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Abstract

The extent of behavioral recovery that occurs in patients with traumatic disorders of consciousness (DoC) following discharge

from the acute care setting has been under-studied and increases the risk of overly pessimistic outcome prediction. The aim of

this observational cohort study was to systematically track behavioral and functional recovery in patients with prolonged

traumatic DoC following discharge from the acute care setting. Standardized behavioral data were acquired from 95 patients in

a minimally conscious (MCS) or vegetative state (VS) recruited from 11 clinic sites and randomly assigned to the placebo arm

of a previously completed prospective clinical trial. Patients were followed for 6 weeks by blinded observers to determine

frequency of recovery of six target behaviors associated with functional status. The Coma Recovery Scale-Revised and

Disability Rating Scale were used to track reemergence of target behaviors and assess degree of functional disability, re-

spectively. Twenty percent (95% confidence interval [CI]: 13–30%) of participants (mean age 37.2; median 47 days post-injury;

69 men) recovered all six target behaviors within the 6 week observation period. The odds of recovering a specific target

behavior were 3.2 (95% CI: 1.2–8.1) to 7.8 (95% CI: 2.7–23.0) times higher for patients in MCS than for those in VS. Patients

with preserved language function (‘‘MCS+’’) recovered the most behaviors ( p £ 0.002) and had the least disability ( p £ 0.002)

at follow-up. These findings suggest that recovery of high-level behaviors underpinning functional independence is common in

patients with prolonged traumatic DoC. Clinicians involved in early prognostic counseling should recognize that failure to

emerge from traumatic DoC before 28 days does not necessarily portend unfavorable outcome.
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Introduction

Monitoring behavioral recovery in patients who develop

disorders of consciousness (DoC) after severe traumatic

brain injury (TBI) is an essential component of diagnostic and

prognostic assessment. Following emergence from coma, patients

transition into the vegetative state (VS) or the minimally conscious

state (MCS). In VS, sleep–wake cycles are restored but there is no

behavioral evidence of awareness.1 In MCS, there is at least one

definitive behavioral sign of conscious awareness.2 The diagnosis

of ‘‘MCS+’’ (v. ‘‘MCS-‘‘) is made when the features of MCS in-

clude behavioral evidence of language comprehension or expres-

sion.3 This dichotomy is supported by functional neuroimaging

evidence of language network activation following exposure to

verbal instructions in patients who meet diagnostic criteria for

MCS.4,5 Emergence from MCS is established when there are reli-

able yes–no responses to questions or reproducible instances of

appropriate object use.2 There is also evidence that re-emergence of

specific behaviors foreshadows subsequent cognitive and func-

tional recovery.6–11
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Prognostic decision making in the intensive care setting relies

heavily on clinical findings that can be obtained within the first 7

days post-injury. Early prognostic indicators typically include de-

mographics (age, sex), markers of clinical severity (Glasgow Coma

Scale [GCS] score, pupillary reactivity), secondary insults (hyp-

oxia, hypotension), computed tomographic (CT) characteristics,

laboratory findings, and vital signs (blood pressure). The widely

used International Mission for Prognosis and Analysis of Clinical

Trials in TBI (IMPACT) model12 combines these characteristics to

derive a cumulative score that predicts unfavorable outcome, de-

fined as a Glasgow Outcome Scale13 rating <4 (i.e., fully depen-

dent). Although the IMPACT model empirically optimizes early

prognostication, its accuracy in discriminating unfavorable and

favorable outcomes is *0.80, suggesting that it should not be ap-

plied directly for treatment-limiting decisions. Consequently, out-

come prediction rests largely on clinical judgement, which may

lead to underestimation of recovery potential and failure to rec-

ommend aggressive treatment. A retrospective study of 720 adults

with TBI hospitalized at six Level 1 Canadian trauma centers found

that 70% of deaths in the intensive care unit (ICU) were related to

withdrawal of life-sustaining therapy. In nearly 65% of these cases,

the decision to withdraw treatment was made within 3 days of

admission.14 Behaviors that presage later recovery may not emerge

within this truncated time frame, contributing to premature treat-

ment withdrawal. In fact, the major factor driving the decision to

discontinue life support in the Canadian study (29% of cases), was

the clinician’s opinion that the prognosis for neurological recovery

was poor. The incidence of severe TBI is highest between the ages

of 16 and 35,15 placing young adults at the highest risk. It is clear

that attitudinal variables influence decisions concerning treatment

intensity and mortality rates16,17 among patients with severe TBI.

