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Supplementary Table 1: Search Terms and Strategy for PTCS Abstract 

Identification 

Search Terms 
brain injuries 
confusion 
minimally conscious state 
delirium 
dementia 
amnestic 
cognitive disorders 
psychomotor Agitation 
post traumatic 
awareness 
stupor 
disorient 
encephalopathy 
 

Search Strategy: 

1. exp Brain injuries/ (60161) 
2. (Confusion$ adj2 (disorder$ or disturban$ or state$)).mp. (1336) 
3. exp Confusion/ (11762) 
4. ("minimally conscious state$" or "minimally responsive state$").mp. (810) 
5. delirium, dementia, amnestic, cognitive disorders/ or amnesia/ or cognition 

disorders/ or consciousness disorders/ or delirium/ (75406) 
6. Psychomotor Agitation/ (4659) 
7. ((posttraumatic or "post traumatic") adj2 (amnesia or confusion* or agitat* or 

psychosis or forget* or memory or delirium or awareness or frustrat* or stupor 
or disorient* or encephalop*)).mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, keyword heading word, protocol 
supplementary concept word, rare disease supplementary concept word, 
unique identifier, synonyms] (925)  

8.  2 or 3 or 4 or 5 or 6 or 7 (84873) 
9. 1 and 8 (4198) 
10.  limit 9 to (English language and yr="2013" and "all adult (19 plus years)") (154) 
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Supplementary Table 2: Abstract Inclusion Criteria 

All inclusion criteria must be met for article to be retained for data abstraction 

1 Article in English or English translation is available 

2 Participants are human 

3 The paper presents new empirical findings (i.e., is not a review or concept paper) 

4 Study is not a case report or small case series (n ≤ 10) 

5 Findings are relevant to confusion, delirium, PTA, OR encephalopathy 

6 
Participants sustained TBI (80% or more have TBI as etiology if ABI sample or a 
separate analysis of persons with TBI is provided or is potentially obtainable from 
the data available in the paper) 

7 
Findings are pertinent to least one of: (a) phenomenology, (b) course, outcome, 
prognosis (c) distinction from other clinical states, (d) possible subtypes, (e) 
neurophysiologic or neuroanatomic causes 
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Supplementary Table 3: Abstract and Manuscript Ratings 

Rating Definition 

Retain abstract appears to clearly indicate that the article meets all inclusion criteria and 
should be reviewed for data abstraction 

Exclude abstract appears to indicate that the article fails to meet one or more inclusion 
criteria and should not be reviewed for data abstraction 

Query 
abstract appears to indicate that the article fails to meet one or more inclusion 
criteria, but may be useful in preparing the manuscript and searching for 
additional papers 

Unsure 
abstract it is unclear whether the abstract meets all inclusion criteria and thus the 
article will have to be reviewed to determine whether it should be reviewed for 
data abstraction 
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PTCS Case Definition Evidence Tables 

 

Prior to commencing abstract or article reviews, seven clinical questions were developed 

to guide extraction of evidence to be used in creating the Case Definition. These 

questions were: 

 

1. What is the phenomenology of Posttraumatic Confusional State (PTCS)? 
2. What is the lower boundary of PTCS? 
3. What is the upper boundary of PTCS? 
4. Is PTCS time limited? 
5. Do signs of PTCS recover in a particular pattern? 
6. What is the pathophysiology of PTCS? 
7. How does functional status of persons in PTCS differ from persons who are no 

longer in PTCS? 
 

Note: Evidence regarding the pathophysiology of PTCS is not presented here. 
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PTCS Case Definition Evidence Tables Phenomenology 

 

Supplementary Table 4: Attention 
Reference Key Finding 
1. Baird, Papadopoulou, Greenwood, 
et al., 2005 1 

45% of subjects without post-traumatic amnesia (PTA) had attention impairment; subjects with PTA 
(per Galveston Orientation and Amnesia Test, GOAT) were not assessed (attention=speed of 
processing via Trail Making Test A/B). 

2. De Monte, Geffen, Massavelli, et 
al., 2006 2  

Mild TBI patients in PTA transcribed fewer symbols than mild Traumatic Brain Injury (TBI) patients 
not in PTA; the non-PTA cohort scored as non-impaired (attention=speed of processing via digit 
symbol test). PTA=5 questions from Rapid Screen for Concussion+3 additional questions 

3. Kennedy, Nakase-Thompson, Nick, 
et al., 2003 3  

Attention, memory, orientation, comprehension, vigilance was associated with delirium but only 
vigilance stood out when odds ratios were adjusted. (attention=visual span from WAIS III and 
vigilance=auditory sustained attention task) All subjects level IV or above on Rancho Los Amigos 
Scale; Cognitive test of delirium versus Diagnostic and Statistical Manual (DSM) IV criteria 

4. Nakase-Richardson, Yablon, 
Sherer, et al., 2007 4 

91% of patients who met clinical delirium diagnostic criteria had an attention impairment on the 
attention rating item of the Delirium Rating Scale-Revised (DRS-R, attention= 0-3 scale from 
alert/attentive to severe difficulty focusing and/or sustaining attention); 47% who did not meet 
delirium diagnostic criteria had attention impairment 

5. McCrea, Kelly, Randolph, et al., 
2002 5  

On Standardized Assessment of Concussion, concussed football players scored significantly lower 
on tests of attention 15 minutes post injury, but not 48 hours post injury; but not clear how many 
were in PTA at the 15 minute assessment (attention=digits backwards and months backwards); 
PTA=inability to recall events immediately after the injury for no more than 24 hours 

6. Sherer, Yablon, Nakase- 
Richardson, et al., 2009 6 

In post-traumatic confusional state (PTCS) patients, Cognitive Impairment (per Confusion 
Assessment Protocol, CAP, which mostly assesses attention) is seen in 87% of mild, 95% of 
moderate, and 100% severe patients at 1st administration in inpatient rehab. Mild= 3-4 symptoms of  
confusion on CAP, moderate = 5 symptoms, severe =6-7 symptoms 

7. Sherer, Yablon, Nakase- 
Richardson, et al., 2008 7 

95% of post-traumatic confusional state (PTCS) patients had Cognitive Impairment (per CAP, which 
mostly assesses attention); ~35% of non-PTCS patients had cog impairment. CAP assessed at 
inpatient rehab. (same cohort as above) 

