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Abstract
Objective To determine whether out-of-hospital healthcare and adverse outcomes are better in stroke patients admitted to a
neurology ward compared with those admitted to general wards.
Methods Beneficiaries of the National Health Service from the Italian Lombardy Region who were discharged alive after
hospital admission during the year 2009 for ischemic stroke (9776 patients) or intracerebral or subarachnoid hemorrhage
(1102 patients) entered into the cohort and were followed until 2012. Exposure of interest was the ward type where inpatients
were admitted (neuro vs. general wards). Outcomes were out-of-hospital healthcare (i.e., drug prescriptions, diagnostic proce-
dures, and laboratory clinical evaluations) and adverse clinical outcomes (i.e., all-cause death and hospital readmission).
Exposure-outcome associations were investigated. High-dimensional propensity score methodology was used for taking into
account confounders. Mediation analysis was used to verify whether the association between ward type and clinical outcomes is
mediated by out-of-hospital adherence to healthcare.
Results Better adherence to out-of-hospital healthcare received from patients discharged from neuro, rather than general, wards
was observed being the proportions of adherent patients 42.4% and 39.5%, respectively. Comparedwith general wards, discharge
from neuro was associated with reduced 3-year emergency admissions (from 50.1 to 47.5% among ischemic stroke patients) and
reduced 3-year mortality (from 37.5 to 27.0% among hemorrhagic stroke patients). From 10 to 15% of outcome risk, reductions
were mediated by better adherence to out-of-hospital healthcare.
Conclusions For patients with acute ischemic and hemorrhagic stroke, admission to neuro vs. general wards is associated with
better out-of-hospital healthcare and long-term adverse outcomes.
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Introduction

Ischemic stroke (IS) and intracerebral or subarachnoid hem-
orrhage (ISH) are leading causes of non-communicable dis-
eases, together affecting an estimated 25 million people and
contributing to 6.5 million deaths globally each year [1]. In the
first decade of the twenty-first century, a 30-day mortality
following stroke ranged between 13 and 23% after IS and
between 25 and 48% after ISH [2]. A 5-year mortality ranged
between 40 and 61%, depending on stroke type [3, 4].
Improvements in stroke care have reduced post-stroke mortal-
ity [3–5], but still currently, stroke remains a leading cause of
death [6].

It may be argued that stroke patients managed in neurology
wards receive high-quality care because the focus is specifi-
cally addressed to patients who need special care which is
provided by caregivers whose training emphasizes the unique
aspects of the disease processes seen in those patients [7, 8].
We then performed a large population-based real-life study,
investigating the cohort of patients admitted in hospital for IS
or ISH. The hypothesis addressed by this study was that, after
accounting for differences in clinical profiles and other fea-
tures, admission in a neurological ward (neuro) would be as-
sociated with better healthcare (drug prescriptions, diagnostic
procedures, and laboratory clinical evaluations) and reduced
short-term and long-term adverse outcomes (i.e., mortality
and hospital readmission) than admission to general ward.

Methods

Setting

The data used for this study were retrieved from the healthcare
utilization databases of Lombardy, a region in Italy that ac-
counts for about 16% (almost ten million) of its population.
The Italian population is covered by the National Health
Service (NHS), and in Lombardy, an automated system of
databases has been created to collect a variety of information,
including (1) an archive of residents who receive NHS assis-
tance (the whole resident population), reporting demographic
and administrative data; (2) a database on hospital discharge
records including information on primary diagnosis and up to
five co-existing conditions and procedures coded according to
the International Classification of Diseases, Clinical
Modification 9th revision (ICD-9 CM); (3) a drug prescription
database providing information on outpatient drug prescrip-
tions reimbursed by the NHS and coded according to the

Anatomical Therapeutic Chemical (ATC) classification sys-
tem; and (4) a database on diagnostic imaging and laboratory
analyses performed by services accredited from the NHS. For
each patient, we linked the above databases via a single iden-
tification code. In order to preserve privacy, each identifica-
tion code was automatically converted into an anonymous
code. The inverse process was prevented by deletion of the
conversion table. Details of healthcare utilization databases of
the Lombardy Region and of their use in the field of neurology
have been reported elsewhere [9].

