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Introduction

The integration of advanced medical devices (AMDs) has revolutionised healthcare worldwide,
transforming diagnostic accuracy, surgical precision, treatment efficacy, and patient monitoring
(World Health Organisation [WHO)], 2023). The increasing adoption of AMDs has prompted extensive
research into their impact on healthcare facility performance. Studies have consistently demonstrated
a strong correlation between AMDs and improved patient outcomes, reduced healthcare costs, and
streamlined clinical workflows, particularly in areas like imaging diagnostics and robotic-assisted
surgery (Smith et al., 2022). Research by Brown et al. (2021) emphasises the potential for AMDs to
improve equitable access to quality care, particularly in underserved regions. Healthcare performance
encompasses several key aspects, including operational efficiency, financial sustainability, clinical
outcomes, and patient safety (Donabedian, 1988). High-performing healthcare systems are
characterised by their ability to promptly meet patient needs, provide accurate diagnoses, administer
effective treatments, and manage resources efficiently. These elements are crucial to determining a
healthcare facility's overall success and its capacity to contribute to improved public health outcomes.

As healthcare continues to evolve, the integration of innovative technologies has become a significant
driver of enhanced performance. Advanced medical devices (AMDs), electronic medical records
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(EMRs), and telemedicine platforms are transforming the delivery of healthcare, particularly by
improving diagnostic accuracy, reducing operational errors, and streamlining clinical workflows
(Smith et al., 2022). These innovations not only support better decision-making and patient care but
also help facilities manage costs and resources more effectively, making them integral to improving
healthcare performance in both high-resource and resource-constrained settings (Brown et al., 2021).
At the intersection of AMDs and healthcare access, telemedicine and telemonitoring emerge as
promising tools for managing chronic diseases, especially in low and middle-income countries
(LMICs) (WHO, 2023). These technologies provide avenues for improved care delivery in resource-
limited settings, enhancing patient engagement and disease management (Abdalla et al., 2020).

The integration of AMDs with telemedicine and telemonitoring offers even greater promise,
particularly for chronic disease management in LMICs (Akter et al., 2020). Telemedicine can function
with basic tools, such as smartphones, but when combined with AMDs, its effectiveness is
significantly enhanced. Smith et al. (2022) underscore this synergy, noting how AMDs can
automatically collect and transmit health data, enabling real-time monitoring and remote adjustments
by healthcare providers. This integration has transformative potential for addressing the healthcare
challenges in resource-constrained environments, where continuous care is often limited. As
healthcare technology evolves, artificial intelligence (Al) is increasingly influencing the development
and deployment of AMDs. Al has the potential to improve diagnosis, treatment, and resource
allocation, but ethical considerations such as justice, transparency, and accountability must be
addressed to ensure responsible implementation (Nguyen et al.,, 2021). Balancing these ethical
concerns with innovation is essential to maintaining public trust while optimising healthcare delivery
(WHO, 2023).

In Kenya, the healthcare system faces challenges like limited resources, inadequate infrastructure, and
workforce shortages (Desai et al.,, 2020). Despite these constraints, advancements in medical
technology, particularly AMDs, present opportunities to improve patient outcomes and healthcare
delivery (Majeed et al., 2021). However, realising the full potential of AMDs in Kenya depends on
effective management practices, sufficient training, and optimised workflows. Careful consideration
of cost-effectiveness, infrastructure development, and human resource training, coupled with
addressing specific challenges faced by different technologies, will enable Kenya to harness the full
power of AMDs to improve healthcare access and patient outcomes.

Further research tailored to the Kenyan context is essential to maximise the impact of AMDs in the
healthcare system (Majeed et al., 2021). Given Nairobi’s position as Kenya’s capital and economic hub,
investigating the implementation of AMDs on healthcare facilities within urban settings is both
significant and timely (Gitahi et al., 2019). While Nairobi has over 60 hospitals, this study focuses on
Level 6 facilities — Kenya’s most technologically advanced hospitals (Ministry of Health [MOH], 2022).
These hospitals, characterised by robust medical device infrastructures, are pivotal in understanding
the planning, resourcing, installation, maintenance, and utilisation practices essential for AMD
success in Kenya’s healthcare system (MOH, 2022).

