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BACKGROUND AND PURPOSE: Mechanical thrombectomy is a promising means of recanalizing acute
cerebrovascular occlusions in certain situations. We sought to determine if increasing age adversely
affects prognosis.

MATERIALS AND METHODS: We reviewed all Merci thrombectomy cases and compared patients
younger than 80 years of age with older individuals. We compared these 2 age groups with respect to
recanalization rates, hospital LOS, hemorrhagic transformation, and death and disability on discharge.

RESULTS: Elderly patients were more likely to die from their stroke than those younger than 80 years
of age, regardless of recanalization success (48% versus 15%; OR, 5.5; 95% CI, 2.1–14.1). Among
survivors, there was no difference in the probability of having a good functional outcome (mRS, �2) by
discharge (38% versus 40%; OR, 0.9; 95% CI, 0.3–2.8). Hemorrhagic transformation did not vary
between age groups.

CONCLUSIONS: Among patients undergoing mechanical thrombectomy for acute cerebrovascular
occlusions, increased age conveys a higher rate of stroke-related death, but disability at discharge in
this group is similar to that of younger survivors.

ABBREVIATIONS: AOL � arterial occlusive lesion; CI � confidence interval; HT � hemorrhagic
transformation; IA � intra-arterial; ICA � internal carotid artery; LOS � length of stay; MCA �
middle cerebral artery; MERCI � Mechanical Embolus Removal in Cerebral Ischemia; mRS �
modified Rankin Scale; NIHSS � National Institutes of Health Stroke Scale; OR � odds ratio; PH �
parenchymal hematoma; PTA � percutaneous transluminal angioplasty; rtPA � recombinant tissue
plasminogen activator; TIA � transient ischemic attack

Intracranial mechanical thrombectomy is a promising isch-
emic stroke treatment. Since the introduction and US Food

and Drug Administration clearance of the Merci retriever sys-
tem (Concentric Medical, Mountain View, California) for re-
canalization of large-vessel thomboembolic occlusions, its use
is ever-increasing.1,2 There is ongoing interest in the selection

of appropriate candidates because it remains unclear which
patients benefit the most.

The elderly population is predicted to double in a half cen-
tury, and it is well established that older persons have a higher
risk of stroke.3,4 Advanced age also carries with it the burden of
decreased neuronal plasticity and an ever-decreasing pool of
healthy neurons. A large intracranial vessel occlusion may ir-
reversibly injure a higher proportion of neurons in an elderly
patient than it would in a younger patient under similar cir-
cumstances, substantially impeding recovery of neurologic
function.5 Thus, elderly patients may incur more disability
regardless of treatment technique.6

The safety and effectiveness of acute stroke therapies, in-
cluding intravenous and IA thrombolysis, have been studied
in the older population.7,8 However, the efficacy of intracra-
nial mechanical thrombectomy in this population is poorly
explored. The purpose of this study was to examine, with re-
spect to increasing age, our single-center experience with in-
tracranial mechanical thrombectomy by using the Merci
retriever.

Materials and Methods

Patients and Techniques
All consecutive patients undergoing Merci clot retrieval for large ar-

terial occlusions from August 2002 to December 2007 were prospec-

tively entered into the data base of our institution according to pro-

tocol approved by our local institutional review board. We

retrospectively reviewed all anterior circulation occlusions involving

the intracranial ICA and/or the M1 segment of the MCA. All posterior
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circulation occlusions were included. Tandem lesions were included

if at least 1 of the occlusions involved any of the mentioned vessels.

In all cases, transfemoral cerebral angiography was performed to

document arterial occlusion. Next, the diagnostic catheter was ex-

changed for an 8F or 9F balloon guiding catheter, or the guiding

catheter was advanced coaxially over it. After angiographic visualiza-

tion of the cervical internal carotid or vertebral origin, the artery was

catheterized, if the procedure was safe. Once the guide catheter was in

a stable position, it was attached and connected to continuous hepa-

rinized saline flush. A microcatheter and microwire was then ad-

vanced coaxially up to the occlusion. The microcatheter was posi-

tioned distal to the thrombus, and contrast was injected to confirm

positioning and vessel diameter. Typically, the proximal balloon cath-

eter tip was then inflated to arrest antegrade flow. The Merci retriever

was then advanced into the microcatheter, and all loops were de-

ployed distal to the thrombus. Next, a slow pull was applied to the

entire microsystem under fluoroscopy. Gentle aspiration was made

through the lumen of the guiding catheter during active extraction.

