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Abstract

Background and purpose: Little is currently known about the cost-effectiveness of

intensive care of acute ischemic stroke (AIS). We evaluated 1-year costs and outcome

for patients with AlS treated in the intensive care unit (ICU).

Materials and methods: A single-center retrospective study of patients admitted to
an academic ICU with AIS between 2003 and 2013. True healthcare expenditure was
obtained up to 1 year after admission and adjusted to consumer price index of 2019.

Patient outcome was 12-month functional outcome and mortality. We used multi-

variate logistic regression analysis to identify independent predictors of favorable

outcomes and linear regression analysis to assess factors associated with costs. We
calculated the effective cost per survivor (ECPS) and effective cost per favorable out-
come (ECPFO).

Results: The study population comprised 154 patients. Reasons for ICU admission

were: decreased consciousness level (47%) and need for respiratory support (40%).

There were 68 (44%) 1 year survivors, of which 27 (18%) had a favorable outcome.

High age (odds ratio [OR] 0.95, 95% confidence interval [CI] 0.91-0.98) and high hos-
pital admission National Institutes of Health Stroke Scale score (OR 0.92, 95% CI
0.87-0.97) were independent predictors of poor outcomes. Increased age had a cost
ratio of 0.98 (95% Cl 0.97-0.99) per added year. The ECPS and ECPFO were 115,628€
and 291,210¢€, respectively.

Conclusions: Treatment of AlS in the ICU is resource-intense, and in an era predating
mechanical thrombectomy the outcome is often poor, suggesting a need for further

research into cost-efficacy of ICU care for AlS patients.
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Editorial Comment

thrombectomy.

1 | INTRODUCTION

Stroke is the second most common cause of death and the third
most common cause of lost disability-adjusted life years world-
wide.>? Stroke encompasses two entities of which acute ischemic
stroke (AIS) is the more common, constituting about 75%-80%
of all strokes.® About 15%-20% of patients admitted to a stroke
unit develop the need for care in an intensive care unit (ICU).*
Common indications include decreased consciousness, the need
for mechanical ventilation or intensive hemodynamic manage-
ment, and invasive neurological or systemic monitoring.”> Other
possible indications are the need for monitoring given massive
infarctions with risk to herniation requiring surgery, seizures,
and status epilepticus.*> ICU care for patients focuses on short-
term organ support including management of the airways and
ventilation, hemodynamical support, and treatment of fever, dys-
glycemia, and control of seizures.® Long-term mortality of ICU-
admitted AIS patients is nonetheless high, ranging from 37% to
66% mortality at 1 year, and with only 8%-14% surviving with
good functional outcomes.”*? Known predictors of mortality in
the ICU setting include the need for mechanical ventilation and
decreased level of consciousness on admission.!®

The economic burden of stroke is immense. In Finland, the annual
expenditure has been estimated at 1.1 billion euros.'* Reported data
about costs specific to AlS requiring ICU treatment are scarce, and
thus, little evaluation of cost efficacy has been made. Accordingly,
our primary aim in the current study was to assess 1-year costs of
care for ICU patients with AIS. In addition, as secondary aims were
to evaluate cost-efficacy, the reasons AlS patients require ICU ad-
mission and whether this influences the long-term prognosis and
cost-effectiveness of ICU care. Our hypothesis was that the cost-
efficacy of ICU care overall is low and that the efficacy would fur-
ther decrease when the age of the patients increase.

2 | MATERIALS AND METHODS

2.1 | Setting

We conducted a retrospective observational study of patients
with AIS admitted to a tertiary academic ICU between 2003 and
2013. Meilahti Hospital is a publicly funded hospital in the Helsinki-
Uusimaa region with a catchment area of approximately 2.2 million
people and the primary referral center for patients with AlS in need
of thrombolysis or mechanical thrombectomy (MT). The Finnish

QACLA Scanainevien™

This report investigates the cost of intensive care for patients with acute ischaemic stroke in the
era before mechanical thrombectomy. It sets an important Scandinavian baseline against which

to compare the costs of intensive care for these patients after the introduction of mechanical

National Institute for Health and Welfare (THL/2034/5.05.00/2017)
approved this study and waived the need for informed consent.