We previously reported the results of a randomized controlled

trial testing the effectiveness of amantadine hydrochloride in pa-

tients with prolonged (‡ 4 weeks) traumatic DoC.8 Although we

found that amantadine significantly accelerated the pace of re-

covery, we also observed that the placebo group demonstrated

substantial recovery and achieved the same level of function as the

amantadine group within 2 weeks of treatment discontinuation. In

view of the degree of improvement we observed in the placebo

group, we conducted retrospective analyses of the original data set

to more fully characterize ‘‘late’’ behavioral and functional re-

covery in this population. Our primary objectives were to deter-

mine the frequency of recovery of six ‘‘target’’ behaviors that

underpin functional independence, and assess the relationship be-

tween the number of behaviors recovered and degree of disability at

follow-up. We were also interested in exploring differences in

behavioral and functional outcome between patients diagnosed

with MCS+, MCS-, and VS.

Methods

Participants

Participants were patients with traumatic DoC enrolled in the
placebo arm of a prospective 6 week multi-center randomized-
controlled trial investigating the effectiveness of amantadine hy-
drochloride in promoting recovery.8 Recruitment was conducted at
eight rehabilitation hospitals in the United States and three in
Europe between February 2005 and March 2010. All patients were
in VS or MCS at enrollment. Of the 184 patients who completed the
study, 97 were randomized to the placebo arm (35 in VS18 and 62 in
MCS2). Two patients who were incorrectly assigned to the MCS
stratum in the original study were reassigned to the VS stratum for

the current analyses. Participants were 16–65 years of age, had
sustained a non-penetrating TBI 4–16 weeks prior to enrollment,
underwent withdrawal of psychoactive medications, and received
the usual inpatient rehabilitation services. Patients with pre-injury
central nervous system-related disability, medical instability,
pregnancy, more than one seizure in the prior month, and prior
amantadine treatment were excluded. Additional eligibility details
and the Consolidated Standards of Reporting Trials (CONSORT)
diagram are described in the original publication.8 Patients were
stratified by length of time since injury (early = 28–71 days;
late = 72–112 days) to investigate the effects of injury chronicity on
behavioral recovery.19 Patients in MCS were sub-stratified into
MCS+ or MCS- subgroups, based on performance on language
items from the Coma Recovery Scale – Revised (CRS-R)20 (see
Fig. S1 and Table S1).

Outcomes

Outcomes were assessed using the CRS-R20 and Disability
Rating Scale (DRS).21 The CRS-R is composed of six subscales
designed to assess level of consciousness and track behavioral re-
covery (Fig. S1).20,22 Reliability and validity are well established,23

supporting its selection by the National Institute on Neurological
Disorders and Stroke TBI Common Data Element Workgroup as
the preferred measure for monitoring recovery of consciousness.24

We chose the most complex behavior assessed on each CRS-R
subscale to serve as ‘‘target’’ behaviors. The six behaviors selected
and their definitions are shown in Table 1. Emergence from MCS
was demonstrated by either reliable yes–no responses to questions
(i.e., CRS-R Communication subscale score of 2) or reproducible
instances of appropriate object use (i.e., CRS-R Motor subscale
score of 6).2 The DRS is a TBI-specific functional outcome scale
that includes the GCS;25 ratings of cognitive ability for feeding,
dressing, and grooming; degree of assistance required; and em-
ployability. Scores range from 0 to 29, with higher values indi-
cating greater disability (Table S2). Scores were grouped into
disability categories to describe outcomes at week 6.8

