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Abbreviations and Acronyms

AF = atrial fibrillation

BMI = body mass index

CI = confidence interval

HR = hazard ratio

QOL = quality of life

Conv. CR = conventional exercise-based cardiac rehabilitation

Multi. CR = multidisciplinary cardiac rehabilitation

Central Picture Legend.

Multidisciplinary cardiac rehabilitation improves unplanned readmission-free survival.

Central message
Comprehensive multidisciplinary cardiac rehabilitation during the acute inpatient phase
after cardiac surgery is important for patient management and preventing unplanned

readmission.

Perspective statement
Cardiac rehabilitation after cardiac surgery has been underutilized worldwide.
Multidisciplinary cardiac rehabilitation focused on patient education and disease self-

management during the early postoperative stage can reduce subsequent



58  hospitalizations. These data suggest the importance of acute phase cardiac rehabilitation

59  and the continuity of rehabilitative care after cardiac surgery.
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Abstract

Objectives: The provision of inpatient programs that reduce the incidence of
readmission after cardiac surgery remains challenging. Investigators have focused on
multidisciplinary cardiac rehabilitation (CR) because it reduces the postoperative
readmission rate; However, most previous studies utilized outpatient models (phase II
CR). We retrospectively investigated the effect of comprehensive multidisciplinary
interventions in the acute inpatient phase (phase I CR) on unplanned hospital
readmission.

Methods: In a retrospective cohort study, we compared consecutive patients after
cardiac surgery. We divided them into the multidisciplinary CR (multi. CR) group or
conventional exercise-based CR (conv. CR) group according to their postoperative
intervention during phase I CR. Multi. CR included psychological and educational
intervention and individualized counseling in addition to conv. CR. The primary
outcome was unplanned readmission rates between the groups. A propensity score-
matching analysis was performed to minimize selection biases and the differences in
clinical characteristics.

Results: In our cohort (n=341), 56 (18.3 %) patients had unplanned readmission during
the follow-up period (median, 419 days). Compared to the conv. CR group, the multi.
CR group had a significantly lower unplanned readmission rate (multivariable
regression analysis; hazard ratio, 0.520; 95% confidence interval, 0.28-0.95; p=0.024).
A Kaplan-Meier analysis of our propensity score-matched cohort showed that,
compared to the conv. CR group, the multi. CR group had a significantly lower
incidence of readmission (stratified log-rank test, p=0.041).

Conclusions: In phase I, compared to conv. CR alone, multi. CR reduced the incidence
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of unplanned readmission. Early multidisciplinary CR can reduce hospitalizations and

improve long-term prognosis after cardiac surgery.

Abstract Word Count: 250 words



89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

Introduction

In recent decades, the increased use of fast-track recovery protocols after cardiac
surgery has significantly reduced the postoperative hospital length-of-stay and cost of
care without increasing postoperative mortality or morbidity [1, 2]. Ironically, because
many patients are discharged without an adequate assessment of residual cardiovascular
risks, medication titration, physical rehabilitation, or educational intervention, these
protocols also increased the rate of unplanned postoperative hospital readmission [3, 4].
Notably, previous studies showed that approximately 20% of patients who underwent
cardiac surgery were readmitted within 30 days after discharge resulting in higher
medical costs [4, 5].

Current clinical guidelines address this issue by emphasizing the importance of
exercise-based cardiac rehabilitation (CR), which effectively improves symptoms and
exercise capacity; consequently, it is expected to decrease the rate of readmission [6].
Currently, in addition to conventional exercise-based CR, comprehensive
multidisciplinary interventions are recommended to address the impaired quality of life,
depressive symptoms, and other disease-related problems that can occur after cardiac
surgery. Multidisciplinary CR includes dedicated care with psycho-educational
components, nutritional support, and exercise training. Several randomized controlled
trials have identified lifestyle interventions and educational programs that improve
health outcomes and reduce the risk of a new cardiac event after cardiac surgery by
modifying unhealthy behaviors [7, 8]. However, almost all of these CR interventions
were carried out during phase 11, which begins after discharge. Considering that re-
hospitalization is reached approximately 20% within 30 days after discharge, we believe

that it is very important to intervene the patients during an earlier phase. However, to
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our knowledge, very few investigators have evaluated the impact of comprehensive
multidisciplinary CR administered in the hospital immediately after cardiac surgery
(phase I) on readmission rates.

Therefore, we investigated the effects of comprehensive multidisciplinary phase I CR
interventions, including educational programs designed to help patients self-manage
their disease. We aimed to evaluate whether comprehensive multidisciplinary phase |
CR can improve cardiovascular event prevention and reduce unplanned hospital

readmissions compared to conventional exercised-based CR alone.