Theoretical Review

The study adopts an implementation framework anchored on RE-AIM, which is an integrated
framework developed to improve the adoption and sustainable implementation of evidence-based
interventions in a wide range of health and other settings (Glasgow et al., 1999). RE-AIM: Reach,
Effectiveness, Adoption, Implementation, and Maintenance, provides a framework to guide the
planning and evaluation of programmes, and was conceptualised two decades ago to address the key
failures and delays in translating scientific evidence into practice and policy. Currently, it is one of the
most used planning and evaluation frameworks in the field of public health. In contextualising the
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study's framework, three key parameters have been adopted: planning and resourcing, installation
and maintenance, and utilisation.

Empirical Review

Planning and resourcing of AMDs on the performance of healthcare facilities

Implementing advanced medical devices (AMDs) in healthcare facilities requires a comprehensive
approach that includes strategic planning, resource allocation, and infrastructure readiness. Meller et
al. (2022), in examining the impact of robotic surgery on surgical safety and efficiency, found a strong
association with reduced complication rates and shorter hospital stays compared to traditional
laparoscopic surgery. The implementation of 3D printing technology for surgical planning and
prosthetics has also been shown to improve surgical planning accuracy and reduce surgical time
(Ayers et al., 2022). It also enables the creation of customised prosthetics, resulting in faster patient
recovery and increased operational efficiency. Goémez et al. (2022) contend that the implementation of
tele-neurology consultations in rural hospitals improves access to specialist care and reduces transfer
times for patients with neurological emergencies. This improvement in access and reduced transfer
times positively impacts performance by facilitating earlier diagnosis and treatment initiation, thereby
reducing long-term complications and improving patient outcomes.

Strategic planning is crucial for the effective implementation of AMDs as it ensures that healthcare
facilities are well-prepared to adopt and sustain these technologies. Bandyopadhyay et al. (2022) note
that successful implementation requires careful planning to achieve long-term success. Orem et al.
(2021) further highlight that well-planned stakeholder engagement and continuous needs assessments
are critical for sustained device utilisation. Glanz et al. (2023) emphasise that besides the need for
adaptable and comprehensive planning, cultural adaptation must be integrated into the planning
process to optimise the implementation of AMDs.

Resource allocation and optimisation are fundamental to ensuring that AMDs are not only acquired
but are also utilised to their fullest potential within healthcare settings. Steenbekkers et al. (2019)
identify exploration of cost-sharing models as an essential component for achieving financial
sustainability in telemedicine implementations. Barnett et al. (2022) highlight the importance of
context-specific resource allocation to address the high costs associated with medical devices. In
addition, infrastructure and workforce readiness are essential for the sustained use of AMDs (Ogwang
et al., 2022; Ngugi et al., 2021).

Installation and maintenance of AMDs on the performance of healthcare facilities

The integration of Advanced Medical Devices (AMDs) into healthcare systems offers promising
improvements in precision, efficiency, and patient outcomes (Otiso et al., 2022). These devices, such
as robotic surgery systems, telemedicine platforms, and Al-powered diagnostics, hold great potential
to revolutionise healthcare delivery by enhancing diagnostic accuracy, reducing procedural risks, and
shortening recovery times (Akinyi et al., 2023). However, effective installation and maintenance of
these devices require careful assessment of the healthcare facility’s existing infrastructure and
technical capabilities.

Mpeli et al. (2020) point out that improper planning for installation often lead to device
underutilisation. On the other hand, Boateng et al. (2019) note that a lack of technical expertise among
personnel responsible for device installation often leads to improper installation and safety risks.
Ngugi et al. (2022), in assessing the implementation of teleophthalmology in Kenya, emphasise the
critical role of reliable technical infrastructure in the successful installation of telemedicine devices.
Many of the challenges around installation and management involve budgeting, inadequate planning
for installation, and a lack of skilled technicians, all of which contribute to service disruptions.
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The maintenance of AMDs is equally essential for ensuring their sustained effectiveness and
minimising disruptions in healthcare service delivery. Otiso et al. (2022) opine that deferred
maintenance due to limited budgets often led to device failures and service disruptions, which, in
turn, reduced healthcare service availability and delayed patient care. Similarly, the shortage of
qualified technicians prolonged repair times, compromising the efficiency and safety of healthcare
delivery. Boateng et al. (2019) also assert that the limited availability of spare parts for medical devices
is a critical barrier to effective maintenance. Without access to essential components, repairs are
delayed, leading to reduced service capacity and compromising the overall performance of healthcare
facilities. Incidentally, Achieng et al. (2022), in examining the effect of electronic health records (EHRs)
on hospital readmission rates, are categorical that EHR implementation reduces hospital readmission
rates by improving care coordination and access to patient medical history.

