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Abstract
Background The assessment of human and diagnostic resources is a prerequisite to improving the management of emergency 
neurology.
Objective To provide a landscape on the organization of the Lombardy Region hospitals for emergency neurological care 
management.
Methods We designed an anonymized questionnaire including 6 sections with 21 questions on facilities, human and diag-
nostic resources, and intra- and between-hospital connections. The time needed to fill the questionnaire was estimated not 
to exceed 6 min.
Results The questionnaire was returned by 33/41 (80.5%) hospitals, 22 classified as level 1 (spoke), and 11 as level 2 (hub). 
Five of 33 (15%) did not have a neurology unit. The mean annual rate of neurological consultations accounted for 5–6% of 
all admissions (range 2–8%) and did not differ between levels 1 and 2 hospitals. Neurologists were 24-h available in 21/33 
(64%) hospitals, 12-h and on call at night in 6 (18%), less than 12 h without nocturnal availability in 5 (15%), and neither 
present nor available in 1 (3%). Brain CT and CSF examinations were 24-h universally available, whereas EEG and neuro-
sonology were not in most hospitals. Despite angio-CT was 24-h available in more than 75% of the hospitals, only 45% of 
them had 24-h availability of diffusion/perfusion imaging, and 43% were not available at any time. Only 12% of the hospitals 
had 24-h availability of neuroradiologists and 6% of interventional neuroradiologists.
Conclusion Our data, while emphasizing current critical issues, offer clues for identifying priorities and improving the 
management of emergency and time-dependent neurological diseases.
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Introduction

The burden of neurological diseases is steadily increas-
ing worldwide, accounting for 16.5% of global deaths and 
11.6% of global disability-adjusted life years (DALYs) [1], a 
substantial proportion of which is caused by acute illnesses 
including stroke, encephalitis, traumatic brain, and spinal 
injury.

National health systems will be facing the medical needs 
related to the increased life expectancy, with an expected 
progressively higher number of incident events, likely with-
out a corresponding increase in resources. Therefore, the 
optimal allocation of available resources is important to 
assure the sustainability of acute care health settings organi-
zations without decreasing the efficacy of delivered care [2].

In Italy, the health system is universal, and the organiza-
tion of resources for both acute and chronic care is deter-
mined at a regional level [3]. Lombardy is the most densely 
populated Italian region, with approximately 10 million 
inhabitants. Its regional health system is articulated in hospi-
tals with different facilities, from first-level point-of-care to 
hospitals endowed with an emergency service, subdivided in 
second and third-level structures according to the availability 
of multispecialty facilities [4]. The Lombardy Region has 
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promoted the institution of a neuroscience network, coor-
dinated by regional authorities and composed of healthcare 
professionals with different roles in the diagnosis and care of 
neurological diseases. One major objective is the definition 
of the diagnostic pathways for acute neurological patients 
in different hospital settings, with the aim to understand if 
any differences could influence healthcare efficacy and effi-
ciency. A prerequisite to this is an analytical collection of 
data regarding the availability and organization of profes-
sional, technological, and logistic resources in the different 
hospitals involved in acute neurological care, as well as their 
interconnections.

To this aim, the Lombardy section of the Italian Asso-
ciation for Emergency Neurology (ANEU), endorsed by 
the Italian Society of Neurology and the Italian Society of 
Hospital Neurosciences, has promoted a data collection 
to quantify the impact of the neurological activities on 
those performed in the regional emergency departments 
and to provide information for the improvement of acute 
neurological diseases care.

Methods

We designed a questionnaire using the Google Forms 
application including 6 main sections (Table  1) with 
21 questions on type of facilities, human and diagnos-
tic resource availability, intra- and between-hospital 

collaboration. We referred to 2019 because, in 2020, the 
regional healthcare organization was transiently changed 
to face the COVID-19 pandemic. The questionnaire was 
anonymized, and no sensitive data was included. The 
time needed to fill the questionnaire was estimated not to 
exceed 6 min to increase the participation rate. The ques-
tionnaire was sent to 41 neurological units on April 2021 
with feedback requested within 30 days. All data were 
included in a dedicated datasheet.

Results

Thirty-three out of 41 (80.5%) hospitals replied to the ques-
tionnaire, 22 classified as level 1 (spoke) and 11 as level 2 
(hub) hospitals. Five of 33 (15%) did not have a neurology 
unit. Figures 1 and 2 illustrate the number of accesses per 
year to the emergency departments and the percentage of 
neurological consultations according to the type of hospital. 
Level 2 hospitals showed a higher number of emergency 
department accesses. Conversely, there was no difference 
in the percentage of the neurological consultation compar-
ing level 1 and level 2 hospitals, which ranged from 2 to 
8% (mean value 5.3%). There was only one outlier level 
1 hospital (15.7%) whose higher number of neurological 
consultations likely depended on the much wider territory 
which refers to it.

