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ABSTRACT
Introduction The use of mechanical thrombectomy for
the treatment of acute ischemic stroke has significantly
advanced over the past 5 years, with few available data.
The aim of this study was to analyze the cost and
benefit of mechanical thrombectomy devices utilized
during endovascular therapy of ischemic stroke patients.
Methods A retrospective chart review of patients that
underwent intra-arterial stroke interventions was
conducted. Clinical, angiographic, all devices used,
procedural and postprocedural event and outcome data
were collected. Thrombectomy devices were categorized
as Penumbra aspiration system thrombectomy (group P)
or stent retriever (group S). Statistical analysis of
outcomes and costs for each group was performed.
Results 171 patients underwent mechanical
thrombectomy. The Penumbra aspiration system was able
to primarily achieve recanalization in 41.7% and the
stent retriever in 70.4% of the time (p=0.006). The
average cost was $11 159 and $16 022 (p=0.0002) in
groups P and S, respectively. Average time to
recanalization for group P was 85.1 min and for group
S, 51.6 min (p<0.0001). Procedural complications were
more frequent with the stent retriever (11.1% vs 9.0%;
p=0.72) as were periprocedural significant complications
(14.8 v 3%; p=0.04). Successful recanalization rates
(Thrombolysis in Cerebral Infarction score 2b-3) were the
same in groups P and S (78.5 vs. 77.8%). Similar rates
of good neurologic outcomes were seen in group
P (36.4%) and group S (50.0%) (p=0.19).
Conclusions For the treatment of acute stroke
patients, the use of aspiration appears to be the most
cost effective method to achieve acceptable
recanalization rates and low complication rates. Stent
retriever with local aspiration, despite higher costs and
complication rates, yielded better overall outcome.

INTRODUCTION
The National Institutes of Health estimates that
stroke, the fourth leading cause of death and the
leading cause of disability in the USA, consumes
health care resources of approximately US$70
billion threshold annually.1–4 Early vessel recanali-
zation in acute ischemic stroke has been shown to
strongly correlate with improved clinical outcome
and reduced mortality.5 6 Thrombectomy devices
have recently been shown to be safe and effective
up to 8 h after the onset of stroke symptoms.5–8

In addition to expanding the therapeutic time
window for stroke treatment and broadening the
treatment repertoire, mechanical approaches have
been shown to produce higher recanalization rates
than intravenous tissue plasminogen activator (tPA) or
intra-arterial (IA) thrombolysis alone.6 9–12 The
optimal treatment for acute ischemic stroke has con-
tinued to evolve and improve over the past decade, as
evidenced by the evolution and iteration of mechan-
ical stroke devices. However, limited data exist evalu-
ating the practical application of these devices with
regard to overall procedure device costs, time to
vessel recanalization, and patient outcome.
The aim of this study was to highlight and

analyze the cost and benefit of current stroke ther-
apies; more specifically, the impact of various
mechanical thrombectomy and adjuvant devices
utilized during endovascular therapy of ischemic
stroke patients.

METHODS
Under an institutional review board approved
protocol, a retrospective chart review from May
2008 to October 2012 was performed from the
electronic medical records of the Medical
University of South Carolina of all stroke patients
who were treated with endovascular therapy.
Patients were evaluated for candidacy for IA
therapy based on CT perfusion imaging, irrespect-
ive of time of symptom onset, as published previ-
ously.13 14 The study evaluated the primary
thrombectomy device(s) used in each case as well as
any additional devices that aided in achieving reca-
nalization. All procedural diagnostic and interven-
tion related materials and devices were recorded
along with cost data. A cost analysis was performed
on the devices used in recanalization.
Documented patient characteristics included age,

gender, National Institutes of Health Stroke Scale
score at presentation, time to presentation from last
known normal, and modified Rankin Scale score
(mRS) at 90 days or closest follow-up period to
90 days. mRS data were obtained from the stroke
neurology or neurointerventional clinic records.
Radiological and angiographic imaging was reviewed
to document location of the vascular occlusion, reca-
nalization time, Thrombolysis in Cerebral Infarction
(TICI) flow pre- and postprocedure, and procedural
complications. Device efficacy was ultimately
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evaluated based on restored flow postprocedure and occurrence of
intraprocedural complications. Procedural related complications
were documented and separated by device group. Clinically signifi-
cant complications (including procedure related) such as symptom-
atic intracranial hemorrhage were also documented.

