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Objectives: Assessment of all-cause mortality of intracerebral 
hemorrhage and ischemic stroke patients admitted to the ICU and 
comparison to the mortality of other critically ill ICU patients clas-
sified into six other diagnostic subgroups and the general Dutch 
population.
Design: Observational cohort study.

Setting: All ICUs participating in the Dutch National Intensive 
Care Evaluation database.
Patients: All adult patients admitted to these ICUs between 2010 
and 2015; patients were followed until February 2017.
Interventions: None.
Measurements and Main Results: Of all 370,386 included ICU 
patients, 7,046 (1.9%) were stroke patients, 4,072 with is-
chemic stroke, and 2,974 with intracerebral hemorrhage. Short-
term mortality in ICU-admitted stroke patients was high with 30 
days mortality of 31% in ischemic stroke and 42% in intracere-
bral hemorrhage. In the longer term, the survival curve gradient 
among ischemic stroke and intracerebral hemorrhage patients 
stabilized. The gradual alteration of mortality risk after ICU admis-
sion was assessed using left-truncation with increasing minimum 
survival period. ICU-admitted stroke patients who survive the first 
30 days after suffering from a stroke had a favorable subsequent 
survival compared with other diseases necessitating ICU admis-
sion such as patients admitted due to sepsis or severe commu-
nity-acquired pneumonia. After having survived the first 3 months 
after ICU admission, multivariable Cox regression analyses 
showed that case-mix adjusted hazard ratios during the follow-up 
period of up to 3 years were lower in ischemic stroke compared 
with sepsis (adjusted hazard ratio, 1.21; 95% CI, 1.06–1.36) 
and severe community-acquired pneumonia (adjusted hazard 
ratio, 1.57; 95% CI, 1.39–1.77) and in intracerebral hemorrhage 
patients compared with these groups (adjusted hazard ratio, 
1.14; 95% CI, 0.98–1.33 and adjusted hazard ratio, 1.49; 95% 
CI, 1.28–1.73).
Conclusions: Stroke patients who need intensive care treatment 
have a high short-term mortality risk, but this alters favorably with 
increasing duration of survival time after ICU admission in patients 
with both ischemic stroke and intracerebral hemorrhage, espe-
cially compared with other populations of critically ill patients such 
as sepsis or severe community-acquired pneumonia patients. 
(Crit Care Med 2020; 48:e876–e883)
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Stroke is a major global healthcare issue. Despite the de-
clining occurrence rate of stroke and subsequent mortality 
over time (1), stroke is still the third leading cause of death 

in the Netherlands (2) and fifth in the United States (3). Further-
more, stroke is a leading cause of functional disability (4).

Stroke-associated cerebral damage can concomitantly cause 
compromise of other vital organ functions and, consequently, 
patients may need treatment in the ICU.

With expanding number of treatment and support options, 
acute stroke care and the need for intensive care will be in-
creasingly intertwined, and an increasing number of stroke 
patients will be admitted to the ICU in the future (5, 6).

The broad definition of stroke includes ischemic stroke (IS) 
and intracerebral and subarachnoid hemorrhage (SAH) (7). In 
practice, SAH differs from acute IS and intracerebral hemor-
rhage (ICH) with respect to demographics, recuperation, and 
effect on other organ function due to catecholamine release (8, 9).  
Therefore, this research focuses on patients with IS or ICH 
admitted to the ICU. Hereafter, we will refer to “stroke” as com-
posite outcome for IS and ICH.

Mortality in patients with IS and ICH admitted to the ICU 
has been investigated before (10–15), but these studies did not 
include long-term mortality, were limited to small study popu-
lations, and did not compare stroke patients to ICU patients 
admitted for other diagnoses. Earlier research using the Dutch 
National Intensive Care Evaluation (NICE) database (16) 
compared large groups of critically ill patients and assessed 
case-mix adjusted mortality beyond hospitalization in several 
diagnostic subgroups (17). However, this study did not include 
patients with IS and ICH. For other diagnostic subgroups, it 
is recognized that the sequelae of ICU admission extend be-
yond hospitalization, but this is still unknown for the subset of 
stroke patients who need intensive care admission, particularly 
in the recent era in which treatment modalities for (mainly is-
chemic) stroke have changed markedly (18–24).

In this contemporary era of innovative treatment modali-
ties for stroke, the aim of this study was to assess all-cause 
mortality from ICU admission onwards of patients with IS and 
ICH. Furthermore, we compared this to the mortality of the 
general population and six predefined diagnostic subgroups 
(including SAH) of ICU patients and investigated the mor-
tality risk patterns over time after having survived the initial 
event that led to ICU admission.

