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Abstract

Background: Cardiac Rehabilitation (CR) is a vital component of recovery following open-heart surgery, significantly improving
Sfunctional outcomes, reducing hospital readmissions, and enhancing quality of life. However, adherence to in-person CR programs
remains suboptimal due to barriers such as limited access, transportation challenges, scheduling conflicts and geographic barriers.
The recent advancement in telemedicine offers a potential solution through virtual clinics to bridge gaps in care [1].

Objective: This paper explored the utilization of virtual clinics to enhance follow-up care in cardiac rehabilitation for post-open-
heart surgery patients, focusing on patient’s outcomes, adherence, satisfaction and percentage of virtual clinic utilization from 0%
to 50 %.

Methods: This retrospective study included 50 patients who underwent open-heart surgery at a tertiary care hospital March-
June 2025. Patients received an 8-weeks virtual CR program involving weekly video sessions, educational materials, and remote
monitoring. Outcomes included functional capacity (6-minute walk test), quality of life (SF-36), program adherence, and virtual
clinic utilization from 0-50%.

Results: Study indicated that virtual cardiac rehabilitation is associated with improved program adherence, high patient satisfaction,
and increasing the percentage of virtual clinic utilization from 0% to 50 %. Furthermore, virtual models reduced geographic and
mobility barriers, particularly in undeserved population. The average 6-minute walk distance post-intervention was 420 meters (SD
=85, p < 0.001), and quality of life significantly improved across physical functioning, vitality, mental health, and general health
domains (p < 0.01). Program adherence was high, with 50% of CR follow-conducted virtually. Patient satisfaction was positive and
no significant increase in readmission or emergency visits was observed.

Conclusion: Our results showed that the utilization of virtual clinics is increased from 0% to 50% Furthermore, virtual clinics
provide a viable and effective complement-or alternative-to In-person cardiac rehabilitation follow-up. Integration into post-
operative care pathways could significantly enhance recovery experience, improve quality of life, and long-term cardiac health for
post- open-heart surgery patients. The findings of our study may help direct policymaking for expanding the use of virtual clinics,
especially in countries struggling with the development and promotion of telemedicine virtual clinic services.
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1. Introduction care—particularly cardiac rehabilitation (CR). CR is a structured
Open-heart surgery, including procedures such as coronary program encompassing physical activity, lifestyle education, and
artery bypass grafting (CABG) and valve replacements, is a life- psychological support, all aimed at reducing cardiovascular risk
saving intervention for patients with advanced cardiac disease. and improving long-term outcomes [1].

However, the success of such interventions depends not only

on surgical outcomes but also on comprehensive postoperative  Despite its proven benefits, participation in CR programs remains
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disappointingly low, with estimates suggesting that fewer than
50% of eligible patients complete a full course of rehabilitation
[2]. Barriers to participation include transportation difficulties,
geographic isolation, work or caregiving obligations, and limited
availability of in-person programs factors that disproportionately
affect rural, elderly, and low-income populations[3]. In recent
years, the use of virtual clinics—telemedicine platforms delivering
healthcare services remotely has emerged as a viable alternative
to enhance post-operative follow-up and increase adherence to
CR protocols. Virtual clinics can bridge the accessibility gap by
offering flexible, home-based rehabilitation options that maintain
patient engagement and monitor recovery in real-time [4]. These
platforms often integrate video consultations, remote monitoring
devices, digital educational materials, and real-time feedback from
multidisciplinary teams, thereby ensuring continuity of care and
enabling timely intervention for complications or concerns [5].

The advent of telehealth and virtual care technologies offers a
transformative opportunity to address these challenges. Virtual
cardiac rehabilitation (vCR) utilizes digital platforms to deliver
exercise training, remote monitoring, patient education, and
follow-up consultations directly to patients in their homes.
Emerging evidence supports the feasibility, safety, and efficacy of
these virtual models in both acute and chronic cardiac populations
[6,7]. The COVID-19 pandemic further accelerated the adoption of
telehealth solutions, highlighting the feasibility and acceptability
of virtual care among both patients and providers [8]. Early
evidence suggests that virtual cardiac rehabilitation (vCR) may be
as effective as traditional models in improving functional capacity,
quality of life, and adherence rates, while also being more cost-
effective and accessible [6]. However, implementation challenges
remain, including digital literacy, data privacy concerns, and
integration into existing healthcare systems. Additionally,
evidence-based study showed that vCR participants demonstrate
improvements in functional capacity, depression scores, and
adherence to medication and exercises program [2,9].

