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Abstract
Objective
To update the 1995 American Academy of Neurology (AAN) practice parameter on persistent vegetative
state and the 2002 case definition on minimally conscious state (MCS) and provide care recom-
mendations for patients with prolonged disorders of consciousness (DoC).

Methods
Recommendations were based on systematic review evidence, related evidence, care principles, and inferences
using a modified Delphi consensus process according to the AAN 2011 process manual, as amended.

Recommendations
Clinicians should identify and treat confounding conditions, optimize arousal, and perform serial
standardized assessments to improve diagnostic accuracy in adults and children with prolonged DoC
(Level B). Clinicians should counsel families that for adults, MCS (vs vegetative state [VS]/
unresponsive wakefulness syndrome [UWS]) and traumatic (vs nontraumatic) etiology are associated
with more favorable outcomes (Level B). When prognosis is poor, long-term care must be discussed
(Level A), acknowledging that prognosis is not universally poor (Level B). Structural MRI, SPECT,
and the Coma Recovery Scale–Revised can assist prognostication in adults (Level B); no tests are
shown to improve prognostic accuracy in children. Pain always should be assessed and treated (Level
B) and evidence supporting treatment approaches discussed (Level B). Clinicians should prescribe
amantadine (100–200 mg bid) for adults with traumatic VS/UWS or MCS (4–16 weeks post injury) to
hasten functional recovery and reduce disability early in recovery (Level B). Family counseling con-
cerning children should acknowledge that natural history of recovery, prognosis, and treatment are not
established (Level B). Recent evidence indicates that the term chronic VS/UWS should replace
permanent VS, with duration specified (Level B). Additional recommendations are included.
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This article presents practice guideline recommendations
developed by the American Academy of Neurology (AAN),
the American Congress of Rehabilitation Medicine (ACRM),
and the National Institute on Disability, Independent Living,
and Rehabilitation Research (see complete guideline at links.
lww.com/WNL/A611). A companion article summarizes
systematic review conclusions.1

Recommendations
Unless noted, recommendations apply to individuals with
prolonged disorders of consciousness (DoC) (i.e., ≥28 days).
Recommendation rationales are presented; tables summarize
recommendations for adults (tables 1–3) and children
(table 4).

Recommendation 1 rationale
Our systematic review highlights the complexities of caring for
patients with prolonged DoC (i.e., ≥28 days) at every stage.
Such patients may be misdiagnosed due to confounding
neurologic deficits2 or inexperience in examining patients for
subtle signs of consciousness.3 Accurate diagnosis is impor-
tant to educate families about patients’ level of consciousness
and function, inform prognostic counseling, and guide treat-
ment decisions. Knowledge gaps often lead to overestimation
or underestimation of prognosis by nonspecialists.4 In addi-
tion, patients with prolonged DoC frequently experience
significant medical complications that can slow recovery and
interfere with treatment interventions.5 In view of this risk,
patients are likely to have a better chance for recovery if care is
provided in a specialized setting managed by clinicians who
are knowledgeable about the risks associated with DoC and
are capable of initiating timely treatment. This is supported by
findings from a large retrospective trauma registry, which
found that cumulative mortality at 3 years postdischarge is
significantly lower for patients discharged to home or in-
patient rehabilitation facilities than those discharged to skilled
nursing facilities, even after adjusting for covariates.6 Care for
patients with prolonged DoC may benefit from a team of
multidisciplinary rehabilitation specialists, including neurol-
ogists, psychologists, neuropsychologists, physiatrists, physi-
cal therapists, occupational therapists, speech pathologists,
nurses, nutritionists, internists, and social workers.

Recommendation 2 rationale
The range of physical and cognitive impairments experienced
by individuals with severe DoC complicates diagnostic accu-
racy and makes it difficult to distinguish behaviors that are
indicative of conscious awareness from those that are random
and nonpurposeful. Interpretation of inconsistent behaviors
or simple motor responses is particularly challenging. Fluc-
tuations in arousal and response to command further con-
found the reliability of clinical assessment.7,8 Underlying
central and peripheral impairments, such as aphasia, neuro-
muscular abnormalities, and sensory deficits, may also mask
conscious awareness.9–11 Clinician reliance on non-
standardized procedures, even when the examination is per-
formed by experienced clinicians,2,12,13 contributes to
diagnostic error, which consistently hovers around 40%. Di-
agnostic error includes misdiagnosing the locked-in syndrome
for vegetative state/unresponsive wakefulness syndrome
(VS/UWS) and minimally conscious state (MCS).14,15 Ac-
curate diagnosis of the level of consciousness has implications
for prognosis and management.

Recommendation 2a rationale
In view of the range of clinical challenges to accurate and
reliable diagnosis of DoC, standardizing the assessment of
patients with DoC can assist in recognizing key diagnostic
features that may be missed on ad hoc examinations.12,16 The
validity and reliability of standardized neurobehavioral as-
sessment scales for diagnosis of DoC subtype have been
previously reviewed.17 Other techniques such as in-
dividualized quantitative behavioral assessment have been
useful in distinguishing specific purposeful responses from
generalized, nonpurposeful, or reflexive responses.18 On the
basis of these findings, diagnostic accuracy may be enhanced
by using standardized neurobehavioral assessment measures
over qualitative bedside examination alone. If standardized
assessments are used, those with the highest quality of evi-
dence should be employed. A systematic review performed by
ACRM recommended the Coma Recovery Scale–Revised
(CRS-R),16 Wessex Head Injury Matrix,19 Sensory Modality
Assessment and Rehabilitation Technique,20 Western Neu-
roSensory Stimulation Protocol,21 Disorders of Conscious-
ness Scale,22 and Sensory Stimulation Assessment Measure23

for use in clinical practice.17

Recommendation 2b rationale
While there is insufficient high-quality evidence to recom-
mend the use of serial evaluations to improve diagnostic
sensitivity and specificity, because of the inconsistency and
variability of behavioral responses that is characteristic of

