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ABSTRACT

Objective: Stroke is a time-sensitive condition in which timely intervention is crucial for optimal outcomes.
Advances in stroke management, including extended time windows for thrombolysis and mechanical throm-
bectomy, highlight the need for efficient patient centralization. This study explores the newly adopted stroke
algorithm for patient centralization in Lombardy, Italy, and evaluates the potential for helicopter emergency
medical services (HEMS) to improve access to timely care.
Methods: Data regarding stroke rescue missions were retrieved from SAS-AREU database. Geospatial maps
were created using QGIS (Open Source Geospatial Foundation (OSGeo), Chicago, IL) 3.30, with travel times
calculated using Google Maps data. Population density was retrieved from Geoportal Lombardia. Area with
road travel time to a Hub hospital >60 minutes were identified as potential HEMS priority settings.
Results: In 2024, 11,822 patients rescued by the Regional Agency for Emergency and Urgency were given the
“stroke code.” HEMS was used in 214 cases, covering a median distance of 49.3 km with a median rescue
time of 77 minutes. The study identified areas with road travel times exceeding 60 minutes, highlighting
northern Lombardy’s mountainous regions and areas with low population density as high priority areas for
HEMS intervention. The analysis also revealed an unexpected advantage for air transport in some plain areas,
despite viable road access.
Conclusion: Geospatial mapping is a valuable tool for identifying areas where HEMS can reduce response
times. The integration of HEMS into stroke care algorithms enhances timely interventions, ensuring that
patients are centralized within recommended time windows, improving outcomes, and addressing geo-
graphic and infrastructural challenges.

© 2025 The Authors. Published by Elsevier Inc. on behalf of Air Medical Journal Associates. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Stroke is a time-dependent condition in which timely interven-
tion and prompt referral to a specialized stroke unit are critical for
optimal patient outcomes and reduced neurological deficits.'”
Advances in stroke management have led to changes in treatment
times for fibrinolysis and mechanical thrombectomy, requiring care-
ful assessment of eligibility criteria according to established
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guidelines. Currently, the accepted time window for thrombolysis is
up to 4.5 hours after symptom onset. However, based on neuroimag-
ing results (including perfusion computed tomography or diffusion-
weighted imaging/fluid-attenuated inversion recovery magnetic res-
onance imaging), the treatment window may be further extended to
9 hours for patients presenting with ischemic penumbra, as they may
benefit from intervention.*”

In addition, in 2018, the indications for mechanical thrombectomy
shifted from a 0- to 6-hour window to a 0- to 24-hour window from
symptom onset, increasing treatment options. In contrast to
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thrombolysis, this treatment can only be performed after a comprehen-
sive neuroimaging study.®’ These guideline changes emphasize the
importance of early recognition and prompt management of stroke
patients to achieve early treatment and reduce long-term negative out-
comes.

Given the necessity for a timely intervention, helicopter emergency
medical services (HEMS) have been widely used as a tool to reduce
transport times for stroke patients, especially in rural areas.® However,
their effectiveness compared with ground services and their impact on
outcomes varies according to geographic and operational contexts.’
Although HEMS often bypasses traffic congestion and navigates difficult
terrain, allowing faster access to specialized care in stroke centers, the
benefits of HEMS are highly context dependent. In densely populated
urban areas, the time savings of HEMS may not be as significant, result-
ing in comparable outcomes between air and ground transport.'®!!

Furthermore, effective stroke management requires prompt
determination of the location where the patient will be treated.'”
This information is critical in determining the appropriate timeline
for centralizing the patient, which ultimately increases the likelihood
of successful treatment. Centralization must be initiated without
delay to mitigate the extent of neurological damage. In Lombardy,
Italy’s largest region with a population of 9.96 million, a coordinated
emergency medical services (EMS) system managed by a single
regional agency, the Emergency and Urgency Agency Agenzia
Regionale Emergenza Urgenza (AREU), directs and monitors rescue

S L
?fﬂ e

SRS

missions by land and air. AREU efficiently handles an average of 1 mil-
lion calls per year, dispatching vehicles to rescue patients in 80% of
those calls. The agency’s fleet includes 332 ambulances Mezzo Sani-
tario di Base (MSB) staffed by 2 to 3 paramedics, 49 intermediate res-
cue vehicles Mezzo Sanitario Intermedio (MSI) staffed by a nurse, 41
advanced rescue vehicles staffed by a physician Mezzo Sanitario
Avanzato (MSA), and 5 helicopters.'>!3