8. Sherer, Nakase-Thompson, 
Yablon, et al., 2005 8  

90% of patients in PTCS had Cognitive Impairment (per CAP, which mostly assesses attention); 
~47% of non-PTCS also had Cognitive Impairment 
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Attention, con’t 
9. Weir, Doig, Fleming, et al., 2006 9  52% of PTA patients were unable to attend to a task for 30 mins on initial assessment, 8% had 

distractibility on initial assessment. (PTA=Westmead; attention/distractibility=Behavioral Rating 
Scale, a subjective, ill-defined behavior scale) 

10. Stuss, Binns, Carruth, et al., 
1999 10  

All subjects were initially in PTA and all had attentional impairment on easier attention tasks 
(PTA=GOAT; attention= counting forward, months forward). In mild TBI, more attention tasks 
recovered concurrently with recovery of PTA. For moderate/severe TBI, months forward, counting 
backwards, and continuous performance recovered before or concurrently with orientation and 
counting by 3’s and months backward recovered simultaneously or after orientation. In all cases, 
easier attention tasks recovered before/with orientation and harder tasks with/after orientation. 

11. Wilson, Evans, Emslie, et al., 
1999 11  

47% (n=9) patients with TBI had PTA, 53% patients with TBI were not in PTA; however, the 
patients in PTA were assessed at <3 months post injury and patients not in PTA were assessed 6 
months+ post injury. On 1 of 4 attention tasks (simple reaction time), the PTA group performed 
more poorly than non-PTA group. Digits backward and simple reaction time improved between 
initial and final assessments in the patients who were in PTA at the beginning of the study. Study 
assumed that the PTA cohort was not in PTA by the end of the study. PTA assessed by 
neurologist or Westmead 

12. Silva, Nakase-Richardson, 
Sherer, et al., 2012 12  

~89% of sample had Cognitive Impairment (and therefore an attentional impairment) per CAP; the 
vast majority of all patients were also confused but cannot determine exact number because at 
least some of the N=20 with 0-3 CAP symptoms were likely not confused 

13. Kalmar, Novack, Nakase- 
Richardson, et al., 2008 13  

Patients from the TBI Model Systems Database who were in PTA (32% of total sample) were more 
impaired than non-PTA on Trail Making Test A/B (attention, exec function) and Symbol Digit 
Modalities Test (processing speed). PTA assessed by GOAT. 

14. De Simoni, Grover, Jenkins, et 
al., 2016 14  

11 patients with TBI classified as being in PTA by the CANTAB Paired Associates Learning Task. 
These patients were also impaired (vs a TBI cohort not in PTA) on choice reaction time, spatial 
working memory, and delayed verbal recognition memory. Compared to healthy subjects, the PTA 
group was also impaired on pattern recognition. 

15. Corrigan, Mysiw, Gribble, et al., 
1992 15  

20 patients in PTA on the Orientation Group Monitoring System (OGMS); 50% of the variance in 
agitation scores is accounted for by attention and cognition. 
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Attention, Con’t 
16. Wilson, Baddeley, Shiel, et al., 
1992 16  

Patients in PTA on the Westmead had impaired reaction time and backwards counting compared 
with control groups including patients with chronic TBI but not in PTA, amnestic patients, and 
orthopedic control subjects 

17. Maneewong, Maneeton, 
Maneeton, et al., 2017 17  

18 patients with acute TBI were classified as having delirium per DSM-IV criteria; on the DRSR-98, 
patients with delirium had a moderate attention impairment on days 1-2 after TBI 
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Supplementary Table 5: Orientation 
Reference Key Finding 
1. Kennedy, Nakase- Thompson, 
Nick, Sherer, 2003 3 

Severity of disorientation as measured by the Cognitive Test for Delirium was predictive of a clinical 
diagnosis of delirium in a sample of 65 persons with TBI 

2. McCrea, Kelly, Randolph, et al., 
2002 5 

15 athletes who experienced LOC and/or PTA of 91 who sustained concussion showed poorer 
orientation on the Structured Assessment of Concussion than athletes who did not sustain 
concussion or compared to their pre-concussion, baseline scores; PTA=inability to recall events 
immediately after the injury for no more than 24 hours 

3. Sherer, Yablon, Nakase- 
Richardson, 2009 6 

 

Approximately 95 of 107 confused patients showed disorientation as measured by the GOAT on their 
initial assessment after admission for rehabilitation 

4. Nakase-Richardson, Yablon, 
Sherer, et al., 2009 18 

Patients who met a clinical diagnosis of delirium were more likely to incorrectly answer simple 
orientation questions (name, state of residence) than those who were not in delirium 

5. Nakase-Thompson, Sherer, 
Yablon, et al., 2004 19 

Multivariable linear regression models indicated that lower GOAT scores were associated with a 
greater likelihood of a clinical diagnosis of delirium 

6. Sherer, Nakase- Thompson, 
Yablon, et al., 2005 8 

58 of 65 patients classified as confused by the CAP were also disoriented as indicated by GOAT 
(scores less than 75). Two patients classified as not confused were also disoriented. 

7. Sherer, Yablon, Nakase- 
Richardson, 2008 7 

 

Approximately 95% of 83 patient classified as confused by CAP were disoriented while 0% of 85 
patients classified as not confused were disoriented 

8. Stuss, Bins, Carruth, et al., 1999 
10 

When resolution of the PTCS was defined as recovery of the ability to recall 3 of 3 words after a 24 
hour delay, 100% of 108 patients with TBI showed recovery of orientation before recovery of 3 word 
recall. PTA assessed with GOAT 

9. Wilson, Evans, Emslie, et al., 
1999 11 

Eight patients with severe TBI judged to be in PTA based on neurosurgeon assessment, obtained 
poorer orientation scores on 11 items from the Wechsler Memory Scale – Revised than 10 patients 
with severe TBI judged not to be in PTA by their therapists. Patients in PTA were less than 3 months 
post-injury while those out of PTA were 6 or more months post-injury. PTA determined by 
neurosurgeon 

10. De Simoni, Grover, Jenkins, et 
al., 2016 14

 

In TBI subjects, those in PTA by CANTAB Paired Associates Learning task had a mean Westmead 
score of 10, and in TBI non-PTA subjects, Westmead mean was 11 
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Orientation, Con’t 
11. Geffen, Encel, Forrester, et al., 
1991 20

 

19 patients with PTA (per modified Westmead) also had memory impairment (per Westmead 3-item 
recall test). Orientation items were relatively simple: orientation to own name, marital status, number 
of dependents (children?), occupation, “rough” time of day, and place. 

