Findings that shed new light on the possible pathogenesis of a disease or an adverse effect
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CASE REPORT

Surviving acute cyanide poisoning: a longitudinal
neuropsychological investigation with interval MRI

Adith Mohan, "% Teresa Lee,? Perminder Sachdev'?

SUMMARY

We report the case of a 22-year-old woman who
presented with self-poisoning by cyanide ingestion. We
have elected to pay particular attention to describing the
neuropsychological sequelae of cyanide poisoning, and
the evolution of these deficits over a 6-month period.
Prominent deficits in episodic memory were noted from
an early stage, which were consistent with the findings
noted on structural neuroimaging. These deficits
remained persistent, although improving in severity over
the follow-up period. No focal neurological deficits or
abnormal involuntary movements emerged, and the
patient’s overall functional status remained satisfactory.
The patient’s psychiatric presentation and background
history are briefly discussed.

BACKGROUND

Cyanide poisoning has been noted to occur in dif-
ferent contexts, and can be secondary to ingestion,
inhalation or skin contact. Poisoning through inges-
tion is a frequently fatal event, and literature offer-
ing systematic data on follow-up of survivors is
scant. Published reports have, in turn, focused on
the neurological aspects of the clinical presentation,
in addition to emergent findings on structural neu-
roimaging.'™ The latter reports have emphasised
the involvement of key memory areas of the brain,
including the thalamus and the basal ganglia
(BG)." 2 * As such, a thorough neuropsychological
investigation is warranted, as we have chosen to
present in our case report. Also, the evolution of
cognitive impairments over time delineated
through repeat assessment has, to our knowledge,
not been attended to in the literature, and we
attempt to address this gap. In doing so, it is our
intention to highlight the potential for cognitive
recovery in patients such as ours. We also provide a
brief update on the putative pathomechanisms of
brain injury in cyanide ingestion.

CASE PRESENTATION

A 22-year-old woman of mixed Caucasian—Chinese
ethnicity presented to the emergency department
(ED) at Prince of Wales Hospital in Sydney,
Australia. She had reported intentional self-
poisoning by cyanide ingestion to attending ambu-
lance officers, and had a Glasgow Coma Scale
(GCS) of 3 at the time of presentation to ED. She
required intubation and received intravenous (IV)
fluids, atropine and metaraminol for worsening
hypotension and bradycardia with partial response.
Sodium thiosulfate infusion was started as specific
antidotal therapy for cyanide poisoning, with rapid

resolution of hypotension over 20-30 min.
Metabolic acidosis, and her overall clinical state,
improved over the next 12-24 h in the intensive
care unit (ICU) setting. A second dose of sodium
thiosulfate was administered 12 h after admission,
and she was extubated on day 2.

She was seen by the consultation-liaison psych-
iatry team on day 3, and cooperated with a full
assessment. She gave a history of mild depressive
symptoms in the months preceding the overdose,
superimposed on a background of deficient and
maladaptive coping with interpersonal stressors.
Her depressive syndrome appeared mild, and had
not precluded stable sociovocational functioning.
The overdose appeared to be impulsive in part,
though she had accessed the cyanide through work
a few days prior to ingesting it. Her recall of events
in the hours leading up to the overdose was patchy.
The patient was transferred, with her agreement, to
the psychiatric unit after being medically cleared by
the ICU team on day 5. Her clinical presentation
appeared stable, and there was no evidence of an
acute confusional state, with generally intact atten-
tion and orientation on bedside assessment. Deficits
in episodic memory, particularly for day-to-day
events, were apparent from this early stage on.
Neurological examination at this time was other-
wise unremarkable. Specifically, there was no evi-
dence of parkinsonism; nor were any dyskinetic
movements noted.

Following transfer to the mental health unit, the
patient maintained stability in her mood and behav-
iour overall. She was occasionally low in mood and
teary, and she presented with symptoms of a mild
depressive disorder, in part reactive to her cognitive
difficulties and their projected impact on her future
functioning. Retrograde amnesia for events on the
day of the overdose was noted and remained a con-
sistent finding. The most prominent feature of her
presentation, however, was noted to be marked
impairment in episodic memory. Less pronounced
deficits were noted in her ability to sustain and
divide attention. She would frequently require staff
to remind her about planned appointments and
activities and forget having had visitors earlier in
the day. She reported difficulty with concentrating
while reading, and could not recall content she had
read previously in the day. These issues persisted
throughout her admission, and were formally eval-
uated with detailed neuropsychological testing at
3 weeks and 6 months post self-poisoning.

