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Abstract
Background Lombardy was severely hit by the COVID-19 pandemic since February 2020 and the Health System underwent rapid
reorganization. Outpatient clinics were stopped for non-urgent patients: it became a priority to manage hundreds of fragile neurological
patients who suddenly had less reference points. In Italy, before the pandemic, Televisits were neither recognized nor priced.
Methods At the Fondazione IRCCS Istituto Neurologico C. Besta, we reorganized outpatient clinics to deliver Neuro-
telemedicine services, including Televisits and Teleneurorehabilitation, sinceMarch 2020. A dedicatedWorking Group prepared
the procedure, tested the system, and designed satisfaction questionnaires for adults and children.
Results After a pilot phase, we prepared a procedure for Telemedicine outpatient clinics which was approved by hospital
directions. It included prescription, booking, consenting, privacy and data protection, secure connection with patients (Teams
Microsoft 365), electronic report preparation and delivery, reporting, and accountability of the services. During the March–
September 2020 period, we delivered 3167 Telemedicine services, including 1618 Televisits, to 1694 patients (972 adults, 722
children) with a wide range of chronic neurological disorders. We successfully administered different clinical assessment and
scales. Satisfaction among patients and caregivers was very high.
Conclusions During the dramatic emergency, we were able to take care of more than 1600 patients by organizing Neuro-
telehealth in a few weeks, lessening the impact of the pandemic on fragile patients with chronic neurological disorders; this
strategy is now stably embedded in our care pathways. In Italy, Telehealth is at present recognized and priced and is becoming a
stable pillar of the health system.
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Introduction

The COVID-19 emergency required fast responses to prevent
serious health consequences for fragile patients with chronic
diseases. In March 2020, Lombardy became the centre of the

SARS-CoV2 epidemic in Italy. Since the 8th ofMarch, during
the lockdown period, people were confined at home and could
go out only for important and proven needs. Fondazione
IRCCS Istituto Neurologico Carlo Besta is a research institute
placed in Milan, providing care to adult patients and children
with neurological and neurosurgical diseases coming from all
regions of Italy. Many of our patients are frail patients, affect-
ed by rare neurological disorders and/or by diseases with great
complexity, requiring monitoring and follow-up visits as well
as high specialization for proper management, and about 60%
of them live outside Lombardy. The Lombardy Health
Regional System suspended all non-urgent medical visits to
concentrate efforts on fighting COVID-19 in several hospitals
and to avoid the spreading of the contagion to patients,
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caregivers, and health-system personnel. During the first
wave, hospitals were a place of diffusion of the disease and
many health-workers became infected.

Although our Institute was identified by Regional health
authorities as a COVID-19-free hospital and a Hub for
Neurology and Neurosurgery for non-COVID-19 patients
(as it has no emergency department and is composed of
Neurological, Neurosurgical, Child Neurology, and
Research Departments), a proportion of admitted patients in
the first weeks of the epidemic proved to be SARS-CoV2
positive. Some of our physicians and nurses were seconded
to other COVID-19 hospitals to help, whereas others became
infected with SARS-CoV2.

About 2000 planned neurological visits were cancelled be-
tween March and May 2020, in most cases by the patients
themselves, who feared to become infected during the travel
to the hospital and within the hospital, or lived far away from
Milan and had difficulties in travelling across Italy. We there-
fore needed a solution for continuing to provide care to many
fragile patients with chronic neurological diseases and devel-
oped a fast and comprehensive Telehealth system.