Once the retriever began moving freely, blood was vigorously aspi-

rated from the guiding catheter. The balloon catheter tip was deflated,

and control angiography was performed. The procedure was con-

cluded if satisfactory recanalization was achieved. If occlusion per-

sisted, this procedure was repeated and was aborted if the surgeon

thought that the clot could not be extracted or a maximum of 6 at-

tempts was made. The angiographic result was graded according to

the previously described AOL scale.9

We separated patients into 2 groups: those 80 years of age or older,

and those younger. We compared the 2 groups with regard to demo-

graphic data, the presence of premorbid conditions, and aspects of the

intervention. We also noted concomitant use of an IA thrombolytic

or preintervention administration of an intravenous thrombolytic.

Patients underwent pre-Merci MR imaging to include diffusion-

weighted, fluid-attenuated inversion recovery, and gradient recalled-

echo sequences; intracranial time-of-flight MR angiography; and per-

fusion-weighted imaging. In patients unable to undergo MR imaging,

CT including CT angiography and perfusion sequences was per-

formed. Patients were typically selected for thrombectomy if the in-

farct volume was subjectively small and there was salvageable penum-

bra. All patients underwent noncontrast head CT immediately after

the procedure. Multimodal MR or CT imaging similar to that in the

pre-Merci study was performed from mostly 5 but up to 24 hours

after thrombectomy.

In our primary analysis, we compared clinical outcome measures

including preintervention and discharge NIHSS scores, hospital LOS,

change in NIHSS score by discharge, discharge mRS score, and rate of

stroke-related death. For these NIHSS comparisons, patients who

died from their stroke were assigned the maximum NIHSS score.

As a secondary analysis, we compared the discharge NIHSS score,

change in NIHSS score by discharge, and the probability of a good

outcome (mRS score, �2) in survivors. We also examined the pro-

portions of all types of HT according to the European Cooperative

Acute Stroke Study definition.10 We then assessed rates of PH (de-

fined as both types of PHs, PH1 and PH2). We also compared the

distribution of symptomatic HT, defined as a decrease in NIHSS score

by �4 points or prompting surgical intervention.

We also conducted several post hoc analyses based on the results

of our primary comparison. We first sought to determine if the car-

dioembolic stroke source had an independent impact on clinical out-

come and stroke-related death. As another post hoc analysis, we se-

lected a more homogenously aged subgroup from the younger

population (65–79 years of age) to compare with the octogenarian

and older cohort to exclude stroke in the younger population. This

was aimed at approximating a more typical acute ischemic stroke

patient population. We compared this subgroup with the group 80

years of age and older with regard to clinical outcome measures.

Statistical analyses for categoric variables included the �2 and

Fisher exact tests when cell sizes were small and ORs for selected

dichotomous comparisons. We examined continuous variables by

using analysis of variance, and applied the Mann-Whitney U test to

measures with uneven distributions.

Results
A total of 106 patients met inclusion criteria. Among these
patients, 75 were younger than of 80 years of age (median, 59
years; interquartile range, 46.5–71.5 years), while 31 were 80
years of age or older (median, 85 years; interquartile range,
83– 89). Forty-five percent were men, and the median pre-
treatment NIHSS score was 19. Because of premorbid disabil-
ity, 2 patients were excluded solely from the mRS analysis. One
patient had a prolonged hospital stay from a nonstroke-re-
lated condition diagnosed during hospitalization and was ex-
cluded solely from the hospital LOS comparison. Eight pa-
tients younger than 80 years of age and 2 elderly patients did
not have interpretable post-Merci perfusion images to deter-
mine whether there was persistent ischemic penumbra follow-
ing thrombectomy. Three patients in each group had either
contrast staining, early petechial HT, or both on postinterven-
tion CT imaging but did not undergo sufficient imaging to
determine the exact nature and were thus excluded from sec-
ondary HT analyses. The age distribution of the study cohort is
displayed by decile in Table 1.