Materials and methods

Study Population

The present study was a retrospective analysis conducted at a single center. The study
flow chart was shown in Fig. 1. We retrospectively compared consecutive patients who
underwent elective cardiac surgery (e.g., coronary artery bypass surgery [CABG], valve
replacement or repair, or CABG with concomitant valve replacement or repair) between
December 2015 and April 2017 according to the postoperative CR intervention they had
received during phase I CR. We excluded patients with a psychiatric disorder or severe
dementia and those who could not complete the CR program due to postoperative
complications such as respiratory failure, stroke, or hospital death. The study complied
with the principles of the Declaration of Helsinki regarding investigations in human
subjects and was approved by the Kobe University Institutional Review Board (Approval
No.180182). Written informed consent was obtained from each patient before their

cardiac surgery.
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Patient Clinical Characteristics

We evaluated baseline characteristics including age; sex; body mass index (BMI); left
ventricular ejection fraction; estimated glomerular filtration rate; brain natriuretic peptide,
hemoglobin, serum albumin, and C-reactive protein levels; comorbidities; medications;
and the European System for Cardiac Operative Risk Evaluation (EuroSCORE) II [9].
Laboratory data were evaluated within one week before cardiac surgery. We recorded
operative variables including the type and duration (in minutes) of cardiac surgery and
postoperative variables including type of phase I CR, hospital mortality, length of
intensive care unit stay, length of hospital stay, and postoperative surgery-related
complications. Health-related quality of life (QOL) was investigated with the Japanese
version of the Medical Outcomes Study 36-Item Short-Form General Health Survey
Version 2.0 (SF-36; v2) [10]. The primary endpoint was unplanned hospital readmission
after discharge during the follow-up period [11]. We defined unplanned readmission as
any type of emergency re-admission (including emergency fast-track or an urgent
admission requested by the general practitioner). Planned readmissions were excluded,
which were defined as readmissions that were classified as elective. The patients were
followed-up as outpatients, and the date and cause of any reported event were determined
during regularly scheduled outpatient visits and confirmed by review of hospital medical

records.

Intervention for Postoperative Rehabilitation
All patients received CR beginning the day after surgery until hospital discharge per the
Japanese Circulation Society guidelines for rehabilitation of patients with cardiovascular

disease as a standard of care [6], but none of the patients received phase II CR after
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discharge. We divided them into the multidisciplinary CR (multi. CR) group or
conventional exercise-based CR (conv. CR) group according to the postoperative
intervention they had received during phase I CR. The multidisciplinary rehabilitation
team consisted of dedicated medical practitioners focused on improving care for elderly
patients. We implemented a twice weekly multidisciplinary conference to review patients
scheduled for cardiac surgery. Our team recruited consenting patients who had a great
need for psychoeducational intervention, including those with many comorbidities and
unhealthy lifestyle habits. Patients who did not require this treatment based on our team

assessment or those who did not consent to multi. CR received conv. CR.

Exercise-based Rehabilitation Program (Conyv.CR)

CR programs were implemented during the inpatient period for approximately two
weeks and were based on Japanese Circulation Society guidelines [6]. CR mainly
focused on exercise training and the prevention of postoperative complications. Physical
training included a half hour of personalized aerobic exercise each weekday and daily
resistance exercise for approximately one hour. Aerobic exercise sessions involved
monitored use of a cycle ergometer or treadmill walking at the intensity of 11 to 13 on
the Borg scale. The heart rate and oxygen saturation were measured at each session, and
patients used pulse watches during cycle training. Muscle and endurance exercises
consisted of sit-to-stand and heel lifting exercises with an increasing number of
repetitions. The in-hospital physical training was supervised by a physiotherapist.
Because patients had undergone a sternotomy, we did not prescribe upper body strength
training to avoid complications such as an unstable sternum and exercises that primarily

targeted lower body muscles. If necessary, patients underwent respiratory physiotherapy
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consisting of deep breathing exercises.

Multidisciplinary Rehabilitation Program (Multi. CR)

Multi. CR consisted of twice-weekly group education and discussion sessions and
individualized counseling in addition to conv. CR. Multi. CR focused on psycho-
educational intervention to improve patients’ coping strategies, improve disease
management, provide information, promote self-monitoring of their heart failure
symptoms, and help resume daily life after cardiac surgery. Each educational and
counseling session lasted approximately one hour. This component included classes
conducted by a cardiologist, cardiology nurses, and a nutritionist. These sessions aimed
to change habits that adversely affect the risk of cardiovascular diseases through the use
of coping strategies and disease management, provide information, and help patients
resume daily activities after cardiac surgery. CR personnel also helped patients
incorporate self-care behaviors into their daily routine. The educational program was
offered to patients’ caregivers as well.