Procedure

Study staff who were responsible for administering the CRS-R
attended a pre-enrollment training seminar taught by the primary
author of the CRS-R ( J.T.G.), and were required to utilize the CRS-
R Administration and Scoring Manual when conducting study
examinations. The CRS-R was administered at enrollment and at
the 6 week follow-up to track recovery of the target behaviors. DRS
scores were obtained independently by consensus of the rehabili-
tation team at week 6 and were used to investigate the relationship
between number of behaviors recovered and degree of functional
disability. The number of patients who emerged from MCS at week
6 was determined based on the CRS-R score profile. All patients
completed the study within 22 weeks of injury.

The protocol was approved by the Institutional Review Boards
of participating sites, written informed consent obtained from the
legally authorized representative, and the trial was registered with
ClinicalTrials.gov (ID# NCT00970944). Independent oversight
was provided by a data safety monitoring board and data were
stored and analyzed by a data coordinating center.

Statistical analysis

We used descriptive statistics to summarize the demographic
and clinical characteristics of the entire sample and subgroups
stratified by time from injury and diagnosis. Two patients failed to
complete the follow-up and were excluded from week 6 analyses,
reducing the number of MCS patients from 62 to 60. We calculated
the proportions of patients (and exact 95% confidence intervals
[CI]) in the sample who recovered each target behavior and the total
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number of behaviors recovered by week 6. To assess the influence
of time post-injury on behavioral recovery, Fisher’s Exact Tests
(FET) and odds ratios (with 95% CI) or the Mantel–Haenszel v2

trend test were used to contrast recovery rates at week 6 be-
tween the early and late enrollment subgroups. We conducted
the same analyses to compare recovery between conscious
(MCS+ and MCS-) and unconscious (VS) patients. For the
comparison between patients with and without preserved language
function (MCS+ vs. MCS- and VS), we used Mantel–Haenszel
v2 analysis to compare the number of behaviors recovered at
week 6. Mantel–Haenszel v2 analysis was also used to determine
if there were differences in the frequency of emergence from
MCS. We also investigated the influence of age on recovery by
comparing the mean age of patients who did and did not recover
individual target behaviors by week 6, and by comparing age
distributions for the number of target behaviors recovered by
week 6.

To assess the relationship between behavioral recovery
and functional disability, we calculated the median DRS score
relative to the number of behaviors present at week 6. We also
performed linear regression analysis of the number of behav-
iors recovered at week 6 against the DRS score. To explore dif-
ferences in functional outcome at week 6 between patients
with and without language function at enrollment, we compared
DRS scores using the Kruskal–Wallis test. The Kruskal–Wallis
test was also used in a post-hoc analysis to determine if the MCS+
and MCS- subgroups differed in length of time post-injury. We
used Holm’s Sequential Bonferroni Procedure26 to adjust for
multiple comparisons, and considered results to be significant at
p £ 0.05. Analyses were performed using SAS, version 9.4 (SAS
Institute, Inc.).

Results

Demographic and clinical characteristics of the sample are de-

tailed in Table 2. Seventy-one percent of the sample was male, and

the median time from injury to enrollment was 47 days (inter-

quartile range [IQR] = 37–65). The mean CRS-R total score was 9.2

(standard deviation [SD] = 4.4) and the mean DRS rating was 22.2

(SD = 2.1). There were no significant differences in age, sex or time

from injury to enrollment (i.e., early, late) among the three diag-

nostic strata (MCS+, MCS-, VS).