Supplemental Data
Full text of guideline at:
NPub.org/m5ii8i

Glossary
AAN = American Academy of Neurology; ACRM = American Congress of Rehabilitation Medicine; CI = confidence interval;
CRS-R = Coma Recovery Scale–Revised; DoC = disorders of consciousness; DRS = Disability Rating Scale; FDG =
fluorodeoxyglucose; MCS = minimally conscious state; TBI = traumatic brain injury; UWS = unresponsive wakefulness
syndrome; VS = vegetative state.
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individuals with prolonged DoC, reliance on a single exami-
nation may contribute to greater risk of misdiagnosis. Multi-
ple behavioral evaluations over time may improve diagnostic
reliability and accuracy as compared with a single evaluation.
Serial evaluations conducted by trained clinicians using
a standardized, validated neurobehavioral assessment in-
strument have the potential to improve the reliability/validity
of diagnosis. There are insufficient data to recommend
a minimum duration of time for an assessment session or how
often serial examinations should be performed. The frequency
of serial standardized neurobehavioral examinations should
be based on clinical judgment with consideration given to
reported changes in arousal and responsiveness, the removal
or cessation of diagnostic confounders, and the length of time
since the last assessment.

Recommendation 2c/2d rationale
Patients with prolonged DoC may exhibit inconsistent or
reduced behavioral responsiveness because of fluctuations in
the level of arousal, systemic medical problems, secondary
neurologic complications, and other adverse events (e.g.,
medication side effects). Level of consciousness cannot be
assessed accurately during periods of low arousal. In patients
who demonstrate fluctuations in wakefulness, efforts should

be made to increase arousal level using protocols designed for
this purpose (e.g., the CRS-R Arousal Facilitation Protocol)
before assessing the level of consciousness. Identifying and
treating conditions that impair neurologic functioning may
also improve arousal and level of consciousness.

Recommendation 2e/2f rationale
Our systematic review identified that some electrophysio-
logic procedures (EMG thresholds for detecting response to
motor commands, EEG reactivity, laser-evoked potential
responses, and the Perturbational Complexity Index) pos-
sibly have value for distinguishing MCS from VS/UWS,
generally to an only mildly important degree. There is in-
sufficient evidence to support or refute the routine clinical
use of functional neuroimaging or routine EEG or evoked
response studies as clinically useful adjuncts to behavioral
evaluations to detect conscious awareness in patients di-
agnosed with VS/UWS. In addition, functional imaging is
not widely available and may not be clinically feasible in large
numbers of patients. However, 2 reviewed studies identified
fMRI changes in response to a word-counting task and an
incorrect-minus-correct activation protocol in patients di-
agnosed with VS/UWS by the CRS-R (38%, 95% confi-
dence interval [CI] 14%–69%, and 38%, 95% CI 23%–56%,

Table 1 Recommendation statementsa for overall care and diagnosis for adults with a prolonged disorder of
consciousness (DoC)

Recommendation
number Recommendation statement and level

1 Clinicians should refer patientswith DoCwhohave achievedmedical stability to settings staffed bymultidisciplinary rehabilitation
teams with specialized training to optimize diagnostic evaluation, prognostication, and subsequent management, including
effective medical monitoring and rehabilitative care (Level B).

2a Clinicians should use standardized neurobehavioral assessmentmeasures that have been shown to be valid and reliable (such as
those recommended by the ACRM) to improve diagnostic accuracy for the purpose intended (Level B based on importance of
outcomes and feasibility).

2b To reduce diagnostic error in individuals with prolonged DoC after brain injury, serial standardized neurobehavioral assessments
should be performed with the interval of reassessment determined by individual clinical circumstances (Level B based on
cogency, feasibility, and cost relative to benefit).

2c Clinicians should attempt to increase arousal before performing evaluations to assess level of consciousness anytime diminished
arousal is observed or suspected (Level B based on importance of outcomes).

2d Clinicians should identify and treat conditions that may confound accurate diagnosis of a DoC prior to establishing a final
diagnosis (Level B based on feasibility and cost).

2e In situations where there is continued ambiguity regarding evidence of conscious awareness despite serial neurobehavioral
assessments, or where confounders to a valid clinical diagnostic assessment are identified, clinicians may use multimodal
evaluations incorporating specialized functional imaging or electrophysiologic studies to assess for evidence of awareness not
identified on neurobehavioral assessment that might prompt consideration of an alternate diagnosis (Level C based on
assessment of benefit relative to harm, feasibility, and cost relative to benefit).

2f In situations where there is no behavioral evidence of consciousness on clinical examination but functional neuroimaging or
electrophysiologic testing suggests the possibility of preserved conscious awareness, frequent neurobehavioral reevaluations
may be conducted to identify emerging signs of conscious awareness (Level C based on feasibility) and decisions to reduce the
intensity of rehabilitation treatment may be delayed for those individuals receiving active rehabilitation management (Level C
based on variation in patient preferences and cost relative to net benefit), with the length of time over which these are done
determined by an agreement between the treating clinician and the health care proxy given the lack of evidence to provide
guidance.