The coronavirus disease 2019 pandemic has significantly affected
Italy’s population and EMS, particularly in the prehospital system and
time-sensitive pathology networks.'>! Therefore, it has become neces-
sary to establish new public health policies to improve the response in
this evolving scenario, which severely affected our health system and
society.'*'7 As a result, modifications have been made to the time-
dependent stroke network in Lombardy through the definition of a hos-
pital network based on the Hub and Spoke model for hospital care.'®

The aim of this study is to share the decision algorithm used in the
Lombardy region for the centralization of stroke patients, with a par-
ticular focus on the use of HEMS for this purpose in 2024. Given the
challenges posed by geographical variability in providing timely care
for time-sensitive conditions, this study seeks to use geospatial map-
ping of the region, including road travel times and population den-
sity, to identify areas that would benefit most from air medical
transport. In addition, it evaluates the potential of geospatial map-
ping tools as valuable resources for policymakers to optimize stroke
care delivery and enhance system efficiency.

Figure 1. Hub hospital for stroke management. White area: intervention area of HEMS (ground transportation estimated to be >60 minutes). HEMS = helicopter emergency medical

services.
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Methods

The study was conducted in accordance with the principles of the
Declaration of Helsinki. The AREU data protection officer granted
approval for the study in September 2022.

Stroke Network Organization

The Lombardy stroke network consists of 16 Hub hospitals
equipped with level II stroke units that provide both intravenous
thrombolysis and mechanical thrombectomy, along with 25 spoke
hospitals featuring level I stroke units, which are limited to providing
thrombolysis, as found in Figure 1. Patients with a possible stroke are
identified by the emergency rescue team based on the following cri-
teria: a modified Rankin Scale score of 3 or less, symptom onset
within 24 hours, and a positive Cincinnati Prehospital Stroke Scale
result, which considers facial asymmetry, speech abnormalities, and
arm dropping.'**°

Analysis of 2024 Rescue Missions

Data were provided by the register of the Lombardy AREU head-
quarters and extracted from the SAS-AREU database, which contains
all data on emergency calls to the prehospital emergency system,
with the clinical and logistical details of the rescue missions per-
formed by the AREU in the Lombardy territory. Data were collected
and analyzed for the time period from January 1, 2024, to December
31, 2024. Data regarding all stroke-related scenarios were selected
and extracted accordingly. For this purpose, we analyzed data regard-
ing the number of stroke cases, the type of vehicle used, the duration

of the mission defined as time from vehicle departure to when it
becomes available again after patient handover at the hospital, and
the covered distance (defined as the distance from the starting point
of the vehicles to the location of the intervention).

Geospatial Mapping

To identify hospitals and potential rescue points for stroke
patients within the recommended time windows, we developed a
map using QGIS 3.3 software. Travel times between geospatial points
were calculated based on open data from Google Maps.

Population density (inhabitants per square kilometer) data were
sourced by the regional open-source portal Geoportal Lombardia,
aggregated by municipality and graphically represented using QGIS
3.30 software.?!

The locations of HEMS bases were mapped using QGIS 3.3 soft-
ware, with satellite imagery as a reference to more effectively high-
light the geographical features of the areas they serve (Fig. 2).

Results

In 2024, the AREU performed a total of 13,563 rescue missions for
patients with an assigned stroke code (Table 1). Of these, 13,350
were performed by wheeled vehicles (MSB, MSI, MSA) and 213 by
helicopters. The mean time for HEMS rescue missions was
01:17 hours, for MSB (ambulances staffed by 2-3 paramedics)
01:16 hours, for MSI (vehicles staffed by paramedics and 1 nurse)
01:11 hours, for MSA (advanced rescue vehicles staffed by a physician
and paramedics) 01:07 hours. The mean covered distance was

Figure 2. HEMS base’s location in Lombardy region. The 5 bases are located in Milano, Como, Bergamo, Brescia, and Sondrio cities. HEMS = helicopter emergency medical services.
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Table 1
Stroke Rescue Missions Performed by the AREU in 2024

Type of Vehicle No. of Stroke Missions Mean Time (min) Mean Distance (km)

Helicopter 213 77 50.7
MSB 11,866 76 3.87
MSI 549 71 5.95
MSA 935 67 6.44

AREU = Agenzia Regionale Emergenza Urgenza; MSA = Advanced Medical Vehicle;
MSB = Basic Life Support Vehicle; MSI = Intermediate Medical Vehicle

50.7 km for HEMS, 3.87 km for MSB, 5.95 km for MSI, and 6.44 km for
MSA.