The ICD-9 CM and ATC codes used in the present study
are reported in Supplementary Table S1.

Cohort selection and follow-up

The target population included Lombardy residents, aged 18
to 99 years, who were beneficiaries of the NHS. Of these,
those who were hospitalized with a primary diagnosis of IS
and ISH in the year 2009 were identified, and the first hospital
admission via the emergency department in that year was
defined as the index hospitalization. In order of allowing pa-
tients’ characterization through their previous contacts with
the NHS, cohort members who were beneficiaries of the
NHS from less than 2 years before the index hospitalization
were excluded. In addition, as we were interested to measure
healthcare delivered and outcome occurred among stroke sur-
vivors living in the community, patients who died during the
index hospitalization were also excluded. Finally, with the aim
of reducing between individuals and between managements
heterogeneity, patients who were admitted to a department of
neurosurgery were excluded. The remaining patients were in-
cluded into the final cohort whose members accumulated
person-years of follow-up starting from the cohort entry (i.e.,
index hospital discharge) until the earliest date among out-
come onset (see below), or death, emigration, or 3 years after
the index hospitalization.

Baseline, healthcare, and outcome data

Baseline data included age at index hospitalization, gender,
the ward of discharge (neuro vs. general), co-medications
(blood-pressure-lowering agents, lipid-lowering agents, anti-
platelet, oral anticoagulant, antiarrhythmics, and antidiabetic
agents), and comorbidities (stroke, ischemic heart disease,
heart failure, hypertension, arrhythmia, cancer, diabetes,
chronic obstructive pulmonary disease) recorded in the 2-
year period before index hospitalization. Clinical status was
further assessed through the so-called Multisource
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Comorbidity Score, a new comorbidity index obtained from
both inpatients diagnostic information and outpatients drug
prescriptions, recently validated in the Italian setting [10].

Selected diagnostic procedures received from each cohort
member during the index hospital stay (i.e., computerized ax-
ial tomography—CAT—of head, magnetic resonance imag-
ing—MRI—of brain, electrocardiogram, arteriography of ce-
rebral arteries, diagnostic ultrasound of head and neck, diag-
nostic ultrasound of heart) were recorded.

During the 6-month period after cohort entry, we recorded
the following information: (i) prescription of selected drugs
(blood-pressure-lowering agents, lipid-lowering drugs, anti-
platelet, oral anticoagulant, antiarrhythmics, and antidiabetic
medicaments), (ii) exposure to diagnostic procedures (i.e., ca-
rotid Doppler ultrasonography, neuroimaging—CAT, MRI—
or cerebral angiography), and (iii) laboratory clinical evalua-
tion (i.e., lipid profile). An overall adherence score was devel-
oped by counting the number of different healthcare services
(drug prescription, diagnostic procedure, and laboratory clin-
ical evaluation) used at least once from the cohort members.
The score had values of zero, 1, and 2 according to whether
none, only one, or at least two health services were used with-
in a 6-month period after discharge, respectively.

Three outcomes were considered: all-cause mortality, hos-
pital readmission with main diagnosis of stroke, and hospital
admission for any cause provided that it occurred via emer-
gency department.

Data analysis

As cohort members admitted in neuro and those admitted in
general wards might be different for clinical profile and other
relevant characteristics, and because of the limited informa-
tion available from healthcare database as ours, we decided of
adopting a 1:1 high-dimensional propensity score (HDPS)
matching design to account for both measured and residual
confounders [11]. Exposure propensity scores were derived
through the HDPS algorithm, an automated technique that
identifies and prioritizes covariates that may serve as proxies
for unmeasured confounders in large electronic healthcare da-
tabases [11]. Shortly, the predicted probability of being admit-
ted to neuro (i.e., the propensity score of interest) was estimat-
ed for each cohort member through a logistic regressionmodel
which includes as covariates the abovementioned baseline da-
ta, plus all the possible causes of hospital discharge experi-
enced by, and all the drug prescribed to, cohort members in the
2-year period prior to the index hospital admission. The 200
most predictive covariates were selected. Groups were 1:1
matched on their propensity score using a nearest neighbor
matching algorithm without replacement [12].