Abbreviation: ACRM = American Congress of Rehabilitation Medicine.
a Level A is the strongest recommendation level and is denoted by use of the helping verbmust. These recommendations are rare. Level B corresponds to the
helping verb should. Such recommendations are more common, as the requirements are less stringent but are still associated with confidence in the
rationale and a favorable benefit–risk profile. Level C corresponds to the helping verb may. These recommendations represent the lowest allowable
recommendation level that the American Academy of Neurology considers useful within the scope of clinical practice and can accommodate the highest
degree of practice variation.
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respectively).24,25 Research studying DoC populations
overlapping with those in this guideline (i.e., cohorts in-
cluding patients with a DoC for longer than 28 days but not
confined exclusively to patients with prolonged DoC) sug-
gests that some individuals without signs of awareness on
behavior-based evaluations may have positive findings using
other modalities, such as functional MRI, PET scans, or
electrophysiologic studies. In 1 study26 of patients with VS/
UWS based on standardized neurobehavioral assessment,
functional neuroimaging studies (18F-fluorodeoxyglucose
[FDG] PET, fMRI) performed at various times postinjury
demonstrated evidence of brain activity compatible with at
least minimal conscious awareness in approximately 32% of
patients scanned using 18F-FDG PET or mental imagery
fMRI or both (13/41; 95% CI 20%–47%), with 18F-FDG
PET showing results consistent with MCS in 33% of patients
diagnosed with VS/UWS by the CRS-R (12/36, 95% CI
20%–50%) and mental imagery fMRI showing results

consistent with MCS in 11% (3/28, 95% CI 4%–27%).
When using high-density EEG recordings assessing a com-
bination of low-frequency power, EEG complexity, and in-
formation exchange in a population overlapping with that in
this guideline, 25 of 75 recordings in patients in VS/UWS
(33%, 95% CI 24%–45%) were classified as suggestive of
MCS, with a greater recovery of consciousness in those
categorized as MCS than VS/UWS on the EEG (11/50 VS
vs 11/23 MCS, with 2 lost to follow-up; risk difference 26%,
95% CI 3%–47%).27

Although multimodal evaluations show promise in increasing
sensitivity for detection of conscious awareness, these studies
return negative findings in the majority of patients diagnosed
with VS/UWS on behavioral assessment, and the exact link
between these findings and consciousness remains unclear.
Widespread use of multimodal imaging is unlikely to change
the diagnosis in most patients diagnosed with VS/UWS. At

Table 2 Recommendation statements for prognosis for adults with a prolonged disorder of consciousness (DoC)

Recommendation
number Recommendation statement and level

3 When discussing prognosis with caregivers of patients with a DoC during the first 28 days postinjury,a clinicians must avoid
statements that suggest these patients have a universally poor prognosis (Level A).

4 Clinicians caring for patients with prolonged DoC should perform serial standardized behavioral evaluations to identify trends in
the trajectory of recovery that are important for establishing prognosis (Level B).

5 Posttraumatic VS/UWS: Clinicians should perform the DRS at 2–3months postinjury (Level B) andmay assess for the presence of
P300 at 2–3 months postinjury (Level C based on feasibility) or assess EEG reactivity at 2–3 months postinjury (Level C based on
feasibility) to assist in prognostication regarding 12-month recovery of consciousness for patients in traumatic VS/UWS. Clinicians
should perform MRI 6–8 weeks postinjury to assess for corpus callosal lesions, dorsolateral upper brainstem injury, or corona
radiata injury in order to assist in prognostication regarding remaining in PVS at 12 months for patients in traumatic VS/UWS
(Level B). Clinicians should perform a SPECT scan 1–2months postinjury to assist in prognostication regarding 12-month recovery
of consciousness and degree of disability/recovery for patients in traumatic VS/UWS (Level B). Clinicians may assess for the
presence of higher level activation of the auditory association cortex using BOLD fMRI in response to a familiar voice speaking the
patient’s name to assist in prognostication regarding 12-month (postscan) recovery of consciousness for patients in traumatic VS/
UWS 1–60 months postinjury (Level C based on feasibility, cost).

6 Nontraumatic, postanoxic VS/UWS: Clinicians should perform the CRS-R (Level B) and may assess SEPs (Level C based on
feasibility) to assist in prognostication regarding recovery of consciousness at 24months for patients in nontraumatic postanoxic
VS/UWS.

7 Given the frequency of recovery of consciousness after 3 months in patients in nontraumatic VS/UWS, and after 12 months in
patients with traumatic VS/UWS (including some cases emerging from MCS), use of the term permanent VS should be
discontinued. After these time points, the term chronic VS (UWS) should be applied, accompanied by the duration of the VS/UWS
(Level B).

Prognostic counseling recommendations

8 Clinicians should counsel families that MCS diagnosed within 5months of injury and traumatic etiology are associated withmore
favorable outcomes and VS/UWS and nontraumatic DoC etiology are associated with poorer outcomes, but individual outcomes
vary and prognosis is not universally poor (Level B based on importance of outcomes).

9 In patients with a prolonged DoC, once a prognosis has been established that indicates a likelihood of severe long-term disability,
clinicians must counsel family members to seek assistance in establishing goals of care and completing state-specific forms
regarding medical decision-making (e.g., MOLST forms), if not already available, applying for disability benefits, and starting
estate, caregiver, and long-term care planning (Level A).

10 When patients enter the chronic phase of VS/UWS (i.e., 3 months after non-TBI and 12 months after TBI), prognostic counseling
should be provided that emphasizes the likelihood of permanent severe disability and the need for long-term assistive care
(Level B).