Telehealth was still not recognized as a mean to provide med-
ical care in our National Health System. In 2014, the Italian
Health Ministry issued a document for providing address lines
for Telehealth development [1]. However, since then, no formal
decision had been taken and until March 2020, there was no
formal recognition and no reimbursement for clinical services
such as Televisits and Teleconsultations. Therefore, there were
many different problems to be solved to provide care using
Telehealth to our patients. During the epidemic, on the 18th of
March 2020, the Lombardy Region issued a circular to allow
delivery of all mental health services for paediatric patients and
their families remotely by voice or video-call, using protected
video conferencing platforms in accordance with the Decree of
the General Director of theWelfare DG of Lombardy Region N.
2906 of the 8th ofMarch and N. 3553 of the 15th ofMarch 2020
[2], in addition to the national recommendation of Istituto
Superiore di Sanità in Italy [3]. These were important steps and
we kept such guidelines as the basis for developing Telehealth in
our Institute during the COVID-19 emergency phase. In partic-
ular, all the Units of the Department of Paediatric Neuroscience
(DINEP) were largely reorganized to maintain continuity of care
and manage the new needs of families and of children that were
also at home from schools [4–6].

Material and methods

Since 2018, we had already designed a scientific project to set
the proper conditions for Telehealth and to deliver Televisits,
Teleconsultations, and Telemonitoring in a clinical research
setting for taking care of patients with different neurological
disorders. We had analyzed and proposed solutions to delicate

issues such as privacy, data safety, legal responsibilities,
reporting, and charging. However, we had no information sys-
tem in place for delivering Televisits and Teleconsultations, yet,
as its development was part, still not carried out, of the research
project.

We therefore had to organize the booking, the Televisit
with a protected connection, and the reporting phase.

We set up a working group composed of the IT Office
Chief (FDG) and four clinicians interested in Telehealth de-
velopment: one expert in rare neurological diseases (DP), one
in Parkinson disease (RE), one in multiple sclerosis (PC), and
one in child neurology (CP). The group interacted with the
booking office. We had full support from all the management
(scientific director, general and health managers, president) of
our Institute. We obtained the endorsement from the Health
Ministry and informed the Lombardy Region of our project.
No ethics board approval was needed as the Telehealth devel-
opment was part of the normal clinical practice.

We set up an agreement to use Teams as a protected con-
nection with patients. Teams is an app of Microsoft Office
365, compliant with General Data Protection Regulation
(GDPR), for which our Institute had already a licence for use.

We started in mid-March with a 2-week pilot phase in the
four Units and thereafter diffused the Televisits to all Units of
Neurology, Child Neurology, and also of Neurosurgery.

We prepared two online questionnaires (one for adults and one
for children) to be completed by the patients after the Televisits. To
assess the level of satisfaction with Telemedicine for children and
parents/carers, defined as the match between expected care and
received care, we used the Telemedicine Satisfaction
Questionnaire (TSQ), a 14-item survey scored on a five-point scale
that assesses satisfaction and willingness to use Telehealth tech-
nology in the future [7]; it was translated to Italian and adapted to
consent the rating by the patient’s carers and not by the patient
herself/himself [6], and administered to a subset of 75 carers after
the second half ofMay 2020. The Questionnaire for adults includ-
ed 47 questions related to patients’ and caregivers’ satisfaction as
well as to technical issues and visit efficacy; we used the TSQ [7]
and the client satisfaction questionnaire (CSQ) [8] as bases for
selecting or designing the questions. It was administered to a sub-
set of 78 patients with rare neurological diseases and multiple
sclerosis. CSQ is validated in Italian whereas we did not have
the chance to formally validate the TSQ in Italian, which is a clear
limitation but in our opinion does not change the general meaning
of the patients’ and caregivers’ opinion results.

Results

Organization of Neuro-telehealth

A procedure, in line with national and international
guidelines/recommendations [1–3, 9–13], was defined for
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the neurological, neurosurgical, and neuropaediatric visits and
was formally approved by the Institute Directions. We called
all the patients who had a follow-up visit booked during the
23rd of February–31st ofMay period and proposed a Televisit
for those able to use a computer (alone or with the support of a
caregiver) with internet connection and audio-visual equip-
ment, and we offered the Televisits to patients who
were booking visits after May 31. For those willing and able
to perform the Televisit, we booked it through the usual book-
ing system. Each patient received via email: (a) a leaflet
explaining Televisit reasons and modality, (b) an informed
consent leaflet about privacy and data treatment (as for in-
person visits), (c) an informed consent to sign and send back
for patients willing to receive the clinical report via email, and
(d) instructions for connecting with Teams.

