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Abstract

Background and Aim Performance assessment of the Stroke Pathway is a key element in healthcare quality. The aim
of this study has been to carry out a retrospective assessment of the Stroke Pathway in a first level Stroke Unit in Italy,
analyzing the temporal trend of the Stroke Pathway performance and the impact of the COVID-19 pandemic.

Methods A retrospective observational study was carried out analyzing data from 1/01/2010 to 31/12/2020. The
following parameters were considered: volume and characteristics of patients with ischemic stroke undergoing
intravenous thrombolysis, baseline modified Rankin Scale (mRS) and National Institutes of Health Stroke Scale (NIHSS)
scores, Onset-to-Door (OTD), Door-To-Imaging (DTI) and Door-To-Needle (DTN) Times, mRS score 3 months after

the ischemic event onset (3 m-mRS) and NIHSS score 24 h after the ischemic event onset (24 h-NIHSS). The study
also compared the pre-COVID-19 pandemic period (March-December 2019) with the one immediately following it
(March-December 2020).

Results 418 patients were included. Over time, treatment was extended to older patients (mean age from 66.3 to
75.51 years; p=0.006) and with a higher level of baseline disability (baseline mRS score from 0.22 to 1.22; p=0.000). A
statistically significant reduction over the years was found for DTN, going from 90 min to 61 min (p =0.000) with also
an increase in the number of thrombolysis performed within the “golden hour” - more than 50% in 2019 and more
of 60% in 2020. Comparing pre- and during COVID-19 pandemic periods, the number of patients remained almost
unchanged, but with a significantly higher baseline disability (mRS=1.18 vs. 0.72, p=0.048). The pre-hospital process
indicator OTD increased from 88.13 to 118.48 min, although without a statistically significant difference (p=0.197).
Despite the difficulties for hospitals due to pandemic, the hospital process indicators DTl and DTN remained
substantially unchanged, as well as the clinical outcome indicators 3 m-mRS, NHISS and 24 h-NHISS.

Conclusions The results of the retrospective assessment of the Stroke Pathway highlighted its positive impact both
on hospital processes and patients outcomes, even during the COVID-19 pandemic, so that the current performance
is aligning itself with international goals. Moreover, the analysis showed the need of improvement actions for both
hospital and pre-hospital phases. The Stroke Pathway should be improved with the thrombolysis starting in the
diagnostic imaging department in order to further reduce the DTN score. Moreover, health education initiatives
involving all the stakeholders should be promoted, also by using social media, to increase population awareness on
timely recognition of stroke signs and symptoms and emergence medical services usage.
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Introduction

Stroke is a clinical syndrome characterized by the sud-
den onset of a focal neurological deficit (sometimes com-
plete) persisting for more than 24 h or leading to death.
The 24-hour limit is arbitrary and, according to some def-
initions, it should be replaced by neuroimaging data (i.e.
if a brain injury area is visualized, it should be considered
a stroke even if symptoms have lasted less than 24 h) [1].

Every year worldwilde, according to the World Health
Organization (WHO), 15 million people are affected
by stroke. Of these, 5 million die (in Europe, every
year, there are about 650,000 deaths due to stroke) and
another 5 million have a permanent disability [2]. Stroke
incidence increases with age. From 55 years, it doubles
every decade and 95% of all strokes occur in people over
65 years. According to the Global Burden of Disease, in
Italy, the age-standardized incidence of stroke is 64-85.5
cases/100,000 inhabitants, with a decrease of 22% com-
pared to 1990 (3, 4].

The main modifiable risk factors are tobacco smoking,
alcohol consumption, poor diet, physical inactivity, and
high blood pressure [5-7].

Stroke can be ischemic or hemorrhagic [8]. Ischemic
stroke is the main stroke subtype (62.4% of total cases)
and, in recent years, a decrease of its incidence and mor-
tality has been registered, thanks to the improvement of
preventive strategies (risk factors control) and therapeu-
tic approaches [3, 8]. Concerning the latter, the two main
treatments available are intravenous thrombolysis and
mechanical thrombectomy, whose effectiveness, in terms
of brain damage, mortality and morbidity reduction, is
time-dependent [8].