2.2 | Variables and data sources

From the Finnish Intensive Care Consortium (FICC) database, we ex-
tracted adult patients (aged 218) treated for AlS at the ICUs of Helsinki
University Hospital from 1 January 2003 through 31 December 2013,
identified from the database based on their Acute Physiology and
Chronic Health Evaluation Il (APACHE Il1) diagnosis. This data were ex-
tracted as a part of a set of studies reported earlier.>*¢ Individual-level
healthcare records were subsequently used to confirm the diagnosis
of AIS. Location of ischemic lesion was identified and classified into
supra- or infratentorial stroke, or both. Stroke severity on admission to
the hospital was evaluated using a National Institutes of Health Stroke
Scale (NIHSS) score when absent in admission status records, and
functional status at 12 months was evaluated using modified Rankin
Scale (mRS).17'18 The evaluation of stroke-location, NIHSS, and mRS
were made by a senior house officer in neurology with adequate train-
ing and experience by reviewing individual-level healthcare records. In
addition, the medical records were reviewed for the indication for ICU
admittance and interventions undergone. The admission reasons were
classified according to indications reported in earlier literature. When
no suitable group existed, a new one was formed. These were then
regrouped into four main indications reported in Table 1.

In addition, from the FICC database, we obtained data regard-
ing the Therapeutic Intervention Scoring System (TISS-76), APACHE
I, Simplified Acute Physiology Score (SAPS) Il, Sequential Organ
Failure Assessment (SOFA), World Health Organization/Eastern
Cooperative Oncology Group (WHO/ECOG) performance status
before incident, and length of stay (LOS) in the ICU and hospital.
Dates of death were extracted from the Finnish Population Register
Centre database using social security numbers.

2.3 | Costdata

Patients’ social security numbers were used to obtain data about
university hospital, rehabilitation, and social security costs at 1 year
from incidence. University hospital costs were from the treatment
period as noted in the billing records, including, for example, per-
sonnel, diagnostics, and hospital stay. Rehabilitation costs were
estimated by multiplying the length of stay (days) at the rehabilita-
tion center with the average cost of stay per day at a center with a
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TABLE 1 Detailed baseline characteristics of patients included in the study, grouped according to outcome

Baseline patient characteristics

Variable
Age, years, median (IQR)
Sex, n (%) Male

WHO/ECOG performance
status, n (%)

Fit for work or equal

Partially dependent in self-care

Severe comorbidity at admission (according to SAPS Il or APACHE 11%), n (%)

GCS®, n (%) 3-8
9-12
13-15

NIHSS at admission, median (IQR)

NIHSS at admission©, n (%) 0-4
5-15
16-20
21-42

Infarction site®, n (%) Supratentorial

Infratentorial

Both

Primary reason for ICU Respiratory support?

admittance, n (%)
Organ support and hemodynamic
management
Other, nonmedical
Intervention, n (%) Noninvasive care
Thrombolysis

Thrombectomy

Unfit for work, independent in self-care

Decreased conscious level or sedation®

Outcome (mRS), n

All subjects Good (0-2), 27 Poor (3-6), 127 p-value
68 (60-75) 62 (52-71) 69 (61-75) .006
98 (64) 19 (70) 79 (62) .512
115 (80) 22 (81) 93(73) 495
16 (11) 1(4) 15(12)

12 (8) 2(7) 10(8)

14(9) 1(4) 13 (10) 466
101 (67) 14 (54) 87 (70) 147
23(15) 4 (15) 19 (15)

27 (18) 8(31) 19 (15)

19 (10-28) 10 (6-18) 22 (13-30) .001
12 (8) 4 (15) 8(6) .012
49 (32) 14 (54) 35(28)

18(12) 2(8) 16 (13)

73(48) 6(23) 67 (53)

84 (55) 9(33) 75 (59) .044
60 (40) 14 (52) 46 (36)

8(5) 3(11) 5(4)

61 (40) 12 (44) 49 (39) .575
72 (47) 11 (41) 61 (48)

15 (10) 2(7) 13 (10)

6(4) 2(7) 4(3)

81 (60) 14 (52) 67 (53) .551
45 (33) 7 (26) 38(30)

9(7) 0(0) 9(7)

Abbreviations: IQR, Interquartile range; mRS, modified Rankin Scale; WHO/ECOG, World Health Organization/Eastern Cooperative Oncology
Group; SAPS, Simplified Acute Physiology Score; APACHE, Acute Physiology and Chronic Health Evaluation; GCS, Glasgow Coma Scale; NIHSS,

National Institutes of Health Stroke Scale; ICU, intensive care unit.