T test, chi-square test, and its version for the trend were
used when appropriate to test differences in demographic,

clinical, and healthcare between cohort members discharged
from neuro and from general wards.

The Kaplan-Meier estimators of cohort members’ cumula-
tive proportions experiencing a given outcome after 30 days,
1 year, and 3 years after index discharge were calculated ac-
cording to whether cohort members were discharged from
neuro or general wards, and time-to-event comparisons were
made by using the log-rank test. The probability of experienc-
ing a specific outcome from the index discharge until any
particular time was subsequently estimated through the
cause-specific cumulative incidence function [13], a method
which takes into account for competing nature of the consid-
ered outcomes (e.g., the occurrence of hospital readmission
for stroke likely affects the subsequent probability of death).
With this approach, a subject was assumed of experiencing the
outcome only once, and the overall incidence at a given time
was decomposed into a sum of the individual cumulative in-
cidence functions for each type of outcome.

Mediation analysis was performed according to
VanderWeele and Vansteelandt [14] with out-of-hospital ad-
herence to healthcare as a potential mediator of the observed
exposure-outcome association. In other words, we sought to
address whether differences in the outcome risk experienced
by patients cared in neuro and general wards may be partially
(or entirely) mediated by differences in healthcare adherence
received within 6 months after the index discharge.

Finally, to evaluate if the benefit associated with neurology
ward is affected by stroke unit, since many neurology wards
included stroke units within them, all the statistically signifi-
cant analyses were repeated excluding patients discharged
from a neurology ward with stroke unit.

All analyses were performed using the Statistical Analysis
System Software (version 9.4; SAS Institute, Cary, NC). For
all hypotheses tested, two-tailed p values less than 0.05 were
considered significant.

Data availability The data that support the findings of this
study are available from Lombardy Region but restrictions
apply to the availability of these data, which were used under
license for the current study, and so are not publicly available.
Data are however available from the authors upon reasonable
request and with permission of Lombardy Region.

Results

Patients

Thirteen thousand and seventy beneficiaries of NHS from
Lombardy aged 18 to 99 years were admitted in hospital with
diagnosis of stroke during the year 2009. Among these, 356
patients were excluded because they were admitted at a neu-
rosurgery department and other 78 because they were
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beneficiaries of the NHS from less than 2 years. Among the
remaining 12,636 patients, 10,633 and 2003 had diagnosis of
IS and ISH, respectively. Among the IS patients, 5769 ones
were admitted in neuro and 413 of them (7.2%) died during
the hospital stay. The corresponding figures for general wards
were 4864 patients of whom 444 (9.1%) died. Among the ISH
patients, 887 ones were admitted in neuro and 323 of them
(36.4%) died during the hospital stay. The corresponding fig-
ures for general wards were 1116 patients of whom 578
(51.8%) died. Finally, the 10,878 patients who survived the
index hospital admission were included into the final cohort.

Table 1 shows their baseline characteristics according to
the ward of discharge before and after HDPS-matching.
Compared with IS patients discharged from general wards,
those from neuro were in average younger and more likely
men, and exhibited better clinical profile (i.e., suffered from
less comorbidities and took fewer medicines). Conversely,
there were fewer differences for ISH patients, being those
discharged from neuro in average older and more likely treat-
ed with antihypertensive, lipid-lowering agents, and antiplate-
let with respect to those on general wards. There was no evi-
dence that demographic, clinical, and therapeutic baseline fea-
tures differed between HDPS-matched cohort members ac-
cording to the ward of discharge, neither for IS nor for ISH.