Before the Televisit, an invitation was sent through Teams
to the patient email address with date/time of visit, and a link
for the Teams protected connection.

During the day of the Televisit, the physician (or other health
professional) used an individual Teams teleconference connec-
tion for each patient, employed the webcam and audio instru-
ments of the computer to see and speakwith the patient, whowas
connected from home (or from the general practitioner office)
and was helped by relatives or caregivers if needed.

The physicians, whenever possible, used twomonitors, one to
see the patient and the other to write the report in the electronic
clinical record and to see the clinical documents. The electronic
report was prepared as for an in-person visit on the platform in
use at our Institute (in accordancewith theDigital Administration
Code, legislative decree no. 82 of 7 March 2005, no. 179 of 22
August 2016 and no. 217 of 13 December 2017, and AGID,
Agenzia per l’Italia Digitale, requirements, legislative decree
no.178 of 29 September 2015). Each electronic report was la-
belled in the system as “Televisit”. The report began with the
statement that the Televisit was performed during the COVID-19
emergency by means of Teams platform. Each visit lasted about
30 min: 10’ for clinical history and update from previous visit,
10’ for the clinical examination through the webcam, 10’ to
discuss conclusions and therapy, and for therapy and exams pre-
scriptions, if any. The report can be visualized on the regional
system of electronic records if the patient is from Lombardy and
has granted access for such consultation. Alternatively, the report
was sent via email to patients providing written consent before
the visit, protected by a password communicated to the patient
through a different channel (e.g. orally during the Televisit). In all
the other cases, the report was sent via regular mail or will be
given to the patient at the next face-to-face visit.

The prescription of the visit was prepared electronically by
the caring physician of our Institute with the label
“Telemedicine”, or collected by email from the patient if re-
leased by the general practitioner, before the visit for later
accountability by the Administrative Office. The Booking
Officemarked the visit as “Televisit”with a specific electronic

flag. At that period, the Televisits for adults had neither regu-
lation nor pricing, so we kept trace of each Telemedicine ser-
vice for future recognition by the Lombardy Region.

The same general procedure applied for Teleneuro-
rehabilitation which however, as delivered only to children,
had some peculiarities due to age and service provided.

Number of visits and medical services during the
lockdown period

Overall, since the beginning of the pandemic until September
30, 3167 medical services were performed through Neuro-
telehealth by 88 health professionals (52 adult neurologists,
20 child neurologists, 2 neurosurgeons, 6 child psychologists,
3 language and speech therapis ts , and 5 neuro-
psychomototricists). We provided 1618 Televisits (follow-up
neurological visits for adults and children, neurosurgical
visits, genetic counselling services), 55 neuropsychological
tests for adults, and 1494 other health services for children
(clinical multidisciplinary and multidimensional assessment,
psychological consultation or support, learning, language and
speech rehabilitation, neurofunctional Telemonitoring,
and parent coaching) (Table 1). Teleneurorehabilitation
was activated for 53 children (27 patients with language
or/and learning disorders and 26 patients with develop-
mental motor disorders).

The majority of the Telemedicine services took place in the
16th of March–14th of June period, during the pandemic
phase 1 (lockdown, until May 3) and phase 2 (less severe
restrictions until June 14), when overall 2098 medical
Teleservices (including 1124 Televisits) were carried out.

During the phase 3, since June 15th, many outpatient
clinics resumed their full activities and patients often required
to have in-person visits. However, Telehealth continued and
1069 other medical services were performed until September
30, of which 494 were Televisits.

Table 2 summarizes the characteristics of the patients with
access to Telemedicine services and their diagnosis.