The proportion of patients in the total sample demonstrating

each target behavior at enrollment and week 6 is depicted in

Figure 1A. At enrollment, 1 patient in MCS demonstrated two

behaviors, 10 demonstrated one, and the remainder of the sample

demonstrated none. By week 6, there was a marked increase in the

prevalence of the six target behaviors, ranging from 29% (95%

CI = 20–39%) for reliable yes–no communication to 42% (95%

CI = 32–53%) for object recognition. Nearly one third of the sample

was communicating reliably by week 6, signaling emergence from

MCS. The only difference in behavioral recovery between patients

enrolled early and those enrolled late was for intelligible speech,

which was observed more often at week 6 in those enrolled early

( p = 0.02; odds ratio [OR] = 8.8; 95% CI: 1.9–40.4) (Table S3).

Patients who recovered target behaviors by week 6 were 2–7 years

younger on average than those who failed to do so (Table S4). The

one exception was intelligible speech; patients who recovered this

behavior were *3 years older than those who did not.

We found a bimodal pattern for the number of target behaviors

demonstrated at week 6. Although 42% (95% CI = 32–53%) of the

sample failed to recover any behaviors by week 6, 20% (95%

Table 1. Operational Definitions of the Six Target Behaviors
a

Target behavior Operational definitionb

Consistent command
following

A clearly discernible and accurate response to a one-step motor command is observed. Responses must be
accurate in 4 consecutive trials of 2 different commands.

Object recognition Two different familiar objects are recognized when presented together in pairs. Responses must be accurate
in at least 3 of 4 trials administered.

Functional object use Following instruction to demonstrate use of a common object placed in the hand, a movement sequence is
observed that is generally compatible with the specific function of the object. Responses must be accurate
in 2 of 2 trials with two different objects.

Intelligible verbalization Two different fully intelligible words consisting of a consonant-vowel-consonant blend must be detected
during the course of the examination.

Reliable communication Clearly discernible and accurate verbal or gestural yes–no responses occur on 6 of 6 questions concerning
situational orientation (e.g., ‘‘Am I touching my ear/nose?’’).

Sustained attention No more than 3 instances of failure to respond to a verbal prompt occur during CRS-R administration.

aOperational definitions are extracted from the Coma Recovery Scale- Revised (CRS-R) Administration and Scoring Manual (available at http://www
.tbims.org/combi/crs)

bA scoreable response occurs when the target behavior is observed within 10 sec of the examiner’s standardized prompt.

Table 2. Demographic and Clinical Characteristics

at Enrollment

Characteristic
Total sample

(n = 97)

Age, mean (SD), y 37.2 (15.4)
No. (%) Male 69 (71)
Time from injury, median (IQR), days 47 (37-65)
Coma Recovery Scale-Revised, mean (SD)a, score 9.2 – 4.4
Disability Rating Scale, mean (SD)b, score 22.2 – 2.1
No. (%) in minimally conscious state ‘‘plus (+)’’ 27 (28)
No. (%) in minimally conscious state ‘‘minus (-)’’ 35 (36)
No. (%) in vegetative state 35 (36)
No. (%) enrolled ‘‘early’’ (i.e., 28-71 days)

post-injury
77 (79)

No. (%) enrolled ‘‘late’’ (i.e., 72-112 days)
post-injury

20 (21)

aScores on the Coma Recovery Scale-Revised (CRS-R) ranged from 0 to
23, with higher scores indicating a higher level of neurobehavioral
function. CRS-R scores ranged from 2 to 19 at enrollment.

bScores on the Disability Rating Scale (DRS) ranged from 0 to 29, with
higher scores indicating more severe disability. DRS scores ranged from
17 to 28 at enrollment.

SD, standard deviation; IQR, interquartile range.
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CI = 13–30%) recovered all six (Fig. 1B and Table S5). Among

patients who recovered at least five behaviors, 35% (95% CI: 25–47%)

were enrolled early and 5% (95% CI: 0.3–27%) were enrolled

late, a non-significant trend ( p = 0.12, Table S5). Age did not

influence the number of target behaviors recovered by week 6.

