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CASE REPORT

Loss of brainstem reflexes: not always an ominous sign
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Abstract
We present three cases of serious multidrug intoxications
with absent brainstem reflexes that may imply diagnostic and
prognostic challenges. Given the good neurological outcome in
these patients and of earlier described cases in the literature, the
absence of brainstem reflexes in intoxication is not necessarily
a sign of a poor prognosis and should be used with caution in
prognostication.
Introduction
Absent brainstem reflexes in the presence of known brain injury
is often regarded as a sign of serious brainstem injury. In the
Netherlands it is part of the brain death criteria used in organ
donation procedures.[1] We present three patients with absent
brainstem reflexes after severe drug intoxication with good
neurological outcome. In the discussion we will describe the
clinical course and treatment options after intoxications with
the denoted drugs and present the available literature about
absent brainstem reflexes after intoxication due to drugs.
Cases
Patient 1
A 67-year-old woman, with known depressive disorder and a
history of multiple suicide attempts, presented to our emergency
department after being found unconscious by her relatives. The
paramedics had found her with a Glasgow Coma Score (GCS)
of 3 and dilated pupils unresponsive to light. She vomited and
had a seizure, after which she was sedated with midazolam and
intubated.
Upon presentation in the emergency department (ED) she was
hypotensive (blood pressure 85/61 mmHg) and tachycardic
(pulse 91 beats/min), with a normal respiratory rate (12
breaths/min) and saturation (99%). Her pupils were deformed,
moderately dilated and unresponsive to light. Corneal reflexes

and oculocephalic reflexes were absent. Plantar reflexes were
indifferent. CT of the brain did not show any abnormalities,
specifically no signs of cerebral oedema or elevated intracranial
pressure, and CT angiography of the brain excluded basilar
artery thrombosis. ECG on admission showed a right axis,
prolonged PQ interval (144 ms) and a broad QRS complex (160
ms). There was a strong suspicion of intentional intoxication
with amitriptyline and as such activated charcoal and sodium
bicarbonate were administered. Amitriptyline serum levels
were found to be seriously elevated (amitriptyline >730 µg/l,
nortriptyline 400 µg/l). On day 1 of her admission she had yet
another seizure, for which she was started on levetiracetam and
diazepam. There was a gradual improvement of her neurological
performance, with return of brainstem reflexes within 24 hours,
and she was taken off the ventilator on day 3 after admission. She
was discharged to a regular ward on day 4 with minor symptoms
of confusion. The course of the consecutive amitriptyline serum
levels is shown in table 1.
Patient 2
A 28-year-old man, with a history of a complicated course
after knee surgery, consisting of recurrent infections and
septic shock, presented to our emergency department in
coma. Upon presentation in the ED he had a GCS of 3 with
pupils unresponsive to light, absent corneal reflexes and absent
oculocephalic reflexes. There was no muscular tone and he had
indifferent plantar reflexes. Haemodynamically he was stable
(blood pressure 120/80 mmHg, pulse 110 beats/min), with a
normal respiratory rate (15 breaths/min) and saturation (96%).
Administration of 200 µg naloxone did not lead to neurological
improvement, and he was intubated. The ECG was normal.
Brain CT showed no abnormalities, and CT angiography of the
brain excluded basilar artery thrombosis. EEG did not show any
signs of epileptiform activity or encephalopathy. There was a
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quick neurological recovery, with return of brainstem reflexes
within several hours, after which he could be taken off the
ventilator and discharged to a regular ward. On day 3 after his
admission, toxicological testing was done, which showed levels
of amitriptyline at the upper limit of normal (330 µg/l) and toxic
levels of bromazepam (507 µg/l) (table 1). Repeated levels on
day 9 were below detection point (< 50 µg/l).
Patient 3
A 58-year-old man, with an extensive medical history including
depression, alcohol abuse, Child-Pugh B alcoholic liver cirrhosis,
hypertension, atrial fibrillation and obstructive sleep apnoea
syndrome, presented to our ED with reduced consciousness.
His wife had found him snoring and unconscious, when she
returned home after being out for two hours. Upon presentation
in the ED he had a GCS of 3 with pupils responsive to light and
corneal reflex present. He had normal blood pressure (115/85
mmHg) and pulse (80 beats/min). He was intubated because
of bradypnoea (6 breaths/min) and a threatened airway. ECG
showed atrial fibrillation, a left axis, prolonged QRS complex
(130 ms) and negative T waves in the precordial leads. Serum
ethanol level was 2.8 g/l. During the course of several hours his
neurological status deteriorated, with dilated pupils, and absent
pupil and corneal reflexes. Plantar reflexes were indifferent.
Simultaneously, the QRS complexes broadened on his ECG
(144 ms). CT of the brain showed no abnormalities.
There was a suspicion of intentional intoxication with
venlafaxine and baclofen so activated charcoal was administered
and continuous veno-venous haemofiltration (CVVH) was
started. After several hours his pupil reflexes returned and he
could be extubated on day 2. Intoxication was confirmed with
both drugs, serum levels on admission were as follows: baclofen
1600 µg/l, venlafaxine 10502 µg/l, o-desmethylvenlafaxine
(DM-venlafaxine) 418 µg/l.
Due to agitation he required sedation with midazolam after
which he was reintubated. His sedation was consecutively

