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A body of evid:‘enc‘e' has proved that exercise therapy for heart failure improves exercise tolerance and subjective

g {symbtbms' such ‘as shortness of breath, and that exercise therapy is effective in improving survival and reducing |

v‘:!fé—hospitékli‘z'atic)n. However, the severity and clinical state of heart failure vary among patients. Adequaté caution
has to be exercised when prescribing exercise therapy for patients with severe heart failure. In' addition to exer-
cises, cardiac rehabilitation as an interdisciplinary treatment modality including evaluation of living environment
and activities of daily living, adherence to medication, and nutritional guidance has attracted increasing attention
recently. To prevent recurrence and ensure quality of life, comprehensive marnagement based on good under-
standing of the disease is very important.
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Abstract: To examine differences in objective and subjective ourcomes in outpatients undergoing percutancous coronary
mtervention (PCI) performed for acute myocardial infarction versus cardiac surgery (CS) following a phase It cardiac
rchabilitation (CR). Longiwdinal observational study of 437 consecutiv e cardiac outpatients after 8 weeks of phase I CR.
Patients were divided into the PCT group (n = 281) and CS group (n - 156). Handgrip and knec extensor muscle strength,
peak oxygen uptake (VO.), upper- and lower-body self-efficacy for physical activity (SEPA). and physical component
summary (PCS) and mental component summary (MCS} scores as assessed by Short Form-36 were measured at | and 3
months after PCH or CS. All outcomes increased significantly between months | and 3 in both groups. However, increases
were greater in the CS versus PCI group in handgrip strength (4123 %o vs, F8.1%. P < 0.01), knee extensor muscle
strength (119.3% 1. ~17.5%, P = 0.008). peak VO: (=20.9% vs. +16.9%. P < 0.01). upper-body SEPA (=27.7% us.
«9.2%. P = 0.001). and PCS score (+6.5% 15. ~4.1%. P = 0.001). Although this relatively short-term phase I CR
increased all outcomes for both groups., outcomes showed the recovery process was different between the PCI and CS
groups. slightly favoring CS paticnts. Furthennore. patcats in the tield of CR are presented.

Keywords: Cardiac rchabilitation. cardiac surgery, health-related quality of life. muscle strength. percutaneous coronary

intervention, self-efficacy for physical activity.

INTRODUCTION

Traditionally, the effccts of cardiac rebabilitation (CR)
programs on objective outcomes such as exercise capacity.
muscle strength, and reduction in coronary risk [actors have
been reported in patients with cardiac disease following
percutaneous eoronary intervention (PCI) due to angina
pectoris or acute myocardial infarction (AMI) and cardiae
surgery (CS) such as coronary artery bypass grafting
(CABG) and valve replacement (VR) [1-6]. It is very
important o improve measurement of the reported goals of
CR programs for these patients, which have been to improve
self-efficacy for physical activity (SLPA). the measure of
self-confidence [or performance of given activities or tasks
and which represents patients” perceptions of their capability
to performing specific activitics or tasks, and health-related
quality of life (HRQOL), both of which are subjective
outcomes |6-8]. Many previous reports suggest that phase 11
CR programs after PCl or CS improve the objective and
subjective outcomes for patients [3-6, 9). To our knowledge,
however. few studies have investigated differences in
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Sugao, Miyamac-ku, Kawasaki, Kanagawa 216-831 1. Japan:
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abjective outcomes of PCI and €S patients in regard to
clinical characteristics. and. in particular. short-term objec-
tive and subjective outcomes in Japanese cardiac patients are
unknown.

A recent previous report [9] suggested that for both post-
AMI and post-CS patients alike, measures of cxercise

tolerance such as peak oxygen uptake {peak VQ,) were
signifieantly increased as assessed by cardiopulmonary
exercise testing (CPX). and lower muscle strength in both
AMI and CS patients was also improved at baseline and at 6
months following a phase Il CR program. Thus, despite the
benefits of long-term supervised-recovery phase II CR
outpatient programs for objective outcomes. limited data is
available on short-term differences in subjective outcomes
between PCI and CS patients.

Therefore. we¢ aimed to investigate 1) differences between
Japanese PCT and CS patients in regard to objective outcome
measures of handgrip strength. knee extensor muscle
strength (KEMS). and peak VO.. and subjective outcome
measurcs of SEPA and HRQOIL. at baseline, and 2) whether
differenccs in these outcomes can be recognized at 3 months
after PCI or CS in patients participating in a short-term
supervised-recovery phase Il CR outpatient program.

¢ 2011 Bentham Science Publishers
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METHODS
Subjects and Study Design

The present longitudinal study comprised consecutive
patients selected from outpatients completing a routine 3-
week, acute, phase I inpatient CR program at St. Marianna
University School of Medicine Hospital from October 2000
to November 2008. Exclusion criteria included New York
Heart Association functional class 1V, and neurological,
pulmonary, peripheral vascular, orthopedic, preexisting
extensive comorbidities (e.g. cancer), or changes in treat-
ment concepts such as a change in medication. Inclusion
criteria were age > 40 years, first AMI, post CABG or VR,
and successful completion of handgrip and KEMS testing
and CPX at entry into an exercise-based supervised-recovery
phase II CR outpatient program beginning ! month (T1)
after PCI was performed for AMI or after CS.

At the end of the acute, phase I CR inpatient program,
objective outcomes of 601 patients were assessed, and the
patients underwent subjective outcome testing. The present
study was approved by the St. Marianna University School
of Medicine Institutional Committee on Human Research
(Approval No. 356). Informed consent was obtained from
each patient.

Clinical Characteristics

We evaluated patient age, sex, body mass index (BMI),
education, marital and employment status, left ventri-cular
ejection fraction (LVEF), and medications. A cardio-logist
assessed cardiac function and cardiac disease severity by
echocardiographic measurement of LVEF. All patients
underwent standard M-mode echocardiography (Apio,
Toshiba, Tokyo, Japan) with a 3.5MHz transducer in the
parasternal long-axis view to obtain the LVEF, as described
elsewhere [4, 5].

Objective Outcomes Measurement

Handgrip strength, KEMS, and peak VO, were measured
to assess objective outcomes of each patient after PCI and
CS at T1 and 3 months after PCI or CS (T2). Handgrip
strength was measured by standard adjustable-handle
JAMAR dynamometer (Bissell Healthcare Co., Grand
Rapids, MI) that was set at the second grip position for all
subjects [10, 11]. Attention was paid to a possible Valsalva
effect, and measurements were made three times each on
both hands. The index of handgrip strength was calculated
by averaging the highest value of three measurements of the
right- plus left-side handgrip strength / 2(kgf).

KEMS was measured by the Biodex System 2 isokinetic
dynamometer (Biodex Medical Systems, Inc., New York,
NY), and a maximum of five repetitions of knee extensions
was performed at isokinetic speeds of 60°/sec [4,5].
Isokinetic test results were analyzed with Biodex System 2
software. After measurement, the index of KEMS was
calculated by averaging the highest value of the right- plus
left-side KEMS / 2(Nm/kg).