Cases were segregated into two mechanical thrombectomy
technological paradigms: Penumbra aspiration and stent retriever
with local aspiration. These included cases in which thrombec-
tomy was achieved solely with Penumbra aspiration system cathe-
ters (Penumbra Inc, Alameda, California, USA) and separators of
any size and combination (group P). The technical details of the
Penumbra aspiration system have recently been described in
detail.15 The general treatment approach for Penumbra aspir-
ation system catheter sizing was to choose the largest size catheter
that would fit within the occluded vessel. If fragmentation of the
clot occurred into downstream smaller vessels, additional small
aspiration catheters were often required. If there was failure to
recanalize, then additional adjunctive devices were utilized. Cases
that required additional devices such as balloons, stents, or any
other adjuvant devices in addition to the Penumbra aspiration
system to successfully recanalize the vessel, were deemed a
primary device recanalization failure. On Food and Drug
Administration approval and release of the Solitaire device
(ev3 Endovascular Inc, Plymouth, Minnesota, USA), all thromb-
ectomy cases performed after April 2012 utilized the latest stent
retriever devices (Trevo Pro, Stryker Neurovascular, Kalamazoo,
Michigan, USA or Penumbra 3D separator, Penumbra Inc) to
achieve recanalization (group S), In all stent retriever cases, the
standardized methodology utilized a Penumbra 5Max aspiration
catheter (Penumbra Inc), just proximal to the occlusion, and
applying aspiration during removal of the stent retriever. If
there was failure of recanalization after multiple stent retriever
attempts, then aspiration with the 5Max and separator was per-
formed or additional devices were introduced through the 5Max
catheter which served as a distal access catheter. These cases and
any other cases that required additional balloons or stents to pri-
marily recanalize the vessel were deemed a primary device reca-
nalization failure. If the patient had a carotid stenosis that
required a stent to open the proximal vessel to then allow access
to the downstream occlusion, they were placed into either the
P or S group, depending on which device was subsequently used.

All devices utilized within the procedure, including femoral
sheaths, IA tPA, guidewires, and catheters, were also documen-
ted and figured into the total cost of the procedure. If a proced-
ural complication, such as a vessel dissection, was encountered,
the device cost to treat the complication was also included in
the overall cost analysis. In order to standardize price changes
across different years, the advertized manufacturer suggested
retail price as of 2012 was used in determining the overall pro-
cedure cost for all devices. Device cost was then computed with
respect to each group, and analysis was performed to determine
which methodology seemed to be most cost effective.

Statistics
Statistical analyses were performed using SAS V.9.2 (SAS
Institute, Cary, North Carolina, USA). A population of 171 sub-
jects was analyzed using descriptive statistics to characterize
demographics and other clinical variables describing treatment,
complications, and outcomes. Differences between the
Penumbra and stent retriever device groups based on these vari-
ables were tested using the Student’s t test for continuous mea-
sures and a χ2 test for categorical measures. Differences between
the device groups were tested using Fisher’s exact test for

categorical measures with expected cell sizes <5. All tests were
two sided and assessed at a significance level of 0.05.

RESULTS
Patients
One hundred and seventy-one consecutive cases were investi-
gated; 144 cases (84.2%) utilized the Penumbra aspiration
devices. Penumbra aspiration catheters alone achieved primary
recanalization in 41.7% of cases and the remainder required
other devices to fully recanalize. Stent retriever devices
(Solitaire, Trevo or Penumbra 3D separator) were successful as
the primary device in recanalization in 70.1% (p=0.006) of
cases, with the remainder requiring aspiration thrombectomy,
stents, or balloon maceration. Thrombus location was documen-
ted for each of the 171 cases; 88.3% of all cases investigated
involved anterior circulation occlusion while 11.7% of cases
involved posterior circulation. Occlusion of the middle cerebral
artery was the most common location (74.9%) followed by the
internal carotid artery (12.9%) and basilar artery (9.9%). Of
note, all but one posterior circulation occlusions were treated by
aspiration thrombectomy (group P).

