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Abstract
Impairment of cognitive functions following neurotoxic exposure is collectively termed
cognitive toxicity. This oration is based on a series of studies carried out over last 12 years on
cognitive toxicity of two groups of substances, viz. organophosphate (OP) pesticides and
sedative psychotropic drugs.
OP pesticide poisoning is a major clinical and public health problem in South Asia. OPs act as
cholinesterase inhibitors, and bring about acute neurological deﬁcits following exposure. Using
neurophysiological and neuropsychological techniques, we assess long-term neurocognitive
deﬁcits of OPs, a less known yet important adverse effect of OP exposure. The ﬁndings hitherto
indicate both acute large-dose poisoning and subclinical occupational exposure are associated
with long-term cognitive impairment.
In the same way the pesticide use and misuse are common in agricultural communities, use and
misuse of sedative psychotropic medications are common in urbanised societies. Sedative drugs,
even in therapeutic doses impair driving and underlying cognitive functions, and increase the
risk of trafﬁc accidents. When taken in overdose, these drugs have cognitively impairing effects
that last beyond clinical recovery from acute poisoning. These patients are more prone to trafﬁc
crashes at least up to 4 weeks following exposure, and the cognitive recovery over this period
mirrors the crash risk at different post-overdose time points. The above ﬁndings raise a number
of clinical and medico legal implications in post-discharge management of patients with sedative
drug overdose.
As the agricultural communities transform into urban industrialised societies in Sri Lanka, the
pattern of poisoning changes from agrochemicals into pharmaceuticals, particularly
psychotropic dugs. The two lines of research discussed above highlight how this changing social
fabric poses new challenges for the neurophysiologists, neurologists and psychiatrists who study
cognition and apply their ﬁndings in clinical settings. Our latest work in generating age-, sex- and
education-adjusted norms for cognitive tests for Sri Lankans, would set the foundation in
interpreting the cognitive test results of clinical populations.
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The American author and biochemist, Isaac
Asimov once said, “Your assumptions are
your windows on the world. Scrub them off
every once in a while, or the light won't come
in”. I think that sums up what we do as
scientists: scrubbing off our assumptions
with scientiﬁc method. My duty in front of
this august gathering then, is to tell how I
have been scrubbing off my assumptions
opening into the world of neuroscience, and
hopefully to show you some light that is
coming in.

threads of time'. The greatest challenge of the
neuroscientist is then un-weave these
threads. And unravel the workings of the
brain in health and disease.

How do we assess and quantify cognitive
functions?

Let me explain how we can combine different
techniques to study these time-dominated
cognitive functions, using a method that we
developed in Peradeniya. The basic
behavioural task is pressing a button in
response to a visual stimulus. The computer
measures the 'visual reaction time', i.e. the
time interval between the onset of the visual
stimulus and the button-press, which is about
250ms. This visual reaction consists of
sensory (visual afferent) conduction
component, a central 'cognitive processing'
component and a motor (efferent) conduction
component. If we were to study the effect of a
substance on cognitive processing time in
this task, we will have to ﬁrst isolate the
cognitive processing component, dissecting
out the time taken for sensory and motor
conduction. We did this by combining the
V RT t e s t w i t h n e u r o p h y s i o l o g i c a l
techniques. We recorded the visual evoked
potentials (VEP) and measured the VEP
latency, i.e. the duration of the afferent visual
transmission from retina to the visual cortex,
which is about 100ms. Then we stimulated
the motor cortex through transcranial
magnetic stimulation (TMS) and recorded
the motor evoked potential (MEP) latency
and measured the duration motor
transmission from primary motor cortex to
the contracting muscle, which is about 15ms.
By subtracting the VEP latency and MEP
latency from visual reaction time we could
isolate the 'cognitive processing time' of the
visual reaction, which was about 135ms. We
presented this technique initially in local
1, 2
conferences in 2004 , and later used it to
study cognitive impairment following
3
organophosphate pesticide poisoning and
cognitive enhancing effects of theanine, a
4
constituent in tea .