Healthcare exposure

Table 2 shows that, during the index hospital stay, both IS and
ISH patients discharged from neuro more frequently had an
MRI of brain or an ultrasound examination of head and neck
and less frequently had a brain CAT scan than those admitted
in other wards did. ISH patients from neuro less frequently
were evaluated with arteriography of cerebral arteries. Of in-
terest, the average lengths of hospital stay (SD) in neuro and
general wardswere, respectively, 10.0 days (6.3) and 10.7 days
(7.3) for IS patients (p < 0.001) and 14.3 days (8.9) and
19.6 days (19.1) for ISH patients (p < 0.001).

As far as out-of-hospital healthcare is concerned (Table 3),
there was no clear evidence that the use individual health
services during the 6-month period after the index discharge
differed depending on the ward type, if not because patients
from neuro were more frequently treated with oral anticoagu-
lant, had more controls of lipid profile (IS patients) and with
MRI, CAT, and cerebral angiography (ISH patients), than
those admitted in other wards. It is, however, noteworthy that
there was a statistical evidence of better overall adherence
score among patients who were discharged from neuro.

Outcomes

The proportions of patients who experienced the considered
outcomes are reported in Table 4. There was evidence that,
compared with IS patients discharged from general wards,

those on neuro had 20%, 11%, and 8% reduced risk of the
30-day, 1-year, and 3-year all-cause emergency admissions.
As far as ISH patients are concerned, those discharged from
neuro had 29%, 29%, and 32% reduced risk of 1-year all-
cause emergency admission and 1-year and 3-year mortality,
respectively.

Figure 1 shows that the cumulative 1-year and 3-year inci-
dences of adverse outcome (mortality, all-cause emergency
admissions, or stroke readmissions) of IS patients were
28.7% and 48.5% for admissions in neuro vs. 30.2% and
50.8% for admission in a general ward. The corresponding
figures for ISH patients were 32.6% and 53.8% vs. 42.8%
and 57.5%.

Mediation analysis showed that 10% and 15% of the re-
duced risk of long-term composite outcome among IS and
ISH patients were, respectively, mediated by better adherence
to out-of-hospital healthcare.

Neurology ward without stroke unit

Adherence score and outcomes were compared again after the
exclusion of patients discharged from a neurology ward with
stroke unit. Supplementary Tables S2 and S3 show that (i)
both the adherence to recommendations and the clinical out-
comes were better among IS patients who were discharged
from neuro and, (ii) albeit not significant, the same results
were observed among ISH patients.

Discussion

Consistently with registry-based Europeanmulticountry studies
[15, 16], as well as with population-based Italian investigations
[17–20], results of the present study confirm the well-known
poor prognosis of stroke patients, being 30-day, 1-year, and 3-
year mortality rates 3%, 15%, and 27%. In addition, not only
mortality but also other clinically relevant outcomes such as all-
cause emergency admissions and stroke readmissions make
worrying the prognosis of stroke patients, being the cumulative
risk of occurring any one of these outcomes higher than 50%
after 3 years after discharge. As a novel and original message,
our findings clearly showed that, after accounting for differ-
ences in demographic, therapeutic, and clinical profile of the
included patients, admission in a neurology ward was associat-
ed with reduced short-term and long-term adverse outcomes,
than in general ward, being the outcome reduction more pro-
nounced for ISHpatients (10.2%and 3.9%at 1 year and 3 years,
respectively) than for IS one (1.5% and 2.3%). The importance
of treatment in a stroke unit is well known. Indeed, themortality
reduction for stroke patients admitted in stroke units was
highlighted both from an Italian observational study [21] and
from a meta-analysis of clinical trials [22]. Moreover, both the
stroke unit and neurology ward were associated with a lower
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Table 1 Baseline characteristics of original and HDPS-matched cohort members admitted for ischemic stroke and intracerebral or subarachnoid
hemorrhage according to whether they were discharged from neurology or general wards. Lombardy, 2009–2012

Original cohort HDPS-matched cohort

Ischemic stroke

Neurology (n = 5356) General (n = 4420) p valuec Neurology (n = 3688) General (n = 3688) p valuec