Professional nursing education included teaching patients how to manage their heart
failure symptoms, measure their pulse, recognize an arrhythmia or infection, monitor their
weight and surgical sites, and optimize their cardioprotective medications. Nurses also
provided information about smoking cessation, coping with stress, and daily physical
activity.

A nutritionist identified comorbidities including chronic kidney disease, obesity,
hypertension, diabetes, and dyslipidemia, provided appropriate meals in the hospital, and
explained the necessity of continuing this diet after discharge. The nutritionist also

provided education about water management, salt restriction, and daily alcohol
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Statistical Analysis

We conducted statistical analyses after confirming that the data were normally distributed
using the Shapiro-Wilk test. Patients were separated into the conv. CR or multi. CR group,
and between-group differences in clinical characteristics were compared using the
independent t- and chi-squared tests. We adjusted for baseline characteristics using
propensity scores to reduce the risk of bias in treatment selection and other potential
confounding factors because patients were not randomly assigned to a CR group [12]. To
produce propensity scores, a logistic regression analysis using the 22 variables which all
variables listed in Table 1 was performed (c statistic = (0.721). We performed a 1:1 nearest
available matching on the logit of the propensity score with a caliper value of 0.2 and no
replacement. We used the standardized mean difference to measure covariate balance,
whereby an absolute standardized mean difference <0.1 represents a meaningful
imbalance between groups. In the matched cohort, paired comparisons were performed
with the use of McNemar’s test for binary variables and a paired Student’s t-test for
continuous variables. Association between CR modality and unplanned readmission was
evaluated by using a proportional hazards regression model stratified on matched pairs to
preserve the benefit of matching. Unplanned readmission was compared using the Fine-
Gray model, which adjusted for death as a competing risk [13]. Proportional hazard
assumption was checked both graphically and using the Schoenfield residual test. In the
entire cohort, the multivariable proportional-hazards regression model with the stepwise
backwards (Wald) method from factors with p-values <0.10 in the univariable analysis of

the entire cohort was performed to calculate hazard ratios (HR) and the impact of CR on
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unplanned readmission. We estimated overall unplanned readmission-free survival
between conventional CR group and multidisciplinary CR group by using Kaplan-Meier
curves for all patients and a propensity score-matched cohort. In the matched cohort, we
compared overall re-admission free survival in both groups by using the stratified log-
rank test. The sample size was calculated with referring to the previous paper [14] and
our unpublished data (power = 0.8, significance level = 0.05, mean difference = 14.0%;
n = 300 patients). A p-value <0.05 was considered statistically significant. Statistical

analyses were carried out using JMP 11.0J software (SAS Institute Inc., Cary, NC, US).

Results

During the study period, 341 patients presented for surgery. Of these, 35 were
excluded (Figure 1) and 306 (mean age, 67.5+13.1 years; median follow-up, 419 days
[interquartile range, 211-712]) were analyzed. There were 180 and 126 patients in the
conv. CR and multi. CR groups, respectively. Propensity score-matching identified 216
matched pairs for comparison (c statistic =0.721; Table 1, Figure S1). No residual
imbalance was observed between matched groups (p>0.10 for all variables).
Furthermore, the covariate balance in the matched cohort was considerably improved;
the absolute standardized mean difference was <0.1. After propensity score-matching,
the follow-up periods in the multi. CR and conv. CR groups were comparable
(458.5£296.9 days vs. 448.2+£267.0 days).

Table 2 compared the clinical results and incidence of unplanned readmission before
and after matching. Length of hospital stay and QOL at hospital discharge were not
significantly different between the two groups (Table S1). Overall, 56 patients (18.3%)

had unplanned readmission (heart failure, n=31; infection, n=11; arrhythmia, n=8;

13



257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

stroke, n=3; pneumonia, n=2; nonfatal myocardial infarction, n=1). After propensity
score matching, the incidence of unplanned readmission was significantly lower in the
multi. CR group thanin the conv. CR group (p=0.0148). A global test based on
Schoenfield residuals found that all covariates and the full model satisfied the
proportional hazard assumption. A univariable proportional hazards analysis for
predicting unplanned readmission in the entire cohort showed no significant difference
between the CR groups (p=0.174). However, multivariable regression analyses of
unmatched patients showed that compared to conv. CR, multi. CR independently
predicted a decreased rate of unplanned readmission (HR, 0.504; 95% CI, 0.282-0.901;
p=0.021; Table 3). Similarly, multi. CR independently predicted a reduced rate of
unplanned readmission in our comparison of the propensity score-matched cohorts (HR,
0.520; 95% CI1, 0.277-0.949; p=0.024; Table 4). The results of the Kaplan-Meier
analysis were shown Figure 2 and Figure S2. The cumulative incidence of unplanned
readmission for the multi. CR group was significantly lower than that for the conv. CR
group in propensity score-matched cohorts (stratified log-rank test, p=0.0413; HR, 0.55,

95%CI, 0.31-0.96; Figure 2).

