
CLINICAL ARTICLE
J Neurosurg 134:585–590, 2021

Each year, approximately 800,000 people suffer 
a new or recurrent stroke.2 Stroke is a significant 
cause of long-term disability, with more than half of 

stroke patients being discharged from the hospital to inpa-
tient rehabilitation or skilled nursing facilities. Of patients 
discharged home, 32% utilized home healthcare services.5 
Stroke is also a major cause of mortality, accounting for 
1 death every 4 minutes and 1 of every 20 deaths in the 
US.15 The probability of death within the first 5 years after 
a stroke is highest in patients older than 75 years of age.2

These data underscore the importance of effective 

treatment of acute ischemic stroke. In 2015, the publica-
tion of multiple trials demonstrated improved rates of 
functional independence in patients undergoing mechani-
cal thrombectomy compared to those treated medically 
alone.3,6,10,11,19

Given its high incidence and associated morbidity, 
stroke undoubtedly is a significant societal and economic 
burden. In 2012 and 2013, the estimated direct medical 
cost of stroke was $17.9 billion. Between 2012 and 2030, 
total direct stroke-related costs are projected to increase 
from $71.6 billion to $184.1 billion.17 Overall, total annual 
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OBJECTIVE The mortality rates for stroke are decreasing, yet it remains a leading cause of disability and the principal 
neurological diagnosis in patients discharged to nursing homes. The societal and economic burdens of stroke are sub-
stantial, with the total annual health care costs of stroke expected to reach $240.7 billion by 2030. Mechanical throm-
bectomy has been shown to improve functional outcomes compared to medical therapy alone. Despite an incremental 
cost of $10,840 compared to medical therapy, the improvement in functional outcomes and decreased disability have 
contributed to the cost-effectiveness of the procedure. In this study the authors describe a physician-led device bundle 
purchase program implemented for the delivery of stroke care.
METHODS The authors retrospectively reviewed the clinical and radiographic data and device-associated charges of 
45 consecutive patients in whom a virtual “stroke bundle” model was used to purchase mechanical thrombectomy de-
vices.
RESULTS Use of the stroke bundle to purchase mechanical thrombectomy devices resulted in an average savings per 
case of $2900.93. Compared to the traditional model of charging for devices à la carte, this represented an average 
savings of 25.2% per case. The total amount of savings for these initial 45 cases was $130,542.00. Thrombolysis in Ce-
rebral Infarction scale grade 2b or 3 recanalization occurred in 38 patients (84.4%) using these devices.
CONCLUSIONS Purchasing devices through a bundled model resulted in substantial cost savings while maintaining 
the therapeutic efficacy of the procedure, further pushing the already beneficial long-term cost-benefit curve in favor of 
thrombectomy.
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costs of stroke are expected to reach $240.7 billion by 
2030. These staggering figures underscore the importance 
of providing safe, effective, and cost-efficient stroke inter-
vention. Despite the increased costs related to an inter-
ventional procedure (e.g., device cost, angiography suite 
time, and imaging studies), several studies have shown the 
cost effectiveness of mechanical thrombectomy, primarily 
due to the significant decrease in stroke-related disabil-
ity.1,4,9,14,18

As the costs of healthcare delivery rise, there is an 
impetus to ensure that medical care is not only safe and 
effective but optimized for cost savings. One of the strate-
gies to achieve this goal is the concept of bundled pay-
ment programs, which has already been implemented by 
the Centers for Medicare and Medicaid Services (CMS). 
Since 2013, CMS has initiated bundle payment programs 
for hip and knee joint replacement surgeries (Comprehen-
sive Care for Joint Replacement program).13 This program 
incentivizes quality and cost containment by “providing 
retrospective bonus payments that increase as hospitals 
exceed their quality and cost benchmarks.”16 According 
to early data from this program, nearly 50% of participat-
ing hospitals received bonus payments, with 92% of those 
achieving good or exceptional quality designations.16

Although multiple factors influence the cost of stroke 
care delivery (including diagnosis-related group [DRG] 
payment structure, CMS criteria and expectations, quality 
of care metrics, and insurance status and coverage), the 
utility and cost of medical devices is one factor familiar 
to most physicians. Therefore, from our perspective, ef-
forts to optimize the purchase price of devices (thereby 
increasing the cost savings and reducing the overall cost 
of stroke care delivery) could be a natural and effective 
means for physician-led impact. In this paper we describe 
our experience using a virtual “stroke bundle” to encom-
pass the costs of devices used in performing mechanical 
thrombectomy. Using a “bundle purchase program,” we 
have achieved a significant reduction in the device costs 
of mechanical thrombectomy incurred by hospitals, while 
maintaining the effectiveness of the procedure. To our 
knowledge, this is the first description of a physician-led 
bundle purchase program implemented for the delivery of 
stroke care.