Men 2866 (53.5%) 1936 (43.8%) < 0.001 1736 (47.1%) 1719 (46.6%) 0.692

Age: mean (SD) 71.4 (13.3) 76.8 (11.4) < 0.001 75.4 (11.2) 75.5 (11.5) 0.937

Comorbiditiesa

Previous stroke 298 (5.6%) 298 (6.7%) 0.015 225 (6.1%) 222 (6.0%) 0.884

Ischemic heart disease 181 (3.4%) 194 (4.4%) 0.010 140 (3.8%) 133 (3.6%) 0.666

Heart failure 217 (4.1%) 401 (9.1%) < 0.001 194 (5.3%) 192 (5.2%) 0.917

Hypertension 2145 (40.1%) 1860 (42.1%) 0.042 1522 (41.3%) 1522 (41.3%) 1.000

Arrhythmia 892 (16.7%) 949 (21.5%) < 0.001 730 (19.8%) 722 (19.6%) 0.815

Cancer 258 (4.8%) 262 (5.9%) 0.015 179 (4.9%) 188 (5.1%) 0.630

Diabetes 767 (14.3%) 755 (17.1%) < 0.001 592 (16.1%) 584 (15.8%) 0.799

COPD 189 (3.5%) 261 (5.9%) < 0.001 161 (4.4%) 158 (4.3%) 0.864

Medicationsb

Blood-pressure-lowering agents 3821 (71.3%) 3521 (79.7%) < 0.001 2848 (77.2%) 2851 (77.3%) 0.934

Lipid-lowering agents 1591 (29.7%) 1336 (30.2%) 0.575 1118 (30.3%) 1110 (30.1%) 0.839

Antiplatelet 2799 (52.3%) 2546 (57.6%) < 0.001 2077 (56.3%) 2039 (55.3%) 0.373

Oral anticoagulants 506 (9.5%) 500 (11.3%) 0.003 382 (10.4%) 387 (10.5%) 0.849

Antiarrhythmics 377 (7.0%) 315 (7.1%) 0.866 261 (7.1%) 259 (7.0%) 0.928

Antidiabetic agents 986 (18.4%) 932 (21.1%) 0.001 750 (20.3%) 737 (20.0%) 0.706

Multisource comorbidity score

0 3547 (66.2%) 2384 (53.9%) < 0.001 2239 (60.7%) 2219 (60.2%) 0.991

1 1006 (18.8%) 1128 (25.5%) 816 (22.1%) 882 (23.9%)

2 489 (9.1%) 478 (10.8%) 387 (10.5%) 323 (8.8%)

3 170 (3.2%) 222 (5.0%) 136 (3.7%) 145 (3.9%)

4 144 (2.7%) 208 (4.7%) 110 (3.0%) 119 (3.2%)

Intracerebral or subarachnoid hemorrhage

Neurology (n = 564) General (n = 538) p valuec Neurology (n = 341) General (n = 341) p valuec

Men 289 (51.2%) 248 (46.1%) 0.088 174 (51.0%) 178 (52.2%) 0.759

Age: mean (SD) 72.4 (13.3) 71.3 (15.3) 0.182 71.4 (14.4) 71.6 (14.8) 0.852

Comorbiditiesa

Previous ischemic stroke 49 (8.7%) 46 (8.6%) 0.935 25 (7.3%) 22 (6.5%) 0.650

Ischemic heart disease 12 (2.1%) 13 (2.4%) 0.748 4 (1.2%) 4 (1.2%) 1.000

Heart failure 25 (4.4%) 23 (4.3%) 0.898 11 (3.2%) 8 (2.4%) 0.485

Hypertension 245 (43.4%) 193 (35.9%) 0.010 129 (37.8%) 134 (39.3%) 0.694

Arrhythmia 70 (12.4%) 66 (12.3%) 0.942 38 (11.1%) 39 (11.4%) 0.904

Cancer 35 (6.2%) 42 (7.8%) 0.297 13 (3.8%) 15 (4.4%) 0.700

Diabetes 64 (11.4%) 51 (9.5%) 0.311 28 (8.2%) 31 (9.1%) 0.683

COPD 19 (3.4%) 18 (3.4%) 0.983 11 (3.2%) 10 (2.9%) 0.825

Medicationsb

Blood-pressure-lowering agents 393 (69.7%) 351 (65.2%) 0.116 214 (62.8%) 220 (64.5%) 0.633

