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Hospital at home: from international evidence to a China—oriented pathway

building an integrated hospital-community—home model for respiratory
home hospitalization coordinated with cloud outpatient care, with evaluation

of clinical safety, environmental footprint, social benefit, and economic value

Bai Chunxue’, Song Yuanlin, Yang Dawei

Department of Pulmonary and Critical Care Medicine, Zhongshan Hospital, Fudan University, Shanghai 200032, China

[Abstract] Objective To synthesize the international evidence, implementation models, and barriers related to Hospital at
Home (HaH), and to propose a China—oriented pathway for respiratory HaH by integrating family bed services, internet hospitals,
internet—based medical services, Internet Plus Nursing Services, and community health services. Contemporary evidence suggests that
HaH has evolved beyond a simple substitute for inpatient admission and is increasingly understood as a composite model of hospital—
level acute care delivered outside the hospital through remote monitoring, virtual review, in—home nursing, home—based treatment, and
rapid escalation pathways. Methods This review draws on recent systematic reviews, randomized trials, real-world studies,
implementation research, and national and local policy documents. The analysis focuses on conceptual boundaries, the international
evidence base, key respiratory indications, digital infrastructure, nursing and community coordination, and multidimensional evaluation
across clinical safety, environmental footprint, social benefit, and economic value. Results Among appropriately selected patients, HaH
appears comparable or superior to conventional inpatient care with respect to mortality, readmission, patient experience, functional
recovery, and some cost-related outcomes. Respiratory conditions, particularly post—exacerbation management of chronic obstructive
pulmonary disease, home oxygen therapy, home noninvasive ventilation, post—pneumonia transitional care, and intensified post—
discharge follow—up, represent high—priority and operationally feasible scenarios for HaH. China already has several institutional
components relevant to HaH, including family bed services, internet hospitals, internet—based diagnosis and treatment, Internet Plus
Nursing Services, and community health services. However, these components remain only partially connected and require specialty—
led integration, digital coordination, nursing execution, and community continuity to form an operational, evaluable, and scalable
pathway. Environmental gains should not be assumed; instead, transport, hospital bed utilization, household energy use, consumables,
waste, and digital infrastructure should all be assessed within a full-pathway framework. Conclusions HaH has developed into a model
of hospital-level care outside the hospital that integrates remote monitoring, virtual rounds, in—home nursing, home-based treatment,
and rapid escalation and referral. For China, the key issue is not whether HaH is conceptually feasible, but how existing institutional
mechanisms can be reorganized into an integrated hospital -~ community — home pathway for respiratory care. Future implementation
should be evaluated across four domains: clinical safety, environmental footprint, social benefit, and economic value.

[Key Words] hospital at home; home hospitalization; respiratory disease; family bed services; internet hospital; Internet plus

nursing services; environmental footprint; social benefit; economic value

. in—hospital monitoring, yet still need relatively close
1 Introduction o ) . .
specialist review, medication adjustment, oxygen

Population ageing, multimorbidity , and support, nursing interventions, and symptom
increasing pressure on inpatient capacity are surveillance. At the same time, repeated hospital
challenging the sustainability of acute care models attendance and recurrent admissions increase bed
centered on physical hospital beds. Some patients in occupancy and system strain while also imposing
the acute or subacute phase no longer require intensive substantial transport, caregiving, productivity, and
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daily-life costs on patients and families '™,

Against this background, Hospital at Home
(HaH) has moved from an exploratory “substitute for
admission” model towards a broader reorganization of

[1,3,5-9] lis

hospital-level care delivered in the home
defining feature is not early discharge alone, but the
delivery of time-limited, proactive, and continuous
hospital-level care in the home through combinations
of remote monitoring, virtual wards, cloud-based
clinical orders, in—home nursing, home treatment,

1697 Recent

and escalation pathways' systematic
reviews and randomized trials suggest that, in
carefully selected populations, HaH can achieve
outcomes similar to or better than those of conventional
inpatient care with respect to mortality, readmission,

selected

patient  experience, and economic
[1,3-7
outcomes' 7,

Respiratory medicine is among the most

promising specialties for HaH implementation. Acute
exacerbation of chronic obstructive pulmonary disease
(COPD) , recovery after pneumonia, home oxygen
therapy, noninvasive ventilation, sleep—disordered
breathing device management, and supportive care
after lung cancer treatment all share features that make
them well suited to this model: a clear need for
intensified post—discharge management, measurable
home monitoring parameters, and high value from

specialty—led continuity of care """,
p y y

Importantly,
China is not developing HaH from an institutional
vacuum. Family bed services, internet hospitals,
internet—based diagnosis and treatment, Internet Plus
Nursing Services, and community health services
already provide a policy and organizational foundation
for out—of-hospital care'"®?"). The central question,
therefore, is not whether China can implement HaH,
but how these existing components can be integrated
into a locally feasible pathway led by specialists,
supported by digital platforms, operationalized through
nursing services, and sustained by community—based

continuity of care?",

This article reviews the conceptual basis,
international  evidence,  respiratory  application
scenarios, implementation requirements, and

evaluation framework of HaH, and proposes an

integrated hospital = community - home model for

respiratory home hospitalization coordinated with cloud
outpatient care, with the aim of informing future

