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ABSTRACT 

Objectives: To analyze the challenges and limitations in hospital 
infrastructure development within Peru’s health system, focusing on the role of 
clinical engineers, technological asset management, and Building Information 
Modeling (BIM) technology in optimizing healthcare delivery. This study aims to 
propose a multidisciplinary framework for improving hospital design, 
construction, operation, and maintenance. 
 

Methods: A descriptive and analytical approach was used to evaluate the 
current state of hospital infrastructure in Peru. Key information was gathered 
from government reports, technical guidelines, and international standards 
related to healthcare facility design and management. The study also 
incorporated insights from multidisciplinary collaboration, emphasizing the 
involvement of clinical engineers in each stage of hospital development, 
including conceptualization, design, construction, and operation. The importance 
of technological asset and risk management frameworks, as well as the 
application of BIM, was examined to identify best practices and solutions. 
 

Conclusions: The study concludes that Peru’s health sector faces 
significant challenges in hospital infrastructure development, including inefficient 
planning, insufficient coordination, and outdated methodologies. The inclusion of 
clinical engineers as key stakeholders in the design and operational processes 
can enhance the alignment of infrastructure with clinical and technological 
needs. The integration of BIM technology provides a powerful tool for improving 
design accuracy, operational efficiency, and lifecycle management of healthcare 
facilities. A multidisciplinary approach, involving architects, clinical engineers, 
and regulatory authorities, is critical for addressing these challenges and 
ensuring sustainable, patient-centered hospital designs. 
 

Keywords -Hospital Infrastructure, Clinical Engineering, Building 
Information Modeling (BIM), Healthcare Technology Management, Technological 
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Collaboration. 
 

INTRODUCTION  



 
In Peru, the health system is divided into two 
subsystems, public and private, and the 
governing body is the Ministry of Health.1,2 There 
are more than 7,000 health facilities, 70% of 
which are health posts.3 

 
FIGURE 1. Types of health infrastructure. 
(Adapted from Analysis of the Health Sector of 
Peru3) 
 
Of the total number of hospitals, 66.73% are 
located in the interior of the country, and 25 
regional governments were formed as part of the 
decentralization process. Each regional 
government organized its Regional Health 
Directorate (Diresa)4 to manage services, as well 
as the hospital infrastructure needed according 
to the demographic population to be served. 
 
According to the “Diagnóstico de brechas de 
infraestructura o acceso a servicios del sector 
salud”, the health sector in Peru faces multiple 
limitations that make it difficult to close gaps in 
infrastructure and services.5 Among the 
challenges highlighted are the deficiencies in the 
terms of reference and methodologies used in 
pre-investment studies, which generate 
problems in the designs and technical files, often 
resulting in delays and cost overruns. These 
limitations lead to work stoppages, legal conflicts 
and even arbitration, hindering the completion of 
essential projects for the improvement of the 
health system.5 

 

 
 
FIGURE 2. Hospital at risk (Adapted from the 
report of the Investment Bank of the Ministry of 
Economy and Finance, and Ministry of Health 
(2023)6) 
 
Figure 2 describes the case of 12 hospitals, most 
of which have been under construction for 
between 4 and 8 years, a range that suggests a 
lack of planning to meet the established 
deadlines. The Ministry of Health has 23 hospital 
works that have been under construction for an 
average of six years, the main causes are: 
 
Hospital Design 
The design of hospitals focuses on the areas of 
services 7 to be provided and the support, 
logistical or operational spaces, which are 
determined according to a previous study based 
on a medical program that will give the degree of 
complexity and category. The professions 
involved in the project are a multidisciplinary 
team with economists, doctors and others 
(mainly from the MEF and MINSA). The planning 
criteria are based on population, demographic 
and geographic figures and data, and their 
subsequent translation into the portfolio of 
services. 

In the context of hospital project regulations, the 
guidelines established since 1978 8 provide a 
robust framework to ensure the quality, safety, 
and functionality of healthcare facilities. These 
guidelines are built upon seven foundational 
pillars, which address the legal, technical, and 
operational aspects required for hospital 
infrastructure.  



 

 

FIGURE 3. Seven foundational pillars of hospital 
project regulations8 
 
The regulations lack specific criteria to account 
for geographical distinctions or the unique needs 
of hospitals based on their level of service 
autonomy. This omission creates challenges in 
adapting the standards to diverse regional 
contexts, potentially affecting the efficiency, 
accessibility, and functionality of healthcare 
infrastructure in areas with distinct 
environmental, demographic, or resource-related 
characteristics. 
 
