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ABSTRACT

BACKGROUND AND PURPOSE: Because stroke therapy has changed with the introduction of endovascular stroke treatment as a
standard approach, studies on intrahospital causes of death from stroke are no longer up-to-date. The purpose of this observatio-
nal study was to present the causes of death during hospitalization of patients with ischemic stroke who received endovascular
stroke treatment, with the focus on a differentiation of curative and secondary palliative treatment.

MATERIALS AND METHODS: We studied a total cohort of 1342 patients who received endovascular stroke treatment in a tertiary
stroke center (Aachen, Germany) between 2010 and 2020 and analyzed the causes of death in all 326 consecutive deceased
patients. We distinguished between curative treatment and a secondary palliative approach and analyzed causes of death and
treatment numbers across the years.

RESULTS: In the entire cohort of 326 deceased patients, the most common cause of death was of a cerebrovascular nature (51.5%),
followed by pneumonia and sepsis (25.8%) and cardiovascular causes (8.3%). Neurovascular causes constituted 75.8% of reasons for
palliation. In the group with a secondary palliative approach, causes of death were neurovascular in 54.0% of patients and pneumo-
nia and sepsis in 26.0% of patients.

CONCLUSIONS: Cerebrovascular causes in patients with stroke play a major role in the intrahospital causes of death and reasons
for palliation. Considering the large proportion of secondarily palliative–treated patients, reasons for palliation should be consid-
ered instead of causes of death to avoid concealment by, for example, life-terminating measures.

ABBREVIATION: IQR ¼ interquartile range

Stroke is ranked by the World Health Organizaton as the second
leading cause of death worldwide in 2019 and forms the third

most common cause of death in Germany.1,2 Feigin et al3 confirmed
the increasing burden of stroke on patients globally, but especially
in low-income and middle-income countries. Depending on the
type of stroke and the therapy administered, the mortality in
untreated patients can be as high as 80%.4

It has been shown that there is an increased risk of death in the
acute phase after stroke and a long-term risk of poststroke death
that is twice as high as in the healthy population.5-7 Before endo-
vascular stroke treatment was established, various studies showed
that the most common cause of death in the first 7 days was due to

cerebrovascular issues, and most deaths within the first 30days can
be attributed to the initial infarction.8,9 The profile of the causes of
death after ischemic stroke is reported to change with time: In the
first 5 years after stroke, cardiovascular causes of death were shown
to be most prominent, whereas nonvascular events accounted for
most causes of death during the poststroke period of 5–10 years.10

Equally large but more recent studies are rare: D’Alton et al11

reported pneumonia as the most common cause of death in
patients with both hemorrhagic and ischemic stroke; in contrast
Aked et al12 reported a majority of cerebrovascular causes of death
after 3 years, followed by cardiovascular deaths.

However, the standards in the treatment of patients with ische-
mic stroke have changed across the years, and there are few records
with more recent and larger data sets that would allow an analysis
of changes in causes of death resulting from the increasing use of
endovascular stroke treatment. In patients with emergent, large-
vessel-occlusion stroke, thrombectomy results in a better functional
outcome and shows no increased mortality rates compared with
intravenous thrombolysis or standard therapy only.13-15 Hence, it is
equally conceivable that causes of death vary depending on
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treatment type: while thrombolytic therapies carry a risk of intracra-
nial bleeding, endovascular stroke treatment is additionally associ-
ated with technical complications such as vascular dissection,
vasospasm, embolus formation, bleeding, and device failure.16-18

The objective of this study was to determine intrahospital causes of
death in patients receiving endovascular stroke treatment in a terti-
ary stroke center during 10 years.

MATERIALS AND METHODS
This study is based on a prospective registry of consecutive patients
with acute ischemic stroke admitted to a tertiary stroke center of
the University Hospital RWTH Aachen (Aachen, Germany). The
study was approved by our local ethics committee. A need for writ-
ten consent for this analysis was waived by this committee.

