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Heart Failure

Three Weeks of Inpatient Cardiac Rehabilitation Improves
Metabolic Exercise Data Combined With Cardiac
and Kidney Indexes Scores for Heart Failure
With Reduced Ejection Fraction

Shinichiro Sakurai, MD; Makoto Murata, MD, PhD; Saya Yanai; Shogo Nitta;
Yuhei Yamashita; Tatsunori Shitara; Hiroko Kazama; Masanori Ueda;
Yasuyuki Kobayashi; Yoshihisa Namasu; Hitoshi Adachi, MD, PhD

Background: Heart failure with reduced ejection fraction (HFrEF) has a high mortality rate, and cardiac rehabilitation programs
(CRP) reduce HFrEF rehospitalization and mortality rates. Some countries attempt 3 weeks of inpatient CRP (3w In-CRP) for cardiac
diseases. However, whether 3w In-CRP reduces the prognostic parameter of the Metabolic Exercise data combined with Cardiac
and Kidney Indexes (MECKI) score is unknown. Therefore, we investigated whether 3w In-CRP improves MECKI scores in patients
with HFrEF.

Methods and Results: This study enrolled 53 patients with HFrEF who participated in 30 inpatient CRP sessions, consisting of
30min of aerobic exercise twice daily, 5 days a week for 3 weeks, between 2019 and 2022. Cardiopulmonary exercise tests and
transthoracic echocardiography were performed, and blood samples were collected, before and after 3w In-CRP. MECKI scores and
cardiovascular (CV) events (heart failure rehospitalization or death) were evaluated. The MECKI score improved from a median
23.34% (interquartile range [IQR] 10.21-53.14%) before 3w In-CRP to 18.66% (IQR 6.54—39.94%; P<0.01) after 3w In-CRP because
of improved left ventricular ejection fraction and percentage peak oxygen uptake. Patients’ improved MECKI scores corresponded
with reduced CV events. However, patients who experienced CV events did not have improved MECKI scores.

Conclusions: In this study, 3w In-CRP improved MECKI scores and reduced CV events for patients with HFrEF. However, patients
whose MECKI scores did not improve despite 3w In-CRP require careful heart failure management.

Key Words: Cardiopulmonary exercise test; Heart failure; Heart failure rehospitalization; Inpatient cardiac rehabilitation; Metabolic
Exercise data combined with Cardiac and Kidney Indexes (MECKI) score

eart failure (HF) was a global pandemic before
H COVID-19,3 and HF mortality and rehospital-
ization rates remain high, especially in Japan.47 A
cardiac rehabilitation program (CRP) improves exercise
endurance and peak oxygen uptake (VO2). It also reduces
rehospitalization and mortality rates for patients with HF
with reduced ejection fraction (HFrEF). Therefore, many
guidelines worldwide highly recommended CRP for patients
with HFrEF 23815 In some European countries, 3 weeks of
inpatient CRP (3w In-CRP) is provided to patients with
heart disease.!6-1?
The Metabolic Exercise data combined with Cardiac and
Kidney Indexes (MECKI) score is a prognostic parameter

for patients with HFrEF and is superior to left ventricular
ejection fraction (LVEF), minute ventilation (VE) vs.
carbon dioxide production (VCO2) slope, peak VO, and
some other HF scores.??-23 However, whether 3w In-CRP
improves MECKI scores remains unknown.

Thus, in this study we investigated whether 3w In-CRP
improves the MECKI score and its relationship with
cardiovascular (CV) events in patients with HFrEF.

Methods

From 2019 to 2022, outpatient CRP 3 times a week for 5
months was recommended for patients with HFrEF. Despite
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this, many patients could not visit Gunma Prefectural
Cardiovascular Center because they were unable to drive,
had no one to pick them up, or because of the distance.
Subsequently, we recommended 3w In-CRP, and included
53 patients with HFrEF who met the inclusion and
exclusion criteria (Supplementary Figure 1) and agreed to
take part in the present study. Patients performed a 10-min
warm-up exercise, a 30-min anaerobic threshold (AT)-
based cycle ergometer exercise, and a 10-min cool-down
exercise program twice daily, 5 days a week. In addition,
patients undertook resistance training and were provided
with food, self-control, and self-management education.
During the 3 weeks, 30 inpatient CRP sessions were
performed. Before and after the 3w In-CRP, patients
underwent transthoracic echocardiography (TTE) and
cardiopulmonary exercise testing (CPET), and blood
samples were collected. We investigated the MECKI score,
its components, and CV events after discharge from 3w
In-CRP.

