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Background: Real-world data regarding the impact 
of onabotulinumtoxinA on healthcare resource utili-
zation and costs for post-stroke spasticity are scarce.
Objective: To compare differences in 12-month 
healthcare resource utilization and costs before 
and after post-stroke spasticity management 
including onabotulinumtoxinA.
Methods: This retrospective claims analysis of 
IBM MarketScan Commercial and Medicare Supp-
lemental databases included adults with ≥ 1 ona-
botulinumtoxinA claim for post-stroke spasticity 
(1 January 2010 to 30 June 2018) and continuous 
enrolment for ≥ 12 months pre- and post-index 
(first onabotulinumtoxinA claim date). All-cause 
and spasticity-related healthcare resource utiliza-
tion and costs were compared 12 months pre- and 
post-index (McNemar’s χ2 test or paired t-test). A 
subgroup analysis assessed effect of stroke-to-
index interval on costs.
Results: Among 735 patients, mean (standard 
deviation) stroke-date-to-index-date interval 
was 284.5 (198.8) days. Decreases were obser-
ved post-index for mean all-cause outpatient 
(62.9 vs 60.5; p ≤ 0.05) and emergency depart-
ment visits (1.1 vs 0.8; p ≤ 0.0001), and hospital 
admissions (1.5 vs 0.4; p ≤ 0.0001). Increase in 
prescription fills (43.0 vs 53.7) was seen post-
index. Post-index decreases in all-cause (–66%) 
and spasticity-related (–51%) costs were driven 
by reduced inpatient care costs. Findings were 
consistent regardless of stroke-date-to-index-
date interval.
Conclusion: Significant reductions in healthcare 
resource utilization and costs were observed after 
1 year of post-stroke spasticity management inclu-
ding onabotulinumtoxinA. Long-term studies are 
needed to establish causality. 
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LAY ABSTRACT
Post-stroke spasticity is debilitating and can potenti-
ally increase healthcare costs. OnabotulinumtoxinA is 
approved to treat spasticity; however, little is known 
about its effect on costs for real-world stroke patients 
in the USA. This study compared differences in use 
of healthcare resources and costs 12 months before 
and after treatment including onabotulinumtoxinA for 
post-stroke spasticity. Adults with at least 1 claim for 
onabotulinumtoxinA for post-stroke spasticity bet-
ween 1 January 2010 and 30 June 2018 in the IBM  
MarketScan Commercial and Medicare Supplemental 
databases were included. Among 735 patients, mean 
time from stroke to starting onabotulinumtoxinA was 
284.5 days. Compared with before starting onabotu-
linumtoxinA, outpatient and emergency department 
visits and hospital admissions per patient decreased 
after starting onabotulinumtoxinA. Overall costs  
decreased by 66% and spasticity-related costs by 
51%. Cost reductions were observed regardless of the 
time between stroke and starting onabotulinumtoxinA. 
Long-term studies are needed to determine whether 
these reductions were caused by onabotulinumtoxinA 
treatment.

Key words: botulinum toxins, type A; cost analysis; health 
resources; muscle spasticity; stroke.
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Post-stroke spasticity (PSS) is a debilitating con-
dition characterized by intermittent or sustained 

involuntary muscle activation resulting from a central 
sensorimotor network lesion in the brain or spinal cord 
(1, 2). Spasticity occurs in approximately 20–40% 
of patients in the first 6 months to 1 year following a 
stroke (3–8), and 2–13% of patients develop disabling 
spasticity (9). For a patient in the chronic phase of 
stroke recovery, the presence of spasticity represents 
a barrier to positive outcomes from subacute stroke 
rehabilitation and is associated with a negative impact 
on quality of life (2, 8). Following discharge from 
hospital after a stroke, patients with spasticity have 
longer stays in the inpatient rehabilitation clinic than 
patients without spasticity; in 1 prospective study, 
53.2% of patients with spasticity had an inpatient stay 
longer than 5 weeks compared with 35.8% of patients 
without spasticity (3). 

