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Abstract
The Glasgow Outcome Scale (GOS) in its original or extended (GOSE) form is the most widely used assess-
ment of global disability in traumatic brain injury (TBI) research. Several publications have reported concerns
about assessor scoring inconsistencies, but without documentation of contributing factors. We reviewed
6801 GOSE assessments collected longitudinally, across 18 sites in the 5-year, observational Transforming
Research and Clinical Knowledge in TBI (TRACK-TBI) study. We recorded error rates (i.e., corrections to a sec-
tion or an overall rating) based on site assessor documentation and categorized scoring issues, which then
informed further training. In cohort 1 (n = 1261; February 2014 to May 2016), 24% of GOSEs had errors iden-
tified by central review. In cohort 2 (n = 1130; June 2016 to July 2018), acquired after curation of cohort 1 data,
feedback, and further training of site assessors, the error rate was reduced to 10%. GOSE sections associated
with the most frequent interpretation and scoring difficulties included whether current functioning repre-
sented a change from pre-injury (466 corrected ratings in cohort 1; 62 in cohort 2), defining dependency
in the home and community (163 corrections in cohort 1; three in cohort 2) and return to work/school (72 cor-
rections in cohort 1; 35 in cohort 2). These results highlight the importance of central review in improving
consistency across sites and over time. Establishing clear scoring criteria, coupled with ongoing guidance
and feedback to data collectors, is essential to avoid scoring errors and resultant misclassification, which
carry potential to result in ‘‘failure’’ of clinical trials that rely on the GOSE as their primary outcome measure.
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Introduction
The Glasgow Outcome Scale, in either its original (GOS)1

or extended form (GOSE),2 is the most widely used out-

come measure in traumatic brain injury (TBI) research

today, with >4000 citations to the original article describ-

ing the GOS.3 The GOSE is a core National Institute of

Neurological Disorders and Stroke (NINDS) TBI Common

Data Element,4,5 indicating that it is recommended in all

types of TBI research involving adults, including observa-

tional studies and clinical trials sponsored by NINDS. It has

also been accepted by the U.S. Food and Drug Administra-

tion as the primary end-point of efficacy for TBI drug trials.
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For many years, concerns have been raised about the

inter-rater reliability of both the GOS and the GOSE,

which may vary depending on several factors, including

the type of assessor (e.g., primary care physician, inten-

sive care unit [ICU] physician, or psychologist) and

their proficiency in administering the measure.6–10 In

1998, a semistructured interview was developed to pro-

vide the assessor with initial and follow-up questions

for the scales,2 as a way to reduce inter-rater variability

and improve sensitivity. Although the GOSE interview

helped improve inter-rater reliability, inconsistencies

have remained an issue,11–13 with inter-rater variation

ranging from 17%13 to 40%.11 Further refinements to

the structured interview, and a guide for the administra-

tion of the GOSE, drawn from assessor experience in

the Transforming Research and Clinical Knowledge in

TBI (TRACK-TBI) and Collaborative European Neuro-

Trauma Effectiveness Research in Traumatic Brain

Injury (CENTER-TBI) studies, now appear in a Manual

for the Glasgow Outcome Scale-Extended (GOSE) Inter-

view, developed by Wilson and colleagues.14

Use of coarse outcome measurement has been posited

as one explanation for the persistent failure of TBI phar-

maceutical trials to identify beneficial treatments.15,16

The GOSE, a primary outcome end-point, can be admin-

istered in different ways, including whether the assessor

includes the effects of polytrauma or TBI only, which,

in turn, can lead to inconsistency in assigning the overall

GOSE rating. The approach to administering outcome

assessments, the assessor’s training, and adherence to

protocol guidelines can vary across centers and studies.

These variations point to concerns with reliability and ac-

curacy in multi-site studies, leading to inconsistent out-

come results.8 Further, methods of collecting outcomes

are often inadequately documented in published stud-

ies.17 The recently published Guidelines for Data Acquis-

ition, Quality and Curation for Observational Research

Designs moved to fill this gap.18 Though the importance

seems clear, little had been published specifically on steps

to facilitate or ensure high data quality in collection of

TBI outcome measurement and, particularly, the GOSE.

Initial training is paramount, but is not entirely suffi-

cient. One way to improve assessor accuracy in scoring

of the GOSE is through central review of assessments.

Wilson and colleagues11 found a marked decline in

data queries after an initial period of review, feedback,

and training in the multi-center efficacy trial of dexanabi-

nol on TBI outcome. Lu and colleagues19 also recom-

mended central curation as a way to reduce error rates

on the GOSE. However, the details of the typical errors

and inconsistencies that were uncovered in these studies

were not reported.

We conducted a comprehensive review of GOSE as-

sessments in the multi-site, longitudinal, observational

Transforming Research and Clinical Knowledge in TBI

study (TRACK-TBI).20 The independent central review

examined error rates, types of errors, and extent of

change (the number of GOSE points change from the

original rating to the curated rating) in GOSE ratings in

two time periods of the study. The aim of this work

was to improve the accuracy and consistency of post-

TBI functional status ratings among GOSE data collec-

tors. A secondary goal was to identify the assessment

areas within the GOSE that caused significant variation

in scoring and could lead to misclassification of func-

tional outcome. Until now, many investigators relied on

the 1998 journal article introducing the semistructured in-

terview format as guidance for the administration of the

GOSE. Variation in interpretation of particular sections

is likely one explanation for the difficulties encountered

in the administration and overall inconsistency of the

measure. The publication of the Manual for the Glasgow

Outcome Scale-Extended (GOSE) Interview will bring

further clarity to the field.14

Identification of these difficult areas helped to create

training protocols to improve consistency of administra-

tion and scoring of this primary outcome measure. TBI in-

vestigators responsible for developing training materials

and reviewing GOSE data may benefit from our experi-

ence and from the newly published GOSE administration

and scoring manual, which also appears in this issue of the

Journal of Neurotrauma.14

Methods
Participants
TRACK-TBI is a prospective, observational study that

enrolled 2698 TBI patients across the life span (ages 0–

99 years) and spectrum of injury from severe to mild

(Glasgow Coma Scale [GCS] score 3–15), from February

26, 2014 through July 27, 2018. English- or Spanish-

speaking participants were enrolled within 24 h of injury

at 18 U.S. Level I trauma centers. All participants had a

head computed tomography scan ordered as part of their

clinical care. Full inclusion and exclusion criteria can be

found on the TRACK-TBI Web page.20 Participants

were followed at 2 weeks and 3, 6, and 12 months post-

injury. Surviving participants ‡17 years of age with TBI

were included in this analysis if at least one of the four

GOSE follow-up assessments was completed and the par-

ticipant had not withdrawn consent. We divided the anal-

ysis into two time periods. From February 2014 to May

2016, TBI cases were recruited from the first 11 U.S.

