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Abstract

Background

Mortality from ischemic stroke has declined over time. However, little is known about the

reasons for the decreased mortality. We therefore aimed to evaluate trends in in-hospital

mortality and to identify factors associated with these trends.

Methods

This study was based on a prospective database of 26 hospitals of the Stroke Register of

Northwestern Germany, which included 73,614 patients admitted between 2000 and 2011.

Time trends in observed (crude) and risk-adjusted in-hospital mortality were assessed.

Independent factors associated with death after stroke were evaluated using multivariable

logistic regression analysis.

Results

The observed in-hospital mortality decreased from 6.6% in 2000 to 4.6% in 2008 (P < 0.001

for trend) and then remained fairly stable. The risk-adjusted mortality decreased from

2.85% in 2000 to 1.86% in 2008 (P < 0.01 for trend) and then increased to 2.32% in 2011.

Use of in-hospital treatments including antiplatelets within 48 hours, antihypertensive ther-

apy, statins, antidiabetics, physiotherapy and anticoagulants increased over time and was

significantly associated with a decrease in mortality. The association of the year of admis-

sion with mortality became insignificant after adjustment for antiplatelet therapy within 48

hours (from OR 0.96; 95% CI, 0.94-0.98, to OR 0.99; 95% CI, 0.97-1.01) and physiotherapy

(from OR 0.96; 95% CI, 0.94-0.97, to OR 0.99; 95% CI, 0.97-1.00).

Conclusions

In-hospital mortality decreased by approximately one third between 2000 and 2008. This

decline was paralleled by improvements in different in-hospital managements, and we dem-

onstrated that it was partly mediated by early antiplatelet therapy and physiotherapy use.
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Introduction
Stroke is the second leading cause of death worldwide,[1] despite reports of a decrease in its
case fatality over time.[2,3] Mortality trends can be affected by different factors, such as
changes in patient characteristics, improved treatments, and advances in secondary prevention.
Indeed, the decline in stroke mortality was particularly notable in the last decade,[3] the time
period in which new stroke treatments have been established and were increasingly used there-
after. Proven therapies are particularly available for the acute phase after stroke, including
thrombolysis with rtPA, antiplatelet agents within 48 hours, and stroke unit care.[4] But due to
the demographic change in many countries the age distribution, disease severity, and the
comorbidity profile of stroke patients have also significantly changed.[5] Thus, factors that
explain the decline in stroke mortality are widely unclear.

The aims of the present study were to evaluate trends in in-hospital mortality over 11 years
and to analyze patient and treatment related factors explaining these trends in a large German
stroke register.

Methods
Data were prospectively assessed within the Stroke Register of Northwestern Germany. Char-
acteristics of this register have been described previously.[6] This registration is part of a legal
act implemented in Germany through which hospitals participate in programs for quality
assurance of acute clinical stroke care. The registry is not population-based and participation is
open to all hospitals that treat patients with acute stroke. Although registration is optional, for
reasons of quality assurance, hospitals with a stroke unit need to prove participation in a regis-
try to be certified by the German Stroke Society. The register was started in 2000 and has rap-
idly grown since then. It includes urban and rural regions as well as departments of neurology
and internal medicine from community and also academic hospitals. From the currently par-
ticipating 155 hospitals we included those 26 hospitals that documented their stroke patients
since the year 2000 and in at least 8 years during the study period between January 2000 and
December 2011 (S1 Appendix). All ischemic stroke patients admitted to these 26 hospitals dur-
ing the study period were included in the present analysis. Data were collected prospectively by
the treating hospital physician. Information gathered for each patient included sociodemo-
graphic characteristics, comorbidities, Rankin Scale on admission, treatments during the in-
hospital period, in-hospital mortality, and whether a patient was initially admitted to a stroke
unit. Data collection was standardized and the documented forms were sent to the coordinat-
ing center of the Stroke Register of Northwestern Germany at the University of Muenster.
Forms were scanned and checked for completeness and plausibility.