The development of new delivery strategies is urgently required to
enhance participation in cardiac rehabilitation, with home-based
cardiac rehabilitation (HBCR) emerging as a potential approach
to increasing patient engagement [5]. Growing evidence supports
the implementation of home-based and technology-assisted CR
as viable alternatives to conventional center-based programs,
particularly in low and middle-income countries where access to
cardiac rehabilitation services remains limited [10]. In contrast to
center-based cardiac rehabilitation, which is administered within a
medically supervised facility, HBCR utilizes remote coaching with
indirect supervision of exercise, taking place primarily or entirely
outside the conventional clinical setting [5]. Patients are expected
to participate in self-directed rehabilitation activities at home while
receiving professional guidance and continuous encouragement to
sustain their CR practices [11]. Physical therapists play a crucial
role in patient assessment and in planning and guiding home-based
cardiac rehabilitation. Their support is crucial in helping patients
with self-care and continuity in their rehabilitation, in turn leading
to positive outcomes in terms of patient safety, feasibility, and

program effectiveness. This empowerment enables patients to
regain physical and emotional fitness, allowing them to function at
their best [12,13]. These programs included activities such as self-
monitoring and telehealth exercises program aimed at enhancing
accessibility, fostering continuous engagement in rehabilitation
activities, gaining confidence in self-care, and reducing travel
constraints and costs [14]. This paper investigated how virtual
clinics can be strategically utilized to enhance CR follow-up for
patients recovering from open-heart surgery. We reviewed current
implementations, examine patient outcomes and experiences, and
increase percentage of virtual clinic utilization.

2 . Problem Statement

Despite the proven benefits of cardiac rehabilitation, many post-
open-heart surgery patients fail to complete their follow-up due
to logistical and accessibility barriers. This gap in care can result
in higher rates of readmission, complications, and reduced quality
of life.

3. Objectives of the Study

To enhance recovery and patient outcomes post-open- heart surgery
by establishing a broader network of virtual cardiac rehabilitation
follow up clinics that deliver home-based care through digital
platforms.

* Increase patient adherence to cardiac rehabilitation.

* Increase percentage of virtual clinic utilization from 0% to 50 %.

4 . Rational of the Study

Open-heart surgery patients require comprehensive and
continuous follow-up care to ensure optimal recovery, minimize
complications, and improve long-term health outcomes. Cardiac
rehabilitation (CR) plays a crucial role in this process, offering
structured support through physical activity, education, and
lifestyle modification. However, traditional in-person CR programs
are often underutilized due to various barriers including limited
mobility, geographic distance, transportation issues, and patient
non-compliance. This study is grounded in the need to explore
innovative strategies to enhance adherence, increase access,
and maintain continuity of cardiac rehabilitation services. By
assessing the effectiveness, patient satisfaction and percentage of
virtual clinic utilization in the physical rehabilitation department,
this research aims to provide evidence-based insights that could
inform future practices and policies in cardiac care. Ultimately,
the study seeks to determine whether virtual clinics can serve as
a viable adjunct or alternative to traditional follow-up methods—
potentially improving recovery outcomes, increasing patient
engagement in the critical post-operative period, and increasing
percentage of virtual clinic utilization from 0% to 50 %.

5. Methods

5.1. Study Design

A retrospective study was conducted to evaluate the effectiveness
of virtual clinic follow-up in cardiac rehabilitation for patients
who underwent open-heart surgery. The study analyzed patient
data collected over a 4 months period [5].
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5.2. Setting and Sample

The study was carried out at KFSH&RC, a tertiary care hospital
providing post-operative cardiac rehabilitation services. Patients
included in the study were adults (=16 years) who underwent
coronary artery bypass grafting (CABG), valve replacement, or
combined procedures between [Start 1 March 2025] and [End 30
June 2025].

m Inclusion Criteria

* Adult > 16 years

* Recent open-heart surgery; CABAG, valve replacement (within
1 month)

* Access to a smart device and internet

m Exclusion Criteria:

* Adults below 16 years would be excluded.

* Cognitive impairment, that hinder virtual communication.

* Hearing/visual disability impeding virtual communication.

« Inability to use technology.

* Patients readmitted within 30 days of discharge.

* Severe postoperative complications (such as acute kidney injury
requiring dialysis, severe liver disease, stroke, arrhythmias, or
angina), reoperation to correct complications or abnormalities,
mobility restrictions, and inability to perform a six-minute walk
test.

5.3. Sample Size

The determination of the sample size for this study was conducted
using the power analysis method with the G*Power program
[15]. The significance level was set at 0.05 and the power at 0.80.
The effect size was based on a similar research study [16]. With
an effect size of 0.80, the sample size was calculated to be 46
participants. To account for potential dropouts or withdrawals,
a 15% increase was applied, yielding a total sample size of 54
participants. Throughout the 8-week intervention program, there
were four dropouts or losses to follow-up recorded.