Level 1 trauma centers that participated in the study.

These participants comprise cohort 1 (n = 1261). Begin-

ning in June 2016, seven more centers were added to

the study and participants were enrolled across the 18

sites between then and July 27, 2018 (cohort 2; n = 1130).

Following the study objectives, cohort 1 enrolled TBI

participants across three care pathways: roughly one third

who were discharged directly from the emergency
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department (ED); one third who were admitted to the hos-

pital but not the ICU; and one third who were admitted to

the ICU. This distribution of cases resulted in a sample

with mostly milder brain injuries. For cohort 2, the

study objectives shifted to preferentially enroll those

with more-severe injuries. All sites continued enrollment

of patients admitted to the ICU or hospital. Only 7 of the

18 sites which were participating in a magnetic resonance

imaging substudy continued enrollment of participants

discharged from the ED. The study was approved by

the institutional review board at each site, and all partic-

ipants either consented for themselves or were consented

by a legally authorized representative.

Assessments

Glasgow Outcome Scale-Extended. The GOSE is an

8-point scale representing levels of functioning ranging

from death (1) to upper good recovery (8). The assess-

ment is based on change from the pre-injury level of

functioning and is administered using a semistructured

interview format.2 The GOSE interview consists of

standard questions covering eight areas of function;

however, the interviewer is expected to ask additional

questions to glean the information required to assess

limitations within a specific section. The eight sections

are: 1) level of consciousness; 2) assistance within the

home; 3) independence outside the home for shopping;

4) independence outside the home for travel; 5) return

to work or school; 6) social and leisure participation;

7) close relationships; and 8) return to normal life, as re-

lates to symptoms. The assessor uses the responses to

assign a functional level rating of vegetative state (rat-

ing of 2), lower or upper severe disability (rating of

3 or 4), lower or upper moderate disability (rating of 5

or 6), or lower or upper good recovery (rating of 7 or 8).

The overall GOSE rating is determined according to the

lowest (worst) rating assigned in any section for which the

response signifies a change in function from pre-injury sta-

tus. All sections of the GOSE were administered, irrespec-

tive of answers provided on earlier sections, unless the

participant was deceased or in a vegetative state.

Participants with disturbance in consciousness were eval-

uated using the Coma Recovery Scaled-Revised21 to deter-

mine whether they were in a vegetative state.

As discussed by Wilson and colleagues (1998),2 the

GOSE can be administered either to include effects of pe-

ripheral injuries and other consequences of the injury in ad-

dition to the effects of the TBI (referred to here as GOSE-

All) or by parsing the effects of the TBI only (GOSE-

TBI).22 In either case, the rating reflects change from

pre-injury status. Initially, TRACK-TBI considered only

the effects of the TBI in the GOSE ratings. Approximately

9 months into data collection, the protocol was changed

and both ratings—GOSE-All and GOSE-TBI—were

obtained at each assessment. In each section, except for

that assessing level of consciousness, the assessor first que-

ried the level of functional limitation associated with the

overall injury and then asked the interviewee to assess

the functional limitations attributed to just the TBI. This

was referred to by the TRACK-TBI study, and hereafter

in this article, as the ‘‘GOSE 2-ways interview.’’ The low-

est (worst) rating in any section that indicated a change

from pre-injury function determined the overall GOSE-

All rating. The overall GOSE–TBI rating was based on

the lowest (worst) rating in any section attributed to only

the TBI. The decision to obtain the two GOSE scores

was made to allow comparison of the TRACK-TBI results

with those from the longitudinal, observational CENTER-

TBI study,23 which acquired only GOSE-All ratings.

Patient/Surrogate interviews. An interview completed

at the time of enrollment, by the participant or their sur-

rogate, collected pre-injury information, including work

and school status and living situation.

At each follow-up period, participants, or a close fam-

ily member in the case of the more severely injured, com-

pleted a post-injury follow-up interview. This interview

documented current status and the reason for any change

from the pre-injury situation. Both interviews were cre-

ated by the TRACK-TBI outcome core leadership team

guided by NINDS TBI Common Data Elements.

Assessor training
Before opening enrollment, outcome assessors from the first

11 sites received instruction in the administration of the

GOSE and otheroutcome measuresat a 2-day in-person train-

ing session convened by TRACK-TBI’s outcome core lead-

ership and conducted by appointed team members. Nine

months into data collection, training was conducted by tele-

phone to introduce the GOSE 2-ways assessment. When

the seven new sites were added, another in-person training

session was held for assessors from all 18 sites. The second

session was designed to address problem areas in administer-

ing and scoring the GOSE that had been identified by the

TRACK-TBI Outcomes Core leadership team. The Standard

Operating Procedures for Outcome Assessment Manual

(SOP),24 with specific guidance for the administration of

the GOSE based on material codified in the Wilson and col-

leagues Manual published concurrently,14 was posted to the

TRACK-TBI Web site and provided to assessors.

All assessors joining the study at any time were required to

practice administering the GOSE with mock participants.

TRACK-TBI outcome assessors ranged in level of education

from a bachelor’s degree to PhD or MD, with a BA or MA

being the most common. Many outcome assessors had previ-

ous outcome evaluation experience as well as experience in

the field of TBI. Assessors submitted a video demonstration

of their mock administration, which was reviewed by a cen-

tral review team member (S.T., K.B.) who confirmed their
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competence to administer the GOSE. Thereafter, source

documents (paper copies) of two cases from each assessor

were reviewed, and the data, as entered into the electronic

database, were double checked. Assessors were instructed

to record significant information influencing the determina-

tion of a section rating on the source document. In addition to

this, a text field was added to the GOSE in the data capture

system, allowing this pertinent information to be available

for review and remain as part of the permanent record.