Chinese practice and research" ™.
2 Main text

evolution and  terminological

The evolution of HaH

2.1 Conceptual
boundaries of Hospital at Home
reflects a broader shift in healthcare delivery from
location—based to capability—based models of care.
Earlier forms of HaH were typically framed as either
admission avoidance or early supported discharge,
with the principal aim of transferring selected patients
from hospital to home for time-limited treatment,
thereby reducing inpatient bed use, limiting hospital-
associated complications, and improving patient
experience'*'. The 2024 Cochrane update defined
admission avoidance hospital at home as the provision
of active hospital-level treatment at home for patients
who  would otherwise require acute

admission''’. More recently, the 2025 BMJ Open

scoping review argued that HaH should no longer be

inpatient

understood as a single substitution strategy, but rather
as a composite service model integrating remote
monitoring, virtual care, command platforms, in-
home nursing, home treatment, and rapid escalation
capability".

This shift is important because HaH should not be
defined solely by where care is delivered, but by what
level of care is delivered and how it is organized. What
determines whether HaH is truly present is not whether
the patient is physically at home, but whether

hospital-comparable assessment, treatment,
monitoring, risk recognition, and escalation support
can be delivered safely in that setting'* " A 2021
JAMA

hospital-at—home

systematic review and meta—analysis in

Network  Open  found  that

interventions for patients with chronic disease
presenting to emergency departments were associated
with outcomes comparable to or better than those of
inpatient care'®’. Randomized trials have also shown
that home hospital models may reduce overall costs,
increase physical activity, and improve aspects of
patient experience, while remote physician review can
be non-inferior to in—home physician review under

defined conditions™™’. Taken together, these findings
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support the view that HaH has evolved from an

extension  of  post—discharge support into a

reconfiguration of acute hospital-level care in the

home'"**

However, important variation remains in how
HaH is defined across studies and health systems,

limiting comparability and wider implementation''***".

The Cochrane

admission avoidance hospital at home,

framework  distinguishes between
in  which
patients who would otherwise be admitted receive
hospital-level care directly at home, and early
discharge hospital at home, in which patients are
discharged earlier after initial stabilization and
continue hospital-level care at home'''. The 2025 BMJ

Open review similarly highlighted the need for more

consistent definitions to improve both evidence
synthesis and policy translation'’.
Related terms include virtual ward, home

hospital, advanced care at home, and hospital-level
care at home" "', In many settings, virtual ward refers
primarily to remote surveillance, virtual review, and
platform coordination, and does not necessarily meet
the full threshold of hospital-level substitution'"*’. By
contrast, home hospital and hospital-level care at
home more explicitly imply relocation of key acute
home ™. A 2024

systematic review in BMC Medicine showed that many

inpatient functions into the

interventions labelled as virtual wards or hospital-at—

home are in fact complex multicomponent
interventions, and  that effectiveness  depends
substantially on whether they include in—home
execution,  continuous  monitoring, and  rapid

escalation capacity®’. In this article, HaH is therefore
defined in a relatively strict sense as a hospital-led,
time—-limited, hospital-level model of care delivered
in the home to patients who would otherwise require
admission or continued inpatient management, rather
general home

than routine teleconsultation or

nursing“'g'n_z“.

At the level of

overall feasibility, the evidence base for HaH is now

2.2  International evidence base

relatively mature''**'. The 2024 Cochrane review and
the 2021 JAMA Network Open systematic review both
concluded that, selected

among  appropriately

patients, HaH is a viable alternative to inpatient

admission and is at least non—inferior across several
major outcomes' . The 2025 BMJ Open scoping
review suggested that the field has now moved beyond
asking whether HaH can work, and towards more
practical questions concerning scale, standardization,
and implementation barriers'®’.

An important complementary review from npj
Digital Medicine further argues that HaH in the USA
has evolved from an admission—substitution model into
a digitally enabled acute care ecosystem that integrates
remote monitoring, virtual clinician review, home-
based services, and escalation capability, while also
underscoring that future scale—up depends on payment

operational standardization, and platform

integration**".

reform,

Randomized evidence has reinforced these
conclusions. In a 2020 trial published in Annals of
Internal Medicine, hospital-level care at home was
associated with lower total costs, greater physical
and a favorable trend in readmissions

care” A 2022
randomized trial in JAMA Network Open further found

activity,
compared with usual inpatient
that remote physician visits, within a home hospital
model, were non—inferior to in—home physician visits
with respect to safety and patient experience, though
this does not imply that in—person clinical capacity can
be eliminated®. A subsequent 2025 trial in rural
settings suggested that hospital-level care at home was
also feasible outside metropolitan environments and
was strongly preferred by patients, although delayed
initiation may reduce potential gains in cost and
readmission'”’. These findings underscore that timing of
initiation and pathway design may be as important as
the model itself.