Lipid-lowering agents 125 (22.2%) 96 (17.8%) 0.074 60 (17.6%) 60 (17.6%) 1.000

Antiplatelet 210 (37.2%) 191 (35.5%) 0.550 122 (35.8%) 118 (34.6%) 0.748

Oral anticoagulant 65 (11.5%) 56 (10.4%) 0.554 30 (8.8%) 36 (10.6%) 0.437

Antiarrhythmics 42 (7.5%) 32 (6.0%) 0.320 17 (5.0%) 23 (6.7%) 0.328

Antidiabetic agents 91 (16.1%) 80 (14.9%) 0.562 44 (12.9%) 48 (14.1%) 0.654

Multisource comorbidity score

0 358 (63.5%) 352 (65.4%) 0.705 248 (72.7%) 237 (69.5%) 0.930
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intrahospital mortality rate [23]. We add to the available knowl-
edge that not only stroke units but also neurology wards, al-
though to a lesser extent, are in average effective in preventing
clinical outcomes until 3 years after index discharge. It is note-
worthy that 35 out of 42 neurology wards included stroke unit
within them at the time of the study.

Our paper tried to understand the reasons for the higher
effectiveness of treating stroke in a neuro ward. As it is well
known that medicines and diagnostic and screening investiga-
tions play an important role in secondary prevention of stroke
[24–27], and because we observed that patients who were
discharged from neuro also had better adherence to recom-
mended secondary preventive healthcare, we can speculate
that long-term benefits of neuro admission might be due to
better transferring of information between hospitals and pri-
mary care [28–30]. These conclusions, however, must be con-
sidered speculative. In fact, likely because available informa-
tion did not entirely capture outpatient healthcare, only 10 to
15% of the outcome risk reductions associated with inpatient
care in neurology wards seem to be mediated by better adher-
ence to outpatient healthcare. However, whatever the reason
for the benefits on clinical outcomes associated with admis-
sion to neurology is, our findings suggest that endorsing pol-
icy addressed to specialized wards should be recommended.
From this point of view, it may be interesting to observe that

almost the entire group of stroke unit in Italy (185 over 191)
have been realized and managed by neurologists and in neu-
rological wards.

At least two other results of our study deserve to be men-
tioned. One, the length of stay was shorter in neuro wards, a
finding for which there are several possible explanations. One
possibility is that patients with more severe neurologic dam-
age are more likely admitted in general divisions, than in
neuro ones. Alternatively, hospital stay may have been with-
drawn earlier from neuro wards in order to entrust community
services to continue and maintain cares. The observation that,
after accounting for between-group differences in baseline
characteristics, patients discharged from neuro exhibited bet-
ter adherence with out-of-hospital healthcare plays at the favor
of such a hypothesis. Because our database did not include
detailed enough data for ascertaining the reason, the question
still remains open. However, irrespectively from its reasons,
because the length of stay is known to be as the most predictor
of inpatient costs [31], our findings suggest that not only the
patients but also the health care system could benefit from the
admission of stroke patients in neuro wards.

Two, almost one in ten IS patients and almost one in five
ISH patients discharged from a neuro ward, and even more
than one in four discharged from an unskilled general ward,
did not receive not even one of the drug prescriptions,

Table 2 Diagnostic procedures received during the index hospital stay by HDPS-matched cohort members admitted for ischemic stroke and intrace-
rebral or subarachnoid hemorrhage according whether they were discharged from neurology or general wards. Lombardy, 2009–2012

Ischemic stroke Intracerebral or subarachnoid hemorrhage

Neurology (n = 3688) General (n = 3688) p valuea Neurology (n = 341) General (n = 341) p valuea

