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Epidemiology

� Charcoal burning- second commonest method adopted 

by 15-55 yrs old (accounted for 1/3 suicide deaths 

since 2001)

� Incidence incr. from 6% to 28% between 1998 – 2001

� No accurate statistics on prevalence of attempted 

suicide

� Estimates from HA figures - 10 times the number of 

completed suicide occurring in the territory

� NTWC (3/05-2/07) : most of the CO poisoned (27/29) 

patients committed suicide
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Cognitive impairment after CO
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� Neuropsychiatric sequelae occurring in up to 
67% of survivors

� Commonly categorized as: 
� Persistent neurological sequelae 

• 71% at discharge and 62% during FU

� Delayed neurological sequelae

Cognitive impairment after CO
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Disease course

Lee et al. Mov Disord. 1994 Sep;9(5):550-8

31 patients with neurological sequelae31 patients with neurological sequelae

DNS (n = 23)DNS (n = 23)
Mean duration of recovery = 19.7 Mean duration of recovery = 19.7 ±± 9.7D9.7D

Progressive (n = 8)Progressive (n = 8)

Parkinsonism (n = 9)Parkinsonism (n = 9)
Mean Mean tt to max. to max. 

Disability from onset Disability from onset 
3.4 3.4 ±± 1.9D1.9D

AkineticAkinetic--mutism (n = 14)mutism (n = 14)
Mean Mean tt to max. to max. 

Disability from onset Disability from onset 
3.7 3.7 ±± 2.3D2.3D

Severe deficit (n = 4)Severe deficit (n = 4)

Died (n = 4)Died (n = 4)
Improved (n = 8) Improved (n = 8) 

22ndnd deterioration (n = 1)deterioration (n = 1)

Improved (n = 6)Improved (n = 6)

Progressive (n = 2)Progressive (n = 2)

No change (n = 3)No change (n = 3)

Died (n = 3)Died (n = 3)

Improved 45%

Mortality 23%

Morbidity 32%
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� The onset was relatively sudden after the apparent clear period
which ranged from 2 to 40 days (mean 22.5 days). 

� Delayed neurologic sequelae were diagnosed 2.75% of the total 
group 

� Of 36 patients followed up for two years, 27 (75%) recovered 
within one year

� No clinical or laboratory results predict which patients are at risk 
for this complication, but advanced age appears to be a risk 
factor.

Min SK. Acta Psychiatr Scand. 1986 Jan;73(1):80-6.

Delayed Neuropsychiatric Syndrome 

Choi IS. Arch Neurol. 1983 Jul;40(7):433-5.
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Delayed Neuropsychiatric Syndrome 

� Cognitive 

� Apathy, 

� Dull facial expressions, 

� Dementia, such as amnesia 

and disorientation, 

� Mutism, 

� Irritable distractibility, 

� Parkinson-like
� Hypokinesia,

� Urinary and/or fecal 

incontinence,

� Gait disturbance and 

abnormal neurological signs 
and reflexes. 

The most frequent symptoms were
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� Parkinsonism was diagnosed in 9.5%

� All showed encephalopathy with mildly to severely 

impaired cognitive functions

� Levodopa and anticholinergic drugs were not effective. 

� Of 16 patients followed up for 1 year, 13 (81.3%) 

recovered spontaneously within 6 months. 

Choi IS. Eur Neurol. 2002;48(1):30-3.

Delayed Neuropsychiatric Syndrome 

2008/5/19

Chinese population

� Occurred from 14 - 45 D after recovery from the acute 
stage of initial impaired consciousness (1-7D)

� Manifestations included cognitive impairment, akinetic 
mutism, sphincter incontinence, gait ataxia and 

extrapyramidal syndromes

� MRI revealed lesions in the subcortical white matter and 

basal ganglia. 

� The cognitive impairment improved greatly in the following 
few months, but the involuntary movements were 

improved only slightly. 

Hsiao CL. Acta Neurol Taiwan. 2004 Jun;13(2):64-70.
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� NTWC: 1/29 developed DNS

� However no formal cognitive screening for all patients

Delayed Neuropsychiatric syndrome
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Commonly reported cognitive impairments

� Short term memory

� Poor attention and 

concentration 

� Visual spatial ability

� Executive dysfunction

� Slow processing speed

� Parietal symptoms

� Agnosia

� Acalculia

� Ideomotor apraxia

� Ideational apraxia

� Constructional apx
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� Postmortem finding including petechial haemorrhage, 

multifocal necrosis and demyelination 

� The regions most commonly involved include the 

globus pallidus and the deep white matter.