Abbreviations: BOLD = blood oxygen level–dependent; CRS-R = Coma Recovery Scale–Revised; DRS = Disability Rating Scale; MCS =minimally conscious state;
MOLST = medical orders for life-sustaining treatment; PVS = persistent vegetative state; SEP = somatosensory evoked potential; TBI = traumatic brain injury;
UWS = unresponsive wakefulness syndrome; VS = vegetative state.
a This is the one recommendation in this guideline pertaining to individuals in aDoC for less than 28 days.While patientswith an acuteDoCare not theprimary
population covered by this guideline, the results of the systematic review and review of related evidence showing the potential for long-term recovery in
individuals with DoC lasting longer than 28 days also apply when counseling the families of patients who are <28 days from injury.
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the same time, injury sequelae (such as severe hypertonus)
may confound behavioral assessment and compromise di-
agnostic accuracy. In addition, diagnostic findings may remain
ambiguous despite serial assessment due to the inconsistency
or subtlety of the behavioral evidence. The largest functional
neuroimaging study conducted to date in patients with DoC
reported that ambiguous or erroneous findings clouded clin-
ical diagnosis in 33 of 126 (27%) cases.26

Recommendation 3 rationale
In patients with severe traumatic brain injury (TBI), many of
whom have a DoC, one study found that hospital mortality
was 32%, with 70% of those deaths associated with the
withdrawal of life-sustaining therapy.4 Withdrawal of life-
sustaining therapy was more closely associated with the
facility where care was provided than with baseline charac-
teristics, including age, sex, pupillary reactivity, and Glasgow
Coma Scale motor score.4 While withdrawal of life-sustaining
therapy was high, this systematic review identified that indi-
viduals with a DoC lasting longer than 1 month postinjury
may still attain functionally significant recovery after 1 year
postinjury. Additional research shows that patients with

prolonged DoC can achieve at least some degree of functional
independence during long-term follow-up. For example, one
study found that approximately 20% of patients with a trau-
matic VS/UWS DoC admitted to inpatient rehabilitation
were judged to be functionally independent and capable of
returning to employment at 1, 2, or 5 years.28 Another lon-
gitudinal study including patients with traumatic and non-
traumatic DoC reported that almost half of the sample
recovered to at least daytime independence at home and 22%
returned to school or work.29 While these studies may not
be fully generalizable, they suggest the potential for recovery
in this population, which has implications for prognostic
discussions.

Recommendation 4 rationale
The natural history of DoC is not well-defined, particularly for
populations with nontraumatic brain injury, and diagnosis and
prognosis can be challenging. Individuals with DoC can fluc-
tuate between different diagnostic categories such as VS and
MCS. Fluctuation is particularly common early in the course of
recovery,30 and one study suggests a 30% probability of ob-
serving behaviors suggestive ofMCS in patients diagnosed with

Table 3 Recommendation statements for care and treatment for adults with a prolonged disorder of consciousness
(DoC)

Recommendation
number Recommendation statement and level

11 Clinicians must identify patient and family preferences early and throughout provision of care to help guide the decision-making
process for persons with prolonged DoC (Level A).

12 Clinicians should be vigilant to the medical complications that commonly occur during the first few months after injury among
patients with DoC and, thus, should utilize a systematic assessment approach to facilitate prevention, early identification, and
treatment (Level B).

13 Clinicians should assess individuals with a DoC for evidence of pain or suffering and should treat when there is reasonable cause
to suspect that the patient is experiencing pain (Level B), regardless of level of consciousness. Clinicians should counsel families
that there is uncertainty regarding the degree of pain and suffering that may be experienced by patients with a DoC (Level B).

14 Clinicians caring for patients with traumatic VS/UWS or MCS who are between 4 and 16 weeks postinjury should prescribe
amantadine 100–200 mg twice daily to hasten functional recovery and reduce degree of disability in the early stages of recovery
after determining there are no medical contraindications or other case-specific risks for use (Level B).

15 Clinicians should counsel families about the limitations of existing evidence concerning treatment effectiveness and the potential
risks and harms associated with interventions that lack evidentiary support (Level B). When discussing nonvalidated treatments,
clinicians should provide evidence-based information regarding the projected benefits and risks of a particular treatment and the
level of uncertainty associated with the proposed intervention, keeping in mind that families and caregivers are often in distress
and vulnerable (Level B). Clinicians should counsel families that, in many cases, it is impossible to discern whether improvements
observed early in the course of recovery were caused by a specific intervention or spontaneous recovery (Level B).

Abbreviations: MCS = minimally conscious state; UWS = unresponsive wakefulness syndrome; VS = vegetative state.

Table 4 Recommendation statements for care for children with a prolonged disorder of consciousness (DoC)

Recommendation
number Recommendation statement and level

16 Clinicians should treat confounding conditions, increase arousal prior to diagnostic assessments, use valid and reliable
standardized behavioral assessments (particularly those targeting pediatric populations), and conduct serial assessments to
improve diagnostic accuracy in children with prolonged DoC (Level B).

17 Clinicians should counsel families that the natural history and prognosis of children with prolonged DoC is not well-defined and
that there are no current evaluations established to improve prognostic accuracy in this population (Level B).

18 Clinicians should counsel families that there are no established therapies for children with a prolonged DoC (Level B).
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VS/UWS when assessments are conducted in the morning.7

Patients with VS may also emerge to MCS over time. MCS is
probably associated with a better prognosis than VS. Serial
examinations, already suggested to improve diagnostic accu-
racy, may also aid prognosis in view of the relationship between
diagnosis and prognosis.

