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Predicting the Functional Status of Post-Cardiac Surgery
Patients at Six Months After Discharge from Hospital :
Utilizing the 6-Minute Walk Test Distance (6-MWT) and

Clinical Characteristics at Hatyai Hospital

Nattaya Phitukjinda
Department of Rehabilitation Medicine, Hatyai Hospital, Songkhla, Thailand

ABSTRACT

Objectives: To evaluate the use of the 6-minute walk test (6-
MWT) in predicting the functional status of post-cardiac surgery
patients six months after discharge

Study design: Prognostic prediction research and retrospective
observational cohort design

Setting: Hatyai Hospital, Thailand

Subjects: Post-cardiac surgery pateints at six months after dis-
charge from Hatyai Hospital

Methods: The study retrospectively reviewed pre- and post-
cardiac surgery data records. Patients’ functional status at six
months was assessed using the New York Heart Association
(NYHA) Classification. Multivariable logistic regression analysis
was employed to identify variables to predict the patients’ func-
tional status. The predictive scores were assigned based on
coefficient values derived from the regression equation.
Results: Atotal of 272 post-cardiac surgery patients were followed
up six months after discharge, of whom 181 patients (66.5%)
exhibited good functional status (NYHA Classification 1). Six
variables were predictive of NYHA Classification 1: pre-surgery
ejection fraction (EF), length of hospital stay (LOS), metabolic
equivalences (METs) pre-discharge, duration of daily exercise
at two weeks, duration of daily exercise at six weeks, and the
six-minute walk test (6-MWT) at three months. The constructed
prediction scores ranged from 0 to 23. The prediction score
performed well in predicting the functional status at six months
with an area under the receiver operating characteristic curve
(AUROC) 0.89, 95%Cl: 0.85-0.93. The clinical risk scores were
categorized into two groups: low-good functional status scores
(< 14) with a positive predictive value (PPV) of 37.5 (95%ClI: 20-40,
p < 0.001) and high-good functional status scores (= 14) with a
PPV of 95.6 (95%Cl: 0.91-0.98, p < 0.001).

Conclusions: The combination of pre-surgery EF, METs pre-
discharge, LOS, duration of daily exercise at two weeks and six
weeks, and the 6-MWT distance at three months can serve as
a predictor of the good functional status of post-cardiac surgery
patients at six months after discharge.
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Introduction

The primary goal of cardiac rehabilitation is to restore
heart function to a level where patients can engage in their
daily activities and pursue a career that aligns with their
physical condition, ultimately preventing recurrence. Cardiac
rehabilitation programs offered in various settings (center-
based, home-based, or through telerehabilitation) can improve
functional capacity, physical activity, and health-related
quality of life after coronary revascularization.! Utilizing the
6-minute walk test (6-MWT) distance has been identified as
a simple, cost-effective, and highly efficient method that does
not require additional equipment.? Moreover, this method is
easily employed in clinical practice, serving as a crucial indi-
cator for planning cardiac rehabilitation and appropriately
adjusting exercise patterns.® The 6-MWT is used to assess
the patient’s ability to perform activities of daily living.*

Following open-heart surgery, patients were normally fol-
lowed up for an average period of 6.8 months (range 2 to 15
months). Most of the post-operative patients were classified
as New York Heart Association (NYHA) Classification 1.°
Functional capacity was evaluated according to the NYHA
Classification before and 18 months after surgery. The func-
tional status improved clinically significantly after coronary
artery bypass grafting (CABG) surgery, particularly in physical
functioning.® At 12 weeks after CABG surgery, patients were
advised to engage in daily activities such as self-help and
exercise. However, it was found that the patient's ability
to perform their duties had decreased compared to prior
to surgery. There was also a decline in functional capacity
between the 8" and 12" week after surgery, with patients
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performing fewer activities than before. Such limitations may
persist for up to three months. Functional capacity represents
an individual’s maximum potential for carrying out everyday
life activities, meeting basic needs, and tolerating various
activities as required, constituting an essential aspect of overall
functional status.” In addition, post-cardiac surgery patients
who had responsibilities as either a working professional or as
a family leader frequently experienced anxiety when returning
to work and daily routines.

