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Outpatient Rehabilitation for Medicaid-
Insured Children Hospitalized 
With Traumatic Brain Injury
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abstractOBJECTIVES: To describe the prevalence of postdischarge outpatient rehabilitation among 

Medicaid-insured children hospitalized with a traumatic brain injury (TBI) and to identify 

factors associated with receipt of services.

METHODS: Retrospective cohort of children <21 years, hospitalized for a TBI between 2007 

and 2012, from a national Medicaid claims database. Outcome measures were receipt of 

outpatient rehabilitation (physical, occupational, or speech therapies or physician visits 

to a rehabilitation provider) 1 and 3 years after discharge. Multivariable regression 

analyses determined the association of demographic variables, injury severity, and receipt 

of inpatient services with receipt of outpatient rehabilitation at 1 and 3 years. The mean 

number of services was compared between racial/ethnic groups.

RESULTS: Among 9361 children, only 29% received any type of outpatient rehabilitation 

therapy during the first year after injury, although 62% sustained a moderate to severe TBI. 

The proportion of children receiving outpatient therapies declined to 12% in the second 

and third years. The most important predictor of receipt of outpatient rehabilitation was 

receipt of inpatient therapies or consultation with a rehabilitation physician during acute 

care. Compared with children of other racial/ethnic groups, Hispanic children had lower 

rates of receipt of outpatient speech therapy.

CONCLUSIONS: Hospitalized children who received inpatient assessment of rehabilitation needs 

were more likely to continue outpatient rehabilitation care. Hispanic children with TBI 

were less likely than non-Hispanics to receive speech therapy. Interventions to increase 

inpatient rehabilitation during acute care might increase outpatient rehabilitation and 

improve outcomes for all children.
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WHAT’S KNOWN ON THIS SUBJECT: Previous studies 

report lower access and less continuity of outpatient 

care among low-income children. No studies have 

examined receipt of outpatient rehabilitation services, 

or factors associated with receipt of such services, 

after traumatic brain injury for children insured by 

Medicaid.

WHAT THIS STUDY ADDS: Few children on Medicaid 

received outpatient rehabilitation during the fi rst year 

after discharge for traumatic brain injury. The best 

predictor of receipt of outpatient rehabilitation was 

receipt of inpatient therapies during hospitalization. 

Compared with other races/ethnicities, Hispanic 

children received outpatient speech therapy less often.
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Traumatic brain injury (TBI) is the 

leading cause of long-term disability 

in children.1 Comprehensive 

postacute cognitive and physical 

rehabilitation improves functioning 

after TBI2–4 and is effective even 

among children with severe 

injuries.5 However, discharge 

decisions after a hospitalization for 

a TBI and referral to a rehabilitation 

unit or skilled nursing home are 

complex and influenced by multiple 

factors. Although the child’s 

overall physical condition and 

readiness to follow a comprehensive 

rehabilitation plan play a major 

role, unique family circumstances 

and preferences, and administrative 

factors related to insurance policies, 

affect and further complicate clinical 

decisions at the time of discharge. 

Yet there are no clear guidelines for 

the implementation of rehabilitation 

after TBI. Only 4% of US children 

hospitalized for TBI are discharged 

to an inpatient rehabilitation 

facility for postacute treatment.6 

The initiation and provision of 

rehabilitation therapies during 

acute hospitalization also vary 

considerably.7 In a national data 

set of US pediatric hospitals, only 

41% of children with severe TBI 

received inpatient physical therapy 

(PT) or occupational therapy (OT), 

and only 26% received speech 

therapy (ST).7 As a result, for most 

patients, TBI rehabilitation only 

begins in the outpatient setting, 

where continuity of care depends 

on insurance coverage and the 

caregiver’s ability to schedule and 

coordinate therapies. These factors 

can result in delay or nonreceipt of 

rehabilitation.