5.4. Research Procedures

5.4.1. Intervention

The program’s duration was 8 weeks and included 8 contacts
with the participants. The video about the CR program included
education modules on exercises, warm-up exercises, walking
routines, six minutes’ walk test and cool-down exercises. The
video also covered abnormal signs that indicate the need to stop
exercising, along with corrective measures. The CR program
involved 30 min sessions at least once a week throughout the 8-week
program. The researcher assessed participants’ self-care and CR
knowledge before hospital discharge. The researcher performed
weekly video call follow-ups every Sunday. The researcher would
review the participants’ self-care activities, asking about problems
and obstacles they encountered with respect to vCR and taking
care of themselves, as well as encouraging discussion and creating
opportunities for patients to express their concerns, providing
emotional support and engaging in collaborative problem-solving
during the video calls.

5.4.2. Data Collection

Data were collected from the hospital’s electronic medical record
(EMR) system, including:

* Demographic information.

* Type of surgery.

* Follow-up attendance and completion rates.

* Functional outcomes (6-minute walk test).

* Readmission rates within 30 and 90 days.

« Patient satisfaction scores.

* Adherence to cardiac rehabilitation program.

5.5. Research Instruments

Functional capacity was assessed through the Six-Minute Walk
Test (6 MWT). The 6 MWT was conducted according to the
American Thoracic Society guidelines [17]. Patients’ heart rate,
blood pressure, and oxygen saturation were monitored both before
and after the test. If signs or symptoms of significant distress
occurred during the 6 MWT, patients were permitted to stop and
rest. The distance walked during the test was recorded in meters.
The Arabic version of the Short Form-36 (SF-36) was used to
assess quality of life. The SF-36 was initially developed by The
Mental Outcome Study and translated into Arabic by Nada El Osta,
Fatme Kanso, Robert Saad [18]. This questionnaire comprises
36 questions that are categorized into eight domains: physical
functioning, physical roles, bodily pain, and general health are
categorized under the physical health component, whereas vitality,
social functioning, emotional roles, and mental health are grouped
under the mental health component. An additional unscaled single
item requires respondents to evaluate health changes over the past
year. The item scores for each domain are coded, summed, and
converted into a scale ranging from 0 (worst possible health state)
to 100 (best possible health state) [19]. The total score is generated
from the summation of all eight domains, with higher total scores
indicating a better overall quality of life. Previous studies have
confirmed that the Arabic version of the SF-36 has good reliability
and validity [17].

5.5.1. Intended Outcome Measures
Patient adherence rate to cardiac rehabilitation (%of patients
attending scheduled virtual follow-ups).

5.5.2. Clinical Outcomes
» Improvement in functional capacity (e.g., 6-Minute Walk Test).
* No readmission rates (30-day and 90-day post-discharge) [4].

5.5.3. Patient Satisfaction
* Arabic version of the Short Form-36 (SF-36) [18].

5.5.4. Healthcare Utilization
* Number of missed appointments (no-shows)
* Emergency visits [6].

6. Data Analysis

Descriptive statistics were used to summarize demographic and
clinical characteristics. Chi-square and t-tests were applied to
compare categorical and continuous variables, respectively.
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Multivariate logistic regression was conducted to identify
predictors of improved outcomes associated with virtual clinic
use. A p-value < 0.05 was considered statistically significant, and
quality of life questionnaire were analyzed.

7. Results
Table 1 shows the demographic and clinical characteristics of the
participants. The study involved a total of 50 individuals, with

23 female and 27male. Most participants were aged between
16 and 87, with an average age of 51.5 years (SD = 20.5). Most
participants had heart valve diseases, with. Regarding the surgical
procedures, underwent either valvar repair or valve replacement
surgery. The chi-square test showed no significant differences in
sociodemographic characteristics and clinical characteristics of
the participants (p> 0.05).

Experimental Group (n =50), n (%) | P-Value

Gender
Male 27 0.57
Female 23 0.57
Age (mean, SD)

51.5 (20.5) 0.60
Surgical Procedure
CABG 8 (16%)
Valve surgery 28 (56%)
Valve surgery + CABG | 5 (10%)
Double valve 9(18%)

Table 1: Demographic and Clinical Characteristics of the Participants (N = 50)

7.1. Functional Capacity
The functional capacity of all participants was assessed using
the 6 MWT distance. The mean 6 MWT distance walked by the

participants enrolled in the CR program was 420 (SD = 85). The
details are presented in Table 2.