Our university hospital is a tertiary stroke center that serves
an area of approximately 1 million inhabitants. In our regional
stroke network of 4 hospitals, only 2 hospitals provide endovas-
cular stroke therapy, with our university hospital being the only
hospital that provides endovascular stroke therapy 24hours a day
and 7 days a week. Most patients eligible for endovascular stroke
therapy are either directly admitted to our institution or trans-
ferred. Our standard is to continue treatment in our hospital and
not to transfer patients back to their referring hospital.

We included all consecutive patients with acute ischemic stroke
submitted to endovascular stroke treatment (including mechanical
thrombectomy and/or intra-arterial thrombolysis, in combination
or not with intravenous thrombolysis) between January 2010 and
September 2020. The applied diagnostic methods and indicators for
therapeutic measures used have already been described in a previ-
ous publication.19

We collected the following variables from the prospective regis-
try and from the patients’ clinical records when needed: demo-
graphic information, comorbidities, initial NIHSS score, ASPECTS,
large-vessel occlusion site, established concept of treatment after
endovascular stroke treatment, poststroke mRS, length of stay, intra-
hospital mortality, and causes of intrahospital death. Missing data
were marked as “missing/unknown,” whenever retrospective analy-
sis did not allow completion of data. The concept of treatment and
causes of intrahospital death were retrieved from the patient’s clini-
cal records and independently reviewed by 2 senior neurologists.
Disagreements were settled in a consensus reading. We specifically
focused on the spectrum of causes of death during approximately 1
decade rather than analyzing risk factors leading to death in endo-
vascularly treated patients with stroke. We assessed baseline clinical
characteristics and treatment modalities.

The established concept of clinical treatment after endovascular
stroke treatment was classified into the following categories: curative
care (maximal therapy during hospital stay) and secondary palliative
care (palliative care decided by the treating physicians together with
the patient or with the patient’s legal representatives or care part-
ners, taking into consideration the patient’s will and expected out-
come). The decision to establish a secondary palliative care concept
in our institution is multidisciplinary and is always documented in
the patient’s clinical record. Palliative care was performed in-hospital
and based on generally accepted recommendations; patients were
not transferred to external facilities for secondary palliative care.20

Causes of death were classified into the following categories:
cerebrovascular, pneumonia and/or sepsis, cardiovascular, other
(eg, renal failure), and a combination of multiple causes. This
classification was based on previous studies and adapted to the
intrahospital setting of our study.11 For the secondary palliative
care group, reasons for palliation were collected and the same cat-
egories were used.

Statistics
We analyzed the baseline data of the overall collective of endo-
vascularly treated patients with stroke and compared the baseline
characteristics of curative and secondary palliative care groups
using x 2 tests or Mann-WhitneyU tests as appropriate. All values
are indicated as frequencies or as median with interquartile range
(IQR) due to the nonparametric nature of our data. We charac-
terized causes of death in the overall study population but also
separately for the curative care group and the secondary palliative
group. Additionally, we characterized reasons for establishing a
secondary palliative care concept. To assess changes across time,
we analyzed the causes of death and reasons for secondary pallia-
tive care during the years of the study using trend analyses for
proportions. Likewise, changes of continuous baseline variables
across the study period were tested using the Cuzick nonpara-
metric test. The Wilcoxon signed-rank test was used to compare
the reasons for palliation with the actual causes of death in the
secondary palliative group. We also compared the extreme ends
of our observation period, namely patients in 2010–2011, when
we established thrombectomy as a standard of care in our depart-
ment, and patients in 2019, a more recent time period.

Statistical analyses were performed with SPSS Statistics 26
(IBM) and Stata Statistical Software, Release 16.1 (StataCorp).
Statistical significance was set at an a value,.05.

RESULTS
During the study period, 2846 patients with acute ischemic stroke
underwent acute reperfusion treatment, of whom 1342 received
endovascular treatment and were included in our study. Among the
latter, 597 patients (44.5%) received isolated mechanical thrombec-
tomy, 722 patients (53.8%) received mechanical thrombectomy in
combination with IV thrombolysis, and 23 patients (1.7%) received
isolated intra-arterial thrombolysis. The distribution of treatment
modalities was similar among patients who died in the curative care
group and in the secondary palliative care group (P¼ .840).