Patient acceptance is generally favorable, but it

1'2,201

is not universa . A systematic review of reasons for

refusing hospital-at—home identified several recurrent

concerns, including safety of home-based care,

caregiver burden, unsuitability of the household

environment, and uncertainty about available hospital

20]

support' This suggests that HaH should not be

evaluated solely in terms of admission substitution or
health service outcomes. Patient preference, caregiver
experience, and home suitability should also be

considered central implementation and outcome
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domains'>?",

Implementation research has further shown that
current barriers to HaH are less often purely clinical
challenges

and increasingly organizational. Key

include identifying suitable patients, coordinating
multidisciplinary teams, ensuring efficient home—

based

supporting nursing practice, and establishing viable

service delivery, redesigning workflows,

2-3,8-9,20

reimbursement pathways' A 2025 commentary
in JAMA Network Open noted that attempts to scale
HaH beyond original research settings frequently
encounter questions about limited eligible population
size, inefficient cross—disciplinary home visiting, and
high dependence on local organizational capacity'™®. As
a result, robust clinical evidence alone is insufficient.
Sustainable HaH implementation also requires parallel
development of delivery models, quality assurance
systems, and payment mechanisms 1%,

Safe HaH depends

first on appropriate patient identification and risk

2.3  Core components of HaH

stratification. Suitable patients generally need to have
relatively stable or stabilizing conditions, vital signs
that can be monitored safely at home, manageable
comorbidity burden, a home environment compatible
with treatment delivery, available caregiving support,
adequate digital access, and a clear pathway for rapid
escalation when deterioration occurs"*'".  High
baseline risk does not necessarily preclude HaH, but
it does require greater monitoring intensity and lower
thresholds for hospital transfer. High—quality HaH
programmers are therefore likely to require a
combination of electronic prescreening, rule—based
triggers, and multidisciplinary clinical review, rather
than relying only on individual bedside judgment''*""',

Equally important, HaH should be understood
not as transferring the patient home alone, but as
transferring hospital-level functions into the home. A
mature HaH package should include remote physician
review, in—home nursing, medication management,
provision of intravenous or nebulized treatment when
indicated, vital sign monitoring, access to urgent
laboratory testing or imaging, 24/7 response to
abnormalities, escalation and referral pathways, and
training for patients and caregivers” ' Without

these core functions, the model is better described as

remote follow—up than hospital-level care at home ™",

Digital infrastructure is fundamental to HaH
rather than optional. Remote monitoring, virtual
review, data integration, and alert systems provide the
operational backbone for hospital-level care outside
the hospital. Reviews of home—based physiological
monitoring indicate that continuous or near—continuous
monitoring may improve safety, support decision

making, and facilitate earlier recognition of
deterioration, although alarm burden, technological
usability, and workflow integration remain important
limitations'. At a minimum, the digital platform for
HaH should include remote monitoring devices,
virtual review or cloud outpatient functionality, task
coordination systems, and rules for data return and
risk alerting. In China, the most natural institutional
vehicle for this digital infrastructure is the internet
medical  service

hospital and  internet—based

platform 2%,

A 2024 systematic review in npj Digital Medicine
examined 29 studies from 16 countries and found that
remote patient monitoring during transitions from
hospital to home showed positive effects on patient
adherence,

safety and improved mobility and

functional status, and a downward trend in

readmission, length of stay, outpatient visits, and

non-hospitalisation costs'**

. These findings reinforce
the view that digital monitoring is not a peripheral add-
on to HaH, but a core enabling infrastructure. In
parallel, a 2023 npj Digital Medicine review on
surgical home hospital programs suggested that remote
patient monitoring, risk prediction models, and
interoperable virtual platforms may help identify
patients better suited to home-based hospital-level
care and anticipate complications, indicating that Al-
enabled risk stratification may become increasingly
important as HaH expands across specialties ",

Among all operational elements, in—home

nursing and multidisciplinary  coordination  are

particularly decisive. Without in—home nursing, HaH
Without

continuity in

risks being reduced to telemonitoring.

multidisciplinary coordination,

medication adjustment, rehabilitation, nutrition,

symptom management, and caregiver support is

difficult to sustain. International experience therefore
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indicates that the central challenge is not only whether
clinicians can see patients remotely, but whether
hospital work can be reproduced safely and reliably in
the home[2-3.zo.23-24j.

2.4 Priority respiratory indications  Respiratory
medicine is one of the specialties in which HaH is
most likely to achieve early operational maturity.
Transitional care after acute exacerbation of COPD is
currently one of the best—supported scenarios. Previous
systematic reviews and Cochrane analyses have shown
that selected patients with COPD exacerbation may be
managed through early discharge or hospital-at—home
pathways with outcomes that are similar or superior to
those of inpatient care in relation to readmission,
quality of life, and patient preference " In
practice, this means that respiratory HaH may often be
most effective not as direct discharge from emergency

departments, but as early transfer to intensified home—

based  management following short inpatient
rehabilitation.
Home oxygen therapy, home noninvasive

ventilation, and remote ventilation follow—up provide a
critical capability base for respiratory HaH. Oxygen
therapy requires far more than equipment delivery; it
involves assessment of indications, titration of flow,
home safety education, adherence review, and
evaluation of therapeutic response. The American
Thoracic Society guideline on home oxygen therapy
provides a structured framework for these processes ™.
Noninvasive ventilation likewise requires attention to
timing of initiation, parameter adjustment, alarm
thresholds, adverse event surveillance, and remote
interpretation of usage data. In populations such as
obstructive sleep apnoea, obesity hypoventilation
syndrome, and COPD with hypercapnia, a pathway

combining devices, remote monitoring, and structured

cloud outpatient review is operationally
meaningful "7,
Pneumonia recovery and short-term post—

infectious support form another important transitional
category. Not all patients with pneumonia are suitable
for admission avoidance HaH, but a subset of patients
who are clinically stabilised yet still require oxygen
therapy, antimicrobial completion, and symptom

monitoring may be particularly suitable for intensified

home-based management*”’.