Children of low socioeconomic 

status are disproportionally affected 

by TBI.8–10 They are more likely 

to sustain severe and intentional 

injuries8, 9 and to live in families 

with additional risk factors, such as 

inadequate social support, 8, 9 low 

insurance rates, and limited 

access to health care.11 All of these 

factors are associated with worse 

outcomes after TBI.12–16 Although 

the adoption of the Affordable Care 

Act (ACA) increased health care 

coverage for children and benefited 

low income children and their 

families, 17 patients on Medicaid still 

face continuing gaps in care18, 19 

and difficulties in accessing primary 

care providers.20 Limited data are 

available on receipt of outpatient 

rehabilitation among low income 

children on Medicaid. The current 

study aims to: (1) describe the 

prevalence of postdischarge 

outpatient rehabilitation in a cohort 

of Medicaid insured children who 

were hospitalized with a TBI; (2) 

identify factors associated with 

receipt of outpatient rehabilitation 

services; and (3) evaluate if receipt 

of such services differed by race 

or ethnicity. We hypothesized that 

among this cohort of Medicaid-

insured children with TBI, overall 

receipt of postdischarge outpatient 

rehabilitation would be low and that 

there would be differences in receipt 

of such services by age, severity of 

injury, and race and ethnicity.

METHODS

This study is an analysis of a 

national data set of Medicaid claims, 

the Medicaid MarketScan database, 

which consists of individual-level 

inpatient and outpatient medical 

claims that can be tracked over time. 

It contains patient demographic 

information and dates of Medicaid 

enrollment; each claim provides 

information on the date, place, 

and type of medical service as 

well as the associated diagnosis. 

Our study used deidentified data 

provided by 14 different states 

between 2007 and 2012. Although 

the number of contributing states 

varied over the years, 4 states 

continuously provided data during 

this period, representing 60% of 

the total sample. Because all data 

were deidentified, including the 

names of the states, the study was 

considered exempt by the University 

of Washington institutional review 

board.

Study participants were patients 

0 to 20 years old enrolled in 

Medicaid who were hospitalized for 

acute treatment of a TBI between 

2007 and 2012 and who survived 

until discharge. Each participant 

was followed for a minimum of 

12 months and a maximum of 36 

months after discharge to determine 

receipt of outpatient rehabilitation 

services. Patients with intermittent 

Medicaid enrollment during the 

study period were included in 

analyses, but they contributed 

study data only during periods of 

enrollment. The cohort was not 

restricted to continuous enrollment 

because intermittent enrollment 

varies by state, given variability 

in reenrollment policies.18, 19 

Accordingly, we performed a 

sensitivity analysis to examine the 

potential effects of discontinuous 

versus continuous enrollment 

during the study period.

TBI was defined by using inpatient 

International Classification of 
Diseases, Ninth Revision (ICD-9) 

codes 800.0–801.99, 803.0–804.99, 

and 850.0–854.19. To identify 

the index TBI hospital admission, 

all hospital claims with a TBI 

diagnosis were identified. 

For patients with multiple 

hospitalizations, only the first 

claim was considered. Patients 

were excluded if, during the 30 days 

before the index admission, they 

had claims for PT, OT, or ST or 

claims for rehabilitation physician 

visits.

Defi nition of Outpatient 
Rehabilitation Services

The primary study outcome was 

receipt of outpatient rehabilitation 

services (yes/no), including PT, OT, 

ST, and follow-up by rehabilitation 

physicians. Receipt of these services 
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was identified on the basis of provider 

or service claims, as coded in the 

data by provider type, service type, 

and revenue codes. Because a single 

rehabilitation service can be recorded 

more than once under provider and 

service claims, we initially identified 

all provider and service claims and 

subsequently used only 1 claim 

(provider or service) per type of 

therapy per day. In this way, we 

avoided counting the same therapy 

more than once, while maximizing our 

ability to identify services.

Defi nition of Covariates

Age in years (0–4, 5–9, 10–14, and 

15–20) was used as a categorical 

variable. Race/ethnicity was used 

as provided by MarketScan: non-

Hispanic white (NHW), non-Hispanic 

black (NHB), Hispanic, and Other. 