In 2015, the Italian regulation, with the Decree n.70
of the Ministry of Health, identified a Stroke Pathway,
that is a patient-centered and evidence-based logical
sequence (from a spatial and organizational view point)
of activities aimed at guaranteeing the best approach to
the clinical management of stroke, optimizing patient
outcomes and maximizing clinical efficiency [9, 10]. The
Stroke Pathway is based on 3 stages: pre-hospital, hos-
pital and post-hospital phase. The pre-hospital phase is
the time interval between the onset of symptomatology
and the arrival to the Emergency Department (ED). The
hospital phase consists of patient assessment, diagnosis
and treatments and the post-hospital phase of the indi-
vidual rehabilitation project. The Decree n.70 also defines
the standards of the Hospital units for the treatment of
patients with acute cerebral stroke (first and second level
Stroke Units) [9].

The performance assessment of the Stroke Units is
a key element in the process of continuous healthcare

quality improvement. The SITS-MOST (Safe Implemen-
tation of Thrombolysis in Stroke - Monitoring Study)
registry is a world-leading platform for stroke data of
more than 200,000 patients from more than 1600 Stroke
Units. The network currently consists of over 3000 stroke
professionals from over 70 countries. The registry serves
as a tool for structured data entry and allows for national
and international benchmarking of treatment outcomes.
All patients undergoing pharmacological thrombolysis in
the Stroke Units must be recorded on the registry [11].

The outbreak of the Coronavirus disease 2019 (COVID-
19) pandemic heavily impacted the Italian healthcare
system. The pre-hospital and hospital performance of
integrated care pathways focused on time-dependent dis-
eases such as stroke has been affected by the pandemic
[12].

The aim of this study has been to carry out a retro-
spective assessment of the Stroke Pathway in a first level
Stroke Unit in Northern Italy, particularly focusing on
intravenous thrombolytic therapy. The specific objectives
have been to analyze the temporal trend of the Stroke
Pathway performance and the possible impact of the
COVID-19 pandemic.

Methods

This study was approved by the Ethical Committee of the
Romagna Scientific Institute (Protocol number 0006510);
It was carried out in accordance with the Helsinki Decla-
ration and EU Regulation 2016/679 (GDPR).

To analyze the temporal trend of the Stroke Pathway
performance, a retrospective observational study was
carried out analyzing data from 1/01/2010 to 31/12/2020
collected in the SITS-MOST (Safe Implementation of
Thrombolysis in Stroke - Monitoring Study) registry, the
global web registry of all patients undergoing pharmaco-
logical thrombolysis [11]. Patients diagnosed with isch-
emic stroke, who were considered eligible for treatment
with pharmacological thrombolysis at the Morgagni Pier-
antoni Hospital in Forll (Emilia Romagna Region, Italy)
over the ten-year period covered by the analysis, were
included in the study.

The trends of the following variables were analyzed:

— Number (case volume) and demographic
characteristics of patients with ischemic stroke
undergoing intravenous thrombolysis;

— Onset-To-Door time — OTD: time interval between
the onset of symptomatology and the arrival to ED
(process indicator related to the pre-hospital phase
of the Stroke Pathway) [13];
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— Door-To-Imaging time — DTI: time interval between
the arrival to ED and the starting of Imaging
(computed tomography (CT)/magnetic resonance
(MR)) (process indicator related to the hospital
phase of the Stroke Pathway) [13];

— Door-To-Needle time — DTN: time interval between
the arrival to ED and the starting of pharmacological
thrombolysis (process indicator related to the
hospital phase of the Stroke Pathway) [13];

— modified Rankin Scale (mRS) and National Institutes
of Health Stroke Scale (NIHSS) scores at the
baseline (first) patient’s assessment (clinical outcome
indicators). The mRS is the most widely used clinical
outcome parameter for measuring the degree of
disability or dependence in the daily activities of
people who have suffered a stroke or other causes of
neurological disability [14]. The NIHSS is a tool used
to objectively quantify the stroke severity and the
related impairment [15].