Table 1  Sections of the questionnaire on facilities, human, and 
diagnostic resource availability, intra- and between-hospital col-
laboration. *Level 1 is the emergency department in most large and 
medium-sized hospitals, with surgeons and anesthesiologists on call 
24 h daily, with an intensive care unit and staffed usually with emer-
gency medicine specialists. This level can handle common surgical 

problems, most car accidents, and almost all illnesses including heart 
attacks and strokes. Level 2 is the highest level and must have imme-
diately available surgical specialists and subspecialists (vascular sur-
geons, neurosurgeons, orthopedic surgeons, anesthesiologists, plastic 
surgeons) in order to handle the most severe and complicated injuries

*Hospital classification •Level 1 (spoke)
•Level 2 (hub)

Hospital with neurology ward and stroke unit •Yes
•No

Availability of neurologist •24-h daily
•12-h daytime + 12-h on call
•On call < 12 h
•Not available

Laboratory and instrumental diagnostic accessibility •No hourly limitations (24-h daily)
•Wide daytime availability (6–12 h daily)
•Restricted daytime availability (< 6 h)

Availability of
•Neuroradiologist
•Interventional neuroradiologist
•Neurosurgeon

•No hourly limitations (24-h daily)
•Wide daytime availability (6–12 h)
•Restricted daytime hourly availability (< 6 h)

Interhospital connection •No structured connection
•Structured connection
-Images system
-Formal interhospital agreement
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Availability of the neurologist

In 21 of 33 (64%) hospitals, the neurologist was available 
24 h a day; in 6 of 33 (18%), 12 h during the day shift 
and on call at night; in 5 of 33 (15%), for less than 12 h 
without nocturnal availability; and in one (3%) hospital, 
the neurologist was neither present nor available.

Diagnostic accessibility

We quantified the accessibility to diagnostics, i.e., for how 
many hours a day they were available considering three 
availability bands: no hourly limitations (24 h), wide day-
time availability (6–12 h), and restricted daytime availability 
(< 6 h). Furthermore, we recorded the functioning and effi-
ciency of the connection networks between levels 1 and 2 
hospitals. Figure 3 summarizes the availability of the main 

Fig. 1  Distribution of the number of admissions/year to the emergency departments in level 1 and level 2 hospitals of the Lombardy Region in 
2019

Fig. 2  Percentage of neurological consultations compared to the total number of accesses to the emergency departments in level 1 (mean 5.2%) 
and level 2 (5.5%) hospitals of the Lombardy Region in 2019 (range 2.2 to 15.7%). Red squares indicate no data available
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neurological and neuroradiological tests: electroencepha-
lography (EEG), cerebrospinal fluid (CSF) examination, 
neurosonological study of intra- and extracranial vessels, 
computed tomography (CT) of the brain and cerebral ves-
sels, cerebral and spinal magnetic resonance imaging (MRI), 
and diffusion/perfusion studies (CT and/or MRI) for reperfu-
sion therapy in the hyperacute phase of stroke.

Between hospitals connections

Figure 4 indicates how many level-1 hospitals are in a net-
work with level-2 hospitals through connections of neuro-
radiological images and the contextual availability of neu-
roradiology and neurosurgery both for diagnosis and for any 
surgical and/or endovascular therapeutic procedures.

Fig. 3  Accessibility/availability of the main examinations of neurological diagnosis and neuroradiology in an emergency setting. EEG, electro-
encephalography; MRI, magnetic resonance imaging; CT, computed tomography
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Discussion

The survey allowed at outlining some important aspects of 
emergency neurology management in the Lombardy Region, 
reflecting the organization of 80.5% of the regional hospi-
tals and 68.3% of the neurological units. The proportion 
between levels 1 and 2 hospitals, 22 and 11, respectively, is 
numerically adequate to provide a specific image for their 
respective organization [5]. Level 2 hospitals, acting as hub 
centers, had a numerically higher number of accesses to the 
emergency departments, but the average percentage of neu-
rological consultations was similar to that recorded in level 
1 hospitals. The mean annual rate of neurological consulta-
tion in emergency departments accounted for about 5–6% of 

acute medical admissions, ranging between 2 and 8%, with a 
peak of about 16%. These values, and the quite wide range of 
recording, have been previously reported in Italy [6] and in 
other European and non-European countries [7–9].

