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Abstract

Aim: This paper aims to explore the critical role of architectural design in Hematopoietic Stem Cell Transplantation
(HSCT) procedures, focusing on how various aspects of design influence patient outcomes, staff efficiency,
infection control, and overall safety. The study seeks to understand how the physical environment impacts both
the immediate and long-term recovery of patients undergoing HSCT and to advocate for design principles that
enhance patient and caregiver experiences.

Discussion: Hematopoietic Stem Cell Transplantation (HSCT) has emerged as a vital therapeutic modality for a
diverse spectrum of hematological disorders and malignancies. As medical and technological advancements
continue to evolve, the significance of the physical environment in which HSCT procedures are conducted becomes
increasingly evident. This paper delves into how architectural design affects patient well-being, staff efficiency,
and infection control, emphasizing the importance of creating environments that support psychological well-
being. It examines the impact of design on infection prevention, safety during emergencies, and the overall
efficiency of healthcare delivery. The discussion also highlights the role of sustainability and green design
principles in minimizing the environmental footprint while promoting patient recovery.

Conclusions: The paper concludes that architectural design plays a transformative role in enhancing patient
experiences and healthcare outcomes in HSCT settings. It underscores the need for a patient-centric approach to
design that integrates wellness-focused elements and advanced technology. The study advocates for a
collaborative effort among healthcare institutions, architects, designers, and policymakers to create supportive,
efficient, and sustainable healthcare environments. By prioritizing these design considerations, healthcare
environments can significantly improve the HSCT journey and contribute to the broader realm of healthcare
excellence.

Keywords: Hematopoietic Stem Cell Transplantation, Architectural Design, Healthcare Environment, Patient-
Centered Care, Sustainability in Healthcare

Hematopoietic stem cell transplantation (HSCT) has emerged as a
pivotal therapeutic intervention in the management of various he-
matological disorders and malignancies. Over the past few decades,
significant strides in medical science and technology have elevated
the success rates of HSCT, transforming it into a life-saving proce-
dure for countless patients.l.2 While medical advancements con-
tinue to be at the forefront of improving patient outcomes, this
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manuscript aims to shed light on a rather underexplored dimension
of HSCT - the architectural design of the facilities where these cru-
cial procedures take place.3

In the realm of healthcare, architectural design has traditionally
played a subsidiary role, often overshadowed by the prominence of
clinical expertise and technological innovation.# However, as the
landscape of modern medicine evolves, so does our understanding
of the multifaceted factors that influence patient care. One such fac-
tor, which has gained recognition in recent years, is the physical en-
vironment in which healthcare interventions occur. In the context of
HSCT, the architectural design of transplant units and hematology
departments emerges as a critical determinant of treatment success
and overall healthcare quality.56

Historically, healthcare architecture has primarily focused on
functional aspects, such as efficient space utilization and adherence
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to regulatory standards. While these considerations are undeniably
important, they only scratch the surface of what a well-thought-out
architectural design can offer.”- This review ventures into the intri-
cate interplay between architectural design and the intricate dy-
namics of HSCT, illustrating how it extends beyond mere aesthetics
and convenience to significantly impact patient outcomes, staff effi-
ciency, infection control, and, ultimately, the overall quality of
healthcare delivery.

The overarching objective of this exploration is to underscore the
pivotal role that architectural design plays within the realm of HSCT.
It is a call to recognize the intricate synergy between medical sci-
ence and the physical spaces where it is practiced. By delving into
the nuances of design, this manuscript seeks to provide invaluable
insights into creating environments that are not merely functional
but supportive of the holistic well-being of patients and healthcare
professionals alike. Ultimately, our aim is to contribute to the collec-
tive endeavor of refining transplantation outcomes and elevating
the standard of care provided in the challenging field of hematopoi-
etic cell transplantation.

In the domain of healthcare, the concept of patient-centered care
has become a guiding principle, emphasizing the importance of tai-
loring medical services to meet individual patient needs.10 In this
context, architectural design takes on a pivotal role in facilitating pa-
tient-centered care within HSCT units and hematology depart-
ments.1112 This section delves into the intricate facets of patient-
centered design, highlighting its profound impact on patient well-
being and, consequently, treatment outcomes.