Symptom-limited exercise testing was performed on a
MAT-2500 treadmill (Fukuda Denshi Co., Tokyo, Japan).
Continuous monitoring of 12-lead ECG and calculation of
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heart rate during testing was performed with an ML-5000
ECG system (Fukuda Denshi Co.). The endpoint of exercise
testing was determined according to the criteria of the
American College of Sports Medicine [12]. Peak VO, was
measured during the exercise period with an AE-300S aero
monitor (Minato Ikagaku Co., Tokyo, Japan) and calculated
with a personal computer.

Subjective Qutcomes Measurement

SEPA and HRQOL tests were used to assess subjective
outcomes of each patient at T1 and T2. SEPA was measured
with the Japanese test version because of its reliability and
validity [6, 7]. SEPA testing consists of 4 subscales: domains
of walking, stair climbing, weight lifting, and push off. After
testing the four domains, upper-body SEPA (U-SEPA) score
(average scores of weight lifting + push off / 2) and lower-
body SEPA (L-SEPA) score (average scores of walking +
stair climbing / 2) were calculated. U-SEPA and L-SEPA
subscale scores range from 0 to 100, with lower scores
indicating poorer levels of SEPA [6, 7].

HRQOL was assessed with the Japanese version of the
Medical Outcome Study 36-Item Short Form Health Survey
(SF-36) consisting of 36 items representing 8 subscales
covering the domains of physical functioning, role-physical,
bodily pain, general health, vitality, social functioning, role-
emotional, and mental health [13]. It measures multi-
dimensional properties of HRQOL on a 0 to 100 scale with
higher scores representing higher HRQOL. The eight
subscales in the SF-36 were further combined into the
physical component summary (PCS) score and the mental
component summary {(MCS) score.

Exercise-Based Supervised-recovery Phase II CR Out-
Patient Program

The 8-week exercise-based supervised-recovery phase II
CR outpatient program continued until T2 and was
customized for each patient based on the results of CPX and
strength testing performed at the end of the acute, phase I CR
inpatient program. At our hospital, physical therapists play a
central role in the supervision of endurance and resistance
exercise training in the exercise component of phase I and 11
CR. Patients participated in combined supervised endurance
and resistance exercise training twice a week for 1 hour that
comprised warm-up, resistance training, endurance exercise,
and cool-down periods, as described elsewhere [4,5].
Exercise intensity during endurance exercise was maintained
at anaerobic threshold heart-rate level during treadmill
walking at a perceived exertion rating of 11 to 13.

Resistance training comprised four sets of two upper
extremity exercises (shoulder flexion and abduction from
anatomic position) each performed with an iron weight array
and handgrip at a resistance allowing completion of 5-10
repetitions with a 30-40% of 1 repetition maximum. Four
sets of knee extensions, flexions, squats, and calf raises
comprised the lower extremity exercises. Knee extension and
flexion was performed with an ankle weight and at a
resistance that allowed completion of 5-10 repetitions with a
40-60% of 1 repetition maximum. Exercise intensity for
squats and calf raises was maintained at a perceived exertion
rating of 11 to 13.
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Statistical Analysis

Results are expressed as mean + standard deviation (SD).
Unpaired #-test and x* test were used to analyze differences
in patient clinical profiles because comparisons between the
PCI and CS groups were performed for handgrip, KEMS,
and peak VO,. Unpaired #test was also used to test for
differences in average U- and L-SEPA and SF-36 PCS and
MCS scores between the two independent groups. Data at T1
and T2 were compared in each group by paired ¢-tests, and
the changes in data between groups were analyzed with 2-
factor (data at T1 and T2, and PCI vs. CS groups) repeated
measures of analysis of variance with repeated measures in 1
factor (data T1 and T2), as described elsewhere [14, 15]. A
P-value of < 0.05 was considered statistically significant.
Statistical analyses were performed with SPSS 12.0]
statistical software (SPSS Japan, Inc., Tokyo, Japan).

RESULTS
Study Participants

Flow of the participants through the present study is
shown in Fig. (1). Of the 601 patients, 53 were excluded at
T1 due to inability to measure handgrip and KEMS or peak
VO, or because of inappropriate responses, such as missing
data or answering the same question twice, to the subjective
outcome tests, Therefore, 548 patients were recommended
for participation in a supervised-recovery phase II CR
outpatient program. However, 111 of these 548 patients were
excluded due to refusal to undergo exercise testing or
assessment of objective outcomes at T2 because they lived
too far from the hospital or were too busy at work. Thus, we
compared the differences in objective and subjective
outcomes measured at T1 and T2 and the benefits gained
from an exercise-based supervised-recovery phase II CR
outpatient program from T1 to T2 in 437 patients comprising
two groups: PCI group (n = 281) and CS group (n = 156;
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CABG, n= 109, VR, n=47).

Clinical Characteristies

Clinical characteristics of all patients and differences
between the PCI and CS groups at T1 are summarized in
Table 1. Age, sex, BMI, educational, marital status,
employment status, LVEF, and medications were almost
identical between the two groups.

Objective and Subjective Outcomes at T1

Objective outcome data collected from the two groups
are presented in Table 2. No patient showed ischemic ST
changes or experienced chest pain or serious arrhythmia
during CPX following the phase II CR outpatient program.
Comparisons were performed across the two groups after
muscle strength testing and CPX. Handgrip strength, KEMS,
and peak VO, values in the CS group were all significantly
lower than those in the PCI group (all P < 0.05).

U-SEPA, L-SEPA, and SF-36 PCS and MCS scores
between the two groups at T1 are presented in Table 3. U-
SEPA and L-SEPA scores in the CS group patients were
significantly lower than those in the PCI group patients (P <
0.05). PCS scores were significantly lower in the CS group
than in the PCI group (P < 0.05). However, there was no
significant difference in MCS scores between the CS and
PCI groups.

Objective Outcomes Following CR

Following the phase II CR outpatient program, the PCI
group showed statistically significant increases in handgrip
strength (+8.1%, P < 0.05), KEMS (+17.5%, P < 0.05), and
peak VO, (+16.9%, P < 0.05) from T1 to T2 Table 2. Statis-
tically significant increases also occurred in the CS group in

Patient Flow Through the Study

Phasel Phase I

=P 601 consecutive
outpatients completed a
3-week supervised acute
phase I CR inpatient
program.

outpatient program was

53 patients were excluded at T1.

=P Participation in an 8-week
supervised-recovery phase I[[ CR

recommended for 548 patients.

111 patients were excluded at T2.
@ 437 patients were divided into 2 groups.
PCI group (n=281)
CS group (n=156)
°$ Physiological and psychosocial outcomes were
compared between the 2 groups at T1.

s Benefits of CR at T1 and T2 were compared
between the 2 groups.

