regional

systolic LV function in HCM is routinely done by

calculation of LV ejection fraction (EF) and visual

judgement of segmental function from 2-dimensional

echocardiographic images [1, 2, 25]. Quantitative

ultrasound assessment of regional LV function can be

performed by measuring myocardial strain or defor-

mation [26, 27]. Usually obtained from tissue Dopp-

ler-derived velocity measurements, strain imaging

has been proposed as a sensitive tool to detect early

systolic function abnormalities in HCM. Recently,

a novel method to measure strain from standard

2-dimensional images (speckle tracking echocardiog-

raphy: STE, or 2D strain analysis) has been developed

[28–33]. STE analyzes routine B-mode grey-scale

loops for frame-by-frame movement of stable patterns

of natural acoustic markers, or speckles, present in

ultrasound images over the cardiac cycle.

The objective of the present study was to charac-

terize regional systolic longitudinal LV function using

STE in addition to standard echocardiographic assess-

ment in patients with symptomatic HOCM before and

after a septal ablation procedure (PTSMA). We

hypothesized that longitudinal systolic strain was

reduced already at baseline in both septum and lateral

wall, that it would further deteriorate in the septal

target region, and improve in the opposite lateral wall.

Patients and methods

Patients

Criteria for selection of patients to undergo septal

ablation have been described previously [9, 12–14],

and follow largely those established for septal

myectomy [1, 2, 15–19]. Septal ablation was

considered in patients with symptoms limiting daily

activities (Functional class [II, exercise-induced

syncope) despite adequate medical treatment, or if

medical treatment was not tolerated. A substantial

degree of outflow obstruction (pressure drop[50 mm

Hg at rest or [100 mm Hg with provocation) was

required as well as a suitable left ventricular and

coronary morphology. Routine pre-interventional

workup included noninvasive risk assessment with

respect to the need for implantation of an automatic

defibrillator [2]. Between January 2000 and Decem-

ber 2004, in 103 consecutive patients these inclusion

criteria were met, and septal ablation was attempted.

In 88 patients (86%) the procedure was completed; in

15 patients (14%) it had to be aborted, mainly

because echo monitoring showed involvement of

myocardium outside the septal target region [13].

Peri-and post-interventional mortality during the

observation period was 0%. The baseline character-

istics of our patient cohort are displayed in Table 1.

All 88 patients underwent clinical and non-invasive

follow-up after 12 ± 12 [3–30] months.

Septal ablation procedure

Detailed descriptions of the technique used by our

group and its evolution since 1996 have been repeat-

edly published [6, 9, 12]. A temporary pacemaker lead

Table 1 Clinical baseline data in 88 pts with HOCM prior to

septal ablation

Variable Mean ± SD Range

Age (years) 54 ± 12 29–80

NYHA functional class 2.9 ± 0.4 2–4

Disease duration (years) 4.8 ± 5.8 0.5–22.0

n %

Men/women n (%) 55/33 63/37

Familiar HCM n (%) 20 23

Drug treatment at baseline: beta blocker n (%) 48 55

Verapamil n (%) 34 39

Other drugs n (%) 6 6

Drug treatment at follow-up: beta blocker n (%) 75 85

Verapamil n (%) 7 8

Previous myectomy n (%) 1 1

Previous pacemaker for gradient reduction n (%) 5 6

Previous decompensation n (%) 5 5

Previous syncope n (%) 28 27

326 Int J Cardiovasc Imaging (2011) 27:325–333

123



was inserted in all patients. An over-the-wire balloon

was introduced into the target septal branch presumed

to be responsible for blood supply to the septal area

involved in obstruction. The balloon was inflated, and

an angiogram of the vessel performed to exclude dye

reflux into the main vessel. If the target region

was correctly marked by injection of the echo contrast

agent (Levovist�, Schering, Berlin, Germany;

350 mg/ml), 1 ml of absolute alcohol per 1 cm of

septal thickness were slowly injected under analgesic

medication (5–10 mg of morphine). Ten minutes after

the last alcohol injection the balloon was deflated and

removed, ensuring that no alcohol backwash occured

into the left anterior descending artery. A final

angiogram excluded LAD damage and verified septal

branch occlusion, and a final haemodynamic mea-

surement was performed.

