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ABSTRACT

Purpose: This study aims to identify clinical predictors of prolonged hospital stay after acute stroke based on data col-
lected from a prospective hospital-based acute stroke registry. Methods: All patients with first-ever ischemic stroke and
primary intracerebral hemorrhage included in the Sagrat Cor Hospital of Barcelona stroke database over a 17-year pe-
riod were assessed. Prolonged hospital stay was defined as hospitalization for longer than 12 days after admission.
Demographic data, cardiovascular risk factors, clinical factors, neuroimaging findings, and outcome were compared in
patients hospitalized for more or less than 12 days. Logistic regression analysis was used to assess the independent in-
fluence of statistically significant variables in the bivariate analysis and duration of hospitalization. Results: Of a total
of 3112 acute stroke patients included in the study, prolonged hospital stay was recorded in 1536 (49.4%). Male sex
(OR = 1.16), limb weakness (OR = 1.79), vascular complications (OR = 2.68), urinary complications (OR = 2.56), and
infectious complications (OR = 1.78) were independently associated with longer stay, whereas symptom free at dis-
charge (OR = 0.45) and lacunar infarction (OR = 0.43) were inversely associated with prolonged hospitalization. Con-
clusion: In-hospital medical complications (vascular, urinary, and infectious) are relevant factors influencing duration
of hospitalization after acute stroke. Therefore, prevention of potentially modifiable risk factors for medical complica-
tions is an important aspect of the early management of patients with stroke.
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1. Introduction play a key role [3]. A few studies, however, have identi-
fied complications during hospital stay as an independent
factor associated prolonged hospital stay [5,6]. A Coch-
rane review concluded that appropriately resourced early
supported discharge services can reduce the length of
hospital stay as well as long term dependency and ad-
mission to institutional care [7].

The length of stay is the major determinant of cost-de-
termining factor during acute stroke hospitalization [1].
The length of stay may reflect the impact of the differ-
ences in health care system organization. Shortening the
length of stay and using the bed and personal resources
more efficiently are ways to achieve high patient turn-
over and, subsequently, provide more effective acute care

for stroke patients [1,2]. Most studies concerning length 2. Purpose

of stay take into account the perspective of the adminis- This study aims to identify clinical predictors of pro-
trators, are focused on costs, and do not necessarily con- longed hospital stay after acute stroke in a large clinical
sider the clinical relevance of findings [1]. Increased age, series of stroke patients based on data collected from a

number of comorbidities and significant disability on prospective hospital-based acute stroke registry.
discharge have been shown to influence length of stay in

hospital in acute stroke patients [3,4]. Also, hospitals’ 3. Methods

characteristics especially the volume of treated patients

and the organization services within the hospital may Between January 1986 and December 2002, data on 3420

patients with first-ever acute stroke admitted consecu-
"Corresponding author. tively to the Department of Neurology of Sagrat Cor-
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Hospital of Barcelona, Spain, were collected prospec-
tively in a stroke registry. Clinical data are entered in the
database following a standardized protocol, the details of
which have previously described [8]. Our institution is an
acute care 350-bed teaching hospital in the city of Bar-
celona and serves a population of ~250,000 people. All
patients with cerebrovascular disease are initially at-
tended to in the emergency department and are then ad-
mitted to the Department of Neurology, which has 25
beds and a cerebrovascular division. Intensive care unit
beds are also available. Patients are chosen for admission
to the Department of Neurology if the reason for consul-
tation is an acute cerebrovascular event occurring inde-
pendently of the presence or absence of severe concomi-
tant medical problems. The Cerebrovascular Study Group
of the Spanish Neurological Society [9] was used for the
classification of subtypes of stroke, which included tran-
sient ischemic attack, cerebral infarction (thrombotic, car-
dioembolic, lacunar, unusual etiology, and unknown
cause), intracerebral hemorrhage, subarachnoid hemor-
rhage, spontaneous subdural hematoma, and spontaneous
epidural hematoma. This classification is similar to that
of the National Institute of Neurological Disorders and
Stroke Classification [10]. Definitions of cerebrovascular
risk factors have been used by our group in previous
studies [11].