MATERIALS AND METHODS

Data Sources
In this cohort study, consecutive adult patients admitted to all 
ICUs participating in the Dutch NICE database between 2010 
and 2015, comprising over 90% (85 ICUs in 2015) of ICUs, 
were considered eligible and recruited (16). Patients were fol-
lowed using the national medical insurance claim database 
Vektis (Vektis Beheer BV, Zeist, The Netherlands). The dura-
tion of follow-up ended at death or the last date of observation, 
as documented in the Vektis database until February 2017. 
Linkage between the NICE and Vektis database was obtained to 

define date of death after ICU admission using a deterministic 
linkage algorithm (25). Healthcare insurance is compulsory for 
all Dutch citizens; hence, the Vektis database includes nearly 
complete coverage of all medical care in The Netherlands. Ex-
clusion criteria were linkage discrepancies between the NICE 
and Vektis database and not fulfilling the Acute Physiology and 
Chronic Health Evaluation (APACHE) IV criteria (26).

The mortality rate for stroke patients in this study was com-
pared with the mortality rate of the general Dutch population 
(GDP). The GDP mortality rate was generated from StatLine 
(CBS, The Hague, The Netherlands) (2). In order to stand-
ardize indirectly, the GDP weighted average death rates were 
calculated using age and gender distribution with the selected 
population of stroke patients as standard. Stroke patients 
were treated according to the most recent national protocol 
“Ischemic Stroke and Intracranial Hemorrhage” (27) of the 
Dutch Society for Neurology with involvement of the Dutch 
Society of Critical Care.

The NICE database is registered according to the Dutch 
Data Protection Act. The medical ethics committee of the 
Amsterdam University Medical Center waived informed con-
sent for this study under Dutch national law (Institutional 
Review Board protocol number W18_049#18.067).

Diagnostic ICU Subgroups
Stroke patients were defined as patients admitted to ICU due 
to IS or ICH, not including patients with SAH or deep cerebral 
venous thrombosis. Other patients were classified into prede-
fined diagnostic subgroups according to the APACHE IV clas-
sification system: 1) SAH, 2) traumatic brain injury (TBI), 3) 
sepsis, 4) severe community-acquired pneumonia (sCAP), 5) 
cardiac surgery, 6) nonsurgical cancer, and 7) other diagno-
ses. Detailed definitions are shown in Figure 1. These groups 
were chosen in order to compare our stroke study population 
to populations with other neurologic reasons for ICU admis-
sions (1 and 2), reasons for frequent admissions (5), and with 
known chronic morbidity and sequelae beyond critical care (3, 
4, and 6). All ICU patients except stroke patients were analyzed 
as a combined group as well.

Statistical Analyses
The primary outcome was defined as all-cause short-term (30 d)  
and long-term (1 yr) mortality after ICU admission.

First, crude cumulative mortality risks were assessed by 
Kaplan-Meier survival estimates for patients with (I) IS and 
(II) ICH, (III) all ICU patients except stroke as a combined 
group, (IV) the GDP and the above predefined diagnostic ICU 
subgroups (V-1 to V-6).

Second, to assess the gradual alteration of mortality risk 
with increasing survival periods and to understand the risk 
pattern after ICU admission, mortality risk was assessed for 
patients who survived ICU discharge, 30 days, 3 months, and 
1 year. This was done by using left-truncation for these pre-
defined time points. Survival of patients who survived up to 
these time points was analyzed by repeating the Kaplan-Meier 
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estimates from these points onwards and starting the curve 
again at 100%.

Third, the differences in mortality between stroke patients and 
other diagnostic ICU subgroups were analyzed in a multivariable 
Cox regression model. Case-mix adjusted hazard ratios (HR

adj
) 

and corresponding 95% CIs were calculated. The population of 

IS and ICH were used as refer-
ence groups with the same left-
truncations as described above. 
The HRs were adjusted for age, 
sex, APACHE III score, and cal-
endar year of ICU admission  
(2010–2015). Correlation be-
tween duration of survival of 
patients admitted to the same 
ICU was taken into account by 
including hospital as a random 
intercept in the models. 
Preparation of the data files was 
done using SPSS, Version 24.0 
(IBM Corp., Armonk, NY). 
The statistical analyses were 
performed using statistical en-
vironment R, Version 3.4.3 
(R Foundation for Statistical 
Computing, Vienna, Austria).

