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ABSTRACT

BACKGROUND AND PURPOSE: Although endovascular treatment has become a standard therapy in patients with acute stroke, the
benefit for very old patients remains uncertain. The purpose of this study was the evaluation of procedural and outcome data of patients
�90 years undergoing endovascular stroke treatment.

MATERIALS AND METHODS: We retrospectively analyzed prospectively collected data of patients �90 years in whom endovascular
stroke treatment was performed between January 2011 and January 2016. Recanalization was assessed according to the TICI score. The
clinical condition was evaluated on admission (NIHSS, prestroke mRS), at discharge (NIHSS), and after 3 months (mRS).

RESULTS: Twenty-nine patients met the inclusion criteria for this analysis. The median prestroke mRS was 2. Successful recanalization
(TICI � 2b) was achieved in 22 patients (75.9%). In 9 patients, an NIHSS improvement � 10 points was noted between admission and
discharge. After 3 months, 17.2% of the patients had an mRS of 0 –2 or exhibited prestroke mRS, and 24.1% achieved mRS 0 –3. Mortality rate
was 44.8%. There was only 1 minor procedure-related complication (small SAH without clinical sequelae).

CONCLUSIONS: Despite high mortality rates and only moderate overall outcome, 17.2% of the patients achieved mRS 0 –2 or prestroke
mRS, and no serious procedure-related complications occurred. Therefore, very high age should not per se be an exclusion criterion for
endovascular stroke treatment.

It is expected that the elderly population will grow substantially

over the next few decades, with a doubling of the percentage of

people over 80 years in the United States as well as in the European

Union by 2050.1,2 The risk of stroke, a leading cause of disability

and death, increases with age,3 and patients older than 80 years

have the highest incidence.4

In studies assessing the outcomes of patients with stroke after

endovascular treatment, patients are frequently separated into

groups �80 years versus �80 years. Age greater than 80 years was

found to be associated with a poorer clinical outcome and increased

mortality,5 though revascularization success rates were comparable

with those of younger patients.6 However, recent large prospective

trials on endovascular stroke treatment had no upper age limit,7,8

and the subgroup analysis in the Multicenter Randomized Clinical

Trial of Endovascular Treatment for Acute Ischemic Stroke in the

Netherlands (MR CLEAN) trial showed a treatment effect in all pre-

defined subgroups, including the subgroup based on age (�80 years

versus �80 years). Therefore, patients �80 years regularly undergo

endovascular stroke treatment in our institution if they are eligible.

Increasingly, we also treat nonagenarians (patients � 90 years),

though in the literature, most reports on the older age group include

patients between 80 and 90 years, and only few data on patients older

than 90 years exist. The oldest documented patient who underwent

endovascular stroke treatment was a 103-year-old woman9 who re-

covered well.

In this study, we summarize our experience of endovascular

stroke treatment in patients �90 years of age between January

2011 and January 2016.

MATERIALS AND METHODS
Patient Selection
Approval for collection of interventional and clinical data was

given by the local ethics committee.

We retrospectively analyzed prospectively collected data of pa-

tients with acute stroke who were treated between January 2011 and

January 2016. They met the following inclusion criteria: age �90

years, reasonable cognitive and functional prestroke status (no

advanced dementia, only mild to moderate disabilities), no signs of
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major infarction (�one-third of the MCA territory) on baseline

CT or MR imaging, and CTA- or MRA-proved major intracranial

vessel occlusion.

Interventional Procedure
All procedures were performed under general anesthesia or con-

scious sedation. As vascular access, an 8F sheath was placed in the

right femoral artery. Then, an 8F catheter was advanced into the

common carotid artery of the occluded side. In patients with oc-

clusion of the posterior circulation, a long 7F sheath was placed in

the right femoral artery with the tip of the sheath in the subclavian

artery. Subsequently, a 5F Sofia catheter (MicroVention, Tustin,

California) or a 5F Neuron catheter (Penumbra, Alameda, Califor-

nia) was positioned within the ICA close to the thrombus. The mi-

crocatheter tip was placed distal to the thrombus, and the stent-re-

triever device was advanced through the microcatheter. Then, a

stent-retriever device (Solitaire [Covidien, Irvine, California]; Trevo

[Stryker, Kalamazoo, Michigan]) was deployed by pulling back the

microcatheter. Angiographic runs were performed to control flow

restoration. Device and microcatheter were simultaneously pulled

back under continuous aspiration through the intermediate catheter,

which was applied by using a 20- to 60-mL syringe. Again, angio-

graphic runs were performed to document the result. If no sufficient

recanalization was achieved, thrombectomy was repeated.