Such pathways may
reduce bed occupancy while maintaining continuity of
care.

Supportive care after lung cancer treatment is
another relevant application. Patients with lung cancer
frequently experience dyspnoea, nutritional decline,
pain, infection risk, and adherence challenges after
discharge. A combined HaH and cloud outpatient
model may strengthen outpatient symptom monitoring,
continuity  of reduce

improve supportive care,

avoidable hospital visits, and support earlier detection
of deterioration*"".

Respiratory HaH should also be framed not only
around acute safety, but around recovery and function.
For many patients, post—discharge outcomes are
influenced not only by medication continuation but
also by declining physical activity, poor rehabilitation
adherence, and functional deterioration. Incorporating
pulmonary rehabilitation, nutritional support, exercise
guidance, and symptom self-management into HaH
may therefore extend hospital-level care into the
recovery period in a clinically meaningful way''*'®’.

For respiratory medicine, a multidisciplinary
community respiratory team reported in npj Primary
Care Respiratory Medicine was associated with a
reduction in emergency admissions while managing
chronic respiratory illness at home with extensive use
of remote consultations, supporting the practical value
of an integrated hospital = community — home pathway
for respiratory HaH"*'. Looking further ahead, a 2025
Cell Biomaterials perspective proposed that COPD
home care may move beyond passive monitoring toward
continuous sensing, automated decision—making, and
closed—loop oxygen delivery, highlighting a possible
future direction for intelligent respiratory HaH"™'.

2.5 A China-oriented pathway: from parallel policy
China’ s

starting point for HaH is not the creation of an entirely

modules to an integrated specialty model

new service architecture, but the integration of
existing policy and care delivery components. In 2018,
national regulations formally established the policy
basis for internet—based diagnosis and treatment,
internet hospitals, and telemedicine. These regulations
emphasized that online care should be anchored to

physical medical institutions, with clear professional
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accountability and coordination between online and
offline service capacity®’.This policy architecture
suggests that China is not well suited to a purely
platform—based HaH model detached from hospitals.
Rather, it is more compatible with hospital-led care
pathways supported by digital platforms and delivered
into the home.

Within this architecture, Internet Plus Nursing
bridge.
National pilot policies launched in 2019 and expanded

Services provides a critical operational

in 2020 brought in—home nursing, digital scheduling,
and structured home—based interventions into a more
formal regulatory framework, particularly for older
adults, and people in

post—discharge patients,

rehabilitation' "

This is highly relevant to HaH
because procedures such as catheter care, dressing
changes, medication guidance, specimen collection,

health

recognition of deterioration depend on reliable nursing

rehabilitation  support, education,  and
execution in the home. Without such capacity, remote

monitoring alone cannot deliver hospital-level
treatment.

Shanghai offers a particularly relevant local
institutional interface. The 2025 Shanghai Standards
for Family Bed Services define family bed services as
standardised medical care provided in the home for
people who require continuous treatment but have

difficulty

because  of

genuine attending medical institutions

self-care limitations or impaired
mobility®*". The 2025 municipal health work plan also
calls for strengthening community inpatient services
and expanding family bed and home nursing support
for older adults under contracted care!®”. Together,
these policies suggest that family bed services in
Shanghai are moving from a narrow adjunct to chronic
care towards a broader platform capable of supporting
continuous medical care at home, which aligns closely
with the service logic of HaH.

China-oriented

From this perspective, the

pathway does mnot lie in replicating Western
organizational forms, but in integrating family bed
services, internet hospitals, internet—based diagnosis
and treatment, Internet Plus Nursing Services, and

community health services into a coordinated specialty

pathway rather than leaving them as separate policy

modules. In such a pathway, tertiary—hospital
specialty teams would be responsible for patient
identification, risk stratification, clinical planning,
and escalation decisions; internet hospital and cloud
outpatient  platforms  would  provide  digital
coordination, data return, and clinician — patient
communication; Internet Plus Nursing Services would
support in—home execution and selected treatment
tasks; community health services would provide
longer—term continuity, rehabilitation, and chronic
disease follow—up; and family bed services would
serve as the policy vehicle for time—limited continuous
treatment. This is not a simple administrative
aggregation of existing policies, but a functional
reorganization of service delivery within current
regulatory boundaries ™",

For respiratory medicine, this integrated pathway
is particularly practical. Home management of
respiratory disease depends not only on remote
consultation, but also on continuous physiological and
symptom data, oxygen and ventilation parameters,
education about equipment wuse, rehabilitation
support, and timely reporting of abnormalities. A
hospital = community — home closed loop can therefore
transform respiratory HaH from a fragmented digital
service into a specialty—led system of continuous care.
If this model is further combined with theoretical work
on metaverse medicine, new quality productive forces
in medicine, and medical GPT, it may also enable
broader use of digital twins, decision support,
intelligent interaction, and multimodal data integration
for patient education, risk prediction, and cross—
setting coordination ™%,

Recent regulatory commentary also suggests that
healthcare at home should not be understood as a mere
outward extension of devices, but as a system—level
issue involving interoperability, equitable access,
regulatory pathways, and service integration*®’. This
perspective is highly relevant to China, where the key
challenge is not the absence of isolated policy
modules, but how to connect hospital, community,
home, data, and payment mechanisms into an
operational continuum.