Random checks of *10% of all GOSEs administered

per site were conducted by reviewing the database for log-

ical consistency among items on the GOSE and comparing

GOSE responses with the pre-injury interview and the post-

injury follow-up interview(s). For example, a participant

coded as currently living alone on the Patient/Surrogate in-

terview but coded as dependent within the home on the

GOSE would result in a query. The results of this database

review, intended as another training opportunity, were sent

to site assessors, noting any discrepancies, scoring incon-

sistencies, missing data, or data entry errors. Site assessors

were asked to review their data, resolve the inconsistencies

or errors, and make any necessary corrections. Monthly

conference calls for site outcome assessors with the

TRACK-TBI Outcomes Core leadership team provided

continued training, with discussion of ambiguous situations

and cases as well as review of training scenarios and SOPs.

Curation procedure
Figure 1 shows the curation process used to review

GOSEs.

Curation of all GOSEs began *2 years into the study.

An audit log was created within the electronic database.

Beginning with the first participant and working through

the data set, each GOSE assessment for every participant

was reviewed. Central reviewers (K.B., J.M., and G.S.) ex-

amined the pre-injury and post-injury follow-up interviews

and the GOSE for consistency in the information recorded

(Fig. 1). Any apparent inconsistencies, missing data points,

or unusual combinations of responses were documented

within the audit log. If there were no issues, the audit log

was closed. Otherwise, queries were sent to the appropriate

site for assessor review. The site assessor was asked to re-

view source documents (paper copies) for relevant notes

and confirm that data entry was correct. The assessor indi-

cated within the audit log what action had been taken after

this review. The options included: 1) correction made; 2) no

changes needed, correct as is; or 3) no changes, insufficient

information on the source documents to make a correction.

Two types of corrections could be made to the GOSE.

The first was a correction to the rating in a specific sec-

tion of the GOSE, for example, reduced work capacity

(score = 6) changed to unable to work (score = 5). Such

a change did not necessarily affect the overall rating,

given that the overall rating may have been determined

by another section within the GOSE that received a

lower score. Changes to ratings in a specific section

were tallied because the section ratings themselves have

been used as outcomes.25 The second type of correction

was to the overall GOSE rating(s) (GOSE-All, GOSE-

TBI, or both). The final determination as to whether a

correction was warranted rested with the site assessors,

not the central reviewers. Review of GOSEs ranged

from 6 months to 3 years after administration for cohort 1.

Cohort 2 reviews occurred from days to a few months

after administration and completion of data entry.

Because the review process was not conducted imme-

diately after the assessment, corrections to rating changes

requiring judgment or subjective information relied on

notes written contemporaneously with the evaluation by

the assessor. In the case of those without documentation

to justify a change in rating, the GOSE was not changed.

It is important to note that all articles published by

TRACK-TBI using GOSE data were submitted after the

vast majority of the curation process had been completed.

Common scenarios in the query process to confirm

consistency in data collection across the GOSE and the

interviews are presented in Boxes 1 and 2 and Supple-

mentary Box S1.

Box 1. Correction to the Overall GOSE Rating

Step 1. Central reviewer examines pre-injury interview for the following:
U Pre-injury work/school status: participant was employed

prior to the injury
U Pre-injury living situation: living independently with

spouse

Step 2. Central reviewer checks GOSE scores and free-text notes as
entered into database by site assessor:
U Independence inside and outside the home (Questions 2a,

3a, 4a): Participant rated as independent within the home,
and with shopping and travel

U Work (Question 5b): Currently working part-time (section
score = 6)

U Social and Leisure (Question 6b): Currently participating a
bit less (section score = 7)

U Relationships (Question 7b): Experiencing difficulties on a
daily basis (section scored = 5)

- Were there relationship difficulties before the injury?
(Question 7c) Participant answered ‘yes’, (This indicates
the relationship problems existed prior to the injury and are
not worse as a result of the injury; thus, no change due to
the injury. Therefore, this section would not be used in
assigning the overall rating.)

U Return to normal life/Symptom burden (Question 8a):
endorses symptoms (section score = 7)

Overall rating assigned by assessor = 5 (lowest rating for any section)

Step 3. Central reviewer sends query to site assessor, as follows:
The coding of the relationship section indicates the difficulties

precede the injury and are the same as before the injury
(Question 7c). Therefore, the relationship section would not
determine the overall rating. As the document is coded the
overall rating should be 6, per the work section.

Step 4. Site assessor reviews paper documents for accuracy of data
entry. Confirms and corrects the overall rating from 5 to 6, and
indicates that a correction was made within the audit log. The
correction to overall GOSE score is documented in the
participant’s record in the electronic data capture system.

Step 5. Central reviewer confirms the correction. Initials, dates, and
closes audit log.
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Statistical analysis
The analyses were largely descriptive. Weighted and un-

weighted kappa statistics were calculated to evaluate the

degree of agreement between the original and post-

curation scores. These analyses were performed using

SAS software (version 9.4; SAS Institute Inc., Cary NC)

Results
Figure 2 presents the participant flow diagram of GOSE

assessments for cohorts 1 and 2 across the study sites

and time points. During the GOSE central review pro-

cess, one site was identified as having systematically

diverted from the GOSE administration protocol in sig-

nificant ways, including the use of an alternate interview

developed at their site, or making significant changes

without the required documentation. For example, the as-

sessor recorded peripheral injuries gleaned from the med-

ical record after the completion of the assessment, and

attributed functional changes to sections of the GOSE

based on those injuries, despite no record of those func-

tional limitations being reported by the participant at

the time of the GOSE administration. After discussions

with the site assessor and an in-person site visit, the

TRACK-TBI Executive Committee decided to remove

all GOSE data from that site from the central database

(n = 449 GOSE assessments) until a new assessor was

trained and certified. These removed GOSE assessments

were not included in this analysis.