A study examining factors predicting functional status in
CABG patients found that multiple variables collectively pre-
dicted function recovery at the second post-surgery appoint-
ment by a statistically significant 17.7%. Specific variables
that predicted the levels of functional recovery at the second
appointment were ejection fraction (EF) and fatigue.® This
finding suggests that lower EF and higher fatigue levels are
associated with poorer functional recovery outcomes follow-
ing CABG. The NYHA Classification is used to appraise the
status of patients with heart disease and to evaluate treat-
ment outcomes in clinical and research settings. There is an
inverse correlation between NYHA Classification 2 and 4 and
the 6-MWT in heart failure patients. Significant heterogeneity
exists across studies in 6-MWT scores within each NYHA
classification, with overlap in 6-MWT performance between
NYHA Classification 1 and 2. The NYHA Classification is
particularly effective in assessing more symptomatic patients
(NYHA Classification 3 or 4) more than less asymptomatic
or mildly symptomatic patients (NYHA Classification 1 or 2).

Nonetheless, the NYHA Classification is a practical and
widely used tool in routine clinical practice.® For that reason,
the NYHA Classification was utilized in this study as an
assessment tool to effectively reflect the functional status
of these patient groups. Patients were divided into 2 groups
based on the NYHA Classification: NYHA Classification 1
and NYHA Classifications 2, 3, and 4.

Hatyai Hospital recognizes the importance of compre-
hensive cardiac rehabilitation services and has established a
dedicated clinic to address the needs of pre- and post-cardiac
surgery patients. However, despite these efforts, there remains
a gap in predicting the outcomes of such rehabilitation inter-
ventions.

In light of this, the present study aimed to fill this research
gap by focusing on using the distance covered in the 6-MWT
as a predictive measure of functional status in post-cardiac
surgery patients and to integrate the 6-MWT distance with
clinically relevant characteristics such as age, gender, pre-
surgery BMI (body mass index), pre-surgery EF, surgical
method, post-surgery complications, re-admission occurrences,
comorbidities, pre-surgery congestive heart failure (CHF),
smoking habits, LOS (length of stay), pre-surgery NYHA
Classification, METs (metabolic equivalents) pre-discharge,
as well as duration and frequency of daily exercise. Combining
these relevant clinical characteristics was used to seek a
comprehensive understanding of their collective impact on
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predicting functional status at six months of post-cardiac sur-
gery patient cohorts.

Methods

Study design

Using Hatyai Hospital's medical record data, a retrospec-
tive observational cohort design and prognostic prediction
research effort was developed. The study protocol received
approval from the Institutional Ethics Committee (Hatyai
Hospital Certificate No. HYH EC 071-65-01) and the research
was conducted in accordance with the Declaration of Helsinki.

Participants

This study included pre- and post-cardiac surgery patients
from the cardiac rehabilitation clinic at Hatyai Hospital from
October 2018 to September 2022.

The inclusion criteria were:

1. Entering the cardiac rehabilitation program during
both pre- and post-cardiac surgery (Phase 1) and continuing
participation in the program after discharge from Hatyai Hospi-
tal (phases Il and IlI)

2. Continuing the cardiac rehabilitation training program
at home following the standard cardiac rehabilitation protocol

The exclusion criteria were:

1. Patients with neurological disease and/or musculo-
skeletal injuries

2. Patients with incomplete medical records

3. Juveniles with congenital heart disease (CHD)

4. Death

Data collection

Potential clinical predictors included various clinical
characteristics, such as age, gender, pre-surgery BMI, pre-
surgery EF, surgical method, post-surgery complications pre-
discharge (e.g., lung atelectasis, pneumonia, CHF, pleural
effusion and pneumothorax), re-admission, comorbidities
(e.g., hypertension, diabetes mellitus, hyperlipidemia, and
chronic kidney disease (CKD), pre-surgery CHF, smoking,
LOS, pre-surgery NYHA Classification, METs pre-discharge,
6-MWT at three different time points (at two weeks, six weeks
and three months), frequency and duration of exercise at
three different time points (at two weeks, six weeks and three
months).