2.6  Multidimensional evaluation of value The most

frequently reported HaH outcomes remain mortality,
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readmission, and emergency department return, but
these metrics alone are insufficient to capture the full
value of the model. Randomized trials and systematic
reviews indicate that HaH can achieve comparable
results to inpatient care across several major
outcomes, and evidence of greater physical activity
suggests that functional recovery should be considered
alongside survival and readmission*”". For respiratory
patients in particular, hospital-free days, exercise
tolerance, rehabilitation adherence, symptom burden,
and quality of life may be more directly informative
indicators of whether patient—centred continuous care
has actually been achieved.

Environmental footprint is another important but
underdeveloped dimension. It is often assumed that
HaH is environmentally preferable because it reduces
inpatient stay and travel to hospital, but that
assumption is too simplistic. A 2024 commentary in
npj Digital Medicine argued that HaH may indeed offer
environmental benefits, but these need to be measured
rather than presumed'’.A meaningful assessment
should include at least six elements: reduced travel by
patients and family members, changes in hospital bed
and building energy wuse, increased household
electricity consumption, additional travel by visiting
staff, changes in consumables and packaging, and the
energy burden associated with digital devices and
platforms. Without a full-pathway and life-cycle
perspective, HaH may simply shift emissions from
hospital infrastructure to households and logistics
systems rather than reducing them overall*-?"",

A 2024 perspective in npj Digital Medicine
further cautioned that the environmental promise of
HaH should not be assumed a priori: transportation

household

waste

substitution, energy  consumption,

consumables, processing, and  digital
infrastructure all need to be incorporated into lifecycle
assessment before claims of greener care can be
made""”".

Social benefit is similarly more complex than
increased comfort alone. Implementation studies and
patient refusal reviews show that HaH may improve
patient preference and experience, but may also

redistribute  labor and burden to

households™ ",

caregiving

Social evaluation should therefore

include patient experience, caregiver burden, time
costs, productivity loss, service equity, and digital
inclusion. In China, this is particularly important for
older adults, people with disability, those with limited
digital literacy, and households with fewer resources.
If these dimensions are neglected, HaH may benefit
only relatively advantaged groups and fail to improve
a0

overall care equity

Economic value also requires a broader
perspective than simple hospital accounting. A 2025
economic analysis in JAMA Network Open suggested
that an all-virtual home-based acute care model may
be advantageous from the payer perspective, but not
necessarily from the provider perspective in the
absence of appropriate reimbursement mechanisms.
8 This highlights a central issue for HaH scale—up:
not only whether it saves money, but whose costs are
reduced, whose costs increase, and how payment is
aligned. A more useful framework would therefore
distinguish at least four economic perspectives: the
hospital, the payer, the household, and society. This
distinction is particularly relevant in China, where
narrow provider—side accounting could obscure gains
or burdens experienced by households in transport,
home—based

caregiving,  work absence, and

equipment use' "',

2.7 Implementation barriers and future priorities
Despite growing evidence for safety and feasibility,
several barriers continue to limit broader adoption of
HaH. The first is patient selection and the definition of
safety boundaries. Decisions about who should be
enrolled, when HaH should start, and when escalation
back to hospital is required are central to both safety
and scalability. Overly broad inclusion may increase
risk, whereas overly conservative selection may reduce
the size and impact of the eligible population'' ',

The second major barrier is caregiver support and
the digital divide. Many patients do not object to home—
based care in principle, but are uncertain whether
their ~ household can  manage the additional
responsibilities it creates. Limited digital literacy,
constrained caregiver time, restricted home space,
complex equipment, and uncertainty about how to
undermine

respond to deterioration may all

implementation' > Future HaH pathways therefore
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need to incorporate caregiver training, home

suitability — assessment, user—centred technology
design, and tailored support for patients and families
with limited digital capability.

The third barrier concerns payment and
regulation. International experience suggests that HaH
moves from innovation to routine service only when
reimbursement systems are able to recognise and fund
hospital-level care delivered outside hospital walls.
China already has regulatory foundations in internet
medical care, Internet Plus Nursing Services, and
local family bed arrangements, but has not yet
established a unified reimbursement framework for

HaH as a defined model of care ™

J.In the near term,
specialty—based pilots built on existing family bed,
internet hospital, and nursing service mechanisms
may therefore be more realistic than immediate
national roll-out. Such pilots should generate evidence
not only on clinical outcomes, but also on payment
design, quality assurance, and cost allocation.