3SAPS II: Metastatic cancer, hematologic malignancy, AIDS. APACHE Il: New York Heart Association Heart Failure Class 1V, cirrhosis, chronic lung

disease, immunocompromised or dialysis dependent.
N =151.
°N =152.

dMechanical ventilation due to aspiration, oxygen supplementation, or lower cranial nerve impairment.

€Sedation due to seizure or low co-operation.

similar level of care. Social security costs were obtained from the
Finnish Social Security Institute and included private doctor and
physiotherapist fees, costs of prescribed medication, disability and
sickness allowances, and costs of medically related transport. An
example cost-calculation is available as a digital supplement.

The costs were adjusted to the consumer price index (CPI) of 2019.
CPI data were obtained from Statistics Finland, a national public author-

ity on statistics.”” The adjustment was done using the following formula:

CPI 2019
CPI of admission year

CPI 2019 adjusted costs = Costs x

2.4 | Outcome

As the primary outcome examined was cost of care at 1 year as spec-
ified above. As secondary outcomes examined were functional out-
come and all-cause mortality at 12 months. A favorable functional
outcome was defined as an mRS score of 0-2 (from no symptoms to
slight symptoms but can take care of one's own affairs without assis-
tance) and an unfavorable outcome as an mRS score of 3-6 (needing
assistance at times to needing constant nursing assistance or death).
Based on the functional outcome and mortality, we calculated the
effective cost per survivor (ECPS) and effective cost per favorable
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FIGURE 1 Flowchart describing

selection of study population Patients submitted to the database between 2003-2013

with AIS (N=179)

Excluded if,
diagnosis not confirmed (N=16)

v

A4

modified Rankin Scale unknown at 12 months (N=2)
reason for admission to intensive care unit due to
organ donation (N=7)

Study population (N=154)

outcome (ECPFO) as detailed below. We also report in-ICU and in-
hospital mortality rates.

2.5 | Statistical analysis

We used SPSS Statistics for MacOS version 25.0 (IBM Corp,
Armonk, NY) for analysis. Due to some small sample sizes,
Fisher's exact test was used for comparison between categori-
cal variables. Due to skewness and kurtosis of data, continuous
variables are reported as medians with interquartile ranges (IQR).
For continuous nonparametric data, a Mann-Whitney U-test was
used. A univariate logistic regression analysis was conducted to
examine the predicted variables of favorable outcomes at 1 year.
We constructed multivariable logistic regression models for the
assessment of independent variables affecting the outcome, and
these were reported as odds ratios (OR) for a good outcome with
corresponding 95% confidence intervals (Cl). Where appropriate,
bootstrapping with bias correlated acceleration was used. A lin-
ear regression analysis was conducted to identify and quantify
factors independently associated with costs. Due to skewness
and heteroscedasticity, a log-transformation of the cost data was
done before the linear regression analysis. The results were then
exponentiated, resulting in cost ratios: a cost ratio of 1.05 indi-
cates that a one-unit increase of a variable increased costs by 5%.
The variables were analyzed in a univariate analysis and signifi-
cant results (p<0.05) were added to a multivariate analysis. This
procedure was done for the whole study population and repeated
for the hospital survivors subgroup.

The average cost per hospital day per patient was obtained
by dividing the total university hospital costs by the LOS in hos-
pital. The medians with IQR are reported. ECPS and ECPFO were
calculated by dividing the total healthcare associated costs by
the number of 1-year survivors and the number of patients with
a favorable neurological outcome, respectively. The ECPS and
ECPFO were also stratified by stroke severity using the NIHSS
score into the following groups: no stroke or minor stroke (0-4),
moderate stroke (5-15), moderate to severe stroke (16-20), and
severe stroke (21-42).

