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Objectives: In-hospital acute ischemic stroke (HIS) accounts for 2�17% of all acute
ischemic strokes (AIS) seen in hospital and they have worse prognosis. In this study
we aimed to identify the frequency of HIS and their characteristics in our center.
Materials and Methods: Retrospective analysis of a prospective register of patients
with AIS seen at Clínica Alemana de Santiago, between January 2017 and January
2019. HIS and community onset ischemic strokes patients (CIS) were compared,
univariate analysis was performed, covariates with p< 0.25 were selected for multi-
variate analysis. Differences between, proportion of strokes treated with thrombo-
lytic therapy, door to needle time were compared between HIS and CIS patients, as
also mortality rates at 90 days. Results: During the study period 369 patients with
AIS were seen; of these 20 (5.4%, 95 CI%, 3.5�8.2) corresponded to HIS. In univari-
ate analysis, HIS compared to patients arriving form the community to the emer-
gency room, suffered more frequently from, heart failure (p = 0.04), and active
malignancies (p < 0.001). HIS patients had longer times from symptom onset to
non-contrast brain tomography (540 §150 minutes); they were also less frequently
treated with intravenous thrombolysis compared to community AIS: 15% versus
30% respectively (p = 0.08). Mortality rates at 90 days were higher in HIS: 30 versus
5% (p = 0.001). Conclusions: In this cohort, HIS patients suffered delays in their neu-
roimaging studies and received less intravenous thrombolysis; this underscores the
need for a standardized approach to the recognition and management of inhospital
acute ischemic stroke.
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Introduction

Between 2.2 to 17% of all cases of acute ischemic stroke
(AIS) have their symptom onset while hospitalized for
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another cause. This group of patients suffering in-hospital
acute ischemic strokes (HIS) represents a unique popula-
tion with different risk factors, delays in diagnosis, higher
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NIHSS, low treatment rates of intravenous thrombolytic
therapy and worse outcomes when compared to those
who arrive to an emergency room (ER) with community
onset ischemic strokes (CIS). 1�5

The aim of this study was to identify the frequency of
HIS and compared their management to CIS patients in
our center.

Methods

In this retrospective analysis of a prospective registry,
we included all patients with AIS seen between January
2017 and January 2019 at Clínica Alemana de Santiago.
Since 2008 in AIS cases arriving to the ER, a stroke code is
activated and neuroimaging plus laboratory exams are
ordered by the staff and they are evaluated immediately
by the neurologist on call, according to a standardized
protocol which has been described previously.6 For
patients who had a stroke during their stay in an inten-
sive, intermediate or cardiological units, the physician on
call in the unit contacts directly the stroke team on call, or
the ER neurologist during night shift. Finally, for those
patients who suffer a stroke in the medical clinical ward,
an emergency code (2424), is activated by any member of
the patient’s care-team (nurse, physical therapist, resident,
etc.). The Code is a general hospital wide alarm that
means that a patient suffering a severe condition in the
hospital ward (seizure, stroke, cardiac arrest, fall or other
emergencies). It directs a team formed by 2 emergency
physicians and 1 emergency nurse to the floor were the
emergency happened, in a case of a stroke, the emergency
doctor after evaluating the patient calls directly the stroke
team.
For AIS occurring in a special unit or medical ward, the

clinical, imaging evaluations and treatment decisions
were the same as those seen of the patients seen at the ER,
but are ordered after clinical evaluation.
For HIS patients, time from probable symptom onset to

NCCT was recorded as the door to needle time, which
was considered the time between the probable symptom
onset and the thrombolytic bolus.
In-hospital transient ischemic attacks (TIAs), brain hem-

orrhages and stroke mimics were excluded from this anal-
ysis.
Functional outcomes were assessed with the modified

Rankin Scale (mRS), by the treating physician at discharge
and at 90 days by a structured telephone follow-up.
The Ethics Committee of Universidad del Desarrollo,

Clínica Alemana de Santiago approved the registry proto-
col, and patients or their relatives provided written
informed consent.

Statistical analysis

Continuous variables were described using means and
standard deviations while categorical variables were
described using frequencies and proportions. HIS and CIS
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patients were compared and univariate screening was
performed with t-test for continuous variables and Chi-
square for categorical variables; covariates with p < 0.25
were selected for multivariate analysis according to
Hosmer-Lemeshow criteria. This value was used instead
of the more classic p < 0.05, because this latter often fails
to identify variables known to be important and in addi-
tion it has the disadvantage of including variables that
could be of questionable importance. Differences between
outcomes (proportion of strokes treated with intravenous
thrombolysis TT or thrombectomy, door to needle time in
those receiving TT) were compared between HIS and CIS
patients, as also the mRS at discharge and at 3 months. A
multivariable analysis was carried out and variables with
a significance level of 5% were considered significant. All
data analyses were performed using STATA version 16.0.
Results