Cardiopulmonary Exercise Tests ]

The ventilatory pattern at the AT and peak VO: were
evaluated using symptom-limited CPET during incremental
exercise testing on an upright cycle ergometer (StrengthErgo
8; Mitsubishi Electric Engineering, Tokyo, Japan), as reported
previously.!® The test started with a 3-min rest, followed by
a 3-min warm-up performed at 0-W intensity using the mask
method. Subsequently, exercise intensity was increased
continuously by 1 W every 6s. To ensure a high-intensity
CPET sufficient to achieve exhaustion, patients were
instructed to maintain a sufficient work rate (WR) to
achieve a gas respiratory exchange ratio (VCO2/VO2)
>1.10. VO2, VCO2, and VE were measured on a breath-by-
breath basis using a gas analyzer (MINATO AE-310S;
Minato Science Co., Ltd., Osaka, Japan).

Peak VO: was determined at the highest WR, and the
percentage peak (%peak) VO: was estimated among
healthy Japanese participants. Before the respiratory
compensation point, the VE vs. VCOz2 slope demonstrated
a linear relationship between VE and VCOa.

Transthoracic Echocardiography

An experienced sonographer obtained TTE data according
to the guidelines reported by Nakatani et al?26 using a GE
Vivid E9 equipped with a 1.75- to 3.5-MHz transducer.
LVEF was determined using the modified Simpson’s rule.
HFrEF was defined as LVEF <40%.

MECKI Scores

The MECKI score was estimated using the formula
exp(k)/ (1 +exp(k)), where k=10.3464—0.0262x%peak
V02+0.0472x VE vs. VCO: slope—0.1086 x hemoglobin
(g/dL)—-0.0615%xsodium (mEq/L)—0.0699xLVEF (%)—
0.0136xGFR (mL/min),2® and the glomerular filtration
rate (GFR) was estimated using the Modification of Diet
in Renal Disease equation.?’

Follow-up After Discharge

Hospital records of regular checkups were investigated
after the discharge of patients with HFrEF. CV events were
defined as HF rehospitalization and all-cause death after
discharge. HF rehospitalization included major symptoms
(breathlessness, orthopnea, fatigue, and ankle swelling)
and signs (elevated jugular venous pressure, hepatojugular
reflux, third heart sound, and laterally displaced apical

impulse) of HF? in patients hospitalized to receive intrave-
nous therapy (diuretics, catecholamines, or carperitide).

Statistical Analysis

All data are expressed as the mean+SD, median with inter-
quartile range (IQR), or number and percentage, as appro-
priate for the data type and distribution. Data were analyzed
using Student’s t-test, paired t-test, Mann-Whitney U test,
the Wilcoxon signed-rank test, or Chi-squared test, as
appropriate. Receiver operating characteristic (ROC) curve
analysis was used to identify the optimal cut-off for CV
events. The Delong method was used to compare each
parameter of the area under the curve (AUC) for the ROC
curve. Kaplan-Meier analyses helped identify predictors of
CV events. Statistical significance was set at P<0.05 for all
analyses, which were performed using SPSS version 28
(IBM Corp., Armonk, NY, USA) or EZR version 2.7-x
analysis, as appropriate.

Ethical Considerations

The study was conducted in accordance with the Declaration
of Helsinki and the ethical standards of the responsible
committee on institutional human experimentation, and
was approved by the Ethics Committee of the Gunma
Prefectural Cardiovascular Center (Reference no. 2022018).

Results

Baseline Patient Clinical Characteristics

Patients’ characteristics are presented in Table 1. The
mean age of patients was 69+12 years, and 83% were male.
Mean LVEF was 25.6£8.5% and mean peak VO2 was
11.6£3.3mL/min/kg. Patients were followed up for 3091275
days (median 196 days; IQR 75-483 days), during which
17 were rehospitalized for HF, and 4 died. The mortality
rate within this period was 7.5%.

MECKI Scores Before and After 3w In-CRP

The median MECKI score decreased significantly (P<0.01)
from 23.34% (IQR 10.21-53.14%) to 18.66% (IQR 6.54—
39.94%) after 3w In-CRP, with an absolute reduction of
-3.41% (—12.85% to 4.10%). The mean percentage
decrease in MECKI score was 80.5+48.0% (Figure 1). Both
LVEF (25.6£8.5% vs. 29.7+11.9%) and %peak VO
(49.1£13.5% vs. 54.5£16.9%) increased after 3w In-CRP
(Supplementary Figure 2). Furthermore, ROC curve analysis
for CV events revealed that the post-3w In-CRP MECKI
score showed a significantly higher AUC (Figure 2).