— mRS [14] score 3 months after the ischemic event
onset (3 m-mRS) and NTHSS [15] score 24 h after the
ischemic event onset (24 h-NIHSS).

For each variable, mean and standard deviation were
calculated.

The statistical analysis was carried out by performing
an Analysis of Variance (ANOVA).

To analyze the possible COVID-19 impact on the
Stroke Pathway performance, the study also compared,
for the same parameters, the pre-COVID-19 pandemic
period (March-December 2019) with the one imme-
diately following it (March-December 2020), through
a Student t-Test. The statistical significance was set at
p=<0.05. The SPSS software v.25 was used.

Results

The main study results over the 10-year period con-
sidered are reported in Table 1. A total number of 418
patients diagnosed with ischemic stroke was considered
eligible for treatment with pharmacological thromboly-
sis. As for the treatment annual and cumulative fre-
quency, 56% of patients were treated during the last three
years considered (1 January 2018-31 December 2020)
(Fig. 1).

Concerning patients’ characteristics, during the con-
sidered time interval, treatment was extended to older
patients and with a higher level of baseline disability. In
fact, both the patients’ mean age and mean value of base-
line mRS score showed a statistically significant increase
over time, respectively from 66.3 to 75.51 years (p=0.006)
and from 0.22 to 1.22 (p=0.000) (Table 1).

As for pre-hospital and hospital process indicators,
OTD, and DTI time trends showed a substantial stabil-
ity over time, while a statistically significant reduction
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over the years was found for DTN, going from 90 min
to 61 min average value (p=0.000) (Table 1; Fig. 2) and
constantly decreasing from 2016 to 2020 versus the
increasing annual thrombolysis volume (Fig. 3). The
average reduction in DTN also led to an increase in the
number of thrombolysis performed within the “golden
hour’, according to the international target [16]. Indeed,
although the target of 85% of patients treated within
60 min [17] was not reached, the improvements were
constant, so that in 2019 more than 50% of patients were
treated within 60 min (35% of them within 45 min) and in
2020 the treatments performed within 60 min amounted
to 62% (27% of them within 45 min). The clinical out-
come indicators 3 m-mRS and NHISS remained substan-
tially unchanged over the decade covered by the study
(Table 1).

The results of the comparison between the pre-pan-
demic (March-December 2019) and the pandemic
(March-December 2020) periods are reported in Table 2.
The number of patients remained almost unchanged (66
vs. 69), but with a significantly higher baseline disability
(mRS=1.18 vs. 0.72, p=0.048). Moreover, in contrast to
the trend in the considered decade, the OTD (pre-hospi-
tal pathway’s phase) increased from 88.13 to 118.48 min,
although without a statistically significant difference
(p=0.197). On the contrary, both the other hospital pro-
cess indicators DTI and DTN remained substantially
unchanged, as well as the clinical outcome indicators
3 m-mRS, NHISS and 24 h-NHISS.

Discussion

The study shows a considerable improvement of the
assessed Stroke Pathway over the years both in terms
of efficiency and effectiveness. As for activity volumes
and patients’ characteristics, the number of stroke cases
treated with pharmacological thrombolysis increased
over the years, as well as their mean age and baseline dis-
ability level. This can be traced back to the change over
time, according to guidelines [1, 8], of the inclusion cri-
teria, in particular to the extension of the time span for
pharmacological thrombolysis from 3 to 4.5 h after the
symptoms onset.