Future research should focus on at least six
priorities: pragmatic large—scale trials to improve
external validity; standardised reporting frameworks to
improve comparability Al-assisted patient
identification and risk stratification; standardised life—
cycle assessment of environmental footprint; family—
friendly pathway design with explicit caregiver
support; and real-world implementation and payment
studies adapted to Chinese institutional conditions.
The 2025 BMJ Open scoping review highlighted
precisely these evidence gaps, making them especially
relevant for future respiratory HaH research in
China"*"2",

At the same time, the digitalization of HaH
creates new safety and governance requirements. A
2024 scenario analysis in npj Digital Medicine showed
that a ransomware attack on a HaH platform could
disrupt monitoring continuity, clinical response, and
service reliability, implying that cybersecurity and
digital resilience should be treated as core quality
domains rather than technical afterthoughts™'. In
addition, a 2026 observational study of a virtual
hospital model for low back pain found no significant

reduction in admissions but did report fewer 30-day

emergency department re—presentations and better

physical function, suggesting that newer virtual
hospital models may create value even when full

admission substitution is not achieved .
3 Conclusion

Hospital at Home has evolved from a narrow
substitute for admission into a broader model of
hospital-level care outside the hospital, combining
remote monitoring, virtual review, in—home nursing,
home-based treatment, and rapid escalation pathways.
For carefully selected patients, available evidence
supports its overall feasibility in terms of clinical
safety, patient experience, and selected resource—use
outcomes. Respiratory medicine, given its measurable
home monitoring parameters, relatively established
foundation in home oxygen and ventilation, and strong
need for post—discharge intensification, is well
positioned to serve as a priority field for HaH
development in China''*7'""",

For China, the central issue is not whether HaH
is theoretically possible, but how existing institutional
components—family bed services, internet hospitals,
internet—based diagnosis and treatment, Internet Plus
Nursing Services, and community health services—
can be reorganised into an integrated hospital -
community ~ home pathway for specialty—led
continuous care. HaH should not be judged solely by
readmission rates or headline costs. Its longer—term
value will depend on concurrent evaluation of clinical
safety, environmental footprint, social benefit, and
economic value. Only through such a multidimensional
framework can HaH move from isolated pilots to
standardised, scalable, and institutionally sustainable
practice, and become a meaningful direction for the
transformation of respiratory continuous care in

China'*?"
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[Abstract] To systematically summarize the major challenges in developing medical GPT systems and, with reference to recent
international reviews, evaluation frameworks, ethical and regulatory guidance, as well as Prof Chunxue Bai’s BAIMGPT White Paper,
to outline practical solutions for translating large language models into clinically usable systems. Recent high—impact systematic
reviews, methodological studies, real-world workflow evaluations, and governance guidance were synthesized to examine the main
issues in medical GPT development, including factual reliability, knowledge updating, data governance, multimodal integration,
workflow adaptation, explainability, bias, fairness, and accountability. Current evidence indicates that the bottlenecks of medical GPT
go well beyond imperfect accuracy. Major challenges include hallucinations and factual inconsistency, limited ability to absorb newly
updated medical knowledge, heterogeneous clinical data and unstable labels, insufficient support for multimodal decision—making,
weak adaptation to real-world workflows, incomplete explainability and accountability, and concerns regarding bias, fairness, and
ethics. Current LLMs remain sensitive to information order and quantity and are not ready for autonomous clinical decision-making.
The mission of medical GPT development is not simply to improve language generation, but to transform large models into trustworthy
medical intelligence systems with reliable knowledge, workflow compatibility, traceability, and governance readiness. At present,

medical GPT should be positioned as a tool for cognitive augmentation and workflow support rather than a substitute for clinical
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Liquid life and digital fence: governance dilemma and paradigm reconstruction of metaverse health data

Gao Chengshi'”, Cheng Yuanjun®
1. Anhui Zhangu Technology Co., Ltd., Chizhou 247100, Anhui, China
2. Department of Thoracic and Cardiac Surgery, Chizhou People’s Hospital, Chizhou 247000, Anhui, China
[Abstract] The deep integration of the metaverse and digital healthcare is fundamentally reshaping the nature of health data.

Traditional electronic health records (EHRs), characterized as discrete, event—driven "solid records,"

are evolving into "digital life
streams"—continuously generated, cross—platform flowing, and algorithmically reconfigured data processes. This ontological shift poses
profound challenges to existing data governance frameworks. On one hand, the heightened fluidity of data renders traditional privacy
mechanisms, which rely on clear data boundaries, increasingly ineffective. On the other hand, dominant platforms are
"reterritorializing" this fluid data through technical standards, protocols, and hardware monopolies, thereby constructing novel power
structures that extend from the software layer to the hardware layer. Employing "liquefaction" and "reterritorialization" as core
analytical lenses, this paper systematically investigates the structural dilemmas of health data governance in the metaverse. It poses
three central research questions: (1) How does the emergence of "digital life streams" alter the foundational premises of data
governance; (2) How does the dialectic between liquefaction and reterritorialization shape the power dynamics of health data; (3) In the
face of this dual movement, what form should a new governance paradigm take through a critical analysis of technological solutions
(federated learning, zero—knowledge proofs, trusted execution environments), legal-regulatory models (GDPR, HIPAA), and market—
based mechanisms—examined across five dimensions: power distribution, economic equity, value choices, accountability, and digital

