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in assessment of ventricular function
in patients with non-obstructive hypertrophic
cardiomyopathy
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Abstract

Background: To evaluate myocardial work using speckle tracking echocardiography in patients with non-obstructive
hypertrophic cardiomyopathy (HCM).

Methods: Fifty patients with HCM and 50 normal controls were included. Left ventricular ejection fraction (LVEF)
was quantified using the bi-plane Simpson’s method. Myocardial work parameters, which included global work index
(GWI), global constructive work (GCW), global waste work (GWW), and global work efficiency (GWE), were derived
from the 2D strain-pressure loop.

Results: The patient group was older (49.19 4+ 14.69 vs. 37.16 & 7.49 years old) and had a higher body mass

index (24.93 +3.67 vs. 23.26 +3.32 kg/mz) and systolic blood pressure (121.81£16.50 vs. 115304+ 11.01 mmHg)
(P<0.05). The mean LVEF in patients was 51%, with 54% of patients had LVEF < 50%. Compared to controls, GWI
(946.42 +360.64 vs. 1639.72 +204.56 mmHg%), GCW (1176.94 £ 373.23 vs. 1960.16 £ 255.72 mmHg%), and GWE
(83.96 £ 7.68 vs. 95.26 + 1.98%) were significantly decreased, while GWW (158.17 +82.47 vs. 79.12 +40.26 mmHg%)
was significantly increased (P < 0.05) in the patient group. In patients, GWE showed a trend of positive correlation with
LVEF (r=0.276, P=0.06), while GWW had a trend of negative correlation with LVEF (r=— 0.241, P=0.09). No cor-
relation between myocardial work and LV diastolic function or QRS duration was observed. Maximal wall thickness
significantly correlated with all the myocardial work parameters.

Conclusions: Assessing myocardial work adds useful information of LV function in patients with non-obstructive
HCM.
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Background

Echocardiography plays an important role in the diag-

nosis and treatment of patients with hypertrophic

cardiomyopathy (HCM) [1]. The conventional echocar-
diographic parameters for HCM assessment include left
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conventional parameters, such as left ventricular ejection
fraction (LVEF), may also be impacted by factors other
than the myocardial damage [3]. Evidence shows that
such damage exists and is often underestimated in HCM
patients with a normal LVEF [4]. Once the disease pro-
gresses and the LVEF drops below 50%, myocardial dam-
age in these patients may quickly worsen [5].

Previous studies revealed that the circumferential
contraction of the left ventricle in patients with HCM is
preserved at an early stage. This can explain a normal or
increased LVEF or left ventricular shortening fraction in
HCM patients [6]. However, the longitudinal function of
the left ventricle, e.g. global longitudinal strain (GLS), in
HCM patients is significantly reduced when assessed by
echocardiography speckle tracking [6]. Similarly, at an
early stage of HCM, the systolic and diastolic tissue Dop-
pler imaging (TDI) velocities can be reduced when other
functional parameters are still in the normal range [7].
TDI velocities have a good diagnostic value for identify-
ing mutation-positives without left ventricular hypertro-
phy [7].

Although considered better than other echocardio-
graphic parameters, both GLS and TDI velocities are
inevitably impacted by ventricular afterload and there-
fore have their limitations [8]. In patients with elevated
ventricular afterload but no significant myocardial dam-
age, these indices may be reduced therefore leading to a
false positive finding. Unlike GLS, myocardial work has
included the afterload information through generating a
pressure-strain loop (PSL). Myocardial work can be used
to assess the myocardial damage relatively independ-
ent of ventricular afterload [4, 9]. Studies have found the
reduction in global constructive work (GCW) in patients
with HCM was associated with left ventricular fibrosis
[10].

Currently, there are limited studies about myocardial
work in patients with HCM. The aim of this study was to
investigate myocardial work in patients with HCM using
speckle tracking echocardiography and assess the asso-
ciation between LVEF and myocardial work.