To better characterize the area that would benefit the most from
HEMS services after the stroke network reorganization, a geospatial
analysis of the region was performed. Located in northern Italy, the
Lombardy region is characterized by a variegate geography. The
southern part of the region consists primarily of flat plains with
extensive agricultural areas and densely populated urban centers.
The metropolitan area of Milan is located on this plain and serves as
an important economic center. In contrast, the northern part of Lom-
bardy is characterized by the Alps mountains, with significant eleva-
tion changes and difficulties in connection. These mountains create
natural barriers that affect both accessibility and infrastructure, espe-
cially in more remote areas with lower population densities.

The mapping of the stroke network in the Lombardy region
revealed a higher concentration of Hub hospitals with level II stroke
units in the densely populated metropolitan areas, particularly

around Milan. In contrast, the northern part of Lombardy, character-
ized by low population density, is characterized by significant distan-
ces from hospitals, making access to care more difficult.

Our analysis highlights the northern mountainous areas as a pri-
ority setting for HEMS interventions. The use of air transport in these
areas is particularly important, as it could significantly reduce travel
times and improve access to life-saving treatments, such as throm-
bolysis and thrombectomy. Specifically, regions with sparse hospital
coverage and estimated road travel times exceeding the 60-minute
threshold were identified as high-priority zones for HEMS deploy-
ment, which is a valuable tool for timely stroke care.

Discussion

The reorganization of the health care network in the Lombardy
region has underscored the critical role of HEMS in providing cover-
age to areas located far from level II stroke units. In 2024, a total of
13,563 rescue missions were conducted for stroke patients, with
1.57% using HEMS. Notably, HEMS missions covered significantly lon-
ger distances compared with ground vehicles while maintaining
comparable average response times. These findings highlight the effi-
ciency of HEMS in stroke care, as it enables adherence to the recom-
mended treatment time window. These findings are consistent with
previously reported data from other HEMS systems, further reinforc-
ing the critical role of HEMS in reducing travel and treatment times
for stroke patients.??

In the Lombardy system, neither ground vehicles nor HEMS are
equipped to administer thrombolysis on site. Instead, their primary

Figure 3. Population density (inhabitants per square kilometer) in 2023 for each municipality of Lombardy region (range 2-7,702 inhabitants/km?).
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objective is to rapidly transfer patients to the most appropriate facil-
ity (either spoke centers capable of intravenous thrombolysis or Hub
centers equipped for mechanical thrombectomy) after imaging. This
makes minimizing transport times to hospitals even more critical,
ensuring timely access to life-saving interventions for stroke
patients.

In particular, the areas defined by the map in Figure 3 are
those where the activation of helicopter rescue services could be
beneficial in the event of a patient presenting with a stroke code,
to ensure centralized patient care in a level II stroke center
within the time limits defined by the regional directives. Indeed,
helicopter rescue service is typically deployed in mountainous
regions where road travel is impractical. However, our analysis
revealed an unexpected situation in the plain area near Lake
Garda, where, despite the presence of viable road connections, air
ambulance service is more advantageous than road transport.
This highlights how transport time maps can uncover factors that
may influence the decision to use air transport. In this case,
despite the availability of road connection, the nearest Hub hospi-
tal for stroke care is located far enough away that road transport
would exceed 60 minutes. As a result, helicopter transport
emerges as the more efficient option.

Furthermore, our analysis revealed a peculiar distribution of level
Il Hub facilities, with a higher concentration in the area surrounding
Milan. This could be explained by the geographical characteristics
and higher population density of the metropolitan area, as
highlighted in Figure 3. As illustrated in Figure 2, Lombardy HEMS
bases are typically situated in densely populated regions, with the
notable exception of the Sondrio base, which is strategically posi-
tioned in a mountainous area.

To better understand the areas where HEMS should be deployed, our
analysis incorporates HEMS into the stroke algorithm and uses mapping
as a planning tool. As HEMS becomes an integrated part of prehospital
emergency time-critical transport, it is vital for EMS systems to priori-
tize their activation in specific areas to ensure an appropriate use.

During the coronavirus disease 2019 pandemic, there was a
decline in demand for emergency transport through the HEMS.>?
However, the reorganization of clinical networks requires an integra-
tion of services actively involving air ambulance transport, as
reported in other works.”?*%

Conclusion

The reorganization of time-dependent networks is critical for an
efficient EMS delivery. The use of geolocation maps to identify remote
areas and, consequently, areas that could benefit from helicopter res-
cue could be a useful tool to guide policymakers and to enhance
response time, ensuring that patients are centralized within the time
limits recommended by the guidelines. As such, there is a need for a
continuous evaluation of changes in time-dependent pathology net-
works, using different approaches and strategies, emphasizing the
importance of timely intervention and effective use of HEMS to
address challenges posed by geography and infrastructure.
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