Table 1 Telemedicine services provided and demography of managed
patients

Telemedicine services, total (n) 3167

- Televisits (n) 1618

- Other services (n) 1549

Managed patients (n) 1694

Age, mean (SD, range)—years 32.4 (22.5, 0–97)

- Adults (n) 972

- Children (n) 722

- Females (n) 775

- Males (n) 919
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We also administered different clinical scales, including:
the adult myopathy assessment tool (AMAT), a scale for neu-
romuscular disorders assessing several motor tasks which do
not require the direct presence of the examiner and can be
delivered from distance [14], and the Spinal and Bulbar
Muscular Atrophy Functional Rating Scale (SBMA-FRS), a
specific scale for SBMA requiring the evaluation of ability of
bulbar, trunk, and limb functions [15]; the UPDRS for
Parkinson disease and the EDSS for multiple sclerosis with
Telehealth adaptations [16, 17]; the Charcot-Marie-Tooth
(CMT) Examination Scale (CMTES) for CMT patients [18],
although we could not evaluate the sensory system and assess-
ment of strength was possible for MRC values ≤3 and more
difficult for higher values.

The other health services for children and adolescents in-
cluded remote clinical assessment and Telemonitoring parent
using interview, checklist, and questionnaire regarding adap-
tive skills, behavioural and developmental functioning, and
patient-reported neurofunctional questionnaires. We have per-
formed also a store-and-forward method to upload videos of
child’s behaviours and interactions by parents/caregivers in

order to enable a remote assessment and to share with
parents/carers cognitive and motor rehabilitation suggestions.
To protect the privacy of the patients, all videos were ex-
changed by means of a Sharepoint system, with regulated
access. Sharepoint is an app of Microsoft Office 365, compli-
ant with GDPR, for which our Institute had already a licence
for use.

Telerehabilitation for scholar children with learning disabil-
ities was performed with an online dyslexia platform (RIDInet,
with Reading Trainer app) and editing audio-visual materials
for dysorthography and dyscalculia (emplopying Teams);
Telerehabilitation for pre-school children with language disor-
ders was performed using an online platform (RIDInet with
Speech app) and training with audio-visual materials (Teams).

Satisfaction questionnaires

Results from Satisfaction Neuro-telehealth questionnaires ad-
ministered to a subset of patients are reported in Tables 3 (78
adults) and 4 (75 children parents/carers). Among adult pa-
tients, about 10% reported “few” (5%) or “quite” (5%)

Table 2 Diagnoses of patients
undergoing Televisits (n = 1618) Diagnoses n (%)

Departments of Clinical Neurosciences, of Diagnostics and Technology, and of Neurosurgery 966

Tumors 161 (16.6)

Cerebrovascular diseases 53 (5.5)

Headache 120 (12.4)

Chiari malformation and syringomyelia 42 (4.3)

Multiple sclerosis and related disorders 77 (8.0)

Neurogenetic and neuromuscular disorders* 249 (25.8)

Epilepsy and sleep disorders 81 (8.4)

Dementias 55 (5.7)

Parkinson and movement disorders 93 (9.6)

Miscellaneous 35 (3.6)

Department of Paediatric Neuroscience 652

Multiple sclerosis and related disorders 10 (1.5)

Tourette Syndrome and other movement disorders 64 (9.8)

Epilepsy 195 (29.9)

Neurogenetic and neuromuscular disorders** 128 (19.6)

Cerebral Palsy 51 (7.8)

Neurodevelopmental disorders*** 90 (13.8)

Language or/and learning disorders 81 (12.4)

Tumors and cerebrovascular disease 14 (2.2)

Neurocutaneous diseases 11 (1.7)

Craniostenosis syndrome and Chiari malformation 8 (1.2)

*Neuropathies, ataxias, spastic paraplegias, Huntington’s chorea, mitochondrial and neurometabolic disorders,
myopathies, myasthenia gravis, amyotrophic lateral sclerosis

**Neuropathies, ataxias, spastic paraplegias, mitochondrial and neurometabolic disorders, myopathies, myasthe-
nia gravis, spinal muscular atrophy

***Genetic syndromes, global delay, intellectual disability, and autism spectrum disorders
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technical difficulties either in activating the connection for the
Televisit or in audio-visual quality.

