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Paola Caruso a,⇑, Miloš Ajčević a,b,c, Giovanni Furlanis a, Mariana Ridolfi a, Carlo Lugnan a,
Tommaso Cillotto a, Marcello Naccarato a, Paolo Manganotti a

aClinical Unit of Neurology, Department of Medicine, Surgery and Health Sciences, University Hospital and Health Services of Trieste, University of Trieste, Trieste, Italy
bNEUROFARBA Department, Neuroscience Section, University of Florence, Italy
cDepartment of Engineering and Architecture, University of Trieste, Trieste, Italy
a r t i c l e i n f o

Keywords:
Ischemic stroke
Thrombolysis
Dementia
mRS
Functional outcome
a b s t r a c t

Introduction: Recombinant tissue plasminogen activator (rt-PA) is the first-line therapy demonstrated to
be safe and effective in acute ischemic stroke. People with pre-existing severe dementia or physical dis-
ability are usually excluded from rt-PA. The aim of our study was to investigate rt-PA safety and effective-
ness in acute stroke with pre-existing disability (mRS � 2).
Methods: The study encompassed 35 acute ischemic stroke patients with mRS � 2 treated with rt-PA. In
order to assess the differences in clinical outcome in three disability groups (mRS = 2; 3; 4/5), the follow-
ing parameters were evaluated: intracerebral hemorrhage, mortality, NIHSS, DNIHSS and mRS.
Results: Baseline-NIHSS and age were not significantly different among groups. Mortality was higher in
the pre-morbid mRS 4/5 group (44%) than in the pre-morbid mRS 2 (16.7%) and mRS 3 groups (21.4%).
In survived patients, median DNIHSS% was higher in the mRS 2 and 3 groups (-63.3% and �92.3%, respec-
tively) than in the mRS 4/5 group (�9.1%). The 247 rt-PA treated subjects with mRS < 2 in the same period
showed lower mortality rate (4.7%), lower sICH (5%), lower mRS at discharge (median 1; range 0–6) and
similar DNIHSS% (�75%).
Conclusion: Patients with mRS 2 and 3 may benefit from rt-PA with a moderate risk of sICH and mortality.
1. Introduction

Treatment with recombinant tissue plasminogen activator (rt-
PA) within the first 4.5 h from symptoms onset is the first-line
approved therapy for stroke patients [1,2]. The treatment availabil-
ity has significantly improved over time and different exclusion
criteria have been discussed over decades to guarantee the best
possible stroke treatment to an increasing number of patients.

People with severe dementia or physical disability before stroke
do not usually undergo interventional treatment for acute ischemic
stroke. This subgroup of patients has not been studied because
clinical trials generally exclude patients with pre-existing disabil-
ity. In particular, patients with pre-existing disabling neurological
disease have been excluded from the European Cooperative Acute
Stroke Study (ECASS) and from the Third International Stroke Trial
(IST-3) rt-PA trials [3–6].
The modified Rankin Scale (mRS) is a commonly used scale to
measure the degree of disability or dependence in daily activities
of people with neurological and non-neurological disability owing
to stroke or other causes. It has become the most widely used clin-
ical outcome measurement for stroke clinical trials [7,8]. mRS
ranges from 0 to 6, from perfect health without symptoms to
death.

Stroke patients with pre-existing disability are usually older
(>80 years old), which comprise a more complicated management,
in particular as far as reperfusion therapy decision making is con-
cerned. It is known that elderly patients tend to have worse post-
stroke functional outcome than younger patients, despite adjust-
ment for stroke risk factors and other comorbidities [9]. Older
patients generally present greater stroke severity at onset, higher
premorbid disability and more frequent medical complications in
the acute phase. However, recent studies have reported that age
does not negatively affect rt-PA treatment effectiveness [9–11]. A
recent study evaluating the safety and effectiveness of thromboly-
sis in a large cohort of patients older and younger than 80 years
showed higher degree of prior-to-stroke disability in the elderly
patients which did not significantly affect the thrombolysis
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outcome [12]. Pre-existing disability is reported in up to 12.5% of
treated cases in registry studies, with a greater proportion
(24.8%) among patients older than 80 years old [13–15]. Recently,
in actual clinical practice in Central and Eastern Europe, patients
with at least slight pre-existing disability accounted for 8% of all
cases treated with rt-PA [16]. Pre-stroke disability did not increase
the risk of symptomatic intracerebral hemorrhage (sICH), but it
may be associated with less neurological improvement and higher
mortality.