Severity of injury was measured by 

using Abbreviated Injury Scale (AIS) 

scores, calculated with the Stata-ICD9 

Program for Injury Categorization 

(Stata Corp, College Station, TX).21 

AIS scores describe 6 levels of injury 

severity: (1) minor, (2) moderate, (3) 

serious, (4) critical, (5) severe, and 

(6) unsurvivable. Table 1 presents 

the distribution of patients in each 

of these categories. For analyses, AIS 

scores of 1 and 2 were aggregated 

into a single category, as were 

scores 4 and 5. No patient had a 

score of 6 because the sample was 

restricted to children who survived 

until discharge. Medicaid plans 

were dichotomized as either fee-

for-service or capitated (including 

health maintenance organizations 

that are fully capitated and preferred 

3

TABLE 1  Demographic and Clinical Characteristics of Children Hospitalized With TBI

Total Any Outpatient 

Rehabilitationa

No Outpatient 

Rehabilitationa

Crude RR (95% CI)b

Patient characteristics N = 9361 N = 2706 N = 6648

 Gender

  Boy 65% 63% 66% Ref

  Girl 35% 37% 34% 0.9 (0.9–1.0)

 Race/ethnicity

  NHW 51% 53% 50% Ref

  NHB 28% 27% 29% 0.8 (0.8–1.0)

  Hispanic 7% 7% 7% 1.0 (0.8–1.2)

  Other 14% 13% 14% 1.1 (1.0–1.3)

 Age categories, y

  0–4 29% 28% 30% Ref

  5–9 15% 13% 16% 1.0 (0.9–1.1)

  10–14 15% 15% 16% 1.2 (1.1–1.3)

  15–20 40% 45% 38% 2.3 (2.1–2.5)

 Max AIS head

  1, minor 2% 2% 2% Ref

  2, moderate 36% 27% 40% 0.9 (0.7–1.2)

  3, serious 26% 26% 26% 1.2 (0.9–1.5)

  4, severe 33% 41% 30% 1.4 (1.0–1.8)

  5, critical 2% 4% 1% 2.8 (1.8–4.3)

 Max AIS without head

  1, minor 33% 24% 38% Ref

  2, moderate 21% 19% 22% 1.3 (1.2–1.5)

  3, serious 21% 34% 16% 2.4 (2.1–2.8)

  4, severe 2% 4% 2% 2.5 (1.9–3.2)

  5, critical 2% 3% 1% 2.0 (1.6–2.6)

 Isolated TBI 20% 17% 21% 0.7 (0.6–0.8)

 LOS days median (IQR25–75) 3 (2–6) 7 (3–18) 2 (1–4) 1.0 (1.0-1.0)

 Plan typec

  Fee for service 49% 59% 45% Ref

  Capitated 51% 41% 55% 0.7 (0.6–0.8)

 Receipt of any inpatient rehabilitation 45% 74% 32% 4.1 (3.7–4.5)

 Discharge status

  Home 84% 64% 93% Ref

  Home under care 4% 9% 2% 3.0 (2.5–3.5)

  Short-term facility 5% 12% 2% 2.9 (2.6–3.4)

  Inpatient rehabilitation 4% 11% 1% 3.5 (3.1–4.0)

  Long-term facility 1% 3% 1% 2.8 (2.1–3.6)

  Other 2% 1% 1% 1.8 (1.1–3.0)

LOS, length of stay; Ref, reference category.
a Any outpatient rehabilitation over the 3-year follow-up period.
b RR calculated using modifi ed Poisson regression clustering by institution and accounting by exposure (enrollment months).
c Capitated plans can be partially or fully capitated.
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maintenance organizations that are 

partially capitated).

Receipt of outpatient rehabilitation 

depends on referral at the time of 

discharge, which can be influenced 

by receipt of inpatient rehabilitation. 

Therefore, we also examined 

receipt of inpatient PT, OT, ST, 

and consultation by rehabilitation 

physicians. Receipt of inpatient 

rehabilitation was defined on the 

basis of provider or service claims 

by following the same approach that 

we used for receipt of outpatient 

rehabilitation services. We included 

only services provided during 

the initial acute hospitalization; 

services received at an inpatient 

rehabilitation facility after discharge 

from the acute care facility were not 

counted.