Methods

Subjects

Fifty patients with HCM and 50 normal controls were
included in the study. Normal controls were recruited
from subjects who came to the hospital for a physical
examination. The control subjects did not have any symp-
toms of cardiovascular diseases or any other diseases,
nor did they have history of chronic diseases or drug
treatment. Patients were consecutively recruited in the
study. HCM was diagnosed if the wall thickness of any
left ventricular segment was > 15 mm as determined by
echocardiography or magnetic resonance imaging, and
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left ventricular hypertrophy was not secondary to any
specific etiology [5]. Patients were excluded if the peak
Doppler gradient across the left ventricular outflow tract
was>30 mmHg or intra-ventricular Doppler gradient/
obstruction was observed. Patients were also excluded
if they had coronary heart disease, malignant arrythmia,
moderate to severe valvular disease, congenital heart
disease, or poor image quality from echocardiography.
All participants signed informed consent forms. The
study complied with the Declaration of Helsinki and was
approved by the ethics committee of Beijing Hospital.

Conventional echocardiography

General characteristics including age, gender, height and
weight, habit of smoking, and baseline diseases (coronary
heart disease, hypertension, diabetes, etc.), were col-
lected. All participants received an echocardiographic
examination using GE vivid E9 (GE, Horten, Norway)
with a 3.5 Hz probe M5S. Patients were lying quietly on
their left sides and were connected to an ECG during
the scan. The wall thickness of interventricular septum
(IVSd) and left ventricular posterior wall (LVPWd) and
the left ventricular enddiastolic diameter (LVDd) were
measured from the parasternal long axis view of the left
ventricle at its end-diastole. The peak velocities of mitral
valve early diastolic (E) and late diastolic (A) waves were
measured using Doppler with a sample volume posi-
tioned 1 cm below the mitral valve annulus (at the tip of
the mitral valve). The E/A ratio was calculated. Left ven-
tricular E/E” was the ratio between mitral valve Doppler
E velocity and TDI E’ velocity at the mitral valve annulus.
Based on the guidelines from the American Society of
Echocardiography [11], LVEF was derived using the bi-
plane Simpson’s method.

Speckle tracking

Myocardial work parameters were measured using the
speckle tracking technique. Apical four, two and three
chamber views were obtained with frame rates between
45 and 75 from all participants. The offline analysis was
done on EchoPAC V203 (GE, Chicago, IL). After defin-
ing the sample volume along the myocardial wall, visual
inspection was used to ensure sufficient tracking. Myo-
cardial work parameters were obtained by generating a
PSL. The x-axis was for strain and y-axis for ventricular
afterload. One loop corresponded to one cardiac cycle.
Based on published studies [12], brachial artery blood
pressure was used to replace the left ventricular pres-
sure. Global work index (GWI) was the area on PSL
between mitral valve closure and mitral valve opening.
GCW was the myocardial work used for its shorten-
ing during ventricular systole and for lengthening dur-
ing isovolumic relaxation. Global waste work (GWW)
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was the myocardial work wasted for lengthening during
ventricular systole and for shortening during isovolumic
relaxation. Global work efficiency (GWE) was the ratio
between GCW and the total work (sum of GCW and
GWW).

Statistics

SPSS 25 (IBM Corp., Armonk, NY, USA) was used for
analysis. Visual inspection and Shapiro—Wilk test were
applied to confirm the normality of the data distribution.
Categorical data are presented as percentage (%) and
continuous data are described as mean =+ standard devia-
tion. Depending on the type of data, the Chi-square or
ANOVA test was used to compare the difference between
groups. Pearson or Spearman correlation was used based
on the distribution of continuous data. A P-value<0.05
was regarded as significant.

Results

General characteristics (Table 1)

Patients with HCM were significantly older than the
healthy controls (49+15 vs. 37+7 years, P<0.05).