The mean age of patients who recovered all six target behaviors

(mean = 36.9, SD = 16.2) was only slightly >1 year younger than

those who recovered none (mean = 38.1, SD = 15.1) (Table S6).

At week 6, nearly three quarters (74%) of the patients who re-

covered all six target behaviors had moderate to severe disability on

the DRS. Conversely, 68% of patients who recovered no behaviors

fell in the vegetative to extreme vegetative range (Table S7). The

median DRS at week 6 was 11 (moderately-severe; IQR = 8–14) for

patients who recovered six behaviors, 18 (extremely severe;

IQR = 14–21) for those who recovered three, and 23 (vegetative to

extreme vegetative state; IQR = 21–24.5) for those who recovered

none (Table S8). Regression analysis demonstrated a linear rela-

tionship between behavioral recovery and degree of disability

(adjusted R2 = 0.64; p = 0.002). For each behavior recovered, the

DRS score decreased (i.e., improved) by an average of 1.7 points.

Behavioral recovery rates differed between patients who were in

MCS at enrollment and those in VS (Fig. 2, top panel). MCS re-

covery rates ranged from 40% (95% CI: 28–53%) for reliable

communication to 57% (95% CI: 43–69%) for intelligible speech

and object recognition. For VS, rates ranged from 11% (95% CI: 4–

28%) for communication, to 23% (95% CI: 11–41%) for sustained

attention. The odds of recovering a target behavior during the 6 week

observation period were significantly higher for patients in MCS

across five of the six behaviors (command following: OR = 4.0, 95%

CI = 1.5–10.6, p = 0.04; object recognition: OR = 6.3, 95% CI = 2.3–

FIG. 1. Behavioral recovery rates among the total sample. (A) Bars indicate the proportion (and 95% confidence interval) of
participants among the total sample who demonstrated individual target behaviors at enrollment and at the week 6 follow-up. The six
target behaviors were rarely observed at enrollment (blue bars). By week 6 (red bars), each individual target behavior was observed in
29–42% of the sample. (B) Bars show the proportion (and 95% confidence interval) of participants who demonstrated zero to six target
behaviors at enrollment (blue bars) and at week 6 (red bars). Although target behaviors were absent in nearly 9 of 10 participants at
enrollment (blue bars), by week 6 (red bars), >50% had recovered at least one target behavior.
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17.5, p = 0.003; functional object use: OR = 4.6, 95% CI = 1.6–13.4,

p = 0.04; intelligible speech: OR = 7.8, 95% CI = 2.7–23.0, p = 0.001;

reliable communication: OR = 5.2, 95% CI = 1.6–16.5, p = 0.04,

Table S9). Sustained attention did not differ between these sub-

groups ( p = 0.12). The difference in recovery rates between the

two subgroups remained significant when we reran the analyses

after removing MCS cases that had any of these behaviors at en-

rollment. At week 6, the total number of target behaviors recovered

was also significantly higher in the MCS subgroup (v2
MH = 13.9, 1

df; p = 0.003), with 37% recovering at least five behaviors as

compared with 14% in the VS group (Fig. 2; Table S10). The odds of

emerging from MCS were almost seven times higher for patients in

MCS versus those in VS (MCS = 53%, VS = 14%; OR = 6.8, 95% CI:

2.3–20.1, p = 0.002).

When we compared patients who showed preserved language

function at enrollment (MCS+) with those who did not (MCS- and

VS), we found that the MCS+ subgroup recovered significantly

more target behaviors by week 6 (v2
MH

= 21.9, 1 df; p = 0.002).

