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Abstract

Introduction: Endovascular thrombectomy (EVT) increases the chance of good functional outcome after ischemic
stroke caused by a large vessel occlusion, but the risk of death in the first 90 days is still considerable. We assessed the
causes, timing and risk factors of death after EVT to aid future studies aiming to reduce mortality.

Patients and methods: We used data from the MR CLEAN Registry, a prospective, multicenter, observational cohort
study of patients treated with EVT in the Netherlands between March 2014, and November 2017. We assessed causes
and timing of death and risk factors for death in the first 90days after treatment. Causes and timing of death were
determined by reviewing serious adverse event forms, discharge letters, or other written clinical information. Risk
factors for death were determined with multivariable logistic regression.

Results: Of 3180 patients treated with EVT, 863 (27.1%) died in the first 90 days. The most common causes of death
were pneumonia (215 patients, 26.2%), intracranial hemorrhage (142 patients, 17.3%), withdrawal of life-sustaining
treatment because of the initial stroke (110 patients, 13.4%) and space-occupying edema (101 patients, 12.3%). In
total, 448 patients (52% of all deaths) died in the first week, with intracranial hemorrhage as most frequent cause.
The strongest risk factors for death were hyperglycemia and functional dependency before the stroke and severe
neurological deficit at 24—48h after treatment.

Discussion and conclusion: When EVT fails to decrease the initial neurological deficit, strategies to prevent
complications like pneumonia and intracranial hemorrhage after EVT could improve survival, as these are often the
cause of death.
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Introduction

Endovascular treatment (EVT) strongly reduces the risk of
poor functional outcome in patients with ischemic stroke
caused by large-vessel occlusion in the anterior circulation,
but the benefit of this treatment in terms of survival is less
convincing. In only one of five landmark randomized trials
of EVT versus no EVT a statistically significant reduction
of death was found,' and in a meta-analysis of 11 rand-
omized trials of EVT plus best medical treatment versus
best medical treatment alone EVT reduced the risk of death
at 90 days by 4%—15%.2

The limited effect of EVT on survival is supported by
death rates in large multi-center observational studies of
EVT for ischemic stroke, which ranged from 24% to 29%°
in Europe and 19% to 22%°%7 in the US. One study from
Japan, including 1121 patients from 46 centers, reported a
rate of 9.8%.%

The timing and causes of death after EVT in routine clin-
ical practice have remained largely unknown. Registry-
based studies focusing on hemorrhagic complications,’!?
space-occupying edema formation'3'° or infectious compli-
cations as pneumonia'®!” have suggested that these are fre-
quent causes of death after EVT, but the relative frequencies
of the complications and the timing of their occurrence are
unknown. A better understanding of the causes of death after
EVT may inform future studies aiming to improve outcomes
and increase the chance of survival. We therefore assessed
the timing, causes, risk factors and predictors of death in the
first 90 days after EVT in routine clinical practice.

Methods

Study protocol and population

We used data from the Multicenter Randomized Controlled
Trial of Endovascular Treatment for Acute Ischemic Stroke
(MR CLEAN) Registry — a prospective, multicenter, obser-
vational study of patients with acute ischemic stroke treated
with EVT in routine clinical practice in the Netherlands in
17 intervention centers.® The current study is based on data
from patients included in parts 1 and 2 of the Registry
between March 16, 2014 and November 1, 2017. Inclusion
criteria for this analysis were: age =18 years; clinical diag-
nosis of acute ischemic stroke with a proximal arterial
occlusion in the anterior circulation (internal carotid artery,
middle cerebral artery [M1 and M2], or anterior cerebral
artery [Al and A2]), demonstrated with computed tomog-
raphy angiography, magnetic resonance angiography or
digital subtraction angiography; and EVT, defined as groin
puncture, initiated within 6.5h of symptom onset or last
seen well. According to the intention-to-treat-principle, all
patients in whom a groin puncture was performed were
analyzed. We adhered to the RECORD reporting guide-
line.!® The associated checklist can be found in the
Supplemental Table 1. The protocol of the MR CLEAN

Registry was reviewed by the Erasmus University Medical
Center Ethics Committee. The requirement for written
informed consent was waived, but patients or their repre-
sentatives were provided with information on the study
orally and in writing and were given the opportunity to
refuse participation.