A total of 369 patients with AIS were seen at Clínica
Alemana de Santiago between January 2017 and January
2019, of whom 20 (5.4%, 95 CI%, 3.5�8.2) corresponded
to HIS while 349 cases arrived to the ER.
HIS patients suffered their AIS as inpatients in the car-

diology care unit in 8 cases, in other intensive care units in
2 cases, in the oncological ward in 4 patients, and in other,
lower complexity medical wards in 6 cases.
HIS patients were hospitalized for the following diag-

nosis: acute ischemic heart disease (5 cases), cancer diag-
nosis, treatment or complications (4 patients), metabolic
encephalopathy’s (3 cases), heart surgery and cardiac
arrhythmias (2 cases each), aortic dissection (1 case), ver-
tebral dissection 1 case and finally one case of pulmonary
embolism.
HIS patients had similar rates of independent func-

tional status before admission compared to CIS patients,
but they presented more frequently conditions such as
heart failure (p=0.04), and active malignancies
(p < 0.001), when compared to CIS patients (Table 1).
The mean and median NIHSS scores on admission for

HIS and CIS patients were similar; 8.2§7.9 / 5 and 6.2§
7.6/ 3, respectively.
HIS patients showed a significant time lag until neuro-

imaging investigations were performed, with 540 §150
minutes from the probable beginning of symptoms to
NCCT. This group also receives less frequently TT than
CIS patients (15% versus 30% (p = 0.08)) and demon-
strated a trend to longer door-to-needle times (88§ 60 ver-
sus 44.9§ 27.5 (p = 0.17)). (Table 2) Only 1 HIS patient was
treated with mechanical thrombectomy, within 130
minutes of symptoms onset to groin puncture time.
HIS cases had higher mortality than CIS patients at

90 days (30% versus 5% (p=0.001)), and their mRS at dis-
charge and at three months was higher when compared
to CIS patients (Table 3).
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Table 1. Baseline characteristics of patients with in-hospital vs community-onset stroke, and univariate analysis correlating clinical

variables between them.

Variables HISy N= 20 (5.4%) CISz N= 349 (94.6%) P

Mean age, years (SD) 68.4 (§17.9) 65.8 (§15.9) 0.65

Women (%) 10 (50) 156 (44.6) 0.65

Previous Rankin 0.51

Mean 0.8 §1.47 0.6 §1.2

Median 0 0

Hypertension 12 (60%) 216 (61.8) 12 (60)

Diabetes mellitus (%) 54 (15.4) 4 (20) 0.53

Hypercholesterolemia (%) 105 (30.8) 9 (45) 0.21

Tobacco (%) 166 (48) 12 (60) 0.255

Heart Failure (%) 99 (28.3) 10 (50) 0.04

Atrial fibrillation (%) 36 (10.3) 3 (15) 0.2

Previous stroke 70 (20) 3 (15) 0.7

Active tumors 38 (10.7) 7 (35) < 0.001

First NIHSSx 0.27

Mean 8.2§7.9 6.2§7.6

Median 5 3

Time from symptoms to TCk, minutes mean § SD 540 (§150) 800 (§234) 0.7

Lacunar Stroke 1(5) 39 (11.1) 0.7
†In-hospital acute ischemic stroke.
‡Community onset ischemic strokes.
§National Institutes of Health Stroke Scale.
kNon-contrast brain Computed Tomography

Table 2. Care and outcomes of patients with in-hospital vs community-onset stroke.

Variables HISy N= 20 (5.4%) CISz N= 349 (94.6%) P

Thrombolytic treatment 3 (15) 123 (35.2%) 0.08

Door to needle time (mean minutes SD) 88 (§60) 44.9 (§27.5) 0.17

Mechanical Thrombectomy 1 (5) 29 (8.3) 0.9

Discharge NIHSSx 1.57§ 2.1 2.38§4.5 0.5

Discharge mRS k 0.03

Mean 2.65 §2.1 1.75 §1.75

Median 3 1

Mortality at discharge 6 (30) 18 (5.1) 0.001

mRS at 90 days 0.03

Mean 2.3 §2.4 1.72 §1.93

Median 2 1

Discharge NIHSS 1.57§ 2.1 2.38§4.5 0.5

Discharge mRS 0.03

Mean 2.65 §2.1 1.75 §1.75

Median 3 1

Mortality at discharge 6 (30) 18 (5.1) 0.001

mRS at 90 days 0.03

Mean 2.3 §2.4 1.72 §1.93

Median 2 1
†In-hospital acute ischemic stroke.
‡Community onset ischemic strokes.
§National Institutes of Health Stroke Scale.
kmodified Rankin Scale score.

IN-HOSPITAL STROKE HAS WORSE OUTCOME 3
In the multivariate analysis HIS patients showed higher
rates of heart failure (OR: 2.52, 95% CI 1.01�6.25) and
active malignancies (OR: 4.4, 95% CI 1.65�11.7) compared
to CIS. Additionally HIS patients had higher mortality
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rates at 90 days (OR: 7.26, 95% CI 2.49�21.1) and a trend
for less TT.
HIS patients who were treated with thrombolytic

drugs had significantly lower NIHSS scores at 90 days
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Table 3. Variables independently associated with in-hospital

acute ischemic stroke compared to community onset ischemic

strokes in the multivariable analysis.