FIG. 2. Comparison of behavioral recovery between participants in a minimally conscious state (MCS) and and those in a vegetative
state (VS). (A) Bars depict the individual behavioral recovery rates (proportion of subjects and 95% confidence interval [CI]) for
participants in MCS (n = 60, blue) and VS (n = 35, green) at week 6. Recovery rates were significantly higher for patients in MCS across
five of the six target behaviors (*p £ 0.05; **p £ 0.01). Odds ratios (with CIs) are shown in Supplementary Table S9. (B) Bars indicate
the total number of target behaviors demonstrated in the MCS (blue) and VS (green) subgroups at the week 6 follow-up (proportion of
subjects and 95% CI). Participants enrolled in MCS recovered significantly more target behaviors by week 6 than those who were in VS
( v2

MH = 13.9, 1 df; p = 0.0026).
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Nearly half the MCS+ subgroup (46%, 95% CI: 27–66%) recov-

ered all six target behaviors as compared with 1 in 10 patients in the

MCS- subgroup (9%, 95% CI: 2–25%) or the VS group (11%, 95%

CI: 3–27%) (Fig. 3 and Table S11). At week 6, the proportion of

patients who emerged from MCS (MCS+ = 73%; MCS- = 38%;

VS = 14%; v2
MH

= 21.2, 1 df; p = 0.002) and the median degree of

disability on the DRS (MCS+: mean = 12, IQR = 9–17; MCS-:

mean = 17, IQR = 15-19; VS: mean = 23, IQR = 20–24; p = 0.002)

were also more favorable in the MCS+ subgroup. Post-hoc analysis

confirmed that these differences were not attributable to greater

time from injury, as the median interval was shorter in the MCS+
subgroup (MCS+: mean = 38 days, IQR = 33–47; MCS-: mean = 54

days, IQR = 40–69; Kruskal–Wallis Test p < 0.001).

Discussion

Prognostication in patients with traumatic DoC depends largely

on behavioral findings obtained through clinical examination.

However, the frequency and time course of recovery of specific

behaviors has not been well characterized. We systematically as-

sessed rehabilitation inpatients with prolonged DoC over a 6 week

period using a validated neurobehavioral assessment measure, the

CRS-R. We tracked the frequency of recovery of six behaviors that

represent precursors to functional independence and found that

consistent command following, object recognition, functional ob-

ject use, intelligible speech, yes–no communication, and sustained

attention all commonly recover after 4 weeks post-injury. Despite

remaining in VS or MCS for a median of 47 days, 20% of the entire

cohort recovered all six target behaviors by the end of the observation

period. Recovery rates were two to three times higher among patients

who were within 10 weeks of injury at enrollment than in those who

were 11–16 weeks post-injury. Recovery rates were approximately

three times higher for patients in MCS (range = 40–57%) than in

those in VS (range = 11–23%). Additionally, more than one third of

the MCS subgroup recovered at least five target behaviors and more

than half emerged from MCS within the 6 week interval.

Our findings comport with evidence from structural and func-

tional neuroimaging studies showing differences in corticocortical

and corticothalamic connectivity between patients in MCS and

those in VS. Diffusion tensor imaging27 and resting state func-

tional magnetic resonance imaging (fMRI) studies28,29 have

shown that the integrity of the frontoparietal association cortex,

default mode network, and salience network reliably differentiate

patients in MCS from those in VS. These observations suggest a

graded relationship between network connectivity and level of

consciousness and are consistent with the role of these regions in

perceptual processing, attentional orienting, and vigilance. The

degree of connectivity of two particular structures in the con-

sciousness network – the posterior cingulate cortex and precuneus

– has also been linked to subsequent behavioral recovery.28,30,31

Although the MCS diagnosis clearly conferred a more favorable

prognosis for behavioral recovery, it is also notable that 14% of

the VS subgroup recovered at least five of the six target behaviors

and 20% were consistently following commands by the end of the

6 week interval.