Data collection

Local study investigators collected clinical and demo-
graphic data from electronic patient records and assessed
the score on the modified Rankin Scale (mRS) at 90 days
(=14 days).

Baseline imaging characteristics, including occlusion
site, ASPECTS and collateral status by the method of Tan
et al.,'® intervention results using the extended treatment in
cerebral infarction score (eTICI)* and follow-up imaging
including assessment of hemorrhagic transformation with
the Heidelberg Bleeding Classification,?! and space-occu-
pying edema were assessed by the MR CLEAN Registry
imaging core laboratory, blinded to clinical findings.

For each deceased patient the cause and timing of death
were either determined by serious adverse event (SAE)
forms that were reviewed by the serious adverse event com-
mittee of the Registry or discharge letters when no SAE that
resulted in death was recorded. All discharge letters were
reviewed independently by two investigators (WS and LP).
Disagreements were solved in a consensus meeting. We
assessed whether death occurred during admission (in-hos-
pital death) or after discharge, and on days 0—7 or days
8-90. In case of missing data, additional information was
obtained by contacting the physicians who treated the
patient at the time of death, when patients died at home or
in a nursing home this was the general practitioner or nurs-
ing home physician.

Outcome and definitions of causes of mortality

Predefined expected causes of death were classified as (1)
pneumonia when there were signs of infection combined
with respiratory symptoms or relevant abnormalities on
chest radiograph leading the adverse event committee or
treating physician to diagnose a pneumonia leading to
death; (2) intracranial hemorrhage in case of evidence of
either Heidelberg Bleeding Classification class I, I or III
on imaging and neurological deterioration (National
Institutes of Health Stroke Scale (NIHSS) increase =4)
eventually leading to death according to the adverse event
committee or treating physician; (3) space-occupying
edema when there was neurological deterioration with
clinical and imaging signs of space-occupying edema lead-
ing to death; (4) cardiac death in case of heart failure, car-
diac asthma, or myocardial infarction with respiratory
insufficiency or cardiac arrest leading to death; (5) with-
drawal of life-sustaining treatment in case of withdrawal or
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withholding life-sustaining treatments because of a lack of
improvement of initial stroke symptoms, without any other
apparent cause of death; (6) recurrent ischemic stroke in
case of a new ischemic stroke in the same or different terri-
tory resulting in neurological deterioration and withdrawal
of life-sustaining treatment; (7) stroke progression if there
was neurological deterioration (NIHSS increase =4) with-
out clinical signs of a space-occupying infarction, imaging
signs of midline shift or edema and without any other
apparent cause leading to withdrawal of life-sustaining
treatment.

Statistical analysis

Baseline characteristics, distribution of causes of death, and
timing and location of death are described using descriptive
statistics. To investigate a possible time trend, we compared
causes of death between part 1 and part 2 of the registry.
Comparisons between patients who died and those who sur-
vived were made using y? or Student’s ¢ test where appro-
priate. For the multivariable regression analyses, multiple
imputation was performed for predictor values with miss-
ing data. Variables with a p value less than 0.15 in the uni-
variable model were considered to be possible independent
predictors and subsequently included in a multivariable
logistic regression analysis to identify predictors of death.
A sensitivity analysis was performed without imputing
data. Statistical significance was defined as a p value
<0.05. All analyses were performed using R studio version
1.3.1056. (Rstudio PBC).

Results

A total of 3180 patients with a median age of 72years
(IQR 61-81) were included in this analysis (Supplemental
Figure 1) and details of missing variables are listed in
Supplemental Table 3. Spontanecous reperfusion after
groin puncture was observed in 284 (8.9%) patients and in
187 (5.9%) the occlusion could not be reached. Of all
included patients, 863 (27.1%) died in the first 90 days.
Median time to death was 7days (IQR: 3-19days). In
total, 629 deaths (73.1%) occurred during the admission
for acute stroke.