The structure of the brain per se does not
satisfactorily explain its workings. Francisco
Mora aptly put this into perspective: 'Time,
not space, is the crucial dimension of the
mind. Mind is the neural tissue sewn with the

In our laboratories at the Faculty of Medicine
and the Teaching Hospital Peradeniya, we
employ a number of other neurophysiological and neuropsychological
techniques to test cognitive functions. I will

The title that I have chosen for this oration is
'Cognitive Toxicity: from Pesticides to
Pharmaceuticals'. In this talk I will present
you the research that I carried out over last 12
years on cognitive toxicity of two different
groups of substances, viz. organophosphate
pesticides and sedative psychotropic drugs.
What is cognitive toxicity?
We know that different toxins adversely
affect the nervous system and its functions.
The toxicity sometimes involves brain, and
impairs so called 'higher functions' or
cognitive functions, giving rise to the entity
collectively termed cognitive toxicity.
Cognitive toxicity sometimes leads to overt
clinical manifestations such as impaired
consciousness, disorientation, delirium or
amnesia. These can be readily detected in the
acute stage of intoxication. What is less
encountered by the clinician, are the delayed
effects of acute poisoning and the subclinical
effects of long-term exposure to toxins.
These effects may include subtle deﬁcits in
different cognitive functions including
perception, memory, attention and executive
functions. These subtle effects – as we see
later - are none the less detrimental to the
health and wellbeing of the patients.
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elaborate on these techniques and tests as I
take you through my research.

cognitive toxicity of OP compounds pursued
along two lines:

This brings us to the main body of this
oration: cognitive toxicity of pesticides and
pharmaceuticals.

1.

Delayed cognitive sequelae of an acute
16-19
OP poisoning .

2.

Cognitive manifestations of prolonged
exposure to OPs without preceding
episodes of acute poisoning. Changes
with chronic low-level exposure were
studied in many occupational groups
including farmers20, 21, farm-workers22, 23,
24
sheep-dippers and termiticide
25
applicators .

Cognitive Toxicity of Organophosphate
Pesticides
Pesticides are widely used in agriculture
across the globe. Occupational exposure and
intoxication mainly occur through inhalation
and skin contact. Pesticide sprayers who do
not use protective gear are particularly at
risk. However, most clinically documented
acute poisonings in Sri Lanka are not due to
occupational overexposure, but episodes of
deliberate ingestion as a means of self harm5.
Organophosphates (OP) are the most
common type of pesticides used by
6, 7
individuals who attempt self-harm .

However, these studies suffered two major
limitations: 1) paucity of objective evidence
of cognitive impairment and 2) lack of
understanding of neurophysiological
underpinnings of potential impairment in OP
exposure.
Potential cognitive toxicity of OPs has drawn
attention of not only toxicologists, but also
t h e r e s e a r c h e r s i n n e u r o l o g y,
neurophysiology and neuropsychology. I
embarked in this area of study in 2004. I was
fortunate to have the guidance of a
multidisciplinary team in my research on
OPs. The team included, Prof. Vajira
Weerasinghe my mentor at the time, Prof.
Nimal Senanayake and Dr. Lakshman
Karalliedde, the two scientists who described
the intermediate syndrome, Prof. Indika
Gawarammana, Prof. Andrew Dawson, Dr.
Udaya Dangahadeniya and Dr. Keerthi
Kularatne.