3 | RESULTS
3.1 | Study population

Between 2003 and 2013, approximately 1200 AIS patients were
admitted annually to Meilahti Hospital.2%2! During the period,
179 patients were admitted to the ICU with AIS as a primary or
secondary diagnosis. Of these, 25 patients were excluded due
to insufficient data, loss to follow-up, or admission to ICU as an
organ donor (Figure 1). Baseline characteristics of the included
patients are presented in Table 1. Of the patients admitted, 67%
had a low (3-8) presenting Glasgow Coma Scale (GCS). The me-
dian presenting NIHSS score was 19 (IQR 10-28), indicating a
moderate to severe stroke. The patients with favorable outcomes
were younger and more commonly had an infratentorial stroke.
No significant difference in the pre-admission WHO/ECOG per-
formance status was observed between the outcome groups.
The patients were mostly admitted to ICU due to decreased con-
sciousness level or need for sedation (47%), or need of respira-

tory support (40%).

3.2 | Outcome

The in-ICU mortality was 14%, in-hospital mortality 36%, and 1-year
mortality 56%. Of the 1-year survivors, 40% (or 18% of all patients)
had a good neurological outcome. Admission NIHSS was signifi-
cantly lower in the group with favorable outcomes than the group
with unfavorable outcomes (median 10 [IQR 6 - 18] vs 22 [IQR 13
- 30], p=0.001). The indications for ICU admission were similar in
the two outcome groups.

In the logistic regression analysis, age, admission NIHSS score,
and the location of infarction were independently associated
with outcome (Table 2); supratentorial location of infarction re-
duced the likelihood of a good outcome the most (OR 0.367 [95%
Cl 0.141-0.957]), followed by NIHSS (OR 0.918 [95% Cl 0.874-
0.965]), and age (OR 0.945 [95% Cl 0.911-0.981]). Interestingly,
WHO/ECOG performance status was not independently associ-
ated with outcome.
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TABLE 2 Logistic regression analysis of independent predictors of favorable outcome

Predictors of favorable outcome®

Variable Univariate odds ratio (95% CI?)  p-value  Multivariate odds ratio (95% CI¢) p-value
Age? 0.952 (0.922-0.983) .002 0.945 (0.911-0.981) .001
NIHSS® 0.925 (0.883-0.970) .004 0.918 (0.874-0.965) .002
Infarct location

Supratentorial 0.360 (0.149-0.870) .023 0.367 (0.141-0.957) .040

Infratentorial or both Reference Reference
WHO/ECOG performance status

Independent Reference Excluded from analysis

Independent in self-care but unable to work 0.282(0.035-2.249) 117 Excluded from analysis

Partially dependent in self-care 0.845 (0.173-4.136) .706 Excluded from analysis

Abbreviations: Cl, Confidence Interval; WHO/ECOG, World Health Organization/Eastern Cooperative Oncology Group.

?Defined as modified Rankin Scale 0-2.
bBased on Bias Correlated bootstrap with 2000 samples.
Every step increases age by a year.

dEvery step increases National Institutes of Health Stroke Score (NIHSS) by one.

3.3 | Resource use and treatment intensity

Variables representing resource use and treatment intensity are
presented in Table 3. Severity of illness scores differed significantly
between the favorable and unfavorable outcome groups, being 21
(IQR 13-25) vs 25 (IQR 20-29) for APACHE Il and 44 (IQR 32-51) vs
56 (IQR 41-63) for SAPS, respectively. The groups were similar with
regards to need for care according to TISS-76 (daily average or maxi-
mal), stroke interventions, LOS at hospital and ICU, or time between

hospital admission and ICU admission.

3.4 | Healthcare-associated costs, cost-
effectiveness, and factors influencing healthcare-
associated costs

The total cost of patient care was 7,862,675€. Of the total cost, 54%
was from university hospital expenses, 10% from social security ex-
penses, and 36% from rehabilitation expenses. Notably, of the total
expenses, only 26% were used on patients with favorable neurologi-
cal outcomes at 1 year.

The median average cost per day in hospital care was 1,578€ and
the mean total cost per patient was 51,390€ for the whole study
population. The median total cost was significantly higher in the fa-
vorable outcome group, as can be seen in Table 3. The ECPS was
115,628€ and ECPFO was 291,210€. Figure 2 illustrates the change
in EPCS and ECPFO according to stroke severity.