For the purpose of this study, data from patients with
first-ever ischemic (n = 2704) and primary intracerebral
hemorrhage (n = 408) attended over a 17-year period
were collected. Prolonged length of hospital stay was
defined as 12 days or more. This cutpoint is based on the
understanding that provision of acute stroke care, identi-
fication of stroke subtype, and preventing in-hospital
complications is generally achieved in our Department of
Neurology within the first 12 days of admission [8]. Prior
to conducting the study, approval was obtained from the
Ethical Committee of Clinical Research of the hospital.

All patients were admitted to the hospital within 48
hours of onset of symptoms. On admission, demographic
characteristics; salient features of clinical and neurologi-
cal examination and results of laboratory tests (blood cell
count, biochemical profile, serum electrolytes, urinalysis);
chest radiography; twelve-lead electrocardiography; and
brain CT and/or MRI were recorded. Other investigations,
including angio-MRI, arterial digital subtraction angiogra-
phy, echocardiography, and lumbar puncture were ob-
tained at discretion of the attending physician. Details of
variables prospectively registered in the database have
been previously described [12]. Medical complications
(including respiratory events, urinary complications, car-
diac events, vascular events, and infection) and mortality
during the acute phase of the disease were assessed. Res-
piratory events included aspiration pneumonia, respira-
tory superinfection, and pulmonary embolism. Cardiac
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complications were arrhythmia, heart failure, and acute
myocardial infarction. Vascular complications included
deep venous thrombosis and peripheral arterial embolism.
Causes of death were analyzed according to criteria of
Silver ef al. [13].

Demographic data, risk factors, clinical events, neuroi-
maging findings, and outcome of patients with prolonged
hospital stay and those without prolonged hospital stay
(length of stay < 12 days) were compared using the
analysis of variance (ANOVA) for continuous variables
and the chi-square (y°) test (with Yate’s correction or
Bonferroni’s when necessary) for categorical variables.
Variables were subjected to multivariate analysis with a
logistic regression procedure and forward stepwise selec-
tion if p < 0.10 after bivariate testing. The effect of vari-
ables on prolonged hospitalization was studied in a mul-
tiple regression model based on demographic, vascular
risk factors, and clinical, neuroimaging and outcome
variables, in which length of stay of 12 days or more
(absent = 0, present = 1) was the dependent variable.
Statistical significance was set at p < 0.05. Age was used
as a continuous variable with a constant odds ratio for
each year. The level of significance to remain in the
model was 0.15. The tolerance level was established as
0.0001. The maximum likelihood approach was used to
estimate weights of the logistic parameters. The odds
ratio (OR) and 95% confidence intervals (CI) were cal-
culated from the beta coefficients and standard errors.
The hypothesis that the logistic model adequately fit the
data was tested by means of the goodness-of-fit y* test.

4. Results

Of the 3112 acute stroke patients included in the study,
prolonged hospital stay was recorded in 1536 (49.4%).
Forty-three percent were men and the mean (standard
deviation, SD) age was 75.3 (12.1) years. The most fre-
quent cardiovascular risk factor was hypertension (55.5%).
Relevant clinical features were decreased consciousness
(22.5%), sensory symptoms (42.8%), and speech distur-
bances (51.6%). Intracerebral hemorrhage was present in
59.6% of patients and ischemic infarction in 47.8%.
Atherothrombotic, cardioembolic, and infarction of un-
known cause were the most common ischemic stroke
subtypes, with involvement of the middle cerebral artery
in 55.3% of cases. Overall, medical complications were
recorded in 56.4% of cases (n = 867). The mean (SD)
length of hospital stay was 27.7 (24.8) days. Only 151
patients (9.8%) were symptom free at hospital discharge.
A total of 12 patients died, with an in-hospital mortality
rate of 12%.

When data in patients with and without prolonged
hospitalization were compared (Table 1), the following
variables were significantly more frequent among pa-
tients with length of stay of 12 days or more: male sex,

1JCM



504 Clinical Predictors of Prolonged Hospital Stay after Acute Stroke: Relevance of Medical Complications

Table 1. Data of 3112 patients with acute stroke.