Overall, the economic burden of stroke care is high, 
particularly in patients with a greater level of functional 
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impairment and during the first 1–3 months following 
a stroke (10–12). Healthcare costs are 2–4 times hig-
her for stroke survivors with spasticity than for those 
without spasticity (13, 14). PSS is also associated with 
symptoms such as pain, contractures, immobiliza-
tion in abnormal limb postures, and development of 
pressure sores (2, 4, 15). Furthermore, PSS increases 
caregiver burden, productivity loss, and indirect costs 
associated with caring for patients with spasticity (16).

Botulinum toxins type A (BoNT/A), including ona-
botulinumtoxinA, are indicated for the treatment of 
upper- and lower-limb spasticity based on randomized 
controlled clinical trials that demonstrated reductions 
in predetermined disability parameters, including pain, 
and reductions in caregiver burden (17–22). In the 
observational, real-world Adult Spasticity International 
Registry (ASPIRE) study, onabotulinumtoxinA treat-
ment for PSS demonstrated high patient and clinician 
satisfaction with treatment efficacy (23). Onabotuli-
numtoxinA treatment also helped patients participate 
in therapy/exercise, reduced Disability Assessment 
Scale scores (dressing, hygiene, limb posture, pain), 
and reduced patient-reported spasticity-related pain 
(23). Studies have suggested that BoNT/A treatment is 
cost-effective and reduces disease burden, as evidenced 
by increased quality-adjusted life years, in patients 
with PSS (24, 25). However, there is a paucity of infor-
mation regarding the impact of onabotulinumtoxinA 
treatment on healthcare resource utilization (HRU) and 
costs for patients with PSS.

The primary objective of this retrospective claims 
data analysis was to assess the impact of comprehen-
sive spasticity management including onabotulinum-
toxinA treatment on HRU and costs among patients 
diagnosed with PSS by comparing differences in 
12-month HRU and costs before vs after initiation of 
onabotulinumtoxinA treatment.

METHODS

Study design

The study design was a retrospective analysis of 
claims data from the IBM MarketScan Commercial 
and Medicare Supplemental databases (2009–2019). 
The IBM MarketScan Commercial database consists 
of health insurance claims for inpatient, outpatient, and 
outpatient pharmacy visits and enrolment data from 
employers and health plans across the USA, whereas 
the Medicare Supplemental database includes enrol-
ment records and claims data for inpatient, outpatient, 
ancillary, and drug claims for retirees in the USA with 
Medicare supplemental insurance. These databases 
comprise integrated, patient-level health records that 

provide a comprehensive view of HRU and costs, with 
de-identified records of more than 270 million indivi-
dual patients linked via unique identifiers to provide 
robust, longitudinal data, which are geographically 
representative of the US population (26).

Patients were identified using International Classi-
fication of Diseases, Ninth Revision, Clinical Modi-
fication (ICD-9-CM), and Tenth Revision, Clinical 
Modification (ICD-10-CM), and procedure codes 
(Table SI). The first onabotulinumtoxinA claim for 
PSS identified in the study period was assigned as the 
index date. HRU and costs were compared between 
the 12-month pre- and post-index periods.

Patient records were de-identified in agreement with 
US guidelines for patient confidentiality, including 
the 1996 Health Insurance Portability and Accounta-
bility Act, as certified by an independent third party. 
This study did not require institutional review board 
approval because only de-identified patient records 
were used and no individually identifiable data were 
collected, used, or transmitted.

Patient selection

Eligible patients were adults ≥ 18 years with ≥ 1 ona-
botulinumtoxinA claim for PSS between 1 January 
2010, and 30 June 2018, and continuous enrolment 
for ≥ 12 months before and after the index date. Key 
exclusion criteria were spasticity unrelated to stroke; 
any use of onabotulinumtoxinA prior to index date; 
use of other toxins at any time during the study period; 
documented evidence of contracture within 12 months 
prior to index date; and acute stroke within 12 months 
following the index date.