T1 and psychosocial outcomes

r Measurement of physiological '

Measurement of physiological
T2  and psychosocial outcomes

Fig. (1). Diagram of participant tlow through the present study. CR - cardiac rehabilitation; CS - cardiac surgery; PCI - percutaneous
coronary intervention; T1 - Time point at | month after PCI or CS; T2 - Time point at 3 months after PC1 or CS.
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Table1. Clinical Characteristics of the Patients.
PCI Group (2 = 281) CS Group (n = 156) torf* Value P-Value

Age (yrs.) 61.3 (10.1) 62.5(10.0) 0.3 0.699
Male (%) 83.6 80.9 1.7* 0.098
BMI (kg/m’) 23.5(2.9) 22424) 1.9 0.07%
Education ( yrs.} 13.1(2.6) 124 2.7) 1.7 0.086
Marital status (%) 83.7 88.9 2.1* 0.142
Employment status (%) 522 47.1 1.0* 0.315
LVEF (%) 51.9(10.3) 522(12.2) 0.1 0.910
Medications (%)

B-Blockers 75.6 66.7 0.7* 0.387
ARB&ACE! 78.9 63.6 2.6* 0.102
Diuretic 304 424 1.5% 0.220

*y* value.

BMI - Body mass index; CS - Cardiac surgery; LVEF - Left ventricular ejection fraction;

Angiotensin converting enzyme inhibitor.

PC1 - Percutaneous coronary intervention; ARB - Angiotensin receptor blocker; ACEI -

Table 2. Differences in Objective Qutcomes at T1 and T2.
PCI Group (n=281) CS Group (n = 156) F-Valne P-Value
T T2 %Change Tl T2 %Change Interaction
Handgrip (kgf) 35.1(9.5) 37.9(9.7) +8.1 302 (8.1 33.9 (8.4 +12.3 212 <0.001
KEMS (Nmvkg) 1.60 (0.4) 1.88 (0.4) +17.5 1.50 (0.3 1.79 (0.4)% +19.3 8.8 0.008
Peak \'/02 (L/kg/min) 23.0(5.0) 26.9(5.8) +16.9 20.1 (4.6)° 243 (5.3 +20.9 145 <0.00t

Statistical analysis: *P < 0.05 between groups: "P < 0.05 between terms,

CS - Cardiac surgery; KEMS - Knee extensor muscle strength; PCI - Percutaneous coronary intervention: T1 - 1 Month after PCI or CS; T2 - 3 Months after PCI or CS.

handgrip strength (+12.3%, P < 0.05), KEMS (+19.3%, P <

0.05), and peak VO, (+20.9%, P < 0.05) from T1 to T2
Table 2. Significant period (from T1 to T2) by group (PCI
group and CS group) interactions in handgrip strength (}F =

21.2, P <0.001), KEMS (F = 8.8, P = 0.008), and peak VO,
(F = 14.5, P < 0.001) were detected. Therefore, a significant
percent change occurred in response to the phase II CR
outpatient program with the CS group showing greater

increases in handgrip strength, KEMS, and peak VO, than
did the PCI group.

Subjective Outcomes Following CR

Following the phase I1I CR outpatient program,
statistically significant increases from T1 to T2 occurred in
both the PCI group in U-SEPA (+9.2%, P < 0.05), L-SEPA
(+14.2%, P < 0.05), PCS (+4.1%, P < 0.05), and MCS scores
(+4.6%, P <0.05) and in the CS group in U-SEPA (+27.7%,
P < 0.05), L-SEPA (+19.1%, P < 0.05), PCS (+6.5%, P
<0.05), and MCS scores (+5.1%, p < 0.05). Significant
period by group interactions in U-SEPA (F = 234, P <

0.001) and PCS scores (F = 10.6, P < 0.001) were detected,
as shown in Table 3. However, there were no significant
period by group interactions in L-SEPA (F = 1.4, P = 0.225)
and MCS scores (F = 0.1, P = 0.749). Therefore, a
significant percent change occurred in response to CR with
the CS group showing greater increases in U-SEPA and PCS
scores than did the PCI group.

DISCUSSION

The present study found that in measurements of
objective and subjective outcomes, the CS group had lower
handgrip, KEMS, and peak VO, values and lower U-SEPA,
L-SEPA, and PCS scores than did the PCI group at entrance
into an exercise-based supervised-recovery phase II CR
outpatient program. However, the MCS score was not
different between the two groups. Additionally, although
significant increases occurred in all objective and subjective
outcomes in both groups from T1 to T2, handgrip strength,
KEMS, and peak VO, and U-SEPA and PCS scores in the
CS group were greater than those in the PCI group. Thus,
differences did occur between the two groups in measures of
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Table3. Differences in Subjective Outcomes at T1 and T2.
PCI Group (n=281) CS Group (n=156) F-value P-value
T1 T2 % Change T1 T2 % Change Interaction
SEPA
U-SEPA 63.1(26.3) 68.9(23.0) +9.2 45.7(26.5)° 58.4(23.3)% +27.7 234 <0.001
L-SEPA 68.2(20.7) 77.9(17.2y +14.2 61.7(23.58 73.5(22.2)7 +19.1 14 - 0225
HRQOL
PCS 46.0(6.6) 47.9(4.97 +4.1 43.1(6.97 45.9(6.1)% +6.5 10.6 <0.001
MCS 49.6(9.0) 51.9¢7.0y +4.6 48.9(8.9) 51.4(7.5) +5.1 0.1 0.749

Statistical analysis: P < 0.05 between groups. "P < 0.05 between terms.

CS - Cardiac surgery: HRQOL - Health-related quality of life; L-SEPA - Lower-body self-efficacy for physical activity; MCS - Mental component summary score: PCI -
Percutaneous coronary intervention: PCS - Physical component summary score: T1 - 1 Month after PCI or CS: T2 - 3 Months after PCI or CS; U-SEPA - Upper-body self-efficacy

for physical activity.

objective and subjective outcome during the recovery
process following a phase II CR program.

Differences in Qutcomes at T1

Previous studies reported that peak VO,, handgrip
strength and KEMS relate to prognosis, physical function,
and HRQOL, as well as to the ability of an individual to
perform the physical tasks necessary for daily living in
cardiac patients [4-7]. Other previous studies have reported
that CS patients consistently tend to have lower
physiological outcomes than do other cardiac patients such
as post-PCI or MI patients [9, 16]. Sumide et al. [9] reported
that baseline exercise tolerance (peak VO,) and lower-limb
muscle strength measured in 104 cardiac patients entering
phase II CR were decreased in CS patients compared to MI
patients. Mroszczyk-McDonald ez al. [16] reported that
baseline handgrip strength measured with the same
equipment used in the present study was lower in CABG
patients than in patients with other diagnoses such as MI.
Peak VO,, handgrip, and KEMS values in the CS group were
significantly lower than those in the PCI group, which
strongly supports their findings. One reason for these
findings may be that in comparison to that of PCI patients,
leisure-time physical activity in the daily life of CS patients
may be different due to shortness of breath on effort caused
by coronary artery or valve problems in these patients before
they undergo CS. Another reason may be that PCI was due
to AMI, which is different than the kind of disease pre-
existing in CS patients. We did not evaluate the daily life of
our patients prior to undergoing CS or PCI; thus, future
study may be required.