Data Analyses

Our main outcome variable was 

receipt of outpatient therapies 

(yes/no). We conducted modified 

Poisson regressions to account 

for differential exposure times 

(ie, different Medicaid enrollment 

times), 22 clustering by institution 

to account for institutional 

differences. Univariate modified 

Poisson regression was used to 

compare baseline demographic and 

clinical characteristics of children 

who received any outpatient 

rehabilitation services during the 

36 months follow-up to those of 

children who received none. We 

also conducted univariate analyses 

of services received during 3 

successive follow-up periods: 

discharge to 12 months, 13 to 24 

months, and 25 to 36 months. 

We conducted bivariate analyses 

to determine the association 

between receipt of outpatient 

rehabilitation services during each 

follow-up period and the following 

independent variables: age, gender, 

race, severity of head injury, overall 

injury severity excluding head 

injury, type of Medicaid plan, length 

of hospital stay, and year of service. 

In the multivariable analyses, we 

examined the relative contribution 

of all independent variables and 

explored their association with 

receipt of rehabilitation services 

during 12 months and 13 to 

36 months after discharge. We 

conducted regression analyses 

only for those 2 follow-up periods 

because the proportion of patients 

who received services after 12 

months was small, and there was 

little variation in receipt of services 

between 13 to 24 and 25 to 36 

months.

To evaluate the effect of receipt of 

inpatient rehabilitation on receipt 

of outpatient rehabilitation services, 

we conducted the multivariable 

analyses described above, both 

among the entire cohort (adjusting 

for receipt of inpatient rehabilitation 

services) and separately among 

patients who received any inpatient 

services and patients who received 

none. We also conducted a 

sensitivity analysis using Poisson 

regression without the exposure 

variable among the subgroup of 

patients who were continuously 

enrolled.

The median number of services for 

each type of rehabilitation therapy 

(PT, OT, and ST) and follow-up by a 

rehabilitation physician is reported 

for patients who received outpatient 

rehabilitation during the 3 follow-up 

periods.

Secondary analyses were performed 

to assess differences in the mean 

number of services received by race 

and ethnicity, with mean differences 

compared using negative binomial 

models adjusting for all independent 

variables listed above and clustering 

by institution. Baseline demographic 

and clinical characteristics were 

also compared between racial and 

ethnic groups by using F and χ2 tests. 

Total number of visits by predictors 

of rehabilitation is presented as 

supplemental material (Supplemental 

Table 5).

RESULTS

The study sample included 9361 

children hospitalized for acute 

management of a TBI between 

2007 and 2012. Most were boys 

(65%), NHW (51%), and >15 years. 

Although all were insured 

by Medicaid, the type of Medicaid 

plan differed; half were insured 

under fee-for-service plans and the 

other half under capitated plans 

(Table 1).

Most patients had other associated 

injuries; only 19% had an isolated 

TBI. Overall, 62% of children 

had maximum head AIS scores 

>2. The overall median length 

of hospitalization was 3 days 

(interquartile range [IQR]25–75, 

2–6 days). As inpatients, 45% of 

patients received at least 1 type of 

rehabilitation service. Most patients 

(84%) were discharged from the 

hospital after acute inpatient care 

(Table 1).

After discharge, only 29% of 

children with TBI received any 

type of outpatient rehabilitation 

therapy or were seen by a 

rehabilitation physician over the 

36-month follow-up period. In 

bivariate analyses, children who 

received outpatient rehabilitation 

were more likely to be older, 

sustain more severe injuries, have 

longer hospitalizations, be insured 

by fee-for-service plans, receive 

inpatient rehabilitation, and be 

discharged to a rehabilitation facility 

(Table 1).

The proportion of children 

receiving outpatient rehabilitation 

therapies decreased over time, with 

27% receiving services of any type 

during the first year, decreasing to 

12% in the second and third years 

(Fig 1).

PT was the most common outpatient 

rehabilitation therapy, with 32% 

of patients completing at least 

1 follow-up PT visit. Smaller 
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percentages received ST (17%) 

and OT (15%). Patients were most 

likely to receive therapies during 

the first 12 months after injury, 

with numbers falling at 24 and 36 

months (Fig 1). Some patients did not 

receive therapy during the first 12 

months, but did so subsequently, so 

that a larger proportion of children 

received therapy over the full 36 

month follow-up period than during 

the initial 12 months.