The cause of death was known in 821 (95.1%) patients.
Pneumonia was reported as the cause of death in 215
patients (26.2%); intracranial hemorrhage in 142 (17.3%);
withdrawal of life-sustaining treatment in 110 (13.4%);
space-occupying edema in 101 (12.3%); and a different
complication in 253 (30.8%; Table 1). No difference in
causes of death between the two time periods in the Registry
was observed (Supplemental Table 4).

Any type of symptomatic intracranial hemorrhage and
space-occupying infarction were the main causes of death
in the first 3 days following EVT, followed by pneumonia
later in the first week (Figure 1).

Intracranial hemorrhage was the most frequent cause of
death in the first 7 days, pneumonia between day 8 and 90,
during the admission for stroke and after discharge (Table 1
and Figure 2).

Of all 215 patients who died of pneumonia, treatment
with antibiotics was initiated in 166 (77.2%). In the remain-
ing patients life-sustaining treatments were stopped after
suspicion of pneumonia. If these patients were categorized
as withdrawal of life-sustaining treatment (as it can be
hypothesized that no treatment was initiated because of the
initial stroke severity), pneumonia remained the most fre-
quent cause of death (20.2%).

Patients who died differed from patients who survived in
almost every demographic, clinical, and imaging character-
istic (Table 2).

Patients who died were older, more likely to be func-
tionally dependent at baseline, had more cardiovascular
risk factors and comorbidities, had worse collaterals, a
lower ASPECTS score on baseline imaging, and less fre-
quently excellent reperfusion, defined as eTICI 2C/3. In
patients who died after assessment of the NIHSS score at
24-48h, this score had not changed as compared with
the score on admission (median 0.0 points (IQR —3.0 to
4.0)) whereas this had decreased by 6.0 points (IQR 1.0-
10.0) in patients who survived up to 90days (p <0.001)
(Tables 2 and 3).

Probability of survival was smaller in patients who dete-
riorated or failed to improve after EVT. (Supplemental
Figure 2).

Independent predictors for death within 90days were
higher age; stroke onset while a patient was hospitalized;
functional dependency before the stroke; hyperglycemia
and a history of diabetes mellitus; previous use of anti-
platelet therapy; absent or poor collaterals; procedure under
general anesthesia and NIHSS 24-48h after treatment. The
NIHSS at baseline was not an independent predictor of
death, in contrast to the NIHSS after treatment. An occlu-
sion of the first segment of the middle cerebral artery was
associated with a lower risk of death (Table 4).

A sensitivity analysis without imputed data had similar
results (Supplemental Table 2 and 3).

Discussion

During a follow-up period of 90 days, about one quarter of
patients with ischemic stroke caused by a large vessel
occlusion in the anterior circulation died despite EVT, and
half of these patients died within the first week. In the first
days the most common causes of death were any type of
symptomatic intracranial hemorrhage and space-occupying
edema, followed by a shift toward pneumonia, which was
the most common cause of death overall.

Independent predictors of death within 90 days were age,
stroke in already hospitalized patients, functional depend-
ency at baseline, a history of diabetes, hyperglycemia, the
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Table I. Determined causes of death.