Table 1 presents characteristics of cohort 1 and cohort

2 participants with reviewed GOSEs. Injury severity cov-

ered the full range of the GCS, with a higher percentage

of participants with low GCS in cohort 2, consistent with

the shifting enrollment priorities of the study at this stage.

Frequency and magnitude of corrections
to Glasgow Outcome Scale-Extended overall
score and section ratings
The study’s central reviewers examined 3668 GOSEs

from 10 sites in cohort 1 and 3133 GOSEs from 18

sites in cohort 2 (Supplementary Table S1). In cohort 1,

1307 (36%) of interviews received a query and 867

(24%) resulted in a correction: 478 (13%) resulted in a

change to one or both overall GOSE scores, 671 (18%)

resulted in a change to a section rating, and 282 (8%)

to both an overall rating and a section rating. In cohort

2, 625 (20%) GOSEs received a query, with 314 (10%)

requiring a correction: 218 (7%) resulted in a change in

one or both overall GOSE scores, 149 (5%) resulted

in a correction to a section rating, and 53 (2%) resulted

in both a section and overall rating change (cohort 2; Sup-

plementary Table S1). Unlike cohort 1, reviews were

done soon after data entry and substantial feedback had

already been provided to site outcome assessors.

Queries and corrections also dropped consistently from

early evaluations to the later ones. In cohort 1, 34% of the

2-week and 13% of the 12-month GOSEs required correc-

tion to an overall and/or section rating (Fig. 3). In cohort

2, 15% of the 2-week and 5% of the 12-month GOSEs

required correction to an overall and/or section rating.

Examining the overall rating only showed the same

trend—the frequency of corrections in cohort 1 declined

from 20% at 2 weeks to 7% at 12 months, and from

11% at 2 weeks to 3% at 12 months in cohort 2 (Fig. 4).

We also looked at the degree of change of the overall

ratings (Table 2). In cohort 1, at 2 weeks, 172 participants

were originally assigned an overall GOSE-All rating of 3

or 4 (severe disability). In 34 of these cases (20%), it was

determined that the participant did not meet the criteria

for dependency in the home, dependency with shopping

or travel, or there was some other data error achieving

an overall rating of 5 or better. The changes were, in

most cases, attributable to orthopedic casts and whether

the impact they have on functioning rises to the level of de-

pendence specified in the SOP. By 6 months, the number

had dropped to 55 participants receiving an overall

GOSE-All rating of 3 or 4 and only 6 (11%) increasing to

a rating of ‡5. In cohort 2, at 2 weeks, 257 participants ini-

tially received a rating of 3 or 4 with only 6 (2%) corrected

to a rating of 5 or better. At 6 months, in cohort 2, 68 par-

ticipants achieved an initial rating of 3 or 4 with only 1 (1%)

corrected to a rating of 5 or better. Although the early time

period rates of queries and changes in cohort 1 were high,

calculating reliability according to kappa statistics, the low-

est kappa was 0.83; 81% of unweighted kappas and all of

Box 2. Correction to a GOSE Section Resulting in no
Change to Overall Rating.

(Same scoring scenario as Box 1, except that there is a free-text note
by site assessor that appears inconsistent with the rating on the
Relationship section)
U Relationships (Question 7b): Experiencing difficulties on a daily

basis (section score = 5)
Were there difficulties before the injury (Question 7c)? Coded ‘yes’,

indicating that the relationship difficulties were present before the
injury and have not worsened as a result of the injury.

*Free-text note reads, ‘participant experienced difficulties with
relationships before the injury but they are much worse now’.

Overall rating assigned by assessor = 5
Step 1. Central reviewer sends the following query to the site assessor:

The note entered into the database states that the difficulties with
relationships are worse now. If that is the case, Question 7c
(difficulties with relationships pre-injury) should have been
coded ’’no,’’ to indicate that in this assessment the worsening
of relationship difficulties did represent a change from pre-
injury status. The overall rating would remain a 5 in this case.
Please review.

Step 2. Site assessor reviews documents and confirms that the
relationship problems are worse now. Changes Q7c to ‘‘no’’ and
notes this correction in the audit log. Correction is documented
in the participant’s record in the electronic data capture system.

Step 3. Central reviewer confirms the correction made. Initials, dates,
and closes the audit log.
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FIG. 1. Curation procedure diagram. GOSE, Glasgow Outcome Scale-Extended.
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FIG. 2. Participant flow diagram: participants enrolled by cohorts 1 and 2. GOSE, Glasgow Outcome
Scale-Extended.
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the weighted kappas were >0.90. These all fall within the

range that is considered near-perfect agreement.26

Common reasons for Glasgow Outcome
Scale-Extended corrections

Pre-injury status questions. Questions concerning how

to rate change, if any, from pre-injury functional status or

symptom burden proved especially difficult for assessors to

master because of the GOSE’s wording. For example, if

the participant endorsed pre-injury relationship difficulties

on Question 7 or having experienced other symptoms that af-

fect daily life before the injury on Question 8, both common

situations, the assessor was to ask whether those problems

were worse now as compared with before the injury. If

they were endorsed as ‘‘worse now’’ (indicating change

since the injury), the SOP directed assessors to record a

‘‘no’’ response to having pre-injury difficulties. The

GOSE’s pre-injury status questions were changed in re-

sponse to queries 466 times (some GOSEs had more than

one instance) in cohort 1 and 62 times in cohort 2 (Table 3,

panels A and B). The most common sections requiring

changes to pre-injury status were: 1) ability to function at

work and school (n = 239 corrections in cohort 1; n = 35 cor-

rections in cohort 2); 2) level of relationship difficulties

(n = 89 corrections in cohort 1; n = 13 corrections in cohort

2); and 3) return to normal life (symptom burden; n = 75 cor-

rections in cohort 1; n = 12 corrections in cohort 2).

Corrections to dependency questions. The depen-

dency section ratings (assistance in the home, shopping, or

travel) were corrected 163 times in cohort 1 and 30 times

in cohort 2 (Table 4, panels A and B). Corrections occurred

both for participants assessed when already at home not

meeting criteria for dependency and those assessed while

still hospitalized and not meeting criteria for independence.