Length of hospital stay

Variable p value
12 days or more (n = 1536) Less than 12 days (n = 1576)
Male sex 655 (42.6) 484 (30.7) <0.05
Patients aged > 85 years 335(21.8) 304 (19.3) 0.045
Age, years, mean (SD) 75.3 (12.1) 749 (11.5) 0.078
Vascular risk factors
Hypertension 852 (55.5) 896 (56.9) 0.229
Diabetes mellitus 338(22.0) 357 (22.7) 0.348
Valve heart disease 105 (6.8) 84 (5.3) 0.046
Ischemic heart disease 229 (14.9) 239 (15.2) 0.441
Atrial fibrillation 479 (31.2) 390 (24.7) 0.000
Congestive heart failure 84 (5.5) 73 (4.6) 0.162
Peripheral vascular disease 111 (7.2) 126 (8.0) 0.230
Alcohol use (>80 g/day) 41 (2.7) 42 (2.7) 0.541
Smoking (>20 cigarettes/day) 135 (8.8) 159 (10.1) 0.119
Hyperlipidemia 224 (14.6) 304 (19.3) 0.000
Clinical findings
Progressive onset (hours) 152 (9.9) 119 (7.6) 0.012
Headache 235(15.3) 210 (13.3) 0.064
Early seizures 38(2.5) 27 (1.7) 0.087
Decreased consciousness 346 (22.5) 280 (17.8) 0.001
Limb weakness 1258 (81.9) 1096 (69.5) 0.000
Sensory symptoms 657 (42.8) 531(33.7) 0.000
Hemianopia 313(20.4) 242 (15.4) 0.000
Speech disturbance 792 (51.6) 759 (48.2) 0.031
Ataxia 98 (6.4) 112 (7.1) 0.231
Cranial nerve palsy 64 (4.2) 87 (5.5) 0.047
Ischemic stroke subtype 0.000
Atherothrombotic 405 (52.6) 365 (47.4)
Lacunar 226 (30.8) 507 (69.2)
Cardioembolic 444 (58.2) 319 (41.8)
Unknown cause 146 (45.1) 178 (54.9)
Unusual cause 72 (63.2) 42 (36.8)
Intracerebral hemorrhage 243 (59.6) 165 (40.4) 0.000
Topography
Frontal 229 (14.9) 156 (9.9) 0.000
Parietal 418 (27.2) 281 (17.8) 0.000
Temporal 452 (29.4) 276 (17.5) 0.000
Occipital 160 (10.4) 137 (8.7) 0.058
Basal ganglia 250 (16.3) 180 (11.4) 0.000
Medulla 24 (1.6) 15 (1.0) 0.085
Corona radiata 24 (1.6) 43 (2.7) 0.017
Middle cerebral artery involvement 850 (55.3) 722 (45.8) 0.000
Posterior cerebral artery involvement 153 (10) 186 (11.8) 0.056
Anterior cerebral artery involvement 42 (2.7) 38(24) 0.324
Cerebral venous thrombosis 10 (0.7) 3(0.2) 0.042
Outcome
Respiratory events 200 (13) 98 (6.2) 0.000
Urinary tract infection 222 (14.5) 55@3.5) 0.000
Cardiac complications 76 (4.9) 62 (3.9) 0.099
Vascular complications 39 (1.8) 10 (0.6) 0.002
Infectious complications 330 (21.5) 110 (7.0) 0.000
Symptom free at discharge 151 (9.8) 362 (23) 0.000
In-hospital mortality 185 (12.0) 277 (17.6) 0.000
Length hospital stay, days, mean (SD) 27.7 (24.8) 7.8 (2.9) 0.000

Data as numbers and percentages in parenthesis unless otherwise stated.
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age 85 years or older, valvular heart disease, atrial fibril-
lation, subacute onset, decreased consciousness, limb
weakness, sensory symptoms, hemianopia, speech dis-
turbances, intracerebral hemorrhage, and respiratory, uri-
nary, cardiac, vascular and infectious complications. Also,
anticoagulation (22.3% vs 13.2%) and treatment with
antibiotics (22.9% vs 8.6%) was more frequent in pa-
tients with prolonged hospital stay.

In the multivariate analysis, factors independently as-
sociated with prolonged length of hospital stay were
male sex, limb weakness, vascular complications, urinary
complications, and infectious complications (Table 2). In
contrast, symptom free at discharge and lacunar infarc-
tion were inversely associated with prolonged hospitali-
zation.