We found a linear relationship between the number of behaviors

recovered and degree of disability at follow-up. For each behavior

recovered, the DRS score improved by nearly 2 points, resulting in

a 12 point spread between patients who recovered all six behaviors

and those who recovered none. This relationship highlights the

importance of these six behaviors in functional recovery. The

number of behaviors recovered is essentially a proxy for the degree

of preservation of language and motor networks, which likely un-

derlies the extent of functional improvement observed.27–29

FIG. 3. Comparison of the total number of target behaviors recovered among participants with and without language function at
enrollment. Bars show the proportion of participants (and 95% confidence interval) in a minimally conscious state with preserved
language function at enrollment (MCS+) (n = 26, blue), in MCS without language function (MCS-) (n = 34, red) and in a vegetative
state (VS) (n = 35, green) against the total number of target behaviors recovered by week 6. Participants with preserved language
function at enrollment (MCS+) recovered significantly more target behaviors than those in MCS- or VS ( v2

MH = 21.2, 1 df;
p £ 0.0018).
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Our findings also point to the critical role of language function in

recovery. The proportion of patients who recovered all six target

behaviors and the frequency of emergence from MCS were sig-

nificantly higher in the MCS+ subgroup, and these improvements

were associated with less disability on the DRS. Although the

MCS- subgroup recovered more behaviors than the VS subgroup,

outcomes were not substantially different at week 6. These findings

comport with the results of diffusion tractography32 and fluor-

odeoxyglucose (FDG)-positron emission tomography (PET)3

studies showing significantly reduced connectivity and diminished

metabolic activity, respectively, between the left temporal cortex

and the thalamus in patients in MCS- relative to those in MCS+.

Taken together, our results support the proposed subcategorization

of MCS,3 suggest that MCS+ may be a favorable early prognostic

indicator, and underscore the important influence of language on

functional outcome.

This study has several limitations. First, because our sample was

composed of patients undergoing inpatient rehabilitation, there

may have been a selection bias toward admitting those with more

favorable prognoses. This seems unlikely, as patients in VS com-

prised more than one third of our sample, and none of the subjects

were able to communicate reliably at enrollment. Second, we

did not attempt to parse the effects of rehabilitation on outcome,

leaving open the possibility that recovery was influenced by reha-

bilitation therapies. Although treatment effects cannot be ruled out,

patients were receiving the usual care, and pharmacological inter-

ventions to accelerate recovery were prohibited. Third, stratifying

the sample into subgroups by diagnosis and time post-injury limited

the number of patients available for some analyses, reducing power

and generalizability. A larger sample would have enabled com-

parison of outcomes across these substrata. This issue highlights the

need for larger studies that can support more granular outcome

assessment. Nonetheless, the subgroup findings and precision pa-

rameters reported here will support sample size calculations, and

our results concerning the relationship between number of behav-

iors recovered and degree of disability can be used to establish a

minimum clinically important difference for the DRS.33

Our findings suggest that one in five patients who remain in

traumatic VS or MCS for at least 4 weeks will subsequently recover

the ability to communicate, verbalize intelligibly, follow com-

mands, recognize familiar stimuli, and utilize common objects.

Nearly one third, including 11% of those in VS, will recover the

ability to communicate reliably. Reliable communication is highly

valued by family members,8 and is critically important when as-

sessing pain, hunger, and thirst. These findings have three impor-

tant clinical implications. First, clinicians involved in planning

treatment should recognize that failure to emerge from traumatic

DoC within 4 weeks of injury does not necessarily portend un-

favorable outcome. Second, when engaged in prognostic coun-

seling, clinicians should explain that behavioral signs of

consciousness may not emerge until after the 1st month post-

injury. Third, aggressive medical and rehabilitative interventions

should be among the options considered for patients with trau-

matic DoC who are within 1 month of injury. Our results lend

further support to the newly released DoC practice guidelines,

which recommend that when clinicians are discussing prognosis

with caregivers of patients with DoC who are within 28 days of

injury, they must avoid statements that suggest that these patients

have a universally poor prognosis.34 Although we did not moni-

tor recovery beyond the 6 week interval, recent long-term out-

come studies suggest that *20% of patients with prolonged DoC

regain the capacity to live without in-home supervision within 2–5

years of injury.9,35 Future research should investigate whether

these target behaviors represent markers for eventual recovery of

independence.
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