OPs inhibit acetylcholinesterase (AChE),
the enzyme which degrades the
neurotransmitter acetylcholine (ACh)
released by cholinergic nerve endings.
Resulting accumulation of ACh leads to
acute neuromuscular, autonomic and central
nervous system disturbances, collectively
named as cholinergic crisis. Classically two
other syndromes of organophosphate
poisoning have also been described, viz.
8
intermediate syndrome and delayed
9
polyneuropathy .
In addition to these manifestations, research
over last few decades suggests the possibility
10
of OPs affecting cognitive functions . The
ﬁrst reports of cognitive toxicity of
organophosphate poisoning dates back to
1960s. They mainly reported symptoms such
as poor memory, confusion, anxiety,
drowsiness, fatigue, depression and
irritability in patients heavily exposed to OP
compounds11-14. Although these studies were
of little help in elucidating the mechanisms
of cognitive toxicity, they have, for the ﬁrst
time, highlighted the possibility of
development of 'chronic OP-induced
15
neuropsychiatric disorders' . After these
early studies, research on long-term

In our ﬁrst line of studies on OPs, we focused
on delayed cognitive effects of acute
poisoning. We developed this work under a
backdrop of the human studies that I
described earlier, and a series of animal
experiments. Those studies suggest that acute
large-dose exposure to OPs lead to
overstimulation of cholinergic circuits of the
brain leading to excitotoxicity. The
excitotoxicity is characterized by increased
oxygen demand, ionic imbalances, cellular
oedema, inﬂammation and cytotoxicity. On
long term this is followed by apoptosis,
axonal degeneration and neuronal loss in the
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10,26

experimental animals . If this is the case
also in humans, we hypothesized that this
brain damage should manifest as objective,
physiological markers of brain function of
patients with OP poisoning.

behavioural data (i.e. accuracy and speed of
the cognitive task) while concurrent ERPs
give neurophysiological underpinning of that
behaviour. In this way, ERP components
literally tell us the 'thinking pattern' of our
brain circuits up to a millisecond-accuracy.

First, we explored the effect of OP pesticide
poisoning on cognitive processing visual
3, 27, 28
information
. We compared a group of
patients who recovered from the cholinergic
phase of poisoning (on average, 15 days after
poisoning) with an age- and sex-matched
control group. The subjects did two types of
visual reaction time tasks: one to assess
simple stimulus detection and the other
visual stimulus discrimination. As I
explained under the cognitive assessment
techniques, we isolated the cognitive
processing component of each task by
measuring VEPs and MEPs and subtracting
the sensory and motor components,
respectively. We found that no signiﬁcant
difference in P100 latency or total motor
conduction time between patients and the
controls. However, cognitive processing
times of both simple visual reactions and
recognition visual reactions were prolonged
3
in OP patients . These ﬁndings imply that
acute organophosphate poisoning may slow
higher-order cognitive processing involved
in visual stimulus detection and visual
stimulus discrimination, even after clinical
recovery from the cholinergic phase.

The ERP experimental paradigm that we
used in OP studies is called the 'oddball
paradigm'. The subjects are exposed to two
different sounds randomly: one presented
frequently (80% probability) and the other
infrequently (20% probability). They have to
ignore the more frequently presented sound
and press a button to the infrequent sound. In
other words, they will have to pay selective
attention to the infrequent sound. ERP
components represent different stages of
selective attention processes of the brain of
the subject.
Of the different ERP components, our
primary interest was on a component called
P300 which is a neurophysiological index of
stimulus classiﬁcation31,32. The peak latency
of the P300 component is a measure of
stimulus classiﬁcation speed, and the P300
amplitude is a measure of the amount of
neuronal resources allocated to the cognitive
task. Medial temporal lobe structures are
thought to be among the neural generators of
P300 component. Importantly, animal
studies have found OPs to damage the same
33,34
brain region . Therefore we hypothesised
that OP poisoning would do the same in
patients with acute poisoning, which then
should manifest as changes in P300 ERP
component. More speciﬁcally we expected
the OP patients to have delayed P300 peak
latency and/or reduced P300 amplitude.