sovereignty—this paper reveals the inherent limitations of single-pronged governance approaches in addressing a highly dynamic data
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ecosystem. Building on this critique, the paper proposes a relational data governance paradigm and constructs a multi-level framework
integrating micro—level technological architecture (privacy by default, interoperability standards, explainable algorithms), meso—level
institutional innovations (data trusts, digital commons, participatory auditing), and macro—level legal reforms (digital personality rights,
digital gatekeeper regulation, global minimum standards). This framework moves from "data ownership" to "data relational rights" and
supplements "individual privacy protection" with "collective digital well-being," achieving a dual conceptual elevation. It further
embeds operational mechanisms such as the "four elements" of data trusts (trustee composition, decision—making, benefit distribution,
supervision) and Ostrom’s eight principles for governing digital commons. Drawing on case studies including the Apple Health
ecosystem, VR psychotherapy platforms, and the European Health Data Space (EHDS), the paper offers both theoretical integration and

policy references for the governance of health data in the metaverse.
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Al-enabled digital pathology and molecular testing
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[Abstract] With the rapid evolution of precision oncology, particularly in non—small cell lung cancer (NSCLC), therapeutic
decision—-making is increasingly shaped by histologic subtype, driver alterations, immune biomarkers, and minimal residual disease
(MRD). Under this paradigm, conventional pathology based solely on morphologic interpretation is no longer sufficient for modern
clinical needs. The integration of artificial intelligence (AI) and digital pathology has transformed whole—slide imaging (WSI) from
static glass slides into computable, sharable, and traceable data objects, enabling automated tumor region detection, histologic
classification, tumor cell proportion estimation, PD—L1 quantification, tumor microenvironment analysis, and even prediction of
potential molecular phenotypes. In parallel, molecular testing has expanded from a limited number of actionable genes to broad
multigene panels, while liquid biopsy and circulating tumor DNA (ctDNA) provide complementary options for molecular profiling when
tissue is limited. MRD monitoring further shifts lung cancer management from one-time pretreatment stratification toward dynamic

peri—treatment risk assessment. This review systematically summarizes the roles of Al-assisted pathology interpretation, the integration
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of driver mutations with PD-L1, TMB, ctDNA and MRD, the coupling of digital pathology with molecular subtyping, the importance of

data standardization in precision medicine, and the major barriers to clinical translation, including insufficient external validation,

platform heterogeneity, limited interpretability, regulatory concerns, and fragmented workflows. We argue that the true value of Al-

enabled digital pathology and molecular testing lies not merely in improving the accuracy or efficiency of individual diagnostic steps,

but in establishing an intelligent companion diagnostic system spanning the entire continuum of lung cancer care. Such a system can

continuously integrate pathology, molecular profiling, liquid biopsy, MRD surveillance, and clinical decision—making. Looking forward,

the field is expected to evolve from single—task algorithms to multimodal foundation models, from static companion diagnostics to

dynamic companion diagnostics, and from isolated laboratory tools to regionalized, platform—based intelligent ecosystems, ultimately

promoting data—driven precision lung cancer care.

[Key Words] lung cancer; digital pathology; artificial intelligence; molecular testing; companion diagnostics
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[Abstract] This paper addresses the full-cycle medical education system that integrates "undergraduate medical education—
postgraduate medical education—continuing medical education." It proposes the design and development approach of the "Huisheng
Intelligent Education" metaverse platform to address current challenges, including outdated educational resources, unequal clinical
practice opportunities, the tension between standardized training and personalized development, and fragmented management across
different stages. The platform leverages extended reality and artificial intelligence as core technologies to construct four key
components: a medical knowledge ecosystem, virtual teaching scenarios, a comprehensive teaching intelligence system, and a full-
cycle teaching management hub. These components form a closed—loop path for knowledge delivery, situational training, process
tracing, assessment and feedback, personalized guidance, and governance improvement. The early practice example is the metaverse—
based multi-disciplinary team (MDT) teaching unit for difficult—to—diagnose pulmonary nodules, aimed at training residents in image
interpretation, risk stratification, consensus formation, and doctor—patient communication. It supports synchronized participation of
residents from both Shanghai and Xiamen hospitals in the same virtual space, providing consistent teaching and review, thus laying the
foundation for subsequent objective evaluations and scalable implementation.
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The metaverse revolution in neurological education: technical infrastructure, clinical applications, and educational efficacy
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[Abstract] In the context of medical education transformation in the 21st century, neurology and neurosurgery education face
multiple structural challenges, including complex neuroanatomy, scarcity of cadaveric specimens, and stringent safety requirements.
Through systematic literature review and theoretical modeling, this study explores the current application status, technical
infrastructure, and educational efficacy of Metaverse technology in this field. A four—layer analytical framework comprising the
"Infrastructure Layer, Cognitive Layer, Clinical Decision—making Layer, and Ethical Governance Layer" was constructed to
systematically analyze key technologies such as Head—Mounted Displays (HMD), haptic feedback, and digital twins. Empirical
evidence demonstrates that Metaverse technology effectively reconstructs spatial cognition, showing significant advantages in
enhancing spatial reasoning in neuroanatomy, clinical thinking training via Virtual Standardized Patients (VSP), and stroke team
collaboration simulations. However, challenges such as cybersickness, insufficient haptic fidelity, and data privacy ethics remain
bottlenecks for large—scale adoption. The Metaverse is best characterized as a "progressive enhancement tool" for traditional
neurological education rather than a complete replacement. Future research should focus on multi—center prospective studies to verify
its long—term impact on real-world clinical performance.
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[Abstract] Objective To systematically review recent advances in artificial intelligence (Al) and multimodal fusion for
differentiating benign from malignant pulmonary nodules, with a focus on the theoretical basis, key technologies, clinical utility, and