Discussion
To the best of our knowledge, this is the first study to demonstrate the effectiveness of
comprehensive multidisciplinary phase I CR after cardiac surgery. We showed that our
comprehensive multi. CR program was independently associated with a significant
reduction in postoperative unplanned readmission compared to conv. CR alone after
adjusting for many confounding variables. Several investigators have reported the

beneficial effects of multi. CR. However, these studies were of phase I CR. We are the
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first to demonstrate that phase I multi. CR can effectively reduce the incidence of long-
term adverse outcomes. Furthermore, few studies have compared the effects of exercise-
based and comprehensive multi. CR. The aim of phase I CR is to minimize the effects
of inactivity and maintain or improve muscle strength and mobility [6]. Exercise-based
phase I CR effectively improves exercise capacity and prevents cardiac events after
cardiac surgery [3, 14, 15]. Notably, our study demonstrated that multidisciplinary
educational intervention in addition to exercise-based CR were more effective than
exercise-based CR alone even during phase I.

In our cohort, the patients in the multi. CR group had many comorbidities and high
surgical risk as shown by their EuroSCORE:s. Our selection method, which involved
intentionally recruiting high-risk patients into the multi. CR group, may explain the
differences between our two study groups. We did not observe a statistically significant
reduction in hospital readmission between the conv. CR and multi. CR groups.
Nevertheless, it is interesting to note that, when we used a propensity score matching
method to reduce the confounding effect due to differences in demographics between
the two groups, multi. CR was independently associated with a significant reduction in
unplanned readmission compared to conv. CR. Our results suggested that multi. CR is
useful regardless of the patient' background and comorbidities. Previous studies of
phase II CR found that patients with an adverse risk factor profile or a poor
understanding of risk factors are not likely to attend CR sessions and have low
adherence to CR [16]. Furthermore, the CR participation rate is lower in proportion to
the delay in CR enrollment after discharge [17, 18]. Phase I CR is conducted in the
hospital; Thus, the participation rate tends to be higher than that of phase I CR.

Therefore, we believe that phase I is an opportune time to begin changing lifestyle
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habits and improving physical activity in patients at high risk for readmission.

In this study, the incidence of unplanned readmission was 18.3%, which is similar to
that of previous studies carried out after cardiac surgery [4, 19]. More than half of these
readmissions were for worsening heart failure, often accompanied by volume overload.
Previous studies found that most readmissions for heart failure exacerbation are
attributable, at least in part, to poor self-care, including non-compliance with medication
and diet recommendations and failure to act upon escalating symptoms [20]. Moreover,
most heart failure readmissions are caused by factors that patients can be taught to
recognize and avoid [21]. We used a wide variety of multidisciplinary strategies focused
on patient education and self-management to reduce hospitalizations. Furthermore, it is
highly likely that the effects of our multidisciplinary phase I CR educational program
persisted long after discharge. A review of interventions promoting self-care in patients
with heart failure revealed that specific components, including group-based programs
and frequent contact and supervision by researchers or health team members, appear to
promote positive outcomes [22]. Thus, phase I is a critical window of opportunity for
initiating disease self-management education, especially for high-risk patients.

The second most common cause of readmission was infection, including superficial
and deep sternotomy infections. Surgical site infections require meticulous wound care
and antibiotics and are complications that could be prevented through quality
improvement initiatives. Arrhythmia was also a common cause of readmission.
Postoperative atrial fibrillation (AF) occurred frequently, and the risk of AF persisted
after discharge. Reportedly, a nurse-led education program that teaches patients how to
self-palpate their pulse may be a useful method for screening asymptomatic AF.

However, the effect of self-pulse palpation on long-term cardiac events remains poorly
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understood [23]. Future studies of postoperative AF management after discharge are
warranted. Although we could not analyze what component of multi. CR was effective,
we think multidisciplinary CR education program for patients and their caregivers
effectively promoted heart failure symptom monitoring and daily infection surveillance.
In particular, we believe that it is most important to educate patients about self-
monitoring and self-management of heart failure symptom by nutritionist or
professional nurses.