Methods
After receiving IRB approval from the University at 

Buffalo, we retrospectively analyzed the clinical and ra-
diographic data of 45 consecutive patients undergoing me-

chanical thrombectomy for acute ischemic stroke at our 
institution in whom a stroke bundle was used to purchase 
mechanical thrombectomy devices between December 1, 
2018, and February 15, 2019. In the “bundle purchase pro-
gram,” there is a flat fee for the devices used to perform 
mechanical thrombectomy. Because the devices may be 
different depending on the thrombectomy strategy (e.g., 
stent retriever vs aspiration, radial vs femoral access), we 
developed several versions of the bundle (Table 1). The de-
vices used in the “bundle purchase program” included the 
Avigo 0.014-inch microwire (Medtronic), Phenom 0.027-
inch or Marksman 0.027-inch microcatheter (Medtronic), 
React 0.068-inch aspiration catheter (Medtronic), Cello 
8-Fr balloon guide catheter (Medtronic), and Solitaire re-
vascularization device (Medtronic).

We evaluated the charges associated with the devices 
used to perform mechanical thrombectomy. We then com-
pared the device-related costs of the procedure using the 
previous “à la carte charging” model (e.g., charging for 
each device individually) to the bundle cost to calculate a 
percentage of savings for each case.

Results
We identified 45 patients who underwent mechanical 

thrombectomy with devices included in the bundle pur-
chase program. The occlusions were located in the inter-
nal carotid artery (ICA; n = 8, 17.8%), M1 segment of the 
middle cerebral artery (MCA; n = 18, 40%), M2 MCA 
segment (n = 12, 26.7%), M4 MCA segment (n = 1, 2.2%), 
basilar artery (n = 4, 8.9%), and the P1–2 posterior cerebral 
artery junction (n = 2, 4.4%).

Using the stroke bundle, the average savings per case 
was $2900.93. Compared to the traditional model of 
charging for devices à la carte, this represented an average 
savings of 25.2% per case. The total amount of savings for 
these initial 45 cases was $130,542.00. In 11 cases, using 
the stroke bundle resulted in more than 40% savings per 
case. The devices used in these cases are listed in Table 2. 
In all but one of these cases, we used more than one of a 
given component of the bundle. Extra devices (i.e., more 
than one of a given device) were used in 19 cases (42.2%).

Thrombolysis in Cerebral Infarction (TICI) scale grade 
2b or 3 recanalization occurred in 38 patients (84.4%). 
There were two procedural complications: one patient ex-
perienced a minor subarachnoid hemorrhage (SAH) seen 
on a postprocedure CT scan of the head with no clini-
cal consequence, whereas the other patient experienced a 
perforation during an attempt to cross a hard, recalcitrant 

TABLE 1. Description of bundles

Bundle Description Device Components

A Aspiration Microwire, microcatheter, aspiration catheter, aspiration system (e.g., pump, tubing)
B Balloon-guide + aspiration Microwire, microcatheter, aspiration catheter, aspiration system (e.g., pump, tubing), balloon-guide catheter
C Stent retriever Microwire, microcatheter, stent retriever
D Stent retriever + aspiration Microwire, microcatheter, aspiration catheter, aspiration system (e.g., pump, tubing), stent retriever
E Stent retriever + aspiration + 

balloon-guide
Microwire, microcatheter, aspiration catheter, aspiration system (e.g., pump, tubing), balloon-guide catheter, 

stent retriever
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occlusion (during the fourth pass). This resulted in a type 
1 parenchymal hemorrhage8 that was managed conserva-
tively.