Study outcomes

All-cause and spasticity-related HRU were asses-
sed 12 months before and after index treatment with 
onabotulinumtoxinA and included outpatient visits, 
emergency department (ED) visits, hospitalizations, 
and prescriptions. All-cause and spasticity-related 
costs were evaluated 12 months before and after index 
treatment with onabotulinumtoxinA and included costs 
overall and by category (i.e. outpatient, ED, inpatient, 
and pharmacy). Spasticity-related costs were determi-
ned using inpatient stay records that included any of 
the ICD-10-CM codes noted in Table SI as the primary 
diagnosis. Service codes for other outpatient claims 
(occupational therapy and physical therapy) are shown 
in Table SII. Because stroke itself can be a high-cost 
event and may overwhelm any meaningful differences 
in HRU and costs, a sensitivity analysis was conducted 
to evaluate all-cause and spasticity-related costs for 
subgroups stratified by time between index date and 
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the most recent stroke diagnosis (≤ 180 vs > 180 days 
and ≤ 365 vs > 365 days).

Statistical analysis

HRU was determined by counting claims that occur-
red within the 12-month pre- and post-index period 
for inpatient admissions, outpatient visits, ED visits, 
and prescriptions filled. For HRU, number of visits/
admissions per patient, visits/admissions per patient 
with at least one visit/admission, number of prescrip-
tions filled per patient, and numbers of prescriptions 
filled per patient with at least one prescription fill 
were summarized via continuous statistics including 
mean, standard deviation (SD), median, and interqu-
artile range (IQR). HRU counts were also summarized 
categorically by visit/admission as patients with ≥ 1 
utilized, ≥ 2 utilized, and ≥ 3 utilized. Unadjusted costs 
were calculated for the 12 months pre- and post-index 
date including means (SD) and first and third quartiles 
across mutually exclusive categories. Mean costs per 
patient were reported for the following categories: 
outpatient visits, ED visits, inpatient admissions, and 
prescriptions filled, as well as a total cost calculated 
by summing all these categories. HRU and costs were 
then compared between the pre-and post-index periods 
within the onabotulinumtoxinA-treated cohort. The 
significance of observed differences in HRU and cost 
outcomes measured continuously were measured using 
the paired t-test (mean) and Wilcoxon signed rank test 
(median). Pre- and post-index period comparisons 
were analysed using McNemar’s χ2 test (categorical 
variables) and the paired t-test (continuous variables).

RESULTS

Cohort attrition and baseline characteristics

Of 352,064 patients identified with an initial spasticity 
diagnosis between 1 January 2010 and 30 June 2018, 
2,696 patients also received onabotulinumtoxinA for 
PSS during this period, and a total of 735 patients 
met all eligibility requirements and were included in 
this analysis. Cohort attrition is shown in Table SIII. 
More than half (54%) of the patients were male, with 
a mean age at index date of 60.7 years, and 65% were 
enrolled in a commercial insurance plan (vs 35% in 
Medicare) (Table I). The most common comorbidities 
were cerebrovascular disease, hemiplegia, diabetes 
without chronic complication, and peripheral vascular 
disease (Table I).

Mean (SD) time from stroke to initial spasticity 
diagnosis was 27.1 (85.9) days, and mean (SD) time 
from stroke diagnosis to index date was 284.5 (198.8) 

days. A total of 542 patients had a confirmed diagnosis 
of stroke prior to the index date and were included in 
the sensitivity analysis; of these patients, the majority 
had been diagnosed with stroke more than 6 months  
(67%; n = 361) but less than 1 year (77%; n = 420) 
before the index date (Table I).