Recent guidelines for cardiac rehabilitation include a Class I recommendation for
patients to receive specific education about heart failure self-care [6]. Nevertheless,
phase II CR is underutilized worldwide. Phase II CR was only provided to 30% of
patients in Europe, 25% in the United States, and 9% in Japan [24, 25]. Institutional
practices, health care system practices, and health insurance system practices could
explain this low rate of participation. The under-utilization of phase II CR suggests
there is a problem with the continuity of care from inpatient to outpatient rehabilitation.
As the rate of phase II CR participation is very low (including formulated exercise
prescriptions and patient education programs), phase I CR is of substantial importance
to patient management. A recent study demonstrated that patient compliance with phase
IT CR might be increased with home-based CR or telemonitoring [26]. We believe that
CR including patient education and disease management and close cooperation with
general practitioner from the early postoperative period may be effective for preventing
hospital readmission after cardiac surgery. Future studies investigating the transition
from phase I to phase II CR are needed to improve the continuity of rehabilitative care
after cardiac surgery.

Our study had several limitations. Firstly, the study was a retrospective analysis, and
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no contemporary control group was available for comparison. Therefore, a type 2
statistical error cannot be excluded because of low statistical power to detect a
difference between the two groups. However, patients included in our study population
could represent a more representative sample of “real world” patients undergoing
cardiac surgery than those included in many of the randomized controlled trials that
have previously evaluated CR effectiveness. Secondly, our recruitment method may
have introduced selection bias, although several different statistical methods were used
to adjust for baseline characteristics and confirm the results. There was a possibility that
systematic error, bias or hidden confounders, and not true biological effects could occur.
Thirdly, we did not adjust for all confounding factors such as patient personality,
motivation, or attitude toward CR. Our results may not be generalizable to patients who
choose not to enroll in CR programs. Next, we did not have data about cost of CR or the
outcomes of long-term QOL. Therefore, we cannot mention whether multidisciplinary
CR programs are cost-effective. Furthermore, we could not continue phase II CR after
discharge or investigate the effects of general practitioner after discharge and the
frequency of intervention in detail. Finally, the lack of complete socioeconomic data,
including education and income levels, also limited the study.

In conclusion, this study of the effects of phase I CR after cardiac surgery revealed
that, compared to conv. CR alone, comprehensive multi. CR reduced the incidence of
unplanned readmission after adjusting for confounding factors. Multi. CR focused on
patient education and disease self-management in the early postoperative stage can
reduce subsequent hospitalizations. Future studies investigating the clinical effects of
phase I CR on long-term outcomes and the transitions between CR phases are needed to

improve the care of patients undergoing cardiac surgery.
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Figure Legends
Figure. 1 Study flow chart of this study
Conv. CR, conventional exercise-based cardiac rehabilitation; Multi. CR,

multidisciplinary cardiac rehabilitation

Figure. 2 The Kaplan—Meier survival curves for cumulative unplanned readmission
after cardiac surgery between the conv. CR group (red line) and multi. CR groups (blue
line) in a propensity score-matching cohort. The incidence of unplanned readmission in
the multi. CR group was significantly lower than that in the conv. CR group (stratified
log-rank test, p=0.0413). We also revealed confidence limits as the shaded area.

Conv. CR, conventional exercise-based cardiac rehabilitation; Multi. CR,

multidisciplinary cardiac rehabilitation

Figure S1. Comparison of propensity score distributions before and after matching

between the conventional and multidisciplinary cardiac rehabilitation groups

Figure S2. The Kaplan—Meier survival curves for cumulative unplanned readmission

after cardiac surgery between the conv. CR group (red line) and multi. CR groups (blue
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line) in the entire cohort. The incidence of unplanned readmission was not significantly
different between the multi. CR group and the conv. CR group (log-rank test,
p=0.0845). We also revealed confidence limits as a shaded area.

Conv. CR, conventional exercise-based cardiac rehabilitation; Multi. CR,

multidisciplinary cardiac rehabilitation

Video Legends

Dr Ogawa, the first author and principal statistician of this study, explains the

background, major findings, and key relevance of the present study.

20



411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

[1]

(2]

[3]

[4]

[3]

[6]

[7]

[8]

References
Celkan MA, Ustunsoy H, Daglar B, Kazaz H, Kocoglu H. Readmission and
mortality in patients undergoing off-pump coronary artery bypass surgery with
fast-track recovery protocol. Heart Vessels 2005; 20: 251-5.
Yanatori M, Tomita S, Miura Y, Ueno Y. Feasibility of the fast-track recovery
program after cardiac surgery in Japan. Gen Thorac Cardiovasc Surg 2007; 55:
445-9.
Takahashi T, Kumamaru M, Jenkins S, Saitoh M, Morisawa T, Matsuda H. In-
patient step count predicts re-hospitalization after cardiac surgery. J Cardiol
2015; 66: 286-91.
Iribarne A, Chang H, Alexander JH, Gillinov AM, Moquete E, Puskas JD et al.
Readmissions after cardiac surgery: experience of the National Institutes of
Health/Canadian Institutes of Health research cardiothoracic surgical trials
network. Ann Thorac Surg 2014; 98: 1274-80.
Hannan EL, Zhong Y, Lahey SJ, Culliford AT, Gold JP, Smith CR et al. 30-day
readmissions after coronary artery bypass graft surgery in New York State. JACC
Cardiovasc Interv 2011; 4: 569-76.
JCS Joint Working Group. Guidelines for rehabilitation in patients with
cardiovascular disease (JCS 2012). Circ J 2014; 78: 2022-93.
Kadda O, Kotanidou A, Manginas A, Stavridis G, Nanas S, Panagiotakos DB.
Lifestyle intervention and one-year prognosis of patients following open heart
surgery: a randomised clinical trial. J Clin Nurs 2015; 24: 1611-21.
Williams JB, Delong ER, Peterson ED, Dokholyan RS, Ou FS, Ferguson TB Jr.