12. Maneewog, Maneeton, 
Maneeton, et al., 2017 17

 

A total of 25 patients (46.3%) met the diagnosis of delirium by DSM-V criteria. Compared with 29 
non- delirious patients, 25 delirious patients had a significantly lower mean Glasgow Coma Scale 
(GCS) verbal component score (mean=3.4 suggesting intelligible single words vs mean=4.2 
suggesting confused/disoriented speech). Among 18 delirious patients, disorientation was scored as 
being moderately severe on the DRS-R-98 at the first day of admission. Disorientation rapidly 
resolved over 4 days after injury. 
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Supplementary Table 6: Memory 
Reference Key Finding 
1. Baird, Papadopoulou, Greenwood, 
et al., 2005 1 

73% of patients without PTA (per GOAT) had memory impairment but patients with PTA were not 
assessed. Of those, 74% had severe memory impairment. (memory=Recognition Memory Tests for 
words and faces) 

2. De Monte, Geffen, Massavelli, et 
al., 2006 2 

Mild TBI patients in PTA had poorer performance on a 5-world learning task (on the learning and 
delay trials) than patients with mild TBI not in PTA, however no group differences were found for 
immediate recall test; the non-PTA cohort scored as non-impaired (memory= word list from SAC); 
PTA=5 questions from Rapid Screen for Concussion+3 additional questions 

3. Ewert, Levin, Watson, et al., 1989 
20 

All patients started in PTA (GOAT); procedural memory improved during PTA, declarative memory did 
not (procedural memory= mirror reading, Porteus maze, Pursuit Rotor, Recognition Memory Test; 
declarative memory=declarative memory questions) 

4. Kalmar, Novack, Nakase- 
Richardson, et al., 200813

 

Patients in PTA (32% of total sample) more impaired than patients not in PTA on all CVLT tasks; 
PTA=GOAT TBIMS criteria 

5. Kennedy, Nakase- Thompson, et 
al., Nick, 2003 3 

Patients with delirium perform at the floor on memory subscale of Cognitive Test for Delirium; but 
memory did not stand out by itself as a unique contributor to predicting delirium; even patients who 
were not in delirium had memory impairment (visual memory for 5 objects with recognition in field of 
10; immediate recall of number of pictures shown on initial exposure). All subjects level IV or above 
on Rancho Los Amigos Scale; Cognitive test of delirium vs DSM IV criteria 

6. Schwartz, Carruth, Binns, et al., 
1998 21  

Patients with resolved PTA still had word recall impairments; memory for words seems to resolve as 
PTA resolves. PTA measured by GOAT 

7. Stuss, Binns, Carruth, et al.,  
1999 10

 

Word recognition (3 words after 24 hours) recovers at about the same time as PTA (per GOAT) but 
word recall recovers after PTA. Picture recognition recovers at about the same time as PTA in 
mild/moderate TBI and precedes PTA recovery in severe PTA. Picture recognition/recall recovers 
before word recall. 

8. McCrea, Kelly, Randolph, et al., 
2002 5 

On Standardized Assessment of Concussion, concussed football players scored lower on tests of 
memory (immediate and delayed) 15 minutes post injury, but not 48 hours (not clear how many were 
in PTA at 15 minute assessment even in those with PTA and loss of consciousness, LOC, after 
injury) only N=15 had PTA; very mild patients; PTA=inability to recall events immediately after the 
injury for no more than 24 hours 

9. De Simoni, Grover, Jenkins, et al., 
2016 14 

11 patients with TBI and impairments on the CANTAB Paired Associates Learning Task were 
considered to be in PTA. 
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Memory, Con’t 
10. Geffen, Encel, Forrester, et al., 
1991 22 

19 patients in PTA per the Julia Farr PTA scale had impairment in recognition/recall of examiner, 
examiners name, and 3 pictures of familiar objects 

11. Shores, 
Marosszeky, Sandanam, et al.,  
1986 23  

20 subjects in PTA (per Westmead) were compared with 20 subjects out of PTA and orthopedic 
controls; Subjects in PTA were impaired on a selective reminding test compared to control groups; 
subjects in and out of PTA were worse on the task compared to the orthopedic control group 

12. Maneewong, Maneeton,  
Maneeton, et al. 2017 17 

As a group (n=18) patients diagnosed with delirium by DSM-V criteria had mild-moderate level of 
short-term impairment and moderate-severe long-term memory impairment on Day 1-2 post injury 

13. Wilson, Baddeley, Shiel, et al  
1992 16 

Patients in PTA (n= 12, per Westmead) were compared with patients with amnestic syndrome, 
patients with chronic head injuries but no PTA and orthopedic control subjects. The PTA group had 
poor retrieval from episodic memory (animal verbal fluency and comprehension speed) compared to 
control groups. 

14. Levin, High, Eisenberg, 1988 24 13 TBI patients in PTA were compared with 18 TBI patients without PTA. Patients in PTA showed 
more rapid forgetting. Patients not in PTA and non-injured controls did not differ on rate of forgetting. 