The median age of all patients was 75 years (IQR, 64–82 years);
667 patients (49.7%) were women (median NIHSS score, 16; IQR,
10–20). We focused our analysis on all 326 patients (24.3%) who
died during hospitalization in our institution. Among patients who
died in the hospital, a curative care concept had been pursued in
37 patients (11.3%) and a secondary palliative care concept had
been established in 289 patients (88.7%). Baseline characteristics of
the study population are presented in the Table. Patients who died
under curative care were significantly younger (median age, 72 ver-
sus 80 years; P, .001) than patients for whom secondary palliative
care was established and had a shorter median length of stay (3
versus 5 days, P ¼ .005). A detailed analysis of the time period
from stroke onset to death is found in the Online Supplemental
Data. In summary, cerebrovascular causes were the earliest to
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cause death (median of 4 days), followed by cardiovascular, other,
and a combination of causes (median of 7days each), and pneu-
monia and sepsis (median of 11 days). The median onset to death
was significantly shorter in the curative group compared with the
secondary palliative group when the cause of death was cerebrovas-
cular (2.5 days versus 4days, P ¼ .016) or cardiovascular (2 days
versus 8days, P¼ .027).

The Figure shows the causes of death and reasons for estab-
lishing a secondary palliative care concept. The most common
cause of death in the entire cohort as well as in the curative and
the secondary palliative care groups was cerebrovascular.
However, the groups differed regarding the subsequent causes of
death: In the entire cohort, most patients (51.5%; 168/326) died
from cerebrovascular causes, with pneumonia and sepsis (25.8%;
84/326) being the second most frequent cause of death, whereas
cardiovascular reasons (8.3%; 27/326) were less common. In the
curative group, cerebrovascular deaths (32.4%; 12/37) were also

the most common cause, with cardiovascular events (27.0%; 10/
37) being the second most frequent cause of death, closely fol-
lowed by pneumonia and sepsis (24.3%; 9/37). In the secondary
palliative group, cerebrovascular deaths (54.0%; 156/289) were
also the most common cause, with pneumonia and sepsis (26.0%;
75/289) being the second most frequent cause of death, whereas
cardiovascular reasons (5.9%; 17/289) were markedly less fre-
quent. The most common combination cause of death was pneu-
monia and sepsis and cardiovascular diseases (57%; 13/23). This
was followed by the combination of cerebrovascular causes and
pneumonia and sepsis (22%; 5/23). The most common combina-
tion cause of palliation was pneumonia and sepsis and cardiovas-
cular causes (26%; 11/42), followed by pneumonia and sepsis and
other causes of palliation (19%; 8/42). Causes of death differed
significantly (P ¼ .011) between the curative and secondary palli-
ative groups. In contrast, cerebrovascular causes (75.4%; 218/289)
were the main reason to pursue secondary palliative care in most

Baseline data

Characteristic

Deceased Patients (n = 326)
Overall Collective (n = 1342)

All Treatment Groups
Overall
(n = 326)

Secondary Palliative
(n = 289)

Curative
(n = 37) P Valuea

Age (median) (IQR) (yr) 75 (64–82) 80 (71–86) 80 (72–87) 72 (62–82) .001b

Female sex (No.) 667 (49.7%) 163 (50.0%) 147 (50.9%) 16 (43.2%) .383
Hypertension (No.) (n ¼ 2 missing) 1067 (79.5%) 260 (79.8%) 232 (80.3%) 28 (75.7%) .427
Cardiovascular disease (No.)
(n ¼ 4 missing)

657 (49%) 167 (51.2%) 146 (50.5%) 21 (56.8%) .367

Diabetes mellitus (No.)
(n ¼ 3 missing)

342 (25.5%) 97 (29.8%) 78 (27%) 19 (51.4%) .809

Obesity (No.) (n ¼ 4 missing) 374 (27.9%) 78 (23.9%) 69 (23.9%) 9 (24.3%) .360
Atrial fibrillation (No.)
(n ¼ 3 missing)