� The mechanisms are uncertain

� Tissue Hypoxia

� Regions of vulnerability e.g. 2nd/ 3rd layer of cortex; white 
matter; basal nuclei and Purkinje cells of cerebellum

� Competition to bounding of Hb

� NO mediated vasodilatation

Pathophysiology

� NO mediated? Reoxygenation injury to the CNS

� may be responsible for DNS

� Thro its effort on the adherence of neutrophils to the 

endothelium via adhesion molecules 

� Neutrophil adherence to the microvasculature xanthine 

oxidase activation, oxidative radical formation, oxidative 

damage, and ultimately brain lipid peroxidation

� Degradation of unsaturated fatty acids leading to reversible 
demyelination of CNS lipids
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Pathophysiology

� Excitotoxicity (i.e., glutamate-mediated 

neuronal injury) 

� Increased atherogenesis

� Involvement with cytochrome P-450, and 

� Apoptosis
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Pathophysiology

Kao LW. Emerg Med Clin N Am 22 (2004) 985–1018
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How the cognitive outcome be measured and compared?

� Convert scale into binary variable

� T score < -2 [2 SD below the mean of demographically 
corrected standardized T scores] for any single 
neuropsychological subtest 

� If two or more subtests with T-score were > -1

� If the patient reported cognitive symptoms, then any 
single neuropsychological subtest with T-score < -1
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Can this be prevented?

� After adj for cerebellar dysfunction before tx and for stratification 
variables, HBO2 still appeared to be the more effective therapy (odds 
ratio, 0.45 [95 %CI, 0.22 to 0.92]; P=0.03). 

� Patients tx with HBO2 were less likely to have cognitive sequelae at 6w 
than were those treated with NBO2

� Failure to complete the chamber sessions was more common in the 
HBO2 group (14/76 [18.4 %] vs. 3/76 [3.9%], P=0.005). 

� Cognitive sequelae among patients who completed 3 HBO2 sessions 
(15/62 patients [24.2 %]) was not significantly different from those 
who did not (4/14 patients [28.6%], P=0.74). 
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Drop out

� Anxiety (7), 

� Tympanic-membrane rupture (1), 
� Cough (1). 

� Difficulty with equalization of middle-ear 
pressure (4)

� Failure to return for treatment (4)
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� The originally intended endpoint was DNS but 

the primary outcome of all neurological 
sequelae was reported

� Group mean scoring identified no group 
difference between HBO and NBO
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Implications for practice

Existing randomized controlled trials of HBO vs. NBO in the treatment of 

non-pregnant adults with acute CO poisoning provide conflicting results 

regarding the effectiveness of HBO. 

All published studies have limitations that threaten and may invalidate their 

conclusions.

Based on the results of these trials, HBO cannot routinely recommended

for the treatment of CO poisoning. 

It is possible that some patients, particularly those with more severe 

poisoning, may derive benefit from treatment, but this remains unproven.

All 5 DNS occurred in HBO group (4.8%) (Scheinkestel 1999)
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Neuropsychological assessment

� Cognition 

� Emotionality

� Executive functioning

Lezak MD, Neuropsychological Assessment, 3rd Ed.,Oxford University Press, New York, 1995.
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Goals of a clinical neuropsychological assessment

1. Establish pathology (~diagnosis)

2. Characterize cognitive deficit

3. Measure change
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Issues concerning neuropsychological inference

� Emotionality / Personality

� How do changes (e.g. depression) affect NP performance?

� Age effects

� How does age affect NP performance?

� Malingering

� Are the observed NP deficits real?