CAT of head 2502 (67.8%) 2885 (78.2%) < 0.001 241 (70.7%) 232 (68.0%) 0.455

MRI of brain 856 (23.2%) 521 (14.1%) < 0.001 58 (17.0%) 39 (11.4%) 0.037

Electrocardiogram 708 (19.2%) 774 (21.0%) 0.055 58 (17.0%) 57 (16.7%) 0.919

Arteriography of cerebral arteries 45 (1.2%) 46 (1.3%) 0.916 9 (2.6%) 27 (7.9%) 0.002

Ultrasound of head and neck 1686 (45.7%) 1093 (29.6%) < 0.001 26 (7.6%) 17 (5.0%) 0.156

Ultrasound of heart 958 (26.0%) 1027 (27.9%) 0.070 26 (7.6%) 36 (10.6%) 0.183

HDPS high-dimensional propensity score, MRI magnetic resonance imaging, CAT computerized axial tomography
aDifferences between the two groups were tested using chi-square statistics

Table 1 (continued)

Original cohort HDPS-matched cohort

1 109 (19.3%) 90 (16.7%) 54 (15.9%) 64 (18.8%)

2 53 (9.4%) 59 (11.0%) 23 (6.7%) 28 (8.2%)

3 21 (3.7%) 16 (3.0%) 7 (2.1%) 9 (2.6%)

4 23 (4.1%) 21 (3.9%) 9 (2.6%) 3 (0.9%)

HDPS high-dimensional propensity score, SD standard deviation, COPD chronic obstructive pulmonary disease
a According to hospital admission in the 3 years before the current one
bAccording to drugs dispensed in the 3 years before the current one
c Differences between the two groups were tested using T test (age), chi-square statistics, or its version for the trend (multisource comorbidity score)
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diagnostic procedures, and screening investigations recom-
mended for stroke secondary prevention [24–27]. The lack
of universal access to common drugs and basic medical equip-
ment, as well as the lack of post-stroke follow-up programs of
secondary stroke prevention [32], even in a country with uni-
versal access to essential health care services such as Italy, is

another element of concern that health authorities should
address.

The present study has several elements of strength. First, the
investigation was based on a very large unselected population,
which wasmade possible because in Italy, a cost-free healthcare
system involves virtually all citizens. Second, health database

Table 3 Out-of-hospital healthcare received after the index discharge by HDPS-matched cohort members admitted for ischemic stroke and intrace-
rebral or subarachnoid hemorrhage according whether they were discharged from neurology or other wards. Lombardy, 2009–2012

Ischemic stroke Intracerebral or subarachnoid hemorrhage

Neurology (n = 3688) General (n = 3688) p valuea Neurology (n = 341) General (n = 341) p valuea

Medications

Antiplatelet 2503 (67.9%) 2521 (68.4%) 0.653 59 (17.3%) 52 (15.3%) 0.468

Lipid-lowering agents 1387 (37.6%) 1401 (38.0%) 0.737 55 (16.1%) 55 (16.1%) 1.000

Oral anticoagulants 560 (15.2%) 453 (12.3%) < 0.001 7 (2.1%) 13 (3.8%) 0.173

Antihypertensive 2706 (73.4%) 2713 (73.6%) 0.854 215 (63.1%) 200 (58.7%) 0.239

Antidiabetic agents 682 (18.5%) 677 (18.4%) 0.881 38 (11.1%) 34 (10.0%) 0.618

Antiarrhythmics 255 (6.9%) 236 (6.4%) 0.375 13 (3.8%) 18 (5.3%) 0.358

Diagnostic imaging

Carotid Doppler ultrasound 579 (15.7%) 545 (14.8%) 0.271 25 (7.3%) 26 (7.6%) 0.884

MRI, CAT of head, cerebral angiography 315 (8.5%) 336 (9.1%) 0.389 117 (34.3%) 78 (22.9%) 0.001