Variables associated with costs of patient care are presented as
cost ratios in Table 4. In the whole study population, an increase in
age and APACHE and SAPS scores was associated with lower costs,
and maximal TISS and LOS at hospital or ICU were associated with
higher costs in univariate analyses. In the multivariate analysis, the

only significant predictor of costs that remained was LOS at hospital;
anincrease in the hospital stay for 1 day had a cost ratio of 1.04 (95%
Cl 1.03-1.05). In the hospital-survivors subgroup, increasing age was
associated with lower costs, and maximal TISS score and length of
hospital or ICU stay were associated with higher costs in univariate
analyses. Notably, in the multivariate analysis, only age significantly
predicted cost; a 1-year increase in age at incident had a cost ratio of
0.98 (95% CI 0.97-0.99), i.e. decreased the costs by 2%.

Figure 3 describes the difference in mean costs according to
functional outcome and time of death. The cost of rehabilitation was
significantly lower for the 1-year survivors with favorable outcomes

than those with unfavorable neurological outcomes.

4 | DISCUSSION

4.1 | Keyresults

In this single-center retrospective study of AlS patients treated be-
tween 2003 and 2013, ICU care had high healthcare costs, and only
one-fifth of the patients recovered enough to gain independence.
With increasing stroke severity, cost efficacy clearly declined. For
the moderate to severe stroke group, the ECPFO was nearly three
times as high as the ECPS and more than three times the ECPFO in
the no stroke to minor stroke group. This study highlights the need
for better prognostic tools for clinicians admitting AIS patients to
ICU care, and in the meantime, for critical evaluation of ICU admit-
tance rationale in hospitals. Nonetheless when interpreting these
results we need to take into the consideration the substantial ad-
vancement in both stroke and intensive care in recent years, espe-
cially the implementation of MT and thrombolysis into mainstream
practice.??
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TABLE 3 Resource use, intensive care unit (ICU) interventions, and costs
Resource use and outcome
Outcome (mRS), n
All subjects
Variable (N = 154) Good (0-2), 27 Poor (3-6), 127 p-value
TISS-76, median (IQR) Daily average 27 (25-31) 28 (25-30) 27 (25-31) .781
Total 67 (50-128) 87 (51-131) 64 (50-125) 179
Daily average 27 (25-31) 28 (25-30) 27 (25-31) .781
Total 67 (50-128) 87 (51-131) 64 (50-125) 179
TISS interventions Mechanical ventilation 137 (89) 23 (85) 113 (89) 1.000
undergone, n (%) Hemodialysis 2(1) 0(0) 2(2) 1.000
Emergency operation 4 (3) 1(4) 3(2) .541
Vasoactive medication 111 (72) 18 (67) 93 (73) 487
Anticoagulation 122 (79) 24 (89) 98 (77) .203
Length of stay, days, median Hospital 11 (3-22) 14 (10-22) 10 (2-22) .099
(IQR) Icu 2(1-4) 2 (1-4) 2(1-3) 147
Time from hospital admission to ICU admission, days, 1(1-1) 1(1-2) 1(0-1) 204
median (IQR)
APACHE Il score, median (IQR) 24 (19-29) 21 (13-25) 25 (20-29) .006
SAPS Il, median (IQR) 53 (38-62) 44 (32-51) 56 (41-63) .002
SOFA score, median (IQR) 8 (6-10) 8 (6-10) 8 (6-10) 664
Costs at 1 year, 2019 euro, Total 35393 61 663 28773 .001
median (IQR) (12 614-74 056) (42 628-92 364) (11 078-67 137)
University hospital® 19 803 27 022 16 822 (7563-32 186) .004
(9880-35 955) (18 211-53 907)
Social securityb 1209 (411-6389) 8530 (1431-20 308) 931 (338-3521) <.001
Rehabilitation 2661 (0-25 481) 12 363 (971-27 500) 1594 (0-22 497) .055
Cost of hospital day, 2019 euro, median (IQR)? 1578 (1080-2519) 1367 (877-2863) 1604 (1094-2499) .805

Abbreviations: IQR, Interquartile range; mRS, modified Rankin Scale; TISS, Therapeutic Intervention Scoring System; APACHE, Acute Physiology and
Chronic Health Evaluation; SAPS, Simplified Acute Physiology Score; SOFA, Sequential Organ Failure Assessment.

aN =150.
PN =139.