The following definitions were used: Hypertension was defined using cut-off values of mea-
sured systolic blood pressure of� 140 mmHg, diastolic blood pressure of�90 mm Hg, or
patient self-report of treated arterial hypertension. Diabetes mellitus was defined as elevated
fasting blood glucose level, a patients' self-report of a physician's diagnosis of diabetes, or use of
antidiabetic drugs. Atrial fibrillation was documented by electrocardiogram or on a self-
reported physician diagnosis. Previous stroke was defined as a neurological deficit of> 24
hours before the current event. Stroke was defined according to the World Health Organization
criteria by the treating physician.[7] Stroke severity on admission was assessed by the treating
physician using the Rankin Scale. Treatment with rtPA (intravenously and intra-arterial
thrombolysis) or no thrombolysis was recorded.
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Statistical analyses
To evaluate changes in patients´ characteristics and in-hospital managements by year, we used
one-way analysis of variance for continuous variables, the Cochran-Armitage test of trend for
categorical variables, and the Mantel-Haenszel test of trend for ordinal variables. Mortality risk
in each year was analyzed using logistic regression models (SAS Procedure GLIMMIX, state-
ment LSMEANS), adjusted for age, sex, comorbidities, and stroke severity. Multiple imputation
was used to replace missing values for comorbidities (SAS Procedure MI). Multivariable logis-
tic regression models were applied to analyze if a change in mortality over time was mediated
by different in-hospital treatment. The latter were analyzed in separate models because not all
were continuously recorded. Additionally, these analyses were stratified by study time period.
First, we considered only the time period in which mortality declined (from 2000 to 2008).
Next, we analyzed the years 2010–2011 in which all in-hospital interventions were recorded
separately. All models were adjusted for age, sex, stroke severity, sum of comorbidities, and
year of admission.

Statistical significance was determined as P< 0.05. Statistical analyses were carried out
using the Statistical Package of Social Sciences (SPSS) version 21 and SAS 9.4.

Ethics
The ethics committee of the Westphalian Board of Physicians and the University of Muenster
(Germany) approved the study design and waived the requirement for informed consent.
Patient information was anonymized and de-identified prior to analysis.

Results
During the 11 years, a total of 73,674 patients with ischemic stroke were registered within the
26 hospitals with 8 or more years of documentation in the Stroke Register. Of these 60 were
excluded from further analysis because of an unknown year of admission. Main characteristics
of the remaining 73,614 patients are given in Table 1. The number of patients admitted to the
participating hospitals increased from 3,235 to 10,940 per year. During the study period, the
mean age of ischemic stroke patients increased from 70.6 (13.0) to 71.9 (13.0) years. The pro-
portion of women did not vary over time (P = 0.155). Prevalence of hypertension increased
from 70.5% to 84.1% as did atrial fibrillation from 20.2% to 29.0%, and the prevalence of prior
stroke from 18.9% to 26.0%, whereas the prevalence of diabetes mellitus remained roughly sta-
ble. The proportion of patients with mild and moderate stroke severity upon admission, as
indicated by a Rankin Scale of 0 to 1 and 2 to 3, respectively, increased, whereas the proportion
of patients with a more severe stroke, as indicated by a Rankin Scale of 4 decreased. The pro-
portion of patients with severest stroke, as indicated by a Rankin Scale of 5 initially increased
and then declined thereafter.

The observed, crude in-hospital mortality decreased from 6.6% in 2000 to 4.6% in 2008
(P< 0.001 for trend) and then remained fairly stable (Fig 1a). The crude mortality of women
declined from 7.9% in 2000 to 5.7% in 2009 and then slightly increased thereafter to 6.6% in
2011. The crude mortality of men declined from 5.3% in 2000 to 3.6% in 2008 and then
remained stable. After adjustment for age, sex, stroke severity upon admission, and comorbidi-
ties, the overall mortality decreased gradually from 2.85% in 2000 to 1.86% in 2008 (P< 0.001
for trend) and then slightly increased to 2.32% in 2011 (Fig 1b). The adjusted mortality of
women declined from 3.61% to 2.43% in 2008 and increased to 3.15% in 2011 and the adjusted
mortality of men declined from 2.29% to 1.41% in 2008 and then slightly increased to 1.67% in
2011.
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Fig 1. In-hospital mortality among patients with ischemic stroke between 2000 and 2011. A, Observed
(crude) mortality. B, Risk-adjusted mortality was determined with the use of logistic regression models to
adjust for age, sex, initial stroke severity, and the number of comorbidities.

doi:10.1371/journal.pone.0131473.g001

In-Hospital Stroke Mortality

PLOS ONE | DOI:10.1371/journal.pone.0131473 July 8, 2015 5 / 10



The use of intravenous and intra-arterial thrombolysis increased over time, from 2.9% to
15.4% (Table 2). During the study period use of antiplatelet therapy within the first 48 hours
from admission increased from 54.0% to 81.5%. Use of antihypertensive therapy, antidiabetics,
and statins were recorded only after 2002. Antihypertensive therapy and statin use markedly
increased from 73.1% to 84.4% and 32.0% to 68.0%, respectively, whereas antidiabetic use only
slightly increased from 22.1% to 26.0%. Use of anticoagulants gradually increased from 12.9%
to 27.6% as did physiotherapy use from 73.8% to 88.4%. The proportion of patients who were
admitted to a stroke unit increased during the study period from 57.1% to 85.3%.

