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ABSTRACT 
Traditional hub-and-spoke rural healthcare delivery models face 

persistent challenges in providing timely and equitable access to specialty 

services. Digital technologies serve an increasingly critical role in mitigating 

access and capacity constraints by extending the virtual reach of tertiary 

care centers. A modernized hub-and-spoke design utilizes many forms of 

digital tools with a diverse range of technological interventions. The goal 

of this narrative review is to provide a framework for understanding the 

role and supporting evidence of digital technologies in specialized care in 

rural regions. We break these digital support tools into three functional 

groups: 1) real-time monitoring applications including artificial intelligence-

based analytics and population-level tools, 2) connected solutions including 

telemedicine and cloud-connected medical devices, and 3) supportive 

technologies such as augmented image interpretation, decision support and 

documentation.   These technologies collectively expand the capabilities of 

healthcare providers to treat acutely ill patients outside of tertiary care 

centers, enable access to services otherwise unavailable in resource-limited 

settings, and reduce barriers to maximizing the impact of care capabilities 

in rural communities. By leveraging a spectrum of digital tools that 

streamline communication and knowledge sharing, healthcare systems can 

potentially achieve the quadruple aims of improving patient care, value 

and sustainability, while supporting equitable access and the well-being of 

the healthcare workforce. 
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Introduction 
In 1972 Avedis Donabedian wrote, “The proof of access 

is use of service, not simply the presence of a facility…”1 

He was referencing the complex overlap of the 

infrastructure and resources necessary to offer a medical 

service and the overlay of a patient’s relationship with 

the healthcare services with their ability to engage with 

the services offered.2 For example, if a patient presents 

to a rural hospital, and the emergency department 

attempts to transfer them for specialty care but an 

ambulance is unavailable, or the patient is too unstable 

to transfer, then it is hard to say that patient truly has 

access to the services in the tertiary care hospital. 

Disparities in access to healthcare are widening as 

resources such as broadband internet add layers to the 

types of access available to some people and not others3. 

This review focuses on models and policies in the United 

States, however the same access limitations exist world 

wide and often share many similar features. For purposes 

of maintaining a focused scope, this review will be limited 

to the acute care setting. There is  significant overlap in 

this work related to preventative care, chronic disease 

management, primary care, and outpatient specialty 

service access.  

 

Measuring this complex concept of access has been 

studied for years including process indicators such as the 

volume of visits or procedures, and outcome measures 

including cost, mortality, and equity in access to care 

across patient populations. 4, 5 Patients living in rural 

regions are more likely to be able to access a primary 

care provider than a specialist. 6 Yet, limited access to 

specialists has been linked to preventable 

hospitalizations and mortality.7-9  In the United States, the 

limited access to specialty care and gaps in technology 

are among the reasons that rural-urban disparities are a 

priority for the Centers for Medicare and Medicaid 

Services (CMS). There have been several published 

reports in the last decade focusing on measuring and 

improving these inequities. 10-12 Critical Access Hospital 

(CAH) is a special designation within the United States to 

reduce the financial vulnerability of small rural hospitals. 

There is evidence that at CAHS’s there are both fewer 

resources and worse measures of quality than at tertiary 

care centers, highlighting the need to find ways to 

augment the CAH and rural hospital ability to effectively 

serve the rural patient population. 13 

 