Discussion
In 2015, 5 prospective randomized trials that simulta-

neously demonstrated class I evidence emerged in support 
of the use of mechanical thrombectomy for the treatment 
of acute ischemic stroke in anterior circulation large-ves-
sel occlusion.3,6,10,11,19 These trials demonstrated statistical-
ly significant improvements in functional outcome among 
patients undergoing mechanical thrombectomy (primarily 
with stent retrievers) compared to those receiving medical 
therapy (intravenous tissue plasminogen activator) alone.

As with any new procedure utilizing new devices, me-
chanical thrombectomy can be costly. Kim et al. found 
that mechanical thrombectomy cost $10,840 more than 
medical therapy alone.12 When one considers that stroke 
affects approximately 800,000 individuals per year and 
approximately 33% may be eligible for mechanical throm-
bectomy,21 the annual incremental cost becomes exorbi-
tant. Despite these costs, mechanical thrombectomy has 
been shown in multiple recent analyses to be cost effec-
tive, primarily because of resultant reductions and related 
costs in long-term disability and need for rehabilitation 
at long-term care facilities.1,9,12,20 In the study by Kim et 
al., mechanical thrombectomy was found to have an in-
cremental cost-effectiveness ratio of $16,001 per quality-
adjusted life year and to be cost effective, provided that 
procedural and hospital costs remained under $47,600.12

With the ever-mounting rise in healthcare costs, reduc-
tion of healthcare expenditures and the concept of cost ef-
fectiveness are of increasing importance. To address these 
issues, CMS implemented bundled payments for reim-
bursement of certain medical conditions and procedures. 
This reimbursement model has been well established for 
hip and knee joint replacement. This program incentivizes 
quality and cost containment by “providing retrospective 
bonus payments that increase as hospitals exceed their 

quality and cost benchmarks.”16 Early data from this pro-
gram found that nearly 50% of participating hospitals re-
ceived bonus payments, with 92% of those achieving good 
or exceptional quality designations.16

DRG episode-based payment bundles are utilized in 
ischemic stroke to account for the acute hospitalization as-
sociated with the disease. However, the cost of stroke also 
includes not only the hospitalization but also the ambu-
lance and/or helicopter transport, emergency room visit, 
inpatient rehabilitation, and outpatient expenses. Dobbs 
found inpatient rehabilitation to be the greatest cost en-
countered during the treatment of a patient with ischemic 
stroke.7 As mentioned, mechanical thrombectomy has 
significantly decreased the degree of disability, thereby 
decreasing the time spent in inpatient rehabilitation, al-
beit at a cost. Although the costs associated with inpatient 
rehabilitation are complex and less tangible, those associ-
ated with mechanical thrombectomy represent an avenue 
to introduce additional savings into the treatment of acute 
ischemic stroke.

Drawing inspiration from an unlikely and ironic source, 
the fast food industry, we implemented a bundle purchase 
model for mechanical thrombectomy devices. Not unlike 
the industry’s “value meal” that contains several items at a 
lower cost than the sum of their individual costs, we creat-
ed stroke bundles in which the cost is for the entire bundle 
at a rate discounted from the sum of the individual compo-
nents. Just as there are multiple value meal options at fast 
food restaurants, there are multiple versions of the stroke 
bundle (Table 1), each with a variety of devices suited for 
different scenarios.

In implementing this concept, it is important to recog-
nize that the stroke bundle is not a physical entity. Rather, 
similar to the retrospective bonus payments provided by 
CMS for high quality, the stroke bundle is “virtual.” The 
devices are initially charged in the usual fashion, and a re-
bate is issued after retroactively adjusting for the bundled 
cost. When a given component of a bundle is not used, the 
price of that device is subtracted from the rebate and the 
amount is adjusted (Fig. 1).