Considering the above-mentioned high rate of stroke occur-
rence in these patients and the lack of studies regarding the safety
and outcome of rt-PA in pre-stroke disability, the aim of our study
was to investigate rt-PA effectiveness in a cohort of acute stroke
patients with pre-existing disability (mRS � 2).
Table 1
Clinical characteristics and neuroimaging findings at admission.

Age (years) 87 (45–95)
Gender (M:F) 9:26
Time from onset to rt-PA (minutes) 185 ± 42

Comorbidities
Hypertension (%)
Diabetes mellitus (%)
Atrial fibrillation (%)
Dyslipidemia (%)
Ischemic cardiopathy (%)

74%
26%
46%
37%
34%

NIHSS baseline
mRS
Barthel

14.5 (1–24)
3 (0–5)
15 (0–100)

ASPECT 9 (7–10)
Lesion side (R:L) 17:18

OCSP Classification (N)
PACI
POCI
TACI
LACI

9 (25.7%)
0 (0%)
22 (62.8%)
3 (8.6%)

TOAST Classification (N)
Large-artery atherosclerosis
Cardioembolism
Small-vessel occlusion
Stroke of undetermined etiology
Stroke of other determined etiology

6 (17.1%)
15 (43.1%)
4 (11.4%)
9 (25.7%)
0

2. Materials and methods

We retrospectively analyzed the clinical and imaging data of
patients with acute ischemic stroke admitted to the Stroke Unit
of the University Hospital and Health Services of Trieste (Italy)
from September 2015 to October 2017. Inclusion criteria were
acute ischemic stroke symptoms, admission within 4.5 h or
wake-up stroke or undetermined onset, pre-existing disability
(mRS � 2), rt-PA treatment. We excluded patients with stroke
mimic and hemorrhagic stroke.

mRS ranges from 0 to 6, from perfect health without symptoms
to death, and it was calculated as follows: (0) No symptoms; (1)
No significant disability. Able to carry out all usual activities,
despite some symptoms; (2) Slight disability. Able to look after
own affairs without assistance, but unable to carry out all previous
activities; (3) Moderate disability. Requires some help, but able to
walk unassisted; (4) Moderately severe disability. Unable to
attend to own bodily needs without assistance, and unable to walk
unassisted; (5) Severe disability. Requires constant nursing care
and attention, bedridden, incontinent; (6) Dead. Barthel score
[17], NIHSS score [18] and MMSE [19] were also used to assess
patient’s ability to perform daily life tasks, cognitive ability and
stroke severity.

Following data of included patients were collected: (1) demo-
graphic details (age, sex); (2) stroke risk factors (hypertension, dia-
betes, dyslipidemia, smoke, ischemic cardiopathy, atrial
fibrillation); (3) NIHSS score, Barthell score and mRS at baseline;
(4) NIHSS score, Barthell score and mRS at discharge; (5) symp-
tomatic intracerebral hemorrhage (sICH); (6) time from symptom
onset to reperfusion therapy; (7) side of ischemic area; (8) stroke
subtype classification at discharge classified by TOAST [20]; (9)
OCST Classification [21]; (10) ASPECT [22]; (11) neuroimaging data
(non-enhanced CT ad admission and non-enhanced CT at 24 h; CT
angiography and CT Perfusion at admission).

In order to assess the differences in clinical outcome among the
three disability groups (mRS = 2; mRS = 3 and mRS = 4 and 5) fol-
lowing parameters were evaluated: intracerebral hemorrhage,
mortality rate, changing of NIHSS and mRS score, as well as
DNIHSS calculated as percentage of NIHSS decrease from admis-
sion to discharge in order to measure the patient recovery.

DNIHSSð%Þ ¼ NIHSSdischarge � NIHSSadmission

NIHSSadmission
� 100%

The research was conducted according to the principles of the
Declaration of Helsinki. All participants released their informed
consent to participate in the study after all procedures had been
fully explained. Approval for the study had been obtained from
the local ethics committee.