Cause* All patients n=821 Death <7days n=448  Death at 8-90days n=373
Pneumonia 215 (26.2) 102 (22.8) 113 (30.3)
Intracranial hemorrhaget 142 (17.3) 114 (25.4) 28 (7.5)
Withdrawal of life-sustaining treatment 110 (13.4) 41 (9.2) 69 (18.5)
Space-occupying infarction 101 (12.3) 98 (21.9) 3(0.8)
Stroke progression 56 (6.8) 33 (7.4) 23 (6.2)
Cardiac death 45 (5.5) 24 (5.4) 21 (5.6)
Recurrent ischemic stroke 29 (3.5) 9 (2.0) 20 (5.4)
Withholding artificial food 18 (2.2) I (0.2) 17 (4.6)
Infection, other 16 (1.9) 2 (0.4) 14 (3.8)
Cancer 15 (1.8) 2 (0.4) 13 (3.5)
Neurological deterioration e.c.i.¥ 15 (1.8) 6 (1.3) 9 (2.4)
Sudden death 14 (1.7) 3(0.7) I1(2.9)
Extracranial hemorrhage I (1.3) 3(0.7) 8 (2.1)
Respiratory insufficiency, other I (1.3) 6 (1.3) 5(1.3)
Urinary tract infection 10 (1.2) I (0.2) 9 (2.4)
Renal failure 4 (0.5) 0 (0.0 4 (1.1)
Pulmonary embolism 3(04) 1 (0.2) 2 (0.5)
Multi-organ failure 2(0.2) 0 (0.0 2 (0.5)
Endocarditis I (0.1) 1 (0.2) 0 (0.0)
Acute abdomen I (0.1) 1 (0.2) 0 (0.0)
Euthanasia I (0.1) 0 (0.0) I (0.3)
Status epilepticus I (0.1) 0 (0.0) I (0.3)

e. c.i.: e causa ignota; COPD: chronic obstructive pulmonary disease.

*All numbers are n (%) unless stated otherwise.

TAny type of symptomatic (NIHSS increase =4) intracranial hemorrhage (Heidelberg Bleeding Classification |, II, or IIl).
*Patients who died after new focal deficits or coma without an apparent cause in whom no imaging was performed.

30

Number of patients

o

Cause of death . ICH . Space occupying edema. Pneumonia

Figure |. Most frequent causes of death in the first 7 days.

ICH: intracranial hemorrhage.

use of general anesthesia, absent or poor collaterals, previous
anti-platelet therapy and a higher NIHSS score at 24—48h

after treatment.

Day

Withdrawal of care

i

Other

The cause of death of patients in studies on EVT is often

not reported. In a long-term follow up study of patients in
the REVASCAT trial the most frequent cause of death was
related to the initial stroke.”? This was either malignant
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Figure 2. Most frequent causes of death within 90 days.
ICH: intracranial hemorrhage.

edema, hemorrhagic transformation or withdrawal of life-
sustaining treatment because of poor prognosis. A small
observational study reported that 80% of deaths after EVT
was related to the initial stroke, but this was not further
specified.?® Studies on causes of death in all patients with
ischemic stroke, regardless of treatment type, are more
prevalent.>*2° Frequent causes were the initial stroke,
pneumonia, and other cardiovascular disease.

Predictors of death after EVT have been studied more
frequently. Common predictors are a higher age, pre-stroke
functional dependency and diabetes at baseline, severe
stroke caused by a proximal occlusion or indicated by a
high NIHSS, and lack of reperfusion.'>?’3% The occurrence
of complications after treatment, such as infections and
intracerebral hemorrhage has also been reported as a pre-
dictor of death.!>3!

It is well established that EVT increases the chance of
good functional outcome in patients with ischemic stroke.
Unfortunately, it does not prevent a considerable proportion
of patients from dying and most of these patients die from
post-stroke complications such as intracranial hemorrhage,
pneumonia or malignant edema. In addition to improving
techniques and broadening indications of EVT, prevention
and treatment of these complications holds potential to
improve survival in patients with ischemic stroke. Surgical
decompression reduces the risk of death in patients with
space-occupying hemispheric infarction if performed
within 48 h of stroke onset but it is uncertain whether this is
also of benefit if performed later.’>*3 Lowering blood pres-
sure or plasma glucose did not result in better outcomes. >+
A pharmacological strategy to reduce the rates of pneumo-
nia and fever is under investigation in the ongoing
PRECIOUS trial (ISRCTN82217627).3

7

8 9 10 11
Week

Withdrawal of care Other

Our study has limitations. First, determination of the
cause of death was done retrospectively in an observational
registry, and apart from patients who died from a reported
serious adverse event, no standardized manner of reporting
causes of death was used. In none of the patients we inves-
tigated, autopsy was performed and while still alive patients
did not provide consent to investigate death certificates for
this study. In patients who died without a reported serious
adverse event, we relied on information we obtained from
discharge letters and contact with treating physicians,
therefore causes of patients who died later in the 90-day
window are more uncertain.