The construction of hospitals involves a series of 
critical stages that must be carefully managed to 
ensure the successful delivery of functional, safe, 
and efficient healthcare facilities. According to 
CIIES and CIP9, there are four main phases in 
this process: conceptualization and analysis, 
design and detailed engineering, construction, 
and project handover and operation. Each stage 
presents its own set of challenges, which, if not 
addressed, can lead to inefficiencies, increased 
costs, and compromised healthcare delivery. 

 
FIGURE 3. Steps for hospital design9 

 

Operation and maintenance 

Operation and maintenance in hospital facilities 
are essential components to ensure proper and 
efficient operation over time. This process goes 
beyond simple regulatory compliance for the 
installation of medical equipment. A 
comprehensive plan should include continuous 
training of technical staff, allowing efficient use 
of devices and reducing the likelihood of 
operational failures.10 Preventive maintenance is 
an essential strategy to minimize downtime, 
reduce unexpected repair costs and extend the 
useful life of medical equipment.11 The 
importance of proper management of the flow of 
people, supplies and services within the hospital, 
since optimizing these aspects not only improves 
care times, but also reduces stress on patients 
and facilitates the tasks of health personnel. 
These practices form a solid foundation to ensure 
that medical facilities operate effectively.12 

 
Infrastructure and equipment management  
A comprehensive approach is essential to 
address the dynamic needs of the health sector. 
According to the World Health Organization,13 the 
procurement and planning of medical equipment 
should be based on a thorough analysis of the 
hospital's needs, taking into account factors such 
as the epidemiological profile and staff 
capabilities. It is important to implement 
continuous monitoring systems to identify 
failures and opportunities for improvement, 
which is essential to avoid cost overruns and 
maximize operational efficiency.14 It is important 
to keep technological equipment constantly 
updated, since advances in medical tools can 
significantly influence the quality of diagnoses 
and treatments offered.15  
 
Analyzing the causes, we conclude that the 
problem is that the hospitals are not operational 
or functioning, neither operation nor 
maintenance has been considered, there are 
hospitals that are 100% built but do not have a 
management system. To overcome these 
problems, it is essential to strengthen 
coordination and organization among the 
responsible entities and ensure clear processes 
in investment management. In addition, it is 
crucial to improve the functional articulation 
between the different units in charge of 
formulating and executing projects. The 
persistence of these difficulties highlights the 
urgent need to implement a comprehensive and 
efficient management system. This system 



 
should prioritize personnel training, 
standardization of procedures and transparency 
in the use of resources, thus ensuring that health 
investments respond effectively to the priority 
needs of the population. 
 
TEAM THAT DESIGNS THE HOSPITALS 
Hospital design is a multidisciplinary task, but 
historically it has been led by architects. While 
these professionals have the technical skills to 
conceptualize spaces according to data and 
regulations provided, they generally lack specific 
training in clinical practice and the functional use 
of these environments. This limits their ability to 
adapt designs to the actual needs of patients and 
healthcare staff. Collaboration between architects 
and clinical experts is essential to ensure that 
hospitals not only meet technical standards, but 
are also functional and fit for purpose.16 There is 
a significant shortage of architects specialized in 
the design, management and development of 
hospital projects that integrate all the necessary 
features. This deficit compromises the ability of 
health systems to have optimal facilities. 
Specialization in hospital architecture is crucial to 
address the complexity inherent in these projects 
and to ensure adequate planning that considers 
both technical and human aspects.17 

 
Another important profile is that of institutional 
reviewers in charge of evaluating projects. 
However, their approach is often restricted to 
compliance with standardized regulations, 
without considering the situational particularities 
of each setting. According to the World Health 
Organization, the lack of flexibility in the 
application of standards can limit the adaptability 
of hospital designs to the specific needs of the 
communities they are meant to serve.18 

Finally, fitters play a crucial role in hospital 
design, as they are responsible for determining 
how spaces will be occupied, their functions, 
dimensions, and the types of connections 
required for medical equipment. Many spaces in 
a hospital are purely functional and are designed 
exclusively to house specialized equipment. This 
underscores the importance of proper integration 
between the architectural design and the 
technical specifications of the medical equipment 
to ensure the efficiency and functionality of the 
spaces.19 

 
 
SOLUTION PROPOSAL 

Role of the Clinical Engineer in hospital 
design 

The challenge is significant, since it requires that 
profiles such as architects, reviewers and 
equippers have a comprehensive knowledge of 
both systemic aspects and clinical practice. For 
this reason, the presence of clinical engineers in 
healthcare systems is essential. According to the 
International Federation of Medical and Biological 
Engineering (IFMBE) and the American College of 
Clinical Engineering (ACCE), the clinical engineer 
is defined as a “professional qualified by 
academic training and/or certification to practice 
engineering in the health care environment, 
where technology related to health services is 
created, implemented, taught, regulated, 
managed or maintained”.20,21 