Discussion

Telehealth in Italy had limited application in neurological
practice until the COVID-19 pandemicmainly because of lack
of formal regulations and of recognition as a reimbursable
medical service in the National Health System. The pandemic
has greatly accelerated the Telehealth development in several
countries [19–24]: in Italy, over a 10-week period progresses
occurred which would have otherwise required possibly 10
years [9, 25–29]. Telehealth allowed us to provide medical
services to >1600 patients with chronic neurological diseases
who suddenly found themselves with limited medical refer-
ence points. During the first weeks, we were overwhelmed by
emails, phone calls, WhatsApp and text messages requesting
consultations, opinions, support from patients and families,
but none of these means could be considered a secure way
of providing care. We needed a rapid solution to ensure pa-
tients’ care and define a standardized care pathway. In few
weeks, we rapidly re-organized outpatient virtual clinics by
using existing tools, integrated and structured in a workflow,
to perform synchronous Televisits. We developed a written
procedure taking care of privacy, data protection, interaction
with the booking system, using a secure connection, a system
for writing and delivering clinical reports and for provisionally
accounting the services by using a Telemedicine flag.

We could administer many Televisits and other neurolog-
ical services (Table 1), limiting the impact of COVID-19 pan-
demic on health of hundreds of patients followed by our
Institute (Table 2) [4–6, 30]. We also confirm that neurolog-
ical examination is feasible and useful during the follow-up
Televisits [22, 31–33], though with limitations related to eval-
uation of sensation, deep tendon reflexes, muscle tone, vestib-
ular function, visual field, and minor strength defects.
Cognitive assessment is also possible and effective. We could
successfully administer clinical scales to patients with neuro-
muscular disorders.

The patients and their caregivers were very satisfied with
the Televisits and all Teleservices that we performed, which
met their expectations and needs, as shown by questionnaires’
results: although completed by a relatively small proportion of
users, we feel the obtained data fairly well represent the opin-
ion of the majority of patients and carers, as expressed inmany
cases during the Televisits themselves (Tables 3 and 4). We
encountered relatively few technical problems and the
Televisit, Teleneurorehabilitation, and all health procedures
were successfully carried out in almost all cases. Patients need
proper equipment, good quality webcam, high-speed connec-
tion, and—not infrequently—the support of a caregiver.Ta
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Overall, Telehealth was very well received by doctors and
also by other healthcare personnel, as confirmed by the high
number of them involved in the process and by the number of
Telemedicine services provided.

Limiting factors were lack of regulation and pricing of
medical services, but the situation is rapidly changing and
since December 2020 the Ministry of Health is recognizing
and pricing Televisits [34]. There are still limitations in the
use, for instance the first visits cannot be provided by
Telehealth, and the Televisit can be used only for the
follow-up of patients with an already diagnosed condition
and with well-defined care pathways or needs [34].
However, a barrier has been definitively broken.

We strongly believe in the future of Telehealth and are
convinced that many of our patients may benefit from
Telemedicine services not only during the acute phases
of the pandemic but also in the future: in particular, neu-
rological patients needing tertiary neuro-care and living
far away from hospital, with motor disability making it
difficult to go to hospital, who maintain job activities, or
who need frequent monitoring. Therefore, we have now a
platform certified as a medical device according to the
European Community requirements to provide Neuro-
telehealth and are stably delivering services of Televisits
for adults and children and Teleneurorehabilitation for
children, and we are organizing Telecooperation,
Teleconsultation, Telemonitoring, to face the still ongoing
pandemic phase and the post-COVID period. Although
this paper reflects the experience of one Institute only,
the global increased need for Telemedicine due to the
pandemic requires that more and more case studies are
reported, to show that despite the disruption of services

there are ways in which health services can provide effi-
cient mitigations for guaranteeing care for patients of any
age and with any diagnosis.
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undecided, 4 = somewhat agree, 5 = strongly agree
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