Second, in 1.8%of patients who deteriorated no imaging
was performed. In the present study, we have classified the
cause of death in these patients as “neurological deterioration
without known cause.” These patients could have died of a
different cause that was not diagnosed by the clinicians.

Third, in this dataset there were missing data on base-
line variables as laboratory markers and vital signs. In
previous studies some of these variables were predictors
for mortality.3”-*® We imputed these data for the regression
analysis, and did a sensitivity analysis by excluding
patients with missing data, which gave comparable results.

Conclusions

Greater post-procedural stroke severity, higher age, hyper-
glycemia before treatment, and pre-stroke functional
dependency are associated with a greater risk of death in
the first 90 days after EVT. The most frequently reported
causes of death were pneumonia and other post-stroke
complications. About half of the deaths occurred in the
first week. When EVT fails to decrease the neurological
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Table 2. Baseline characteristics of patients who died or survived.

Characteristics* All patients n=3180  Alive n=2317 Deceased n=863 p-Value
Demographics
Age, years (median; IQR) 72.0 (61.2-80.5) 69.2 (58.2-77.8) 79.0 (70.6-86.0)  p<<0.001
Sex (female) 1524 (48.0) 1073 (46.4) 451 (52.3) p=0.003
In-hospital stroke 324 (10.2) 209 (9.0) 115 (13.3) p=0.002
Clinical characteristics
NIHSS (median; IQR) 16.0 (11.0-19.0) 15.0 (10.0-19.0) 18.0 (14.0-22.0) p<0.001
Left hemisphere 1684 (53.1) 1180 (51.1) 504 (58.4) p=0.001
Systolic BP (mean; SD) 149.9 (24.8) 148.1 (24.0) 154.5 (26.3) p<<0.001
Functional dependent 360 (11.6) 163 (7.2) 197 (23.8) p<0.001
Treatment with IVT 2424 (76.4) 1826 (79.1) 598 (69.4) p<0.001
Laboratory characteristics
INR (median: IQR) 1.0 (1.0-1.0) 1.0 (1.0-1.1) I.1(1.0-1.2) p<0.001
CRP (median; IQR) 4.0 (2.0-10.0) 4.0 (1.9-8.0) 6.0 (2.5-17.0) p<0.001
Glucose (median; IQR) 6.8 (5.9-8.1) 6.6 (5.9-7.8) 7.4 (6.2-9.1) p<0.001
Imaging characteristics
Occlusion site p<<0.001
ICA 155 (5.1) 115 (5.2) 40 (4.9)
ICA-T 640 (21.1) 397 (17.9) 242 (29.7)
MI 1760 (57.9) 1340 (60.3) 420 (51.3)
M2 461 (15.2) 355 (16.0) 106 (13.0)
Other 24 (0.8) 15 (0.7) 9 (1.1)
ASPECTS p<0.001
04 144 (4.7) 87 (3.9) 57 (6.9)
5-7 628 (20.5) 446 (19.9) 182 (22.1)
8-10 2298 (74.9) 1712 (76.3) 586 (71.0)
Collateral scoref p<0.001
0 186 (6.3) 90 (4.1) 96 (12.0)
| 1068 (35.9) 715 (32.9) 353 (44.0)
2 1153 (38.8) 891 (41.1) 262 (32.6)
3 566 (19.0) 474 (21.8) 92 (I11.5)
Comorbidities
Hypertension 1629 (52.4) 1096 (48.4) 533 (63.2) p<<0.001
Atrial fibrillation 755 (24.1) 468 (20.5) 287 (33.8) p<<0.001
Diabetes 510 (16.2) 293 (12.8) 217 (25.4) p<0.001
Hypercholesterolemia 935 (30.8) 654 (29.5) 281 (34.5) p=0.008
Previous ischemic stroke 529 (16.8) 333 (14.5) 196 (23.0) p<<0.001
Previous myocardial infarction 440 (14.1) 289 (12.7) 151 (18.0) p<<0.001
Peripheral arterial disease 292 (9.4) 188 (8.3) 104 (12.4) p<<0.001
Medication
Antiplatelet therapy 980 (31.3) 653 (28.5) 327 (38.7) p<0.001
DOAC 104 (3.3) 68 (3.0) 36 (4.2) p=0.079
Coumarins 409 (13.0) 249 (10.8) 160 (18.8) p<0.001
Heparin 98 (3.1) 61 (2.7) 37 (44) p=0.014
Statins 1096 (35.3) 764 (33.7) 332 (39.7) p=0.002
Anti-hypertensive agents 1684 (54.1) 1130 (49.7) 554 (65.9) p<<0.001