Baseline demographics and aspects of the intervention
were similar between groups (Table 2). More elderly patients
had a cardioembolic source of their stroke (81% versus 55%,
P � .02). The distribution of anterior circulation strokes was
similar between groups, as was the proportion affecting the
dominant hemisphere.

The rates of good recanalization, time to the first Merci
pass, and the use of adjuvant therapies and concomitant intra-
venous or IA rtPA were similar between groups. In the
younger patients, 2 underwent adjuvant PTA in the involved
intracranial artery, 1 received IA abciximab, and 2 had tandem
cervical ICA lesions, which were treated with carotid angio-
plasty and stenting, while 2 older patients underwent adjuvant
intracranial PTA. Postintervention diffusion-perfusion mis-
match was distributed evenly between both age groups.

Although pre-Merci NIHSS scores were similar between
groups, older patients fared worse than the younger cohort on
multiple clinical outcomes at discharge, including discharge
NIHSS score (median, 42 versus 6.5; P � .006), mRS score
(median, 5 versus 4; P � .006), and NIHSS improvement by

Table 1: Cohort age distribution by deciles in patients undergoing
Merci thrombectomy for acute ischemic stroke

Decile Age (yr) Decile Age (yr)
1st 14–39 6th 71–74
2nd 39–47 7th 74–78
3rd 48–56 8th 78–83
4th 56–64 9th 84–86
5th 65–70 10th 86–95

2 Loh � AJNR ● � ● 2010 � www.ajnr.org



discharge (�4.9 [decline] versus 4.2, P � .01). Stroke-related
deaths occurred more frequently in the elderly cohort (48%
versus 15%, P � .0002). Table 3 displays clinical outcomes of
patients by age.

In the secondary analysis, with deaths excluded, all com-
parisons were similar among the survivors of both groups (Ta-
ble 3). The distribution of good outcomes at discharge (mRS
score, �2) was even among survivors of both ages (38% versus
40%; OR, 0.9; 95% CI, 0.3–2.8). Figure 1 displays the distribu-
tion of mRS scores sorted by the 2 age groupings. Rates of
varying types of HT and the hospital LOS did not vary by age.

Table 3 also shows the results of the post hoc comparison of
the subgroup 65–79 years of age. The rate of stroke-related
death remained higher in the patients 80 years of age and older
compared with this post hoc subgroup (48% versus 24%; OR,
2.9; 95% CI, 1.0 – 8.5). Similar to the primary analysis, the
clinical outcomes in survivors were also equivalent (discharge

NIHSS score, P � .8; discharge mRS score �2, 38% versus
48%; OR, 0.7; 95% CI, 0.2–2.4).

An unexpected baseline difference in the 2 cohorts was the
uneven distribution of cardioembolic stroke source, which we
further investigated post hoc. After pooling both cohorts and
separating them according to whether the stroke source was
cardioembolic in origin, we detected no differences in the pro-
portion of stroke-related deaths (27% [18/67] versus 22%
[8/37]; OR, 1.3; 95% CI, 0.5–3.4) and good clinical outcome at
discharge in survivors (30% [20/67] versus 30% [11/37]; OR,
1.0; 95% CI, 0.4 –2.4).

Discussion
Recent effort to optimize patient selection for Merci throm-
bectomy is beginning to discriminate factors affecting out-
come. Our series demonstrates that advanced age predicts
overall poor outcome following Merci thrombectomy. This

Table 2: Baseline characteristics of patients undergoing Merci thrombectomy for acute ischemic strokea

Age �80 yr
(n � 75)

Age >80 yr
(n � 31) P

Age (yr) 57.5 � 16.0 85.9 � 3.8
Male sex 38 (51) 10 (32) .1
Dominant hemisphere or vertebrobasilar 39 (52) 20 (65) .2
Anterior circulation 70 (93) 30 (97) .7
Premorbid history of

Cardiac disease 38 (51) 21 (68) .1
Hypertension 41 (55) 21 (68) .2
Hyperlipidemia 22 (29) 10 (32) .8
Diabetes 16 (21) 2 (6) .9
Prior stroke or TIA 3 (4) 1 (3) 1
Peripheral vascular disease 4 (5) 2 (6) 1

Cardioembolic source 41 (55) 25 (81) .02
AOL 2–3 58 (77) 25 (81) .8
Time to intervention (hr) 6:25 � 2:49 6:21 � 2:17 .9
Persistent mismatch following Mercib 35/67 (52) 16/29 (55) .8
Intravenous or IA thrombolytic 27 (36) 11 (35) 1
Adjunctive therapy 6 (8) 2 (6) 1
Admission glucose (mg/dL) 142 � 65 141 � 42 .9
a Baseline characteristic, No. (%) unless otherwise specified.
b Eight patients younger than 80 year of age and 2 older did not have interpretable perfusion images.