� Practice effects

� How meaningful is repeated testing?
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Practice effects

� Change measures are important in NP - e.g. 

tracking a neurodegenerative illness, or pre-post 

surgery comparisons

� Practice effects can be reduced by parallel batteries 

� Statistical techniques (control change)

� BUT - “novelty” may be crucial factor in some 

tests (e.g. executive)

� Not clear that patients adopt the same strategies 

when repeating tests
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Classes of cognitive functions

(Completely arbtrary, but seems to guide NP testing)

� Intelligence (current / premorbid)

� Laterality

� “Receptive functions”
� perception - mainly visuoperception e.g. Agnosia

� “Expressive functions”
� mainly speech, also action e.g. Apraxia, aphasia

� Learning & Memory
� Short term / longterm, encoding / retrieval etc e.g. Amnesia

� Executive Functions
� Planning, decision making, allocation of attention etc e.g. Dysexecutive 

syndrome
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Pre-morbid intelligence

It is important to have an idea of what P's intellect was like before brain injury.

National Adult Reading Test (NART- Nelson, 1978)

� Based on findings that language is relatively robust and remains constant 
when other cognitive abilities (e.g. memory) are declining, as in, for example 

SDAT

� List of words, all of which are irregular in spelling (e.g. CHORD ACHE AISLE 

DEPOT…. SYNCOPE DEMESNE CAMPANILE)

� P reads the words and a note is made of number of pronunciation errors -
formula => NART IQ score

� There are equations to convert the NART score to WAIS-R and WAISIII IQ 
scores

� Considered reliable unless P has a specific reading or visual problem

� Recently, however, there have been concerns about its robustness, also scorer 

bias is possible.

� Such measures allow an indirect measure of change
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Reliability

� The consistency with which the same 

information is obtained

� In the absence of intervening variables (e.g., 
illness, injury, new learning), scores should 

remain stable

� Interrater reliability

� Intrarater reliability

� Test-retest reliability
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Validity

� How well the test measures what it purports to 

measure. 

� Construct validity - Does the test measure what it is 

supposed to measure? 

� Concurrent validity - Do new tests correlate highly with 

existing tests or independent measures of the construct 

in question? 

� Face validity - Does the test appear to measure what it is 

supposed to measure? 

� Ecologic validity - Does the test predict real-life ability?
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Carbon monoxide neuropsychological 
screening battery (CONSB)

� The general orientation test
� 10-item list that measures the patient’s orientation to TPP

� Wechsler Adult Intelligence Scale–Revised subtests –

� Digit span, 

� Digit–symbol, and 

� block design

� The Trail Making Test Part A & Part B

� The story-recall subtest of the Denman    

Neuropsychology Memory Scale

Developed to screen those potentially benefit for HBO

Messier LD et al. J Clin Psychol 1991;47:675-84
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Commonly reported cognitive impairments

� Short term memory                           Digit span (rev)

� Poor attention and concentration      Digit span

� Visual spatial ability                           Block Design

� Executive dysfunction                       Trail Making B

� Slow processing speed                       All
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Executive Functions

� The ability to initiate the use of individual 

component skills, monitor their performance 

and use this information to adjust their 
behaviour

� Other important behavioural processes have 
been ignored 

Burgess, P.W. & Alderman, N. (1990) Rehabilitation of dyscontrol syndromes 

following frontal lobe damage: A cognitive neuropsychological approach., In R.Ll. 

Wood & I. Fussey (Eds.), Cognitive Rehabilitation in Perspective. 
Lawrence Erlbaum Associates, pp. 183-203. 

Cicerone K et al. J Cognitive Neuroscience 2007; 18: 1212-1222. 
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Executive dysfunction

� Terms such as dysexecutive syndrome, the supervisory 

system, and frontal lobe functions 

� Challenging to define and measure. 

� Much of what is known about EF is based on patients with 

DLPFC lesions

� Frontal patients is often taken as a proxy for the presence 

of executive problems

� Due to the interconnectivity between the lateral frontal and 

posterior regions, diffuse pathology such as DAI can also 

cause EF
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Executive Functions

� The following schema divides what has been 

loosely termed ‘‘executive functions’’ into 4 

domains that follow anatomy and evolutionary 

development:

1. Executive cognitive functions, 

2. Behavioral self-regulatory functions, 

3. Activation regulating functions, and 

4. Metacognitive processes (Stuss, in press).

Executive Cognitive Functions

� To control and direct lower level, more modular 

or automatic functions

� Planning

� Monitoring

� Activating

� Switching

� Inhibiting

� Working memory and inhibition are 

fundamental

Behavioral Self-regulatory functions

� Medial frontal regions connected with limbic 

system

� Involved in emotional processing 

� Incl. the acquisition and reversal of stimulus-
reward associations

� Useful in behaviour reinforcement

Activation Regulating Functions

� Key in self regulation

� Initiating and energizing behaviour 

appropriately and

� To attain individual goals

� Pathology in this area lead to apathy and abulia

Metacognitive Processes

� Frontal poles (esp. right)