In multivariable analyses, factors 

positively associated with receipt of 

outpatient rehabilitation included 

severity of head injury and other 

injuries, receipt of inpatient 

rehabilitation, and insurance under 

a fee-for-service plan (Table 2). 

Among these associations, the 

strongest was receipt of inpatient 

rehabilitation, with adjusted 

relative risks (RRs) between 2.8 

and 35.1, depending on the type 

of rehabilitation therapy. When 

analyses were stratified by receipt 

of inpatient rehabilitation (instead 

of adjusting for it), the direction 

and magnitude of the associations 

remained similar. Therefore, we 

present only the overall analysis 

without stratification.

The results of the sensitivity 

analysis of demographic and clinical 

characteristics among the subgroup 

of patients who were continuously 

enrolled during the study period 

were similar to those for the overall 

group, except for age (Supplemental 

Table 3). Patients who were 

continuously enrolled were more 

likely to be <4 years (44% vs 29% in 

the noncontinuously enrolled group). 

The results of the subgroup analysis 

were nearly identical to those using 

the entire cohort (Supplemental 

Table 4).

Among patients who received at 

least 1 outpatient rehabilitation 

service during the 36 month 

follow-up period, the median 

number of services during the 

first year was 2 visits with a 

rehabilitation physician, 6 PT visits, 

3 OT visits, and 6 ST visits (Fig 2). 

Among children who received PT 

and ST for at least 2 years, more 

visits occurred during the second 

year after injury than the first year.

The secondary analysis of the 

association between receipt of 

services and race or ethnicity 

found that Hispanic patients were 

significantly younger than non-

Hispanic patients. The mean age and 

95% confidence interval (CI) for 

Hispanics was 8.8 years (8.3–9.3), 

versus 10.2 (9.9–10.4) for NHBs, 

10.9 (10.7–11.1) for NHWs, and 

9.9 (9.5–10.3) for Others. A higher 

proportion of Hispanic children 

(44%) sustained severe head 

injuries than children who were 

NHB (33%), NHW (37%), or Other 

(33%). We found no differences in 

outpatient rehabilitation utilization 

between NHW, NHB, and Hispanic 

children. However, children in the 

Other category were more likely to 

receive PT, OT, and ST services than 

NHW children (Table 2). Among 

patients who received services, we 

found no racial or ethnic differences 

in the number of services received 

except for ST. At all follow-up times, 

Hispanics received significantly 

fewer ST visits than did patients in 

the remaining categories. During 

the first 12 months after injury, the 

mean number of speech therapies 

was 12.6 for NHWs, 13.4 for NHBs, 

9.5 for Hispanics, and 9.5 for 

Others; the 2 subsequent follow-up 

periods showed similar results 

(Supplemental Fig 3).

DISCUSSION

In this cohort of Medicaid-insured 

children hospitalized for a TBI, 

only 29% received any type of 

outpatient rehabilitation therapy 

during the first year after injury, 

even though 62% sustained a 

moderate to severe TBI. This finding 

adds to the current literature by 

demonstrating that children with 

TBI receive outpatient rehabilitation 

care at low rates. It is consistent 

with previously documented low 

referral rates to comprehensive 

inpatient rehabilitation, 6 as well as 

low rates of inpatient evaluation 

for rehabilitation therapy during 

acute hospitalization for children 

withTBI.7

A second finding is that, after 

adjustment for known risk factors, 

such as age and injury severity, the 

most important predictor of receipt 

5

 FIGURE 1
Proportion of patients who received outpatient rehabilitation after TBI. Error bars represent 95% CIs.
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of outpatient rehabilitation was 

receipt of inpatient rehabilitation or 

consultation with a rehabilitation 

physician during acute inpatient 

care. This finding highlights 

the importance of initiating 

multidisciplinary rehabilitation 

assessment and management 

during acute care. For most children 

hospitalized for a TBI, rehabilitation 

can be addressed in the outpatient 

setting. Nevertheless, our results 

underscore the critical importance 

of receiving rehabilitation therapy 

or consultation as an inpatient to 

maximize the likelihood of receiving 

outpatient rehabilitation.