Outcomes
Successful revascularization, defined as a TICI score of 2b or 3,
was nearly identical for both groups, with 78.5% for group P
and 77.8% for group S (p=0.9). For complete revascularization
alone, there was a significant difference, with group S achieving
TICI 3 in 59.3% of cases compared with 28.5% for group P
(p=0.002) (figure 1). There was a statistically significant differ-
ence in time required to revascularize (groin access to restor-
ation of flow in the occluded vessel), 85.1 min for group P and
51.6 min for group S (p=<0.0001). Procedural complications
occurred in 9.0% of group P and 11.1% of group S cases
(p=0.72). Clinical outcomes were not available for 13 patients.
Clinically significant complications were seen in 3.5% for group
P and 14.8% for group S (p=0.04). Clinical outcomes with
good neurologic function at 90 days, as defined by mRS≤2,
were not significantly different (36.4% in group P and 50.0% in
group S) (p=0.19). However, the number of patients achieving
mRS 0 was significantly greater in group S (26.9%) than in
group P (8.3%) (p=0.01) (figure 2). When overall clinical out-
comes were correlated with revascularization, there was signifi-
cant improvement in rates of good neurologic outcomes (mRS
0–2) and rates of poor neurologic outcomes or death (mRS 5,6)
in those where revascularization was successful (figure 3).

Cost analysis
The mean cost across the groups was $11 926.45, with a
minimum procedural cost of $3296.00 and a maximum cost of

Figure 1 Percentage of patients within P and S groups achieving TICI
0-2, 2b, and 3.
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$60 872.91. Group P averaged $11 158.62 per subject, with
cost ranging from $3296.00 to $60 872.91. In cases where the
Penumbra aspiration system was successful as the primary device
that achieved revascularization, the cost was $8727.06. Group S
had a mean cost of $16 021.53, with values ranging from
$9601.85 to $35 724.00. In cases where a stent retriever was
successful as the primary device that achieved revascularization,
the cost was $14 483.41.

DISCUSSION
This study found that utilization of direct aspiration to revascu-
larize occluded vessels in patients with acute ischemic stroke
could be done with a significantly lower cost with similar accept-
able degrees of recanalization (TICI 2b and 3). However, the
time to achieve revascularization was significantly longer and
was only successful as the primary device to achieve recanaliza-
tion 41.7% of the time. Superior (mRS 0) neurologic outcomes
as well as the proportion of patients achieving complete recana-
lization (TICI 3) were significantly higher in those patients
treated with stent retrievers, with local aspiration. Although
clinically significant complications were significantly higher with
the stent retriever group, good neurologic outcomes remained
high within this group.

Angiographic imaging data were used to assess postprocedural
flow restoration for the cases. The group using the Penumbra
(group P) and the group using stent retrievers (group S)
achieved similar TICI 2B or 3 scores in approximately 78% of
their cases. However, there were significantly more cases achiev-
ing TICI 3 flow with stent retrievers. This finding is similar to
that recently reported in an in vitro model in which better reca-
nalization rates were found with Solitaire over Penumbra aspir-
ation.16 The mechanism observed by the authors was generation
of more and larger downstream particles produced by the
debulking process from the Penumbra aspiration system. This
was related to the use of the separator to debulk and fragment

the thrombus to a size small enough to fit through the aspiration
catheter. The subsequent activity of the separator to then clear
the end of the aspiration catheter can momentarily depress
aspiration capability and result in many fragments being show-
ered downstream.

Good clinical outcome, defined as mRS≤2, was also achieved at
similar rates by the majority of patients in both groups. However,
there were significantly more patients treated with stent retrievers,
with local aspiration that achieved mRS 0. This likely relates dir-
ectly to the increased number of patients achieving TICI 3 recana-
lization. The above proposed mechanism of fewer and smaller
downstream emboli produced during the procedure likely also
contributes to the improved clinical outcomes. When outcome
was stratified by final revascularization status, there were signifi-
cantly more patients with good clinical outcomes when the target
vessel was recanalized (44.0%) than when recanalization failed
(18.2%), similar to those in the Multi-MERCI (Mechanical
Embolus Removal in Cerebral Ischemia) trial.17

Procedural complications were similar among the groups but
clinically significant complications were significantly less in
group P. In the stent retriever group, 14.8% of cases experi-
enced a clinically significant complication during or after the
procedure. These included symptomatic intracranial hemor-
rhage, vessel dissection, or perforation. One possible explan-
ation for the complication rate in this group likely relates to the
stent-like mechanism where the device exhibits outward radial
force to create a channel through the thrombus and displace the
thrombus along the vessel wall. During removal of the device
there is subsequent traction of the device against the wall of the
vessel. This has been shown to result in increased frequency of
endothelial and vessel injury.18 This could also be related to the
method utilized for device removal, although the method we
employ using direct stent retriever retraction into a large aspir-
ation catheter at the proximal edge of the clot should intuitively
minimize vascular traction injury. The small sample size of
group S should be noted also, and a more accurate representa-
tion of complications with respect to the group would be pro-
vided with a larger number of cases.