Healthcare resource utilization outcomes

Overall, utilization of all-cause outpatient services 
was similar in the pre- and post-index periods (mean 
(SD) 62.9 (42.9) and 60.5 (46.9) visits, respectively; 
p = 0.16) (Fig. 1). Significant reductions were obser-
ved in the use of outpatient primary care and other 
specialists (p ≤ 0.05) in the post-index period, whereas 
there were significant increases in outpatient visits to a 
neurologist and for physical medicine and occupational 
therapy (p ≤ 0.05) (Fig. 1). Overall spasticity-related 
outpatient visits increased in the post-index period 
(mean (SD) 15.7 (23.8) and 18.9 (26.0) visits per pa-
tient in the pre- and post-index periods, respectively, 
p ≤ 0.05), with significant increases observed for neu-
rologist, physical medicine, and occupational therapy 
visits (Fig. 1).

Table I. Patient demographics and baseline characteristics

Baseline characteristics
OnabotulinumtoxinA 
(N = 735)

Male, n (%) 394 (54)
Age at index date, mean (SD) 60.7 (13.9)
Insurance type, n (%)
 Commercial 479 (65.2)
 Medicare 256 (34.8)
Patients with stroke diagnosis prior to first 
onabotulinumtoxinA claima (index date), n (%)

542 (73.7)

 ≤ 180 days 181 (33.4)
 > 180 days 361 (66.6)
 ≤ 365 days 420 (77.5)
 > 365 days 122 (22.5)
Charlson comorbidities within 12 months of index 
date, n (%)
 Cerebrovascular diseaseb 735 (100)
 Hemiplegiab 694 (94.4)
 Diabetes without chronic complication 214 (29.1)
 Peripheral vascular disease 176 (23.9)
 Chronic pulmonary disease 139 (18.9)
 Congestive heart failure 128 (17.4)
 Diabetes with chronic complication 65 (8.8)
 Any malignancy 65 (8.8)
 Renal disease 61 (8.3)
 Myocardial infarction 60 (8.2)
 Mild liver disease 32 (4.4)
 Dementia 31 (4.2)
 Peptic ulcer disease 16 (2.2)
 Rheumatic disease 11 (1.5)
 Metastatic solid tumour 9 (1.2)
 Moderate or severe liver disease 3 (0.4)
 AIDS/HIV 1 (0.1)

aFor the remainder of patients (26%), it was not possible to confirm stroke 
diagnosis based on medical history despite diagnosis of post-stroke spasticity 
and, therefore, they were omitted from sensitivity analysis. bThese components 
of the Charlson Comorbidity Index were also represented among the International 
Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) 
Codes for inclusion in this study.
SD: standard deviation.
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ED visits and hospital admissions 12 months before 
and after the first onabotulinumtoxinA treatment claim 
are shown in Fig. 2. Mean (SD) frequency of all-cause 
visits to the ED (1.1 (1.6) vs 0.8 (1.4); p ≤ 0.0001) and 
hospital admissions (1.5 (1.5) vs 0.4 (0.8); p ≤ 0.0001) 
per patient decreased significantly in the post-index vs 
the pre-index period. Significantly fewer patients had 
spasticity-related hospitalizations in the post-index 
period than in the pre-index period (Fig. 2).

Mean (SD) frequency of all-cause pharmacy fills 
was 43.0 (30.0) pre-index and 53.7 (39.7) post-index. 
There was a mean (SD) of 7.1 (8.2) spasticity-related 
pharmacy fills in the pre-index period and 10.1 (11.2) 
in the post-index period (p ≤ 0.05).

Cost outcomes

Compared with the 12 months before index onabotu-
linumtoxinA treatment, there was a 66% decrease in 
total all-cause costs (pre-index: United States dollars 
($)140,947; post-index: $48,553; p < 0.001) and a 51% 
decrease in total spasticity-related costs (pre-index: 
$33,387; post-index: $16,198; p < 0.001) observed in 
the post-index period, driven largely by a reduction in 
inpatient costs (Fig. 3). Increases in outpatient physician 
costs and pharmacy costs in the post-index period were 
offset by the decrease in inpatient costs (Fig. 3).