Although children who sustain 

TBI might be eligible to receive 

school-based rehabilitation 

services, these are designed to 

complement outpatient rehabilitation 

and should ideally be medically 

supervised. Previous studies 

demonstrate that even when such 

services are provided, parents still 

have difficulties navigating the 

complicated system of rehabilitation 

therapies available through clinical 

and school settings.23, 24

A third important finding is the 

lower rate of receipt of outpatient 

rehabilitation among patients 

covered under Medicaid capitated 

plans. Although the ACA expanded 

services for children, it is still 

unclear how other aspects, such as 

bundled care and capitation, may 

affect the delivery of rehabilitation. 

Capitated plans may limit the ability 

to receive services by narrowing 

the choice of provider networks. 

Our data cover the first 2 years 

after the implementation of the 

ACA, which are not sufficient to 

analyze time trends. Future studies 

are warranted to understand the 

impact of capitation in the delivery 

of rehabilitation, especially for 

outpatient settings.

A last finding is the lower rate of 

outpatient ST among Hispanic 

children compared with non-

Hispanics. We hypothesize that 

language might play a role in this 

disparity, as many Hispanics in 

the United States have limited 

English proficiency (LEP), whereas 

rehabilitation providers might not 

have procedures in place to ensure 

that families receive health care in 

their preferred language. This result 

is consistent with a previous finding 

that LEP parents were likely to have 

difficulties obtaining therapies in 

their primary language because of 

the scarcity of services provided for 

LEP children.25

We note several study limitations. 

Our data are limited to 

administrative claims and therefore 

restricted to the information 

provided by the database. We used 

ICD-9 codes for determining severity 

of injury; although the use of ICD-9 

codes converted to AIS scores is 

validated, this method is limited in 

assessing the compounding effect of 

multiple injuries in a patient. Now 

that International Classification of 
Diseases, 10th Revision codes have 

been implemented, severity of injury 

should be better categorized because 

the codes are more specific and 

provide information on different 

stages of treatment.

Another limitation is that our 

ability to determine services 

received by patients is restricted 

to billed services. Unbilled services 

and services provided through 

the school system or community 

organizations were not available 

to us and therefore not included in 

the analyses. We also cannot assess 

if services were recommended but 

the family elected not to proceed 

with them. Nonetheless, our findings 

are similar to those previously 

described in clinical samples.6, 7 

We did not have information on 

the geographical locations of the 

patients included in this study, 

which hampered our ability to 

determine any regional variations. 

In addition, this is not a nationally 

representative sample because 

14 states contributed, and these 

varied over the years, limiting the 

generalizability of the results. We 

had no data on language proficiency 

of patients or their families, limiting 

our ability to interpret our findings 

on receipt of ST by Hispanic 

children. Thus, our hypothesis that 

language barriers might make it 

less likely for Hispanic patients to 

receive ST should be taken with 

caution. Additionally, we had no 

data on provision of cognitive and 

behavioral therapies. The codes 
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 FIGURE 2
Median number and IQR25–75 of outpatient rehabilitation visits after TBI.
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provided by our database did not 

provide that level of detail. Lastly, 

this is a retrospective, observational 

study and thus cannot establish 

cause and effect, merely statistical 

associations. Even though we 

controlled for known confounders, 

residual confounding might still be 

present.

Based on our findings, we encourage 

clinicians to initiate rehabilitation 

during acute inpatient treatment 

of TBI in children. Children 

hospitalized with moderate to 

severe TBI will benefit from an 

initial inpatient assessment of 

rehabilitation needs to identify 

areas where outpatient care will 

improve function. Ideally, an acute, 

multidisciplinary team approach, 

with a rehabilitation physician as 

part of the team, will prioritize 

this assessment and facilitate 

children’s transition to outpatient 

rehabilitation. Inpatient assessment 

can also help to identify and address 

financial, logistic, and language 

barriers to outpatient care. Although 

this is true for all children with 

TBI, it is even more important 

for low-income children, whose 

parents might fail to recognize their 

children’s need for care and thereby 

elevate the risk of poor outcomes.
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