The patient room is the primary focus of the patient's experience
within a healthcare facility.13 As such, its design should prioritize
patient comfort and psychological well-being. Considerations ex-
tend beyond mere functionality; they encompass creating an envi-
ronment that fosters a sense of security, reduces anxiety, and pro-
motes optimism during the often-arduous journey of HSCT.14-17
Patient rooms should be spacious, allowing for ease of movement
for both patients and healthcare providers. Adequate space also ac-
commodates the presence of family members, a crucial source of
emotional support during the transplantation process. Moreover,
ergonomic furniture and furnishings that prioritize patient comfort
are essential. These elements contribute not only to physical com-
fort but also to a sense of normalcy in an otherwise clinical setting.18

The design should also embrace elements that evoke a sense of
normalcy and homeliness. Personalization options, such as space for
personal belongings and artwork, can significantly enhance the pa-
tient's sense of control and identity within the sterile hospital envi-
ronment.19 Additionally, the arrangement of furniture and the inclu-
sion of spaces for relaxation contribute to an environment condu-
cive to emotional healing and recovery.20.21

Natural light has been shown to have a profound impact on pa-
tient outcomes. It can positively influence mood, circadian rhythms,
and overall well-being. Hence, patient rooms should be designed to
maximize access to natural light. Large windows, strategically
placed to provide both privacy and views of nature, can significantly
enhance the patient’s experience. Ensuring that patients have the
option to control the amount of light in their rooms through window
treatments adds an extra layer of patient-centeredness. Privacy, an-
other critical consideration, must be carefully balanced with the de-
sire for natural light and views. Ensuring that patients have a pri-
vate space where they can receive visitors and engage in confiden-
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tial discussions with healthcare providers is essential. Thus,
thoughtful design should provide for both privacy and connection to
the outside world.22-24

The architectural design of HSCT units and hematology depart-
ments should extend its patient-centered focus to include ergo-
nomic considerations. Patients undergoing HSCT often face physical
challenges, including fatigue and reduced mobility. In response, the
layout of patient rooms and common areas should prioritize acces-
sibility, with attention to features such as grab bars, non-slip floor-
ing, and easily accessible amenities. Rehabilitation spaces, both
within patient rooms and communal areas, are vital for supporting
patients' physical recovery. These spaces should be equipped with
appropriate exercise equipment and aids, facilitating the rehabilita-
tion process. Additionally, their design should promote safety and
ease of use, ensuring that patients can engage in exercises inde-
pendently or with the guidance of healthcare professionals.25.26

It should be taken into account that patient-centered design
within HSCT units and hematology departments extends beyond
aesthetics; it is a fundamental component of patient care. Prioritiz-
ing patient comfort, psychological well-being, access to natural light,
privacy, and ergonomic considerations not only enhances the pa-
tient experience but also contributes to better treatment outcomes.
Section 2 highlights the crucial role of architectural design in creat-
ing environments that foster patient-centered care in the context of
hematopoietic cell transplantation.

In the realm of healthcare, where patient well-being and recovery
hinge on the management of complex diseases, the role of architec-
tural design extends beyond aesthetics and comfort. Section 3
delves into the critical domain of infection control and cleanliness
within HSCT units and hematology departments. These settings de-
mand rigorous measures to mitigate the risk of infection, and the
architectural design plays a pivotal role in achieving this objective.

Effective infection control begins with the management of air qual-
ity within healthcare facilities.2” In HSCT units and hematology de-
partments, the immunocompromised status of many patients
heightens their vulnerability to airborne pathogens. Consequently,
meticulous attention to air quality and ventilation systems is para-
mount. Architectural design should prioritize the installation of
high-efficiency particulate air (HEPA) filtration systems.28 These
systems effectively remove airborne particles, including microor-
ganisms, thus reducing the risk of cross-contamination. The strate-
gic placement of air supply and exhaust vents, along with proper air-
flow direction, can further optimize air quality within patient rooms
and common areas.29-31