RESULTS
During the study period, 
483,419 patients were admit-
ted to the participating ICUs. 
After exclusion of patients not 
fulfilling the APACHE IV crite-
ria and linkage discrepancies, 
370,386 patients were included 
for analyses. Of the included 
patients, 7,046 (1.9%) were 
stroke patients, 4,072 with IS, 
and 2,974 with ICH (Fig.  1). 
Baseline characteristics and 
follow-up data of patients with 
IS, ICH, all subgroups, and all 
ICU patients (including stroke) 
are shown in Table 1. Supple-
mental Table 1 (Supplemental 
Digital Content 1, http://links.
lww.com/CCM/F616) con-
tains baseline characteristics of 
additional groups, including 
patients after cardiac surgery, 
with nonsurgical cancer and 
the combined group (all ICU 
patients except stroke).

Demographics were mainly 
comparable between IS and 

ICH. Patients with ICH had higher ICU readmission rate and 
lower Glasgow Coma Scale at admission, while patients with IS 
had more chronic diagnoses. In 30.9% of patients with ICH, a 
neurosurgical intervention was performed. In total, 3,366 stroke 
patients died (48%) during the study period with a median (in-
terquartile range) follow-up of 9.6 months (0.2–23.7 mo).

Figure 1. Flowchart of reasons for inclusions and diagnostic subgroup sizes. Out of 483,419 ICU admissions, 
370,386 were eligible for analysis, of which 7,046 (1.9%) were stroke patients, 4,072 ischemic stroke, and 
2,974 intracerebral hemorrhage patients. APACHE = Acute Physiology and Chronic Health Evaluation,  
NICE = National Intensive Care Evaluation.

http://links.lww.com/CCM/F616
http://links.lww.com/CCM/F616
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Survival Distribution Compared With GDP and 
Diagnostic ICU Subgroups
The survival of patients with IS was significantly better com-
pared with patients with ICH (log-rank test p < 0.001). In both 
IS and ICH, crude cumulative survival at the end of follow-up 
was worse compared with the GDP and the combined group 
of all other ICU patients (Fig. 2). The inset of Figure 2 shows 
a large decline in survival of stroke patients within the first 10 
days after ICU admission with mortality rate of 29%. This is 
in contrast to the longer term, in which the survival curve gra-
dient among both IS and ICH patients stabilizes.

Survival in cardiac surgery, TBI and SAH patients, remained 
better than in stroke during the whole follow-up period 

(Supplemental Fig. 1, Supplemental Digital Content 2, http://
links.lww.com/CCM/F617). The crude cumulative survival of 
sepsis and sCAP, initially better than IS, became worse compared 
with IS after approximately 18 months. Among all diagnostic sub-
groups of our ICU populations, patients with ICH and nonsurgi-
cal cancer had the lowest cumulative survival with 1-year survival 
of respectively 49% and 30% (Supplemental Fig. 1a, Supplemental 
Digital Content 2, http://links.lww.com/CCM/F617).

Mortality Risk Patterns Over Time Compared With 
Diagnostic ICU Subgroups
With an increasing minimum of survival time, using left-trun-
cation, differences in survival curves of patients with IS and ICH 

TABLE 1. Demographics, Length of Stay and Mortality, and Follow-Up in Ischemic Stroke and 
Intracerebral Hemorrhage Patients and Four of the Six Investigated Other Diagnostic Subgroups 
(See Supplemental Table 1 [Supplemental Digital Content 1, http://links.lww.com/CCM/F616] for 
Baseline Characteristics of All Groups)

Characteristics
Ischemic  
Stroke

Intracerebral  
Hemorrhage

Other Diagnostic Subgroups

All  
Patients

Subarachnoid  
Hemorrhage

Traumatic  
Brain Injury Sepsis

Severe  
Community- 

Acquired  
Pneumonia

n (%) 4,072 (1.1) 2,974 (0.8) 2,650 (0.7) 4,356 (1.2) 24,189 (6.5) 22,833 (6.2) 370,386

Age, mean (sd) 67.5 (13.7) 60.7 (15.1) 58.5 (12.9) 53.3 (20.4) 66.9 (14.2) 66.3 (14.5) 63.9 (15.3)

Sex, men, % 56.5 56.8 35.0 69.9 56.1 59.2 59.5

Daytime admissions (8:00–18:00 hr, %) 37.5 33.3 35.3 28.6 35.3 36.5 54.9

One or more chronic diagnoses (%)a 18.1 14.6 9.5 8.4 44.3 59.4 33.5

Acute Physiology and Chronic Health  
Evaluation IV predicted mortality,  
%, mean (sd)