Table 3: Clinical outcomes, secondary end points, and HT in patients undergoing Merci thrombectomy for acute ischemic strokea

Age �80 yr
(n � 75)

Age �80 yr
(n � 31) Pb

Age 65–79 yr
(n � 33) Pb

Admission NIHSS 18 (13–22) 20 (18–23) .1 17 (15–23) .3
Hospital length of stay (days)c 10.4 � 8.0 8.3 � 5.0 .3 6.2 � 3.0 .1
Stroke-related death 11 (15) 15 (48) 5.5 (2.1–14.1) 8 (24) 2.9 (1.0–8.5)
Discharge NIHSS 6.5 (2–42) 42 (6–42) .006 11 (3–42) .09
Discharge NIHSS in survivorsd 5 (2–12) 5.5 (2–11) 1 4 (0–11) .8
NIHSS change 4.2 � 14.4 �4.9 � 16.9 .01 1.7 � 15.8 .1
NIHSS change in survivorsd 9.4 � 8.6 10.4 � 5.5 .7 10.1 � 7.5 .9
Discharge mRS 4 (1–5) 5 (3.5–6) .006 3 (0.5–4) .1
Discharge mRS in survivorsd 3 (1–4) 3.5 (2–4) .9 2 (0–4) .7
mRS �2 in survivorsd 25/62 (40) 6/16 (38) .9 (.3–2.8) 11/23 (48) 0.7 (.2–2.4)
HTe

Any HT within 72 hr 30/72 (42) 17/28 (61) 2.2 (.9–5.3) 13/30 (43) 2.0 (.7–5.8)
Symptomatic HT within 72 hr 7/72 (10) 3/28 (11) .9 (.2–3.7) 2/30 (7) 1.7 (.3–10.9)
Parenchymal HT within 72 hr 9/72 (13) 4/28 (14) 1.2 (.3–4.1) 3/30 (10) 1.5 (.3–7.4)
a Clinical measure, No. (%) unless otherwise specified; all NIHSS and mRS values except NIHSS change are shown as median (interquartile range).
b ORs (95% CI) are shown for selected comparisons.
c One patient with a prolonged hospitalization due to surgery unrelated to the stroke was excluded from LOS analysis.
d Patients who died were not analyzed in these comparisons.
e Three patients in each group did not undergo imaging by 72 hours to determine HT.
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disadvantage is nearly entirely due to the higher rate of stroke-
related death, which occurred in nearly half of all patients 80
years of age or older. Nearly all of the clinical variables used in
our study incorporate death into their measurement, namely
discharge NIHSS score, change in NIHSS score, and mRS
score.

Most interesting, if a patient survived the stroke, the prob-
ability of good outcome by discharge did not vary according to
age. By secondarily analyzing clinical outcomes in such a di-
chotomized fashion, we were able to account for the impact
made by family influence on decisions to withdraw care due to
poor prognosis. These family variations confound all analyses
incorporating mortality.

Contrary to our initial expectations, the burden of de-
creased neuronal plasticity accompanying advanced age does
not substantially impede neurologic recovery in survivors.
This may be more dependent on the fact that, in select patients
with salvageable tissue, the success of recanalization has a
more significant impact on outcome than age. In fact, all el-
derly survivors with good clinical outcomes at discharge were
successfully recanalized (6/6) compared with 76% of the
younger cohort (19/25, P � .3).

By analyzing the stroke survivors separately, however, we
significantly limited further comparison in our study by re-
ducing the sample size. Because half of the elderly group was
not further analyzed in a number of comparisons, our ability
to detect intergroup differences was substantially limited in
these instances. However, with nearly similar rates of good
outcome among survivors, it appears that functional recovery
is similar among differing age groups, even though the good
outcome subgroup is composed solely of 6 elderly survivors.
Larger samples are clearly needed to substantiate this finding.