The extremely low objective outcomes scores of our
patients, particularly those of the CS patients, on entry into
phase II CR underscore the fact that one important goal of
CR after a major cardiac event is improvement in physical
function and prognosis. Particularly, CS has a significant
impact on handgrip strength [16]. Weak handgrip strength
and KEMS is associated with both the incidence and
prevalence of disability, suggesting that loss of muscle mass
and volitional muscle strength can be both a cause and a
consequence of physical disability [16-18]. Resistance

training should be enforced by concentrating on improving
both upper- and lower-extremity muscle strength in CS
patients.

With regard to subjective outcomes at baseline, U- and
L-SEPA scores and HRQOL PCS scores in the CS group
were also lower than those in the PCI group. Previous
reports suggest a cross-sectional correlation between peak
VO,, handgrip strength, KEMS, self-efficacy, and HRQOL
[7, 8].In the present study, handgrip strength, KEMS, and
peak VO, values in the CS group were lower than those in
the PCI group, suggesting that these HRQOL scores may
also be related to objective outcomes on entry into CR.
However, the SF-36 MCS scores of the CS group were not
significantly lower than those of the PCI group at T1. SF-36
MCS scores in CS and PCI patients are related to several
factors such as lack of social support, anxiety and depression
status, and ability to return to work after CS or PCI [5, 18].
In the present study, 47.1% of CS patients and 52.2% of PCI
patients were employed before CS or PCI. A possible goal
for some patients suffering a cardiac event is return to
regular employment soon after discharge from hospital;
however, the number of patients returning to work after
hospital discharge is considered low, even in younger
patients experiencing a short hospitalization [18]. In the
present study, at T1, approximately 3 weeks after PCI or CS,
many patients might not have been able to return to work.
We did not investigate this or how it might relate to SF-36
MCS scores. Further study is required to evaluate the
relation between these factors.

Differences in Objective and Subjective Outcomes
Following CR

Attendance at exercise-based supervised-recovery phase
II CR outpatient programs was shown to benefit objective
and subjective outcomes from T1 to T2 in both groups.
Previous reports suggested that such phase II CR outpatient
programs for cardiac patients following AMI, CABG, and
VR individually increase objective outcomes similar to those
found in the present study [4, 5]. Important in the present
study is that although all objective outcomes were lower in
the CS group than in the PCI group at T2, there was a
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difference in the recovery process between groups in regard
to handgrip strength, KEMS, and peak VO,, all of which
showed greater percent change in the CS than PCI group.

Although the data is inadequate to explain this difference
in the recovery process between the two patient groups, a
possible explanation might be that surgical patients require
longer convalescence than do patients who do not undergo
surgery [16]. Particularly, the percent change in handgrip
strength in the CS group was greater than were changes in
KEMS and peak VO,. Compared to PCI patients, CS patients
may either be limited in the amount of upper-extremity
exercise training they can do while hospitalized, or they may
limit upper-extremity use during daily living due to bone
damage to the chest wall or injury to soft tissue in the
shoulders and arms following CS [17]. However, our phase
IT CR outpatient program required middle-intensity effort
during upper- and lower-extremity resistance training.
Resistance training leads to neural adaptation and muscle
hypertrophy [19]. Moreover, previous studies suggest a
cross-sectional positive correlation between peak VO, and
muscle strength in CS [9] and heart failure patients [20].
Percent change in objective outcomes increased in both
groups in our study; however, this may be more an effective
measure of the recovery process in CS patients versus PCI

patients during exercise-based supervised-recovery phase II
CR.

Significant increases in subjective outcomes measures of
U-SEPA, L-SEPA, and SF-36 PCS and MCS scores
occurred from T1 to T2 in both groups. One most important
contribution of phase II CR outpatient programs may be to
increase patient sense of well-being and self-efficacy, which
should translate into enhanced QOL [21]. Previous reports
suggest beneficial effects of resistance training on
psychological well-being and quality of life in heart disease
patients [22]. Arthur ez al. [23] previously reported the effect
of aerobic versus combined aerobic strength training over 1
year in women and suggested that perceived self-efficacy
may be the mechanism through which both exercise
modalities affected 6-month physical HRQOL. However,
there was no placebo control in the present study, and we did
not we confirm difference effects of both aerobic exercise
and resistance training for self-efficacy and HRQOL. The
combination of aerobic exercise and resistance training
components in the present study might have affected the
differences in subjective outcomes of SEPA and HRQOL
between T1 and T2 in both groups.

Regardless of the percent change increases in U-SEPA,
L-SEPA, and SF-36 PCS scores, the scores in the CS group
during the recovery process were greater than those in the
PCI group. Particularly, percent change in U-SEPA in CS
patients versus PCI patients was 27.7% versus 9.2%, and L-
SEPA was 19.1% versus 14.3%, respectively. Exercise of
both the upper and lower extremities is important in helping
patients regain strength and range of motion in the upper
extremities and for returning to work or the activities of daily
living [24].

Objective outcomes measures of handgrip strength and
KEMS increased more greatly in the CS group than in the
PCI group. Mroszczyk-McDonald et al. {16] reported that
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increase in handgrip strength in cardiac outpatients was
associated with an increase in HRQOL. We also previously
reported that increases in handgrip strength and KEMS in
middle-aged and older-aged cardiac outpatients were asso-
ciated with an increase in HRQOL [15]. Increase of objective
outcomes in the CS group may have resulted in higher U-
SEPA, L-SEPA, and SF-36 PCS scores in this group,
indicating that increase of objective and subjective outcomes
may offer greater clinical benefit to CS rather than PCI
patients. SF-36 MCS scores were not different between the
two groups, however, indicating that the recovery process
may not affect the mental status of CS and PCI patients
differently. The mental component of HRQOL is related not
only to self-efficacy but to many other factors, such as social
support, anxiety, and depression, for example [6-8].

There are several limitations in the present study. First, a
control group was not included, so a more longitudinal study
and evaluation of the effect of phase II CR outpatient
programs on objective and subjective outcomes over the long
term after CR is necessary. Second, many patients were ex-
cluded, particularly younger (< 40 years) patients, seriously
ill patients (NYHA [V), and patients with coexisting illness
such as neurological, pulmonary, peripheral vascular, or
orthopedic disease. Finally, one other limitation is the patient
population: the patients were mostly male and were not
overweight. Thus, we do not know exactly whether the
results would be the same in females or in overweight or
obese patients in the present study. Despite these limitations,
we believe that the current data support the beneficial
differential effect of short-term phase II CR outpatient
programs on objective and subjective outcomes for CS and
PCI patients and that the sample size was large enough to
yield significant results from the test instrument scores.