Standard echocardiographic measurements

Standard echocardiography examinations were per-

formed in all patients using Vivid Five and Seven

digital ultrasound system (GE Medical Systems,

Horten, Norway). Two or three cardiac cycles were

stored for each imaging plane in a digital format. Left

ventricular and left atrial dimensions were measured

according to the recommendations of the American

Society for Echocardiography [25]. Left ventricular

ejection fraction was measured using Simpson’s

method. Diastolic LV function was evaluated by

analysis of mitral Doppler inflow. The presence of an

intraventricular or subaortic gradient was sought at

rest and with routine provocation by a Valsalva

maneuver, in selected cases by dynamic stress

echocardiography. A dedicated four chamber view

was archived in addition to the standard views,

looking specifically at the SAM-septum contact with

a frame rate[40 Hz. Mitral regurgitation (MR) was

evaluated according to the recommendations of the

American Society for Echocardiography.

Speckle-tracking or 2D-strain analysis

In each patient, baseline and follow-up four-chamber

views of maximum image quality, clearly showing the

area of septal-mitral apposition, were retrieved from

the database of our echo laboratory for further

analysis. After manual tracing of the endocardial

contour on an end-systolic frame, a dedicated software

(GE Medical Systems, Horten, Norway) automatically

tracked the contour on the other frames of that

cineloop. Adequate tracking was verified in real-time

and corrected by adjusting the region of interest or

manually correcting the contour. With these adjust-

ments, the 2D-strain software finally tracked the basal

myocardial segments adequately in all patients. Peak

systolic longitudinal strain was measured at end-

systole in the basal septum with the region of mitral-

septal apposition (‘‘SAM-septal-contact’’) as a refer-

ence point, and in the opposite LV free wall.

Statistics

Patient data were collected in a relational database

(Filemaker 3.0, Claris Corp.) and analyzed with the

Statview 5 (SAS Inc.) statistical software package.

Continuous data are expressed as mean ± standard

deviation after checking for normality of distribution

(otherwise: median and range). Student’s t-test for

paired and unpaired samples, or their non-parametric

analogues (Wilcoxon signed-rank and Mann–Whitney

test), or the chi2-test were used for group comparisons

as appropriate. A regression analysis was performed

for regional wall thickness and %strain as measured

by speckle tracking. A two-tailed P value of \0.05

was considered to indicate statistical significance.

Results

Clinical and haemodynamic

and echocardiographic results of septal ablation

Baseline characteristics of our patients are displayed in

Table 1. On average, 5 years had elapsed since the

initial diagnosis of HOCM. All but two were taking

beta-blockers, Verapamil or other drugs in adequate

doses, and other interventions (Myectomy, DDD-

pacing) directed against outflow obstruction had been

attempted in six. The mean amount of aethanol injected

during the ablation session was 2.0 ± 0.4 (range: 1–3)

ml resulting in a CK peak of 473 ± 184 U/l (range:

158–1,230) with an MB-fraction of 55 ± 23 U/l

(Normal values: \80 and \15 U/l, resp.). PTSMA-

induced atrioventricular conduction damage requiring

permanent AV-sequential pacing occurred in 7%

(6 pts). In-hospital mortality was 0%, follow-up was

100% complete.
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At follow-up, symptoms and exercise capacity

were found substantially improved. Standard echo-

Doppler examination showed reduction or elimina-

tion of the LVOT gradient, reduction of left atrial

size, and reduction of LV septal and free wall

thickness (Table 2). Global systolic LV function a

expressed by fractional shortening and ejection

fraction remained within normal limits.