Effect of utilisation of AMDs on the performance of healthcare facilities

The utilisation of advanced medical devices (AMDs) plays a significant role in improving healthcare
facility performance by enhancing diagnostic accuracy, patient outcomes, operational efficiency, and
resource utilisation. Li et al. (2023) assessed the cost-effectiveness of using Al for stroke diagnosis in
emergency departments in China. The study revealed that Al-assisted analysis of medical images
significantly improved diagnostic accuracy and facilitated faster treatment initiation, thereby
reducing mortality and disability rates in stroke patients. Similarly, Tiwari et al. (2019) explored the
use of point-of-care ultrasound (POCUS) for diagnosing pneumonia in children in India. The study
found that POCUS provided a faster, more reliable diagnosis than traditional chest X-rays,
particularly in resource-limited settings where access to X-ray machines may be limited. Mbuthia et
al. (2021) investigated the impact of POCUS devices in East African primary healthcare facilities,
demonstrating that their use significantly improved diagnostic accuracy and facilitated faster
treatment initiation.

Telemedicine has proven to be an effective tool for managing chronic diseases, improving patient
outcomes, and reducing healthcare resource utilisation. Tran et al. (2022) conducted a systematic
review in Australia to evaluate the impact of tele-intensive care units (tele-ICUs) on hospital
performance. The review found that tele-ICUs improved patient outcomes by enabling remote
monitoring and expert consultation, thereby reducing mortality and morbidity among critically ill
patients. Ekvall et al. (2016) assessed the impact of telemonitoring on the management of chronic
obstructive pulmonary disease (COPD) in Sweden. The study found that telemonitoring significantly
reduced hospital readmission rates for COPD exacerbations and improved patient self-management
skills and quality of life.

In the United States, Meara et al. (2018) analysed the impact of robotic surgery on surgical site
infections (SSIs). They found that robotic-assisted surgeries significantly reduced SSIs compared to
traditional laparoscopic procedures. In Brazil, Borges et al. (2017) found a positive correlation between
access to advanced imaging technologies, such as PET scans, and improved cancer survival rates.
Agyemang et al. (2021) evaluated the use of mobile health (mHealth) platforms for medication
adherence in chronic diseases in Nigeria. The study revealed that implementing mHealth platforms
improved medication adherence and reduced hospitalisation frequency through timely medication
reminders and health education messages. Ngugi et al. (2022) analysed the implementation of a
teleophthalmology programme in Kenya, demonstrating that teleophthalmology increased access to
specialised eye care services for patients residing in remote locations.
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Methodology
Research Design

The study utilised survey design, which is well-suited for the study due to the need to collect focused
information relevant to understanding relationships between variables (Mishra & Alok, 2022).
Surveys can efficiently gather data from a representative sample, allowing the findings to be
generalised within the study's specific context.

Target Population

For the study, 60 hospitals in Nairobi are divided into different levels (MOH, 2022), as shown in the
table below. While the Kenyan Ministry of Health (MOH, 2022) reports over 60 hospitals across
various levels in Nairobi, this study specifically targeted Level 6 facilities. These hospitals have the
most complex and advanced medical device utilisation and installation measures in place due to the
sensitive nature of the patient cases and the information they handle.

Sampling Frame and Technique

Within this population of Level 6 hospitals, the study focused on three key institutions: Kenyatta
University Teaching, Referral and Research Hospital (KUTRRH), Kenyatta National Hospital (KNH),
and Mathari Level 6 Hospital. These hospitals were chosen for their role as the region's primary
referral centres, for their use of highly advanced medical devices, and for serving a large and diverse
patient population.