CONCLUSIONS

In conclusion, the present study identified differences in
objective and subjective outcomes in PCI and CS patients at
baseline and after undergoing a short-term exercise-based
supervised-recovery phase II CR outpatient program. Base-
line differences in outcomes indicated that CS patients may

have lower strength, peak VO,, and U-SEPA, L-SEPA and
HRQOL PCS scores than PCI cardiac patients on entrance
into such phase II CR outpatients programs. However, the
HRQOL MCS scores of the two groups were not different at
program entry. The exercise-based supervised-recovery
phase II CR outpatient program was shown to have increase
for all objective and subjective outcomes at T2 in both post-
PCI and post-CS patient groups. However, there was a
difference in the recovery process betweep groups in regard

to handgrip strength, KEMS, and peak VO, values, all of
which showed greater percent change in the CS group than
in the PCI group. Increases in U-SEPA and SF-36 PCS
scores in the CS group during the recovery process were also
greater in the CS group. Although this relatively short-term
phase IT CR outpatient program increased all outcomes in
both groups, the recovery process related to objective and
subjective outcomes between the two groups was different
and appeared to slightly favor CS patients.
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The present study identified differences in objective and
subjective outcomes in PCI and CS patients at baseline and
after undergoing a short-term exercise-based supervised-
recovery phase II CR outpatient program. Although this
relatively short-term phase II CR outpatient program
increased all outcomes in both groups, the recovery process
related to objective and subjective outcomes between the two
groups was different and appeared to slightly favor CS
patients. However, in the present study, a control group was
not included, so a more longitudinal study and evaluation of
the effect of phase II CR outpatient programs on objective
and subjective outcomes over the long term after CR is
necessary. The patients were mostly male and were not
overweight. Thus, we do not know exactly whether the
results would be the same in females or in overweight or
obese patients in the present study. Therefore, future trials
are needed to evaluate whether these factors influence long-
term outcomes and affect differences in PCI and CS patients
over longer periods.
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Abstract

Background Left ventricular ejection fraction (LVEF)
predicts mortality in patients with chronic heart failure
(CHF). However, a weak correlation was found between
LVEF and peak oxygen uptake (VO,) in CHF patients.
Global longitudinal strain measured by two-dimensional
(2D) strain is regarded as a more useful predictor of cardiac
events than LVEF. We investigated whether 2D strain
obtained at rest could predict peak VO, in patients with
CHF.

Methods Fifty-one patients (mean age of 54.0 %
12.0 years, 14 females, LVEF 46.0 + 15.0%) with stable
CHF underwent resting echocardiography and cardiopul-
monary exercise testing. Leg muscle strength was mea-
sured for the evaluation of peripheral factors. Global
longitudinal strain (GLS) in the apical 4-, 3-. and
2-chamber views and global circumferential strain (GCS)
in the parasternal mid short-axis view were measured.
Results In all patients, peak VO, correlated with leg
muscle strength (r = 0.55, p < 0.0001), LVEF (r = 0.46,
p<0.001), GLS (r=-045, p<0.001), and GCS
(r=-041, p=0.005), respectively. No significant

S. Kou () - K. Suzuki - Y. J. Akashi - K. Mizukoshi -

M. Takai - M. Izumo - T. Shimozato - A. Hayashi - N, Osada -
K. Omiya - F. Miyake

Division of Cardiology, Department of Internal Medicine,

St. Marianna University School of Medicine. 2-16-1 Sugao,
Miyamae-ku, Kawasaki, Kanagawa 216-8511, Japan

e-mail: s3ko@marianna-u.ac.jp

E. Ohtaki
Ohtaki Heart Clinic, Tokyo. Japan

S. Nobuoka

Department of Laboratory Medicine, St. Marianna University
School of Medicine, Kawasaki. Japan

@ Springer

correlation was found between the ratio of early transmitral
velocity to peak early diastolic mitral annulus velocity
(E/E') and peak VO-. Tn the patients with heart failure and
reduced LVEF. a multiple stepwise linear regression
analysis based on leg muscle strength, LVEF, E/E', GLS,
and GCS was performed to identify independent predictors
of peak VOa. resulting in leg muscle strength and GLS
(R = 0.888) as independent predictors of peak VO,.
Conclusion  Global longitudinal strain at rest could pos-
sibly predict exercise capacity. which appeared to be more
useful than LVEF, E/E’, and GCS in CHF patients with
reduced LVEF,

Keywords Chronic heart failure - Exercise capacity -
Ejection fraction - Speckle tracking imaging - Strain

Introduction

Chronic heart failure (CHF) is characterized by impaired
exercise capacity, fatigue, and exertional dyspnea. Peak
oxygen uptake (peak VO,) obtained from the results of
cardiopulmonary exercise testing (CPX) is a useful index
of exercise capacity and a strong prognostic indicator of
mortality in patients with CHF [1]. Peak VO, is defined by
(1) a central component, cardiac output that describes the
capacity of the heart to function as a pump and (2)
peripheral factors (arteriovenous oxygen difference) that
describe the capacity of the lung to oxygenate the blood
delivered to it and the capacity of the working muscle to
extract this oxygen from the blood. In particular, leg
muscle strength, one of the peripheral factors, has been
considered to be closely related to exercise capacity in
patients with CHF [2, 3].

—501—



J Echocardiogr (2011) 9:64-72

65

Left ventricular ejection fraction (LVEF) has been
regarded as the most extensively investigated echocardio-
graphic parameter as a surrogate parameter of cardiac
output. However, earlier studies reported LVEF is poorly
associated with exercise capacity in patients with CHF
[4-71, and its association remains unclear.

Recently, the reliability and reproducibility of echocar-
diography were improved by quantitative techniques; e.g.,
this is well demonstrated in the speckle tracking method
which automatically obtains deformation measurements
based on pure-gray ultrasound images. Brown et al. [8]
reported that global longitudinal strain predicts cardiac
output. measured by magnetic resonance imaging, more

accurately than echocardiographic LVEF. Some studies

also noted that two-dimensional (2D) strain is superior to
LVEF for predicting all-cause mortality in patients with
CHF [9, 10].

Here, this study tested the hypothesis that 2D strain
obtained at rest could predict exercise capacity in patients
with CHF.

Materials and methods
Subjects

This prospective study included 51 patients with CHF
who underwent physical examination, 12-lead electrocar-
diography, comprehensive 2D echocardiography. and
CPX. All patients were clinically stable: none were hos-
pitalized within the last | month before enrollment.
Patients with organic valvular disease, chronic obstructive
pulmonary disease, atrial fibrillation., and paced rhythm
were excluded. Ischemic heart disease was determined
when a patient had either evidence of previous myocar-
dial infarction or significant coronary artery disease
detected by coronary angiography (stenosis > 50% in one
of the major epicardial coronary arteries). No patients had
a recent history of acute coronary syndrome or a revas-
cularization procedure within the last 3 months. The
patients were classified into the two groups on an LVEF
basis, patients with heart failure and reduced LVEF
(HFREF group; EF < 50%, n = 23) or those with heart
failure and preserved LVEF (HFPEF; EF > 50%,
n = 28).