Sample size calculation

The prediction analysis was conducted at six months for
post-cardiac surgery patients. The current study incorporated
the distance covered in the 6-MWT and relevant clinical charac-
teristics of 20 randomly selected patients assumed to have
a pre-surgery EF in the 40% to 49% range. The estimated
sample size analysis in this study was classified according
to the standard of NYHA Classification, whereby participants
classified as NYHA classification 1 were considered to have
a 0% risk. Those who were classified as NYHA Classification
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2,3, and 4 were considered to have a 10% risk. For statistical
analysis, a two-sided method with a significance level of 0.05
and a power of 0.9, assuming a ratio of 2:1 between NYHA
Classification 1 and NYHA Classification 2, 3, and 4 was
used. This study anticipated having 162 patients in NYHA
Classification 1 and 81 patients in NYHA Classification 2, 3,
and 4. Therefore, a total of 243 patients was the minimum
number to be recruited into this study.

Outcome measurements

The primary purpose of this study was to evaluate utilizing
the 6-MWT at two weeks, six weeks, and three months com-
bined with relevant clinical characteristics to predict good
function status (NYHA Classification 1) among post-cardiac
surgery patients at six months after discharge from Hatyai
Hospital. The NYHA classification was divided into four clas-
sifications: Classification 1 (no limitation of physical activity),
Classification 2 (slight limitation of physical activity), Classi-
fication 3 (marked limitation of physical activity), and Classi-
fication 4 (inability to perform any physical activity)."

Statistic methods

Statistical analysis

Continuous data are presented as means (M) and standard
deviations (SD), while categorical data are presented as fre-
quencies and percentages. The comparison of categorical
data was performed using the Chi-square test or Fisher’s
exact probability test, and unpaired t-tests were used for the
analysis of continuous data. Variables that showed signifi-
cance in the univariate logistic regression were subsequently
incorporated into the multivariable logistic regression analy-
ses using STATA version 18 (Stata Corp LLC, College Station,
TX, USA, under license of Medical Education Center at Hatyai
Hospital). Statistical significance was defined as p < 0.05.

Model development

Among the 36 candidate predictors, elimination of predic-
tors was based on various factors, including odds ratio, statistical
significance (p-value),AUROC, andclinical relevance. Logistic
regression analysis was employed to identify predictors of
functional status. Initially, univariate analysis was conducted
on the clinical characteristics data to avoid bias. The resulting
reduced multivariable model was evaluated for its predictive
performance in terms of discrimination and calibration.
The measure of discrimination is reported as AUROC. The
measure of calibration is reported as the Hosmer-Leme-
show goodness-of-fit test, where a nonsignificant x> value
indicates a good fit of the model.

The final predictors were assigned logistic regression
coefficients. Each predictor’s logistic coefficient was divided
by this reference, and the results were rounded to the nearest
non-decimal integer for practicality. The scores were used
to classify individuals into lower or higher-risk categories.
The positive predictive value (PPV) was calculated for each
score group, providing insight into the average post-cardiac
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surgery patient predictor associated with each score. Meas-
ures of calibration and discrimination were also conducted
using regression with the functional status on the score. A
calibration plot comparing the score-predicted risk with the
observed risk indicated the model’s predictive performance.
Internal validation was performed through nonparametric
receiver operating characteristic (ROC) regression with
1,000 bootstrapped replicates. Statistical significance was
established at p < 0.05.

Scores were classified into two groups for clinical utility:
low and high. In the low-good functional status group, lower
cut-off points were chosen to minimize the magnitude of the
PPV. In contrast, higher cut-off points were selected in the
high-good functional status group to maximize the PPV's
magnitude. The model’s discriminative ability was assessed
using a 95%Cl to avoid overlapping with the specific PPV.
The potential clinical utility of the model was determined
through decision curve analysis. This analysis calculated the
net benefit (NB) of applying the model to classify patients
across a range of clinically relevant threshold probabilities,
comparing the two groups of outcomes (good and poor func-
tional status) in post-cardiac surgery patients at six months
after discharge from Hatyai Hospital.