Regional systolic longitudinal strain

Strain data from the basal septum and the opposite

LV free wall could be obtained in all patients before

and after PTSMA. At baseline, and compared to

normals, peak systolic longitudinal strain (PSLS) was

substantially reduced in both segments analyzed

(Table 2). A significant inverse correlation was found

between wall thickness and PSLS (Fig. 1) both at

baseline and follow-up.

While on average PSLS remained unchanged in

the basal IVS, i.e. the target region for PTSMA, 36

patients (41%, group A) showed positive strain values

(i.e. systolic lengthening or ‘‘stretching’’), 52 (49%,

group B) had maintained or improved septal short-

ening. Group A was characterized by a better septal

function at baseline (Table 3). Longitudinal shorten-

ing uniformly and significantly improved in the

opposite lateral wall. Figures 2 and 3 show two cases

Table 2 Global clinical

and haemodynamic results

of septal ablation

Baseline Follow-up P value

NYHA functional class 2.9 ± 0.4 1.6 ± 0.6 \0.0001

Max. watt (bicycle stress test) 96 ± 42 114 ± 42 0.001

Peak VO2 (ml/kg/min) 17 ± 5 20 ± 6 0.01

Septum thickness (mm) 20.0 ± 4.3 16.9 ± 3.7 \0.0001

LVFW thickness (mm) 13.4 ± 2.1 12.4 ? 1.8 0.001

LV mass index (g/m2) 224 ± 62 190 ? 48 0.01

LV fractional shortening (%) 46 ± 7 41 ± 10 0.01

LV ejection fraction (%) 79 ± 11 76 ± 10 0.1

E/A ratio of transmitral flow 1.1 ± 0.4 0.9 ± 0.3 \0.0001

LA diameter (mm) 49 ± 6 45 ± 7 \0.0001

LVOTO at rest (mm Hg) 62 ± 30 11 ± 19 \0.0001

LVOTO with provocation (mm Hg) 121 ± 26 43 ± 40 \0.0001

Basal septum longitudinal strain (%) 5.3 ± 4.1 6.0 ± 4.3 0.06

Basal lateral longitudinal strain (%) 9.4 ± 4.7 12.4 ± 4.8 \0.0001

Fig. 1 Negative correlation between segmental wall thickness and peak systolic longitudinal strain (left: baseline measurement,

right: follow-up measurement)
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with elimination of SAM and LVOTO after PTSMA,

and the strain curves derived from the basal septum

and the basal free wall.

Discussion

Septal ablation and myectomy for symptomatic

HOCM

Manifest or latent (i.e. provocable) intraventricular

gradients are found in up to 70% of patients with

HCM, and seem to have a negative impact on

symptoms and prognosis [1–3]. For patients with

HOCM who remain symptomatic despite adequate

medical treatment, septal ablation as a catheter-

based alternative to surgical myectomy has emerged

[2, 4–14] since 1995. Both septal reduction inter-

ventions aim at removing parts of the protruding

myocardium, have a comparable peri-interventional

mortality rate in experienced institutions, and effec-

tively reduce heart failure symptoms and outflow

obstruction as shown by several single-center series

[7, 9–14], a multi-center registry [24], and some

non-randomized comparisons [20–22]. Moreover,

CMR studies after septal ablation and one echocar-

diographic follow-up study after myectomy [34–36]

have suggested that reduction of systolic intraven-

tricular pressure, i.e. LV afterload, seems to reduce

LV free wall thickness and global LV mass,

supporting the concept that even in the genetically

driven hypertrophic process of HCM LV mass is

afterload-sensitive.

The present data summarize our current experi-

ence with septal ablation after several modifications

of the interventional protocol until 1999. Clinical and

haemodynamic results are consistent with our and

others’ previous reports [9–14, 20–22]. Notably,

in-hospital mortality was 0% in this series. The rate

of aborted procedures, however, was higher than

previously reported. Standard echocardiographic

measurements once again documented preservation

of global LV dimensions and function, and a

reduction of myocardial thickness both in the targeted

septum and in remote posterolateral wall segments.