Secondary prevention after coronary artery bypass graft surgery: findings of a

21



435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

national randomized controlled trial and sustained society-led incorporation into

practice. Circulation 2011; 123: 39-45.

Nashef SA, Roques F, Sharples LD, Nilsson J, Smith C, Goldstone AR et al.
EuroSCORE II. Eur J Cardiothorac Surg 2012; 41: 734-44; discussion 744-5.

Fukuhara S, Bito S, Green J, Hsiao A, Kurokawa K. Translation, adaptation, and
validation of the SF-36 Health Survey for use in Japan. J Clin Epidemiol 1998;
51: 1037-44.

Saji M, Higuchi R, Tobaru T, Iguchi N, Takanashi S, Takayama M, Isobe M.
Impact of Frailty Markers for Unplanned Hospital Readmission Following
Transcatheter Aortic Valve Implantation. Circ J 2018; 82: 2191-8.

Rubin DB. Estimating causal effects from large data sets using propensity scores.

Ann Intern Med 1997; 127(8 Pt 2): 757-63.

Austin PC, Fine JP. Practical recommendations for reporting Fine-Gray model
analyses for competing risk data. Stat Med 2017; 36: 4391-4400.

Ogawa M, Izawa KP, Satomi-Kobayashi S, Tsuboi Y, Komaki K, Gotake Y et al.
Impact of delirium on postoperative frailty and long term cardiovascular events
after cardiac surgery. PLoS One 2017; 12: €0190359.

Ramos Dos Santos PM, Aquaroni Ricci N, Aparecida Bordignon Suster E, de

Moraes Paisani D, Dias Chiavegato L. Effects of early mobilisation in patients
after cardiac surgery: a systematic review. Physiotherapy 2017; 103: 1-12.

Daly J, Sindone AP, Thompson DR, Hancock K, Chang E, Davidson P. Barriers
to participation in and adherence to cardiac rehabilitation programs: a critical
literature review. Prog Cardiovasc Nurs 2002; 17: 8-17.

Russell KL, Holloway TM, Brum M, Caruso V, Chessex C, Grace SL. Cardiac

22



459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

[18]

[19]

[20]

[21]

[22]

[23]

[24]

rehabilitation wait times: effect on enrollment. J Cardiopulm Rehabil Prev 2011;
31:373-7.

Pack QR, Mansour M, Barboza JS, Hibner BA, Mahan MG, Ehrman JK et al.
An early appointment to outpatient cardiac rehabilitation at hospital discharge
improves attendance at orientation: a randomized, single-blind, controlled trial.
Circulation 2013; 127: 349-55.

Maniar HS, Bell JM, Moon MR, Meyers BF, Marsala J, Lawton JS et al.
Prospective evaluation of patients readmitted after cardiac surgery: analysis of
outcomes and identification of risk factors. J Thorac Cardiovasc Surg 2014;
147:1013-8.

Moser DK, Dickson V, Jaarsma T, Lee C, Stromberg A, Riegel B. Role of self-
care in the patient with heart failure. Curr Cardiol Rep 2012; 14: 265-75.
Tsuyuki RT, McKelvie RS, Arnold JM, Avezum A Jr., Barretto AC, Carvalho AC
et al. Acute precipitants of congestive heart failure exacerbations. Arch Intern
Med 2001; 161: 2337-42.

Barnason S, Zimmerman L, Young L. An integrative review of interventions
promoting self-care of patients with heart failure. J Clin Nurs 2012; 21(3-4): 448-
75.

Jaakkola J, Vasankari T, Virtanen R, Juhani Airaksinen KE. Reliability of pulse
palpation in the detection of atrial fibrillation in an elderly population. Scand J
Prim Health Care 2017; 35: 293-8.

Suaya JA, Shepard DS, Normand SL, Ades PA, Prottas J, Stason WB. Use of
cardiac rehabilitation by Medicare beneficiaries after myocardial infarction or

coronary bypass surgery. Circulation 2007; 116: 1653-62.