Recommendation 5 rationale
In patients diagnosed with prolonged traumatic VS/UWS,
Disability Rating Scale (DRS) scores <26 at 2–3 months
postinjury, a detectable P300 at 2–3 months postinjury,
a reactive EEG at 2–3 months postinjury, and higher-level
activation of the auditory association cortex using blood
oxygen level–dependent fMRI in response to a familiar voice
speaking the patient’s name probably have prognostic utility,
suggesting an increased chance of recovering consciousness
within 12 months. A normal SPECT scan at 1–2 months
postinjury, lower DRS scores in general 2–3 months post-
injury, and a detectable P300 2–3 months postinjury after
controlling for DRS and EEG reactivity are possibly associ-
ated with either an increased likelihood of recovery of con-
sciousness or a more favorable outcome, while MRI
performed 6–8 weeks postinjury showing corpus callosal
lesions, dorsolateral upper brainstem injury, or corona
radiata injury are possibly associated with a worse prognosis
at 12 months.

Recommendation 6 rationale
In patients diagnosed with nontraumatic postanoxic VS/
UWS, it is highly probable that CRS-R scores of ≥6 obtained
more than 1 month after onset and the presence of somato-
sensory evoked potentials from bilateral median nerve stim-
ulation each have prognostic utility as independent predictors
of recovery, suggesting an increased likelihood of recovery of
responsiveness by 24 months postinjury.

Recommendation 7 rationale
The 1994 AAN Multi-Society Task Force defined VS as
permanent 3 months after a nontraumatic injury leading to
VS and 12 months following a traumatic injury, acknowl-
edging that unexpected recoveries will occur after these
times but that these cases will be rare and typically associated
with severe disability.31 A reanalysis of the Task Force data
concluded that the estimated rates of late recovery for
traumatic and nontraumatic VS were unreliable due to in-
consistent follow-up (only 27 cases were available with
follow-up after 12 months), unreliable reporting (in some
cases, follow-up was obtained through “personal communi-
cations”), and questionable diagnostic accuracy.32 Relying
only on the portion of the Task Force dataset that was
extracted from the Traumatic Coma Data Bank33 (which
appropriately defined VS and reported findings on 25 cases
followed after 12 months), 6 patients (14%) recovered
consciousness between 1 and 3 years postinjury. This re-
covery rate is substantially higher than the 1.6% reported in
the Task Force Report and raised questions about the ap-
propriateness of the term permanent VS.

In the current systematic review, no study evaluated the
prognosis of patients with traumatic VS/UWS after 12
months of injury. One Class II study mixing patients with
traumatic and nontraumatic VS/UWS found that none of
these patients in VS/UWS 12 months after onset improved
when assessed at 2, 3, 4, and 5 years postinjury (1 lost to
follow-up, 9 died, and 2 remained in VS/UWS), but due to the
small sample size, CIs for the possibility of improving were
wide (0%, 95% CI 0%–24%).34

Recent studies suggest that some patients with prolonged
nontraumatic VS/UWS may experience ongoing recovery
after 3 months. Meta-analyses performed in this systematic
review found it is possible that 17% (95% CI 5%–30%) will
recover consciousness (emerge from VS/UWS) at 6 months.
After 6 months, it is possible that an estimated 7.5% (95% CI
0%–24%) may recover consciousness. In one study of pro-
longed anoxic vegetative state included in the systematic re-
view, of the 9 of 43 recovering responsiveness, 2 recovered
between 3 and 6 months, 3 recovered at 6–12 months, and 4
recovered at 12–24 months. Of the 2 individuals emerging
from MCS, 1 patient recovered consciousness at 16 months
and emerged from MCS at 18 months and the other re-
covered consciousness at 22 months and emerged from MCS
at 25 months; both remained severely disabled. Of 41 patients
who remained in VS/UWS at 6 months, 7 additional patients
recovered consciousness before 24 months (17%, 95% CI
9%–31%).35 The natural history of nontraumatic VS/UWS is
likely tied to the underlying etiology, with nontraumatic VS/
UWS related to a specific insult (e.g., anoxic injury, ischemia)
different from that relating to ongoing neurodegeneration.

Additional evidence suggests that late transition to MCS from
VS/UWS may occur in as many as 20% of patients who meet
permanence criteria. One study followed 50 patients who
remained unconscious for a mean of 11.1 (±4.8) months after
traumatic or nontraumatic brain injury and reported that 10
patients (7 traumatic, 3 nontraumatic) recovered conscious-
ness between 14 and 28 months postonset.36 A second study
followed 108 patients with TBI across a 5-year interval, all of
whom failed to recover command-following during the course
of inpatient rehabilitation. Among the 17 patients who were
still unable to follow commands at 12 months postonset,
8 (47.0%) regained this ability between 1 and 5 years
postinjury.28

Although the majority of patients who remain in VS/UWS
across the first 3 (after nontraumatic) and 12 months (after
traumatic) postinjury will remain in this condition perma-
nently, a substantial minority will recover consciousness be-
yond this time frame. While most of these patients will be left
with severe disability, functional outcome ratings indicate that
some will regain the ability to communicate reliably, perform
self-care activities, and interact socially.37

In view of these findings, continued use of the term perma-
nent VS is not justified. Use of this term implies irreversibility,
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which is not supported by the current research and has
implications for family counseling, decision-making, and the
ethics of the field. The guideline panel suggests that the term
permanent VS be replaced by the term chronic VS to indicate
the stability of the condition (in keeping with other diseases
that have a chronic phase). This should be accompanied by
a description of the current duration of the VS/UWS, as
evidence supports a decreasing likelihood of recovery with
longer duration of unresponsiveness. Because most patients
with late recovery of consciousness will remain fully or par-
tially dependent upon others for activities of daily living,
prognostic counseling should emphasize the need for long-
term care and specify the type of supportive care required.