TABLE 2. List of devices used in which the “purchase bundle program” resulted in more than 40% savings per case compared to the “à la 
carte” purchase model

Consecutive 
Case No. Devices Used

Cost of Extra 
Devices

% Savings  
per Case*

6 Microwire, microcatheter, aspiration system, stent retriever (×2) $6000 56.7
11 Microwire, microcatheter (×2), aspiration catheter, aspiration system, stent retriever (×2) $7200 48.1
15 Microwire (×3), microcatheter, aspiration system, stent retriever (×2) $6948 53.1
17 Microwire, microcatheter, aspiration system, stent retriever (×2) $6000 50.0
22 Microwire, microcatheter, aspiration catheter, aspiration system, stent retriever (×2) $6000 48.1
27 Microwire (×2), microcatheter, aspiration catheter, aspiration system, stent retriever $1200 44.4
31 Microwire (×2), microcatheter, aspiration catheter, aspiration system, stent retriever (×2) $7572 51.6
32 Microwire, microcatheter, aspiration catheter, aspiration system $0 47.2
35 Microwire, microcatheter, aspiration catheter, aspiration system, stent retriever (×2) $6000 48.1
38 Microwire, microcatheter, aspiration catheter, aspiration system, stent retriever (×2) $6000 48.5
45 Microcatheter, aspiration catheter, aspiration system, stent retriever (×2) $6000 46.6

* Percentage savings per case = (bundled cost/à la carte cost) × 100.
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Because this is a “virtual” and not a physical bundle 
(i.e., all the devices are not purchased together in a sin-
gle package), the physician is free to use appropriate de-
vices from multiple manufacturers and is not influenced 
or forced to purchase any devices that he or she does not 
want to use. For example, should we prefer to use a guide 
catheter that is outside the bundle, we are not prohibited 
from the savings afforded by the bundle program. Rather, 
we use whichever guide catheter we feel is best, and the 
remaining devices (e.g., aspiration catheter, microwire, 
microcatheter, and stent retriever) are bundled (bundle 
D in Table 1). Similarly, in certain situations (e.g., stroke 
treatment from a radial approach in which an aspiration 
catheter that is compatible with a 6-Fr guide catheter is 
required), we have used an aspiration catheter that is not 
within the bundle and the remaining devices (e.g., micro-
wire, microcatheter, and stent retriever) are bundled (bun-
dle C in Table 1). In this way, use of the “virtual” bundle 
does not prohibit physician choice. One example of this 
is a case in which the devices consisted of the aspiration 
catheter, the tubing and canister, 2 microcatheters, and 1 
stent retriever; the total cost of these devices if purchased 
individually would have been $11,398, but the bundled 
price was $8400, resulting in a savings of $2998.

The savings afforded by the stroke bundle are even 
greater if a physician neurointerventionist requires addi-
tional devices to complete the procedure. An example may 
be a neurointerventionist who considers opening a new 
retrievable stent because the device chosen initially may 
not be sized appropriately or is performing suboptimally. 
Another example may be a physician neurointervention-
ist questioning whether he or she should open a new mi-
crowire to replace a bent or fatigued wire. The ability to 
choose another device (“all you can eat” in the fast food 
model) without incurring additional costs removes finan-
cial constraints and utilization pressures, allowing the use 
of multiple devices as needed to provide the best patient 
care. One example of this is a case in which we encoun-
tered a calcified, recalcitrant thrombus requiring 5 pass-
es. In this case, we used 3 microwires, 1 microcatheter, 

the tubing and canister, and 2 stent retrievers; the cost of 
these devices if purchased individually would have been 
$15,146, but the bundled price was $7100, resulting in a 
savings of $8046.

Utilization of the stroke bundle has not had any adverse 
clinical consequences. Our rate of adequate recanaliza-
tion (TICI grade 2b or 3) was 84.4% and compares fa-
vorably to that reported in the literature. In patients un-
dergoing mechanical thrombectomy, TICI grade 2b or 3 
recanalization was achieved in 58.7% in the MR CLEAN 
trial,3 in 86% in the EXTEND-IA trial,6 and in 88% in 
the SWIFT PRIME trial.19 We experienced no device fail-
ures. In 19 cases (42.2%), we utilized more than one of a 
particular device. The average savings per case in these 
instances was 25.2%, i.e., the use of additional devices did 
not negatively affect the savings per case. Over the initial 
2.5 months of adoption of this program at our institution, 
we have saved more than $125,000. Extrapolated over the 
year, this would result in an annual savings exceeding 
$600,000.