� Personality

� Social cognition

� Autonoetic consciousness

� Self awareness



Serious problem or seriously problematic

� An apparent impairment may be a reflection of 

a broader executive dysfunction

� Memory problems may stem from difficulties in 
self organization and initiation

2008/5/19 2008/5/19

Routine vs. non-routine

� Routine activities (simple ADL) benefit from 

procedural learning, which min. deliberate planning 

and the attentional resources that support it. 

� Simple ADL like toothbrushing are often carried out 

“on automatic pilot” and with a fixed sequence that 

may not be readily available to conscious report. 

� Moreover, these activities are brief and context driven, 

which makes them less dependent on working memory 

for storing and manipulating goal-action 

representations.
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Example for EF - Shopping

� There are many interdependent subgoals that must be 

prioritized and ordered. 

� Realizing some of the subgoals may take time, and, 

during when, there are distractions that must be 

resisted. 

� In contemporary theories of the frontal lobes, 

controlled (supervisory) attention is assigned a key role 

in prioritizing and planning an activity, working 

memory in bridging temporal delays, and inhibitory 

systems in controlling and resisting interference 
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Example of EF - Meal preparation

� Failure to assemble the necessary ingredients, 

� Misinterpretation of written instructions (e.g., 

focusing on irrelevant details), 

� Repeated checking of instructions, 

� Sequencing–omission errors (e.g., omitting key 

steps or carrying out steps in the wrong order)
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These test were chosen

� Practical employed in emergency setting

� Can be administer in short period of time

� Patient are able to respond despite 

encumbrances

� Sufficiently sensitive in detecting true deficits

� Capable in detecting general and specific 

deficits

� Can be administered by trained nurse

2008/5/19
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Trail making test

� Visual scanning 

� Numeric sequencing

� Visuomotor speed

� Shifts in organization

� Recall and recognition

� Useful tools to identify frontal lobe problem

2008/5/19
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Wisconsin Card Sorting

� Measures:

� Concept formation

� Ability to shift between these concepts

� Ability to utilize feedback to modify response

� Sensitive in discrimination patient vs. control

� Poor ability to localize lesion

� Moderate ecological validity

� Correlate significantly with DEX

� Predictor of subsequent community

reintegration

Verbal fluency

� Generate words by initial letters in fixed time

� Sensitive to executive fx because normally 

words are retrieved based on their meaning

� Retrieve by initial letter is non-routine

� Requires suppression of words that are 

semantically related 

� Significantly related with ratings of everyday 

executive problems 

� Correlated well with Disability Rating Scale
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Dual Task 

� Great potential to capture what is a core 

executive process

� E.g. combining digit span with paper-&-pensil 
tracking task
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Behavioural assessment of dysexecutive 
syndrome (BADS)

� Rule Shift Card Test

� Action Program Test

� Key Search Test 

� Temporal Judgment Test

� Zoo Map Test 

� Modified Six Elements Test 

� The Dysexecutive Questionnaire (self/ other 
rated)
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Cognitive rehabilitation

� Cognitive rehabilitation is a “systematic, functionally oriented 
service of therapeutic activities that is based on assessment and 
understanding of the patient’s brain-behavioural deficits”
(Cicerone 2005). 

� Facilitates the development of behavioural and cognitive 
strategies which have a positive impact on the structural and 
functional recovery of the damaged brain, and improve the 
quality of life of the individual in general (Robertson 2001).
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� Disturbances of EF are most likely to be evident when 
the patient is required to assume responsibility for the 
application of compensatory strategies (Shallice & 
Burgess, 1991) or to cope with novel situations 
(Godefrey & Rousseaux, 1997). 

� Disturbances of EF often coexist with impaired self-
awareness, representing an additional challenge to 
rehabilitation.

� Only a small number of studies have examined the 
efficacy of rehabilitation interventions that target 
specific aspects of EF

Cognitive rehabilitation
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Problem solving

� Patients were trained to reduce the complexity of a 
multistage problem by breaking it down into 
manageable subgoals. 