In multivariable logistic regression analyses we adjusted for age, sex, stroke severity, sum of
comorbidities, year of admission, and we separately adjusted for different in-hospital manage-
ments, since these were not continuously recorded (Table 3). We thus evaluated whether differ-
ent treatments mediated the decline in case fatality. The in-hospital mortality significantly
decreased per year with adjusted OR of 0.95 and 0.96 (maximum 95% CIs, 0.92 to 0.99) in dif-
ferent logistic regression models (Table 3). The association between in-hospital mortality and
year of admission was significantly modified by treatment with antiplatelets within 48 hours
and by physiotherapy (Table 3). By adding these therapies the effect of the year of admission
on mortality was attenuated from an OR of 0.96 (95% CI, 0.94–0.98) to 0.99 (0.97–1.01) and
from an OR of 0.96 (95% CI, 0.94–0.97) to 0.99 (0.97–1.00), respectively. The associations of
the year of admission with mortality became insignificant when taking antiplatelet therapy
within 48 hours and physiotherapy into account (P = 0.302 and P = 0.139). The association
between different in-hospital treatments and mortality are shown in S1 Table. Thrombolysis
was independently associated with an increase in the odds of dying in the hospital, whereas all
other treatments and admission to a stroke unit were significantly associated with a decrease in
the odds of dying in the hospital. In a multivariable logistic regression analysis for the years
2010 and 2011, in which all treatments were recorded, all treatments except thrombolysis and
antidiabetics were significantly associated with decreased in-hospital mortality (S1 Table).

Discussion
Using the data base of a large German stroke register we observed a decline of in-hospital mor-
tality of patients with ischemic stroke of absolute 2% and relatively 33% between the years 2000
and 2008. The reduction in mortality was accompanied by changes in patient management,
such as more frequent use of thrombolysis, antiplatelet therapy within 48 hours, anticoagu-
lants, physiotherapy, and statins. Patient characteristics also changed during the study period
considerably. The proportion of patients with mild and moderate stroke severity upon admis-
sion increased, while the proportion of those with more severe stroke decreased. Over time the
average number of comorbidities per patient increased. The significant effect of time on the
decreasing mortality was substantially attenuated by antiplatelet therapy within 48 hours and
physiotherapy, suggesting that these two interventions partly mediated the decrease in mortal-
ity over time.

Previous studies also reported a decreased short-term mortality after ischemic stroke in a
time period comparable to that in our study.[3,8,9] This decline could not be attributed to
changes in stroke incidence alone but to a decreased case fatality. If the implementation of evi-
dence-based therapies in routine care contributed to the declining mortality has not been
investigated so far. Patient related factors, such as older age, higher stroke severity, female sex,
and the comorbidity burden were independent predictors of short-term mortality in prior
studies.[8,10] However, even after adjustment for these characteristics the decline in case fatal-
ity remained significant in our study, indicating additional explaining factors. One previous
observational study showed that the in-hospital mortality decreased between 2004 and 2010
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after the use of the clopidogrel had increased.[11] However, the association between these
descriptive observations was not analyzed in more detail. There is evidence from a meta-analy-
sis of randomized clinical trials that aspirin, when started within 48 hours after stroke reduces
mortality.[12] In contrast, the effect of physiotherapy on stroke mortality is less clear.[13]
Although not convincingly demonstrated for physiotherapy itself, it was shown that mobiliza-
tion after stroke reduces the likelihood of complications, such as infections and deep vein
thrombosis,[4] which in turn might contribute to a decrease in mortality. In our study signifi-
cantly more deaths occurred in patients treated with rtPA in the years 2000 to 2008, whereas
mortality after thrombolysis was not increased in the model considering the years 2010 and
2011. Thrombolysis is well established to improve the neurological outcome after stroke. How-
ever, our inconclusive results on the in-hospital mortality after thrombolysis are in accordance
with previous observations. The IST-3 (the third international stroke trial) study, in which

Table 3. Logistic regression analyses* showing effects of in-hospital managements on the annual
decrease in in-hospital mortality.