Effective cost (€)

FIGURE 2 Changein ECPS and ECPFO
according to stroke severity

500,000
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minor stroke to severe stroke
stroke stroke

Stoke severity according to National Institutes of Health
Stroke Scale
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TABLE 4 Variables associated with costs of patient care, presented as cost ratios

Univariate all patients (N = 152)

Univariate hospital survivors (N = 99)

Variable Cost ratio 95% Cl
Age 0.98 0.96-0.99
Max TISS Score 1.05 1.03-1.08
APACHE Il Score 0.96 0.94-0.99
SAPS Score 0.98 0.97-0.99
SOFA Score 1.00 0.94-1.06
Location of Infarct
Supratentorial Reference
Infratentorial or both 1.24 0.83-1.85
NIHSS 0.99 0.97-1.01
Length of Hospital Stay 1.15 1.09-1.21
Length of Intensive Care Unit 1.05 1.04-1.06
Stay
WHO/ECOG performance status
Fit for work Reference
Independent in self-care 0.55 0.30-1.03
Partially dependent 0.97 0.48-1.96
Multivariate all patients (N = 152)
Age 0.99 0.98-1.00
Max TISS Score 1.02 1.00-1.05
APACHE Il Score 0.99 0.95-1.03
SAPS Score 1.00 0.98-1.02
Length of Hospital Stay 1.04 1.03-1.05
Length of Intensive Care Unit 1.05 0.99-1.11
Stay
R? 0.367
F-test 14.006
VIF-max 3.84

p-value Cost ratio 95% CI p-value
.002 0.97 0.96-0.99 .001
<.001 1.04 1.02-1.07 .001
.005 0.99 0.96-1.02 .528
.004 1.00 0.98-1.01 .550
947 1.05 0.99-1.12 114
Reference
.285 0.99 0.66-1.49 954
460 1.01 0.99-1.03 .338
<.001 1.02 1.01-1.04 .007
<.001 1.08 1.03-1.13 .001
Reference
.060 0.59 0.31-1.10 .096
925 0.65 0.35-1.23 181
Multivariate hospital survivors (N = 99)
.150 0.98 0.97-0.99 .004
.088 1.03 1.00-1.06 .062
.627 Excluded from analysis
.710 Excluded from analysis
<.001 1.01 1.00-1.03 407
.090 1.02 0.97-1.08 .100
R?0.236
F-test 7.279
VIF-max 1.54

Abbreviations: Cl, confidence interval; TISS, Therapeutic Intervention Scoring System; APACHE, Acute Physiology and Chronic Health Evaluation;
SAPS, Simplified Acute Physiology Score; SOFA, Sequential Organ Failure Assessment; NIHSS, National Institutes of Health Stroke Scale; WHO/

ECOG, World Health Organization/Eastern Cooperative Oncology Group.

4.2 | Relationship with previous studies

In Europe, the annual expenditure of stroke has been estimated at 27
billion euros, where approximately two-thirds comprise direct medi-
cal expenses and one-third is indirect costs.?>?* Increase in age, pro-
longed patient survival, poor neurological outcomes, and prolonged
LOS at hospital have been reported to increase costs.'*2>"?’ Prior to
this study, reports on the long-term prognosis, and resource use of
AIS patients admitted to ICU care have been lacking. However, we
have reported 1-year mean costs per patient at 39,222€, ECPS at
55,543€, and effective cost per independent survivor at 104,734€
(2013 euro) in an earlier multi-center study.'® In the current single-
center study, total costs were markedly higher, likely due to the pa-
tients being more critically ill as compared with APACHE Il and SAPS
scores (median scores being 24 vs 14 and 53 vs 29, respectively).
This is likely due to the studied hospital being the regional referral

center for patients needing thrombolysis or thrombectomy, concen-
trating critically ill patients to the hospital.