Recommendation 8 rationale
Systematic review evidence showed that in patients with
prolonged DoC, those diagnosed with MCS within the first
5 months of injury have a more favorable long-term prog-
nosis for functional recovery than those diagnosed with
VS/UWS. Long-term prognosis is also more favorable in
patients in MCS who have sustained traumatic vs non-
traumatic brain injury.38 The evidence reviewed does not
clearly support or refute age and time postinjury as prog-
nostic features.

As described in the rationale for recommendation 3 above,
evidence from the systematic review identified that individuals
with a DoC at 1 month postinjury may still attain functionally
significant recovery after 1 year postinjury, with additional
longitudinal studies showing that approximately 20% of
patients recover to the level where they could return to work
or school.28,29

Recommendation 9 rationale
Patients with prolonged DoC may have a prolonged recovery
over months to years, and many will remain severely disabled.
Employment and personal finances in the short term and the
long term will be significantly affected, and these effects will
have implications for family members. Patients and families
benefit from planning in advance for an expected prolonged
recovery.

Recommendation 10 rationale
See rationale for recommendation 7.

Recommendation 11 rationale
Preexpressed wishes of patients with prolonged DoC and
values of families of persons with prolonged DoC can be
highly variable. Values may also change over the course of
illness. Personal values should be identified early and need to
be reassessed over time when making decisions regarding care
for individuals with prolonged DoC.

Recommendation 12 rationale
Complication rates are high in patients with prolonged DoC
and negatively affect morbidity and mortality.5,39,40,e1 It is
important that clinicians remain vigilant to medical compli-
cations in the short term to facilitate their early identification

and to help optimize long-term outcomes. Themost common
complications in patients with prolonged DoC include
agitation/aggression, hypertonia, sleep disturbance, and uri-
nary tract infections.37 Other, more severe complications,
such as hydrocephalus, pneumonia, and paroxysmal sympa-
thetic hyperactivity, can disrupt rehabilitation efforts, as they
often require rehospitalization.37 Strategies for early detection
and rapid management of complications include daily physi-
cian rounds, 24-hour specialty physician coverage, on-site
availability of diagnostic resources, and timely access to spe-
cialty consultations.37

Recommendation 13 rationale
The potential to experience pain and suffering is an issue
frequently raised with respect to treatment, ethical, and
legal questions in individuals with DoC. Some studies using
functional imaging indicate that brain activation in net-
works supporting pain perception is lower in patients
diagnosed with VS compared with those in MCS and con-
scious controls, suggesting that patients in VS lack capacity
for full pain awareness.e2,e3 Other studies suggest that the re-
lationship between level of consciousness and pain perception
is unclear.e4,e5 Accurate assessment of pain and suffering in
individuals with DoC is limited by challenges in accurately
diagnosing pain due to the level of consciousness and con-
flicting evidence regarding the potential of patients in VS or
MCS to experience pain and suffering. Clinicians should be
cautious in making definitive conclusions about pain and
suffering in individuals with DoC.

Recommendation 14 rationale
Amantadine (100–200 mg twice daily), when administered
over a period of 4 weeks in patients between 16 and 65 years
old with traumatic DoC who are between 4 and 16 weeks of
injury, probably hastens functional recovery in the early
stages. Faster recovery reduces the burden of disability, less-
ens health care costs, and minimizes psychosocial stressors in
patients and caregivers.

Recommendation 15 rationale
Most therapies proposed for treating patients with DoC (e.g.,
hyperbaric oxygen, nutraceuticals, stem cell therapies, prim-
rose oil) have insufficient evidence to support or refute their
use, and many have associated risks. Families may pursue
these treatments in the absence of evidence because they are
desperate for ways to help their loved one and interventions
supported by high-quality evidence are sparse. Counseling
families about treatment effectiveness is complicated by the
difficulties inherent in determining whether improvements
observed early in the course of recovery are related to inter-
ventions or due to spontaneous recovery.

Recommendation 16 rationale
No evidence was identified regarding the diagnosis of children
with prolonged DoC. In the absence of pediatric-specific ev-
idence, it is reasonable to apply the diagnostic recom-
mendations for adult populations that address the treatment
of confounding conditions to improve diagnosis, the
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importance of increasing arousal prior to diagnostic assess-
ments, using valid and reliable standardized behavioral
assessments, and conducting serial assessments to children
with DoC.

Recommendation 17 rationale
The natural history of DoC in children is not well-defined. In
children with prolonged DoC, traumatic etiology is possibly
associated with a better chance of recovery, as is the absence
of posttraumatic autonomic dysfunction. Posttraumatic hy-
perthermia may be associated with a worse outcome. No
other evidence was identified.

Recommendation 18 rationale
No identified therapeutic studies enrolled pediatric pop-
ulations. The only therapeutic intervention shown to have
efficacy in adults (16–65 years) is amantadine. A retrospective
case-controlled study of amantadine use in patients with TBI
reported that 9% of children taking this treatment had side
effects, but methodologic concerns limit therapeutic con-
clusions from this study.
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Disputes & Debates: Editors’ Choice
Steven Galetta, MD, FAAN, Section Editor

Reader response: Incorporating sleepmedicine content intomedical
school through neuroscience core curricula
Nitin K. Sethi (New York)

Neurology® 2019;93:132. doi:10.1212/WNL.0000000000007788

I read with interest the suggested proposal of Salas et al.1 to incorporate sleep medicine content
into current medical school core curriculum.While I support the authors’ recommendations, the
medical school neuroscience core curriculum is already packed and students are burdened by
a large number of specific learning objectives they are expected to meet by the end of their
neurology clerkship. A better way to meet the growing need for sleep clinical care within the
health care system would be to emphasize its education at the neurology residency level. The
American Academy of Neurology Clinical Neurophysiology (CNP) Section Resident Core
Curriculum2 lists that the resident, “Be familiar with the basic principles of tests, including
polysomnography, and multiple sleep latency tests, and evaluation of various sleep disorders.” In
my experience, most neurology residents—during their CNP rotation—often spend time on
CNP procedures, such as EEG and EMG, at the expense of sleep medicine.

