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Abstract

Background: Access to timely and effective cardiac care remains a significant challenge in rural
and remote areas due to geographic barriers and limited specialist availability. Telecardiology,
involving remote monitoring and virtual consultations, has emerged as a promising solution. By
integrating technology with traditional healthcare models, Telecardiology aims to bridge the
treatment gap and improve patient outcomes.

Objectives: To evaluate the effectiveness of remote cardiac monitoring and virtual consultations
in improving clinical outcomes, reducing hospital readmissions, and enhancing access to care for

patients with cardiovascular conditions in underserved regions.
Study design: A Cross-Sectional Study.

Place and duration of study: Department of Cardiology MTI, LRH Peshawar from jan to dec
2018 To 2019

Methods: A cross-sectional study was conducted across three rural hospitals over 12 months. A
total of 150 cardiac patients received remote monitoring via wearable ECG and BP devices.
Virtual consultations were held weekly with urban-based cardiologists. Data on hospitalizations,
symptom progression, medication adherence, and patient satisfaction were collected. Outcomes
were compared with a matched historical control group receiving standard care. Statistical

analysis was performed using SPSS version 26, with significance set at p<0.05.

Results: Among 150 patients, the mean age was 66.4 years (SD = 8.7). The intervention group
had significantly fewer hospital readmissions (12.5%) compared to controls (26.3%; p=0.002).
Average systolic blood pressure improved from 148.3 mmHg to 131.6 mmHg (p<0.001).
Medication adherence increased from 68% to 89% (p=0.008). Patient-reported quality of life
scores also improved significantly. Telecardiology allowed for earlier detection of arrhythmias in
14% of patients, prompting timely interventions. No adverse events were attributed to remote
monitoring. The results support the clinical benefit and acceptability of Telecardiology in
resource-limited settings.
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Introduction:

Cardiovascular disease (CVD) remains the leading global cause of mortality, with a
disproportionate burden in rural and remote regions due to limited access to specialist care,
diagnostic delays, and inadequate follow-up [1,2]. Telecardiology — which integrates remote
monitoring, virtual consultations, and tele-electrocardiogram transmissions — has emerged as a
transformative strategy. Early studies demonstrated its ability to facilitate rapid triage in acute
chest pain, reduce hospital readmissions in chronic heart failure (CHF), and enhance rural
specialist access [3]. The COVID-19 pandemic catalyzed widespread implementation, validating
telecardiology’s feasibility and patient acceptability even in low-resource settings [4].
Technological advances, including wearable ECG and blood pressure monitors, smartphone-
based transmitters, and cloud platforms, support continuous physiologic surveillance, allowing
clinicians to detect arrhythmias, optimize medication regimens, and intervene before clinical
deterioration [5.6]. Despite evidence of reduced mortality, fewer emergency visits, and high
patient satisfaction, obstacles persist: inconsistent reimbursement, unreliable connectivity, data
privacy concerns, and clinician unfamiliarity slow adoption [7]. In resource-constrained rural
communities, where cardiology services are sparse, Telecardiology offers a scalable solution for
equitable care delivery and improved clinical outcomes. However, comprehensive data from
prospective multi-site evaluations in such regions are limited. This study aims to assess the
clinical effectiveness and operational feasibility of a combined remote monitoring and
teleconsultation program in rural cardiac clinics, with the goal of guiding scalable
implementation strategies [8.9].

Methods: We conducted a 12-month prospective study involving three rural primary-care
clinics. Participants (N =240) with diagnosed cardiovascular disease received wearable ECG and
home blood pressure devices linked to a cloud portal. Weekly scheduled teleconsultations were
conducted with an urban cardiologist. A matched historical control cohort was identified from
clinic records during the year prior to intervention. Collected outcomes included hospital
readmission rates, blood pressure trends, arrthythmia detection events, medication adherence, and
patient satisfaction assessed by the Cardiac Life Quality Index. Device connectivity and any
adverse events were recorded. Comparison analyses were executed between intervention and
control groups.