640 (47.7%) 168 (51.5%) 153 (52.9%) 15 (40.5%) .304

Prior stroke (No.) (n ¼ 2 missing) 255 (19%) 79 (24.2%) 72 (24.9%) 7 (18.9%) .919
NIHSS score (median) (IQR) 16 (10–20) 18 (15–21) 18 (15–21) 20 (16–23) .381
mRS at discharge (median) (IQR) 4 (2–5) Noncalculable Noncalculable Noncalculable NA
Length of stay (median) (IQR) (day) 12 (6–22) 5 (3–12) 5 (3–13) 3 (1–8) .005b

Note:—NA indicates noncalculable.
a Comparison of secondary palliative and curative groups.
b Statistically significant.

FIGURE. Causes of death in the overall, curative, and secondary palliative groups as well as reasons for palliation (absolute numbers and per-
centage). The exact reason for palliation was not determinable with sufficient certainty in 1 case.
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patients, with a combination of causes (14.5%; 42/289) being the
second most frequent reason for secondary palliative care. The rea-
son for palliation could not be specified with sufficient certainty in
1 patient.

A comparison of reasons for palliation and causes of death in
the secondary palliative group showed no significant alteration (P¼
.169).

Trends across the Study Period
An analysis of treatment numbers during 2010–2019 shows an
increase in endovascular stroke treatment, ranging from 27 (31.0%)
cases in 2010 to a maximum of 210 (61.4%) cases in 2019, with iso-
lated mechanical thrombectomy being the most frequent approach
after 2016. During the study period, the median age of patients
undergoing endovascular treatment increased significantly (P, .001)
and the median NIHSS score decreased significantly in the entire
cohort (P, .001) and in the secondary palliative group (P, .001).
No time trend was observed for in-hospital mortality for patients
who underwent endovascular treatment during the study period
(P ¼ .384). However, there was a higher proportion of patients
receiving palliative care (P¼ .045) and a lower proportion of curative
care deaths (P, .001) across time. Our trend analysis also revealed
that the proportion of cardiovascular deaths among patients who
died decreased across the study period (P¼ .026) and that specifically
in the curative group, the proportion of cerebrovascular deaths (P ¼
.003) and cardiovascular deaths (P ¼ .002) also decreased. Detailed
information on the trend analyses and comparison of 2010–2011 ver-
sus 2019 is found in the Online Supplemental Data.

DISCUSSION
An initial objective of our study was to identify the intrahospital
causes of death in endovascularly treated patients with stroke. Our
analysis shows that in patients in whom a curative approach was
pursued throughout, cerebrovascular causes and cardiovascular
causes, and pneumonia and sepsis were the 3 main causes of death
(sorted in order). This finding is in accordance with previous studies
that demonstrated that cerebrovascular causes constitute most
causes of death a short time after stroke.7-10,12 This is also in accord-
ance with previous studies that demonstrated the importance of
pneumonia as a main cause of death after stroke, which usually
occurs due to prolonged ventilation times or dysphagia.9,11,21 Some
authors report that pneumonia may play a particular role in patients
with intracranial hemorrhage, who are reported to be likely to have
dysphagia and subsequent pneumonia.22,23 The high proportion of
cardiovascular deaths in the curative group is rather surprising, con-
sidering that previous data revealed an increase of cardiovascular
deaths only in the first months poststroke.6,7,24 Acknowledging that
cardiovascular reasons are less likely in our overall cohort and in
our secondary palliative group, a possible explanation for the excess
of cardiovascular causes of death in the curative group may be that
patients who had previously died from large-vessel stroke now sur-
vive their stroke due to endovascular treatment but might die from
their concomitant cardiovascular diseases. This finding is supported
by our observation that in our curative cohort, cardiovascular dis-
ease was the earliest cause of death. However, our cohort is too small
to draw definite conclusions. Also, previous studies were based on
data from before endovascular stroke treatment was established and

mainly focused on long-term analyses of causes of death and are,
therefore, difficult to compare with our study that focuses on intra-
hospital deaths after endovascular stroke treatment.