 13 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Table 7: Symptom Fluctuation 
Reference Key Finding 
1. Nakase-Richardson, Yablon, 
Sherer, 2007 4 

 

91% of 78 patients making a clinical diagnosis of delirium showed fluctuation on the Delirium Rating 
Scale – Revised as compared to only 21% of 93 patients not in delirium 

2. Sherer, Yablon, Nakase-
Richardson, 2009 6 

 

Fluctuation was present for 41 of 41 patients with severe confusion as assessed by the CAP, 28 of 
28 patients with moderate confusion, and 37 of 38 patients with mild confusion on initial assessments 
after admission to rehabilitation 

3. Ewert, Levin, Watson, Kalisky, 
1989 20 

11 of 16 patients in PTA by GOAT criteria showed fluctuation in GOAT scores across 4 assessments 
where fluctuation was indicated by any decrease in GOAT score on a subsequent assessment 

4. Sherer, Nakase- Thompson, 
Yablon, et al., 2005 8 

100% of 65 confused patients showed fluctuation as assessed by the CAP as compared to 58% of 
28 non- confused patients 

5. Sherer, Yablon, Nakase-
Richardson, Nick, 2008 7 

 

100% of 83 confused patients showed fluctuation as assessed by the CAP as compared to 45% of 
85 non- confused patients 

6. Nakase-Thompson, Sherer, 
Yablon, et al., 2004 19 

 

59 of 59 patients meeting a clinical diagnosis of delirium met the diagnostic criterion for fluctuating 
course while 4 of 26 patients not in delirium showed fluctuating course. On the DRS-R, 51 of 59 
delirious patients were rated as showing fluctuation as compared to 8 of 26 patients not in delirium. 
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Supplementary Table 8: Behavioral and Emotional Regulation 
Reference Key Finding 
1. Nott, Chapparo, Baguley, 2006 25 Implied that 100% had PTA and agitation concurrently at some point; 26.8% of patients showed 

agitation after PTA resolved; duration agitation correlates with duration PTA (measured with 
Westmead) 

2. Lequerica, Rapport, Loeher, et al. 
2007 26  

5.8% of the sample was considered agitated using the cutoff score for the Agitated Behavioral Scale 
(ABS≥22). Of the 24 patients who were out of confusion, 4.2% obtained ABS scores in the clinical 
range for agitation, and of the 45 patients still confused, 6.7% would be classified as “agitated” by ABS 
criterion. 91.1% of the patients in confusion at the time of measurement displayed some combination 
of agitated behaviors listed on the ABS. However, 1 or more agitated behaviors were rated as present 
to some degree in 70.8% of patients who had emerged from confusion. There was no significant 
difference in the mean level of agitated behavior between those patients in confusion and those who 
had emerged by the first week of rehabilitation. PTA assessed by GOAT or Orientation Log (OLog) 

3. Harmsen, Geurts, Fasotti, 
Bevaart, 2004 27  

Restlessness or agitation is present in >50% of confused patients in admission to rehabilitation as 
compared to <4% of patients not in PTA (per GOAT). Restlessness/agitation is common in confused 
patients but does not occur in all confused patients. Rarely, nonconfused patients may show 
restlessness/agitation. 

4. Nakase-Richardson, Yablon, 
Sherer, 2007 4  

 

Of those meeting a clinical diagnosis of delirium (DSM-IV), 41 (53%) showed lability of affect and 56 
(72%) showed motor agitation on the DRS-R as compared to only 16 (17%) of non-delirious patient 
showing lability and 23 (25%) showing motor agitation. 

5. Van der Naalt, Van Zomeren, 
Sluiter and Minderhoud, 2000 28  

Restlessness was seen in 40% of patients in PTA w/mild-mod injury and restlessness resolved before 
PTA in all of these patients. PTA determined by a questionnaire developed by the authors 

6. Corrigan, Mysiw, 1988 29  In TBI patients with disorientation (n=18, per OGMS) and significant cognitive impairment, significant 
agitation (per ABS) tends to occur at the same time. In disoriented patients with better cognition, 
agitation is not as severe. 

7. Corrigan, Mysiw, Gribble, et al., 
1992 15  

In TBI patients with disorientation (n=20, per OGMS), agitation, per ABS, teds to occur at the same 
time. 
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Supplementary Table 9: Sleep Disturbance/Arousal Impairment 
Reference Key Finding 
1.Makley, Johnson-Greene et al., 
2009 30 

Those in PTA had poorer one week sleep efficiency – about median 51% vs about median 77% (PTA 
N=6, no PTA N =3). For those in PTA, sleep efficiency increased as O-Log increased – one point on the 
O-Log each 10% improvement in sleep efficiency. Findings support an association between sleep 
disturbance and PTA but sample size is very small. **article should have been excluded because N<11 

2. Nakase-Richardson, Yablon, 
Sherer, 2007 4 

78 met delirium DSM IV diagnostic criteria, 93 did not. 58% (45) of those in delirium had sleep/wake 
cycle disturbance on the DelRS-R98 as compared to 20% (19) of those not in delirium. 

3. Nakase-Thompson, Sherer, 
Yablon, et al., 2004 19 

Studied 85 of 94 patients admitted for inpatient rehabilitation. 59 (69%) met delirium diagnostic criteria 
and (31%) did not. 49 (83%) of delirious patients showed sleep-wake cycle disturbance while only 16 
(62%) of no delirious patients showed sleep-wake cycle disturbance. different cohort than article above 

4. Sherer, Yablon, Nakase-
Richardson, 2009 6 

168 TBI patients admitted to inpatient rehabilitation. 107 confused, 61 not confused. 41 with severe 
confusion with moderate confusion, 38 with mild confusion. Sleep disturbance was present for 100% 
of severely confused patients for eval 1, 78% for eval 2, and 57% for eval 3. Sleep disturbance was 
present for 78% of moderately confused patients for eval 1, 62% for eval 2, and 48% for eval 3. Sleep 
disturbance was present for 26% of m confused patients for eval 1, 21% for eval 2, and 20% for eval 
3. Decreased daytime arousal was present for 79% of severely confused patients for eval 1, 57% for 
eval 2, and for eval 3. Decreased daytime arousal was present for 42% of moderately confused 
patients for eval 1, 30% for eval 2, and 20% for eval 3. Decreased daytime arousal was present for 
15% of mildly confused patients for eval 1 19% for eval 2, and 11% for eval 3. 

5. Sherer, Yablon, Nakase- 
Richardson, et al., 2008 7 

Studied 168 of 195 patients with TBI admitted for inpatient rehab. 85 non-confused, 83 confused by 
CAP. About 62% of confused patients had sleep disturbance versus 35% of non-confused patients. 
About 55% of confused patients had decreased daytime arousal vs 5% of non-confused patients. 