Furthermore, since all echocardiographic studies

during this period were archived digitally in a raw-

data format, and since follow-up was 100%, we took

the chance to further analyze regional deformation

characteristics after a successful septal ablation.

Table 3 Comparison of

patients with septal

lengthening (positive septal

strain) vs. preserved or

improved septal shortening

(negative septal strain) after

PTSMA

Group A (septal

lengthening)

Group B (septal

shortening)

P value

Baseline LA size (mm) 49 ± 6 49 ± 7 0.8

Baseline LVOT gradient (rest, mm Hg) 64 ± 31 59 ± 30 0.4

Baseline septal thickness (mm) 18.7 ± 4.0 20.4 ± 4.3 0.07

Baseline lateral thickness (mm) 13.1 ± 1.5 13.7 ± 2.3 0.2

Baseline fractional shortening (%) 46 ± 6 46 ± 8 0.6

Baseline peak VO2 20 ± 6 17 ± 4 0.04

Baseline peak septal strain (%) 7.3 ± 4.0 3.5 ± 3.5 \0.0001

Baseline peak lateral strain (%) 9.2 ± 5.6 9.6 ± 4.1 0.7

Aethanol dose (ml) 1.9 ± 0.3 2.1 ± 0.5 0.08

Pacemaker dependency (n) 2 4 0.7

Peak CK (U/l) 489 ± 175 461 ± 193 0.5

Time to follow-up study (months) 12 ± 13 12 ± 11 0.9

Reduction of LA size (mm) 3.3 ± 5.2 3.6 ± 4.7 0.8

Reduction of LVOTO at rest (%) 82 ± 29 78 ± 38 0.2

Reduction of septal thickness (mm) 2.3 ± 3.2 3.0 ± 4.2 0.1

Reduction of lateral thickness (mm) 0.6 ± 1.7 1.1 ± 2.0 0.3

Improvement of peak VO2 (ml/min/kg) 2 ± 4 1 ± 3 0.2

Improvement of lateral strain (%) 3.6 ± 4.7 2.5 ± 4.0 0.3
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Echocardiographic methods for the assessment

of HCM

Echocardiography is the primary diagnostic tool in

HCM to assess LV hypertrophy, systolic and diastolic

LV function, left atrial dilatation, and outflow

obstruction [1–3, 25]. Echocardiographic monitoring

is successfully used for monitoring both surgical and

catheter-based septal reduction interventions [9, 11,

13, 18, 35, 36]. Tissue Doppler- (TDE-) based

methods allow further insight into global and regional

LV mechanics [37]. Diastolic LV dysfunction appears

to be uniformly present in HCM. TDE-based studies

have shown that systolic LV function is also often

depressed despite a normal global EF [27, 30].

However, all Doppler-based methods are angle-

dependent, and tissue Doppler-based deformation

imaging requires specific machine settings and a

time-consuming image analysis. Speckle tracking or

2D strain imaging is a new echo technique that is able

to derive quantitative deformation data from standard

sector images, obviating some of the problems

associated with TDE [28–33]. Furthermore, STE can

be used to retrospectively analyze archived digital 2D

cineloops if certain quality criteria (grey scale, frame

rate) are met. STE was found to accurately measure

LV deformation as compared to the reference methods

of sonomicrometry, TDE, and magnetic resonance

imaging [28, 31] in animals, healthy probands, and a

variety of cardiac conditions. Normal values for

longitudinal peak LV strain around -20% have been

reported, with an increase from base to apex.