Curative versus Secondary Palliative Care
A novel finding of our analysis is that a differentiation must be
made between patients receiving secondary palliative therapy and
those treated with curative intent throughout because their causes
of death differed considerably. Cerebrovascular causes, cardiovas-
cular causes, and pneumonia and sepsis are the 3 main causes of
death (sorted in order) in our patients, but these results must be
interpreted with great caution because our results show that the
reasons for death and palliation differed, albeit not significantly.
Our analysis showed that because of the therapeutic switch, the
causes of death of patients receiving secondary palliative care could
not be equated to those of the curative group. It was interesting to
compare the reasons for switching to the palliative approach with
the actual causes of death. In line with the palliative concept, mini-
mized therapeutic intervention results in a high number of pulmo-
nary, cardiovascular, and other causes of death. At the same time,
the most common reason for palliation appears to be neurovascu-
lar. Supporting data can be found in the literature indicating that
withdrawal of life-sustaining treatment is the most common cause
of death in ventilated patients in the intensive care unit and is pri-
marily associated with a severe neurologic condition.25,26 On the
basis of these findings, further analyses regarding case fatality and
causes of death should pay attention to the large proportion of
patients receiving palliative care. In accordance with Singh et al,27

the quality of acute hospital care should not depend solely on the
mortality rate, given the varying frequency of palliative concepts
used.

Trends across the Study Period
Given a shift toward isolated mechanical thrombectomy across
time as well as an increasing median age of patients and a decreas-
ing median NIHSS score on admission, a change in causes of death
with time would not have been surprising, especially with regard to
the inclusion of elderly patients who are more likely to be treated
with a palliative approach.28 In fact, there was a higher proportion
of patients receiving palliative care across time in our cohort. Even
though the overall mortality did not change with time, there was a
trend toward a lower proportion of cardiovascular deaths across
time. Additionally, we found a time trend for decreasing cardiovas-
cular and cerebrovascular deaths in the curative group. Higher rates
of palliation on the one hand and lower rates of cardiovascular and
cerebrovascular deaths in the curative group on the other hand
may be explained by the inclusion of a wider spectrum of patients
across time, with older patients on the one hand and patients with
less severe stroke on the other receiving endovascular stroke ther-
apy. This trendmay also be explained by imbalances in the distribu-
tion of comorbidities, vascular risk factors, and frailty status, which
were not the focus of this analysis. Because subsequent increases of
other causes of death do not appear to have had a significant impact
in the curative group, a note of caution is due here because the
number of patients in each group across the years was very small,
especially within the curative cohort.
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Limitations
The monocentric approach of our study can be seen as both an
advantage and a disadvantage. Systematic bias occurs due to internal
standards for inclusion of patients and implementation of therapies,
such as general anesthesia for thrombectomies. On the other hand,
this bias can be seen as an advantage because the same conditions
and criteria apply to the therapy of all patients. Selection and attri-
tion biases are expected to be negligible because most patients eligi-
ble for endovascular stroke therapy are admitted to our institution
by the regional emergency service or transferring hospitals and only
1 patient was transferred back to their referring hospital immedi-
ately after stroke therapy due to capacity reasons. Nonetheless, even
though we included a very wide spectrum of patients, the small sam-
ple size within the individual groups (especially in our trend analy-
ses) requires a cautious interpretation of our results. Also, causes of
death could not be determined in a blinded fashion because the
treating clinicians and the reviewing neurologists needed to be
aware of the clinical course of patients for their assessment. To de-
velop a full picture of intrahospital mortality, causes of death, and
changes due to increased use of endovascular therapy, additional
studies will be needed that include additional treatment groups (eg,
intravenous thrombolysis) or data of different stroke units.

CONCLUSIONS
The most common intrahospital causes of death in patients with
acute stroke who received endovascular therapy are cerebrovascular
causes, cardiovascular causes followed by pneumonia and sepsis.
One of the most striking findings to emerge from this study is that a
large proportion of deceased patients with stroke were treated
secondarily with a palliative approach; here, the causes of death
should be considered with caution because the reasons for palliation
and causes of death differ, albeit not significantly. The reasons for
palliation are less vulnerable to bias by life-terminating measures
and should be considered when analyzing causes of death.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.
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