CV Events and MECKI Scores
Patients were classified into 2 groups, those with (+) and
without (=) CV events (heart failure rehospitalization or
death) after discharge. Although before 3w In-CRP there
was no significant difference in MECKI score between the
CV(+) and CV(-) groups, after 3w In-CRP the MECKI
score was significantly lower in the CV(—) than CV(+)
group (Figure 3). The percentage decrease in MECKI score
was significantly higher in patients in the CV(—) than
CV(+) group (68.3341.1% vs. 99.0£52.6%; P=0.02; Figure 4).
Furthermore, ROC curve analysis for CV events revealed
that the percentage decrease in MECKI score showed a
significantly higher AUC (Figure 2). There was no signifi-
cant difference in the AUC for the post-3w In-CRP
MECKI score and the AUC for the percentage decrease in
MECKI score. The cut-off value for the percentage decrease
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Table 1. Patient Characteristics
e Vo e pae
Age (years) 69+12 67+13 72+10 0.15
Male sex (%) 44 (83) 25 (78) 19 (91) 0.29
Body weight (kg) 55.7+12.7 56.4+14.0 54.5+10.7 0.60
BMI (kg/m?) 23.1£15.0 24.9+18.9 20.4+3.4 0.29
Heart diseases
Ischemic heart disease 21 (33) 8 (25) 13 (62) 0.05
Cardiomyopathy 23 (43) 17 (53) 6 (29)
Valve disease 2(3) 2 (6) 0 (0)
Other heart disease 7 (13) 5(17) 2 (10)
Comorbidities
Smoking 30 (57) 17 (53) 13 (62) 0.58
Hypertension 19 (36) 13 (41) 6 (28) 0.40
Diabetes 25 (47) 11 (34) 14 (67) 0.03
Dyslipidemia 23 (43) 12 (38) 11 (52) 0.39
Medications
B-blocker 51 (96) 31 (97) 20 (95) 1.00
ACEI 22 (42) 1 (34) 11 (52) 0.26
ARB 7 (13) 6 (19) 1(5) 0.23
ARNI 10 (19) 7 (22) 3(14) 0.72
MRA 42 (72) 25 (78) 17 (81) 1.00
SGLT2-I 29 (55) 0(31) 9 (42) 0.26
lvabradine 10 (19) 8 (25) 2 (10) 0.28
Diuretics 33 (62) 17 (53) 16 (76) 0.15

Unless indicated otherwise, data are given as the mean+SD or n (%). Data were analyzed using Student’s t-test or
the Chi-squared test, with P<0.05 considered significant. ACEI, angiotensin-converting enzyme inhibitor; ARB,
angiotensin Il receptor blocker; ARNI, angiotensin receptor-neprilysin inhibitor; BMI, body mass index; CV events,
cardiovascular events (heart failure rehospitalization or death) after discharge; MRA, mineralocorticoid receptor
antagonist; SGLT2I, sodium-glucose cotransporter 2 inhibitor.
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Flgure‘1. Metabolic Exercise data combined with Cardiac 1-Specificit
and Kidney Indexes (MECKI) scores before and after 3 weeks P Yy
of an inpatient cardiac rehabilitation program (3w In-CRP).
There was a significant (P<0.01) decrease in the median Figure 2. Receiver operating characteristic curve analysis of
MECKI score after 3w In-CRP, from 23.34% (interquartile cardiovascular (CV) events (heart failure rehospitalization or
range [IQR] 10.21-53.14%) to 18.66% (IQR 6.54-39.94%). death) after discharge. The area under the curve for Meta-
bolic Exercise data combined with Cardiac and Kidney