1. Salas RME, Strowd RE, Ali I, et al. Incorporating sleep medicine content into medical school through neuroscience core curricula.
Neurology 2018;91:597–610.

2. Westmoreland B. American Academy of Neurology Clinical Neurophysiology (CNP) Section Resident Core Curriculum. In: American
Academy of Neurology: AAN Core Curricula [online]. Available at: aan.com/siteassets/home-page/tools-and-resources/academic-
neurologist–researchers/teaching-materials/aan-core-curricula-for-program-directorstor/clinical-neurophysiology-resident_tr.pdf.
Accessed October 3, 2018.

Copyright © 2019 American Academy of Neurology

Editors’ note: Incorporating sleep medicine content into medical
school through neuroscience core curricula
In this issue of Neurology, Dr. Salas and a team of sleep medicine and medical education
experts representing 6 major academic centers report on the need for and value of a formal
sleep medicine curriculum in medical school. Not only are sleep medicine disorders ex-
traordinarily common—affecting 1 in 6 Americans, according to survey data—but they are
strongly tied to a swath of other comorbid conditions, ranging from cardiovascular disease
to synucleinopathies. The authors also acknowledge that a heightened awareness of sleep
hygiene among medical trainees may improve their own wellness and attenuate physician
burnout. Dr. Sethi expresses some reservation that additional curricula may only add to the
burden imposed uponmedical students during their neurology clerkship. Instead, Dr. Sethi
writes, perhaps sleep medicine should be incorporated into trainee education at the resi-
dency level. In response, Dr. Strowd and colleagues acknowledge this barrier. They em-
phasize the importance of pre-clerkship and longitudinal exposure to sleep medicine in
order to crystallize these clinical concepts. By enriching the medical school curriculum with
dedicated sleep medicine training, the authors hope that evaluating patients with sleep
disorders will no longer be a sudden awakening.

James E. Siegler III, MD, and Steven Galetta, MD

Neurology® 2019;93:132. doi:10.1212/WNL.0000000000007789
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Author response: Incorporating sleepmedicine content into medical
school through neuroscience core curricula
Roy E. Strowd (Winston-Salem, NC), Logan Schneider (Stanford, CA), Charlene E. Gamaldo (Baltimore),

and Rachel Marie E. Salas (Baltimore)

Neurology® 2019;93:133. doi:10.1212/WNL.0000000000007792

We appreciate Dr. Sethi’s feedback highlighting some obstacles we considered when formu-
lating our suggestions for integrating sleep medicine training into medical school,1 namely
when and where to deliver sleep content.

We agree that more in-depth training should be provided to neurology residents, possibly as
a component of their clinical neurophysiology rotations, as previously suggested.2 We also see
a need for moving sleepmedicine exposure earlier for all students. We agree that medical school
curricula are already packed. We advocate for using evidence-based approaches that integrate
clinical patient contact into preclerkship training and basic neuroscience instruction into
clerkships.3,4 Preclerkship neuroscience courses should provide an entry point, teaching sleep
fundamentals and providing exposure—which is currently the case of neuroscience curricula at
some schools. Clerkship rotations then deepen students’ application of sleep physiology to
patients and focus on the clinical examination and management of sleep disorders.

Although we see neurology as an important leader in sleep medicine training, a strength of this
field is the diversity of backgrounds that contribute to this area of medicine. Further integrating
sleep training across these many fields during medical school and residency will likely reduce
curricular burden, benefit training programs, and influence patients.

1. Salas RME, Strowd RE, Ali I, et al. Incorporating sleep medicine content into medical school through neuroscience core curricula.
Neurology 2018;91:597–610.

2. Avidan AY, Vaughn BV, Silber MH. The current state of sleep medicine education in US neurology residency training programs: where
do we go from here? J Clin Sleep Med 2013;9:281–286.

3. Wilkerson L, Stevens CM, Krasne S. No content without context: integrating basic, clinical, and social sciences in a pre-clerkship
curriculum. Med Teach 2009;31:812–821.

4. Rajan SJ, JacobTM, Sathyendra S. Vertical integration of basic science in final year ofmedical education. Int J Appl BasicMedRes 2016;6:182–185.

Copyright © 2019 American Academy of Neurology

Editors’ note: A sleep medicine medical school curriculum: Time
for us to wake up
InDr. Smith’s editorial regarding the newly suggested sleepmedicine curriculumbySalas et al.,
the author summarizes a call to arms in order to increase trainee exposure to sleep disorders. For
conditions that affect 50–70 million Americans, with tens of billions of dollars in annual
healthcare costs, sleep medicine training comprises a regrettable minority of medical ed-
ucation (0.06% of total classroom time). A heightened awareness of sleep disorders in
medical school may also indirectly benefit medical students themselves as they reflect on
their own sleep practices. With better sleep hygiene, Dr. Smith postulates, students may be
at a lower risk of burnout. Dr. Spector, a sleep disorders specialist, worries that enforcement
of additional coursework regarding sleep hygiene is hardly a solution to the burnout
problem. Encouraging students to re-evaluate their own sleep practices by mandating
additional coursework would be like “rubbing salt in a wound.” Regardless of how or when
formal instruction in sleep medicine is provided, everyone seems to agree that our de-
ficiency of sleep medicine exposure should serve as a wake-up call for medical educators.