40 (20) 50 (20) 40 (30) 20 (20) 50 (20) 40 (20) 20 (20)

ICU readmission rate (%) 3.8 6.5 7.6 4.2 6.3 3.3 5.6

Glasgow Coma Scale at  
admission, mean (sd)

11.1 (4.4) 8.6 (4.7) 10.7 (4.9) 10.0 (4.7) 13.8 (2.6) 13.7 (2.9) 13.7 (3.2)

ICU LOS, d, mean (sd) 2.9 (6.1) 4.6 (8.4) 5.3 (8.0) 5.3 (8.5) 6.2 (10.1) 6.6 (9.4) 3.1 (6.7)

ICU mortality (%) 696 (17) 907 (31) 580 (22) 566 (13) 4,500 (19) 3,347 (15) 29,305 (8)

  Of which within 7 d (% of total  
ICU mortality)

605 (86.9) 808 (89.1) 499 (86.0) 414 (73.1) 3,394 (75.4) 2,096 (62.6) 22,515 (76.8)

Hospital LOS, d, mean (sd) 11.0 (13.2) 13.9 (18.6) 14.3 (15.3) 14.5 (16.6) 20.7 (22.1) 17.3 (23.1) 13.3 (18.1)

Hospital mortality, n (%) 1,172 (29) 1,210 (41) 722 (27) 747 (17) 6,236 (26) 5,193 (23) 44,557 (12)

30-d mortality, n (%) 1,280 (31) 1,263 (42) 748 (28) 776 (18) 6,358 (26) 5,516 (24) 47,796 (13)

3-mo mortality, n (%) 1,476 (36) 1,401 (47) 817 (31) 881 (20) 7,694 (32) 7,026 (31) 60,220 (16)

1-yr mortality, n (%) 1,663 (41) 1,519 (51) 856 (32) 987 (23) 9,394 (39) 8,909 (39) 81,396 (22)

Total amount of deceased  
patients, n (%)

1,783 (44) 1,583 (53) 879 (33) 1,058 (24) 10,638 (44) 10,480 (46) 99,485 (27)

Follow-up, mo, mean (sd) 13.3 (12.2) 11.1 (12.2) 14.7 (12.3) 17.5 (11.7) 13.9 (12.0) 13.8 (11.8) 17.4 (11.3)

1-yr follow-up, n (%) 2,084 (51.2) 1,249 (42.0) 1,474 (55.6) 2,936 (67.4) 12,684 (52.4) 11,859 (51.9) 245,350 (66.2)

2-yr follow-up, n (%) 1,029 (25.3) 661 (22.2) 803 (30.3) 1,616 (37.1) 6,465 (26.7) 5,706 (25.0) 128,568 (34.7)

LOS = length of stay.
a�Chronic diagnoses: chronic obstructive pulmonary disease, respiratory insufficiency, renal insufficiency, cirrhosis, cardiac insufficiency, malignancy, and AIDS/
immune deficiency.

http://links.lww.com/CCM/F617
http://links.lww.com/CCM/F617
http://links.lww.com/CCM/F617
http://links.lww.com/CCM/F616
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disappeared, and furthermore, the slope of the Kaplan-Meier sur-
vival curves in both IS and ICH became less steep compared with 
sepsis, sCAP, and nonsurgical cancer. This indicated that the hazard 
of death (i.e., the slope steepness of a survival curve) in patients 
with IS and ICH, if they survived the first critical period, gradually 
decreased over time. This was different in patients admitted due to 
sepsis or sCAP: after left-truncation of 30 days and longer, the risk 
of dying due to sepsis, and sCAP surpassed the risk of dying after 
ICU admission due to IS and ICH (Supplemental Fig. 2b–e, Sup-
plemental Digital Content 3, http://links.lww.com/CCM/F618).

Alteration of Mortality Risk With Increasing  
Survival Periods
The hazards of mortality (adjusted for age, sex, APACHE III 
score, and calendar year of ICU admission) during the max-
imal follow-up time of 37.1 months of patients with IS (Sup-
plemental Fig. 2a, Supplemental Digital Content 3, http://links.
lww.com/CCM/F618) and ICH (Supplemental Fig. 2b, Supple-
mental Digital Content 3, http://links.lww.com/CCM/F618) were 
compared with the hazards of mortality of all other diagnostic 
subgroups. Supplemental Table 2 (Supplemental Digital Con-
tent 4, http://links.lww.com/CCM/F619) shows mortality rates 
and APACHE III scores per calendar year of ICU admission in 
patients with IS, ICH, and all ICU patients except stroke.