Laboratory tests

Lipid profile 1193 (32.4%) 1111 (30.1%) 0.039 79 (23.2%) 75 (22.0%) 0.330

Adherence score

0 322 (8.7%) 347 (9.4%) 0.031 64 (18.8%) 92 (27.0%) 0.006

1 1790 (48.5%) 1857 (50.4%) 143 (41.9%) 141 (41.3%)

2 1576 (42.7%) 1484 (40.2%) 134 (39.3%) 108 (31.7%)

HDPS high-dimensional propensity score, MRI magnetic resonance imaging, CAT computerized axial tomography
aDifferences between the two groups were tested using chi-square statistics or its version for the trend (adherence score)

Table 4 Short-term (30 days) until long-term (3 years) outcomes experienced by HDPS-matched cohort members admitted for ischemic stroke and
intracerebral or subarachnoid hemorrhage according whether they were discharged from neurology or general wards. Lombardy, 2009–2012

Ischemic stroke Intracerebral or subarachnoid hemorrhage

Outcomes Neurology (n = 3688) General (n = 3688) p valuea Neurology (n = 341) General (n = 341) p valuea

All-cause deaths

30 days 119 (3.2%) 121 (3.3%) 0.898 21 (6.2%) 23 (6.7%) 0.757

1 year 544 (14.8%) 528 (14.3%) 0.589 56 (16.4%) 77 (22.6%) 0.050

3 years 1008 (27.4%) 1012 (27.5%) 0.944 92 (27.0%) 127 (37.5%) 0.005

Readmissions for stroke

30 days 35 (1.0%) 48 (1.3%) 0.151 3 (0.9%) 4 (1.2%) 0.704

1 year 199 (5.8%) 212 (6.2%) 0.534 15 (4.9%) 24 (8.1%) 0.118

3 years 351 (11.0%) 370 (11.5%) 0.476 41 (14.5%) 32 (11.3%) 0.476

All-cause emergency admissions

30 days 171 (4.7%) 213 (5.8%) 0.030 21 (6.4%) 19 (5.7%) 0.764

1 year 913 (26.2%) 1015 (28.8%) 0.013 70 (22.3%) 93 (30.3%) 0.032

3 years 1611 (47.5%) 1731 (50.1%) 0.013 126 (41.7%) 137 (46.1%) 0.171

HDPS high-dimensional propensity score
a Differences between the two groups were tested using log-rank test
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provided highly accurate data, because health providers are
required to report services in detail in order to obtain reimburse-
ment, and incorrect reports have legal consequences.

Our study has also some limitations. One, because of privacy
regulations, hospital records were not available for scrutiny,
which means that differential diagnosis of stroke could not be
checked. Owing to the lack of evidence from up-to-date studies
performed in the healthcare system of the Lombardy Region,
misclassification cannot be completely excluded in our setting.
Moreover, the lack of clinical information useful for risk strat-
ification and prognostication is one of the main cause of sys-
tematic uncertainty of our study. Two, drug treatment was de-
rived from drug prescriptions, which requires, however, the
assumption that drug prescription corresponds to drug con-
sumption. There is, however, no guarantee that this is always
the case, and indeed, it is likely that in a number of patients, the
prescribed drugs are not assumed. This implies, however, that
in the real world, the actual use of medicines may be even still
less than the measured prevalence of drug users [33]. Three, we
could not take into account the use of thrombolysis treatment
because Bhospital discharge data were found to be fairly insen-
sitive in the reporting of thrombolysis,^ as reported by a recent
Italian investigation [34]. Finally, the main limitation to be con-
sidered remains confounding. In fact, certain relevant clinical
information might not have been completely captured, because
it is either not fully or not directly measured in administrative
data, and this may have led to residual confounding. Although
high-dimensional propensity score methodology is attractive
for efficiently addressing potential unmeasured confounding

through proxy identification [35], the potential for some resid-
ual confounding remains.

In summary, our study suggests that inpatient cares of acute
IS and ISH provided from neurology wards is more effective
than those provided from unskilled general wards.
Effectiveness concerns the short-term reduction of mortality
and other clinical outcomes and benefits persist over time until
3 years after the index discharge likely mediated by better
outpatients healthcare.
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