Corrections to the level of disability in the Work/School
section. In 72 cases in cohort 1 and 35 cases in cohort 2,

the degree to which a participant was limited in their work ca-

pacity was corrected (Table 4, panels A and B). Almost all

changed from a coding of reduced work capacity to being

coded as unable to work. If physician clearance was required

to return to work and this had not been granted, the partici-

pant was considered unable to work even if they believed

they were able to work at least part time. This was the situa-

tion in nearly all cases where a correction was necessary.

Scoring errors. Scoring errors were defined as an over-

all rating that did not reflect the most severe limitation

Table 1. Participant Characteristics for TRACK-TBI GOSE
Curation Cohort 1 and Cohort 2

Cohort 1 Cohort 2

Participants with ‡1 GOSE reviewed 1261 1130
Age
Mean (SD) 40.0 (16.7) 43.4 (18.2)
Sex
Male 844 (67%) 808 (72%)
Education years
Mean (SD) 13.4 (2.8) 13.2 (2.9)
Unknown 66 76
Injury cause
Road traffic 769 (61%) 590 (53%)
Fall 298 (24%) 338 (30%)
Other accident 63 (5%) 61 (5%)
Violence 89 (7%) 77 (7%)
Other 41 (3%) 52 (5%)
Unknown 1 12
Glasgow Coma Scale on admission
Mean (SD) 13.6 (3.3) 12.2 (4.3)
Median (IQR) 15 (14, 15) 15 (10, 15)
3–8, N (%) 120 (10) 229 (21)
9–12, N (%) 41 (3) 72 (7)
13–15, N (%) 1083 (87) 784 (72)
Unknown 17 45
Highest level of care
Emergency department 376 (30%) 119 (11%)
Hospital, no intensive care unit 452 (36%) 362 (32%)
Intensive care unit 433 (34%) 649 (57%)

GOSE, Glasgow Outcome Scale-Extended; SD, standard deviation;
IQR, interquartile range.

FIG. 3. Percentages of GOSE assessments with
overall rating and/or section corrections by
study cohort and follow-up time point. GOSE,
Glasgow Outcome Scale-Extended.

FIG. 4. Percentages of GOSE assessments with
a correction to the overall rating by study
cohort and follow-up time point. GOSE, Glasgow
Outcome Scale-Extended.
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represented by a change from pre-injury status; this oc-

curred in 196 cases (5%) in cohort 1 and in 165 cases

(5%) in cohort 2.

Insufficient information available to justify making a
rating change. In 45 cases in cohort 1 and five cases

in cohort 2, site assessors determined that there was insuf-

ficient information recorded on the source documents to

justify changing a rating. Some of these inconsistencies

could not be reconciled because the review was done

too long after the assessment was completed or the orig-

inal assessor had left the project and had not documented

the situation with enough clarity.

Evaluation of potential confounding factors
Although we suspected that decreased queries and cor-

rections to GOSE entries over time was attributable to on-

going curation and training, at least three confounding

factors could have also contributed to different trends

in queries. First, we considered that the shift from the

simpler GOSE-TBI to the more complex GOSE 2-ways

interview might lead to more queries when the GOSE

2-ways interview was introduced early in the study. How-

ever, the percentage of corrections was similar for the

two interviews (29% at 2 weeks for the GOSE-TBI and

32% for the GOSE 2-ways interview), implying that

this change had minimal impact on the percentage of cor-

rections required (Supplementary Table S2). Second, we

considered that the shift in enrollment priorities to more-

severe TBI cases in cohort 2 could have explained the de-

crease in corrections from cohort 1 to cohort 2 if the more

severely injured cases were easier to rate.

Contrary to this hypothesis, we observed substantial

decreases in error corrections within each TBI severity

group from cohort 1 to cohort 2 and similar rates of cor-

rections across the different severity levels (Supplemen-

tary Table S3). Third, we examined the possibility that

Table 3. Number of Corrections Made to Questions about Pre-Injury Limitations

A. Cohort 1 Total (n = 3668) 2 week (n = 1020) 3 month (n = 935) 6 month (n = 888) 12 month (n = 825)

Pre-injury assistance in home 6 3 2 1 0
Pre-injury unable to shop 15 5 8 2 0
Pre-injury unable to travel 9 4 2 3 0
Pre-injury work/school 239 77 74 54 34
Pre-injury social and leisure activity 33 9 11 11 2
Pre-injury relationship discord 89 27 16 35 11
Pre-injury symptoms 75 28 15 19 13

B. Cohort 2 Total (n = 3133) 2 week (n = 894) 3 month (n = 799) 6 month (n = 740) 12 month (n = 700)

Pre-injury assistance in home 0 0 0 0 0
Pre-injury unable to shop 0 0 0 0 0
Pre-injury unable to travel 0 0 0 0 0
Pre-injury work/school 35 19 5 8 3
Pre-injury social and leisure activity 2 0 2 0 0
Pre-injury relationship discord 13 2 2 5 4
Pre-injury symptoms 12 1 4 6 1

Panel A summarizes findings for cohort 1; panel B summarizes cohort 2.

Table 4. Number of Corrections to the Degree of Dependency or Degree of Work Limitations

A. Cohort 1 Corrections to dependency questions Total (n = 3668)
2 week

(n = 1020)
3 month
(n = 935)

6 month
(n = 888)

12 month
(n = 825)

Assistance in the home 58 37 9 7 5
Ability to shop 60 29 14 7 10
Ability to travel 45 23 8 7 7

Work/school Total 2 week 3 month 6 month 12 month
Work ability level corrections (reduced/unable;

primarily physician clearance)
72 38 20 9 5

B. Cohort 2 Corrections to dependency questions Total (n = 3133)
2 week

(n = 894)
3 month
(n = 799)

6 month
(n = 740)

12 month
(n = 700)

Assistance in the home 13 4 7 0 2
Ability to shop 10 3 5 0 2
Ability to travel 7 5 1 1 0

Work/school Total 2 week 3 month 6 month 12 month
Work ability level corrections (reduced/unable;

primarily physician clearance)
35 16 11 5 3
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error percentages were skewed by a few sites or asses-

sors. Inconsistences and errors were noted across all

sites (data not shown). For example, in cohort 1 at the

2-week follow-up, query percentages ranged from 34%

to 75% by site. Corrections to the GOSE ranged from

20% to 45% by site. Although there was variation across

sites, scoring difficulties of some level were observed at

all sites.