We also investigated the delayed effects of
OP poisoning on cognitive processing of
28,29
auditory information . Here we employed
event related potential (ERP) techniques to
study cognitive toxicity. We know what
evoked potentials are: they are the electrical
potentials generated by sensory conduction.
ERPs are electrical potentials generated by
of speciﬁc cognitive processes occurring in
the brain30. ERPs are derived from real-time
EEG that we record when a subject performs
particular cognitive task. In this technique
we expose the subjects to different stimulus
paradigms and get them to respond
accordingly, therefore experimentally
manipulate the cognitive processes
occurring in their brains. The test
performance of the subjects gives the

In this study we compared our OP patient
group with two control groups: age- and sexmatched health controls and patients
29
hospitalised with paracetamol overdose .
Again we tested the patients after recovery
from the acute stage of poisoning, i.e. on the
day of discharge from hospital. The OP group
had a signiﬁcant delay in P300 latency (p
<0.01) compared to both control groups.
P300 amplitude also tended to be blunted in
the OP group but was not signiﬁcant. The
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latency delay did not improve in the OP
group even at a follow up assessment at 6
months post-exposure.

What are the possible implications of these
impairments to the patients and the farmers?
Impaired selective attention reduces the
e fﬁ c i e n c y o f d a y - t o - d a y a c t i v i t i e s .
Particularly, slowed selective attentional
deployment would increases the accident risk
in time-constrained daily activities such as
driving and operating machinery which is
increasing being adopted by the agricultural
community in Sri Lanka. I will discuss
further implications of cognitive toxicity on
daily functioning under the next half of my
talk. With this let me enter the second topic
for today's oration:

In a subsequent study, we observed similar
impairments in ERPs in vegetable farmers
who had chronic occupational exposure to
OP pesticides but no history of acute
35, 36
poisoning that required hospitalisation .
Interestingly this study showed progressing
impairments in the latencies of consecutive
ERP components in the control OP exposed
group, with a signiﬁcant delay not only in the
P300 component but also the earlier stages of
attentional processes of the brain.

C o g n i t i v e To x i c i t y o f S e d a t i v e
P s y c h o t ro p i c M e d i c a t i o n a n d i t s
Implications in Day-to-Day Functioning

Given that there is a long-term cognitive
impairment in OP poisoning, a clinician
would want to know the risk factors of such
impairment. Preliminary data from our
ongoing work gives some insights into this37.
The candidate risk factors for cognitive
impairment we included were age, sex,
hypoxia in the acute stage of poisoning and
major psychiatric diagnosis. Of these,
hypoxia (as indexed by respiratory arrest or
blood oxygen saturation <90%) emerged as a
signiﬁcant risk factor of delayed reaction
time and delayed P300 latencies. The
possible hypoxic brain damage could be
worsened by increased the oxygen demands
of the cholinergic circuits of the brain and
other cytotoxic mechanisms initiated in the
acute stage of poisoning, as documented in
26
animal models .

In the same way the pesticide use and misuse
are common in agricultural communities, use
and misuse of psychotropic medication are
common in urbanised societies. During this
part of the talk I will focus on psychotropic
medications with sedative or central nervous
system (CNS) depressant effects. The most
widely prescribed sedative psychotropic
drugs are benzodiazepines, opioids, sedative
antidepressants, atypical antipsychotics38-43.
Many outpatients treated with these drugs are
expected to carry out day-to-day activities,
like their healthy counterparts. With
exponential increase in the number of motor
vehicles on roads, it is inevitable that many of
the patients taking these medications getting
behind the wheel. Neurophysiological and
neuropsychological experiments show that
the CNS-depressant medications impair an
array of cognitive functions underlying
driving and other everyday activities44-47. The
cognitive effects include impaired visual
47-51
attention and reaction time , attentional
52
53
switching , planning and working
54
memory . In addition benzodiazepines cause
anterograde amnesia and increased
55
impulsivity .

At this stage, let me summarise the evidence
that I presented so far. OP poisoning appears
cause to long-term cognitive toxicity that
entail impaired processing of visual and
auditory information. Our ﬁndings
combined with animal studies suggest that
this could be caused by damage to the neural
substrates of selective attention. In the
context of acute OP poisoning, our
preliminary data suggest that monitoring
blood oxygen saturation and prevention of
hypoxia in the acute stage of poisoning may
help to counteract long term cognitive
effects, however this evidence is not
conclusive.