The respondents were categorised into three groups: hospital management, biomedical engineering
personnel, and medical staff because of their role in the management of AMDs. Overall, the study
targeted 1315 respondents across the three hospitals, ensuring comprehensive representation of the
various stakeholders involved in the implementation and utilisation of advanced medical devices in
healthcare settings. For this study, stratified random sampling was selected due to its ability to ensure
that each subgroup —hospital management, biomedical engineers, and medical staff —is adequately
represented in the sample. This method was ideal for capturing the diverse perspectives and roles
involved in the implementation and utilisation of advanced medical devices, providing a more
comprehensive understanding of their effect on healthcare performance.

Sample Size
This study used Yamane’s formula to estimate its sample size. With a 5% margin of error, a sample
size of 337 was determined, as indicated below.

Yamane, 1967: n = Lz
1+Ne

Where: n = sample size; N = population size; e = margin of error

Given that N = 1315 at 5% confidence level, and e = is the precision or sample error i.e. 0.05
1315

~ 1+ 1315(0.05)2

The distribution of the sample within the various categories is indicated in Table 1.

= 337 Individuals

n
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Table 1: Distribution of Sample Size

Respondents Category Number Proportion (NyN) *100 Sample (n)
Hospital management 40 5 21
Ezcl)‘sl\éljﬁgal Engineering 65 - 31
Medical staff 1210 88 285
Total 1315 100 337

Data Collection Methods

Primary data were collected through a structured questionnaire. The questionnaire consisted of
closed-ended Likert-scale questions, with 1 = Strongly Disagree, 2 = Disagree, 3 = Neutral, 4 = Agree,
and 5 = Strongly Agree, to rate respondents’ responses. The questionnaire was divided into sections
consisting of statements regarding the independent variables: planning and resourcing, installation
and maintenance, and utilisation, as well as performance of healthcare facilities as the dependent
variable. The data was collected between March 2024 and August 2024.

Research Procedures

The data collection process began with approval from the Institutional Review Board (IRB) at USIU-
Africa and, subsequently, a research authorisation from the National Commission for Science,
Technology, and Innovation (NACOSTI). A pilot study was conducted to check the reliability and
validity of the research instrument. Using Cronbach's alpha, the instrument's appropriateness was
evaluated, and the questionnaire's reliability was 0.75. Given a recommended threshold of 0.7, the
instrument was deemed appropriate for the study. In addition, the KMO (Kaiser-Meyer-Olkin) test
yielded values above 0.70, indicating that the measures were acceptable for the validity of the
variables.

Ethical Considerations

The respondents were informed of the opportunity to withdraw from the study at any time and of the
voluntary nature of their participation. The questionnaires included an attachment about informed
consent. Both concepts required participants to be informed about the study’s goals and procedures.
The confidentiality of the information submitted by the respondents was guaranteed.

Data Analysis Methods

Data analysis was performed using the Statistical Packages for Social Sciences (SPSS) version 24. Data
analysis was conducted using descriptive and inferential statistics. Specifically, inferential analysis
included correlation and multiple linear regression. The regression model was illustrated as follows:

Y=Po+P1 X1 +P2Xo+P3Xs+e
Where: Y is healthcare performance; Xi is planning and resourcing; X: is installation and
maintenance; X5 is utilisation
ao is the constant and P, B2, 3 are the coefficient to be estimated
e is the error term

Results

Correlation between Planning and resourcing of AMDs and performance of healthcare facilities
Table 2 shows that planning and resourcing of AMDs and the performance of healthcare facilities
yield a strong and positive Pearson correlation coefficient of 0.785 which is statistically significant at
the 5% significant level.
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Table 2: Correlations analysis of Planning and resourcing of AMDs and performance of healthcare facilities

Planning and Performance of

Variables resourcing of healthcare
advanced medical devices facilities
. . Pearson Correlation 1.000
Planning and resourcing of . . o
advanced medical devices Sig. (2-tailed) o
N 280
Pearson Correlation 0.785** 1.000
Performance of healthcare facilities ~ Sig. (2-tailed) 0.000
N 280

Note: **. Correlation is significant at 5% level

Model Summary of planning and resourcing of AMDs and performance of healthcare facilities
The regression coefficients in Table 3 indicate that planning and resourcing of AMDs significantly and
statistically influence healthcare facility performance f = 0.304,p < 0.05).