In addition, the incremental number of thromboly-
sis also led to the improvement of the Pathway’s perfor-
mances, in particular those related to the hospital stroke
management phase. The process analysis, indeed, high-
lighted a significant reduction of the DTN value, i.e. the
time interval between the arrival to ED and the starting of
pharmacological thrombolysis, parallel to the increased
annual number of cases treated. This data reveals the
learning curve of the system, which, in a virtuous circle,
improves its parameters with higher treatment volumes.
To this regard, the relationship between case volume and
performance is widely reported in the scientific literature,
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Fig. 1 Pharmacological thrombolysis annual and cumulative frequency
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Fig. 3 Annual trend of door-to-needle (DTN) in relation to the annual pharmacological thrombolysis volume
Table 2 Stroke pathway performance pre-post COVID-19 pandemic
Pre-Covid Covid Total p
(Mar-Dec 2019) (Mar-Dec 2020)

Number of patients 69 66 135

% 51.1 489 100.0

Age at stroke onset Mean 75.75 75.00 75.39 0.761
Std. Deviation 14.498 14.061 14.239

Onset-to-Door (OTD) Mean 88.13 118.48 102.22 0.197
Std. Deviation 78.844 171.927 130.871

Door-to-Imaging CT/MR (DTI) Mean 3293 32.66 32.81 0.956
Std. Deviation 20.605 31.773 26.012

Door-to-Needle (DTN) Mean 61.49 63.44 62.44 0.673
Std. Deviation 26.553 26.902 26.642

Modified Ranking Scale (mRS) (Baseline) Mean 0.72 1.18 0.95 0.048
Std. Deviation 1.162 1.499 1.351

NIHSS (Baseline) Mean 10.32 10.84 10.52 0.725
Std. Deviation 7.329 7.693 7442

NIHSS (24 h) Mean 524 557 533 0.852
Std. Deviation 6.715 7.208 6.809

Modified Ranking Scale after 3 months Mean 276 244 2.62 0.520

(mRS 3 m) Std. Deviation 2.257 2576 2.395 0.761

for several clinical areas [18-25] including stroke treat-
ment [26, 27]. In spite of the DTN reduction, the DTI
value showed an increase over time, albeit without sta-
tistical significance. It could be attributable to contextual
variables (e.g. logistical/organizational factors, patient
flows) worthy of future investigations aimed at analyzing
and understanding the reasons underlying the pathway’s

performance, which the present study aimed to assess.
Anyway, the DTI increase observed over time did not
negatively affect neither DTN, despite being its sub-stage,
nor clinical outcome.

Moreover, the lower restriction in patient selection
related to the compliance of the Stroke Pathway with
guidelines [1, 8] did not worsen the long-term prognosis.
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In fact, despite an increasing mean value of baseline dis-
ability, measured by the mRS score, over the years, the
degree of disability 3 months after the ischemic event
onset, as expressed by the 3 m-mRS, remained stable. It
was probably due to a balancing effect linked to improve-
ments in the acute management, in particular DTN
reduction, and therefore in the effectiveness of treatment.
The relationship between the reduction in time metrics
and a higher chance of getting a good neurological recov-
ery at 3 months is also reported by scientific literature
[28].

Unlike DTN, the time interval between the onset of
symptomatology and the arrival to ED (OTD) did not
change significantly over the years. The OTD stability can
be traced back to a level of patients/caregivers’ educa-
tion still not enough to timely recognize stroke signs and
symptoms resulting in a delayed request for emergency
healthcare. Some Authors recently underlined the need
for enhancing patient awareness on timely emergence
medical services usage at stroke onset by strengthening
publicity and educational activities [29, 30].