Infection control extends beyond the air to encompass surfaces
and materials within healthcare environments. The choice of mate-
rials should prioritize those that are easy to clean and resistant to
harboring pathogens. Non-porous surfaces, such as stainless steel
and laminates, are preferred for countertops and furniture, as they
can be readily disinfected. Additionally, the design should minimize
the presence of crevices, seams, and other areas where microbes can
accumulate and proliferate. Seamless surfaces and well-sealed
joints not only enhance sanitation efforts but also simplify mainte-
nance procedures, ultimately contributing to a safer and cleaner en-
vironment,32-34
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Spatial planning within HSCT units and hematology departments
plays a pivotal role in infection control. The layout of patient rooms,
common areas, and workflow pathways should be meticulously de-
signed to minimize the risk of cross-contamination. This includes
the strategic separation of potentially infectious zones from clean
areas. The architectural design should incorporate principles of zon-
ing, with clear demarcations between high-risk and low-risk areas.35
Moreover, the placement of hand hygiene stations and personal pro-
tective equipment (PPE) dispensers should be well-distributed, en-
suring ready access for both patients and healthcare providers.3¢
Such considerations foster adherence to infection control protocols,
reducing the likelihood of transmission.

In conclusion, the indispensable role of architectural design in in-
fection control and cleanliness within HSCT units and hematology
departments. The meticulous design of air quality systems, the se-
lection of appropriate materials, and spatial planning that mitigates
the risk of cross-contamination are fundamental elements in safe-
guarding the health and well-being of both patients and healthcare
providers.37.38 By prioritizing these aspects, healthcare facilities can
create environments that are conducive to the delivery of safe and
effective care, particularly for patients undergoing hematopoietic
cell transplantation.

Efficiency in healthcare delivery is a cardinal principle that reso-
nates throughout the medical field. Within the context of HSCT units
and hematology, radiology, interventional radiology departments,
laboratory for blood tests and microbiology, blood bank and inten-
sive care unit39, this principle takes on heightened significance,
given the complexity of care required and the imperative for timely
interventions. Section 4 examines the pivotal role of architectural
design in enhancing workflow efficiency, thereby optimizing patient
care and improving overall healthcare quality.

Patient care within HSCT units and hematology and the other de-
partments involves a coordinated and multifaceted journey that
spans diagnostics, treatment, monitoring, and recovery.40 The archi-
tectural design of these departments should prioritize the stream-
lining of this patient journey. This entails careful attention to the lay-
out of spaces and their interconnections. Efficient spatial planning
should minimize patient travel distances, reducing the potential for
delays in care. Furthermore, the design should facilitate the logical
progression of steps in the patient’s journey, ensuring that patients
move seamlessly from one phase of care to another. This not only
enhances patient experience but also contributes to more timely in-
terventions and better clinical outcomes.

Accessibility to critical equipment and supplies is foundational to
efficient healthcare delivery. Within HSCT units and hematology de-
partments, where precise and often rapid interventions are re-
quired, the architectural design should ensure easy access to these
essentials. Strategically positioned supply storage areas and equip-
ment hubs can expedite care delivery. Furthermore, the design
should consider the proximity of patient rooms to supply and equip-
ment storage, minimizing the time spent retrieving necessary items.
This not only optimizes workflow but also enhances staff productiv-
ity, allowing healthcare providers to allocate more time to direct pa-
tient care.41-43

The architectural design should also prioritize staff workstations
as hubs of communication and collaboration. Effective teamwork
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among healthcare providers is vital for delivering high-quality care
within HSCT units and hematology departments. Workstations
should be strategically positioned to foster communication and in-
formation sharing.4445 Considerations should include ergonomic
workstation design, enabling staff to access patient information,
communicate with colleagues, and coordinate care efficiently. Ad-
ditionally, technology integration, such as electronic health record
systems, should be seamlessly incorporated into the design to en-
hance data accessibility and facilitate real-time decision-making.46
In summary, the paramount importance of workflow efficiency
within HSCT units and hematology and the other departments elu-
cidates the role of architectural design in achieving this goal.
Streamlining the patient journey, ensuring easy access to essential
resources, and fostering effective communication and collaboration
are pivotal aspects of architectural design that contribute not only
to the optimization of care delivery but also to the enhancement of
patient outcomes45. By embracing these principles, healthcare fa-
cilities can create environments that support the seamless provision
of care for patients undergoing hematopoietic cell transplantation.