Table 3: Regression Coefficients Results of planning and resourcing and healthcare performance
Unstandardised Standardised

Model Coefficients Coefficients T Sig.
B Std. Error Beta

(Constant) 1.512 2.091 0.723 .002

Resourcing and 304 112 413 2.714 002

Planning

a. Dependent Variable: Healthcare Performance

Correlation between the Installation and maintenance of AMDs and the performance of healthcare
facilities

Table 4 shows that the installation and maintenance of AMDs and the performance of healthcare
facilities exhibit a strong, positive Pearson correlation coefficient of 0.746, which is statistically
significant at the 5% significance level.

Table 4: Correlations of Installation and Maintenance of AMDs and the performance of healthcare
Installation and Performance of

maintenance healthcare facilities
. Pearson Correlation 1.000
Installation and . .
. Sig. (2-tailed) L
maintenance N ===
280
Pearson Correlation 0.746 1.000
Performance of Sig. (-tailed
healthcare facilities ig. (2-tailed) 0.000
N 280

Note: **. Correlation is significant at 5% level

Model summary of the Installation and maintenance of AMDs and the performance of healthcare
facilities

The results in Table 5 indicate that installation and maintenance of advanced devices statistically and
significantly influence performance of healthcare facility (8 = 0.299,p < 0.05).
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Table 5: Regression results of effect installation and maintenance of AMDs on healthcare performance

Unstandardised Standardised T Si
Model Coefficients Coefficients &
B Std. Error Beta
(Constant) 1.512 2.091 0.723 .002
Installation and 299 143 202 2.090 001
maintenance

a. Dependent Variable: Healthcare Performance

Correlation between Utilisation of advanced medical devices and performance of healthcare facilities
Table 6 shows that utilisation of AMDs and the performance of healthcare facilities exhibit a strong
and positive Pearson correlation coefficient of 0.781, which is statistically significant at the 5%
significant level.

Table 6: Correlations analysis of Utilisation of advanced medical devices and performance of healthcare facilities

Utilisation of Performance of
Variables advanced medical healthcare
devices facilities

Pearson 1.000
Utilisation of advanced medical =~ Correlation
devices Sig. (2-tailed) ===

N 280
Performance of healthcare Pfaarson Correlation 0.781** 1.000
facilitios Sig. (2-tailed) 0.000

N 280

Note: **. Correlation is significant at 5% level (2-tailed)

Model summary of utilisation of advanced medical devices and performance of healthcare facilities
The results in Table 7 indicate that utilisation of AMDs statistically and significantly influence
performance of healthcare facility (8 = 0.354,p < 0.05).

Table 7: Regression results of effect utilisation of advanced devices on healthcare performance

Unstandardised Standardised T Sig,
Model Coefficients Coefficients
B Std. Error Beta
(Constant) 1.512 2.091 0.723 .002
Utilisation of advanced
medical 354 157 414 2.254 .002
devices

a. Dependent Variable: Healthcare Performance
Discussion of Results

Appropriateness of the Theoretical Framework

Existing research on advanced medical devices (AMDs) in Kenya usually focuses on specific
components of the healthcare system, such as access or cost, but often fails to take a holistic approach
that addresses the multifaceted elements (Majeed et al., 2021). This study demonstrates the importance
of adopting an implementation framework that incorporates planning, installation, maintenance, and
utilisation, all of which are necessary for successful deployment. This aligns with the perspectives of
Glasgow et al. (1999), who noted the need for an integrated framework to improve the adoption and
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sustainable implementation of evidence-based interventions across a wide range of public health and
related settings. Therefore, the contextualisation of the theoretical framework, anchored in RE-AIM
(Reach, Effectiveness, Adoption, Implementation, and Maintenance), is appropriate.

Planning and Resourcing of AMDs on the Performance of Healthcare Facilities

The study results revealed a significant positive relationship between planning and resourcing of
AMDs and healthcare facility performance. These findings resonate with Orem et al. (2021), who
emphasised the importance of thorough needs assessments and active stakeholder engagement in
ensuring that the acquisition of medical technologies aligns with critical healthcare demands. Orem
et al. argue that aligning AMDs” acquisitions with local needs leads to more efficient resource use and
better patient outcomes. Furthermore, Bandyopadhyay et al. (2022) highlight that strategic planning
and careful resource allocation are pivotal to the successful implementation of digital health
interventions, including AMDs. However, Smith et al. (2020) note that even with comprehensive
planning and resource allocation, unforeseen operational challenges—such as insufficient staff
training or bureaucratic bottlenecks—can hinder anticipated improvements in healthcare
performance. This view implies that focusing solely on the technical aspects of AMD’s acquisition
may neglect the human and organisational dimensions necessary for ensuring optimal performance.