The mortality risk in ICH 
was higher compared with IS 
without left-truncation (HR

adj
 

was significantly higher than 
1.00) but this difference disap-
peared with increasing min-
imum of survival time (i.e., 
with applying left-truncation 
the HR

adj
 became close to and 

nonsignificantly different from 
1.00).

The mortality risk was 
lower in TBI and cardiac sur-
gery and higher in nonsurgical 
cancer when compared with 
either IS or ICH, regardless of 
whether survival periods were 
increased, so no alteration of 
mortality risk occurred com-
pared with IS or ICH.

Among SAH patients, the 
risk for mortality was lower 
compared with the mortality 
risk of patients with ICH, re-
gardless of left-truncation. 
Compared with IS patients, 
the hazard was not different 
in SAH patients when no left-
truncation was applied (HR

adj
, 

0.98; 95% CI, 0.90–1.07), but 
became significantly lower in 
SAH with increasing minimum 
of survival time.

HR
adj

 among sepsis and sCAP patients compared with both 
IS and ICH clearly increased with increasing left-truncation, 
indicating gradual alteration of mortality risk compared with 
stroke patients. After having survived the first 30 days after 
ICU admission, the HR

adj
’s were no longer significantly lower 

than 1.00 in both sepsis and sCAP patients compared with 
stroke patients. After having survived 3 months, the mortality 
risk was significantly higher in sepsis compared with IS (HR

adj
, 

1.21; 95% CI, 1.06–1.36) and had a tendency to a significant 
increase compared with ICH (HR

adj
, 1.14; 95% CI, 0.98–1.33). 

Among patients with sCAP, the mortality risk after surviving 3 
months was significantly higher compared with either IS (HR

adj
, 

1.57; 95% CI, 1.39–1.77) or ICH patients (HR
adj

, 1.49; 95% CI, 
1.28–1.73) (Supplemental Fig. 2, a and b, Supplemental Digital 
Content 3, http://links.lww.com/CCM/F618).

DISCUSSION
This national multicenter study has unraveled the survival pat-
tern of patients with IS and ICH admitted to the ICU in a co-
hort of over 7,000 stroke patients with a follow-up of up to 3 
years. We found that stroke patients admitted to the ICU had 
high short-term mortality, more pronounced in ICH than in 
IS when compared with other critically ill patients. However, 

Figure 2. All-cause mortality in patients with (I) ischemic stroke and (II) intracerebral hemorrhage, (III) all other 
ICU patients as combined separate group and (IV) aggregated general Dutch population (GDP) as expected 
mortality for the stroke patients in this study population. The inset shows the same data on an expanded y-axis 
with time in days of the first 10 d after ICU admission.

http://links.lww.com/CCM/F618
http://links.lww.com/CCM/F618
http://links.lww.com/CCM/F618
http://links.lww.com/CCM/F618
http://links.lww.com/CCM/F619
http://links.lww.com/CCM/F618
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when a stroke patient survived the first 30 days after ICU ad-
mission (69% in IS and 58% in ICH), the prognosis gradually 
improved. Furthermore, it was shown that mortality risk after 
surviving 3 months was approaching statistical significance 
in patients with ICH and significantly lower in IS, compared 
with both sepsis and sCAP patients. After having survived 1 
year, mortality risk in both ICH and IS were significantly lower 
compared with sepsis and sCAP.

The 1-year mortality rate of 41% in IS and 51% in ICH 
patients admitted to the ICU found in this study is comparable 
to earlier studies (10–15, 28–30), although previous literature 
did not report mortality beyond one year after ICU admission 
in such a large cohort. Furthermore, the present study did not 
only compare stroke patients to other neurologic ICU patients 
(12–14) but also included cardiac surgery patients with low 
predicted mortality and patients with diagnoses suspected for 
long-term sequelae and high predicted mortality, such as ICU 
patients with sepsis, sCAP, and nonsurgical cancer (31). This 
has led to the observation that long-term mortality in criti-
cally ill stroke patients is higher than in TBI or SAH, as shown 
earlier (12–14) and that the survival patterns of patients with 
sepsis and sCAP is totally different from stroke patients.