The safety of patients and healthcare providers is a paramount
concern within HSCT units and hematology departments. These set-
tings often deal with vulnerable patient populations, making pre-
paredness for emergencies a critical imperative.#7-49 Section 5
delves into the role of architectural design in enhancing safety and
emergency preparedness, highlighting design features and consid-
erations that contribute to a secure healthcare environment.
Patient and staff safety is the foundation upon which quality
healthcare is built. Architectural design plays a pivotal role in incor-
porating features that enhance safety within HSCT units and hema-
tology departments. One essential aspect is the minimization of
physical hazards. Flooring materials should be slip-resistant to pre-
vent falls, and corridors should be designed to accommodate the
safe passage of beds and equipment. Furthermore, the design
should minimize sharp edges and protrusions that could pose risks
to patients and staff.50 This focus on safety extends to fixtures and
furnishings within patient rooms, where the selection of appropri-
ate materials can reduce the risk of injuries.

In the event of an emergency, rapid and safe evacuation is para-
mount. Architectural design should incorporate clear and well-
marked evacuation routes, ensuring that patients and staff can exit
the premises swiftly and safely. This includes the provision of acces-
sible ramps and elevators for patients with mobility challenges. Ad-
ditionally, the design should consider the location of emergency ex-
its in relation to patient rooms and common areas. These exits
should be strategically placed to minimize travel distances in the
event of an evacuation, thus optimizing safety during high-stress sit-
uations.

The integration of technology is indispensable in modern
healthcare settings, particularly in enhancing safety and emergency
response. Architectural design should encompass the installation of
advanced technology systems that support rapid response and cri-
sis management. These systems may include fire alarms, smoke de-
tectors, and automated notification systems that alert staff in case
of emergencies. Video surveillance and access control systems can
further enhance security within the facility. The seamless integra-
tion of these technologies into the architectural design ensures that
safety measures are not only effective but also unobtrusive, preserv-
ing the healing environment.

It can be said that the pivotal role of architectural design in ensur-
ing safety and emergency preparedness within HSCT units and he-
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matology departments. Design features that enhance patient and
staff safety, well-planned evacuation routes, and the integration of
advanced technology collectively contribute to a healthcare envi-
ronment that is resilient in the face of unexpected challenges. By
prioritizing these aspects, healthcare facilities can uphold their
commitment to safeguarding the well-being of all individuals within
their care, even in the most demanding of circumstances.

In the complex and often emotionally challenging world of HSCT
units and hematology departments, the importance of psychological
support and well-being cannot be overstated. Section 6 explores the
role of architectural design in fostering psychological support and
well-being for patients and their caregivers. This section delves into
the profound impact of design on reducing stress, promoting heal-
ing, and enhancing the overall quality of care. The experience of un-
dergoing HSCT is fraught with physical and emotional challenges,
not only for patients but also for their caregivers.51-54 Architectural
design can significantly contribute to stress reduction by creating
environments that exude tranquility and comfort. Patient rooms
should be designed with an understanding of the emotional needs
of patients and their families. Thoughtful incorporation of soothing
colors, artwork, and nature elements can create a calming ambiance.
Acoustic considerations, such as soundproofing and noise reduc-
tion, further promote a peaceful environment. Waiting areas and
communal spaces should also be designed with stress reduction in
mind. Comfortable seating, access to natural light, and aesthetically
pleasing surroundings can alleviate anxiety and foster a sense of
well-being for both patients and caregivers.

Psychological well-being thrives in environments that offer
spaces for relaxation, meditation, and emotional support.55 Archi-
tectural design should allocate areas within HSCT units and hema-
tology departments for these purposes. Quiet rooms or meditation
spaces can provide patients and caregivers with a refuge for solitude
and reflection. Such spaces should be designed with tranquility in
mind, incorporating elements like soft lighting5657, comfortable
seating, and minimal distractions. In addition to individual spaces,
support groups, and therapeutic interventions are essential. These
spaces should be flexible in design, accommodating various activi-
ties while maintaining a sense of warmth and comfort.