In our survey, such as in others, the quite wide range of 
neurological consultations compared to all the accesses to 
the emergency departments could be related to different 
approaches and/or different fast-track neurological plans 
and/or lack of standardized clinical and diagnostic workup 
[10, 11]. The evidence of a similar rate of neurological con-
sultations between levels 1 and 2 hospitals suggests that the 
request is not determined or influenced by the geographical 
area, hospital size, functional context, and/or ease of access 
but by an actual diagnostic need, even if we could not assess 

Fig. 4  Interhospital neuroradiology and neurosurgery network in the Lombardy Region
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whether the number of neurological consultations did cor-
respond to number and type of neurological complains at the 
admission. These regional findings reflect the Italian nation-
wide features as reported by de Falco and colleagues [12]. 
One further explanation for the similar average percentage of 
neurological consultations could be the wide availability of 
on-call neurologists and first-level diagnostic tools in most 
of the hospitals in our sample, irrespective of their classifica-
tion as level 1 or 2.

Indeed, brain CT and CSF examinations appear avail-
able in all the participating centers without limitations, 
whereas EEG and neurosonology are widely available in 
the daytime range but not for 24 h daily. At least for the 
EEG, this represents a critical issue for the management of 
some clinical conditions, such as nonconvulsive epileptic 
seizures, altered mental status, and coma both in pediatric 
and adult patients [13, 14], even if in most cases, it would be 
sufficient to guarantee the availability of EEG within 24 h for 
an appropriate diagnostic and therapeutic approach. The lim-
ited availability of neurosonology in the hyperacute phase 
of ischemic stroke is currently compensated by the large 
availability of angio-CT 24 h daily in more than 75% of the 
hospitals that, together with brain CT scan, can speed the 
diagnostic workup in time-dependent pathology as stroke. 
However, if we consider the current therapeutic perspectives 
for ischemic stroke and the recent indications of widening 
the therapeutic window to 9 h for intravenous fibrinolysis 
and 16 or 24 h as a function of advanced imaging of diffu-
sion/perfusion methods for mechanical thrombectomy [15], 
we found that only 45% of the hospitals were available 24 h 
a day and 43% of the hospitals were not available any time.

The large availability of neuroimaging sharing is appar-
ently indicative of a good networking capability between 
levels 1 and 2 hospitals. However, if we transfer this finding 
to the operational level, the contextual availability of neuro-
radiologists for 24 h daily in only 12% of the hospitals and 
for 6–12 h in 45%, along with the availability of interven-
tional neuroradiologists for 24 h daily in 6% of the hospitals 
and for 6–12 h in 25%, raise important questions on the 
differences between management priorities and availability 
of resources for acute stroke patients. While this imbalance 
indicates an incomplete ability of the healthcare system to 
face the neurological emergency needs, which by definition 
must not recognize any time limit to avoid uneven treat-
ments, it also suggests that the distribution and number of 
the neuroradiology departments and interventional neuro-
radiologists should be reconsidered based on the territorial 
needs. This should include larger and better use of tech-
nologies such as telemedicine and advanced images system 
in emergency settings, particularly in time-dependent dis-
eases [16]. Telestroke has been demonstrated to increase 
access to time-depended care [17]. The current pandemic 
has been showing that teleneurology applied to many other 

neurological disorders can increase and improve the access 
to care; its application in the clinical setting is a step forward 
for modernizing medical care [18, 19].

A second critical issue is the normative regulation of the 
hub-and-spoke relationship because a formal agreement with 
the neuroradiology department was reported to be signed 
in less than 30% of cases, albeit that percentage is likely 
underestimated considering the high percentage of active 
image connection between hospitals and perhaps partially 
correlated to an ambiguity in the questionnaire that merged 
the hourly availability with the presence of an agreement, 
without reserving a specific item for the latter. The area of 
neurosurgical emergencies appears more homogeneous with 
a wide availability both at night and during the day. Taken as 
a whole, this survey offers an exhaustive landscape of emer-
gency neurology management in the Lombardy Region, and 
outlines some critical points related to hospital networking 
that identify areas worthy of further studies of interest for 
the public healthcare policymakers. One limitation of the 
study is that 85% of the hospitals included in the survey have 
a neurology department, while hospitals without are under-
represented. We believe that the structure of the question-
naire and its fast compilation could be taken as a template 
for a similar survey at a nationwide level, to identify issues 
relevant to improving the acute care of patients with neuro-
logical disorders.

In conclusion, our findings confirm the importance of 
human and technological resources in emergency neurol-
ogy. One major critical issue appears to be the relative lack 
of efficient networking among the regional hospitals for the 
management of acute cerebrovascular diseases, which would 
require a balanced public investment to guarantee all the 
citizens access to the treatments following the most recent 
international guidelines [15].
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