Results

The study grouped medical records according to the
NYHA Classification: there were 181 patients in NYHA Clas-
sification 1 and 91 patients in NYHA Classification 2, 3, and
4. Therefore, this study’s minimum number of participants
was 272 patients (Fig. 1). Patient Baseline clinical character-
istics are detailed in Tables 1 and 2. Prognostic factors with
high predictive performance were chosen, characterized by
a statistically significant p < 0.05, AUROC of > 0.51 , and
clinically meaningful correlation. In the univariable logistic
regression analysis, variables, including pre-surgery EF, METs
pre-discharge, LOS, daily exercise duration at two weeks,
six weeks, and the 6-MWT distance at three months, were
identified as critical clinical predictors.

A multivariable logistic regression analysis was conducted
to examine six potential clinical predictors, as presented in
Table 3. The functional status score was calculated by sum-
ming the scores assigned to each variable. Consequently, the
constructed prediction score had a range of 0 to 23 scores.

In the multivariate binary logistic regression analysis
of the data, clinical features were statistically significant at
p < 0.05. Although pre-surgery EF were non-statistically sig-
nificant, they held clinical importance (Table 3). This study
transformed the score predictors (B) regression coefficients
into a simple score. Subsequently, the researcher developed
a simplified model that integrated the distance of the 6-MWT
with relevant clinical characteristics, facilitating easy appli-
cation in clinical practice. Interestingly, the simple score
demonstrated excellent discriminative ability (AUROC: 0.89,
95%Cl: 0.85-0.93) (Fig. 2), while the Hosmer-Lemeshow good-
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Inclusion criteria

1) Entering the cardiac rehabilitation
program during both pre- and post-
cardiac surgery (Phase I) and
continuing participation after discharge
from Hatyai Hospital (Phase Il and ll)

2) Participating in the cardiac
rehabilitation training program at home
following standard cardiac rehabilitation

surgery (n = 272)
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1) METSs pre-discharge
2) 6-MWT distance

2.1) at 2 weeks
2.2) at 6 weeks
2.3) at 3 months
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pre-surgery BMI, pre-surgery EF, surgical
method, post-surgery complications,
re-admission occurrences, comorbidities,
pre-surgery CHF, smoking, LOS, pre-surgery
NYHA Functional Classification, METs pre-
discharge, duration and frequency of

exercise

Exclusion criteria

1) Patients who were diagnosed with
neurological diseases or
musculoskeletal injuries

2) Patients with incomplete medical
records

3) Juveniles with CHD

4) Death

Functional status following NYHA Classification

l

v

NYHA Classification 1 (good)
(n=181)

L

6 months

v

NYHA Classification 2, 3, and 4
(poor) (n=91)

Figure 1. Study flow of the selection of eligible patients for development of a prediction tool for functional status

ness-of-fit test revealed a non-significant p-value of 0.64.

Measures of calibration showed strong performance in
the developed model. The calibration plot showed that the
scores predicted functional status and observed functional
status increased concomitantly (CITL = 0.000, slope = 1.000,
respectively) (Fig. 3). Internal validation of the model using
nonparametric ROC with 1,000 bootstrap sampling replicates
demonstrated robust performance (bootstrap shrinkage of
0.990) and an AUROC of 0.889 (95%ClI: 0.853-0.927).

The clinical predictions were classified into two groups.
The PPVs in the low-good functional status at six months
(< 14) and high-good functional status at six months (= 14)
groups were 37.5 (95%Cl: 20-40, p < 0.001) and 95.6 (95%
Cl: 91-98, p < 0.001), respectively (Table 4, Fig. 4).

The model’s performance regarding clinical usefulness
and curve analysis elucidated the net benefit (NB) in predicting.
With Functional status at a cut-off probability threshold of
0.665 (the prevalence point), the prediction model demon-
strated an NB 4.5 times greater than that without the predic-
tive model (Fig. 5).