I commenced my work in this area by
conducting a systematic review on the effects
of benzodiazepines, antidepressants and
opioids on driving and the risk of trafﬁc
56
accidents .

29

Sri Lanka Journal of Medicine Vol. 26 No.1, 2017

Of different classes of CNS depressant drugs
the most profound impairment occurs with
benzodiazepines which are prescribed as
anxiolytics and hypnotics in outpatient
settings. When taken in single or multiple
doses during the daytime as anxiolytics,
benzodiazepines tend to impair driving
somewhat independent of their half-lives.
When taken at night time as hypnotics, the
accident risk and the possibility of daytime
driving impairment tend to be related to their
plasma half-lives, with some exceptions.
Short-acting benzodiazepine hypnotics and
'z-drugs' cause minimal or no 'morning-after'
effects on driving. Our meta-analyses of
case-control and cohort studies indicate that
benzodiazepines, as a group, are associated
with a 60 (for case-control studies: pooled
odds ratio [OR] 1.59; 95%CI 1.10, 2.31) to
80 % (for cohort studies: pooled incidence
rate ratio: 1.81; 95%CI 1.35, 2.43) increase
in the risk of trafﬁc accidents. To
contextualise these ﬁgures, it is noteworthy
that a blood alcohol level of 0.05g/dl (which
is the legal limit for driving in most
countries) increases accident risk only by
50%. Meta-analysis of case-control studies
on accident culpability shows that drivers
responsible for trafﬁc accidents are 40%
(pooled OR 1.41; 95%CI 1.03, 1.94) more
likely to be positive for benzodiazepines
than those who are not responsible,
suggesting that benzodiazepines actually
may play a causative role in trafﬁc accidents.
This indicates that driving after taking
benzodiazepines is as risky as drunk riving.
This has led to the problem which can be –
rather ironically – referred to as 'driving
under the inﬂuence of prescription
medication'.

information sheets and warning labels should
specify this interactive effect on driving, and
prescribers should warn patients that the
benzodiazepine-alcohol combination may
markedly increase the risk of accidents even
if the blood alcohol levels are below the legal
limit for driving (0.5–0.8 g/dL in most
countries).
Limited evidence suggests that tricyclic
antidepressants could be associated with an
increased trafﬁc accident risk in the elderly.
There is no clear distinction between sedative
and non-sedative antidepressants and their
association with trafﬁc accidents in
epidemiological studies, particularly in
young patients using antidepressants57-59.
P r e s u m a b l y, o n e m a j o r s o u r c e o f
confounding in patient studies is the
condition to which the drugs are prescribed
(i.e. depression), which in itself can impair
the cognitive functions underlying driving.
To begin with, cognitive and psychomotor
deﬁcits of depression itself may limit driving
capacity of an individual. Because the
antidepressants do not bring therapeutic
effects immediately after commencement of
treatment, depressed patients may show
driving impairment during the ﬁrst 1–2
weeks of treatment, even if their
antidepressants are non-sedative. Patients
taking sedative antidepressants may be
affected more than those on non-sedating
antidepressants during this initial stage
because of the acute sedative effects of the
drugs, as has been observed in healthy
volunteers in experimental studies.
Continuing treatment beyond 3–4 weeks
tends to improve depression, and patients
tend to become tolerant to sedative effects of
sedating antidepressants. This is supported
by limited experimental evidence that
showed that young patient groups treated
with sedative or non-sedative antidepressants
improved their driving skills after a few
weeks while untreated patients did not60-62.