Evaluation of Angiographic Data
Successful recanalization was defined as

TICI (Thrombolysis in Cerebral Infarc-

tion) score 2b/3.10 Angiographic images

were evaluated in consensus by 2 neurora-

diologists (S.Stampfl, M.M.) regarding the

following aspects: site of occlusion, time

to interventional treatment (symptom

onset to first angiographic image), time

to revascularization (time between the

first and the final angiographic image),

pre- and postprocedural TICI, and pro-

cedure-related complications. Further-

more, it was noted if IV rtPA was

administered.

Evaluation of Outcome Data
Follow-up CT was performed after 24–36

hours or earlier in case of clinical deterio-

ration. All patients were treated on a spe-

cialized neuro–intensive care unit or a cer-

tified stroke unit. NIHSS was used to

quantify neurologic deficit; here, we ana-

lyzed admission and discharge NIHSS. Af-

ter 90 days, the mRS was assessed by a

semistandardized telephone interview or

during an outpatient visit by a trained in-

vestigator not blinded to the type of treat-

ment. Favorable clinical outcome was de-

fined as mRS 0–2 or achieving prestroke

mRS at 3 months.

Intracranial hemorrhage was classi-

fied according to the second European-

Australasian Acute Stroke Study classification.11

Statistics
All data were collected in a data base. Continuous data are de-

scribed by median and interquartile range or mean and standard

deviation. Statistical analysis was performed by using Graph-

Pad Prism 5.0 (GraphPad Software, San Diego, California).

RESULTS
Patient Selection
The Table gives an overview of baseline characteristics and angio-

graphic and clinical data.

Overall, 29 nonagenarians from a cohort of 615 patients with

interventional stroke treatment underwent endovascular treat-

ment for acute stroke between January 2011 and January 2016.

Mean age was 91.9 years (range, 90 –99 years; 19 women, 10 men).

In 12 patients, time of symptom onset remained uncertain. In the

other patients, the median time of symptom onset to time of the

first image was 206 minutes (range, 91–321 minutes). Four pa-

tients presented with basilar artery occlusions. The other patients

had occlusions of the anterior circulation (ICA terminus, n � 4;

ICA terminus � MCA, n � 5; M1 segment, n � 12; M2 segment

n � 4).

In 17 patients, additional IV rtPA was administered as part of

Baseline characteristics and overview of angiographic and clinical outcome data
Demographics

Mean age, yr (range) 91.9 (90–99)
Sex (F/M) 19/10

Medical history, No. of patients
Hypertension 25
Atrial fibrillation 20
Diabetes mellitus 7
Coronary artery disease 5 (n � 1 status after myocardial infarction)
Cardiac insufficiency 8
Peripheral artery disease 3 (n � 2 with femoropopliteal bypass surgery)
Previous stroke 8 (lacunar ischemia or partial MCA, PCA, or PICA

infarction with good recovery; transient
ischemic attack, n � 1)

Renal insufficiency 9
History of cancer 3 (multiple myeloma, breast cancer, basalioma)
Coxarthrosis 5 (state after hip fracture, n � 1)

Clinical presentation and outcome
Prestroke mRS, median (IQR) 2 (1–3)
Initial NIHSS, median (IQR) 20 (16.5–22.5)
mRS of surviving patients at 90 days,

median (IQR)
4 (2.25–5)

Mortality, No. of patients (%) 13 (44.8)
Occlusion site, No. of patients (%)

ICA terminus 4 (13.8)
ICA/MCA 5 (17.2)
M1 segment 12 (41.4)
M2 segment 4 (13.8)
Vertebrobasilar 4 (13.8)

Angiographic outcome, No. of
patients (%)

TICI 0 4 (13.8)
TICI 1 0 (0)
TICI 2a 3 (10.3)
TICI 2b 12 (41.4)
TICI 3 10 (34.5)

Note:—IQR indicates interquartile range; PCA, posterior cerebral artery.
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the bridging concept combining IV thrombolysis (0.9 mg/kg body

weight, with 10% administered as a bolus) and endovascular

therapy.

The median prestroke mRS was 2 (range, 0 – 4; interquartile

range, 1–3). Three patients presented with a prestroke mRS of 4

mainly because of orthopedic diseases, but they had a good pre-

stroke cognitive function, or the prestroke mRS was uncertain at

admission.