Table 1 General characteristics of patients with HCM and
normal controls

Normal controls (n=50) Patients (n=50)

Age (yrs) 37164749 49.19+£14.69*
BSA (m?) 185+0.19 1874019

BMI (kg/m?) 23264332 2493 +367*
SBP (mmHg) 115304 11.01 121.81416.50*
DBP (mmHg) 73784137 749441060
Male, case (%) 30 (60) 26 (52)

QRS duration, (ms) 86.14+6.58 98.80+17.85*

BSA body surface area; BMI body mass index; DBP diastolic blood pressure; SBP
systolic blood pressure. *P<0.05
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Patients had significantly higher body mass index (BMI)
(25+4 vs. 2343 kg/m?, P<0.05), but there was no dif-
ference in body surface area (BSA) between the groups.
There was significantly higher systolic blood pres-
sure in patients than normal controls (122417 vs.
115+11 mmHg, P<0.05). HCM patients had an QRS
duration on ECG 98.80£17.85 ms while in controls the
QRS duration was 86.14+6.58 ms (p<0.05). In patients
there were complete right bundle branch block (CRBBB)
in 2, CRBBB with left anterior bundle branch block in 2,
complete left bundle branch block in 1, intraventricular
block in 3, first degree atrioventricular block in 2. No
patients received pacemaker.

Conventional echocardiography (Table 2)

There were three patients had apical hypertrophy. The
IVSd and LVPWd were significantly higher in patients
than in normal controls (P<0.05). There was no sig-
nificant difference in LVDd between the two groups.
Compared to normal controls, the left ventricular end-
diastolic volume (LVEDV) and the LVEF were signifi-
cantly lower in the patients (P<0.05). Left ventricular
TDI E’ was significantly lower and the E/E’ ratio was sig-
nificantly higher in patients than in controls (P<0.05).
There was no significant difference in E/A ratio between
the groups.

Speckle tracking

In patients with HCM, the PSL was shifted to the
right (Fig. 1). Compared to normal controls, GWI
(946.42 +360.64 vs. 1639.72+204.56 mmHg%, P<0.05),
GCW (1176.94+373.23 vs. 1960.16 +255.72 mmHg%,
P<0.05), and GWE (83.96+7.68 vs. 95.26+1.98%,
P<0.05) were significantly decreased, while GWW
(158.17 £82.47 vs. 79.12+40.26 mmHg%, P<0.05) sig-
nificantly increased in the patients (Table 3, Figs. 2 and

Table 2 Conventional echocardiography for patients with HCM and normal controls

Normal controls (n=50)

Patients (n=50)

IVSd (mm)

PWd (mm)

LvVDd (mm)

LVEDV (ml)

LVEF (%)

Doppler A wave at mitral valve (cm/s)
Doppler E wave at mitral valve (m/s)

E/A ratio

Tissue Doppler E'wave at MV annulus (m/s)
E/E'ratio

9.18%£1.51 15.87 £5.88*
8.85+143 9.934+323%
43541423 43294428
86.62+1947 84.88 4 26.96%
0.64+0.03 0.51+0.06*
06240.14 0.704+0.28*
0.81+0.13 0.64+0.17
1.39+£046 1.05£049
0.13+£0.03 0.04+£0.01*
6.59+137 16.59 £ 6.64*

1VSd thickness of interventricular septum at end-diastole; LVDd left ventricular dimension at end-diastole; LVEDV left ventricular volume at end-diastole; LVEF left
ventricular ejection fraction; PWd thickness of posterior wall at end-diastole. *P < 0.05
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hypertrophic cardiomyopathy

Myocardial work efficiency

120/70 mmHg

Fig. 1 Myocardial work in a patient with HCM. Top left: pressure-strain loop; Top right: bull's eye of LV segmental myocardial work; Bottom
left: comparison diagram of constructive work and waste work. Bottom right: parameters regarding myocardial work. LV: left ventricle; HCM:

Table 3 Parameters of myocardial work for patients with HCM
and normal controls

Normal controls (n =50) Patients with HCM
(n=50)
GWE (%) 95.26+1.98 83.96+7.68*%
GWI (mmHg%) 1639.72+£204.56 946.42 4+ 360.64*
GCW (mmHg%) 1960.16 £255.72 1176.94 +373.23*
GWW (mmHg%) 79.12440.26 158.17+8247*

GCW Global constructive work; GWE Global work efficiency; GWI Global work
index; GWW Global wasted work, HCM hypertrophic cardiomyopathy. *P <0.05

3). Overall, myocardial work parameters had a weak or
no correlation with LVEF (Table 4). GWE showed a sig-
nificant positive correlation with LVEF, while GWW had
a significant negative correlation with LVEFE.