By way of background, the patient had no history
suggestive of neurodevelopmental vulnerability or
of acquired brain injury. Her socioeducational
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functioning had been at a high level, and she was a few months
short of completing a university graduate degree with honours.
Her medical history was unremarkable. There was no history of a
substance abuse disorder. In the recent past, she had been diag-
nosed with a major depressive episode and been on treatment
with venlafaxine at the time of self-poisoning. Other psychiatric
history of relevance included a brief period of self-harming by
cutting a few years earlier, and intermittent disordered eating
behaviours with mild food restriction and purging.

The patient remained an inpatient for a period of 10 weeks
postinjury. The anterograde memory deficits described above
remained prominent but stable throughout this period. She was
initiated on escitalopram as an antidepressant therapy. In add-
ition, she was engaged in brief supportive psychotherapy with
the team clinical psychologist, and had input from the broader
allied health team. Functional assessment revealed well-
preserved overall functional levels, commensurate with high pre-
morbid functioning, though the need for prompting with
complex, multistep tasks was identified. The patient’s mood
improved and the family was supported through regular meet-
ings with the team.

INVESTIGATIONS

Structural neuroimaging

MRI of the brain at 1 week postinjury showed extensive long
repetition time (TR) high signal and restricted diffusion in the
hippocampal formation and globus pallidus bilaterally
(figure 1). Subtle long TR signal changes in the cingulate gyri
and heads of the caudate nuclei, as well as in the ventroanterior
thalami and posterior putamen bilaterally, were noted. These
appearances were considered consistent with those expected in
anoxic brain injury secondary, as in our patient, to cyanide
poisoning.

Repeat neuroimaging by MRI at 5 months postinjury allowed
for comparison with prior radiological findings. Previously
demonstrated areas of signal change within the BG and thalami
were noted to be smaller in size with residual T2-weighted/
FLAIR (fluid attenuated inversion recovery) hyperintensity and
areas of serpiginous increased surrounding T1-weighted hyper-
intensity peripherally in the globus pallidi (figure 2A). There
were new linear areas of T1-weighted hyperintensity within
both cerebellar hemispheres at the grey—white matter interface,
affecting mostly the semilunar and gracile lobules. These areas
demonstrated no restricted diffusion or blooming artefact.

Figure 1 Images showing extensive
high signal in the globus pallidi
(A—axial T2 image) and hippocampi
(B—-coronal FLAIR (fluid attenuated
inversion recovery) image) at 1 week
postinjury.

In discussion with the radiologist, decreased high signal in the
hippocampi was noted, suggestive of resolution of acute oedema
noted in the first scan. In the follow-up MRI, the hippocampi
were noted to appear more atrophic (figure 2B), although
formal volumetric analysis was not performed.

Neuropsychological assessment

Assessment of the patient’s cognitive functioning was conducted
3 weeks postinjury. She appeared alert but flat in affect, and
there was no spontaneous conversation on her part throughout
the session. On specific questioning, she reported difficulty with
recalling people’s names and in recalling daily events. On assess-
ment of intellectual functions, there was reduction (relative to
her estimated above average intellectual capability) in her verbal
abstract reasoning ability and visuospatial, problem-solving
skills. Her verbal memory for contextual information (two
stories), as well as her ability to assimilate and retain new infor-
mation (a word list), was markedly impaired. Visual recall of
simple and complex geometric designs was also significantly
impaired. In contrast, her attention span and working memory
span were intact. Her psychomotor and information processing
speed were at a ‘superior level’, as shown in paper-and-pencil
coding and tracking tasks. Frontal and executive functions such
as verbal fluency, cognitive flexibility and visuospatial planning
ability were relatively intact.

Repeat neuropsychological evaluation performed 5 months
after initial assessment showed significant improvement in intel-
lectual abilities. Significant improvements were also seen in her
registration of verbally presented material (now low average),
her ability to learn new verbal information, as well as her visual
recall, although these remained at an impaired level. On this
occasion, autobiographical memory and prospective memory
were also assessed. She performed well with the former, with
no difficulty in recalling and naming schools, providing
addresses, names of teachers, and describing incidents relating
to different stages in her life. She was also able to carry out all
tasks involved in testing of prospective memory.

A comparison of the patient’s neuropsychological profile with
those previously reported in the literature revealed some differ-
ences. In a case of oral cyanide intoxication in a 22-year-old
man reported by Rosenow et al,” cognitive assessment at
5 weeks after injury showed ‘above average’ intellectual, verbal
and visual memory functioning. However, the speed of informa-
tion processing and motor reaction, and verbal fluency were
reduced. The authors reported another case of a 43-year-old
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Figure 2 Images showing reduced
size of previously demonstrated signal
change in globus pallidi bilaterally
(A—axial T2 image), in addition to the
mildly atrophic appearance of both
hippocampi (B—coronal FLAIR (fluid
attenuated inversion recovery) image).