 

FIGURE 4. Diagram illustrating the range of 
interactions in which a clinical engineer might be 
required to engage in a hospital setting22 

According to Fig. 4 the clinical engineer within 
the healthcare system, highlighting his or her 
interaction with multiple stakeholders and key 
areas. This professional acts as an essential link 
between technical, medical, regulatory and 
economic aspects, ensuring the safety, efficacy 
and sustainability of healthcare technology. His 
work involves collaborating with physicians, 
nurses and other healthcare professionals to 
meet medical requirements through human 
engineering and accepted practices. In addition, 
he or she is directly involved in the safety and 
efficacy of devices used in patient care, while 
contributing to the maintenance of the 
technology infrastructure and planning for future 
needs in the hospital environment. Likewise, the 
clinical engineer plays a crucial role in the 



 
evaluation of costs and benefits together with 
hospital administration, leasing agencies and 
third-party payers, promoting economic 
sustainability. He also interacts with suppliers 
and regulatory bodies to ensure compliance with 
technical and regulatory standards. Finally, its 
involvement in clinical research fosters the 
integration of new technologies and medical 
practices. This scenario reinforces the 
importance of including clinical engineers in 
multidisciplinary teams, as mentioned above, to 
comprehensively address technical and clinical 
challenges within healthcare systems.22 

As mentioned above, according to CIIES and 
CIP9, the four key stages identified in hospital 
design set out the specific roles that the clinical 
engineer would play in each stage9: 

Stage 1: Design and analysis 

In this initial phase, the clinical engineer plays a 
key role in ensuring that technology and 
infrastructure solutions are aligned with clinical 
and functional needs.  

●​ Contribution to the Medical-Functional 
Analysis, identifies the clinical and 
operational needs of the hospital 
environment, considering technical and 
functional aspects for the design and 
selection of technologies. 

●​ Evaluation of Technologies Applied to 
Medical Devices,carrying out comparative 
studies of medical devices (MD) to 
evaluate their efficacy, safety and 
cost-benefit ratio. 

●​ Modelling and simulation of the clinical 
environment and medical devices, use 
modelling tools to predict the 
performance of devices under real 
conditions. 

●​ Initial Medical Device Requirements, 
define technical and functional 
specifications to ensure that MDs meet 
clinical standards. 

●​ Facility and Medical Device Engineering 
Requirements, determine the number and 
profile of engineers required for the 
operation and maintenance of MDs. 

●​ BIM Modelling of Clinical Services, 
incorporate building information modelling 
(BIM) to plan and simulate the layout of 

clinical spaces and their interaction with 
technology. 

Stage 2: Design and Detailed Engineering 

This stage focuses on ensuring that the technical 
design meets clinical and regulatory 
requirements.  

●​ Compatibility with Clinical Practice 
Guidelines (CPGs),verify that the 
designed technologies are compatible 
with clinical best practices. 

●​ Compliance with Standards, Codes and 
Regulations in the Clinical Environment 
and Medical Devices, ensuring that the 
design complies with standards such as 
IEC 60601 for medical device safety. 

●​ Oversight of Clinical Design Criteria, 
validate that the design addresses 
aspects such as ergonomics, safety and 
ease of use in the clinical environment. 

Stage 3: Construction 

During the construction phase, the clinical 
engineer oversees the implementation of clinical 
technologies and services.  

●​ Medical Device Supply Chain 
Management, coordinate the 
procurement, transportation and 
installation of medical devices. 

●​ Medical Device Commissioning, validate 
the installation and operation of MDs, 
ensuring that they meet technical and 
functional specifications. 

●​ Medical Device Supplier Evaluation, 
conduct supplier analysis to ensure the 
quality and reliability of equipment. 

●​ Verification of Standards, Codes and 
Regulations, ensuring that facilities and 
MDs comply with national and 
international regulations. 

●​ Functionality and Safety Supervision of 
Clinical Services, ensure that 
technological services and infrastructure 
meet quality and safety criteria. 

Stage 4: Handover and Operation 

 



 
In this final stage, the clinical engineer is 
responsible for the operational management and 
maintenance of healthcare technologies. 

●​ Inventory Generation from Hospital BIM 
Design, create and maintain an updated 
inventory based on BIM models. 