Most patients had a history of hypertension (n � 25) and atrial

fibrillation (n � 20). Eight patients had a history of stroke (lacu-

nar ischemia, n � 3; partial MCA infarction, n � 2; partial poste-

rior cerebral artery infarction, n � 1; partial PICA infarction, n �

2), but they had recovered well with only minor disabilities

remaining. One patient had a history of multiple myeloma (clas-

sified as stable). One patient had a history of basalioma. Another

patient underwent breast cancer treatment in the 1980s.

Median NIHSS at admission was 20 (interquartile range,

16.5–22.5).

Evaluation of Angiographic Data
Before the procedure, TICI was 0 in all patients. In 22 patients

(75.9%), recanalization was successful (TICI 2b, n � 12; TICI 3,

n � 10). In 4 patients (basilar artery occlusion, n � 1; ICA occlu-

sion, n � 1; M1 occlusion, n � 2), the procedure was futile (no

stable guide-catheter position because of extensive vessel elonga-

tion and kinking, n � 3; no passage of the occluded ICA lumen

possible, n � 1). In the other patients, the final recanalization

result was achieved 77 minutes after groin puncture (median;

range, 19 –142 minutes).

In 2 patients who were treated in 2011, permanent Solitaire

stent implantation in the MCA was performed to maintain suffi-

cient revascularization. In these patients, tirofiban was adminis-

tered for 24 hours (overlapping with aspirin and clopidogrel). In 1

patient with high-grade ICA stenosis, additional carotid stent im-

plantation was necessary to access the intracranial lesion. This

patient received a loading dose of aspirin and 2000 IU heparin.

Evaluation of Outcome Data
Nine patients (31%) improved �10 NIHSS points between ad-

mission and discharge. After 90 days, the mortality rate was 44.8%

(13 patients). In 9 of these patients, life-prolonging care was with-

drawn because of advance directives or because of the presumed

wishes of the patient. All patients died because of the infarction

extent or non-neurologic stroke-related complications such as

pneumonia.

The median mRS of the surviving patients was 4 (interquartile

range, 2.25–5). Favorable clinical outcome (mRS 0 –2) or pre-

stroke mRS was regained in 17.2% of the patients (mRS 0 –2, n �

4 [13.8%]; mRS 3, n � 3 [10.3%]; mRS 4 –5, n � 9 [31%]).

Complications
In 1 patient, vessel perforation with subsequent small SAH oc-

curred during thrombectomy. However, this did not increase

morbidity, and the patient presented with a mRS of 3 after 90 days

(prestroke mRS was also 3).

Intraparenchymal hemorrhage occurred as follows: HI1

(small petechiae), n � 1; HI 2 (confluent petechiae), n � 1; PH 1

(�30% of the infarcted area, with some mild space-occupying

effect), n � 3. Permanent ICA or MCA stent implantation had not

been performed in any of these patients.

DISCUSSION
Safety and efficacy of endovascular stroke therapy has been

proved in several trials.7,8 Accordingly, an increasing number of

elderly patients with stroke undergo recanalization procedures. In

this study, we report our experience with endovascular stroke

therapy in nonagenarians. To our knowledge, this is the first re-

port on endovascular treatment of a larger patient cohort in this

age group. The outcome of our study patients is limited, with a

mortality rate of 44.8% and a median mRS of 4 in the surviving

patients after 3 months. However, interpreting these results, we

have to consider several facts. First of all, it is known that the

higher incidence of prestroke comorbidity and poststroke non-

neurologic complications such as pneumonia lead to a higher

poststroke mortality and disability in elderly patients with

stroke.6,12-15 Singer et al16 reported a highly age-related clinical

outcome: in the lowest age quartile (�56 years), 60% experienced

a favorable outcome, contrary to 17% in the highest age quartile

(�77 years). Prestroke mRS of elderly patients with stroke is usu-

ally worse compared with younger patients and mainly contrib-

utes to the limited outcome. In a single-center study, approxi-

mately one-third of the elderly (�80 years) patients with stroke

treated with intra-arterial therapy had a baseline mRS �1, and

59% had died after 3 months.17 In another study, prestroke mRS

was 3– 4 in 13% of the patients,18 with a mortality rate of 48% at 3

months. Similarly, only in a minority of our study patients was the

prestroke mRS 0 or 1. Restoring the prestroke condition is the best
achievable result in most patients. Although this could be ob-
tained in only 17.2% of our study patients, an NIHSS improve-
ment �10 points between admission and discharge was observed
in 31%. Furthermore, in 24% of our patients, mRS of 0 –3 was
achieved, which seems an acceptable result in our aged study pop-
ulation. This should be taken into account because without ther-
apy, outcome of patients with stroke in the 10th decade of life is
probably even worse. In a publication from 1999 evaluating the
natural course of stroke, it was described that in the older age
group (�80 years), 45% of the patients had a prestroke mRS of
2–5, and the mortality rate was 44.6% after 3 months,19 which is
almost identical to the mortality rate in our study. However, pa-
tients in our study are at least 10 years older with a presumably
worse prognosis.