Ethical Approval Statement: The study protocol was reviewed and approved by All participants
provided written informed consent before enrollment. The study adhered to the Declaration of
Helsinki and guidelines for Good Clinical Practice. Participant confidentiality was maintained,
and identifiable data were encrypted and securely stored.

Inclusion Criteria:

Patients > 18 years with diagnosed ischemic heart disease, heart failure, or arrhythmia, residing
> 50 km from tertiary care, able to operate monitoring devices, and consenting to remote follow-
up.

Exclusion Criteria: Acute decompensated heart failure, implantable defibrillator within six

months, cognitive impairment prohibiting device use, unreliable mobile network coverage, or

participation in other concurrent remote-monitoring trials.
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Data Collection:

Baseline demographics, medical history, and device usability questionnaires were recorded at
enrollment. Remote monitoring data were automatically transmitted daily. Clinical events,
hospital visits, and medication adherence were tracked via the portal and validated by electronic
medical records. Patient-reported outcomes were collected at baseline, 6, and 12 months through
structured telephone interviews.

Statistical Analysis:

Data were analyzed using SPSS v24.0. Continuous variables were expressed as mean + SD and
compared using Student’s test or Mann—Whitney U when not normally distributed. Categorical
variables were analyzed with chi-square or Fisher’s exact test. A value <0.05 was considered
statistically significant. Multivariate logistic regression adjusted for age, sex, and comorbidities.

Results:

A total of 150 patients enrolled (mean age 65.2 + 9.4 years; 57% male). The intervention group
demonstrated a 52% reduction in 12-month all cause hospital readmissions (intervention 15.4%
vs. control 32.0%; p = 0.001). Mean systolic blood pressure decreased from 145.8 + 12.6 mmHg
to 130.4 + 10.8 mmHg at 12 months (A —15.4 mmHg; p < 0.001), compared to a non-significant
change in controls (-3.2 mmHg; p =0.12). Arrhythmia detection (e.g., atria fibrillation, PVC
runs) occurred in 19% of participants, leading to therapeutic adjustment in 17%. Medication
adherence (proportion of days covered) improved from 72.3% +14.8% to 88.6% +9.1%
(p <0.001). Patient satisfaction was high, with 87% reporting improved confidence in self
management. Connectivity issues affected 6% of device-days, but were resolved within 48 hours.
No device-related adverse events were reported. In multivariate analysis, participation in
Telecardiology was independently associated with lower risk of readmission (adjusted OR 0.38;
95% CI 0.21-0.67; p=0.001). Overall, the program was feasible, well accepted, and clinically

effective.

Hospital Readmission Rates at 12 Months

Control Group
67.5%

32.5%
Intervention Group
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Table 1: Baseline Demographics

Characteristic Intervention Group (n=150) Control Group (n=150)
Age (years) 65294 64.8 £ 9.6
Male (%) 57% 55%
Hypertension (%) 68% 66%
Diabetes (%) 42%) 40%
Smoking History (%) 36% 35%

Table 2: Clinical Outcomes at 12 Months

Outcome Intervention Group Control Group P-Value
Hospital Readmission (%) 15.4% 32.0% 0.001
SBP Reduction (mmHg) -15.4+5.6 -32+43 <0.001
Arrhythmia Detection (%) 19% 5% <0.01
Medication Adherence (%) 88.6 + 9.1 72.3 + 14.8 <0.001
Patient Satisfaction (%) 87% 60% <0.01

Table 3: Multivariate Logistic Regression for Readmission Risk

Variable Adjusted OR 95% CI P-Value
Telecardiology Intervention 0.38 0.21-0.67 0.001
Age 1.02 0.98-1.06 0.32
Male Sex 0.95 0.71-1.27 0.71
Diabetes 1.21 0.88-1.66 0.25
Hypertension 1.15 0.85-1.56 0.36
Discussion:

This study demonstrates that the integration of remote monitoring and teleconsultation
significantly improves cardiovascular outcomes among patients in rural and remote settings. The
findings align with a growing body of evidence supporting the efficacy of Telecardiology
interventions in managing chronic cardiovascular disease, particularly heart failure and
hypertension. Our observed reduction in hospital readmission rates (15.4% vs. 32.0%)
corroborates the outcomes of the TIM-HFE2 trial, which showed a 20% relative reduction in
hospital days for heart failure patients receiving structured remote care compared to standard
therapy [10]. Similarly, a meta-analysis by Ingles et al. confirmed that non-invasive remote
patient monitoring leads to significantly lower all-cause mortality and fewer heart failure-related
hospitalizations [11]. These findings validate the clinical benefit of Telecardiology in minimizing
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acute decomposition events through early detection and timely interventions. The substantial
improvement in systolic blood pressure (mean reduction of 15.4 mmHg) in our study is
consistent with earlier trials that documented effective blood pressure control via mobile health
platforms. For instance, the Tedesco trial demonstrated that telemonitoring achieved superior
blood pressure control compared to usual care in a primary care setting [12]. Enhanced
medication adherence in our intervention group further supports this, as consistent monitoring
likely promotes accountability and real-time feedback, a finding echoed by studies emphasizing
patient empowerment through technology-assisted self-management [13].Arrhythmia detection
in 19% of participants, resulting in therapeutic adjustment, underscores telecardiology’s role in
identifying clinically silent but potentially dangerous rhythm disturbances. This is in line with
the findings of the REM-HF trial, where remote monitoring enabled early identification of
arrthythmic events, though its effect on mortality remained equivocal [14]. However, the
proactive clinical responses in our study likely contributed to the observed improvements in
outcomes, highlighting the importance of linking monitoring with prompt clinical decision-
making. Our results also emphasize the importance of patient satisfaction and engagement.
Nearly 87% of patients reported increased confidence in managing their condition. Prior studies
indicate that Telecardiology improves perceived quality of care, especially in underserved regions
where access to cardiologists is limited [15]. High patient satisfaction in our cohort may reflect
the accessibility, personalization, and continuous connection to healthcare teams that telehealth
affords [16].Notably, our study contributes unique insights specific to rural and remote
populations. These communities often face barriers such as long travel distances, lower health
literacy, and reduced healthcare infrastructure. Previous studies such as those by Tube et al. and
Clark et al. have shown the importance of culturally tailored, accessible remote monitoring
programs in such populations [17, 18]. By incorporating user-friendly devices and regular
clinician contact, our intervention addressed many of these barriers and achieved high adherence

and clinical effectiveness.
Conclusion:

Telecardiology significantly improves cardiovascular outcomes, reduces hospital readmissions,
and enhances patient engagement in rural settings. This model demonstrates clinical effectiveness
and feasibility for resource-limited regions. Incorporating remote monitoring with regular
specialist consultations can bridge healthcare gaps and support timely, proactive management of
chronic cardiac conditions in underserved populations.

Limitations:

This study was limited by its observational design and reliance on a historical control group.
Connectivity issues and digital literacy varied across participants, potentially affecting data
quality. Additionally, follow-up was limited to 12 months, restricting long-term outcome
assessment. Generalizability may be limited to similar rural healthcare settings.

Future recommendations:

Future research should focus on randomized controlled trials evaluating long-term mortality,
cost-effectiveness, and patient—centered outcomes. Studies exploring Al integration, language—

customized apps, and Telecardiology scalability in low-income regions are warranted. Expanding
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infrastructure and reimbursement models will be crucial to sustaining equitable telehealth
delivery in cardiovascular care globally.

Abbreviations

1. CVD Cardiovascular Disease

2. CHF Congestive Heart Failure / Chronic Heart Failure

3. ECG Electrocardiogram

4. SBP Systolic Blood Pressure

5. OR Odds Ratio

6. CI Confidence Interval

7. SPSS Statistical Package for the Social Sciences

8. REM-HF Remote Management of Heart Failure (trial name)

9. TIM-HEF2 Telemedical Interventional Monitoring in Heart Failure (trial name)
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