Correlations between myocardial work parameters
and wall thickness/LV functions/QRS duration

Maximal wall thickness had significant correlations
with GWE (r=-— 0.558, p<0.001), GWI (r=-— 0.387,
p=0.007), GCW (r=-— 0.359, p=0.012) and GWW

(r=0.36, p=0.012) (Table 5). No significant correlations
were observed between LV diastolic performance or QRS
duration and any of the myocardial work parameters.

Discussion

Our study found that (1) compared to normal controls,
patients with HCM had significantly decreased GCW,
GWE, and GW1, and increased GWW, and (2) in patients
with HCM, the myocardial work-related parameters had
weak or no correlation with LVEF. This is the first report
from a Chinese population. Similar findings have been
observed in other cohorts [10, 13].

Although ventricular stroke volume in patients with
HCM is not increased, the myocardial work used for
ventricular pumping is increased due to left ventricular
outflow tract obstruction [14]. However, even in patients
who do not have left ventricular outflow tract obstruction
myocardial work efficiency is significantly lower than in
controls [13]. This indicates that mechanisms other than
afterload increase are involved. Abnormal myocardial
fiber alignment and interstitial fibrosis exist in patients
with HCM, which impact left ventricular systolic and
diastolic function [15]. Because the impact of myocardial
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Fig. 2 Comparing GWE between patients with HCM and normal controls. Boxplots showing that the median value of GWE was significantly lower
in patients with HCM. GWE: global work efficiency; HCM: hypertrophic cardiomyopathy. *P < 0.05
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Fig. 3 Comparing myocardial work parameters between patients with HCM and normal controls. Boxplots showing that the median values of GCW
and GWI were significantly lower and the median value of GWW was significantly higher in patients with HCM. GCW: Global constructive work; GWI:
Global work index; GWW: Global wasted work; HCM: hypertrophic cardiomyopathy. *P < 0.05

fibrosis and abnormal fiber alignment on left ventricu-
lar function starts at a pre-clinical stage, conventional
echocardiography may not be able to diagnose the patho-
logical process when it first starts. Once patients present
with LVEF less than 50%, their situation may deteriorate

quickly [2]. Thus, quantifying the longitudinal change
using speckle tracking becomes important as it can help
identify pre-clinical myocardial damage in the left ventri-
cle [16]. Our study found that both GWE and GWW sig-
nificantly changed in HCM patients with normal LVEF.
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Table 4 Correlations between myocardial work parameters and

LVEF

Coefficient p-value
GWE 0.276 0.06
GWI 0.175 0.23
GCW 0.143 032
GWW —0.241 0.09

GCW Global constructive work; GWE Global work efficiency; GWI Global work
index; GWW Global wasted work; LVEF left ventricular ejection fraction

Table 5 Correlations between myocardial work parameters and
LV wall thickness

Coefficient p-value
GWE — 0558 0.000
GWI —0.387 0.007
GCW — 0359 0.012
GWW 0.36 0.012

GCW Global constructive work; GWE Global work efficiency; GWI Global work
index; GWW Global wasted work

None of the myocardial work-related parameters showed
a good correlation with LVEF. Hiemstra et al. found only
a weak correlation between GCW and left ventricular
diastolic function [13]. Thus, the findings presented here,
as well as in previous studies, support that the myocar-
dial work-related parameters may be better tools for early
diagnosis in HCM patients.

In patients with apical hypertrophy, the apical segment
suffers the greatest reduction in GCW, while the apical
GCW is preserved in septal type HCM [13]. Abnormal
myocardial work appears to be highly specific to the
myocardial region where hypertrophic cardiomyopathy
is involved. A recent study showed regional myocardial
work has great potential for non-invasively predicting
high-risk patients with stable coronary heart disease and
normal wall motion and preserved left ventricular func-
tion [17]. Myocardial work is derived from 2D strain,
and although myocardial strain has been applied widely
[18], the observer variability of segmental strain is a well-
known disadvantage compared with the global strain
[19]. We believe myocardial work derived from strain is
inevitably impacted by segmental variability. Therefore,
in the current study we only reported global myocardial
work parameters.