There are trends across the United States and elsewhere 

for healthcare services to consolidate into urban centers, 

leaving many rural regions without specialist services. 10 

Theis evidence shows benefit from concentrating 

specialization for many clinical services in regional 

hospitals, but this requires that rural patients be 

transferred great distances  to receive specialist care.14 

The improved outcomes at centralized, or regional, 

specialty centers is referred to as the “volume-quality” or 

“volume-outcome” relationship and can suggest that 

concentrating specialization in high volume centers 

improves patient outcomes. 15-17 This has been 

demonstrated repeatedly across conditions such as 

stroke, trauma, respiratory failure, and other. However, 

one drawback of evaluating outcomes based on hospital 

level data is that this can fail to account for the scenario 

in which a patient, at a rural hospital, is either too 

unstable for a transfer, or is unable to access the tertiary 

site due to environmental constraints such as weather, 

hospital capacity, or EMS availability, contribute to worse 

outcomes.18 In these instances the better option for that 

individual patient may well have been a more distributed 

service network, even though outcomes appear better at 

large volume centers.19 Further, consolidation of 

healthcare systems may be motivated by integration of 

service to improve outcomes, but may also occur when 

there are financial pressures. There is a difference 

between reducing coverage of specialists in rural regions, 

and development of integrated care networks where 

specialists assume a duty to the rural communities in their 

region. Consolidation without service integration is less 

likely to benefit patients than intentional service line 

optimization.20  It is imperative to balance the benefits a 

patient may receive from treatment at high volume 

centers, by experienced specialists, with the cost and 

practicality constraints of distributing all specialties into 

rural areas. The following outline is meant to characterize 

just some of the available evidence for how specialized 

skills can be brought to rural patients in their community 

hospitals.  

 

Methods: 
A structured literature search was performed on PubMed 

utilizing the following search terms: “digital health”, 

“telemedicine”, “telehealth”, “remote monitoring”, “rural 

health”, and “specialty care.” Studies were appraised 

based on relevance, methodological rigor and 

contribution to the understanding of how digital 

technologies influence rural healthcare delivery models.   

 

1. REALTIME MONITORING APPLICATIONS  

Realtime technologies provide in-the-moment patient 

data to a clinician who is not necessarily present at the 

bedside. In particular, when patient monitoring is 

augmented by artificial intelligence (AI) a clinician can be 

prompted to respond to data that otherwise may not 

have been continuously monitored, or can serve a much 

larger patient volume than had they been required to 

monitor continuous data for each individual patient. Here 

we present several examples of a growing body of 

monitoring technologies to extend the reach of specialists 

into rural communities and hospitals. 

 

Radiologists were some of the earliest investigators of 

potential applications of artificial intelligence to optimize 

ordering practices, triage screening exam review, reduce 

the image acquisition time.21 Using AI tools has been 

shown to improve accuracy in chest radiograph 

interpretation up to 10% and has reduced the workload 

of mammography screening by more than 33%. 22 23 As 

AI tools have improved the evidence is growing for 

standardized and evidence based applications of these 



A Narrative Review of Digital Strategies in Rural Healthcare Delivery Models 

© 2025 European Society of Medicine 3 

tools. The nature of radiology is such that there is a rich 

source of digital data including oncologic, infectious, and 

procedural guidance feature.21 The practice of remote 

image review pre-dated the AI augmented image review 

and likely served to support an adoption of technology 

that enhances the remote patient care efficiency, as 

opposed to use in specialties which have traditionally 

been practiced at the bedside.  

 

Remote cardiac monitoring with implantable cardiac 

devices such as permanent pacemakers (PPMs) and 

automatic implanted defibrillators (AIDs) have existed for 

decades and are now available with wireless cloud-

based connections. 24, 25 When automated daily event 

monitoring was paired with standard care the remote 

monitoring outperformed standard care alone with a 

30% reduction in a combined endpoint of hospitalization, 

all cause mortality, or clinical decline. 26 In particular this 

serves rural communities when the patient is prompted to 

connect with their physician early. 27 Barriers such as long 

commute times, inclement weather, and transportation 

costs can reduce likelihood of rural patients seeking early 

care, and when remote monitoring promotes phone 

conversations rather than hospitalization patients may be 

more likely to adjust treatments or avoid complications. 

 

Real-time Patient Monitoring (RPM) in cardiac devices 

have primarily been evaluated in patients in homes, but 

technologies also exist which serve to support community 

hospitals in expanding their capabilities. This can offer 

much the same benefit in terms of reducing capacity 

constraints in tertiary centers but has the added benefit 

of supporting the financial stability of community 

hospitals, many of which operate just above the threshold 

of sustainability. 28  

 

Very similar to the electrical cardiac signals, the electrical 

signals of brain function can be interpreted by AI tools. 