23



483

484

485

486

487

488

489

490

[25]

[26]

Goto Y, Saito M, Iwasaka T, Daida H, Kohzuki M, Ueshima K et al. Poor
implementation of cardiac rehabilitation despite broad dissemination of coronary
interventions for acute myocardial infarction in Japan: a nationwide survey. Circ
J2007; 71: 173-9.

Piotrowicz E, Baranowski R, Bilinska M, Stepnowska M, Piotrowska M, Wojcik
A et al. A new model of home-based telemonitored cardiac rehabilitation in
patients with heart failure: effectiveness, quality of life, and adherence. Eur J

Heart Fail 2010; 12: 164-71.

24






Consecutive patients screened for
eligibility (n=341)

\ 4

Enrolled in this study (n=306)

l

Conv. CR
(n=180)

\ 4

l

Excluded patients
(n=3%5)

Complications
(n=29)

Dementia (n=4)
Hospital death (n=2)

Multi. CR
(n=126)

\ 4

1:1 propensity score-matching

l

Conv. CR
(n=108)

l

Multi. CR
(n=108)

Figure. 1




Re-admission-free rate, %

No. at risk

Conv. CR group
Multi. CR group

Figure 2

100!

I___nr'—1| 1
P — - -
80~ ™ —
60~ Stratified log-rank test p=0.0413
HR, 0.55 (95%ClI, 0.31-0.96)
40~
2 — Conv. CR group
Multi. CR group
O 1 1 ' 1 T 1 ' 1 ' 1
0 3 6 9 12 15 18
Months
108 99 89 79 64 61 58
108 97 82 72 61 95 51




Frequency

B
()
|

W
(=
|

20

10

30

25

Frequency

20 —
15
10
‘ i
}

Propen3|ty score

Before matching

B Conventional CR
B Multidisciplinary CR

I T T T T T |
0.3 0.4 0.5 06 07 0.8 0.9

0.2

Propensity score

After matching

Figure. S1



100
- ‘&E: .
N B L
g
T
g 60 Log-rank test p=0.0845
c
9
@ 40-
£
O
%
Q -
v 20 ——Conv. CR group
Multi. CR group
0 T T T T T T T T ' T ' T
0 3 6 9 12 15 18
No. at risk Months
Conv. CR group 180 157 136 111 96 83 72
Multi. CR group 126 116 98 86 74 63 52

Figure S2



1

2

3

Table 1. Baseline clinical characteristics of conventional and multidisciplinary cardiac rehabilitation groups

All study patients Propensity-matched population

Standardized Standardized
Variables Conv. CR Multi. CR Mean p-value Conv. CR Multi. CR Mean p-value

Differences Differences
Number 180 126 108 108
Age, years 67.0£14.5 67.6£12.9 0.043 0.692  67.4+13.4 67.3£13.2 0.007 0.941
Sex, female (%) 75 (41.7) 49 (38.9) 0.057 0.626  38(35.2) 43 (39.8) 0.010 0.596
BMI, kg/m? 22.943.7 23.4+4.3 0.124 0.270  23.0+£3.8 23.14#4.3 0.024 0.821
Albumin, g/dl 4.0+0.5 4.0+£0.5 0.040 0.837  3.94+0.6 4.0+£0.5 0.018 0.879



BNP, pg/ml 248.5+382.1

Hemoglobin, g/dl 12.4+1.9

LVEF, % 58.5+13.2

Hypertension, n (%) 82 (45.6)

Dyslipidemia, n (%) 47 (26.1)

Diabetes, n (%) 37 (20.6)

Chronic kidney
93 (51.7)
disease, n (%)

Atrial fibrillation, n
40 (22.2)
(%)

231.74294.2

12.7+1.7

60.3+10.7

76 (60.3)

53 (42.1)

41 (32.5)

57 (45.2)

39 (31.0)

0.049

0.166

0.150

0.297

0.322

0.272

0.130

0.200

0.677

0.142

0.194

0.011

0.003

0.018

0.268

0.086

217.9£347.6

12.7£1.9

59.5+13.3

62 (57.4)

36 (33.3)

31 (28.7)

51 (47.2)

32 (29.6)

231.0£298.6

12.7£1.6

59.8+11.0

61 (56.5)

42 (38.9)

30 (27.8)

52 (48.2)

29 (26.9)

0.043

0.001

0.025

0.018

0.097

0.020

0.020

0.060

0.778

0.905

0.850

0.922

0.391

0.923

0.892

0.766



Smoking, n (%) 23(12.8)

Type of surgery, n (%)

Valve 130 (72.2)

CABG 16 (8.9)

Concomitant 34 (18.9)
NYHA class n (%)

I 32(17.8)

I 91 (50.6)

11 53 (29.4)