Continuous variables were presented as mean ± SD or medians
(ranges) depending on their distribution (normal or not) and
2

non-continuous variables as percentages. The differences in NIHSS
at admission and in DNIHSS among three disability groups
(mRS = 2; mRS = 3 and mRS = 4 and 5) were assessed by Kruskal-
Wallis test. A level of p < 0.05 was regarded as statistically
significant.

3. Results

After a retrospective review of 282 acute ischemic stroke
patients who underwent reperfusion therapy, a total of 35 subjects
(26F; 9 M) with mRS � 2 formed the final study population. All
subjects were Caucasian and median age at admission was
87 years old (range 45–95). At admission, median mRS was 3
(range 2–5), median NIHSS was 14.5 (range 1–24), median Barthel
score was 27.5 (range 0–100). In 15 patients with pre-stroke
dementia median MMSE was 20/30. Mean time from stroke onset
to intravenous treatment was 185 ± 42 min. In 3 cases, patients
were admitted due to wake-up stroke. Other 3 patients underwent
thrombectomy after rt-PA. Most treatments were performed dur-
ing day time, in only 8 cases rt-PA was administered after 8:00
PM. Anterior cerebral infarct (TACI) was observed in 22 cases,
while partial syndrome (PACI) in 9 cases and lacunar stroke (LACI)
in 3 cases. Stroke involving the posterior circulation (POCI) was not
observed. Arterial hypertension affected 26 patients (74%), Dyslipi-
demia 13 patients (37%), Diabetes Type II 9 patients (26%), Atrial
fibrillation 16 patients (46%) and Ischemic cardiopathy 12 patients
(34%). Stroke’s pathogenesis atherothrombotic infarction due to
damage of larger vessel was identified in 6 patients; in 4 cases,
small vessels were involved; cardioembolic mechanism was
reported in 15 cases; after all diagnostic evaluation, cryptogenic
stroke was diagnosed in 9 subjects. In 18 subjects the lesion was
in the left side, while in 17 in the right side. Median ASPECT score
was 9.0 (range 7–10), 17 of the 35 patients had ASPECT 10. In 3
cases a major vessel occlusion was found (middle cerebral artery).
Out of 35 patients, 7 reported hemorrhagic transformation with
significant clinical deterioration, causing death in 6 cases. Median
days of hospitalization was 15 (range 1–56). Median NIHSS at dis-
charge was 5.5 (range 0–21), median ranking scale at discharge
was 4 (range 2–6), median Barthel at discharge was 15 (range 0–
100). Mortality rate was 25.7% (9 out of 35 patients). Baseline clin-
ical and neuroimaging findings are summarized in Table 1.
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Mortality rate, sICH, and changes in NIHSS and mRS score were
reported in Table 2 for each of the three disability groups (mRS = 2;
mRS = 3 and mRS = 4 and 5). NIHSS at admission and age were not
significantly different among groups. Mortality was higher in the
pre-morbid mRS 4 and 5 group (44%) than in pre-morbid mRS 2
(16.7%) and 3 groups (21.4%). In patient who survived, median
DNIHSS% was higher in groups with mRS 2 and 3 (-63.3% and
�92.3%, respectively) than in group with mRS 4 and 5 (-9.1%),
although not statistically significant.

In order to evaluate these results in respect to the 247 subjects
with rankin < 2, who underwent rt-PA therapy in the same period,
we observed lower mortality rate (4.7%), lower sICH (5%), lower
mRS at discharge (Median 1; range 0–6). In survived subjects with
mRS < 2, DNIHSS% was similar (�75%) to those with pre-morbid
mRS 2 and 3.
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4. Discussion

rt-PA treatment within the first 4.5 h from symptoms onset has
been widely debated and is actually contraindicated for patients
with acute stroke and pre-existing disability. Despite the high
stroke occurrence in these patients, there is a lack of studies
regarding the reperfusion treatment safety and effectiveness in
pre-stroke disability patients. The main finding of this study was
that patients with mRS 2 and 3 may benefit from thrombolytic
therapy with moderate risk of sICH and mortality.