The rapid electroencephalography (EEG) AI based 

“Clarity” algorithm allows for the automated detection 

and diagnosis of status epilepticus (SE) using a headband 

which can be placed by a bedside nurse without the need 

for dedicated EEG technician.29 30 This tool was 

demonstrated to be 100% sensitive and 92% specific in 

detection of SE.31 Because of this high level of accuracy 

it has been used to change management in up to 53% of 

patients, expedites disposition in 21% of cases, reduce 

need to transfer a patient to a tertiary care center. 

Implementation of this bedside testing device has been 

demonstrated to improve utilization of this testing in 

community sites, suggesting that rural patients were being 

under tested compared to their urban counterparts.32 The 

same tool was deployed in academic centers resulting in 

shorter wait from time of ordering to time of monitoring.  

 

The potential value of remote monitoring systems also 

expands beyond physician roles. For example, 

pharmacist review of medications during a hospital 

admission has been shown to reduce the incidence of drug 

interactions or erroneous prescribing. 33 Levinen et al use 

AI based decision support to reduce drug related 

problems from 15.3% in high risk medications and 2.8% 

in low risk medications. 34 With the advent of natural 

language processing (NLP) and optical character 

recognition (OCR) there is an opportunity to expand this 

service to locations which do not have in-house 

pharmacists around the clock. 35  

 

2. FACILITATED COMMUNICATION 

Real-time video-based telemedicine skyrocketed during 

the COVID-19 pandemic and is proving sustainable in 

rural settings to reduce disparities in access to care.36  

 

In the emergency setting, telemedicine has demonstrated 

benefit in both the prehospital and ED epochs of care. 

Tele-Emergency Medical Services (EMS) provides a 

means for advanced video-enhanced medical direction 

to bolster interventions of first responders in the field. 
37Tele-Emergency Medicine (EM) has been used to 

augment a rural emergency provider workforce to 

support time-sensitive and complex decision-making 38, 

such as in stroke, trauma, and critical illness. Tele-

guidance applications are available for bedside 

procedures such as endotracheal intubation and point-of-

care ultrasound and are marketed as quality 

assurance/improvement and precepting tools.  These 

programs have been shown to elevate the standard of 

care delivered in resource-limited settings while 

potentially avoiding unnecessary transfers. 39Moreover, 

when used in a rural hub and spoke network without EM 

trained physicians in all rural spoke sites, the use of Tele-

EM was associated with a 31% reduction in total annual 

ED costs. 40 

 

In rural hospital settings with limited access to tertiary 

care, Tele-Intensive Care and Tele-Specialty Consultation 

has provided a virtual means to connect high-level 

expertise to settings where these services would 

otherwise be unavailable. Tele-ICU has demonstrated 

efficacy in bridging care for critically ill patients and 

obviating the need for transfer altogether in some 

instances. Tele-intensivists have been shown to improve 

compliance with standards of care and reduce mortality; 

their involvement may identify the need for a transfer 

rather than avoid it. 41, 42 This is evidence that when 

evaluating the value or impact of a service there must be 

a more comprehensive evaluation than simply the number 

of transfers or the revenue from fee-for-service.  

 

For highly specialized fields such as neurology, there 

remain widespread provider deserts across much of the 

rural US and globally. 43 44 However, timely access to 

neurological expertise has been shown to correlate to 

improved outcomes for patients with acute ischemic 

stroke. Tele-stroke services are associated with lower 30-

day mortality and improved health outcomes. 45 

Neurology is just one of several specialties that are able 

to directly improve rural care delivery thanks to virtual 

solutions.  As stated previously this depends both on the 

technological infrastructure, such as broadband internet 

access, and on the collaboration between the rural and 

specialty centers. This collaboration may also have 
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impact in instances where technology is less available or 

necessary.    
 