It can also be said that, despite the onset of the COVID-
19 pandemic and its negative impact on Italian health-
care system [12], the Stroke Pathway has proven effective
both in terms of hospital processes and clinical outcomes
for patients undergoing pharmacological thrombolysis.
In fact, the comparison of the pre-pandemic (March-
December 2019) and the pandemic periods (March-
December 2020) showed a number of positive elements.
Concerning hospital processes, both the DTI and DTN
scores did not change significantly. As for patient out-
comes, although a higher baseline disability level (mRS
score), the long-term disability (3 m-mRS) score did not
show a statistically significant change, except for a slight
improvement. These results show the resilience, dur-
ing the emergency phase, of the Stroke Pathway - espe-
cially of the hospital phase - and its positive impact on
outcomes, given that the long-term disability level didn’t
get worse. These data are in line with previous studies
reporting the Stroke Pathway effectiveness and underlin-
ing its importance as a crucial clinical governance tool
to improve patient clinical management [31-36]. On the
other hand, the pre-post COVID-19 comparison showed
an OTD increase, although not statistically significant.
This data reveals the impact of the pandemic on the pre-
hospital phase of the Stroke Pathway, unlike the hospital
one. Indeed, it could be related to the hesitancy of peo-
ple to go to ED or alert the emergency medical service
[12] up to underestimate the stroke signs and symptoms,
as also confirmed by the higher baseline disability level
(mRS score).

This study has some weaknesses and strengths.
Among weaknesses, there is the limited number of eli-
gible patients, which made it more difficult to achieve
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statistical significance for all the variables considered.
Among strengths, there is the use of data obtained from
the SITS-MOST registry [11], which is a world-leading
platform for stroke data, also used for extensive inter-
national studies for its completeness and systematicity.
Moreover, there is an evident internal consistency of data
over the 10 years range considered in terms of guidelines’
targets pursuit [1, 8, 16].

The results of the retrospective assessment of the
Stroke Pathway performances highlighted its positive
impact both on hospital processes, although the latter
can be further improved, and patients’ outcomes, even
during the COVID-19 pandemic. Moreover, the analysis
showed the need to identify and implement improve-
ment actions for the pre-hospital phase.

What the main study implications? As far as clini-
cal management is concerned, the first objective is to
improve the hospital stroke management phase, through
a change of the Stroke Pathway with the thrombolysis
starting in the diagnostic imaging department in order
to further reduce the DTN score and achieve the inter-
national guidelines standards [8]. The second objective is
to promote health communication actions aimed at the
general population, from specialists up to patients/care-
givers, through information/education campaigns easily
accessible to the public. The last should provide simple
essential information to recognize stroke signs and symp-
toms in order to reduce the time between the onset of
symptoms and the arrival to ED. In this regard, in 2018
the Emilia-Romagna Region, launched, through the
Regional Health Website, the “I see, I recognize, I call”
initiative, an awareness campaign for the early and timely
recognition of stroke symptoms. The dissemination of
information reaches users through an illustrative video
available on the website and the distribution of leaflets/
brochures to health providers and patients/citizens [37].
Other actions should be promoted and implemented
to strengthen communication and make it more effec-
tive, such as the engagement of general practitioners and
institutional health education initiatives/events involving
all the stakeholders also through the use of social media.
As for research, this study paves the way for a multicen-
tric study, on a larger sample, to confirm the results of
this retrospective assessment and better investigate the
analyzed variables. Moreover, future investigation will
be useful to analyze the context variables, internal and
external to the Hospital, which allowed the standards to
be achieved and maintained in such a challenging contin-
gency as the COVID-19 pandemic.

Conclusion

Performance assessment is a key element in the process
of continuous healthcare quality improvement. Data col-
lection and usability is an essential pre-requisite for the
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systematic monitoring activity and the identification of
improvement actions. Clinical registries serve as a use-
ful tool to this aim, allowing for structured data entry and
benchmarking.

Our study, based on the SIST-MOST registry data,
showed a gradual improvement, over 10 years of obser-
vation, of the Stroke Pathway, both in terms of health-
care processes and patients’ outcomes, and its resilience
during the COVID-19 emergency. The analysis also
highlighted the need of improvement actions for both
hospital and pre-hospital phases to align with interna-
tional goals. Further studies investigating the reasons for
achieving and mantaining the Stroke Pathway perfor-
mance levels may allow the identification of the specific
changes still to be made in order to purse the continuous
improvement of the Pathway efficiency and effectiveness.
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