6. Duclos, Dumont, Blais, et al., 
2014 31 

In 16 moderate-severe patients, patients with more rapid return to consolidated sleep-wake cycle (n=9 
per actigraphy quantification) were more likely to have cleared PTA (per GOAT) and have lower 
disability at hospital discharge 

7. Holcomb, Towns, Kamper et al., 
2016 32 

In 106 moderate-severe TBI patients, sleep/wake disturbance on the Delirium Rating Scale-Revised 
was compared with performance on the Cognitive Test for Delirium. Patients with sleep disturbance 
have worse progression of cognitive recovery on the Cognitive Test for Delirium (but PTA subjects not 
analyzed separately) 

8. Nakase-Richardson, Sherer, 
Barnett et al., 2013 33 

In 205 moderate to severe TBI patients, 66% had sleep/wake disturbance at 1 month post injury based 
on the DRS-R. Of a subset of 152 subjects, 84% had sleep/wake disturbance on rehabilitation 
admission (69% in moderate to severe severity range, medial 24 days post injury). By the third serial 
exam, 59% had sleep/wake disturbance (28% in moderate to severe severity range, medial 35 days 
post injury). Severity of sleep disturbance predicted PTA duration. 
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Supplementary Table 10: Delusions 
Reference Key Finding 
1. Nakase-Richardson, Yablon, 
Sherer, 2007  4 

Studied 171 of 228 admits to rehab. 78 met delirium DSM IV diagnostic criteria, 93 did not. 26% (20) of 
those in delirium were rated as having delusions as compared to 1 (1%) who were not in delirium. 
DelRS- R98 

2. Nakase-Thompson, Sherer, 
Yablon, et al., 2004 19 

Studied 85 of 94 patients admitted for inpatient rehabilitation. 59 (69%) met delirium diagnostic criteria at 
admit, 26 (31%) did not. 42 of 59 resolved delirium during inpatient stay. 15 (25%) of delirious patients 
showed delusions while only 2 (8%) of non-delirious patients showed delusions. 

3. Sherer, Nakase- Thompson, 
Yablon, et al., 2005 8 

93 patients with TBI admitted to inpatient rehabilitation.65 (70%) met CAP criteria for confusion, 28 
(30%) did not. About 70% of confused patients showed psychotic-type symptoms (could be delusions, 
perceptual disturbance, or hallucinations) as compared to 0% of non-confused patients. From the way 
this finding is reported, it is not possible to separate delusions from perceptual 
disturbance/hallucinations. 

4. Sherer, Yablon, Nakase- 
Richardson, 2009 6 

168 TBI patients admitted to inpatient rehabilitation. 107 confused, 61 not confused. 41 with severe 
confusion, 28 with moderate confusion, 38 with mild confusion. Psychotic type symptoms (combination of 
delusions, perceptual disturbance, hallucinations) were present for 72% of severely confused patients for 
eval 1, 60% for eval 2, and 49% for eval 3. Psychotic type symptoms were present for 20% of moderately 
confused patients for eval 1, 15% for eval 2, and 2% for eval 3. Psychotic type symptoms were present 
for 20% of mildly confused patients for eval 1, 18% for eval 2, and 16% for eval 3. From the way this 
finding is reported, it is not possible to separate delusions from perceptual disturbance/hallucinations. 

5. Sherer, Yablon, Nakase- 
Richardson, et al., 2008 7 

Studied 168 of 195 patients with TBI admitted for inpatient rehab. 85 non-confused, 83 confused by CAP. 
About 46% of confused patients had psychotic type symptoms as compared to about 6% of non-
confused patients. From the way this finding is reported, it is not possible to separate delusions from 
perceptual disturbance/hallucinations. 
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Supplementary Table 11: Perceptual Disturbances/Hallucinations 
Reference Key Finding 
1. Nakase-Richardson, Yablon, 
Sherer, 2007 4 

Studied 171 of 228 admits to rehab. 78 met delirium DSM IV diagnostic criteria, 93 did not. 28% (22) of 
those in delirium were rated as having perceptual disturbance as compared to 1 (1%) who were not in 
delirium per DRS-R98 

2. Nakase-Thompson, Sherer, 
Yablon, et al., 2004 19 

Studied 85 of 94 patients admitted for inpatient rehabilitation. 59 (69%) met delirium diagnostic criteria at 
admit, 26 (31%) did not. 16 (27%) of delirious patients showed perceptual disturbance while only 1 (4%) of 
non-delirious patients showed perceptual disturbance. Hallucinations was rated as a separate symptom 
(DRS vs DRS-R) 13 (33%) of delirious patients had hallucinations and 1(4%) of non-delirious patients. 

3. Sherer, Nakase-Thompson, 
Yablon, et al., 2005 8 

93 patients with TBI admitted to inpatient rehabilitation.65 (70%) met CAP criteria for confusion, 28 (30%) 
did not. About 70% of confused patients showed psychotic-type symptoms (could be delusions, perceptual 
disturbance, or hallucinations) as compared to 0% of non-confused patients. From the way this finding is 
reported, it is not possible to separate delusions from perceptual disturbance/hallucinations. 

4. Sherer, Yablon, Nakase- 
Richardson, 2009 6 

168 TBI patients admitted to inpatient rehabilitation. 107 confused, 61 not confused. 41 with severe 
confusion, 28 with moderate confusion, 38 with mild confusion. Psychotic type symptoms (combination of 
delusions, perceptual disturbance, hallucinations) were present for 72% of severely confused patients for 
eval 1, 60% for eval 2, and 49% for eval 3. Psychotic type symptoms were present for 20% of moderately 
confused patients for eval 1, 15% for eval 2, and 2% for eval 3. 
Psychotic type symptoms were present for 20% of mildly confused patients for eval 1, 18% for eval 2, and 
16% for eval 3. From the way this finding is reported, it is not possible to separate delusions from perceptual 
disturbance/hallucinations. 

5. Sherer, Yablon, Nakase- 
Richardson, et al., 2008 7 

Studied 168 of 195 patients with TBI admitted for inpatient rehab. 85 non-confused, 83 confused by CAP. 
About 46% of confused patients had psychotic type symptoms as compared to about 6% of non-confused 
patients. From the way this finding is reported, it is not possible to separate delusions from perceptual 
disturbance/hallucinations. 