Variable OR 95% CI P Value

Cardiopathy 2.52 1.01�6.25 0.04

Active malignancies 4.4 1.65�11.7 0.003

Intravenous thrombolysis 0.32 0.09�1.1 0.07

Mortality at 90 days 7.2 2.49�21 < 0.001
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(p < 0.001) and a better outcomes when measured by
mRS at 3 months (p = 0.07) when compared to those
HIS patients not treated with intravenous thrombo-
lytic drugs.
Discussion

Among all AIS seen at our center during a period of
2 years, HIS patients represented almost 1 in 20 cases
(5%), which is consistent with those of other experiences
that describe frequencies between 2.2 and 17%.1�5

We found that HIS patients have different comorbid-
ities compared to CIS cases, with a higher prevalence of
heart failure and active malignancies that could cause a
hypercoagulable state, similar to what has been described
previously.1,4,7�9 The most common medical service car-
ing for patients who suffer HIS was the cardiological care
unit In agreement with the study of Park et al.12 In some
institutions cardiology-related departments demonstrated
a 10-fold higher frequency of strokes.8

As previously described, our HIS patients did not expe-
rience more severe strokes compared to CIS patients, (1) a
finding that could be related to the small number of HIS
patients in this series.
HIS patients had long times from symptom onset to

NCCT, being similar to the 600 minutes described by
Kassardjian et al.10 This is surprising considering that
in many institutions, like in ours, these patients are
closely monitored, have available rapid access to labo-
ratory tests and to brain imaging, stroke neurologists
and therapeutic interventions. This longer interval
decreases their chances of being treated with thrombo-
lytic drugs or their use being effective; in our cases
only 3 HIS patients (15%) were treated with TT, a find-
ing that is similar to the 2.6% to 11% described
previously.2,8,11 We also found longer door-to- needle
times in these few patients treated with TT. This con-
trasts dramatically with patients first seen at the ER,
where door to needle time was 44.9 § 27.5, and not
infrequently treated in less than 20 minutes.12 It is pos-
sible that this is associated to the fact that only 1 in-
hospital AIS patient is seen per month and also that 1
thrombolytic treatment is carried out every 8 months,
added to the fact that in our center code 2424 is a
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general alarm code generated equally for a patient fall-
ing or a patient with a suspected stroke, resulting in
nurses, physical therapist and floor residents less
familiar and trained in stroke care, and less capable to
recognize stroke symptoms. Educational training in
stroke recognition and a specific stroke emergency
code that rapidly activates a specialized stroke or neu-
rological teams and mobilizes appropriate resources
have demonstrated to reduce door to needle time in
HIS patients,10 also stocking of alteplase on additional
floors as well as education and hands-on alteplase
reconstitution simulations for resident physicians has
demonstrated to reduce the time of stroke alert to nee-
dle in HIS patients.13 Similar hospital delays in throm-
bolytic treatment also have been observed for
myocardial infarction in the in-hospital environment
compared to those occurring in the community.4

HIS portends a serious prognosis, with a mortality rate
5 times greater than those of community-onset strokes
and absolute in-hospital mortality rates of 30%. This is
probably due to the concomitant presence of other condi-
tions with bad prognosis like active cancer or severe cardi-
opathies, and less revascularization treatments.4 All these
factors could be associated with HIS presenting worse
outcomes at 90 days.
Our HIS patients that were treated with thrombolytics

demonstrated equivalent rates of neurologic improve-
ment compared to community-onset strokes as shown in
a retrospective review.14

The application of inpatient code stroke algorithms and
educational interventions have been shown to improve
the prompt management of inpatient strokes, reducing
times from eventual symptoms beginning to NCCT by
440 min.10

The present study has several limitations. The main
one is that we did not include information on the rea-
sons for the delays in the diagnosis or TT treatment.
Furthermore, inpatients represent a rather small sam-
ple of patients not allowing statistical adjustments for
age, NIHSS or stroke type. Finally, we did not include
false codes that finally corresponded to stroke mimics
in this analysis, which could represent a number as
high as 67% of all in-hospital stroke alerts 15 and we
did not assess stroke recurrence or their causes of
death. The main strengths of our study are that it was
conducted consecutively in a clinical setting in patients
with AIS, in a comprehensive stroke centre with
important levels of experience in thrombolytic treat-
ment.
Conclusions: Our study shows that in-hospital stroke

onset was uncommon. They are less likely to receive
timely imaging studies and recanalization/reperfusion
treatments and have worse outcomes compared to those
patients admitted through the ER. Organizational and
educational interventions are needed to improve the man-
agement of inpatient strokes.
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