Functional Capacity | SD

Total (n=50) |t p-Value

6 MWT 420 |85

6.66 <0.0001

Table 2: Functional Capacity (6 MWT) Among Open-Heart Surgery Patients (n = 50)

7.2. Quality of Life among Open-Heart Surgery Patients

The results showed that the participants overall quality of life (t
= 4.55, p < 0.001, effect size = 1.25) (95% CI 49.37, 127.36),
physical functioning (t = 3.57, p = 0.001, effect size = 0.97) (95%
CI 6.57, 23.43), emotional roles (t = 2.34, p = 0.023, effect size =
0.97) (95% CI1 1.24, 16.04), vitality (t=3.61, p=0.001, effect size

=0.98) (95% CI 4.12, 14.40), mental health (t = 5.34, p < 0.001,
effect size = 1.45) (95% CI 6.01, 13.25), social functioning (t =
3.27,p =0.002, effect size 0.72) (95% CI 4.65, 19.42), and general
health (t = 5.05, p < 0.001, effect size = 0.72) (95% CI 13.06,
30.27). Shown in Table 3.

Quality of Life | | Total (n = 50) | t | p-Value
SD
Physical functioning 86.48 13.07 3.57 0.001
Physical roles 93.52 16.40 0.58 0.562
Emotional roles 98.76 6.41 2.34 0.023
Vitality 75.37 9.08 3.61 0.001
Mental health 79.26 5.77 5.34 0.000
Social functioning 87.96 12.73 3.27 0.002
Bodily pain 81.57 19.82 1.96 0.056
General health 71.67 13.45 5.05 0.000

Table 3: Quality of Life among Open-Heart Surgery (n = 50)
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8. Discussion

In this study, functional capacity was assessed using 6 MWT
distance and physical activity to evaluate cardiovascular system
recovery after open-heart surgery. Improving functional capacity is
a crucial clinical outcome for CR related to secondary prevention
of cardiovascular disease (CVD) [20]. After open-heart surgery,
the participants in the CR program showed significantly higher
average 6 MWT distance and physical activity scores. The CR
program, provided by the researchers, involved guiding patients
before discharge from the hospital and providing continuous
follow-ups over the ensuing 8 weeks. The CR program involved
30 min vCR sessions at least once per week throughout an 8-weeks
course that consisted of exercise training involving practicing
sitting, standing, and walking to facilitate efficient recovery and
a rapid return to a normal state, thereby improving functional
capacity [5]. vCR programs are practical and enhance patient
adherence to physical activity, thereby leading to an improvement
in functional capacity. Additionally, patient education contributes
to increasing levels of physical activity [20]. Consistent with
previous studies, the VCR program was shown to help improve
functional capacity [18, 21,22].

Moreover, the vCR program uses online videos accessed through
the mobile application to help patients perform exercises after
open-heart surgery. These tools aim to enhance exercise capacity
and build confidence in exercising. Patients can access the
online video instructions at any time and perform the exercises
independently at home after being discharged from the hospital.
The combination of video-assisted programs and mobile-based
follow-ups has greatly improved the effectiveness of home-based
programs. These innovations have been key to better monitoring
participant adherence and improving the quality of exercise
execution at home. A previous Cochrane systematic review found
that vCR was associated with slightly higher adherence than
center-based CR [23]. This approach highlights the potential of
technological interventions in optimizing the outcomes of home-
based health programs [20,24]. The present study also showed
that the participants enrolled in the vCR program had higher
average scores for QOL in the physical functioning, emotional
roles, vitality, mental health, social functioning, and general health
dimensions.

The vCR program, implemented through self-care guidance,
exercise promotion, and encouragement to maintain a continuous
record of vCR progress, instills confidence in the patients’ own
ability to self-manage their cardiac recovery. However, during the
transition phase, when post-surgery patients return home, they
often experience anxiety and uncertainty about self-managing
their CR [14]. Combining the promotion of continuous vCR with
the mobile application to guide post-open-heart surgery vCR can
help alleviate travel limitations and costs [14,15]. The two-way
communication facilitated through the mobile application allows
patients to inquire about their vCR, such as asking about exercise
postures at any time. This active engagement empowers patients
to actively participate in their physical and cardiac recovery,
enhancing their self-confidence [14]. Open-heart surgery patients

who have undergone major surgery require continuous physical,
physiological, and psychological cardiac recovery in the long term
[14,15].