The group using Penumbra aspiration only (group P) dis-
played both the lowest mean cost with similar variability in cost
(SD of $6028.67 compared with $6544.67 for group S). This
was predominantly related to a complex anatomical or target
lesion that required a multitude of additional devices besides the
Penumbra to revascularize. Further, this occurred in a relatively
large number (≈60%) of aspiration cases. The device in group S
had a higher mean cost at $16 021.53. The cost range on these
procedures was similar to those with the Penumbra. This is most
likely related to the higher primary device success rate and
requirement for fewer or cheaper adjunctive devices in the case
of failure. Again, a much larger sample size is needed in order
to fully elucidate the cost data for this group.

The technique we employ, using an aspiration catheter at the
level of the clot for removal of the stent retriever rather than a
proximal balloon guide catheter, does contribute to the cost as
the aspiration catheter has a cost of $1500 compared with the
balloon guide catheter of $895. However, this difference in cost
does not result in a significant alteration of the overall proced-
ure cost. The technique of local aspiration during stent retriever
removal was driven by the theoretical benefits of reduced
embolism to new territory that has been as high as 9% in the
SWIFT (Solitaire with the Intention for Thrombectomy) trial
and validated in an in vitro model.16 19 Further, in the event of
failure to recanalize with a stent retriever, the large bore local
aspiration catheter can then be used for direct aspiration

Figure 3 Percentage of patients within revascularized and non-
revascularized groups achieving mRS of 0, 1, 2, 3, 4, 5, and 6.

Figure 2 Percentage of patients within P and S groups achieving mRS
of 0, 1, 2, 3, 4, 5, and 6.
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thrombectomy or function as a conduit to deliver other assist
devices, such as balloons or stents. This increases the speed with
which devices can be exchanged as the carotid siphon does not
need to be navigated with each new device. Distal intracranial
access also likely improves safety, as the amount of vessel dis-
placement during stent retriever removal is minimized and the
likelihood of guide catheter complications is lower.20

Several limitations in both device cost and efficacy exist in this
study. First, all patients that underwent endovascular stroke therapy
were considered for this study, regardless of time of symptom
onset. However, our outcomes have been previously published and
are within the acceptable range reported in the literature.13

The broad applicability of these study results are limited by
the single center retrospective design. Most devices used in the
cases were subject to unit cost inflation from 2009 to 2010 and,
as a result and for the purposes of this study, the device cost
was standardized using 2012 price values. Devices that were
used in 2009 but did not continue into later years were assigned
the unit cost according to the inventory in 2009. Intra-arterial
tPA also experienced a significant shift in price as a result of a
change in packaging. Prior to October 2009, tPA was dispensed
in 50 mg vials and the unit cost, over $2000, was charged
regardless of how little or how much was used. After that date,
2 mg vials became available at a unit cost of $87.00. For the
purposes of this study, the cost of tPA was standardized from
2009 to 2012 at $87.00 per 2 mg used. Most importantly, the
sample size of the newer technology stent retriever group was
relatively small. However, the standardized approach with this
technique and high success rate with the primary device is not
likely to change the overall cost due to the low probability of
using a second device. There is a greater possibility that there
could be a change in group S; however, this group already
had significantly higher costs compared with the other groups.
A larger group S would be more likely to positively affect our
clinical and angiographic outcomes beyond the already reported
improved outcomes, although these values remain within those
reported in the literature.

In conclusion, for treatment of acute stroke patients, the use
of aspiration as an initial approach is a significantly less expen-
sive method to achieve acceptable recanalization rates with low
complication rates; however, this technique alone is often unsuc-
cessful. Stent retriever cases, while having a notably higher rate
of complete recanalization, does cost significantly more and was
associated with a higher clinically significant complication rate,
although improved overall outcomes. This suggests that the
most cost effective approach to a large vessel occlusion might be
to attempt a brief direct aspiration with a large bore catheter
(without the separator) first and if this fails then proceed with
other devices, such as a stent retriever.

Contributors Each author listed should receive authorship credit based on material
contribution to this article, revision of this article and final approval of this article for
submission to this journal.

Ethics approval The study was approved by the institutional review board.