Deleterious effects of benzodiazepines are
potentiated by co-ingestion of other sedative
substances. Our meta-analysis showed that
the presence of alcohol and benzodiazepines
is associated with 7.7-fold (pooled OR 7.69;
95%CI 4.33, 13.65) increase in the risk of
trafﬁc accidents. Evidence from
experimental studies supports this assertion.
Benzodiazepines also interact with sedative
antidepressants to impair driving skills and
increase the risk of accidents. Drug

Few epidemiological studies conducted so
far suggest that opioid users could be at
greater risk of trafﬁc accidents in the ﬁrst few
weeks of treatment; however, scarce
experimental data do not provide conclusive
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evidence on whether opioids impair driving
in patients receiving treatment. As with
antidepressants, the interactive effect of
opioids and underlying conditions such as
chronic pain on driving performance is also
not clear.

place and person), motor coordination and
independence of self-care such as feeding
and toileting. No speciﬁc tests are carried out
to assess recovery of higher cognitive
functions that are important in daily
activities. It is expected that these functions
return to normal as the drug effects wear off,
however the time the patients spend in
hospitals could be too short for a complete
cognitive recovery.

So far I have been presenting the evidence of
cognitive toxicity of therapeutic doses of
psychotropic medications. Now I will talk
about the cognitive effects of CNSdepressant overdose, which is important in
the contexts of emergency medicine, clinical
toxicology and psychiatry. Psychotropic
drug overdose is not a very common form of
poisoning in Sri Lanka at present. However,
with urbanisation of the Sri Lankan society,
we see a gradual change in the pattern of
poisonings, with agrochemicals and plant
poisons giving way to pharmaceuticals
including psychotropic medications.

The length-of-hospital-stay statistics,
64
65
particularly those in the UK and Australia
indicate that the majority of the patients with
CNS-depressant drug overdose are
discharged from hospitals within 24-48 hours
after admission. In the centre where I was
trained in Australia, the median duration of
stay is 13.8 hours, and around two-thirds of
the patients are discharged within 24 hours
(Hunter Area Toxicology Services Database,
unpublished).

CNS-depressant drugs are among the most
commonly ingested substances in selfpoisoning in the United States63, United
64
65
Kingdom and Australia . According to the
tertiary care clinical toxicology admission
statistics in Australia, atypical
antipsychotics, benzodiazepines and opioids
st
rd
th
are the 1 , 3 and 7 commonest classes of
drugs of overdose, respectively (Hunter Area
To x i c o l o g y S e r v i c e s D a t a b a s e ,
unpublished).

Given this background, any residual
cognitive and psychomotor impairment at the
time of discharge may impact on their daily
activities such as driving, operating
machinery and other domestic and workplace
tasks during the post-discharge period. The
aim of our ﬁrst study was to determine
whether patients with CNS-depressant
overdose are cognitively impaired at the time
they are clinically deemed ﬁt to be discharged
66-68
from hospital .

Most of the patients hospitalised with CNS
depressant overdose are managed in
emergency departments or general medical
units and less frequently in specialised
clinical toxicology departments. The inhospital management primarily consists of
supportive care and monitoring for
complications. Only a small minority
develop complications of overdose such as
seizures, respiratory depression or profound
hypotension and subsequent hypoxic brain
damage. The vast majority of the patients
recover from acute toxicity without
complications. The decision to discharge
from the hospital is made by a physician
team based on clinical observations. The
neurological assessment of recovery taps
only into the domains of orientation (in time,

We focused our assessment on three
neurocognitive domains underpinning daily
activities of social and professional life viz.
a) visual attention and visuomotor skills,
b) executive functions and working memory
and c) impulsivity and decision-making.
Using a battery of neuropsychological tests
tapping into the above domains 6 9 , we
compared the performance of a group of
patients following CNS-depressant
medication overdose with that of a Control
Group with non-CNS-depressant drug
overdose at the point of discharge from the
hospital-treated overdose episode. Given the
broad range of acute cognitive deﬁcits caused
by therapeutic doses of CNS-depressants and
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the duration of action of a single dose, we
hypothesized the CNS-Depressant Group
would be impaired in all domains of
cognition when compared to the Control
Group. This was the ﬁrst study that has
examined subclinical impairment in a range
of cognitive domains following clinical
'recovery' from CNS-Depressant drug
overdose.