� Subjects identified as poor problem solvers on formal 
tests of planning and response regulation.

� The experimental intervention included training in 
problem orientation, problem definition and 
formulation, generation of alternatives, decision making, 
and solution verification. 

Von Cramon  DY Neuropsy Rehabil1991:1; 45–64. 
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� When compared with memory training, the 

participants who received the problem solving training 

demonstrated significant gains on measures of 

planning ability and improvement on behavioral ratings 

of EF, such as awareness of cognitive deficits, goal-

directed ideas, and problem-solving.

Problem solving

Von Cramon  DY Neuropsy Rehabil1991:1; 45–64. 
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Goal-management training

� Based on theory of goal neglect 

� Training to evaluate the current problem state (‘‘What am I 
doing?’’) was followed by 

� Specification of the relevant goals (the ‘‘main task’’)

� Partitioning of the problem-solving process into subgoals (the 
‘‘steps’’). 

� Participants were then assisted with the learning and retention of 
goals and subgoals (‘‘Do I know the steps?’’) and finally 

� Taught to self-monitor the results of their actions with the 
intended goal state (‘‘Am I doing what I planned to do?’’), and in 
the event of a mismatch the entire process was repeated.

Levine B et al J International Neuropsychol Society. 2000:6; 299–312.

GoalGoal--management management 

trainingtraining

Levine B et al J International Neuropsychol Society. 2000:6; 299Levine B et al J International Neuropsychol Society. 2000:6; 299––312.312.
2008/5/19
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� Participants who received the GMT demonstrated significant 
reduction in errors and prolonged time to task completion 
(which was interpreted as an indication of their increased care 
and attention to the tasks) on two of the three outcome 
measures. 

Goal-management training

Levine B et al. J International Neuropsychol Society. 2000:6; 299–312.
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� ‘‘Higher functioning’’ but with documented, 
persistent impairments in social/vocational 
functioning, 

� Average of 4 years post injury. 

� Both groups received 2 to 3 hr of small group 
intervention per week for 24 weeks. 

� The conventional treatment consisted of group 
exercises intended to improve cognitive skills and 
support for coping with emotional reactions and 
changes after injury. 

Rath, JF. Neuropsy Rehabili 2003; 13: 461–488.

Emotional self regulation

2008/5/19

The problem-solving intervention

� Incorporating strategies for addressing underlying 

emotional self regulation and logical thinking/ 

reasoning deficits. 

� Also attend to both motivational, attitudinal and 

affective processes and problem solving skills

� Group exercise include roleplay

Rath, JF. Neuropsy Rehabili 2003; 13: 461–488.
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Emotional self regulation

� However, brain injured patients have greater 

difficulties in modulating emotional response 

and expression, and once emotional 
overreactions occur, they tend to overwhelm 

cognitive processes which lead to inaction or 
impulsive decision

� To observe physiological arousal and emotional 

changes

Rath, JF. Neuropsy Rehabili 2003; 13: 461–488.
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� Only the problem-solving group treatment resulted in 

significant beneficial effects on measures of executive 

cognitive functioning, self-appraisal of clear thinking 

and emotional self-regulation, and objective observer 

ratings of interpersonal problem-solving behaviors in 

naturalistic simulations. 

� These gains were maintained at 6 months after 

treatment, but did not translate into significant 

improvements on a measure of community integration.

Rath, JF. Neuropsy Rehabili 2003; 13: 461–488.

Emotional self regulation
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Self regulation skills

Emergent awareness: “Can you tell me how you know that you 
experience (main difficulty)?”

Anticipatory awareness: “When are you most likely to experience (main 
difficulty), or in what situations does it mainly occur?”

Motivation to change: “How motivated are you to learn some different 
strategies to help overcome your (main difficulty)?”

Strategy generation: “Have you thought of any strategies that you 
could use to help cope with your (main difficulty)?”

Strategy selection: “What strategies are you currently using to cope 
with your (main difficulty)?”

Effectiveness of strategies: “How well do the strategies that you are 
using for (main difficulty) work for you?”
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Self Awareness

1. Self-awareness of deficits; 

2. Self-awareness of the functional implications 

of deficits; and 

3. Ability to set realistic goals

2008/5/19 TG Short et al.Hong Kong Med J 1998;4:375-81 

Sickness Impact Profile
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