5. Discussion

Accurate information about hospital resource utilization
is necessary for management of health care services. The
analysis of prolonged length of hospital stay can provide
valuable data for planning and policy in the health care
system. The average length of stay for stroke patients
varies among different countries, and may reflect the
impact of the differences in health care organization. The
length of stay in USA for acute ischemic stroke ranges
from 6 to 11 days [1] compared with much longer hospi-
talization (17 to 26 days) in Canada [14], Europe [2], and
Asia [15]. In the present study, the mean length of stay
for patients with prolonged hospitalization was 27.7 days,
significantly longer than patients discharged from the
hospital after less than 12 days of admission.

An important finding of our study was the dominant
relevance of medical complications developed during
in-patient care for predicting prolonged length of stay in
acute stroke victims. Vascular complications, urinary
infection and other infectious complications were inde-
pendent factors associated with prolonged hospital stay.
The presence of infections of any type or source is a
cause of acute neurological deterioration, a situation that
increases both mortality and morbidity in acute stroke
patients [16]. It has been shown that stroke-associated

infection, in particular pneumonia, is independently as-
sociated with poor functional outcome after ischemic
stroke [17]. Urinary events, including urinary tract infec-
tion, incontinence, or urinary retention are the most
common complication in stroke patients and may be the
source of bloodstream infection. Deep venous thrombosis
is the most frequent vascular complication and may be
the cause of pulmonary thromboembolism, a common
cause of death during the acute phase of stroke. In the
presence of these complications, the need to make the
diagnosis and to establish the appropriate pharmacologi-
cal treatment are circumstances that extend the length of
hospital stay. Also, it has been shown that length of stay
is independently decreased for patients treated in hospi-
tals providing acute stroke unit services [3,18].

Other clinical predictors related to the severity of
stroke, such as limb weakness or symptom free at dis-
charge are consistent with data reported in other studies
[1,2,15,19]. In the study of Appelros [19], items of the
NIH stroke scale that best correlated with length of stay
for stroke patients were paresis, unilateral neglect, and
level of consciousness. Functional disability, the lack of
ability to perform an activity or task in the range consid-
ered normal for an individual, is an important outcome
after non-fatal stroke. More interesting, lacunar infarct
was the only acute stroke subtype that was inversely as-
sociated with prolonged hospital stay. This may be ex-
plained by the small infarct size (<2 cm) and the favor-
able short-term prognosis of lacunar stroke as compared
with other ischemic stroke subtypes [20].

Male sex was another independent predictor of pro-
longed hospital stay. Cohort studies indicate that women
and men have differences in risk factors profiles, acute
stroke presentation, and stroke etiology [21] but clinical
outcome as well as the number of patients with a favor-
able clinical outcome did not differ significantly between
women and men [22]. Male sex was also a predictive
factor of prolonged hospitalization in the study of Chang
et al. [15]. It is not clear whether the influence of sex on
length of hospital stay reflects the impact of culture dif-
ference or is due to other factors.

Table 2. Independent predictive value of different variables associated with prolonged hospital stay in acute stroke patients.

Variable s SE (8) Odds ratio (95% confidence interval) p value
Vascular complications 0.987 0.344 2.68 (1.37 to 5.26) 0.004
Urinary complications 0.940 0.177 2.56 (1.81to 3.62) 0.000

Limb weakness 0.584 0.090 1.79 (1.50 to 2.14) 0.000
Infectious complications 0.581 0.135 1.78 (1.37 t0 2.33) 0.000
Male sex 0.154 0.077 1.16 (1.01 to 1.35) 0.045
Symptom free at discharge —-0.806 0.109 0.45 (0.36 to 0.55) 0.000
Lacunar infarction —0.841 0.094 0.43 (0.36 t0 0.52) 0.000

£ =-3.91, SE [B] = 0.911, goodness-of-fit test y* = 5.078, df = 8, p = 0.749. Area under the ROC curve = 0.692, sensitivity 67%, specificity
66%, positive predictive value 63%, negative predictive value 66%, diagnostic accuracy 64.2%.
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6. Conclusion

These results indicate that in-hospital medical complica-
tions (vascular, urinary, and infectious) are relevant fac-
tors influencing duration of hospitalization after acute
stroke. Therefore, prevention of potentially modifiable
risk factors for medical complications is an important
aspect of the early management of patients with stroke.
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