3. COLLABORATION AND SYSTEM INTEGRATION: 

Traditional hub and spoke models include many elements 

with significant value even with low, or no, need for 

technology at all. For example, integrated care networks 

have been utilized in stroke, trauma, and cancer care 

models. Some of these networks operate in formal 

referral structures and shared electronic health record 

(EHR) systems, others form networks strictly by referral 

practices and form nodes of influence through capacity 

or treatment capabilities.  46  
 

In the United States there is a formalized definition of 

trauma center designations based on the available 

services, volume of high acuity traumas, and regional 

leadership. Part of the level 1 trauma designation is an 

obligation to serve as the regional referral center and to 

support smaller regional hospitals as the accepting center 

when a trauma exceeds their management capabilities. 
47 Due to this formalized regional partnership and 

standardized reporting structures there is a growing 

body of evidence for the disposition and outcomes for 

trauma patients transferred into regional referral 

centers. When a patient is transferred to a regional 

referral center, and is then identified to have had injuries 

which may not have required any services that were 

unavailable at the originating site this is termed 

“secondary over triage.” 48 Secondary over triage has 

been identified as a contributing factor in unnecessary 

resource utilization, unnecessary use of emergency 

medical services (EMS) transfers, and patient/family 

dissatisfier when a patient is unnecessarily moved far 

from their community.  To address this there has been 

work to establish which groups of patients may be low 

enough risk to remain in community hospitals despite 

significant traumatic injuries. 
 

The modified Brain Injury Guidelines (mBIG) are a set of 

radiologic and clinical criteria used to risk stratify 

patients with traumatic intracranial hemorrhage. In the 

lowest risk category, mBIG-1, published studies have 

demonstrated that patients are able to safely remain in 

their community hospitals without deterioration or need 

for invasive procedures. 49 This has been successfully 

implemented in rural and urban hospital partnerships to 

both reduce unnecessary transfers and to improve 

consistency in risk stratifying traumatic intracranial 

bleeding.  49, 50  
 

Just as there are regional trauma centers one can imagine  

regional specialty centers for many medical conditions. In 

such a model, not all patients would necessarily require 

transfer, however shared guidelines on testing, treatment, 

and transfer could offer opportunities for standardizing 

care and improving resource utilization. For example, 

asthma related rates of emergency department visits, 

hospitalization, and healthcare costs were significantly 

reduced in Asheville, North Carolina, USA, after “The 

Asheville Project” was implemented. 51 This project was 

focused on coordinating care between academic medical 

institutions, creating partnerships with community 

organizations to promote learning opportunities, and 

recruiting a local workforce to support evidence-based 

treatment for patients with chronic respiratory disease. 51  

 

Clinical decision support (CDS) is a broad term which can 

encompass access to medical guidelines, EHR integrated 

prompting tools, and advanced AI based proscriptive 

medical guidance. As AI and EHR capabilities grow there 

may be more advanced CDS available. The wide range 

of tools available makes CDS an appealing solution to 

many clinical challenges. However, success of any CDS 

system depends on the implementation and culture of 

adaptation. 52 In one study, Stevensen et al deployed a 

powerful CDS tool for antimicrobial management in 5 

rural hospitals. While the tool overall was impactful data 

review demonstrated wide variability in impact, which 

was identified to be primarily driven by the organization 

and implementation of the tool. 52 Just as in the 1972 

quote from Donabedian, the availability of a tool does 

not mean that there is true access to this value unless users 

know when and how to use it, and have the right 

incentives to seek it out. 

 

While the scope of this review is largely limited to acute 

care settings we would be remiss to neglect noting the 

impact that preventative care and shared EHR 

communications can have in ensuring continuity of care, 

social support services, and symptom management. 

Further research and documentation of these services 

would be a valuable addition to the knowledge base in 

how rural patients can access the same standards of 

services available in more urban or academic settings.  