This study has shown that post-ICU costs are high and that
cost-effectiveness declines with increasing stroke severity and
increasing age; indeed, a large proportion of patients are not re-
habilitated enough to gain independence. In the severe stroke
group, the cost-effectivity increased somewhat compared with
the moderate to severe group, most likely due to a more stringent
reflection on admittance to the ICU, as these patients are prone to
being seen as “beyond recovery” by the admitting clinician. On the
other hand, the prognosis of patients in the moderate to severe
stroke group is often uncertain, and thus admittance to the ICU
can readily be justified.

As reported in earlier studies, LOS at hospital was an indepen-
dent predicting factor for costs. Contrary to earlier reports, our
study shows that an increase in age at incident actually decreased
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Mean costs by outcome at one year

Outcome
120,000 M Dead at ICU
[dDead at hospital ward
B Dead at one year
DAIive but poor* neurological
100,000 outcome at one year
DAIive and good* neurological
oy outcome at one year
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FIGURE 3 Bar-chart describing mean costs at 1 year, grouped according to outcome

the costs for hospital survivors. A possible explanation for this is
that although high age is not regarded as a reason not to admit a
patient to the ICU, the clinician making admissions might be biased
to admit younger patients more easily compared with an elderly pa-
tient with the same pre-admission performance status and stroke
severity, i.e. ICU-admitted older patients are relatively more healthy
than younger patients. The observed cost of care for older patients
seems lower, as only those with a good outcome potential would be
selected to receive more aggressive treatment. Older patients also
generally survive a shorter time in critical care and thus accumulate
costs for a shorter time.

A supratentorial location of the ischemic lesion was associated
with a reduced OR. These patients often had a middle cerebral ar-
tery infarction (“malignant MCA infarction”), anterior cerebral artery
infarction, or multiple ischemic lesions and thus a large affected area
of the brain, explaining their low odds of recovery.

During the study period, MT was not yet in routine use, and thus
only a few patients in the studied population underwent the proce-
dure. Our conjecture is that since the study period, the routine use of
MT could have increased the number of patients needing ICU-level
care due to more need for sedation and mechanical ventilation and
organ support. By increasing the portion of favorable neurological
outcomes, this could reduce the final ECPFO. This idea is however
contested by the findings in a recent mail study of ICUs in Europe
and worldwide, which showed that according to estimates made by
neurointensivists, less than 10 percent of AlS patients cared for in

ICUs are admitted after MT. In addition, the impression of the sur-
veyed neurointensivists was that ICU-resources are mainly used for
the sicker AlS patients who require more advanced care that simple
post MT monitoring.?% On the other hand, increased use of MT could
also reduce the number of patients needing ICU-level care in the
first place by reducing the number of severe (e.g. malignant MCA)
strokes.

4.3 | Strengths and limitations

We note some strengths with the current study. Conducted in a
country with a government-funded security system covering costs
of medical care, we were able to calculate true medical costs. Social
security also reimburses the costs of private doctors and physiother-
apy, medicine, and medical transport, and these expenses are well
recorded. In addition, our study included prospective data collection
on treatment intensity in the ICU.

However, we note some limitations. Firstly, the cohort stud-
ied is from the era before MT was in routine use, and we can-
not exclude other possible changes in ICU-care since or during
the studied time-period, leading to changes in the costs of care.
Thus the population may not fully represent the patient selection
cared for in present-day ICUs and the costs may not adequately
represent the current expenses in ICU-care. Secondly, patient
medical records were used to assess most of the NIHSS and mRS



KORTELAINEN €T AL.

524 ——
ACLA) srcsesioreics

retrospectively. These were nonetheless performed by a senior
house officer in neurology with relevant experience. Thirdly, the
indication for ICU admittance was estimated on the basis of pa-
tient journal notes and, as only one indication was allowed for, the
groups can hide the complexity of the clinical situation. Therefore,
we declined to do a more granular analysis of the material, as we
feared this could lead to oversimplification of a complex situation.
Lastly, the studied population was small; thus, our findings need

validation in larger samples.

5 | CONCLUSION

In this study focusing on care of AIS patients between 2003 and
2013, an era predating MT, we found ICU care is often costly and
that the outcomes are often poor, especially in patients with more
severe disease and higher age. Further studies focusing on more re-
cent years are needed to better target ICU care and identify cases

with a low likelihood of good long-term outcomes.
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