In the sensitivity analysis that evaluated 
change in 12-month costs before and after 
onabotulinumtoxinA treatment based on 
length of time from stroke diagnosis, 
there was a reduction in all-cause and 
spasticity-related costs in the post-index 
period for nearly all time-from-stroke-to-
treatment subgroups (p < 0.0001) (Fig. 4). 
These cost savings were maintained even 
in the subgroup of patients whose index 
date was most distant from the stroke 
event (> 365 days; p < 0.0001), although 
the magnitude of the reduction in costs 
was lessened further away from the stroke 
diagnosis (Fig. 4).

DISCUSSION

There is a high economic burden associa-
ted with stroke care (10–12), and health-
care costs are increased substantially for 
PSS (13, 14). BoNT/A (including onabo-
tulinumtoxinA) is an effective treatment 
for PSS (19, 22, 23), and prior studies 
have assessed its cost-effectiveness for 
treating this condition (24, 25). However, 
there is currently little information about 

Fig. 1. Mean numbers of (A) all-cause and (B) spasticity-related outpatient visits during 
the 12 months before and after onabotulinumtoxinA treatment, overall and by outpatient 
visit type. SD: standard deviation. p-values were determined by using the paired t-test. 
p-values ≤ 0.05 were significant.

Fig. 2. Proportions of patients with ≥ 1, ≥ 2, or ≥ 3 (A) all-cause and (B) 
spasticity-related emergency department visits or hospital admissions 
during the 12 months before and after onabotulinumtoxinA treatment 
for post-stroke spasticity.
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the impact of onabotulinumtoxinA treatment for PSS 
on overall HRU and costs for patients with stroke in 
real-world settings. In this analysis of data from a US 
claims database, we assessed HRU and costs before 
and after initiation of comprehensive spasticity ma-
nagement including onabotulinumtoxinA in patients 
with PSS. A strength of this analysis is the use of an 
administrative claims database allowing access to 
HRU and cost data from a large number of patients in 
a real-world setting across the USA.

There were significant reductions in all-cause ED 
visits and hospitalizations in the 12 months following 
treatment with onabotulinumtoxinA for PSS vs the 
12-month pre-index period, as well as significant 
reductions in PSS-related hospital admissions. Over-
all, utilization of all-cause outpatient services was 
similar in the pre- and post-index periods, but there 

was variability by type. Significant increases in visits 
to neurologists, physical medicine specialists, and 
occupational therapists were observed, but significant 
reductions in primary care and other specialist visits 
were also observed. Total all-cause and spasticity-
related costs decreased in the post-index period, driven 
largely by reductions in costs for inpatient care. Costs 
were reduced in the post-index period irrespective 
of length of time from stroke diagnosis (onabotuli-
numtoxinA treatment initiation within or after 180 
days following stroke and within or after 365 days 
following stroke).

The increases in certain types of outpatient visits 
(i.e. neurologist, physical medicine specialist, occu-
pational therapist) and pharmacy costs are consistent 
with patients initiating BoNT/A treatment for PSS 
and indicate that patients are receiving increased care 

Fig. 3. (A) Total all-cause and (B) spasticity-
related costs during the 12 months before 
and after onabotulinumtoxinA treatment, 
overall and by cost category. SD: standard 
deviation. Codes for other outpatient 
claims (outpatient claims and physical 
therapy claims) are described in Table SII.

Fig. 4. Change in 12-month costs before 
and after onabotulinumtoxinA treatment 
based on length of time from stroke 
diagnosis. p-values < 0.0001 were 
significant for difference in costs before and 
after treatment with onabotulinumtoxinA.
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related to this medical issue. In patients who received 
onabotulinumtoxinA treatment, these increases were 
more than offset by the observed decreases in other 
categories of HRU and costs, as indicated by the overall 
decreases in total all-cause and spasticity-related costs. 