Supplementary Table 12: Confabulation – no articles
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Supplementary Table 13: Lower Boundary 
Reference Key Finding 
1. Nakase-Richardson, Yablon, 
Sherer, et al 2008 34 

Patients both in and out of PTCS (Delirium Diagnostic Criteria) made errors on at least one of four yes-no 
questions implying yes/no criteria for upper boundary of MCS is problematic; however, these questions 
required greater language processing and problem solving than the basic yes/no biographical and 
environmental questions usually used for boundary between MCS and PTCS. 

2. Nakase-Richardson, Yablon, 
Sherer, et al 2009 18 

Investigated an operational threshold for MCS emergence by evaluating a measure of yes/no accuracy with 
graduated difficulty; basic personal semantic knowledge questions are easier than situation orientation and 
more abstract questions; when evaluating the boundary between MCS and delirium using consider basic 
yes/no semantic knowledge questions; Suggest that assessing the lower boundary of confusion using 6 
situation y/n questions (i.e., using Coma Recovery Scale-Revised, CRS-R criteria) is not appropriate as it 
may lead to missing some patients who are emerged from MCS. 

3. Bode, Heinemann, Semik  
2000 35 

Rasch analysis of GOAT suggests that missing or not responding to the easiest item on the GOAT (stating 
first and last name) may indicate a patient is not in PTA yet, but remains in MCS; other questions that, when 
answered incorrectly, indicate PTA are: where do you live, what year is it, where are you now, city, when 
where you born, where are you now now-hospital, what is the day of week, what is the current time; what is 
the day of month is a “borderline” PTA question 

4.  Katz, Polyak, Coughlan, et al 
2009 36 

Mean time from injury to emergence from MCS = 9.62 weeks; 77% (n=16) recovered from VS/MCS to 
PTA/PTCS; there is a correlation between time to emergence from MCS and time to emergence from PTA 
(per GOAT); There is some relationship between time to follow commands and duration of PTA 

5. Katz and Alexander 1994 37 Age 40+ predicts longer PTA (per GOAT); length of coma (time to follow commands, TFC) predicts duration 
of PTA in those with diffuse axonal injury (DAI), more than other predictors (linear relationship, PTA several 
times longer than loss of consciousness, LOC) 
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Supplementary Table 14: Upper Boundary 
Reference Key Finding 
1. Baird, Papadopoulou, 
Greenwood, et al., 2005 1 

Using GOAT >75 as mark of recovery from PTCS is not associated with recovery of normal memory 
function; 70% of those who had cleared PTA by GOAT had persisting “severe” verbal and or nonverbal 
recognition memory problems (<=5th percentile); Warrington recognition memory test used here is probably 
a more demanding task than 3 words or figures in Toronto Test of Acute Recovery from TBI (TOTART) tests 
and 
recognition memory therefore recovered later in this cohort than in Stuss et al10 where recognition memory 
recovered earlier, later or same time as GOAT in mild, moderate severe TBI groups.) 

2. Schwartz, Carruth, Binns et al 
199819 

 

Within about +/- 3 days of GOAT reaching 75, recognition and recall are recovered, independent of injury 
severity. Spontaneous recall is most difficult task but still gets better soon after GOAT reaches 75. Ability to 
recall 3 words after 24hr delay provides strong evidence that person has emerged from PTA, but failure to 
recall 3 words doesn’t mean patient is still in PTA 

3. Sherer, Nakase- Thompson, 
Yablon et al 2005 8 

All symptoms on the Confusion Assessment Protocol occurred with greater frequency in PTCS vs non-PTCS 
cohort (disorientation [GOAT<75], cog impairment [measures from TOTART], restlessness [ABS>17], 
fluctuation, poor daytime arousal, sleep impairments, psychotic features). Reference standard was diagnosis 
of delirium by clinical neuropsychology expert based on DSM-IV criteria. Concordance with diagnosis of 
delirium was maximized by classifying all patients with 4 or more symptoms of confusion as in PTCS and 
patients with 3 symptoms as in PTCS if 1 symptom was disorientation. 

4. Bode, Heinemann, Semik 2000 
35 

Rasch analysis of GOAT suggests that correctly getting first memory after injury/last memory before injury 
indicate resolution of PTA. Other items that are above the PTA cut-off in order of difficulty are: how did you 
get here, details of first/last memory, or when were you admitted to hospital 

5. Nakase-Richardson, Yablon, 
Sherer, et al 2009 18 

Some non-confused subjects (no delirium) responded to situational and judgment yes/no questions 
incorrectly; question difficulty order (least to most difficult): name, docile state, situational, reasoning. Delirium 
assessed by clinician using DSM-IV criteria 

6. Stuss, Bins, Carruth, et al., 
1999 10

 

When resolution of the post-traumatic confusional state was defined as recovery of the ability to recall 3 of 3 
words after a 24-hour delay, 100% of 108 patients with TBI showed recovery of orientation (per GOAT) 
before recovery of 3-word recall 
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Supplementary Table 15: Patterns of Recovery 
Reference Key Finding 
1. Baird, Papadopoulou, 
Greenwood, et al., 2005 1 

For GOAT, questions 1 (name, birth date, where do you live) and 2 (city, hospital) were the least difficult. 
Year was generally the next easiest. Date of injury and detail for last memory before the injury were most 
difficult. On the GOAT, PTA resolves before memory on the Warrington Recognition memory test; mean 
PTA duration= 11 days (SD=10); functions that remain unresolved after resolution of PTA: executive 
function, speed/attention, recognition memory 

2. Bode, Heinemann, Semik  
2000 35 

GOAT administered weekly in rehab. Items from easiest to most difficult were name, where do you live, what 
is the year, where are you – city, what is the month, what is your birth date, where are you-hospital, what is 
the day of week, what is the time, what is the date, last memory before injury, first memory after injury, how 
did you get here, last memory before –detail, first memory after – detail, when were you admitted to the 
hospital. persons correctly stating first memory after and last memory before the injury are likely not to be in 
PTA. 
-16% PTA resolves by week 2 rehab 
-20% PTA does not resolve by week 5 rehab 
-84% unclear, length of stay >18 weeks, likely all in PTA on admission 

3. Ewert, Levin, Watson et al 
198918

 

Patients in PTA (per GOAT) showed improved mirror reading speed (decreased latencies) across sessions 
and improved across sessions on the Porteus Maze Test. Time on Rotor Test improved significantly across 
trials for the higher speed with a trend for improvement at the slower speed. On Rotor test, patients had a 
further significant improvement when out of PTA. Recognition memory remained impaired during PTA. 
Declarative memory did not improve during PTA but improved after PTA resolved. Patients showed 
improvement on procedural learning during PTA. 
-52.9 ± 33.0 mean days to resolve PTA 

4. Stuss, Binns, Carruth, et al., 
199910

 

Word recognition (3 words after 24 hours) recovers at about the same time as PTA (per GOAT) but word 
recall recovers after PTA. Picture recognition recovers at about the same time as PTA in mild/moderate TBI 
and precedes PTA recovery in severe PTA. Picture recognition/recall recovers before word recall. 