There are some potential impacts on the difference of
myocardial work parameters observed between the two
groups. In our study, the mean age of the patient group
was higher than the control group. A previous study
showed that normal people had an upward shift to fur-
ther stable values of GCW and a linear increase of GWW
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with advancing age, resulting in lower GWE [20]. How-
ever, such an age-related difference will be much milder
in HCM patients, as Morbach et al. found that the GCW
change per 10 years was 25-51 mmHg% depending on
if the subject was <45 years old. The difference of the
mean GCW we observed between HCM patients and
controls was close to 800 mmHg%. This certainly cannot
be explained by a difference of mean age of~12 years.
We also notice a mild increase in BMI in our patient
group. The impact of obesity on the heart is complex and
involves multiple pathways. Obese patients may have
high cholesterol levels, high blood pressure, and/or dia-
betes, all of which can compromise myocardial perfor-
mance [21]. With a BMI of 24.93 +3.67 kg/m?, a majority
of our patients did not meet the criteria for obesity. Thus,
we propose that a mild increase in BMI does not play a
significant role in deciding myocardial work. Finally, our
patients had slightly higher systolic blood pressure. It
is known that high blood pressure can lead to left ven-
tricular hypertrophy. In stage 1 and stage 2 hypertensive
patients, myocardial work is elevated [22]. This helps to
differentiate between HCM and hypertension, although
both have left ventricular hypertrophy.

Speckle tracking derived myocardial work not only
can reveal myocardial damage in HCM patients [23], but
can also be used to predict prognosis in this group [24,
25]. Patients with HCM have a relatively benign progno-
sis [26]. Still, patients can experience death, arrythmia,
and other common symptoms [27]. Left ventricular wall
thickness is one of the significant predictors for cardio-
vascular death in HCM patients [27]. Since a thick myo-
cardium is linked with abnormal myocardial work, the
prognostic value of myocardial work parameters in pre-
dicting the prognosis deserves further investigation.

The current included fifty patients. This may be why
we didn’t observe the wide correlations between myocar-
dial constructive work and LV diastolic function in 110
patients. However maximum LV wall thickness did have
negative correlations with GWE/GWI/GCW and a posi-
tive correlation with GWW. This may indicate maximal
wall thickness is a stronger predictor for reduced myo-
cardial work in HCM patients. Maximal wall thickness
is known for its prognostic value [28]. The correlations
between maximal wall thickness with myocardial work
further support it role in clinical echocardiography.

HCM patients suffer mechanical dyssynchrony [29]
which is associated with myocardial work [30]. However,
we didn’t observe the correlation between QRS duration
and myocardial work. Whether QRS duration is a good
surrogate for LV mechanical desynchrony is controver-
sial [31]. In our cohort, only three patients had confirmed
apical hypertrophy. Study shows mechanical dyssyn-
chrony are often seen in HCM patients on apical form



Yang et al. BMC Cardiovascular Disorders (2022) 22:305

[32]. This can be another explanation we didn’t observed
the correlation.

Limitations

Our findings are derived from a single center with small
sample size. Large scale and multi-center studies are
needed to further investigate the clinical value of myo-
cardial work. Normal reference data for the Chinese pop-
ulation are missing. In patients with poor image quality,
myocardial work is not a suitable method. Just like strain
analysis [33], inter-vendor variability may exist for myo-
cardial work. Gender may significantly contribute to vari-
ation of normal values of myocardial work [34]. However,
in the current study we did not match gender between
the two groups. Same for the age difference between the
patients and controls.

Conclusions

Measuring myocardial work is feasible and adds useful
information of left ventricular function. Myocardial work
has the potential to become a new risk stratifying tool in
non-obstructive HCM patients.
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