Theprogram empowered the participants to effectively promote self-
care and vCR at home post discharge from the hospital. The results
of this study suggest that providing tailored knowledge, offering
self-care guidance, promoting mutual learning and exchange,
stimulating continuous cardiac rehabilitation, and collaboratively
addressing problems can build confidence in the patients’ own
ability to self-manage their cardiac recovery after discharge,
on top of that increased percentage of virtual clinic utilization
[25]. Consequently, when patients experience appropriate and
continuous cardiac recovery, it improves physical functioning and
the overall quality of life. This aligns with the findings of previous
studies, which have shown that vCR programs that address other
cardiovascular risk factors and provide education and social
support could improve clinical outcomes in cardiopulmonary
fitness, psychological factors, and the quality of life of patients
with heart disease [26]. This revealed that vCR programs that
provide knowledge, offer guidance on lifestyle adjustments, and
promote healthy behaviors lead to improvements in the physical,
mental, and social dimensions of quality of life [25,26]. The greater
emphasis on self-monitoring, self-management, and unsupervised
exercise in VCR programs, in comparison to center-based CR,
may facilitate a smoother transition from active intervention to
lifelong disease self-management. However, further investigation
is required to confirm this assumption [5].

In addition, studies have found that psychological support is a
critical component of the CR process. The results of this study
demonstrated that post-cardiac surgery rehabilitation was associated
with a greater prevalence of psychological discomfort symptoms
relative to the general population. The extent of psychological
distress, depression, and hostility was found to be correlated with
limited improvements in rehabilitation outcomes. These findings
underscore the importance of incorporating psychological support
into CR programs to address these psychological challenges and
improve the overall effectiveness of the rehabilitation process.
Psychological distress can significantly affect a patient’s ability to
engage fully in physical rehabilitation, and thus, psychological care
should be integrated into CR programs to achieve comprehensive
recovery [27]. Regarding physical roles, undergoing open-heart
surgery has a significant impact on a patient’s physical problems
due to the large incision wound caused by cutting open the
sternum and intraoperative procedures, with around six to eight
weeks required for the sternum and chest muscles to heal and the
patient to regain physical function [28]. In terms of the bodily
pain dimension, when patients attend a vCR program that includes
efficient respiratory and lung exercises, effective coughing
techniques, and exercise training for CR, pain symptoms might
arise following exercise.

9. Limitations and Recommendations
* The study was conducted at a single site, which limits the
generalizability of the findings to other populations, healthcare
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settings, or countries.

* The retrospective study design limits causal inferences; future
studies should use randomized controlled trials (RCTs) and
advanced statistical methods like logistic regression to control for
confounders.

* The 8-weeks intervention period may not reflect long-term
outcomes, as standard follow-ups often extend beyond 12 weeks.
Longer-term studies (6—12 months) are recommended

* The study did not evaluate cost-effectiveness, pain management
strategies, family involvement, or training needs for healthcare
providers, all of which are crucial for broader adoption and
sustainability, especially in resource-limited settings.

10. Future Study Recommendations

* Future research should explore the application of virtual CR
program to diverse patient populations, such as individuals with
coronary artery disease, heart failure, or other cardiovascular
conditions, to assess its broader effectiveness.

* The virtual CR program could also be adapted for use in different
healthcare settings, including outpatient clinics or community
health centers, to expand its reach and accessibility.

* Additionally, studies should evaluate the long-term sustainability
and cost-effectiveness of the program to determine its value in
diverse healthcare contexts.

* Researchers should develop suitable pain management programs
for patients undergoing open-heart surgery. Effective pain
management leads to reduced limitations related to physical
problems.

11. Significance of the Study

This study provided evidence on the role of telehealth in cardiac
rehabilitation, potentially shaping policies and practices that
enhance patient access, reduce healthcare costs, improve patient
satisfaction, and increase percentage of virtual clinic utilization.

12. Ethical Considerations

* Approval from KFSH&RC Research committee

* Confidentiality and data security ensured through encrypted
platforms

* All the collected data saved and the confidentiality of the
patients protected. The patient identity protected by substituting
anonymous codes for names.

13. Conclusions

This study demonstrated that using a vCR program through the
mobile application can significantly improve the functional
capacity and quality of life of post-open-heart surgery patients at
home, essential for their recovery and long-term well-being. These
findings highlight the significance of Virtual CR and the role of
technology in making it more accessible. The program that was
developed spans from pre-discharge to 8 weeks post-discharge
to provide knowledge, guidance, practical training, motivation,
and continuous support to promote virtual CR and enhance self-
care abilities, as well as increase the percentage of virtual clinic
utilization from zero to 50%. Therefore, the virtual CR program
developed in this study can be adapted and implemented as a

therapist practice guideline to facilitate appropriate self-care,
continuous cardiac recovery, and improved patient outcomes after
open-heart surgery. Additionally, it can also be applied to other
patient groups requiring postsurgical cardiac rehabilitation.
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