Ethics

The study protocol was approved by the St. Marianna
University School of Medicine Institutional Committee on
Human Research (No. 340) in Kanagawa, Japan. Written
informed consent was obtained from all patients prior to
their enrollment.

Echocardiography

Echocardiography was performed in the left lateral decubitus
position using a commercially available system (Vivid E9,
General Electric-Vingmed, Milwaukee, Wisconsin). Images
were obtained by using a 3.5-MHz transducer in the para-
sternal and apical views (apical long-axis, 2-chamber, and
4-chamber views). Recordings were performed according to
the standard recommendations [11]. LVEF was calculated
according to the biplane Simpson’s method in apical 4- and
2-chamber views. The ratio of early (E) to late (A) transmitral
velocities (E/A) and deceleration time of the E velocity were
obtained by pulsed wave Doppler in the apical 4-chamber
view. Peak early diastolic mitral annular velocity (E’) was
derived from the mean values obtained at the both septal and
lateral mitral annulus in the apical 4-chamber view by
placing sample volume at a sample size of 8§ mm. The grade
of mitral regurgitation (MR) was determined from color and
continuous wave Doppler recordings based on the regurgi-
tation flow intensity and classified into five grades [12].
Grade 0 denoted no regurgitation or regurgitation limited toa
very small part of early systole; grade 1 indicated mild
regurgitation weakly visible during the whole of systole;
grade 2 was moderate regurgitation clearly visible through-
out systole; grade 3 was defined by large regurgitation
intensely visible during the whole of systole; and grade 4 was
severe regurgitation as found. for example, in chordal
rupture.

2D speckle tracking echocardiography

Global longitudinal strain (GLS) and circuamferential strain
(GCS) in the LV were quantified with 2D strain images
[13]. We routinely checked for any foreshortening of the
LV and ensured that 3 apical views did not differ by 10% of
each LV long-axis length. A difference of 10% in 3 lengths
would suggest the possibility of LV foreshortening in one
view; in such a case, we measured LV long-axis length
again to ensure accuracy. At least 3 cardiac cycles were
acquired in each axis and view, and the highest quality view
was used to measure strain. Images were digitally stored in
the cine-loop format and transferred to commercially
available software (EchoPac 8.0.0, GE Medical Systems,
Horten, Norway) for off-line analysis to obtain LV strain.
The software analyzes motion by tracking speckles in the
ultrasonic images. Frame-to-frame changes of the speckles
were used to derive motion and velocity; 1 single cardiac
cycle was acquired in each view. The closure of the aortic
valve was marked; the software measured the time interval
between R wave and aortic valve closure. The automated
algorithm provided peak systolic strain for each segment.
GLS was averaged from the 3 apical views; GCS was
measured at the papillary muscle level in the parasternal

_@_ Springer
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short-axis view. In general, GLS and GCS values have been
presented as negative values; a larger negative value indi-
cated a larger extent of longitudinal strain. The mean frame
rate of the obtained images was 70 fps (range 40~-100 fps;
Fig. 1).

CPX

All patients underwent CPX on a sitting cycle ergometer
(Accura, Mitsubishi Electrical Engineering, Co., Tokyo,
Japan) on different days within 2 weeks (mean & SD
8.4 £ 2.2 days) before/after echocardiography and they did
not have any changes in prescribed drugs. During the study
period, no patients had cardiac events. After 3-min rest and
4-min warm up at 20 W, exercise load intensity was gradu-
ally and linearly increased by 1 or 2 W per 6 s according
to the gradual increase intensity. A stress test system
(ML-9000: Fukuda Denshi Co., Tokyo, Japan) monitored
blood pressure, and 12-lead electrocardiography recorded
heart rate response. ST-T changes, and arrhythmias every
I min during CPX. Peripheral factors were assessed by
measuring leg muscle strength with the Biodex System 2
isokinetic dynamometer (Biodex Medical Systems, Inc.,
New York, USA; Fig. 2a). Testing was performed at a
maximum of 5 repetitions for knee extensors at isokinetic
speeds of 60° per s. We measured the knee extensor muscle
strength peak torque per body weight value (N m/kg) of both

knees and used the maximum value obtained as the index of
knee extensor muscle strength (Fig. 2b).

The criteria to halt the test were determined according to
the guidelines described by the American College of Sports
Medicine [14] or the appearance of so-called leveling off in
which no increase in oxygen uptake was recognized in
spite of an increase of exercise intensity. Expired gas
analysis was performed continuously throughout the exer-
cise testing on a breath-by-breath basis with an AE-300
cart (Minato Medical Science, Osaka, Japan). Anaerobic
threshold, peak VO,, and the slope of the ventilatory
equivalent to carbon dioxide output (VE/VCO,) were
collected from the results of CPX. Blood samples were
obtained just before CPX for measurements of brain
natriuretic peptide (BNP).

Statistical analysis

A statistical analysis was performed with commercially
available software (SPSS 18.0 software, SPSS Inc., Chi-
cago, IL, USA). All continuous data were expressed as
mean + SD and categorical data in percentages. An
unpaired Student’s 7 test and a y* test were used in com-
parison between the two groups. A multiple stepwise
regression analysis evaluated the relationship between peak
VO, and echocardiographic parameters. Statistical signifi-
cance was established at p < 0.05. A simple regression

Fig. 1 Examples of global longitudinal strain measures from 3
standard apical views and global circumferential strain measures from
the papillary muscle level in the parasternal short-axis view. The
images obtained in the 4-chamber (rop lefr). 2-chamber (rop righr),

@ Springer

apical long-axis (bortom left), and short-axis (borrom righr) are shown.
The color curves indicate color-coded segmental strain and dashed
line indicate global strain (color figure online)
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Fig. 2 a Measurements of leg muscle strength peripheral factors
were assessed by measuring leg muscle strength with the Biodex
System 2 isokinetic dynamometer (Biodex Medical Systems. Inc..
New York, USA). b Measurements of the maximum leg muscle
srength. The curves indicate knee extensor and flexor muscle strength
torque: both values are expressed as positive values. Continuous lines
depict the extension period and dasfied lines indicate the flexion
period. The muximum value during the extension period was
measured. In this representative case, peak torque was 343 N m in
the 4th extension period

analysis was performed to find pavameters that had sig-
nificant correlations with peak VO,. Reproducibility of
GLS was analyzed with repeated measurements of GLS.
Observer 1 measured and analyzed GLS of all patients at
two different time points; meanwhile, observer 2 analyzed
GLS of 25 randomly selected study patients. The two
observers were blinded to the results obtained by the other
observer. The limits of agreement for the Bland-Altman
[15] analysis were calculated. Furthermore. intraclass cor-
relation coefficient was calculated to assess reproducibility.