man with oral cyanide poisoning in whom assessment of cogni-
tive functions at 4 months postinjury revealed attention and
concentration deficits, but verbal and visual memory and intel-
lectual functions were all within normal limits. In contrast, our
patient had demonstrated reduction of intellectual abilities and
impaired verbal and visual memory. A likely explanation of
these inconsistencies in neuropsychological findings could be
found in the discrepancy in MRI findings. Our patient’s MRI
(1 week postinjury) showed an ‘extensive long TR high signal
and restricted diffusion in the hippocampal formation and
globus pallidus bilaterally’. However, in the above two cases,
the hippocampi were notably spared. In discussing changes in
neuroimaging after acute cyanide intoxication, Rachinger et al’
stated that while cyanide particularly affects structures with a
high oxygen dependency (including the hippocampus), the
hippocampus was spared in all the cases that had been reported
in the literature at the time. This is not the case with our patient
in whom prospective memory and executive functions, as well
as autobiographic memory, remained well preserved, consistent
with the lack of structural changes in the frontal lobe and tem-
poral cortex, respectively.

DISCUSSION

Cyanide is a rapidly acting neurotoxic agent. Cyanide poisoning
by oral ingestion, though infrequent, is frequently a fatal event.
Consequently, there is a dearth of literature describing the
pattern of clinical and neurocognitive features in survivors. In
most of the patients reported, neurological sequelae including
parkinsonism, dystonia and dyskinesia have been commonly
noted, reflective of the involvement of structures within the
BG.? ° The striatum has been noted to be particularly vulnerable
to cyanide-mediated neurotoxicity attributable to high glucose
and oxygen utilisation within these structures, as well as region-
specific considerations such as a higher local distribution of
cytochrome oxidase.*

The cognitive salience of the BG has received much attention
in the previous decade. Hitherto considered primarily motor,
the critical role of the BG in the modulation of cognition and
emotion has been emphasised in recent publications.® The
caudate, putamen and globus pallidi share rich connectivity
with the cortex through a series of independent corticostriatal
processing loops. Regional specificity within BG in relation to
cortical interactions is suggested by contrasting the progression
of cognitive deficits between prototypical disorders of the BG,

namely Parkinson’s and Huntington’s diseases, known to show a
differential spread of pathology within the BG.” In particular,
the BG appear to play a key role in sequence and category learn-
ing, planning and set shifting.® Significantly, motor symptoms
were not noted to emerge during the period of follow up.

Our case is notable also for the hippocampal involvement
identified on MRI. The hippocampal formation is noted in the
literature to be relatively rarely involved in acute cyanide poi-
soning despite being vulnerable in anoxic brain damage. The
important role of the medial temporal lobe, including the
hippocampus, in human memory has been repeatedly and con-
vincingly demonstrated since the days of the famous amnestic
patient HM, who had bilateral temporal lobe resection for
control of seizures.” The prominence of memory deficits in this
case is well explained by evident hippocampal involvement.

The pathomechanisms of cyanide toxicity are varied, resulting
in some variability in the resulting clinical phenotype. The
primary effect of cyanide is exerted though the blockade of the
cellular respiratory chain at the level of cytochrome oxidase, a
terminal enzyme in the respiratory electron transport chain.'’
This disruption of cellular aerobic respiration leads rapidly to
respiratory arrest. Cyanide, though, also has a particular predi-
lection for affecting the central nervous system. In cultured
neurons, cyanide induced N-methyl p-aspartate (NMDA) recep-
tor activation induces apoptotic cell death.'' In addition,
cyanide increases the generation of reactive oxygen species, con-
tributing to necrotic cell death through membrane lipid peroxi-
dation implicating oxidative stress as a key driver of
cyanide-induced neurotoxicity. In this animal study, the differen-
tial vulnerability of brain regions in response to oxidative stress
was also highlighted.!?

This report highlights the relative unpredictability of the
effects of acute cyanide poisoning on brain structure and func-
tion consistent with the multiple intracellular mechanisms
involved in cyanide-induced neurotoxicity. In a case series of
two patients with acute cyanide poisoning, the authors of that
paper make note of a distinct clinical and neuropsychological
presentation, explained by characteristic lesional patterns on
structural and functional neuroimaging.” These predictions
appear not to have been borne out in our case, arguing for indi-
vidual variance in brain susceptibility to insult in this context.
We have also presented a detailed and longitudinal neuro-
psychological investigation of such a case, which to the best of
our knowledge, has not been reported in the literature thus far.
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Learning points

» Cyanide-induced neurotoxicity is mediated by a complex
series of intracellular mechanisms and biochemical cascades
with resulting neuropathological variance.

» Detailed neuropsychological investigation and follow-up are
key, given the involvement of key cognitive areas within the
brain.

» Movement disorders, though more common, are not a
necessary sequel of cyanide poisoning in survivors.
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