These observations are somewhat comparable with find-
ings in the similarly aged cohort receiving IA thrombolysis for

acute ischemic stroke.7 Both groups in our study had signifi-
cantly higher mortality rates by discharge (48% and 15%) than
their counterparts in the IA rtPA group (18% and 10%, re-
spectively, reported at 7 days). This finding is likely due to the
presumably higher proportion of proximal occlusions in our
Merci group. Alternatively, there may be some outcome effect
from the greater delay in time from symptom onset to inter-
vention in our study, 383 minutes compared with the 259
minutes average delay in our previous IA rtPA report. Similar
to the current study, however, previous IA rtPA data showed
that age as a dichotomous variable was not a predictor of good
(mRS score, �2) outcome, though surviving patients were not
exclusively compared in a separate analysis and disability at 90
days was the outcome measure used in the IA rtPA cohort.
Preliminary analysis of the MERCI and multi MERCI cohort
stratified by age has yielded similar results.11

Although IA thrombolysis is a markedly different mecha-
nism of recanalization from mechanical thrombectomy, we
found a similar recanalization rate between age groups, which
is consistent with previous reports of IA thrombolytic thera-
py.6,7,12 Also similar to previous analyses of patients receiving
IA rtPA, the rate of HT was no different between age
groups,5,6,13,14 despite the fact that increased age is an inde-
pendent risk factor for HT following intravenous thromboly-
sis.15,16 As with patients receiving IA thombolytics, this find-
ing likely stems from a more rigorous patient selection process
and the systemic absence of thrombolytic agents in most cases.

Although no longer significant when including stroke-re-
lated deaths, the differences in clinical outcome between the
65- and 79-year-old post hoc subgroup and those 80 years of
age or older still trended in the same direction as the primary
group comparisons of NIHSS score change, discharge NIHSS
score, and discharge mRS score. Although this likely reflects
the decrease in the size of the younger cohort from 75 to 33, the

Fig 1. Discharge modified mRS scores in patients �80 years of age versus younger patients.
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clinical outcomes in patients younger than 65 years of age may
be worse than those the 65–79 years of age. For instance,
younger patients are very likely treated aggressively despite
large preintervention core infarct volumes and are less likely to
be treated palliatively following failed intervention.

A limitation of this study is that it is a retrospective single-
center observation. In addition, there were several radio-
graphic variables that have established relationships with
functional outcome that were not considered in our study,
such as the angiographic collateral grade17,18 or the final in-
farct core volume.19,20 We admittedly report the AOL score,
representing the final recanalization, which does not entirely
reflect reperfusion. We chose the AOL scale because its defini-
tion is more constant across studies and is more applicable to
the cerebral vasculature than the Thrombolysis in Myocardial
Ischemia Scale, which has led to contradictory applications in
past clinical trials.21,22 Several other clinical aspects such as
systolic blood pressure and temperature during the hospital-
ization impact overall outcome,23-25 though they were beyond
the scope of our study. Finally, because this study only com-
pared the immediate neurologic outcomes and disability on
discharge, long-term applicability is yet to be determined.

Although we have shown that older patients are more likely
to die following Merci thrombectomy regardless of recanali-
zation success, this treatment option should not be denied
purely on the basis of age considerations. Approximately 38%
of elderly survivors (6/16) or nearly 20% of the total number of
the elderly cohort (6/31) had good functional outcomes by
discharge. In our opinion, this measures well against the in-
variably fatal or severely disabled outcome anticipated in com-
parably aged patients with untreated large-vessel occlusions.

Until a randomized trial can establish whether age should
be a discriminating factor for selection, thrombectomy should
remain an alternative for the elderly patient, with careful con-
sideration of all aspects of the patient’s condition. Our case
series suggests, though, that older age as a variable should help
guide family discussions concerning patient prognosis and
should be a consideration in the design of any future trial of
thrombectomy for acute stroke.

Conclusions
Increasing age predicts worse outcome, though functional re-
covery in survivors matches that of younger patients. Future
clinical studies of acute mechanical thrombectomy should ac-
count for such age-related differences.
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