Discussion

The present study aimed to evaluate utilizing the 6-minute
walk test distance (6-MWT) with relevant clinical characteris-
tics to predict the functional status among post-cardiac surgery
patients six months after discharge from Hatyai Hospital,
Thailand. Six variables can predict the functional status,
including 1) pre-surgery EF, 2) LOS, 3) METs before dis-
charge, 4) duration of exercise at two weeks, 5) duration of
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exercise at six weeks, and 6) 6-MWT at three months. The
scores generated from these variables ranged from 0 to 23
points, indicating a statistically significant difference between
patients with a good functional status (NHYA Classification
1) and those with poor functional status (NYHA Classifica-
tion 2, 3, and 4) at six months (15.6+4.8 and 7.6£3.7, p <
0.001). The clinical score demonstrated a capability for pre-
dicting good functional status (NYHA Classification 1) at six
months, as evidenced by an AUROC value of 0.89 (95%Cl:
0.85-0.93, p < 0.001). The clinical score was divided into two
groups: 1) low-good functional status (score < 14) exhibited
a PPV of 37.5 (95%Cl: 20-40, p < 0.001), while the high-
good functional status (score = 14) demonstrated a PPV of
95.6 (95%Cl: 91-98, p < 0.001) indicating that the developed
score has potential for practical clinical use. Rungtiwa et al."
reported the mean work ability of the body within two weeks
after discharge from the hospital with an average value of
4.5+0.3 METs. This value aligns with the METs associated
with moderate-intensity physical activity which typically
range from 3 to 5 METs. That study also found that the METs
values before discharge from the hospital were significantly
different between 2 groups: those with good functional status
(3.6£1.3) and those with poor functional status (2.9+1.4),
(p < 0.001). That is, patients with good functional status
before discharge from the hospital demonstrated the ability
to perform physical activities at a moderate intensity.

The 6-MWT and clinical characteristics can be collectively
utilized to construct clinical prediction scores, effectively pre-
dicting functional status according to the NYHA Classification
after six months post-cardiac surgery. Patients were also
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Table 1. Baseline characteristics of post-cardiac surgery patients with good functional status (New York Heart Association Clas-
sification, NYHA 1) and poor functional (New York Heart Association, NYHA 2-4) at 6 months: Univariable analysis

Functional status at 6 months

- - AUROC

Clinical characteristics NYHA Class 1 NYHAClass 2. 3. and4  p-value
' (95%Cl)
(n=181) (n=91)

Age (years) 54.8 (11.4) 61.4(8.9) <0.001 0.66 (0.26, 0.40)
Gender, n (%)

Female 60 (33.2) 47 (51.7) 0.003 0.59 (0.53, 0.66)

Male 121 (66.9) 44 (48.4)
Pre-surgery BMI 23.7(4.0) 23.5(3.9) 0.697 0.52 (0.45, 0.59)
Pre-surgery EF 55.9 (15.5) 56.2 (16.5) 0.871 0.51 (041, 0.56)
Methods of surgery, n (%)

CABG 109 (60.2) 54 (59.3) 0.866 0.51(0.43, 0.56)

Valve surgery 67 (37.0) 33 (36.3)

Re-valve surgery 2(1.1) 1(1.1)

CABG + valve surgery 3(1.7) 3(3.3)
Post-surgery complication, n (%)

Atelectasis (Yes) 10 (5.5) 10 (11.5) 0.086 0.53 (0.44, 0.51)

Pneumonia (Yes) 2(1.1) 1(12.1) <0.001 0.55(0.41, 0.48)

CHF (Yes) 10 (5.5) 10 (11.0) 0.086 0.53 (0.44, 0.51)

Pleural effusion (Yes) 25(13.8) 16 (17.6) 0.258 0.52 (0.44, 0.53)

Pneumothorax (Yes) 1(0.6) 1(1.1) 0.558 0.50 (0.49, 0.51)
Re-admitted, n (%)

CHF (Yes) 7(3.9) 8(8.8) 0.084 0.52 (0.44, 0.51)

Pleura effusion (Yes) 5(2.8) 2(22) 0.568 0.50 (0.44, 0.51)
Co-morbidities, n (%)