Discussion
In this comparative analysis of 6801 GOSE interviews

collected at 18 TRACK-TBI study sites over two phases

of the study, site assessors’ ratings and rating practices

improved substantially after central review. Routine

audit, feedback, and retraining resulted in substantially

fewer errors and rarer need for recoding of the GOSE,

resulting in more reliable data for this widely used mea-

sure of functional outcome after TBI.

Wilson and colleagues’ (2007) study described con-

cerning variances in GOSE scoring, then showed a de-

crease in variability after a period of review and

feedback completed by central review. The rate of incon-

sistency we observed in overall ratings in the cohort 1

(e.g., 20% at 2 weeks post-injury) period fell consistently

in the range of previous reviews from 17%13 to 40%.11

With retraining, review, and feedback, the frequency of

corrections in 2-week post-injury overall ratings dropped

to 11% in cohort 2.

The curation process evolved over a period of time as

inconsistencies between assessors and sites became ap-

parent. The final curation process, as described here,

resulted from recognition that errors and inconsistencies

were not being captured and addressed by the training

and data review systems we originally set in place.

Lessons learned from central Glasgow Outcome
Scale-Extended reviews

Benefit of central review. The queries identified dis-

crepancies, described the type of information one might

need to consider, or referenced pre-injury information

which may have been missed. Over time, assessors

began to think in those terms. Issues observed in deter-

mining dependence inside and outside of the home

were almost non-existent by the time the central review-

ers analyzed the cohort 2 data. Those that did remain

were likely borderline cases that will always be espe-

cially difficult to interpret and score. Corrections to the

work section also decreased dramatically as assessors de-

veloped deeper appreciation of the need to review the

pre-injury employment/school status of each participant

(e.g., those who were identified within the work group

and students before injury), as well as better understand-

ing of changes in participants’ ability to execute work or

academic requirements.

Ongoing monitoring to ensure that assessors are fol-

lowing suggested guidance is also important. Some

studies, such as BOOST-3,27 have a small number of

highly trained assessors to administer the GOSE for

all participants in a multi-site study to maximize con-

sistency. Box 3 summarizes the guidance provided to

TRACK-TBI outcome assessors.

Study-specific decisions. An advantage of the GOSE is

its flexibility to adjust the measure to best capture ques-

tions unique to each project. Instances of this flexibility

include the decision as to whether or not to include ef-

fects of peripheral injuries in the ratings or include pas-

sive activities (as opposed to only activities outside the

home) in rating the social and leisure section. Some stud-

ies may include caregiving in the work category or define

work in another way (although this was not done in the

present study). This same flexibility can add to variation

in scoring the measure and, consequently, differences in

the interpretation of scores across studies. It is important

that such questions and decisions be addressed at the be-

ginning of the study or as soon as they are recognized in

order to obtain accurate, consistent scoring. Whatever the

decisions, it is important that information is collected and

coded consistently across time and research sites. It is

also important that investigators report the method used

to score the GOSE to enable the comparison of results

across studies.

Interview the best source. The GOSE can be adminis-

tered to the participant, a family member, friend, or care-

giver. Sometimes, information in the medical record is

sufficient to code or clarify the overall score. For in-

stance, for those most severely injured and still hospital-

ized, the medical record can sometimes provide sufficient

information to assign an overall rating in the vegetative

or severe disability categories (ratings of 2, 3, and, at

times, 4). Instructions are to use the best source of infor-

mation, which, in most cases, is the participant. However,

this is not always the case. For example, a note written by

an assessor indicated that a hospitalized participant an-

swered that he was able to shop and travel independently

and the assessor accordingly coded him as being inde-

pendent. However, the assessor observed that he wore

a Wander Guard to alert staff if he was attempting to

leave the unit. The participant may have felt capable

in this regard, but a family member or care team mem-

ber might have given a more accurate account of his cur-

rent level of ability; the Wander Guard being evidence

that he was not cleared to be independent by his medical

care team. Some patients may overestimate their abili-

ties or simply lack awareness of their limitations. Asses-

sors should be alert to this and investigate further, if

necessary.
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Box 3. Examples of Training Guidance for Interpretation of GOSE Sections

GOSE Section Considerations TRACK-TBI Guidance

Assistance in the
home

Determining when assistance
becomes dependence

Focus on dependence and safety; minimize the emphasis on assistance. Emphasize
that this is a very basic level of care.
Assistance with 1 or 2 activities such as washing hair or tying shoelaces, showering,
should not be scored as dependent.

Participants who are hospitalized Being hospitalized or in a care facility by definition required a score of some level of
dependence. TRACK encouraged assessors to ask questions about what a
participant was able to do on their own with no one else in the room. Were they
cleared to get up and use the restroom without supervision? Manage basic ADLs? If
they were able to do these things they generally achieved a rating of 4 on GOSE-
All. If the primary reason for hospitalization was because of non-brain injuries,
respondents were asked what they thought they would be able to do if they did not
have the non-brain injuries.

Participants with orthopedic casts For the GOSE-All rating assessors were reminded to use the same criteria – focus on
dependence and safety – not just assistance.

Shopping and
Travel

Participants who are hospitalized Assessors were encouraged to ask if a participant was cleared to leave the unit by
themselves to go, for example, to the cafeteria or gift shop. Are they cleared to
leave the facility by themselves? If they did not have medical clearance they were
considered dependent in these areas, GOSE rating of 4.

Defining what constitutes shopping or
travel

Shopping independence: The ability to purchase one item or order from a menu.
Online shopping was not considered since the section is meant to assess
independence outside the home.
Travel independence: Able to go places away from home without supervision.
Calling a friend or a taxi for transportation was acceptable, but to be scored as
independent required their ability to proceed on their own once they got out of the
vehicle.

Work/School Defining work; set parameters for
applicability

Work was deemed applicable if the participant was not a homemaker, retired, or
permanently disabled. Also, see school below.

School Reminders were given that this section applies to students. A second line of
questioning pertaining to the ability to return to school at their prior level was
provided.