We experienced two procedure-related complications. 
Although one of them is not an uncommon occurrence af-
ter mechanical thrombectomy (i.e., minor SAH in the re-
vascularized territory), the other was a perforation result-
ing in a type 1 parenchymal hemorrhage. This patient had 
a recalcitrant occlusion of the left superior MCA trunk. 
Three passes had been performed with a retrievable stent. 
Because of the patient’s neurological deficit (NIH Stroke 
Scale score of 15), we prepared to perform angioplasty. We 
experienced significant difficulty crossing the clot, and a 
contrast injection performed after crossing demonstrated 
extravasation. We hypothesize that a wire perforation oc-
curred during our attempt to cross this recalcitrant lesion. 
It should be noted that we had chosen to use a different 
microwire (one outside the bundle) due to the more distal 
location and firm nature of the occlusion.

The guide catheter that was included in the bundle was 
not used in any of the cases reported here. Our preference 
is to use navigable guide catheters that can be advanced 
into the distal cervical or proximal intracranial ICA rather 

FIG. 1. Case example of bundle purchase model. In this case, the microwire, microcatheter, aspiration system, and retrievable 
stent bundle components were used. We used another aspiration catheter, which was not included in the bundle. Therefore, the 
rebate was calculated by subtracting the cost of the aspiration catheter. Despite removing this component, a savings of 50% 
compared to the à la carte pricing was realized. Figure is available in color online only.
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than balloon-guide catheters, which are the guide cath-
eters that are included in the bundle. It is our feeling that 
other guide catheters, outside of the bundle, are superior 
to the one within it. Nevertheless, the bundle afforded sav-
ings. Furthermore, this highlights that the stroke bundle 
does not restrict the physician neurointerventionist in his 
or her choice of device.

Limitations
Our study has several limitations. The data represent 

a retrospective review of thrombectomies performed at 
our institute over a short period of time. Therefore, we 
are unable to analyze the long-term impact of the bundle 
purchase program; any inferences about the long-term ef-
fectiveness of this program are based on projections from 
our initial experience. Additionally, at our institute, we 
perform approximately 200 thrombectomies annually. 
This is indicative of a high-volume thrombectomy center, 
which may have afforded us a relatively unique ability to 
negotiate bundle pricing.

The cost of health care delivery is affected by innumer-
able factors, with entire fields and advanced degrees (e.g., 
health care administration, Master of Business Admin-
istration) devoted to their study. Therefore, it is possible 
that the savings afforded by the bundle purchase program 
described here may be negated by other increases in cost. 
An analysis of the interplay between the multitude of fac-
tors that affect the cost of health care delivery is outside 
the scope of this paper. Rather, here we aimed to propose 
a relatively simple means by which physicians can make 
a meaningful difference in the overall cost of stroke care 
delivery. The devices used in mechanical thrombectomy 
are familiar to all who perform the procedure, making 
this a tangible and seemingly natural avenue through 
which any and every neurointerventionist can easily be 
involved. Furthermore, as a physician-led effort, quality 
delivery of care (predicated on the necessary devices) can 
be preserved and the use of suboptimal devices suggested 
by nonpractitioners in the interest of cost-reduction can be 
avoided.

Conclusions
Although the concept of the “extra value meal” started 

with a single McDonald’s franchise in the early 1990s, it is 
now a staple across the fast food industry. Similarly, while 
bundled reimbursement was applied initially to only a few 
select procedures, it is now being expanded. As our expe-
rience with bundled device purchasing grows and the re-
sultant cost savings are realized, we anticipate that wide-
spread implementation of such a program will improve 
the risk-sharing balance so that device companies share a 
greater amount of the cost of acute stroke care. On a final 
note, it is imperative that clinicians share the responsibil-
ity to control health care expenditures, while continuing to 
raise the quality of care for all patients.

Key Points
1. Stroke is a leading cause of adult morbidity and mor-

tality.

2. The incremental cost of mechanical thrombectomy is 
$10,840 compared to medical therapy alone. However, 
its improvement in functional outcome and avoidance 
of disability makes it a cost-effective procedure.

3. For mechanical thrombectomy, purchasing devices 
through a virtual bundled model resulted in a signifi-
cant hospital cost savings compared to the traditional 
model of à la carte device purchasing.

4. Adoption of bundled purchasing may improve the risk-
sharing balance so that device companies share an 
increased portion of the cost of acute stroke care.

5. To our knowledge, this is the first bundled purchase 
program applied to mechanical thrombectomy.
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