Hypertension (Yes) 11 (61.4) 64 (70.4) 0.090 0.55 (0.40, 0.51)

Diabetes mellitus (Yes) 42 (23.2) 23(25.3) 0.0407 0.51(0.44, 0.55)

Hyperlipidemia (Yes) 98 (54.2) 53 (58.3) 0.305 0.52 (0.42, 0.54)
CKD (Yes) 7(3.9) 7(1.7) 0.146 0.52 (0.45, 0.51)
CHF pre-surgery (Yes), n (%) 48 (26.6) 33(36.3) 0.065 0.55(0.39, 0.51)
Smoking (yes), n (%) 98 (54.2) 35(38.5) 0.010 0.58 (0.52, 0.64)
LOS (day) 10.1(3.7) 13.7 (12.9) <0.001 0.55(0.38, 0.53)
METs pre-discharge 3.6 (1.3) 29(14) <0.001 0.63 (0.56, 0.70)
Duration of daily exercise (minutes)

2 weeks 12.8 (8.3) 8.3 (5.6) <0.001 0.68 (0.62, 0.75)

6 weeks 22.7(9.8) 16.5(9.4) <0.001 0.70 (0.64, 0.77)

3 months 33.1(13.2) 22.2(9.6) <0.001 0.75(0.69, 0.81)
Frequency of exercise (day/weeks)

2 weeks 6.9 (0.4) 7.0 (0.0) 0.266 0.50 (0.48, 0.50)

6 weeks 6.7 (0.9) 6.9 (0.5) 0.120 0.53 (0.44, 0.51)

3 months 6.4 (1.1) 6.6 (0.9) 0.084 0.55 (0.40, 0.50)

Data are presented as mean (SD); p < 0.05 indicates statistical significance; AUROC, area under the receiver operating characteristic curve;
Cl, confidence interval; BMI, body mass index; EF, ejection fraction; CABG, coronary artery bypass grafting; CHF, congestive heart failure; CKD,
chronic kidney disease; LOS, length of stay; METs, metabolic equivalents

Table 2. Baseline characteristics of post-cardiac surgery patients with good functional status (New York Heart Association Clas-
sification, NYHA 1) and poor functional (New York Heart Association, NYHA 2-4) at 6 months (univariable analysis)

Functional status at 6 months

L . AUROC
Clinical characteristics NYHA class 1 NYHAclass 2. 3. and4  p-value
19 (95%Cl)
(n=181) (n=91)
NYHA Class pre-surgery, n (%)
NYHA Class 1 47 (25.9) 19(10.9) 0.002 0.62 (0.32, 0.45)
NYHA Class 2 79 (43.7) 40 (43.9)
NYHA Class 3 51(28.2) 32 (35.2)
NYHA Class 4 4(2.2) 9(9.9)
6-MWT distance (meters)
2 weeks 328.1(76.9) 238.5 (76.6) <0.001 0.80 (0.74, 0.85)
6 weeks 397.7 (70.7) 286.4 (77.4) <0.001 0.86 (0.82, 0.91)
3 months 428.6 (62.5) 315.4 (60.9) <0.001 0.92 (0.88, 0.95)

Data are presented as mean (SD); p < 0.05 indicates statistical significance; AUROC, area under the receiver operating characteristic curve;
Cl, confidence interval; 6-MWT, 6-minute walk test
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Table 3. Best multivariable clinical predictors, odds ratios (OR), 95% confident intervals (Cl), logistic regression beta coef-
ficients (B), and assigned item scores

Predictors OR 95%Cl p-value Peta Score
EF % (pre-surgery)
<40 1.00 Reference - - 0
40-49 0.62 0.16, 2.36 0.487 -0.47 1
=50 0.59 0.25,1.42 0.239 0.52 1.5
METs pre-discharge
<3 1.00 Reference - - 0
>3 1.59 0.78, 3.26 0.200 0.47 1
LOS (day)
<10 1.00 Reference - - 0
>10 1.49 0.57,3.94 0.419 0.40 1
Duration of daily exercise (minutes) at 2 weeks
<10 1.00 Reference - - 0
10-15 1.61 0.75, 3.47 0.221 0.48 1
>15 5.73 1.52,21.59 0.010 1.75 45
Duration of daily exercise (minutes) at 6 weeks
<15 1.00 Reference - - 0
15-30 1.68 0.70, 4.02 0.242 0.52 15
>30 0.44 0.09, 2.25 0.326 -0.82 2
6-MWT (meters) at 3 months
<320 1.00 Reference - - 0
320-400 5.28 2.02,13.79 0.001 1.66 4
> 400 134.46 35.59, 494.17 0.000 4.90 12