The integration of art and nature elements into architectural de-
sign can be a powerful tool for enhancing psychological well-being.
Artwork, whether in the form of paintings, sculptures, or installa-
tions, can serve as a source of inspiration and distraction during
challenging times. Nature elements, such as indoor gardens or views
of green spaces, bring the healing power of the outdoors into the
healthcare environment.58 Biophilic design principles, which con-
nect people with nature through design, can have a profound impact
on reducing stress and promoting emotional well-being. In conclu-
sion, the crucial role of architectural design in providing psycholog-
ical support and well-being within HSCT units and hematology de-
partments. By creating environments that reduce stress, offer
spaces for relaxation and emotional support, and incorporate art
and nature elements, healthcare facilities can significantly enhance
the overall experience of patients and caregivers.5960 These design
considerations not only contribute to improved mental health but
also complement the clinical care provided, ultimately fostering a
holistic approach to patient well-being in the context of hematopoi-
etic cell transplantation.
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In today's healthcare landscape, the integration of sustainable and
green design principles is no longer a mere trend but a pressing ne-
cessity. Section 7 delves into the significance of sustainability within
HSCT units and hematology departments, elucidating the profound
implications of architectural design on environmental responsibil-
ity and patient well-being. The healthcare sector, including HSCT
units and hematology departments, is a significant contributor to
environmental impacts, such as energy consumption, waste genera-
tion, and resource depletion. Recognizing this, healthcare facilities
are increasingly embracing sustainable practices to mitigate their
environmental footprint. Architectural design is a pivotal aspect of
this endeavor. Sustainable healthcare design not only reduces neg-
ative environmental effects but also aligns with the ethical and so-
cial responsibilities of healthcare organizations.61-64 By reducing en-
ergy consumption, conserving resources, and minimizing waste
generation, green design promotes environmental stewardship
while also contributing to cost savings.

The choice of building materials and energy systems holds im-
mense potential for sustainability within healthcare facilities. Archi-
tectural design should prioritize the use of sustainable building ma-
terials, such as recycled or renewable materials, low-emission fin-
ishes, and products with minimal environmental impact. Energy ef-
ficiency is another cornerstone of green design. The design should
incorporate energy-efficient lighting, heating, ventilation, and air
conditioning (HVAC) systems, which not only reduce operational
costs but also lower greenhouse gas emissions. Passive design strat-
egies, such as maximizing natural daylight and optimizing thermal
performance, can further enhance energy efficiency. Beyond its en-
vironmental benefits, green design has the potential to positively in-
fluence patient recovery and well-being. Numerous studies have
shown that access to natural light, views of greenery, and a connec-
tion to nature can accelerate healing, reduce stress, and improve pa-
tient satisfaction.65-68 Architectural design should capitalize on
these findings by incorporating biophilic design principles. These
principles aim to reconnect patients and healthcare providers with
nature through design elements like indoor gardens, green walls,
and nature-inspired artwork. In addition to enhancing patient re-
covery, biophilic design can also contribute to the psychological
well-being of staff and visitors.

There is an understanding that the critical role of sustainability
and green design within HSCT units and hematology departments.
By prioritizing sustainable building materials, energy-efficient sys-
tems, and biophilic design principles, healthcare facilities can not
only reduce their environmental impact but also enhance patient re-
covery and well-being. The integration of sustainability into archi-
tectural design aligns with the evolving expectations of healthcare
organizations and underscores the holistic approach required for
excellence in hematopoietic cell transplantation care.

The landscape of healthcare is in a perpetual state of evolution,
driven by scientific advancements, technological innovation, and
changing patient needs. Section 9 delves into the future directions
of architectural design within HSCT units and hematology depart-
ments. This section explores emerging trends, the integration of
technology and artificial intelligence, and the evolving role of tele-
medicine in design considerations. The field of healthcare architec-
ture is witnessing a paradigm shift in response to the evolving
healthcare landscape. Emerging trends indicate a shift toward pa-
tient-centric design, where architectural solutions are tailored to in-
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dividual patient needs. This includes the personalization of patient
rooms and the incorporation of flexible spaces that can adapt to
changing treatment modalities. Additionally, the concept of well-
ness-focused design is gaining prominence. Healthcare facilities are
exploring ways to create environments that promote overall well-
being, extending beyond the treatment of illness.69-71 Elements like
access to outdoor spaces, natural light, and spaces for physical ac-
tivity are becoming integral to architectural design.