It has been discussed that the greater likelihood of withdraw-
ing life-prolonging care because of advance directives or pre-
sumed wishes of the patient contributes to the higher mortality
rate in very old patients.17 Life-prolonging care was withdrawn in
most patients in our study who died. However, the possible out-
come without care withdrawal is unknown and, of course, the
prognosis in these patients was dismal.

As a consequence of the reported worse outcome of elderly
patients with stroke, some prospective trials included only pa-
tients younger than 80 years20 or 85 years.21,22

In contrast, a recently published report found that endovascu-
lar therapy improved the outcome and reduced the risk of hospi-
tal-acquired infections in patients �80 years with acute stroke.23

In most of the recent large randomized trials, there was no upper
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age limit,7,8,24 and the oldest patient in the MR CLEAN trial was
96 years old. 7 A subgroup analysis of the MR CLEAN trial showed
a treatment effect in all subgroups, including the one based on
age.7 In fact, endovascular treatment was even more beneficial for
elderly patients with stroke.

Correspondingly, a subgroup analysis of the Endovascular
Treatment for Small Core and Proximal Occlusion Ischemic
Stroke (ESCAPE) trial24 documented a benefit in the endovascu-
lar treatment group even in elderly patients.

In these subgroup analyses as well as in other studies,6,25 pa-
tients were separated into groups �80 years versus �80 years.
However, with endovascular stroke therapy emerging, neuroint-
erventionalists are increasingly faced with the question of whether
to offer this treatment even to nonagenarians. It always remains
an individual decision and should depend on the patient’s pre-
stroke cognitive and functional condition in addition to the reg-
ularly used clinical and imaging criteria. In our study, the decision
for endovascular treatment was always based on the consensus of
an interdisciplinary stroke team, and not only the prestroke
disability, but also the prestroke cognitive function was taken into
account. Therefore, in some cases, even patients with a moder-
ately severe disability (corresponding to mRS 4) were treated be-
cause they participated in life despite their physical handicap or
because prestroke mRS was uncertain at admission. However, we
have to admit that the 3 patients with prestroke mRS 4 had a bad
outcome (mRS 5, n � 1; mRS 6, n � 2), and it remains contro-
versial if such patients should be treated in the future.

Endovascular stroke therapy in elderly patients is potentially
more complicated because of age-related vessel elongation and
calcification, and these difficult vascular access conditions might
result in lower success rates. Indeed, vascular access was not pos-
sible in 13.8% of our patients (compared with approximately
4%–5% as reported in the literature26,27) and, accordingly,
thrombectomy could not be performed. Importantly, the failed
attempts were not associated with complications. During deci-
sion-making, one should also keep in mind that the complication
rate of endovascular stroke therapy is low, and the possible advan-
tages outweigh the risks.

Our study has several limitations. First of all, it is a retrospec-
tive single-center analysis; the number of patients is relatively
small, and the study group is heterogeneous (inclusion of patients
with occlusion in the anterior as well as in the posterior circula-
tion). However, to our knowledge, there is no other report about
a series of patients with stroke in this age group treated with
thrombectomy.

Another limitation is that we do not have a control group of
elderly patients with stroke who were not treated with thrombec-
tomy or received IV lysis alone.

Furthermore, in elderly patients, the cognitive dimension is at
least as important as disability. However, the cognitive function
was not evaluated in our study.

CONCLUSIONS
The aged population in this study had a high mortality with an

overall limited outcome after 3 months. Furthermore, the vascu-

lar approach is more complicated in the elderly population, and

the revascularization rates achieved are slightly lower. However,

increased age did not seem to be associated with higher proce-

dural complication rates. Almost every fifth carefully selected pa-

tient achieved a good clinical result (mRS 0 –2 or restoration of

prestroke mRS). Hence, thrombectomy should not be withheld

from nonagenarians. Exclusion of patients from endovascular

treatment on the basis of age alone doesn’t seem to be justified.
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