James E. Siegler III, MD, and Steven Galetta, MD

Neurology® 2019;93:133. doi:10.1212/WNL.0000000000007791
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Reader response: A sleepmedicinemedical school curriculum: Time
for us to wake up
Andrew R. Spector (Durham, NC)

Neurology® 2019;93:134. doi:10.1212/WNL.0000000000007793

Dr. Smith is correct that there is an “urgent need to improve medical school sleep medicine
education.”1 I wholeheartedly agree with the proposal by Salas et al.2 Unfortunately, although
there are many valid justifications for sleep medicine education, teaching about sleep will not
improve burnout among medical students. The link between burnout and sleep is most likely
due to sleep deprivation,3,4 but medical students are not sleep deprived because they lack the
knowledge that they ought to sleep. Telling medical students to sleep more while providing no
mechanism for them to do so is “rubbing salt in a wound.” This could paradoxically worsen
burnout by adding to the anxiety that they should be able to “do it all”—good grades, regular
exercise, research, social life, and 8 hours of sleep. Sleep education will only improve stu-
dents’ well-being if it is coupled with substantial structural changes to the medical school
experience that promote the health of the students (e.g., eliminating overnight call). Otherwise,
we should promote sleep medicine education because it is important to being a well-educated
physician and not because of any personal benefit for the students.

1. Smith AG. A sleep medicine medical school curriculum: time for us to wake up. Neurology 2018;91:587–588.
2. Salas RME, Strowd RE, Ali I, et al. Incorporating sleep medicine content into medical school through neuroscience core curricula.

Neurology 2018;91:597–610.
3. Jarral OA, Baig K, Shetty K, Athanasiou T. Sleep deprivation leads to burnout and cardiothoracic surgeons have to deal with its

consequences. Int J Cardiol 2015;179:70–72.
4. Leonard C, Fanning N, Attwood J, Buckley M. The effect of fatigue, sleep deprivation and onerous working hours on the physical and

mental wellbeing of pre-registration house officers. Ir J Med Sci 1998;167:22–25.

Copyright © 2019 American Academy of Neurology

Author response: A sleepmedicinemedical school curriculum: Time
for us to wake up
A. Gordon Smith (Richmond)

Neurology® 2019;93:134. doi:10.1212/WNL.0000000000007794

Dr. Spector raises an important point regarding sleep health and medical student wellness in
response to my editorial.1 Addressing physician and medical student well-being will, indeed,
require both structural and cultural changes in the practice of medicine. Neurology, as a spe-
cialty (largely through the efforts of the American Academy of Neurology), has established itself
as a leader in addressing physician burnout. This level of professional advocacy is made possible
by neurologists’ recognition of this issue as a priority and their understanding of its drivers.
Educating medical students about sleep health will not only prepare them to directly serve their
patients’ needs but will also equip them to care for themselves throughout their professional
careers and to advocate for necessary reforms.

1. Smith AG. A sleep medicine medical school curriculum: time for us to wake up. Neurology 2018;91:587–588.

Copyright © 2019 American Academy of Neurology
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CORRECTIONS

Clinical phenotype, atrophy, and small vessel disease in APOE«2
carriers with Alzheimer disease
Neurology® 2019;93:135. doi:10.1212/WNL.0000000000007421

In the article “Clinical phenotype, atrophy, and small vessel disease in APOEe2 carriers with
Alzheimer disease” by Groot et al.,1 published online ahead of print on October 19, 2018, there
were errors in figure 1 and figure 5A. Figure 1 and figure 5A should each appear with axis labels.
The corrected figures appear in the November 13 issue. The authors regret the error.

Reference
1. Groot C, Sudre CH, Barkhof F, et al. Clinical phenotype, atrophy, and small vessel disease in APOEe2 carriers with Alzheimer disease.

Neurology 2018;91:e1851–e1859.

Core curriculum guidelines for a required clinical neurology
experience
Neurology® 2019;93:135. doi:10.1212/WNL.0000000000007481

In the article "Core curriculum guidelines for a required clinical neurology experience" by
Safdieh et al.,1 first published online February 22, 2019, the American Academy of Neurology
Undergraduate Education Subcommittee and Consortium of Neurology Clerkship Directors
should have been listed as endorsing the paper in a footnote and not listed in the author byline.
The corrected version appears in the March 26 issue. The editorial office regrets the error.

Reference
1. Safdieh JE, Govindarajan R, Gelb DJ, Odia Y, Soni M. Core curriculum guidelines for a required clinical neurology experience.

Neurology 2019;92:619–626.

Practice guideline update recommendations summary: Disorders
of consciousness

Report of the Guideline Development, Dissemination, and Implementation
Subcommittee of the American Academy of Neurology; the American Congress of
Rehabilitation Medicine; and the National Institute on Disability, Independent
Living, and Rehabilitation Research
Neurology® 2019;93:135. doi:10.1212/WNL.0000000000007382

In the print version of the AAN Practice Guideline “Practice guideline update recommendations
summary: Disorders of consciousness” by Giacino et al.1 published on September 4, 2018, the
copyright line stating “Copyright © 2018 American Academy of Neurology” was included in
error. The AAN does not claim copyright because the guideline was codeveloped by a US
government agency. The corrected version was posted online on September 4, 2018. The
publisher regrets the error.

Reference
1. Giacino JT, Katz DI, Schiff ND, et al. Practice guideline update recommendations summary: Disorders of consciousness: report of the

Guideline Development, Dissemination, and Implementation Subcommittee of the American Academy of Neurology; the American
Congress of Rehabilitation Medicine; and the National Institute on Disability, Independent Living, and Rehabilitation Research.
Neurology 2018;91:450–460.
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