Participants who need physician
clearance to return to work

If a participant needed physician clearance to return to their job and had not received
this, they were considered unable to work (rating of 5) regardless of whether they
thought they could do their job or not.

Assess in a consistent way across
time

Assessors were encouraged to note the pre-injury work status of each participant
before an upcoming follow-up. Were they employed? In school? Reconcile any
conflicts early on and proceed accordingly.

Participants in the role of both worker
and student who have returned to
one activity but not the other.

As the GOSE looks at change from pre- to post-injury, the ability to return to one
activity but not both constituted, in general, a reduction in work/school capacity.

Social and Leisure Rating passive activities within the
home

Although the structured interview asks about social and leisure activities outside the
home, TRACK-TBI included passive activities within the home as well as those
outside the home.
By broadening the area, assessors were encouraged to find some activity for every
participant. Any activity done to relax or for enjoyment was counted.

Relationships Separating relationship difficulties
from the emotional symptoms that
cause them

Emphasis in the initial feedback and training from cohort 1 was focused on clarifying
that issues with relationships were rated, as opposed to the emotional difficulties
that can cause them; e.g., an outcomes assessor’s notes written might record:
‘Participant has a great deal of anxiety’ which would generate a reminder query to
focus on the impact of anxiety on relationships.

The GOSE in
general

Participants who sustain a new injury As much as possible the TBI rating was meant to capture just the effect of the index
TBI. All new injury difficulties were included in the ‘All’ rating even, if it included
a new TBI. Notes were written and the new injury was documented.
As much as possible the TRACK guidance was to include difficulties from injuries
not illnesses.

Participants with pre-injury
difficulties or disabilities

Queries were sent each time a participant was coded as having pre-injury difficulties
to double check data entry errors.

Unusual or complicated situations Assessors were encouraged to document any unusual situations.
They were encouraged to present difficult-to-code scenarios on monthly conference
calls to develop consensus with the group.
Built into the database was a ‘confounding issues’ text field where assessors could
note unusual circumstances.

Complete the full interview if not
vegetative (rating of 2)

The entire interview was given. In the event an assessor learned new information that
altered the way a prior section was coded they were advised to go back to that
section and query further, changing a rating if necessary.

Review corrections It was not uncommon for an assessor to make a correction based upon a query only to
then have it create another error, many times failing to reassign a new overall
rating. It was important for the central review team to review a case after changes
were made in response to queries.
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Consistency with ambiguous situations. The GOSE is

typically used to assess the independence of persons in the

community. Because some participants in TRACK-TBI

were still hospitalized for TBI or other system injuries at

the time of the first follow-up at 2 weeks, some guidance

was needed to help assessors determine the rating. The

fact that they were hospitalized or in some other care facility

deemed them dependent, warranting a rating of 3 or 4 (lower

or upper severe disability), at least for GOSE-All. Assessors

queried the kinds of activities the participant was complet-

ing on their own and those they required assistance with.

Assessors were encouraged to ask the participant if they

could go to the cafeteria or gift shop alone (independent

in shopping), or if they needed someone with them. Another

clarifying query was whether the participant was cleared to

leave the hospital on their own (independent in travel).

Priorities for Glasgow Outcome Scale-Extended
assessor training
The second goal of this work was to identify the sections

within the GOSE that were associated with the most

variation in scoring. Our results highlighted particular

sections of the GOSE interview that are prone to admin-

istration and scoring errors. Below, we present priority

areas for focused training efforts.

Challenges interpreting post-injury function relative to
pre-injury function. Each section of the GOSE contains

a question referencing difficulties in the particular area of

function before the injury (e.g., ‘‘Did the participant ex-

perience relationship difficulties prior to the injury?’’).

The interpretation of answers to the ‘‘pre-injury’’ ques-

tions resulted in the greatest degree of correction. In

keeping with standard GOSE administration protocol,

we trained site assessors to determine whether a subject’s

endorsement of these questions constituted a change, that

is, endorsing the question suggests that there was not a

change from pre- to post-injury in that particular area

of function. Accordingly, the assessor was to discount

that question in determining the overall rating.

Pre-injury difficulty with relationships (n = 89 correc-
tions in cohort 1; n = 13 in cohort 2). Many partici-

pants endorsed having had relationship difficulties

before the injury. According to the GOSE interview pro-

tocol, if a participant had relationship difficulties before

the injury but those difficulties were worse after the in-

jury, the question addressing pre-injury difficulty needed

to be coded to indicate that a change had occurred, that is

by indicating that the participant did not have relationship

difficulties (to this degree) before the injury. This caused

confusion given that the assessor had to record the oppo-

site of the participant’s response (see section 6.8, specif-

ically Q7c of A Manual for the GOSE Interview).14

Pre-injury symptoms (n = 75 corrections in cohort 1;
n = 12 in cohort 2). Patients experience symptoms,

such as headaches, even before sustaining a TBI. Thus,

when asked the question, ‘‘Were similar symptoms present

before the injury?,’’ many respondents replied ‘‘yes.’’ How-

ever, if the symptoms were worse now, we directed that this

question be coded ‘‘no,’’ to indicate a change from pre- to

post-injury, again using the GOSE protocol (see section

6.9, specifically Q8b of A Manual for the GOSE Interview).14

Pre-injury work/school status (n = 239 corrections in
cohort 1; n = 35 corrections in cohort 2). TRACK-

TBI determined the work section of the GOSE that was

to be completed for anyone who was not fully retired,

permanently disabled, or a homemaker before the injury.

This section also applies to students, which assessors

sometimes forgot. It was often erroneously not adminis-

tered when a participant had been unemployed before

the injury. If the participant was unemployed before the

injury, but medically cleared to work, the established pro-

cedure was for the work questions to be asked as hypo-

theticals. There were also times it was administered

when it need not have been, as in the case of someone

fully retired, disabled, or a homemaker before the injury.

Pre-injury dependency questions: assistance in the
home, shopping, and travel (n = 30 corrections in cohort
1; and none in cohort 2). The dependency pre-injury

questions can be difficult to assess, given that it is often im-

possible to determine exactly how much assistance some-

one who was aged or disabled actually needed. Assessors

relied on notes describing the pre-injury situation, the

pre-injury interview, and responses to other sections of

the GOSE to make final determinations regarding whether

there was a change from the pre-injury level of dependence.