●​ Healthcare Technology Management 
(HTM), oversee the entire lifecycle of 
medical devices, from installation to 
decommissioning. 

●​ Reliability-Centered Maintenance (RCM), 
implement reliability-based maintenance 
strategies to maximize equipment uptime. 

●​ Risk-Based Maintenance, prioritize 
maintenance based on the risks 
associated with the failure of medical 
devices. 

●​ Scheduled Medical Device Inspections, 
perform periodic inspections to ensure 
continuous compliance with norms and 
standards. 

●​ Preventive and Predictive Maintenance of 
Medical Devices, prevent failures through 
regular maintenance programs and 
predictive techniques, such as data 
analysis. 

●​ Biomedical Metrology, calibrate and verify 
medical devices to ensure measurement 
accuracy. 

Hospital Infrastructure 

The use of Building Information Modeling (BIM) 
technology is essential for developing a 
comprehensive design library for hospital 
infrastructure. BIM provides a collaborative 
platform where multidisciplinary teams, including 
clinical engineers, can integrate their expertise 
into the design, construction, and operation 
phases of healthcare facilities. This approach 
enables the creation of detailed 3D models that 
incorporate not only architectural elements but 
also mechanical, electrical, and plumbing (MEP) 
systems, medical equipment placement, and 
clinical workflow optimization. Establishing these 
directives at the state level is crucial to ensure 
uniformity and flexibility in hospital infrastructure 
planning, while accommodating the diverse 
geographies and healthcare needs of the 
country.23 

Clinical engineers play a pivotal role in the 
application of BIM technology within hospital 

settings. Their involvement begins with the 
integration of medical equipment into BIM 
models, ensuring accurate representation of 
spatial requirements, connectivity, and 
compatibility with other systems. This precise 
planning reduces errors during installation and 
streamlines construction processes. Furthermore, 
BIM enables clinical engineers to simulate clinical 
workflows and assess the functionality of medical 
equipment within the designed space, optimizing 
processes and ensuring the facility aligns with 
healthcare delivery needs. This level of 
simulation and analysis is critical in creating 
patient-centered environments that meet the 
highest standards of care.24 

Another key contribution of clinical engineers is 
their ability to use BIM for the lifecycle 
management of medical devices. From 
procurement to maintenance and eventual 
decommissioning, BIM provides an efficient way 
to track and manage medical equipment, 
improving the effectiveness of Healthcare 
Technology Management (HTM) systems. 
Additionally, clinical engineers ensure compliance 
with healthcare-specific regulations and 
standards, such as IEC 60601 for medical 
electrical equipment, by embedding these 
requirements into the BIM models from the early 
design stages. This proactive approach 
minimizes non-compliance risks and ensures that 
hospital infrastructure adheres to both national 
and international standards.25 

The collaborative nature of BIM further enhances 
its utility in hospital projects. Clinical engineers 
work closely with architects, construction 
managers, and hospital administrators to ensure 
that infrastructure design meets clinical 
requirements and operational goals. This 
interdisciplinary collaboration fosters better 
communication and alignment of priorities, 
resulting in facilities that are not only functional 
but also adaptable to future advancements in 
healthcare technology.26 

BIM technology offers numerous advantages for 
hospital infrastructure development. It enhances 
precision and accuracy by minimizing design 
errors and reducing rework during construction. 
The shared BIM model acts as a single source of 
truth, improving communication between 
stakeholders and fostering efficient 
decision-making. Additionally, BIM enables better 



 
cost and time management by optimizing 
planning and coordination. Its adaptability allows 
for tailoring designs to local geographical and 
cultural requirements, ensuring that healthcare 
facilities are contextually relevant and 
sustainable.27 

Operation and maintenance management 

Operation management must comprehensively 
address the lifecycle of medical devices, 
encompassing all stages from acquisition, 
installation, operation, maintenance, and 
eventual decommissioning. It is essential to 
implement strategies that ensure maximum 
efficiency, safety, and availability of equipment, 
thereby guaranteeing the continuity of clinical 
services. Additionally, clear processes and 
specific protocols must be established to enable 
data-driven management, focusing on 
preventive, predictive, and reliability-centered 
maintenance.28 This approach not only optimizes 
resources but also contributes to the 
sustainability of the healthcare system by 
extending the lifespan of medical devices and 
minimizing the risk of critical failures. 