An explanation for this finding may be that stroke can be 
seen as a one-time event and is mostly failure of a single organ, 
whereas sepsis is a lengthier and ongoing syndrome with a 
wide spectrum of underlying chronic conditions and often 
accompanied with multiple organ involvement. The propor-
tion of patients with one or more chronic diagnosis in all sep-
arate diagnostic subgroups in our study (18% in IS and 14% 
in ICH compared with 44% in sepsis) underlines this explana-
tion. In addition, recent literature has described that patients 
surviving sepsis acquire new physical disability and cognitive 
impairment leading to further health deterioration after hos-
pital discharge with an increased hazard of death and therefore 
implying persistent long-term mortality risk (32–35).

Stroke leads to evident physical and cognitive disability. 
However, the data in this study show that in ICU-admitted 
stroke patients it is important to recognize the concept that 
patients who survive the first 30 days after suffering from a 
stroke, have a relative favorable subsequent survival com-
pared with other diseases necessitating ICU admission such as 
patients admitted due to sepsis or sCAP.

The strengths of this study are its large number of admis-
sions from 85 ICUs across the country, the long-term follow-up, 
and usage of the existing APACHE IV model, which has been 
validated in the Dutch ICU population (36). Furthermore, we 
were able to correct for various known determinants in order 
to confirm our results on mortality risk in stroke patients com-
pared with the other predefined diagnostic ICU subgroups, 
since risk of mortality is highly correlated to the underlying 
case-mix of patients (37).

However, some limitations need to be addressed. This was a 
cohort study with all-cause mortality as outcome variable and 
therefore not taking reason of death into account, including 
withdrawal of care and comfort of care transitions. Therefore, 
the high all-cause mortality in stroke patients might be related 

to withdrawal of care in severe cases and selection of patients 
with less deficits, contributing to the gradual decrease of mor-
tality over time if a patient survived the first period. On the 
other hand, withdrawal of care does imply clinical deteriora-
tion as judged by the members of the healthcare team, so these 
patients were probably severe stroke patients with an expected 
high mortality.

Second, our results are limited to the subset of acute stroke 
patients admitted to the ICU. No extrapolation is possible 
to IS or ICH patients admitted from the emergency depart-
ment to the ward or stroke unit due to lack of expected ben-
efit (as judged by the admitting physician) from ICU care on 
one hand or lack of necessity of ICU care on the other hand. 
To put our study numbers in perspective, in 2010–2012, ap-
proximately 35,000 patients were admitted annually to one of 
all Dutch hospitals due to suspicion of stroke (20.7–21.1 clin-
ical admissions per 10,000 citizens) (2). More recent, 33,733 
stroke patients were registered in 2017 in 71 hospitals within 
the country. Of patients with IS, 21% received IV thrombolysis 
and 4.5% underwent intra-arterial thrombectomy (39).

Third, the administrative NICE database creates the pos-
sibility to analyze case-mix adjusted long-term mortality far 
beyond hospitalization in a large and extensive cohort of ICU-
admitted stroke patients, but unfortunately does not contain 
data concerning functional status or posthospital location and 
therefore this study pertains only to mortality risks of critically 
ill stroke patients and not to their life’s quality or abilities in 
daily life. Unfortunately, we could not collect data concerning 
National Institutes of Health Stroke Scale scores (40, 41) or 
ICH scores (42) via the NICE database. Furthermore, due to 
linkage discrepancies, 10.4% of the NICE database records 
were excluded from the study. However, the deterministic link-
age algorithm that was used leads to a small number of false-
positive links (43), indicating that our linked data set is reliable.

Finally, since we did not possess data concerning vascular 
territories of stroke or numbers on reperfusion rates or anti-
coagulant therapies in respectively IS and ICH, heterogeneity 
among the study population might have occurred. The unrav-
eled survival pattern in IS and ICH patients admitted to the 
ICU could be due to homogenous populations with high mor-
tality hazards in short-term and lower in longer term. Another 
explanation might be that our study group consists of several 
subgroups with different stroke subtypes within the stroke 
population with different prognoses and survival patterns.

CONCLUSIONS
Stroke patients who need intensive care treatment have a high 
short-term mortality risk. However, the mortality risk alters 
favorably with increasing survival period after ICU admis-
sion in patients with both IS and ICH, especially compared 
with other populations of critically ill patients such as sepsis 
or sCAP patients. Future research is needed to reveal clinical 
variables which can identify stroke patients at ICU admission 
who will survive that first critical period in the ICU. These 
data can subsequently assist in personalizing critical care and 
informing patients and their family caregivers about patterns 
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and probabilities concerning survival and quality of life after 
ICU admission due to an IS or ICH.
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