IQR: interquartile range; NIHSS: national institute of health stroke scale; BP: blood pressure; SD: standard deviation; IVT: intravenous thrombolysis;
INR: international normalized ratio; CRP: c-reactive protein; ICA: internal carotid artery; ICA-T: tandem occlusion of the ICA and proximal middle
cerebral artery; M1/M2: first and second segment of the middle cerebral artery; ASPECTS: Alberta stroke program early ct score; DOAC: direct
oral anti-coagulant.

*All numbers are n (%) unless stated otherwise.

tmRS of 3 or higher.

*0=absent collaterals; | =less than 50% filling of occluded area with collaterals; 2=more than 50 but less than 100% filling; 3 =100% filling.
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Table 3. Treatment characteristics and outcome of patients who died or survived.

Treatment characteristics*® All patients n=3180  Alive n=2317 Deceased n=863 p-Value
Time parameters
Onset to groin (mean; SD)t 203.4 (73.1) 198 (72.7) 216.2 (72.8) p<0.001
Duration of procedure (mean; SD)t 63.7 (34.3) 60.6 (33.4) 72.1 (35.2) p<<0.001
Onset to end of procedure (mean; SD)f 258.1 (80.4) 250.5 (80.0) 279.3 (78.1) p<<0.001
Admission at off-hours* 2025 (63.8) 1459 (63.1) 566 (65.6) p=0.196
Procedural characteristics
General anesthesia 758 (25.4) 532 (24.5) 226 (27.8) p=0.069
Treatment outcome
Reperfusion (TICI 2B-3) 1910 (61.8) 1502 (66.8) 408 (48.5) p<<0.001
Excellent reperfusion (TICI 2C-3) 1216 (39.3) 970 (43.1) 246 (29.2) p<0.001
Decrease of NIHSS (median; IQR)S 4.0 (0.0-9.0) 6.0 (1.0-10.0) 0.0 (—4.0-3.0) p<0.001

SD: standard deviation; TICI: thrombolysis in cerebral infarction scale; NIHSS: national institute of health stroke scale.

*All numbers are n (%) unless stated otherwise

fIn minutes

*Monday to Friday 17:00-08:00, weekends and national holidays.
SNIHSS measured 24-48h post EVT.

Table 4. Independent predictors of death within 90 days after
EVT.

Predictors* Odds ratio (95%Cl)

Age 1.07 (1.06—1.09)
In hospital stroke 1.81 (1.17-2.80)
Functional dependency® 2.28 (1.66-3.11)
Glucose at baseline 1.09 (1.04-1.15)
M1 occlusion 0.29 (0.09-0.89)
Absent collaterals 2.12 (1.28-3.52)
Collateral filling <50% of occluded area 1.49 (1.05-2.14)
History of diabetes 1.52 (1.11-2.08)
Previous use of APT 1.47 (1.11-1.95)
General anesthesia 1.34 (1.03—-1.74)
NIHSS at 24-48hours .19 (1.17-1.21)

CRP: c-reactive protein; APT: anti platelet therapy; NIHSS: national
institute of health stroke scale.

*All numbers are odds ratio’s with corresponding 95% confidence
interval.

tmRS of 3 or higher.

deficit, strategies to prevent complications after EVT could
improve survival.
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