Indexes (MECKI) score after 3 weeks of an inpatient cardiac
rehabilitation program (CRP) was 0.677 (95% confidence
interval [Cl] 0.526-0.828; P<0.01), whereas that for the per-
centage decrease (%dec) in the MECKI score was 0.688
(95% CI 0.542-0.833; P<0.01). The cut-off value was 99%
(sensitivity 0.571, specificity 0.781).
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MECKI score with or without CV event

line; crosses indicate mean values. Whiskers show the range.
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Figure 3. Metabolic Exercise data combined with Cardiac and Kidney Indexes (MECKI) scores before and after 3 weeks of an
inpatient cardiac rehabilitation program (3w In-CRP) in patients with or without cardiovascular (CV) events (rehospitalization for
heart failure or death) after discharge. In patients without CV events, the median MECKI score decreased after 3w In-CRP (from
18.76% [IQR 8.44-55.1%] to 11.84% [IQR 5.7-30.8%]; P<0.01). However, in patients with CV events, the median MECKI score
remained almost unchanged after 3w In-CRP (from 30.76% [IQR 12.09-43.95%] to 28.81% [IQR 18.75-41.13%]; P=0.76). More-
over, regardless of the presence of CV events before 3w In-CRP, the MECKI score decreased significantly among patients without
CV events after 3w In-CRP (P=0.03). The boxes show the interquartile range, with the median value indicated by the horizontal
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Figure 4. Mean (+SD) percentage change in Metabolic Exer-
cise data combined with Cardiac and Kidney Indexes
(MECKI) scores in patients with or without cardiovascular (CV)
events (rehospitalization for heart failure or death) after dis-
charge. The percentage decrease in the MECKI score was
significantly higher in patients without than with CV events
(68.3141.1% vs. 99.0£52.6%; P=0.02).

in MECKI score for predicting CV events was 99.0%.
Using 99.0% as the cut-off value, Kaplan-Meier analysis
revealed that patients with a higher percentage decrease in
MECKI score during 3w In-CRP had fewer CV events
than those with a lower percentage decrease in MECKI
score after discharge (log-rank [Mantel-Cox] X?=8.108,

P>0.01; hazard ratio 0.291, 95% confidence interval 0.118—
0.719, P<0.01; Figure 5).

MECKI Score Components and Risk Factors for
Non-Improvement in MECKI Score
LVEF and %peak VO2 before 3w In-CRP did not differ
between patients with and without CV events. These
parameters improved significantly only in patients without
CV events. Moreover, in patients with CV events, hemo-
globin levels decreased significantly (Table 2). The main
factors associated with non-improvement in the MECKI
score were non-improvements in LVEF and %peak VO:
and decreased hemoglobin levels.

Peak WR was also increased only in patients without
CV events (Table 2).

Discussion

This study investigated the effects of 3w In-CRP in patients
with HFrEF. After 3w In-CRP, the MECKI score improved
from 23.34% to 18.66%. The primary reason for its
improvement was increased LVEF and %peak VO2. In
addition, the group with improved MECKI scores experi-
enced fewer CV events (death or HF rehospitalization)
after discharge. In contrast, patients who died or were
rehospitalized for HF after discharge did not have improved
MECKI scores, despite the 3w In-CRP. The main factors
in contributing to the stable MECKI scores in this group
were non-improvements in LVEF, %peak VO2, and peak
WR and decreased hemoglobin levels. In this study, we
showed that 3w In-CRP could significantly improve MECKI
scores in patients with HFrEF and that the improved
MECKI scores were associated with a reduction in CV
events. The group of patients who undertook 3w In-CRP
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Figure 5. Kaplan-Meier curves showing freedom from cardiovascular events in patients with high and low percentage decreases
in the Metabolic Exercise data combined with Cardiac and Kidney Indexes (MECKI) score (i.e., MECKI score after 3 weeks of an
inpatient cardiac rehabilitation program [3w In-CRP] <99% vs. 299%, respectively). Patients with a high percentage decrease in
MECKI score after 3w In-CRP had significantly fewer CV events than patients with a low percentage decrease in MECKI score
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Table 2. Effects of 3w In-CRP in Patients With or Without CV Events

CV event (=) CV event (+) P value
Before After P value Before After P value (Avs.C)
3w In-CRP (A) 3w In-CRP (B) (A vs.B) 3w In-CRP (C) 3w In-CRP (D) (Cvs.D)

LVEF (%) 25+9 31+12 <0.01 26+8 28+11 0.31 0.66
%Peak VO2 (%) 51+14 59+14 <0.01 46+12 4717 0.69 0.13
VE vs. VCO:2 slope 46.8+18.6 42.6+13.5 0.11 53.4+14.2 52.1+9.3 0.58 0.17
MDRD (mL/min) 44.0+20.9 44.1+23.6 0.94 56.3+44.0 54.1+53.3 0.55 0.19
Sodium (mEg/L) 139+3 139+4 0.99 138+4 139+3 0.15 0.83
Hemoglobin (g/dL) 13.8+2.1 13.4+2.2 0.12 12.3+1.3 11.7+1.5 0.11 0.01
Peak work rate (W) 53+19 6423 <0.01 42+15 45+16 0.17 0.03