In all our patients regional LV deformation

parameters from basal IVS and lateral wall could be

obtained within a reasonable analysis time, somewhat

different from previous publications with around 5%

of LV segments being rejected by the analysis

software [29]. The thickened, rather echogenic basal

LV walls in our HOCM cohort may have facilitated

this result. At baseline, and compared to the normal

values reported, longitudinal strain was severely

reduced in our patients both in the septal and lateral

wall. This finding is consistent with the results of

Serri [30] and coworkers: In a series of 26 patients

with HNCM analyzed with 2D strain they found

global longitudinal strain to be reduced to -15%,

with the basal segments, and especially the basal

septum, most severely affected (to -9%). Kato and

colleagues described a negative correlation between

TDE-derived strain values and haemodynamic

parameters [27]. As compared to these studies, our

patients were older and had a more pronounced LA

dilatation, findings which may explain their even

more pronounced reduction of basal longitudinal LV

strain.

Fig. 2 HOCM before (A, B) and after (C, D) a successful

septal ablation: 2D imaging shows SAM (green arrow) at

baseline (A), and absence of SAM together with septal thinning

(C). Systolic longitudinal strain (B) is reduced both on the

septal side (yellow curve) and on the lateral side (red). After

gradient elimination, lateral strain is markedly improved, septal

strain unchanged (D). (Color figure online)

Fig. 3 HOCM with moderate improvement of lateral strain

(red curve in B and D), while the septal target region is

‘‘stretched’’ (yellow curve) after septal ablation and elimination

of the outflow gradient (A and C, respectively with presence vs.

absence of SAM). (Color figure online)
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At follow-up, together with relief from obstruction

and a slight regression of wall thickness of the

respective segments, peak systolic longitudinal strain

significantly improved in the basal free wall. The

correlation between wall thickness and longitudinal

strain was still present. This improvement was

consistent with our expectations and with results in

other situations of systolic LV unloading, e.g. aortic

valve replacement for aortic stenosis [38]. The

findings with respect to the basal septum are more

difficult to interpret. Probably, creating a limited

necrosis [23, 37] by injecting a rather low amount of

aethanol in a region that is relatively stiff already at

baseline does not create much of additional, measur-

able dysfunction. In the subgroup of patients, how-

ever, who had better septal function at baseline,

systolic ‘‘stretching’’ of the ablation region tended to

develop until follow-up (Fig. 3). Interestingly, Van

Dockum et al. [35] saw virtually identical results in

their CMR study using tissue tagging in 9 patients at

baseline and 6 months after septal ablation: Longitu-

dinal septal shortening did not change (from

7.6 ± 4.4 to 8.7 ± 3.8%; P = 0.17) while the lateral

wall improved (from 11.2 ± 3.3 to 13.5 ± 4.5%:

P = 0.04). Reduction of regional wall thickness by

2 mm (septum) and 1 mm (lateral wall) was also

noted. The authors concluded that a beneficial

structural and functional LV remodeling process

occured in their patients after elimination of outflow

obstruction. Our present data seem to support this

conclusion; however, the subgroup with septal

‘‘stretching’’ needs a close long-term follow-up.

Limitations

Limitations of this report arise for one from the

retrospective nature of our study. Whether a baseline

or follow-up study was analyzed, was clearly visible

from the time markers and the presence or absence of

the septal ablation lesion. Since our analysis was

limited to only 2 out of 16 LV wall segments and to

longitudinal deformation, the effect of outflow gra-

dient reduction on strain measurements in other LV

regions and other dimensions of myocardial defor-

mation (i.e. radial and circumferential), or on global

systolic LV strain, remains to be assessed. Finally,

changes in medication may have interfered with our

observation.

Conclusion

Speckle tracking echo imaging is a promising new

tool to analyze regional systolic function in hyper-

trophic obstructive cardiomyopathy. A negative cor-

relation seems to exist between regional wall segment

thickness and longitudinal systolic function, with the

septum already most severely compromised at base-

line. Reduction of LV afterload by elimination of the

outflow gradient following a successful septal abla-

tion results in regression of lateral wall thickness and

in improvement of systolic lateral shortening. Fur-

thermore, the reported findings support the concept of

afterload dependency of myocardial mass and func-

tion in obstructive HCM. The prospective use of

speckle tracking in larger patient groups and different

clinical settings, and a comparison against CMR

tissue tagging, is warranted.
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