Competing interests None.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1 Meyers PM, Schumacher HC, Connolly ES Jr, et al. Current status of endovascular

stroke treatment. Circulation 2011;123:2591–601.
2 Edgell R, Yavagal DR. Acute endovascular stroke therapy. Curr Neurol Neurosci Rep

2006;6:531–8.
3 Statistics CNCfH. Stroke drops to fourth leading cause of death in 2008. Atlanta,

GA: CDC National Center for Health Statistics, Centers for Disease Control and
Prevention, 2010.

4 Towfighi A, Ovbiagele B, Saver JL. Therapeutic milestone: stroke declines from the
second to the third leading organ- and disease-specific cause of death in the
United States. Stroke 2010;41:499–503.

5 Wasiewski WW, Johnston KC. Clinical trials, devices, unproven treatments, and
clinical equipoise. Stroke 2009;40:e441–2.

6 Gralla J, Brekenfeld C, Mordasini P, et al. Mechanical thrombolysis and stenting in
acute ischemic stroke. Stroke 2012;43:280–5.

7 Lin R, Vora N, Zaidi S, et al. Mechanical approaches combined with intra-arterial
pharmacological therapy are associated with higher recanalization rates than either
intervention alone in revascularization of acute carotid terminus occlusion. Stroke
2009;40:2092–7.

8 Furlan A, Higashida R, Wechsler L, et al. Intra-arterial prourokinase for acute
ischemic stroke. The PROACT II study: a randomized controlled trial. JAMA
1999;282:2003–11.

9 Rha JH, Saver JL. The impact of recanalization on ischemic stroke outcome:
a meta-analysis. Stroke 2007;38:967–73.

10 Lee KY, Han SW, Kim SH, et al. Early recanalization after intravenous administration
of recombinant tissue plasminogen activator as assessed by pre- and
post-thrombolytic angiography in acute ischemic stroke patients. Stroke
2007;38:192–3.

11 Kim AS, Nguyen-Huynh M, Johnston SC. A cost-utility analysis of mechanical
thrombectomy as an adjunct to intravenous tissue-type plasminogen activator for
acute large-vessel ischemic stroke. Stroke 2011;42:2013–18.

12 Clark K, Lutsep H, Barnwell S, et al. The Penumbra pivotal stroke trial: safety and
effectiveness of a new generation of mechanical devices for clot removal in
intracranial large vessel occlusive disease. Stroke 2009;40:2761–8.

13 Turk AS, Nyberg EM, Chaudry MI, et al. Utilization of CT perfusion patient selection
for mechanical thrombectomy irrespective of time: a comparison of functional
outcomes and complications. J Neurointerv Surg 2013;5:518–22.

14 Hacke W, Kaste M, Bluhmki E, et al. Thrombolysis with alteplase 3 to 4.5 hours
after acute ischemic stroke. N Engl J Med 2008;359:1317–29.

15 Yoo AJ, Frei D, Tateshima S, et al. The Penumbra Stroke System: a technical review.
J Neurointerv Surg 2012;4:199–205.

16 Chueh JY, Wakhloo AK, Gounis MJ. Effectiveness of mechanical endovascular
thrombectomy in a model system of cerebrovascular occlusion. AJNR Am J
Neuroradiol 2012;33:1998–2003.

17 Nogueira RG, Smith WS, Sung G, et al. Effect of time to reperfusion on clinical
outcome of anterior circulation strokes treated with thrombectomy: pooled analysis
of the MERCI and Multi MERCI trials. Stroke 2011;42:3144–9.

18 Yin NS, Benavides S, Starkman S, et al. Autopsy findings after intracranial
thrombectomy for acute ischemic stroke: a clinicopathologic study of 5 patients.
Stroke 2010;41:938–47.

19 Saver JL, Jahan R, Levy EI, et al. Solitaire flow restoration device versus the Merci
Retriever in patients with acute ischaemic stroke (SWIFT): a randomised,
parallel-group, non-inferiority trial. Lancet 2012;380:1241–9.

20 Turk A, Manzoor MU, Nyberg EM, et al. Initial experience with distal guide catheter
placement in the treatment of cerebrovascular disease: clinical safety and efficacy.
J Neurointerv Surg 2013;5:247–52.

Scan here to
listen to a podcast with
Aquilla S Turk III on this

article

80 Turk AS III, et al. J NeuroIntervent Surg 2014;6:77–80. doi:10.1136/neurintsurg-2012-010616

Socioeconomics

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://jnis.bm

j.com
/

J N
euroIntervent S

urg: first published as 10.1136/neurintsurg-2012-010616 on 1 F
ebruary 2013. D

ow
nloaded from

 

http://jnis.bmj.com/