 

FIGURE 5.Technological Assets Management 

Technological assets management in healthcare 
settings is divided into three main processes: 
strategy, operative, and support. Each process 
outlines specific activities aimed at ensuring the 
effective lifecycle management of medical 
technologies, from planning to maintenance and 
operation.29 

The strategy process focuses on high-level 
planning and resource optimization. It includes 
technology assets planning, which involves 
defining the acquisition, deployment, and 
management of medical technologies, and 
results assurance, aimed at reducing the 

misallocation of resources and ensuring that 
investments align with organizational goals. 

The operative process encompasses day-to-day 
activities related to installation, training, 
maintenance, inspection, and support. During 
installation, tasks such as acceptance inspections 
and collaboration with providers ensure that 
equipment meets quality standards. Training 
programs for both medical staff and technical 
teams are implemented to ensure proper use 
and maintenance of technologies. Maintenance 
involves repair, reconfiguration, compliance with 
laws and standards, and management of service 
contracts. Regular inspection schedules and 
preventive maintenance plans are critical to 
maintaining operational reliability, while asset 
retirement evaluations ensure that outdated 
equipment is phased out responsibly. The 
support aspect of this process includes 
assistance with medical records, pharmacy 
systems, and self-assessment tools to improve 
management practices. 

The support process underpins the strategy and 
operative processes by providing the necessary 
tools and resources. This includes maintaining an 
accurate inventory, reference prices, budgets, 
and project records, as well as managing 
certificates of needs and templates to 
standardize processes. Additionally, the support 
process involves creating planning and 
management reports, ensuring contract 
compliance, and tracking management 
indicators, staff training, and human resource 
records to foster continuous improvement. 

This comprehensive framework ensures that 
healthcare organizations can manage their 
technological assets efficiently, aligning 
operational needs with strategic goals while 
maintaining compliance and optimizing 
resources. 

 

FIGURE 6.Technological Risk Management 



 
Technological risk management in healthcare 
provides a structured approach to identifying, 
mitigating, and monitoring risks associated with 
medical technologies. This model is divided into 
three main processes: strategy, operative, and 
support, each contributing to a safer and more 
reliable healthcare environment.30 

The strategy process focuses on technology risk 
planning, which involves the identification and 
assessment of potential risks related to 
healthcare technologies. This step ensures that 
risk management strategies align with the 
organization’s operational goals and comply with 
regulatory requirements. 

The operative process includes 
techno-surveillance activities aimed at 
monitoring and addressing risks in real time. 
Risk and quality management strategies are 
implemented to oversee safety and operational 
standards. Hospital safety and security protocols 
ensure that technologies contribute to a safe 
environment, while incident reporting and 
evaluation mechanisms facilitate learning from 
adverse events. The process also covers 
environmental technology support, focusing on 
reducing the environmental impact of healthcare 
technologies, and hospital waste management, 
addressing the proper disposal of hazardous and 
non-hazardous materials. 

In addition, the operative process incorporates 
health technology monitoring, such as ethics 
committee oversight, to ensure compliance with 
ethical principles, and occupational health 
technology to manage risks to healthcare 
workers. Metrologic verification schedules ensure 
regular calibration and reliability of medical 
devices, while infection control measures help 
prevent healthcare-associated infections. Finally, 
disaster mitigation management involves 
planning and preparedness to reduce the impact 
of natural or technological disasters on 
healthcare services. 

The support process provides the foundational 
resources and documentation for effective risk 
management. This includes maintaining 
inventory records, budgets, and project 
documentation, as well as certificates of needs 
and templates to standardize workflows. It also 
involves generating planning and management 
reports to track progress and manage contracts. 

Management indicators, staff training, and 
human resource records ensure that the 
organization remains equipped to handle 
technological risks effectively. 

By integrating strategy, operational execution, 
and support, this framework enables healthcare 
facilities to manage technological risks 
comprehensively. It ensures compliance with 
regulations, minimizes potential hazards, and 
fosters a culture of safety and reliability in 
healthcare delivery. 

Expected Results and Discussion 

The implementation of a multidisciplinary 
approach involving clinical engineers, supported 
by Building Information Modeling (BIM) 
technology, is expected to significantly enhance 
hospital infrastructure in Peru. By integrating 
clinical needs with technological and architectural 
planning, healthcare facilities can achieve 
improved operational efficiency, reduced 
construction delays, and better alignment with 
patient care requirements. The adoption of 
preventive and predictive maintenance 
strategies, alongside proper lifecycle 
management of medical devices, will ensure the 
sustainability and reliability of healthcare 
technology. However, successful implementation 
requires clear regulatory frameworks, 
government investment, and comprehensive 
training for all stakeholders. This approach could 
be gradually introduced in pilot hospitals to 
refine processes and demonstrate its feasibility 
before scaling up across the healthcare system. 
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