Additionally, Kimani et al. (2020) argue that over-reliance on advanced medical technologies without
parallel investment in human resources can result in underutilisation of AMDs. A failure to
simultaneously build capacity through staff training and infrastructure development can negate the
potential benefits of AMDs. In other words, while planning and resourcing are vital, continuous
evaluation and adjustment of AMD implementation strategies are equally crucial to avoid
performance bottlenecks.

Installation and Maintenance of AMDs on the Performance of Healthcare Facilities

The study indicates a strong positive correlation and a significant positive impact of installation and
maintenance activities on healthcare performance. These results are consistent with those of Johnson
et al. (2020), who emphasised that regular maintenance schedules, coupled with the involvement of
skilled biomedical engineers, significantly improve the longevity and performance of medical devices.
Mwangi et al. (2021) similarly found that consistent maintenance practices led to a 30% increase in
healthcare delivery efficiency, highlighting the importance of proactive maintenance in optimising the
functionality of the healthcare system.

However, some studies present differing views. Ajayi and Ayeni (2019) caution that, in resource-
limited settings, the high costs of regular maintenance can offset the financial benefits of AMDs,
suggesting that facilities may struggle to sustain these technologies over time. Furthermore, Abdalla
et al. (2020) observed that in certain Sub-Saharan African hospitals, a lack of localised technical
expertise often leads to extended downtime for advanced medical devices, significantly affecting
overall healthcare performance. Therefore, while the evidence strongly supports the positive influence
of proper installation and maintenance on healthcare facility performance, the challenges related to
cost and technical expertise, especially in lower-resource settings, must be considered. Balanced
investment in both technology and the human resources needed for maintenance is vital for sustaining
the long-term benefits of AMDs.

Utilisation of AMDs on the Performance of Healthcare Facilities

The results demonstrate a strong positive relationship between the utilisation of AMDs and healthcare
facility performance, and utilisation also has a significant positive effect on healthcare performance.
This aligns with research by Meara et al. (2018), who found that the effective utilisation of advanced
technologies in clinical settings enhances diagnostic accuracy, treatment outcomes, and overall service
delivery. Similarly, Williams et al. (2023) argue that proper utilisation of medical devices significantly
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reduces diagnostic errors, shortens patient wait times, and improves workflow efficiency within
healthcare institutions.

On the other hand, Odero et al. (2020) caution that the mere availability of AMDs does not
automatically guarantee improved performance. Without adequate training and user support, the full
potential of these devices can remain unrealised, leading to suboptimal outcomes. Additionally,
Alobayli et al. (2023) point out the risks of "technology overload," where an over-reliance on advanced
devices may lead to workflow disruptions and reduced efficiency if staff are not adequately trained
or if the devices are not well integrated into existing healthcare systems.

Conclusion

The purpose of the study was to determine the effect of implementing advanced medical devices
(AMDs) on the performance of healthcare facilities in Kenya. Specifically, the research focused on
understanding the impact of planning and resourcing, installation and maintenance, and the
utilisation of AMDs on healthcare facility performance. The target population comprised Level 6
hospitals in Nairobi, with a total of 1315 respondents: hospital management, biomedical engineers,
and medical staff.

The study concluded that the implementation of AMDs, including planning, resourcing, installation,
maintenance, and utilisation, significantly enhances healthcare performance. To maximise the benefits
of AMDs, the study recommends that healthcare facilities need to improve resource allocation, secure
adequate funding for AMD initiatives, and provide regular training. Additionally, establishing clear
utilisation protocols, streamlined maintenance processes, and engaging biomedical engineers should
be prioritised. Continuous evaluation of AMD practices is essential to sustain and improve healthcare
performance.

Dedication
This article is dedicated to the memory of Derick M. Kamina, who passed on in November 2025, in
recognition of his passion for improving healthcare delivery. May God rest his soul in eternal peace.
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