Given that the patients leaving the hospital
are left with a signiﬁcant cognitive toxicity
spanning multiple cognitive domains, are
they more prone to real-life adverse events
during the post discharge period?
To answer this question we took our research
from bedside to roadside in our next study.
Here we explored whether patients with
psychotropic drug overdose are at a higher
risk of a trafﬁc accident in the period
following discharge. This was a selfcontrolled case-series study which we did in
the New South Wales, Australia75.

Our results showed that the CNS-Depressant
Group was impaired in all tests in all three
66
domains . After adjusting for confounding
factors CNS-Depressant Group was found to
be impaired in visual attention and
visuomotor skills, executive functions and
working memory. They were also more
impulsive in decision-making than the nonCNS-depressant group. Furthermore,
planning task results indicated that the
patients may perform normally in planning
tasks with 2-3 steps but performance could
fall behind at 4-5 step tasks. According to
70,71
cognitive models of driving , these
cognitive functions are the main cognitive
determinants of driving behaviour. The
regression models for tests that tap into these
domains suggest that drug effects could be
equivalent to a 'cognitive aging' of these
patients by 10–20 years. This could be
detrimental because the impairment is acute,
and the patients do not have time to develop
coping mechanisms as they do with normal
ageing.

We conducted this study through datalinkage (i.e. by linking already collected data
in two independent databases). The ﬁrst
database that we used was the NSW Admitted
Patient Data Collection which records all
hospital admission data including the
diagnosis, the type of overdose, treatment
etc. The second was the NSW Roads and
Trafﬁc Authority CrashLink dataset which
records trafﬁc accident data. Both these
databases record some common information
of a given individual, such as surname, ﬁrst
name, date of birth, sex, postcode etc. Using
this common information we linked the two
datasets, and identiﬁed whether a given
individual who gets admitted after an
overdose had been a driver involved in a
trafﬁc accident a) in the period following
discharge from the hospital (i.e. exposed
period) and b) the period before overdose
(i.e. control period). By this method we made
a retrospective cohort of 27087 patients who
had 40845 hospital admissions following
psychotropic drug overdose.

Basic assessment of patients for above
cognitive deﬁcits does not require
sophisticated equipment. We have also used
simple pen and paper tests available free of
charge such as the Trail-Making Tests in our
68,72
bedside cognitive assessments . The TrailMaking Test-B has been widely applied in
off-road evaluation of ﬁtness-to-drive
(Korner-Bitensky et al. 2006), and poor
th
performance in this test (i.e. <10 percentile)
is associated with poor driving
73
performance and increased risk of trafﬁc
74
accidents . In our sample of patients
discharged after CNS-depressant overdose,
performance of 63% of the subjects was
th
below 10 percentile.

The characteristics of this cohort of patients
were very similar to the sample of CNSDepressant Group in our clinical study.
During the post-discharge period with in ﬁrst
3 days following overdose, the patients were
3.5 times more prone to trafﬁc accidents
(Incidence rate ratio: 3.49, 95%CI: 1.66,
7.33, p = 0.001). To put this into context, this
risk is equivalent to that of a blood alcohol
level of 0.09g/dL, which is well above the
legal limit for driving. The risk diminished
with time but remained elevated within the
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ﬁrst week following overdose. These results
can be explained by the drug effects. For
instance, if the overdose is 16 times the
deﬁned daily dose (as we estimated in the
clinical study), it will take 4 half-lives for the
drug even to reach the therapeutic levels. The
puzzle was the signiﬁcant increase in the risk
we observed during the 4 weeks. Even after
adjusting for the initial increase in the
incidence of accidents the accident risk
remained elevated (Incidence rate ratio:
1.53, 95% CI 1.16, 2.02, p = 0.003) in the
subjects. Would this continuing risk be
mirrored in their cognitive recovery?

minimize the morning-after effects. We saw
alcohol and benzodiazepines having a
potentiating effect to increase the risk of
accidents. Therefore the patients on
benzodiazepines should be warned not to
take even small amounts of alcohol if they
intend to drive a vehicle during rest of the
day.
In cases of CNS-depressant overdose,
keeping the patients longer in hospital may
not be feasible given the increasing demand
for hospital beds. Therefore, 'clinical
recovery' may remain an acceptable criterion
to discharge those patients, provided clear
instructions are given on discharge. Whilst
providing reassurance that the patients are 'ﬁt
to go home', we should warn patients that
their cognitive functions may not have fully
recovered and hence may affect their
attention, memory, planning, social and
ﬁnancial decision making, driving and
operating machinery etc.