5. Roberts, Spitz, Ponsford, 2015 38 In 66 subjects who were in PTA on the Westmead, recovery of Westmead items was: date of birth, year, 
age, place, month, day, name, and 3-picture memory. Average duration of PTA was 37.27 + 25.41 days. 

6. High, Levin, Gary, 1990 39  84 initially disoriented patients with TBI who were admitted to a neurosurgery service. Administered the 
GOAT. The most common pattern of recovery of orientation was person, place, time (70% of patients). 
Another 13% showed the pattern of recovery person, time, place. Other orders of recovery were seen in 
11%. 6% were discharged before orientation recovered. 10% were not able to give their own name at any 
point during the assessments. 
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Patterns of Recovery, Con’t 
7. Geffen, Encel, Forrester, et al., 
1991 20

 

19 persons with TBI admitted to an acute care hospital were compared with 17 orthopedic controls. 
Orientation with cues recovered first and un-cued orientation recovered next. However, note that more 
“difficult” orientation items such as day of the week or date of the month were not tested. Recognition 
memory recovered next and then recall memory. 

8. Gronwall and Wrightson, 1980 
40 

PTA (per interview) persists after disorientation (basic orientation questions) has resolved; significantly more 
patients were disoriented when assessed during PTA (n=8) vs after PTA resolved (n=2), 5 patients scored 
equally well on orientation questions in PTA as the controls subjs without head injury; 8 patients out of PTA 
were disoriented; thus, full orientation does not mark the end of PTA 

9. Maneewog, Maneeton, 
Maneeton, et al., 2017 17

 

In 25 patients with delirium, based on the DRS-R-98, three cognitive symptoms (orientation, attention, and 
visuospatial ability) and two noncognitive symptoms (lability of affect and motor agitation) rapidly resolved 
(by 2-4 days post-injury). 

10. Sisler, Penner 1975 41 28 patients were admitted disoriented (year, month, day, place), but regained orientation. In 14/28 patients 
who had both amnesia and disorientation (assessed by interview of fist valid memory) duration of amnesia 
and disorientation were the same. Amnesia was longer than disorientation for 6/28 and shorter than 
disorientation for 8/28 patients. 
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Supplementary Table 16: Functional Implications 
Reference Key Finding 
1. Silva, Nakase-Richardson, 
Sherer, et al 201212

 

Severely confused patients (on CAP) were less cooperative than moderately or mildly confused patients. 
No difference between moderately confused and mildly confused patients in cooperation. Number of CAP 
symptoms, degree of confusion significantly predicted cooperation in therapy but cannot determine 
definitively level of participation of confused vs non-confused. Daytime hypersomnolence, agitation, 
psychotic symptoms), and cognitive impairment significantly correlated with cooperation level. 

2.   Weir, Doig, Fleming et al. 2006 
9

 

Rated functional behaviors in patients with PTA; high percentage (>60%) in PTA required prompatients for 
self-care and 10-30% were not independent in toileting (inappropriate toileting, urine incontinence, fecal 
incontinence). Independence in self-care and bowel and bladder continence emerged later during resolution 
of PTA (measured with Westmead). 

3. Katz, Polyak, Coughlan et al. 
2009 36   

Emergence from MCS and TBI good predictors for recovery of function; presumably confusional state also 
good predictor? 

4.   Chua, Yap, Low, et al. 2012 42   Patients who emerged from PTA (per Westmead) had higher Functional Independence Measure (FIM) 
scores than those still in PTA – however, this is a published abstract not a paper 

5.   Dowler, Bush, Novak, 2000 43 O-Log scores were correlated with 6 months post-injury Disability Rating Scale (DRS) and with 12 month 
and Community Integration Questionnaire (CIQ). O-Log was generally correlated with California Verbal 
Learning Test - II (CVLT) total score, recall on trial 5, vocabulary, digit span at 6 months 

6. Frey, Rojas, Anderson, et al. 
2007 44 

 

Orientation Log scores in admission to rehab correlated with rehab length of stay, total length of stay, and 
discharge cognitive and total FIM. Admission GOAT correlated with rehab length of stay and discharge 
cognitive and total FIM. For those in PTA on admission, GOAT/O-Log admission scores correlated with 
rehabilitation length of stay. Mean O-Log PTA duration was 27.9 vs. GOAT duration of 29.3 days. Severity 
and duration of O-Log PTA was more predictive of length of stay and discharge FIM than severity and 
duration of GOAT PTA. In a regression model, admit O-Log was predictive of rehab length of stay, total 
length of stay, discharge total FIM, discharge motor FIM, and discharge Cognitive FIM. 
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Functional Implications, Con’t 
7.   Nott, Chapparo, Baguley 
 2006 25 

Agitated patients had longer length of stay (by 14 days on average) and longer PTA (by 14 days on 
average; per Westmead) and more impaired discharge cognitive and total FAM, but not motor FAM. No 
differences were seen between groups on Functional Assessment Measure (FAM), Overt Aggression Scale 
(OAS), Satisfaction with Life Survey (SWLS), or CIQ at 6 months or 24 months post-discharge. 
Agitation duration correlated with length of stay, PTA duration, discharge FAM total, discharge Cognitive 
FAM total, and discharge FAM motor. Correlations with FAM scores were significant at 6 and 24 months. 

8. Sherer, Nakase-Thompson, 
Yablon et al. 2005 8 

Patients in PTCS on initial eval after rehab admit had longer acute LOS, longer rehab length of stay, more 
severe injuries, and more disability (DRS) at discharge than those not in PTCS at admit. DRS total mean for 
confused = 8.5 +-3.6, median = 7 and DRS for not confused mean = 6.1 +-2.4, median = 6. In multivariable 
regression modeling, confusion status predicted DRS at discharge even after adjustment for several 
covariates. However, PTA vs. not in PTA was just as predictive of discharge DRS as confusion status. 