practical boundaries of integrated decision—making based on imaging, clinical data, and blood-based biomarkers. Methods

International guidelines for pulmonary nodule management, classic risk prediction models, recent Al-based imaging studies, multi—
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omics and liquid biopsy studies, and methodological consensus documents were reviewed. Evidence was synthesized from six
perspectives: the significance of multimodal assessment, integration of imaging and clinical variables, synergistic value of blood
biomarkers including ¢ctDNA and circulating genetically abnormal cells (CAC), clinical potential of multimodal models, the boundary
between decision support and decision replacement, and current challenges with possible solutions. Results  Current pulmonary
nodule management still relies primarily on nodule size, volume, density, margin characteristics, growth dynamics, and conventional
clinical risk factors such as age, smoking history, and prior malignancy, under the framework of established guidelines and prediction
models. However, in subcentimeter nodules, subsolid nodules, multiple nodules, inflammation—related nodules, and intermediate—risk
nodules, single—modality imaging features and conventional models remain inadequate in calibration and net clinical benefit. Al-based
radiomics, deep learning, and multimodal machine learning can extract high—dimensional CT features beyond human visual recognition
and improve risk stratification when combined with clinical variables. Meanwhile, liquid biopsy approaches, including ¢fDNA/ctDNA
methylation, fragmentomics, CAC, and proteomic classifiers, provide additional molecular and cellular evidence for intermediate—risk
nodules, thereby helping reduce unnecessary invasive procedures and accelerating precision diagnosis in truly high-risk cases.
Nevertheless, real-world implementation remains limited by data heterogeneity, insufficient external validation, lack of assay
standardization, high—dimensional low—sample—size issues, and regulatory and reimbursement barriers. Conclusion The differential
diagnosis of pulmonary nodules is evolving from single-modality imaging judgment toward multimodal integrated decision—making
based on imaging, clinical data, and biomarkers. At the current stage, Al should be positioned as a decision—support tool rather than a
decision—replacement tool. Future practice-changing systems will likely be prospectively validated, interpretable, auditable, guideline—
concordant multimodal platforms that can be seamlessly embedded into pulmonary nodule clinics and multidisciplinary workflows.
[Key Words] pulmonary nodule; artificial intelligence; multimodal fusion; radiomics; deep learning; ¢fDNA methylation;

circulating genetically abnormal cells; proteomics; decision support
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Deep learning-assisted fine assessment of pulmonary nodule images
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1. Department of Respiratory and Critical Care Medicine, Zhongshan Hospital, Fudan University; Shanghai Center for Respiratory
Internet of Things Medical Engineering Technology; Shanghai Respiratory Research Institute; Shanghai 200032, China
2. School of Information Science and Engineering, East China University of Science and Technology, Shanghai 200237, China
[Abstract] With the increasing adoption of low—dose computed tomography (LDCT) screening and the widespread use of chest
CT in health examinations, chronic disease management, and multidisciplinary care, the detection rate of pulmonary nodules has risen
substantially. Accordingly, the focus of pulmonary nodule management has shifted from simple lesion detection to refined evaluation,
risk stratification, and longitudinal follow—up. Traditional radiologic assessment mainly relies on nodule diameter, density, margin
characteristics, and interval growth. Although these approaches remain clinically valuable, they are limited by interobserver variability,
suboptimal reproducibility, and difficulty in longitudinal comparison, especially in small nodules, juxta—vascular nodules, pleural—-
based nodules, subsolid nodules, and multiple nodules. Deep learning can automatically extract multi-scale imaging representations
from two—dimensional, three—=dimensional, and longitudinal CT data. In recent years, it has been widely applied to pulmonary nodule
detection, precise segmentation, phenotypic characterization, malignancy risk prediction, dynamic follow—up, and progression
forecasting. This review summarizes the clinical basis of refined pulmonary nodule imaging assessment and the current management
framework, and systematically discusses recent advances in deep learning for nodule detection and segmentation, radiologic phenotype
characterization, malignancy risk stratification, longitudinal follow—up, and clinical translation. In addition, based on the Fleischner
Society guidelines, ACR Lung—RADS, BTS guideline, and recent consensus statements on subsolid nodules, this review analyzes the
major barriers to real-world implementation, including insufficient external validation, heterogeneity of reference standards, limited
interpretability, poor probability calibration, and incomplete workflow integration.
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