 

Across the world policy makers are thinking about how to 

preserve and improve access to healthcare in rural 

communities. 53 Some of the approaches outlined herein 

may serve as examples of how collaboration can be sued 

to connect a small volume of highly trained medical 

specialists to rural communities using a combination of 

high and low tech solutions.  
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Discussion and Conclusions 
The advancement of digital technologies offers promising 

opportunities to address long-standing geographic 

disparities in healthcare delivery. This narrative review 

has explored a spectrum of digital strategies within rural 

healthcare delivery models, which can be conceptualized 

as a modernized "Hub and Spoke 2.0" framework. The 

evidence presented suggests that digital integration can 

democratize specialty care access while preserving the 

financial viability of rural healthcare institutions. 

 

The tripartite categorization of digital interventions—

real-time applications, connected solutions, and 

supportive technologies—provides a conceptual 

framework for healthcare systems to strategically deploy 

resources based on clinical needs, technological 

capabilities, and regional constraints. (Figure 1) Remote 

patient monitoring, facilitated communication, and system 

integration each represent distinct but complementary 

approaches that, when implemented in concert, have 

demonstrated improvements in clinical outcomes, patient 

experience, operational efficiency, and equitable access. 

 

Critical to the success of any Hub and Spoke 2.0 model 

is bidirectional collaboration between tertiary centers 

and rural facilities. Rather than reinforcing hierarchical 

relationships, effective implementation requires the 

recognition that rural institutions possess unique insights 

into their communities' needs and constraints. The hub-

spoke relationship must evolve from simple referral 

pathways to collaborative partnerships with shared 

governance, standardized protocols, and mutual 

accountability. This collaborative paradigm 

acknowledges that expertise flows in multiple directions, 

with rural clinicians often developing innovative 

approaches to resource-limited care delivery that may 

benefit the entire system. 

Significant challenges persist in implementing these 

digital strategies. Infrastructure limitations, particularly 

inconsistent broadband connectivity in rural regions, 

create new forms of digital disparity that may 

exacerbate rather than ameliorate access inequities. 

Financial sustainability remains precarious, as 

reimbursement models have yet to fully align with digital 

care delivery modalities. Moreover, workforce 

development must address the digital literacy needs of 

both clinicians and patients to ensure technological 

solutions achieve their intended impact. 

 

The research landscape regarding digital rural 

healthcare interventions remains heterogeneous and 

methodologically variable. While promising, many 

studies lack rigorous control groups, standardized 

outcome measures, or sufficient statistical power to 

generate definitive conclusions. Implementation science 

approaches are needed to evaluate how evidence-

based digital interventions can be adapted to diverse 

rural contexts without compromising fidelity. Future 

research should employ mixed-method designs that 

capture both quantitative clinical outcomes and 

qualitative elements of patient and provider experience. 

 

Perhaps most importantly, the evidence base must 

expand to assess longitudinal outcomes beyond 

immediate clinical metrics. The quadruple aim 

framework—enhancing patient experience, improving 

population health, reducing costs, and improving the work 

life of healthcare providers—offers a comprehensive 

evaluative structure for assessing the true impact of 

digital rural healthcare interventions. Particular attention 

should be paid to outcomes related to health equity, as 

technological solutions may inadvertently widen 

disparities if not intentionally designed to mitigate 

existing inequities. 
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As Donabedian astutely observed fifty years ago, access 

is ultimately validated by utilization rather than mere 

availability. The modern Hub and Spoke model must 

therefore be continuously refined through iterative 

evaluation and adaptation based on empirical evidence. 

Healthcare systems, academic institutions, and 

policymakers must collaborate to generate this evidence 

through systematic implementation and evaluation of 

digital healthcare delivery innovations. Only through such 

evidence-based system design can we ensure that rural 

patients receive equitable, high-quality specialty care 

regardless of geographic location, thereby fulfilling 

healthcare's fundamental promise of serving all 

communities with excellence and compassion. 
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