The rapid advancement of technology and artificial intelligence
(Al) is poised to revolutionize healthcare architectural design.
Smart buildings equipped with [oT (Internet of Things) sensors can
monitor patient vital signs.”273, adjust environmental conditions,
and streamline facility management. Al algorithms can analyze data
from these sensors to predict and prevent equipment failures and
optimize resource utilization. Furthermore, telehealth and telemed-
icine are becoming integral components of healthcare design. Archi-
tectural considerations now extend to creating spaces that facilitate
remote consultations and virtual healthcare delivery. This includes
the integration of telemedicine equipment and the design of private,
secure spaces for virtual patient-provider interactions. Telemedi-
cine has proven its value, especially during the global pandemic, and
is expected to play an increasingly prominent role in healthcare de-
livery.7475 Architectural design must adapt to accommodate this
shift. Spaces within HSCT units and hematology departments should
be designed to support telehealth consultations, ensuring that pa-
tients have access to these services while maintaining privacy and
confidentiality. Furthermore, telemedicine design considerations
extend beyond patient spaces. Staff workstations and meeting
rooms should be equipped with the necessary technology and infra-
structure to facilitate remote consultations and collaborations with
colleagues and specialists.

To end with, the future directions of architectural design within
HSCT units and hematology departments. Emerging trends, the in-
tegration of technology and Al, and the expanding role of telemedi-
cine underscore the need for flexibility and adaptability in
healthcare architectural design. By embracing these evolving
trends, healthcare facilities can continue to provide high-quality
care while staying at the forefront of innovation in the field of hem-
atopoietic cell transplantation.

In the ever-evolving landscape of healthcare, the architectural de-
sign of HSCT units and hematology departments has emerged as a
dynamic and indispensable factor influencing patient outcomes,
healthcare quality, and environmental responsibility. This manu-
script has journeyed through the multifaceted aspects of architec-
tural design within these critical healthcare settings, underscoring
its pivotal role in shaping the future of HSCT care and beyond.
Throughout this exploration, it becomes abundantly clear that ar-
chitectural design transcends its conventional role as a functional
necessity. Instead, it emerges as an agent of profound transfor-
mation, capable of elevating the standards of care and the experi-
ences of patients, caregivers, and healthcare providers alike. Archi-
tectural design contributes to patient-centered care by creating en-
vironments that prioritize comfort, natural light, and privacy. It em-
powers infection control and cleanliness through meticulous plan-
ning and the integration of advanced ventilation systems. Workflow
efficiency is optimized by thoughtfully designed spaces that facili-
tate the delivery of timely care. Safety and emergency preparedness
are bolstered by design features that prioritize the well-being of all
occupants.

Furthermore, architectural design becomes a catalyst for psycho-
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logical support and well-being. By offering spaces for relaxation,
meditation, and emotional support, design fosters healing and min-
imizes the emotional burden of illness. The incorporation of art and
nature elements serves as a source of inspiration and solace during
challenging times. Sustainability and green design principles not
only reduce the environmental footprint of healthcare facilities but
also contribute to patient recovery and well-being. The future of ar-
chitectural design within HSCT units and hematology departments
is marked by emerging trends that emphasize patient-centricity,
wellness, and the integration of technology and telemedicine. The
achievements and future prospects outlined in this manuscript un-
derscore the imperative of collaboration among healthcare profes-
sionals, architects, and designers. This collective endeavor trans-
cends disciplinary boundaries and unites stakeholders in the com-
mon pursuit of optimal patient care. Healthcare professionals bring
their expertise in clinical care and patient needs, architects contrib-
ute their knowledge of design principles and functionality, and de-
signers infuse creativity and aesthetics into healthcare environ-
ments. Together, they form a synergistic alliance that has the poten-
tial to reshape the landscape of healthcare delivery.

As we stand at the precipice of a new era in healthcare architec-
ture, we are presented with a profound opportunity. By prioritizing
the architectural aspects of our medical facilities, we have the po-
tential to create environments that foster improved patient experi-
ences and successful hematopoietic cell transplantations.

This paper aims to serve as a testament to the transformative
power of architectural design within HSCT units and hematology de-
partments. It is a call to action for healthcare organizations, archi-
tects, designers, and policymakers to recognize the pivotal role of
design in healthcare and to prioritize the creation of environments
that support the well-being of all those touched by the intricate jour-
ney of hematopoietic cell transplantation. In conclusion, architec-
tural design is not a passive backdrop to healthcare but an active
participant in the journey towards better patient outcomes, en-
hanced healthcare quality, and environmental sustainability. As we
continue to advance in the field of healthcare, let us not overlook the
critical role that design plays in shaping the future of HSCT care and
the broader landscape of healthcare delivery.
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