These findings are consistent with prior resource use 
and cost-effectiveness modelling studies of BoNT/A 
treatment vs usual care (routine physical/occupational 
therapy) or oral therapy (24, 25). In 2005, Ward et al. 
(25) developed a decision-tree model to analyse data 
from a Delphi panel survey involving 15 UK clinicians 
and patients with flexed-wrist/clenched-fist spasticity. 
Notwithstanding the bias inherent in relying on expert 
opinion for outcome assessment, treatment with 
BoNT/A as first- or second-line therapy was 1.8–1.2 
times more cost-effective than oral therapy in terms of 
number of successfully treated months per year (i.e. 
months in which benefit was sufficient to continue 
treatment) (25). Fewer nurse hours, but more phy-
siotherapist hours, were required for patients receiving 
BoNT/A than for those receiving oral therapy (25).

In 2013, Doan et al. (24) developed a simulation 
model based on clinical trial data to compare the cost 
of usual care plus onabotulinumtoxinA with usual 
care alone for the treatment of upper-limb PSS. Alt-
hough usual care plus onabotulinumtoxinA treatment 
increased direct medical costs compared with usual 
care alone, the combination therapy was associated 
with reduced patient disability, increased quality-
adjusted life-years, and reduced caregiver burden, and 
was considered cost-effective in this patient popula-
tion (24).

Claims database analyses ensure the benefit of large, 
diverse sample sizes with longitudinal follow-up and 
lack of selection bias; however, certain limitations 
should be considered when interpreting the results of 
this study, owing to the type of data available. One 
limitation of the current analysis is the potential bias 
associated with the small cohort of 735 patients who 
received onabotulinumtoxinA for PSS and met all 
inclusion criteria. There are healthcare access issues 
at play in this regard, as there is a variable level of 
comfort with using toxins as a treatment for PSS 
across patients and healthcare providers. We chose to 
limit the attrition to patients with 12 months of con-
tinuous enrolment before and after initial spasticity 
diagnosis to check for use of onabotulinumtoxinA in 
the 12 months before spasticity diagnosis. This was 
to identify true new starts to onabotulinumtoxinA. 
A significant number of patients received onabotuli-
numtoxinA within 12 months of stroke diagnosis, and 
this contributed to the high pre-period costs. Spasticity-
related costs would not be impacted by HRU and cost 
of the stroke event itself. Nevertheless, the lack of a 
random study sample and requirement for included 

patients to have continuous plan enrolment may limit 
the generalizability of the study findings. Furthermore, 
because claims data do not include key confounding 
information about stroke and spasticity severity, we 
were unable to develop and compare outcomes to an 
appropriately matched cohort of patients not receiving 
onabotulinumtoxinA treatment, given that patients not 
receiving onabotulinumtoxinA treatment are likely to 
have less severe spasticity. Consequently, it is difficult 
to isolate the contribution of onabotulinumtoxinA tre-
atment to the overall cost of care for these patients. In 
addition, the current cost analysis does not take into 
account the potential for other benefits of effective 
treatment for PSS, including gains in patient quality 
of life and functioning and decreases in caregiver bur-
den, which also can have important indirect economic 
consequences (16).

In conclusion, all-cause and spasticity-related HRU 
and costs decreased significantly in the 12 months fol-
lowing initiation of spasticity management including 
onabotulinumtoxinA treatment, suggesting that ona-
botulinumtoxinA may help to alleviate the economic 
burden associated with PSS, although this study did not 
demonstrate causality between onabotulinumtoxinA 
treatment and HRU and cost reductions. In the sensi-
tivity analysis, cost savings in the post-index period 
relative to the pre-index period were largely maintained 
irrespective of time between stroke and initiation of 
onabotulinumtoxinA. The data presented reflect HRU 
in the USA, and similar data have been used in other 
countries to support the value of onabotulinumtoxinA 
treatment in the management of spasticity (24, 25). 
Further long-term controlled studies would be needed 
to establish a causative role for onabotulinumtoxinA 
treatment in the declining HRU and costs associated 
with PSS observed in this retrospective claims data-
base analysis.
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