Results
Baseline characteristics

The study protocol was successfully completed, and tech-
nically adequate recordings were obtained for analysis in all
patients (Table 1). The mean age was 54.0 £ 12.0 years. Of
the study patients, 36 patients were in functional NYHA
class I, 11 in class II, and 4 in class IIT. No significant dif-
ferences in the age. gender, body mass index, or leg muscle

strength were found between the HFREF and HFPEF groups.
The HFREF group showed a significantly reduced anaerobic
threshold and peak VO, . higher NYHA class, and increased
BNP compared with the HFPEF group. Approximately 90%
of the patients took f-blockers, angiotensin-converting
enzyme inhibitor, or angiotensin II receptor blocker (ARB).
The number of patients who received ARB or diuretics was
greater in the HFREF group than the HFPEF group.

Echocardiography

The left atrial and ventricular size, except LV end-diastolic
volume, significantly increased in the HFREF group com-
pared with the HFPEF group (Table 2). The LV wall
thickness, E/A, deceleration time. £, and E/E’ were similar.
The number of patients with MR grade 2 was greater in the
HFREF group than HFPEF group; however, patients with
MR grade 3 or above were not included in this study.
The GLS (—11.0 £ 4.5 vs. —19.2 £ 6.9%) and GCS
(=102 £49 vs. —18.5 + 6.9%, all p <0.0001) were
significantly lower in the HFREF than HFPEF group.

Predictors of peak VO,

In all study patients, peak VO, correlated with muscle
strength  (r =055, p <0.0001), LVEF (r= 045,
p<0.001). GLS (r=—047, p<0.001), and GCS
(r = —0.41, p <0.005), respectively (Table 3). No sig-
nificant correlation was found between E/A, E', decelera-
tion time. E/E', or peak VO,. Left atrial volume index
(LAVI) showed significant correlation with peak VO,
(r = —0.50. p <0.001). No significant correlation was
found between peak VO, versus E/A, E/, deceleration time,
and E/E', individually. The LAVI significantly correlated
with the peak VO, (r = —0.50, p < 0.001).

In the HFREF group, the multiple stepwise linear
regression analysis based on leg muscle strength, LVEF,
E/E', GLS, and GCS was performed to identify an inde-
pendent predictor of peak VO, resulting in leg muscle
strength and GLS as independent predictors (p < 0.0001,
Table 3, Fig. 3a). In the HFPEF group, echocardiographic
parameters were not used to identify independent predic-
tors of peak VO, (Fig. 3b).

Reproducibility

The average difference of the intraobserver agreement for
GLS was —0.3 £+ 0.6% and intraclass correlation coeffi-
cient was 0.95 (mean & 2 SD). Similarly, the average
difference agreement of measurements by the 2 different
observers was —0.2 + 2.6% and intraclass correlation
coefficient was 0.92 (mean £ 2 SD).

@ Springer
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Table 1 Clinical characteristics

NYHA New York Heart
Association, AT anaerobic
threshold, VO: oxygen uptake,
VE ventilatory equivalent.
VCO» carbon dioxide output,
BNP brain natriuretic peptide,
ACE angiotensin 1[-converting
enzyme, ARB angiotensin
receptor blocker

Table 2 Echocardiographic
data

PW posterior wall, LVDd left
ventricular end-diastolic
diameter, LVDs left veatricular
end-systolic diameter, LVEF
left ventricular ejection fraction.
LAD left atrial diameter, LAVI
left artial volume index, E/A
ratio of peak velocities of early
(E) to late (A) of transmitral
flow, E/E’ ratio of peak velocity
of early transmitral flow (E) to
early mitral annular motion (£').
MR wmitral regurgitation, ns not
sigaificant

Discussion

LVEF < 50% LVEF > 30% p Value
(n=23) (n = 28)
Age (years) 51.3 £ 135 56.3 + 14.3 ns
Sex (male/female) 19/4 18/10 ns
Body mass index (kg/m?) 236 + 4.1 227 429 ns
NYHA classifications 1.7+ 0.8 1.1 +£03 <0.001
AT (mal/min/kg) 15.1 £ 4.8 184 + 37 0.008
Peak VO, (ml/min/kg) 9.6 + 5.9 239 £ 5.6 0.01
VE/VCO;, 31.5+£6.0 303+49 ns
Leg muscle strength (N mv/kg) 1.8 £ 04 19+£05 ns
BNP (pg/ml) 207.5 £ 1974 82.7 £+ 68.2 <0.0001
Etiology
Dilated cardiomyopathy (%) 17 (74) 621 0.001
Ischemic heart disease 6 (26) 19 (68) 0.001
Others 0(0) 3(11) ns
Medications
Calcium antagonists 2(9) 4 (14) ns
Beta blockers 23 (100) 24 (86) ns
ACE inhibitors 14 (61) 19 (68) ns
ARB 9 (39) 4 (14) 0.043
Diuretics 16 (70) 10 (36) 0.016
LVEF < 50% LVEF > 50% p Value
(n=23) (n = 28)
Septal thickness (mm) 89 £ 20 8.8+ 1.7 ns
PW thickness (mm) 95+ 1.2 89+ 14 ns
LVDd (mm) 61.7 £9.8 48.5 + 4.9 <0.0001
LVDs (mm) 513+ 123 329 4 5.1 <0.0001
LVEDV (ml) 180.0 + 68.6 1315 £ 65.5 ns
LVESV (ml) 128.9 &+ 68.4 437 £ 135 <0.0001
LVEF (%) 325+ 121 570 £ 39 <0.0001
LAD (mm) 40.1 + 6.6 329 + 42 <0.0001
LAVI (ml/m®) 295+ 15.0 200+ 73 0.01
EiA 1.15 £ 0.75 0.95 £ 0.36 ns
Deceleration time (ms) 179.1 £ 51.5 216.3 = 48.0 <0.05
E' (cm/fs) 7.1 +22 7.4 £ 2.1 ns
EIE 92 +37 9.0 £ 3.0 ns
MR grade [ 10 (44%) 19 (68%) ns
MR grade I 6 (26%) 0 (0%) <0.05
Global longitudinal strain (%) —~11.0 £ 4.5 —19.2 £33 <0.0001
Global circumferential strain (%) —-102 + 49 —18.5£69 <0.0001

Relationship between leg muscle strength and exercise
capacity in CHF

In the present study., we observed a strong relationship
between leg muscle strength and exercise capacity (r = 0.55,

) Springer

p < 0.0001). Clark et al. {16] found that reduced muscle
function affected both knee flexors and extensors in patients
with CHF. In our previous study [3], the improvement of
exercise capacity was determined by muscle strength.
Reduced muscle strength correlates with the ventilatory
response to exercise. These observations lend support to the
importance of peripheral factors in patients with CHF.
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Table 3 Regression correlations for exercise capacity versus leg muscle strength and echocardiographic parameters