aOR (95% CI) P

Model 1, effect of thrombolysis‡

Decline in mortality per year, not adjusted for thrombolysis 0.96 (0.94–0.97) < 0.001

Decline in mortality per year, adjusted for thrombolysis 0.94 (0.93–0.96) < 0.001

Model 2, effect of antiplatelet therapy within 48 hours

Decline in mortality per year, not adjusted for antiplatelets 0.96 (0.94–0.98) < 0.001

Per year, adjusted including antiplatelets 0.99 (0.97–1.01) 0.302

Model 3, effect of antihypertensive therapy

Decline in mortality per year, not adjusted for antihypertensives 0.96 (0.93–0.99) 0.011

Per year, adjusted including antihypertensives 0.94 (0.90–0.97) < 0.001

Model 4, effect of antidiabetics

Decline in mortality per year, not adjusted for antidiabetics 0.96 (0.93–0.99) 0.011

Per year, adjusted* including antidiabetics 0.89 (0.86–0.92) < 0.001

Model 5, effect of statins

Decline in mortality per year, not adjusted for statins 0.96 (0.93–0.99) 0.011

Per year, adjusted* including statins 0.95 (0.92–0.99) 0.013

Model 6, effect of anticoagulants

Decline in mortality per year, not adjusted for anticoagulants 0.96 (0.94–0.97) < 0.001

Per year, adjusted* including anticoagulants 0.96 (0.94–0.97) < 0.001

Model 7, effect of physiotherapy

Decline in mortality per year, not adjusted for physiotherapy 0.96 (0.94–0.97) < 0.001

Per year, adjusted* including physiotherapy 0.99 (0.97–1.00) 0.139

Model 8, effect of admission to Stroke Unit

Decline in mortality per year, not adjusted for stroke unit admission 0.95 (0.92–0.97) < 0.001

Per year, adjusted* including stroke unit admission 0.94 (0.91–0.97) < 0.001

* All models were adjusted for age, sex, stroke severity on admission indicated by Rankin Scale, sum of

comorbidities, year of admission, and separately for different in-hospital managements.
‡ Includes intravenous and intra-arterial thrombolysis. Models including thrombolysis considered the time

period 2000–2008, models including antiplatelets considered the time period 2000–2002 and 2007–2008,

models including antihypertensive therapy, antidiabetic, and statins considered the time period 2003–2008,

models including anticoagulants and physiotherapy considered the time period 2000–2008, modes

including admission to Stroke Unit considered the time period 2000–2006.

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval

doi:10.1371/journal.pone.0131473.t003
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patients received thrombolysis beyond the established therapeutic time window of 4.5 hours
mortality was increased in the treatment group compared to placebo. In contrast, The Euro-
pean Cooperative Acute Stroke Study (ECASS) III reported no excess of deaths after rtPA treat-
ment.[14] Commonly, it is assumed that the increasing use of thrombolysis cannot account for
reductions in ischemic stroke mortality.[15]

Our study has strengths and limitations. Among the strengths is that data were collected in
a uniform, prospective way over a long time period in 26 hospitals. Patient characteristics
known to be associated with early mortality after ischemic stroke, such as age, comorbidity bur-
den, and the initial stroke severity were included in the statistical models. However, our find-
ings should be interpreted in light of the following potential limitations. As in any
observational study a definitive causal relationship between the effect of changes of treatments
and mortality cannot be made. Although we collected key variables over time and found them
to mediate the decrease in mortality, the possibility remains, that other external factors also
changed over time and thereby confound the results. In addition, diagnostic procedures and
accuracy might have improved over time. In particular the increased prevalence of atrial fibril-
lation might be due to higher detection rates and thus be overrated. Further limitations are
missing information on some in-hospital treatments during the study period and on the
National Institutes of Health Stroke Scale (NIHSS) on admission. Moreover, we used strict
inclusion criteria and included only those hospitals that documented patients during a substan-
tial part of the study period. Therefore the generalizability of our findings might be limited.
Finally, patients in our study were observed only during the period of hospitalization. No infor-
mation on post-discharge outcomes is currently collected in the present register so time trends
on long-term mortality are not available.

Conclusion
In a large German stroke register in-hospital mortality of ischemic stroke patients decreased by
about one third between 2000 and 2008. The decline in mortality was accompanied by overall
improvements in patient management and, in particular, mediated by the application of early
antiplatelet therapy and physiotherapy.
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