Unless indicated otherwise, data are presented as the mean+SD. Data were analyzed using Student’s t-test or paired t-tests, as appropriate.
P<0.05 was considered significant. %Peak VO2, percentage peak oxygen uptake; 3w In-CRP, 3 weeks of an inpatient cardiac rehabilitation
program; CV events, cardiovascular events (heart failure rehospitalization or death) after discharge; LVEF, left ventricular ejection fraction;
MDRD, Modification of Diet in Renal Disease estimate of glomerular filtration rate; VCOz2, carbon dioxide production; VE, minute ventilation.

without any improvement in their MECKI score experi-
enced more CV events.

The MECKI score is a novel parameter for HFrEF
prognosis. It is significantly more accurate for mortality,
heart transplantation, and left ventricular assist device
implantation in patients with HFrEF than LVEF, VE vs.
VCO: slope, and peak VO: alone.?2 Moreover, the
MECKI score is more accurate for prognosis than the HF
survival score and the Seattle heart failure model, which
estimates the HF score. It is even more useful because of
the few requirements: blood sample, TTE, and CPET.2

We revealed that MECKI scores improved among

patients with HFrEF who undertook 3w In-CRP. The
primary reasons for the improvement in the MECKI score
are increased peak VO2 and LVEF. In addition, 3w In-CRP
consisted of 30 CRP sessions. Generally, cardiac rehabili-
tation guidelines require many outpatient sessions.!528
However, because of the rapidly aging society, most
patients with HF cannot attend sufficient outpatient CRP
sessions according to the guidelines.? Thus, 3w In-CRP
could solve this problem in Japan. CRP improves peak
VO3, and some reports have indicated that LVEF is also
improved.!-1230 Qur results showed effects similar to those
reported previously, along with an improvement in the
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MECKI score.

Conversely, patients with HFrEF rehospitalized for HF
or who died after discharge from the 3w In-CRP did not
have improved MECKI scores after 3 weeks. These patients
attended 30 CRP sessions; nevertheless, they did not expe-
rience an improvement in %peak VO:. Peak VO: involves
cardiac output and arteriovenous oxygen difference (Fick
method), and exercise therapy generally increases periph-
eral skeletal muscles and the arteriovenous oxygen differ-
ence.3! In the present study, patients with CV events had
unchanged peak WR. Therefore, there were probably no
improvements in the skeletal muscles of the patients’ legs
within the 3 weeks of the program, despite the 30 CRP ses-
sions. Therefore, these patients may experience future CV
events and should undergo additional management of HF
after discharge.

This study has some limitations. First, this was a single-
center study with relatively few patients. Future multicenter
studies are warranted to confirm our findings. However,
we revealed that 3w In-CRP increased peak VO:, improved
the MECKI score, and reduced CV events. It is applicable
in Japan as well as in other countries.!®!® Second, we
excluded patients who could not cycle on the ergometer
without support to avoid falling. Thus, we included
patients with HF who had a sufficient daily activity level to
be able to ride the bicycle without help but with low exer-
cise endurance. Third, we added some medications during
inpatient CRP. However, most participants had sufficient
medications prescribed during previous hospitalizations or
outpatient treatments. Therefore, only a few patients had
medications added, and the effects of the additional medi-
cations are expected to be quite low. Moreover, in Japan,
the cost of congestive HF is approximately US$8,115
(US$5,302-13,023),32 and the cost of 3w In-CRP is approx-
imately US$7,300-6,500 to prevent HF hospitalizations
or death. Thus, although CRP seems safer and cheaper
than hospitalization for congestive HF, further long-term
investigations are needed.

Conclusions

The MECKI score is a prognostic parameter for HFrEF,
superior to cardiac parameters or other HF scores. Because
of increases in LVEF and %peak VOz, 3w In-CRP improves
MECKI scores. The group with improved MECKI scores
experienced fewer deaths or HF rehospitalizations after
discharge compared with the group of patients with
HFrEF who underwent 3w In-CRP without an improve-
ment in MECKI scores. Thus, patients who do not see an
improvement in MECKI scores after CRP require addi-
tional HF management. In conclusion, 3w In-CRP may
help reduce HFrEF hospitalizations and improve prognosis.
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