P < 0.05 indicates statistical significance
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Table 4. Distribution of good functional status (New York Heart Association Classification, NYHA 1) and poor functional (New York
Heart Association, NYHA 2-4) at 6 months into low and high probability categories

Functional status at 6 months

Probability

. Score NYHA Class 1 NYHA Class 2, 3, and 4 PPV (%) 95%ClI p-value
categories (n=181) (n=91)
n % n %
Low <14 51 37.50 85 62.50 37.5 02,04 <0.001
High 214 130 95.59 6 4.41 95.6 0.91,0.98 <0.001
Mean (SD) 15.6 (4.0) 7.6 (3.7) <0.001

Data are presented as mean (SD); Cl, confidence interval; PPV, positive predictive value; p < 0.05 indicates statistical significance
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categorized into two groups: those with a good functional
status (NYHA Classification 1) and those with a poor functional
status (NYHA Classification 2, 3, and 4). After dividing the
patients into risk categories according to these levels, the
assessment revealed good discriminative performance and
good calibration for predicting functional status six months
after surgery (Bumrungkittikul, J. et al."?)The study reported
independent predictors and developed an equation for the
6-MWT in post-cardiac surgery patients. The study identified
that the 6-MWT at discharge, regular exercise, age, gender,
and NYHA classification were the critical factors used to
generate an equation to predict the 6-MWT performance at
4-6 weeks after hospital discharge. Surprisingly, existing
studies have yet to illustrate the prediction of functional status
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Figure 5. Decision curve analysis of the clinical score

using NYHA classification. The NYHA classification in the
current study can be used to predict functional status in post-
cardiac surgery patient cohorts.

The relevant clinical characteristics considered in this
study were age, gender, pneumonia, diabetes mellitus, smoking,
pre-surgery EF, LOS, NYHA classification pre-surgery, METs
pre-discharge from the hospital, and duration of exercise at
three different time points (at two weeks, six weeks and three
months). These clinical characteristics were used in combi-
nation with the distance covered in the 6-MWT to predict the
functional status. Previous research has similarly reported
that age and gender are common predictors of 6-MWT dis-
tance.3'® The present study, however, did not assess the
distance covered in the 6-MWT before discharge due to limi-
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tations associated with inpatient testing locations. Further-
more, a study conducted by Paorod et al.® illustrated that the
NYHA Classification and pre-surgery EF have a statistically
significant influence on the 6-MWT distance (p = 0.003, 0.008,
respectively). Duongkamon et al.8 also found that age, gender,
and heart compression values are related to the level of
functional ability after CABG surgery. In that study during
the second follow-up examination, statistical significance
was observed (r = 0.207, r =0.203, and r = -0.201; p < 0.05),
which is contrary to the current study, in that it did not find
pre-surgery EF to be clinically associated with 6-MWT in pre-
dicting functional status. Thus, investigation into the complex
interplay of pre-surgical factors and post-surgery outcomes
requires further investigation.