9. Kalmar, Novack, Nakase- 
Richardson, et al. 2008 13

 

Persons in PTA (per GOAT) scored more poorly than persons not in PTA on neuropsychological tests 
(CVLT-II, Trail Making, Symbol Digits, Grooved Pegboard, FAS, Animal Naming, Wisconsin Card Sorting 
Test), but mean scores for both groups were all below one standard deviation below the normative means. 

10. Nakase-Richardson, Yablon, 
Sherer, 2007 4 

Individuals with greater confusion (based on DRS-R) at 1 month after injury, older age, and lower levels of 
education were less likely to be employed at 1 year after injury. Severity of confusion was more strongly 
associated with employment outcome than was PTA duration. 

11. Sherer, Yablon, Nakase- 
Richardson 2009 6 

Admission and discharge DRS were lower for nonconfused vs confused; Discharge DRS lower for mild, vs 
moderate, vs severe PTCS; time to follow commands shorter for nonconfused vs confused; and acute and 
rehab length of stay shorter for nonconfused versus confused patients 
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Appendix  
 

Data Abstraction Form 
 
Objectives: (1) Provide a comprehensive description of the post-traumatic confusional 
state including (a) phenomenology, (b) course, (c) distinction from other clinical states or 
deficits caused by TBI such as MCS, post-confusional cognitive impairment, PTA, chronic 
amnestic state, etc., (d) possible subtypes, (e) implications for clinical management. 
(2) Provide guidance for diagnosis of the confusional state for clinical and research 
purposes including: (a) implications for unstructured clinical examination, (b) scales that 
are useful in assessing these patients, (c) possible diagnostic criteria, (d) approaches to 
obtaining “clean” cohorts for research. 
 
Inclusion Criteria for Data Abstraction 
_____Article is in English 
_____Participants are human 
_____Paper presents new empirical findings 
_____Study is not a case report or small case series 
_____Findings are relevant to confusion, delirium, PTA, OR encephalopathy: 
_____Participants have sustained TBI (80% or more or separate analysis for TBI 
participants) 
_____Findings are pertinent to at least one of: (a) phenomenology, (b) course, outcome, 
prognosis, (c) distinction from other clinical states, (d) possible subtypes, (e) 
neurophysiologic or neuroanatomic causes 
 
Result of Article Review (mark one) 
_____1. Retain – article meets inclusion criteria for data abstraction. 
_____2. Retain/do not abstract data – article does not meet inclusion criteria for data 
abstraction (e.g., review paper, concept paper, etc.), but contains conceptual information 
that will inform the final paper. 
_____3. Exclude – article clearly does not meet inclusion criteria and is unlikely to make 
any other contribution to the review.  
 
Complete Sections Below for Articles that Meet Inclusion Criteria for Data 
Abstraction 
Study Quality 
Comparison group/study design/data collection (check one) (presumably, any study 
that provides descriptive information on PTCS would include persons with and without 
confusion or, at least, a range of severity of confusion): 
_____Prospective cohort with comparison group 
_____Prospective cohort with no comparison group 
_____Retrospective cohort with comparison group 
_____Retrospective cohort with no comparison group 
_____Case-control study 
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Patient spectrum : 
Number of participants (number reported on in primary analysis):_____  
Spectrum: 
_____Wide (broad range of severity of confusion 
_____Narrow (limited range of severity of confusion, e.g., only, severely confused 
patients) 
Completeness: 
_____Outcomes available for 80% or more of cohort 
_____Outcome available for 79% or less of cohort 
 
Masking: 
_____Prognostic variables objective or assessed independently of knowledge of clinical 
condition 
_____Prognostic variables non-objective or assessed with knowledge of clinical condition, 
but assessed by someone other than the investigator who determined presence of 
confusion 
_____Prognostic variables non-objective or assessed with knowledge of clinical condition 
and assessed by the investigator who determined presence of confusion 
 
Classification of evidence (mark one): 
_____Class 1 
Cohort survey with prospective data collection 
Includes a broad spectrum of patients at risk for developing the outcome Outcome 
measurement is objective or determined without knowledge of risk 
factor status Inclusion criteria are defined 
At least 80% of enrolled subjects have both the risk factor and outcome measured 
 
_____Class 2 
retrospective cohort or case control with wide spectrum of patients and meets all other 
Class 1 criteria 
meets Class 1 criteria except completeness is less than 80% 
 
_____Class 3 
narrow spectrum or highly selected samples 
outcome assessor is not masked to clinical condition, but is a different Defiinvestigator 
than the one who determined clinical condition): 
 
_____Class 4: 
clinical condition and outcome were assessed by the same Investigator no comparison 
group—no persons in sample without confusion 



 26 

Evidence 
 
Findings on phenomenology of PTCS or PTA (e.g., description of elements of 
clinical presentation such as agitation, sleep disturbance, etc.): 
 
Findings on clinical course of PTCS or PTA (e.g., typical duration, sequence of 
recovery of various clinical elements, etc.): 
 
Findings on distinctions between PTCS or PTA and other clinical states such 
MCS, post- confusional cognitive impairment, etc. (e.g., clinical characteristics 
that distinguish MCS from PTCS, clinical characteristics that distinguish PTCS 
from post-confusional cognitive impairment, etc.): 
 
Findings on possible subtypes of PTCS or PTA (e.g., with psychotic features vs. 
without psychotic features, with agitation vs. with hypoarousal, etc.): 
 
Implications of findings for clinical management (e.g., possible benefit from 
behavioral interventions to improve sleep, possible benefit from medications to 
treat psychotic-type symptoms, etc.): 
 
Methods (describe clinical exam if used) and scales used to assess PTCS or PTA: 
 
Implications of findings for diagnostic criteria for PTCS or PTA: 
 
Descriptives and issues affecting generalizability 
 
Sex Age 
Time since injury 
Injury severity (GCS, time to follow commands) 
Source of patients (Single center or multi-center, acute rehab, acute care, etc.) Imaging 
findings 
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