Stewart Oxley - our doctoral student at the
time - examined this in a follow up study72.
He tested cognitive functions in a cohort of
CNS-depressant overdosed patients and
CNS-non-depressant overdosed patients on
discharge, and 7 and 28 days following
overdose. The pattern of cognitive recovery
of the CNS-D group mirrored the pattern of
reduction in trafﬁc accident risk. In other
words, their recovery was signiﬁcantly
slower for key neurocognitive domains
underlying driving in complex trafﬁc
situations, namely, cognitive ﬂexibility,
cognitive efﬁciency, and working memory.

We saw that driving during the ﬁrst week
following overdose is equivalent to drunk
driving. In some countries the physician has
the right to recommend the trafﬁc authorities
to temporarily withhold the driving licence of
the patient in this situation. Since such
medicolegal procedures take time in our
setting, what we can do is to strongly advise
the patients not to drive during this period. As
the increased trafﬁc accident risk remains
signiﬁcantly elevated even 1- 4 weeks after
exposure, and due to the risk that they pose to
the public, commercial vehicle drivers may
have to avoid driving for more than one week.
We should also take the above into account
when determining the time that the patient
should be away from their work, for instance,
when issuing medical certiﬁcates for
employed individuals.

What are the clinical and medicolegal
implications of these ﬁndings?
Although the evidence base was created
largely in the Western counties, I believe the
clinical implications of the ﬁndings are
equally valid for Sri Lanka where the trafﬁc
conditions are more chaotic and the
cognitive demands of driving are even
greater.
Taking a brief history of driving behaviour
would help to tailor the management of the
outpatients who need to be treated with
CNS-D medications. Benzodiazepine and
opioid analgesic treatment has to be limited
for short courses and more permanent
methods have to be embarked on when
treating insomnia, anxiety disorders and
pain. Prescribing short-acting hypnotics for
patients who drive motor vehicles or ride
bicycles or operate machinery would

Given the cognitive deﬁcits demonstrated,
some patients may not be able to remember
the advice given verbally. This may be a
particular problem in patients overdosed with
benzodiazepines who are prone to
anterograde amnesia 76,77 . Therefore it is
preferable to give these instructions also in
writing.
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individuals, we interpret our patient test
results against age-, sex-, education- and IQadjusted norms, thus making them valid in
the local context.

Assessment of Cognitive Functions in
Clinical Contexts
A recurring theme in the research is
Advanced Assessment of Cognitive
Functions in Clinical Contexts. Advanced
cognitive assessment is not only limited to
neurotoxicology. It has wider clinical
applications in neurological and
neuropsychiatric conditions:

We commenced the Memory and Cognition
Clinic at the Department in 2014 to perform
advanced cognitive assessments. We started
off getting occasional referrals from the
Teaching Hospital Peradeniya. Two years
down the line, we have now expanded our
services other hospitals and gradually more
referrals are coming in. I think we are making
progress.

1. To diagnose distinct cognitive disorders
(e.g. different types of dementias and
mild cognitive impairment),
2. To monitor response to treatment (e.g.
dementia, ADHD) and cognitive
rehabilitation (e.g. in post-stroke
patients),
3. To trace the recovery and ﬁtness to
return to activities (e.g. post-concussion
athletes),
4. To determine the strengths of the patient
(i.e. spared cognitive functions) and
5. To rule out healthy individuals with
subjective complaints.
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