The present study found significant differences in exercise
duration at two weeks, six weeks, and three months between
the groups with good and poor functional status. Similarly, a
study by Paorod et al." reported a significant within-group
difference in the 6-MWT distance after completing a home-
based cardiac rehabilitation program compared to the dis-
tance before hospital discharge and at the first follow-up
(4-8 weeks). This finding suggests that the 8-12-week home-
based cardiac rehabilitation program significantly increases
exercise capacity in open heart surgery patients. Zanini et
al.”® reported that the BMWT was significantly higher on day
six and on day 30 post-discharge in groups that included
exercise training post-surgery. The 6-MWT of the individual-
ized exercise group was significantly higher than the basic
exercise group post-surgery at day ten and day 60. The pre-
sent study found significant differences in exercise duration
between groups with good and poor functional status at two
weeks, six weeks, and three months post-surgery. This factor
can be used to predict functional status at six months. Thus,
continuous exercise appears to positively influence func-
tion status at six months. Paorod et al."* demonstrated that
patients undergoing open-heart surgery benefited from a
home exercise program, as evidenced by a notable increase
in the 6-MWT value from 209.0 (SD = 62.0) meters before
discharge and during the first follow-up appointment (4-8
weeks; 306.0 (SD = 88.0) meters) to 337 (SD =69.0) meters
at the end of the study (8-12 weeks) with a statistically signifi-
cant improvement (p < 0.05). Hence, a home exercise pro-
gram spanning 8-12 weeks can effectively enhance exercise
capacity among patients undergoing open-heart surgery.
Similarly, Zanini et al."® observed higher 6-MWT values in
the individual exercise group compared to the conventional
exercise group, both post-surgery and on days six and 30
after discharge, as well as on day ten and day 60. Herdy et al.'
also highlighted the efficacy of individualized exercise,
which can enhance cardiac function and expedite recovery
post-surgery. These findings underscore the pivotal role of
exercise, particularly home exercise, in improving functional
status. Additionally, Suwanakitch et al."” emphasized the
importance of multidisciplinary care planning for open-heart
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surgery patients, including pre-, peri-, and postoperative
self-care education to promote good functional status. Thus,
intensive exercise and frequent patient follow-ups are war-
ranted for those with poor functional status at six months,
while regular and continuous exercise should be maintained
for patients with good functional status.

The strength of this study is that it is the first study
exploring the use of the 6-MWT distance in combination with
relevant clinical characteristics to predict functional status
in post-cardiac surgery patients six months after discharge
from Hatyai Hospital. Additionally, the NYHA Classification
was first employed in this study, as this tool is practical and
easily accessible for evaluating functional status. Statistical
calculations for predicting a good functional status included
Bootstrap score (AUROC 0.889, 95%ClI: 0.853-0.927),
Bootstrap shrinkage 0.99), calibration plot (CITL=0.000 and
Slope=1.000), and decision curve analysis (the prevalence
point was 0.665 and the predicted score showed a net benefit
of 4.5 times). The results of this study suggest that this clinical
model holds promising potential for practical clinical use,
enabling the prediction of good functional status and offering
valuable insights for patient evaluation, guidance, exercise
planning, and treatment design for individuals recovering
from post-cardiac surgery.

Limitations of this study include the absence of results
from the 6-MWT distance conducted before hospital dis-
charge. This absence was due to limitations for testing at
the inpatient building due to its location. Prior studies have
suggested that the ideal distance for such tests should be
30 meters.*™® In another study, distances ranging from 15-50
meters were considered adequate, although those studies
focused on groups not exceeding 20 years of age.' The
present study’s reliance on data from a single hospital setting
may restrict the generalizability of findings to broader patient
populations. Future research should address these limita-
tions by incorporating multi-center studies and comprehensive
pre- and post-surgery assessments. Moreover, future research
should be considered to further refine and validate the clini-
cal prediction scores and explore additional predictors of
QoL (e.g., psychosocial factors, socioeconomic status, and
comorbidities) to enhance the score’s predictive accuracy and
clinical utility.

Conclusions

Pre-surgery EF, METs pre-discharge, LOS, duration of
exercise at two weeks and six weeks, as well as the 6-MWT
distance at three months, are associated with accurate pre-
diction of functional status (NYHA Classification 1) among
post-cardiac surgery patients at six months after discharge
from Hatyai Hospital. This comprehensive set of clinical char-
acteristics can be used for evaluating, providing guidance, and
designing exercise and treatment plans for patients recovering
from post-cardiac surgery. Importantly, the clinical characteris-
tics identified in this study can help researchers to enhance
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assessment and management during the post-surgery pe-
riod, which can contribute to improving patient outcomes and
overall functional status.
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