In our study, almost all patients with mRS 2 and 3 treated with
rt-PA improved the neurological deficit measured by the admis-
sion/discharge NIHSS score and their recovery is similar to that
of patients without or with mild disability at admission. For higher
pre-morbid disability patients with mRS 4 and 5, risks are higher
and recovery is limited. Despite in patients with pre-existing dis-
ability death was higher compared to those without pre-existing
disability, our results suggested that patients with and without
pre-existing disability may return to their premorbid functional
status following intravenous thrombolysis, in accordance with pre-
vious study [23]. Our findings are consistent with a previous stud-
ies supporting the hypothesis that moderate disability alone
should not be considered as a contraindication to IVT treatment
[24,25].

It is a critical issue deciding how to manage and treat older
patients with acute ischemic stroke and pre-existing disability. In
clinical practice, physicians can count on modern neuroimaging
techniques. Different neuroimaging techniques may guide the
patient selection for reperfusion therapy and discriminate between
ischemic core and penumbra [26]. In the past years, great research
interest was shown toward CT perfusion (CTP), which is progres-
sively becoming more widespread and available in emergency
departments [26–29]. A recent study showed that CTP assessed
perfusion deficit is related to neurological disability at admission
[28] and allows the identification of patients eligible for reperfu-
sion treatment [30] in cases of wake-up stroke, too [31]. In our
study, CTP imaging, which was performed in 74% of our sample,
supported the decision to apply reperfusion therapy. However,
results showed that considering mRS at admission too, proves to
be important when higher than 3. Fig. 1 shows two cases with dif-
ferent pre-existing disability, both with large penumbra area and
with different outcome after rt-PA treatment.

Furthermore, older and disability patients often show cognitive
impairment. In our study population, besides pre-existing disabil-
ity, a large number of patients suffered from cognitive impairment.
The relation between stroke and dementia is complex: cerebral
infarction itself is a risk factor for post-stroke dementia and pre-
stroke cognitive impairment or dementia is a risk factor for stroke
[32,33]. How to best manage stroke patients with pre-existing
3



Fig. 1. Neuroimaging assessment. From left to right: Direct CT at admission; CT perfusion identified core penumbra areas; 24 h Direct CT: (A) Male patient 87 years old and
pre-existing disability with mRS = 3, with moderate left hemiparesis and dysarthria (NIHSS = 15), brain CT Perfusion scan shows a wide penumbral area in the territory of the
right middle cerebral artery, brain CT scan performed after 24 h from thrombolysis shows a small infarcted area. After 7 days the patient was discharged and transferred to
the rehabilitation unit with NIHSS of 6. (B): Female 78 years old and pre-existing disability with mRS = 4, with severe left hemiparesis and dysarthria (NIHSS = 18), brain CT
Perfusion scan shows a large penumbral area. In the territory of the right middle cerebral artery with a small core extended from the subcortical area to the cortical ones,
brain CT scan performed after 24 h from thrombolysis shows the lesion in the territory of the right middle cerebral artery. After 5 days the patient died.
dementia is still debated. Moreover, patients with history of
dementia tended to be older, with higher prevalence of comorbidi-
ties and more severe stroke. However, as reported in literature,
medical complications, intracerebral hemorrhage, and survival
were similar among patients receiving thrombolysis, whether they
had dementia or any pre-existing disability or not [34]. The results
of our study are in line with these findings.

The European guidelines recommend that only patients with
pre-stroke mRS equal to 0 should be selected for acute stroke
interventions and it does not give clear guidance on treatment
management for pre-stroke mRS � 2 patients [35]. The American
Heart Association Stroke Council is starting to consider that dis-
ability does not increase the risk of post-thrombolysis bleeding
and that thrombolysis/thrombectomy may be reasonable in
selected cases, even if they may be associated with less neuro-
logical improvement and higher mortality [36,37]. Recently,
patients with stroke and premorbid disability have been regarded
as subjects with higher mortality, institutionalization, and costs if
they accumulate additional disability due to stroke, thus recom-
mending acute interventions, which are currently routinely with-
held in patients with mild-moderate premorbid disability [38].
The results of our study in a limited sample support the afore-
mentioned considerations. Indeed, our population with mRS 2–
3 (despite moderately higher mortality risk compared to patients
with mRS 0–1) have shown great improvement in terms of
NIHSS score after rt-PA treatment, with some of them returning
to their previous quality of life without substantial additional
disability.
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