Univariate analysis

Multiple stepwise regression analysis

r p Value Standard regression coefficient p Value
All subjects independent variable
Leg muscle strength 0.55 <0.0001 0.53 <0.0001
LVEF 0.45 0.001
Global longitudinal strain —0.47 0.001
Global circumferential strain —0.41 0.005
E/F -0.27 ns
R = 0.261 ANOVA p = 0.001
LVEF > 50% independent variable
Leg muscle strength 0.51 0.005 0.49 0.014
LVEF 0.1t ns
Global longitudinal strain 0.08 ns
Global circumferential strain —0.09 ns
EIE -0.39 ns
R* =0203 ANOVA p = 0.014
LVEF < 50% independent variable
Leg muscle strength 0.68 0.005 0.70 <0.0001
LVEF 0.50 0.015
Global longitudinal strain —0.61 0.002 —0.62 <0.0001
Global circumferential strain —0.38 ns
EIE —0.17 ns

R* = 0.888 ANOVA p < 0.000!

Peak VO, = —7.953 + 8.799 x leg muscle strength — 1.076 x global longitudinal strain

Relationship between LVEF and exercise capacity
in CHF

The evaluation of LVEF is somewhat subjective. which
requires considerable experience, as demonstrated by dif-
ferences between novices and experienced operators. Even
when the stroke volume is correctly measured. LVEF may
be overestimated due to MR. LVEF is also affected by
patients’ preload conditions.

Left ventricular ejection fraction has been regarded as
the most extensively investigated echocardiographic
parameter for the evaluation of cardiac systolic function
and a powerful predictor of mortality in patients with
systolic heart failure [17, 18). Nevertheless, some studies
have reported LVEF as a poor predictor of exercise
capacity [4-7, 19, 20]. Multiple stepwise regression anal-
ysis did not show LVEF as a predictor of peak VO, in this
study; however, univariate analysis showed that LVEF had
a moderate correlation with peak VO, (r= 0.45,
p = 0.001). Of note, this correlation was remarkable in the
HFREF group (r = 0.50, p = 0.015).

In the present study, we excluded patients with organic
valvular disease, which might affect our study result. We

assume this is the reason why we could only observe a
moderate correlation between peak V0, and LVEF.

Relationship between E/E' and exercise capacity
in CHF

Several studies reported E/E’, a significant marker of LV
end-diastolic pressure, was useful for predicting exercise
capacity. However, the result of this study demonstrated no
significant correlation between E/E' and peak VO,, which
was different from the results of Hadano et al. [21] and
Podolec et al. [22]. Meanwhile, the LAVI, a significant
marker of LV diastolic dysfunction, correlated with peak
VO,. E/E' is an important determinant of exercise capacity.
We presume this is due to relatively maintained exercise
capacity and optimal medication in our study patients,
which leads to lower LV filling pressure.

Relationship between GLS and exercise capacity
in CHF

Strain and strain rate imaging quantify the regional myo-
cardial deformation. Both techniques possibly differentiate
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Fig. 3 a Relation between peak VO, versus leg muscle strength,
global longitudinal strain (GLS), and global circumferential strain
(GCS), individually, in the patients with heart failure and preserved
left ventricular ejection fraction (LVEF). GLS and GCS values are
presented as negative values: a larger negative value indicated a
larger extent of longitudinal strain. b Relation between peak V0.
versus leg muscle strength, global GLS, and global GCS. individually,

those myocardial segments with an active contraction from
passive motion caused by tethering [23]. In one recent
study, biplane LVEF in all patients was related to global
LV longitudinal strain quantified by the novel algorithm
GLS [24] and linearly related to the GLS. Delgado et al.
125] demonstrated a good correlation between GLS and
LVEF in a large study population with a wide range
of LVEF. Although the correlation between GLS and
biplane LVEF was good in the overall population, the
correlation was less strong in patients with coronary artery
disease (ST-segment elevation myocardial infarction or
chronic ischemic heart failure). This finding suggests that
these two parameters should not be identical, but rather
reflect different aspects of LV systolic function.

Lim et al. [26] proposed the use of the strain delay index
with [ongitudinal strain by speckle tracking as a strong
predictor of response to cardiac resynchronization therapy.
This index, which quantifies the amount of wasted energy
due to LV dyssynchrony, suggested that GLS should reflect
LV systolic function rather than LVEF. We consider that
not LVEF but GLS responds well to exercise capacity,
which is attributed to the fact that GLS not only evaluates
cross-sectional area changes but also reflects LV systolic
function. In the HFPEF group, compared with the HFREF

@ Springer

in the patients with heart failure and preserved LVEF. Leg muscle
strength significantly correlated with peak VO, in both patients with
heart failure and preserved LVEF (LVEF < 50%) and patients with
heart failure and reduced LVEF (LVEF < 50%). In patients
with heart failure and reduced LVEF. GLS significantly correlated
with peak VO,

group. the rate of patients with ischemic heart disease was
greater. there were not many patients complicated by MR,
and GLS was significantly preserved. Accordingly, the rate
of patients with relatively good cardiac function was
greater in the HFPEF group, resulting in these patients not
having many central factors responsible for exercise
capacity.

Clinical implications and study limitations

The result of this study demonstrated that GLS, a central
component, was an independent predictor of peak VO, in
CHF patients with reduced LVEF. Even though echocar-
diography in the present study was performed at rest, GLS
could estimate exercise capacity. Our findings lend support
to earlier studies suggesting GLS can predict cardiac output
[8] and all-cause mortality in CHF patients [10] more
accurately than LVEF. GLS is probably useful for the
evaluation both after medical therapy and cardiac trans-
plantation [1] in patients with CHF. GCS is also regarded
as a useful parameter; however, a poor correlation between
GCS and exercise capacity is pointed out. This correlation
is due to single view recording in the short-axis view at the
papillary muscle level and insufficient quality recording in
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the basal and apical short-axis views. In addition, strong
and significant correlations between peak VO, and dia-
stolic parameters were not shown in the present study
because of the small study population. Further studies with
a larger population are required for understanding torsion, a
circumferential direction parameter which has” a good
correlation with t [27]. In addition. it is indispensable to
analyze the strain deformation measured by three-dimen-
sional echocardiographs. particulurly in patients with pre-
served EF in whom the longitudinal velocities can not
predict exercise capacity. To our knowledge. this is the first
study to identify the Jeterminants of exercise capacity
using strain imaging in patients with reduced LVEF. In the
present study. we could have o clinically ~ignificant finding
that GLS could predict pesh VO: cven at rest.

Conclusions

Global longitudinul ~tra: ot ot was uusetul predictor of
exercise capacity. which rod o he a better parameter
than LVEF. F/£". and GOS i CHE- patients with reduced
LVEF.
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