Duration of surgery,347.5£110.6

16(12.7) 0.003

87 (69.1) 0.068

12 (9.5)

27 (21.4)

28 (22.2) 0.020

65 (51.6)

33 (26.2)

335.6+£91.0 0.118

0.984

0.880

0.279

0.322

13 (12.0)

76 (70.4)

9 (8.3)

23(21.3)

23 (21.3)

57 (52.8)

28 (25.9)

343.8+102.8

14 (13.0) 0.030 0.864
75 (69.4) 0.022 0.955
11 (10.2)
22 (20.4)
22 (20.4) 0.020 0.779
56 (51.9)
30 (27.8)
333.2487.0 0.092 0.481



min

EuroSCORE II 5.9+43.8 6.8+£3.7 0.240 0.032  6.6+4.0 6.7£3.1 0.028 0.807

Medications, n (%)

B-blocker 112(622)  97(77.0) 0.326 0.006 74 (77.3) 74 (76.3) 0.024 0.784
ACE-I 38 (21.1) 37 (29.4) 0.192 0.950 22 (22.7) 22 (22.7) <0.001  1.000
ARB 35 (19.4) 45 (35.7) 0.371 0.001 28 (28.9) 26 (26.8) 0.047 0.451
Statin 50 (27.8) 46 (36.5) 0.187 0.105 30 (30.9) 31 (32.0) 0.024 0.770
Diuretics 85 (47.2) 66 (52.4) 0.104 0.374 49 (50.5) 47 (48.5) 0.040 0.774

4 Conv. CR, conventional exercise-based cardiac rehabilitation; Multi. CR, multidisciplinary cardiac rehabilitation; BMI, body mass index;

5  BNP, brain natriuretic peptide; LVEEF, left ventricular ejection fraction; CABG, coronary artery bypass grafting; NYHA, New York Heart

6  Association; ACE-I, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker

4



7 Data are expressed as means+standard deviation or numbers (percentage)



10 Table 2. Comparison of clinical outcomes of conventional and multidisciplinary cardiac rehabilitation groups
11

All study patients Propensity-matched population
Standardized Standardized
p_
Variables Conv. CR Multi. CR Mean p-value Conv. CR Multi. CR Mean
value
Differences Differences
Length of hospital stay,
22.0£21.0 20.0+£10.2 0.135 0.158  21.8424.3 20.1+10.8 0.090 0.240
days
Follow up, days 453.4+304.7  405.24269.8 0.167 0.959  458.5+£296.9 448.2+£267.0 0.364 0.791
Unplanned
readmission, n 39 (21.7) 17(13.5) 0.217 0.065 28(25.9) 13 (12.0) 0.360 0.0148
(%)



Death, n (%) 1 (0.6) 1(0.8) 0.024 0.799 0 (0.0) 1(1.0) 0.045 0.222

12 Conv. CR, conventional exercise-based cardiac rehabilitation; Multi. CR, multidisciplinary cardiac rehabilitation



Table 3. Fine-Gray proportional hazard regression for readmission-free survival after

multidisciplinary cardiac rehabilitation for all patients (n=306)

Model Hazard ratio  95% CI p-value Proportional hazard
assumption p value

Unadjusted 0.671 0.377-1.193  0.174 0.155

Adjusted for age and sex 0.650 0.365-1.157  0.143 0.232

Multivariable adjusted™ 0.504 0.282-0.901  0.0207 0.180

Reference: conventional cardiac rehabilitation group

CI, confidence interval

* Adjusted for age, hypertension, diabetes, dyslipidemia



Table 4. Fine-Gray proportional hazard regression for readmission-free survival after

multidisciplinary cardiac rehabilitation for propensity score-matched patients (n=216)

Model Hazard ratio  95% CI p-value Proportional hazard

assumption p value

Unadjusted 0.552 0.283-0.987  0.040 0.695

Adjusted for propensity 0.520 0.277-0.949  0.0235 0.722

Reference: conventional cardiac rehabilitation group

CI, confidence interval



Table S1. Comparison of health-related quality of life at hospital discharge after surgery in conventional and multidisciplinary cardiac

rehabilitation groups

All study patients Propensity-matched population
Standardized Standardized
p_
Variables Conv. CR Multi. CR Mean p-value Conv. CR Multi. CR Mean
value
Differences Differences
PCS 38.7+12.6 39.0+13.2 2.325 0910 38.7+12.8 40.1+13.1 10.810 0.646
MCS 51.9+11.3 53.949.2 19.410 0.412 51.8+11.1 53.64+9.6 17.346 0.480

Conv. CR, conventional exercise-based cardiac rehabilitation; Multi. CR, multidisciplinary cardiac rehabilitation; PCS, Physical

component summary; MCS, Mental component summary