Understanding what each Glasgow Outcome Scale-
Extended section assesses. Assessors also required ad-

ditional instruction to understand what several sections of

the GOSE interview are intended to assess, as illustrated

by the following examples.

Assistance in the home. The categories assessing de-

pendence in the home and the ability to shop and travel

were the most problematic. Even with a Manual and op-

erational definitions, assessors interpreted these limita-

tions in many different ways, specifically, the point at

which ‘‘assistance’’ becomes dependence. The criterion

used to rate this category is whether or not the person

can manage safely on their own for a 24-h period if nec-

essary (see Box 2, severe disability [SD] of the GOSE

administration manual).14 Many times, a participant

responded ‘‘yes’’ to getting assistance only to indicate

when queried further that it was for higher-level tasks,

such as showering or cooking, or for one non-vital

CENTRAL CURATION OF THE GOSE: LESSONS FROM TRACK-TBI 2431



activity, but was otherwise independent and safe. In these

cases, it was important that such a person not be consid-

ered severely disabled. Orthopedic casts influenced the

ratings in this area greatly. Casts are cumbersome and as-

sistance is often forthcoming for activities such as show-

ering and dressing. Except in extreme circumstances

(e.g., non-weight-bearing) casts alone would generally

not place someone in a category of dependency. In a clin-

ical trial, where a dichotomized GOSE is used, describing

a poor outcome as a score from 1 to 4 and a good outcome

as a score from 5 to 8, the effect could be substantial.

Independence in shopping. All that is required to be

considered independent in this area is for a participant

to be able to make a small purchase. This caused confu-

sion among assessors, such as one who indicated that a

participant was unable to shop because he could not

carry all of the shopping bags. The GOSE is designed

to be a semistructured measure allowing for latitude in

how the questions are asked, but always keeping in

mind the goal of a particular section.

Glasgow Outcome Scale-Extended corrections influ-
enced by medical clearance. Medical clearance takes

precedence when applicable. Corrections to the depen-

dency questions occurred in cases of participants still

hospitalized. The participant may have felt capable of

being on their own or being able to travel independently,

but being hospitalized deemed them dependent (an over-

all rating of 3 or 4), at least on the GOSE-All.

Medical clearance also impacted the work/school sec-

tion. Almost all corrections in the ability to return to work

or school (n = 72 corrections in cohort 1; n = 35 in cohort

2) resulted from being coded as able to work in a reduced

capacity to being coded as unable to work. Many times, a

participant reported that they felt capable of working part

time. However, if they needed physician clearance to

return and this had not been granted, they were consid-

ered unable to work in this study.

Future studies will benefit from the newly created

GOSE manual, A Manual for the Glasgow Outcome

Scale-Extended (GOSE) Interview (Wilson and col-

leagues). The Manual will facilitate the training of asses-

sors and help to maintain standardization.

Strengths and limitations of this study
The large number of GOSE interviews reviewed, broad

range of functional impairment within the sample, and

large number of sites and assessors are factors that facilitate

the generalizability of these findings. The curation process

was led by a small group (K.B., J.M., and G.S.), all very ex-

perienced in the administration of the GOSE. Some cura-

tion had already taken place before the decision was

made to review all GOSEs and track queries and changes.

Therefore, the review numbers indicated above are likely

underestimates of the errors on the GOSEs, with the under-

estimation being greater in cohort 1. Finally, as is custom-

ary for large multi-center studies, assessors were not

directly observed conducting participant interviews by

the central training staff, and curation efforts were limited

to review of entered data for logical inconsistencies. It is

possible that direct observation or review of audio record-

ings of interviews would reveal additional insights into

rater errors and ways to improve training and quality assur-

ance activities for studies using the GOSE interview.

Conclusion
Many lessons have been learned over the course of the

TRACK-TBI study. The GOSE is replete with nuance,

making it important for investigators to thoughtfully im-

plement rating decisions, and provide training with added

focus to the difficult aspects of the interview. Ongoing

monitoring and timely curation to promote accuracy

and consistency should not be overlooked.

The advantages of the GOSE are its brevity, universal-

ity, and utility in documenting disability as the result of

TBI. Though the GOSE is not difficult to administer, it

certainly is more difficult to learn the inherent nuances

than was previously recognized. It is imperative that as-

sessors fully understand the purpose of each section

within the interview.

Although TRACK-TBI trained and certified assessors,

24% of administrations required correction before the in-

stitution of contemporaneous curation. Had the TRACK-

TBI outcomes team been aware of the specific difficulties

experienced by assessors at the beginning of the study, a

great deal of time would have been saved in the curation

process. By cohort 2, the time spent reviewing data was

greatly decreased. Whereas many of the lessons learned

applied to the GOSE, such as the importance of assessor

training, data quality checks, and central curation, they

could certainly be applied to other outcome measures

and other studies. The GOSE is not unique in regard

for the need of training and monitoring. The results of

this curation effort highlight the importance of having a

central oversight review team both to identify errors

and also help ensure consistent administration of out-

come measures across multiple assessors and sites. Errors

increase the variability in outcomes and decrease the

ability of a study to detect real effects. Avoiding differ-

ences across sites in the interpretation of GOSE sections

is especially important in observational comparative ef-

fectiveness studies. Establishing clear scoring rules

and providing ongoing guidance and feedback to data

collectors are essential to avoid misclassification of the

GOSE. Many TRACK-TBI assessors worked on multiple

projects involving the GOSE. Because it can be adminis-

tered in different ways, it is important that individual

studies review data to ensure consistency within their

projects.
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The GOSE continues to be the most commonly used and,

in the case of clinical trials, often the primary clinical out-

come measure of TBI studies. The results presented herein

indicate that, particularly in the setting of multi-site studies,

the GOSE requires extensive training, ongoing monitoring,

timely curation, and central oversight review to improve ac-

curacy of administration and scoring, and these are neces-

sary to optimize its sensitivity as a primary end-point.
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