switched to clonidine and dexmedetomidine because of
ongoing agitation, and haloperidol and oxazepam were added.
The course of the consecutive serum levels is shown in table 1.
CVVH was stopped on day 3. Under suspicion of venlafaxine
withdrawal, a dose of 75 mg once daily was started on
day 4. He gradually became less agitated, after which the
dexmedetomidine was stopped and he could be taken off the
ventilator on day 6. He was discharged to a regular ward on day
7 with symptoms of delirium.
Discussion
These three cases show that severe intoxications can lead to
coma with absent brainstem reflexes which, in the absence of
known or proven brain injury, can result in diagnostic challenges.
In patient 1 and patient 3 there was a strong suspicion of an
intoxication, based on the previous medical history, but in case
2 there were no direct clues in that direction, leading to a delay
in toxicological testing. Furthermore, these cases emphasise
that severe intoxications with absent brainstem reflexes can
pose a challenge in drawing conclusions about prognosis.
All drugs described in the above cases might lead to severe
central nervous system depression when taken in overdose.
Bromazepam and baclofen are both GABA receptor
agonists and as such lead to inhibitory effects on the central
neurotransmitters in the brain. Baclofen specifically targets
the GABA-B receptor at spinal level and typically can lead to
flaccidity.
Amitriptyline, a tricyclic antidepressant (TCA), and venlafaxine,
a selective serotonin and noradrenaline reuptake inhibitor
(SNRI), both lead to higher availability of central serotonin
and can lead to serotonin syndrome, consisting of mental
status changes, autonomic manifestations and neuromuscular
hyperactivity. Both drugs are metabolised by the cytochrome
P450 enzyme system and as such can potentiate effects when
ingested in combination. Amitriptyline also has anticholinergic
effects and can lead to anticholinergic syndrome in overdose.

Table 1. Consecutive drug serum levels from all three cases
Day 1

Day 2

Day 3

Day 4

Therapeutic levels

Toxic levels

Amitriptyline

> 730 μg/l

570 μg/l

390 μg/l

190 μg/l

100-300 μg/l (1)

>400 μg/l (1)

Nortriptyline

400 μg/l

390 μg/l

320 μg/l

230 μg/l

Patient 1

Patient 2
Amitriptyline

330 μg/l

100-300 μg/l

>400 μg/l

Bromazepam

507 μg/l

80-170 μg/l

>250 μg/l

Patient 3
Baclofen

1600 μg/l

510 μg/l

80-600 μg/l

>1100 μg/l

Venlafaxine

10,502 μg/l

7522 μg/l

100-400 μg/l (2)

>1000 μg/l (2)

DM-venlafaxine

418 μg/l

592 μg/l

Reference laboratory values for therapeutic and toxic levels from the Academic Medical Center and OLVG, Amsterdam. (1) Combined amitriptyline
and nortriptyline; (2) combined venlafaxine and o-desmethylvenlafaxine (DM-venlafaxine)
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The mainstay of the treatment of severe intoxications with
the aforementioned drugs is supportive measures. In TCA
overdose treatment with sodium bicarbonate is advised and in
both severe SNRI and TCA overdose intralipid infusion might
be effective to achieve faster elimination, although this is based
on anecdotal evidence only.[2-6] In case of serotonin syndrome
the admission of cyproheptadine might be effective to treat the
symptoms, although evidence is scarce.[7]

neurological recovery by day 6. An overview of amitriptyline
and nortriptyline serum levels from cases associated with
absent brainstem reflexes can be found in table 3.
Table 3. Amitriptyline (AT) and nortriptyline (NT) serum levels from
cases associated with absent brainstem reflexes
Case

Serum levels at Clinical course
presentation

38-year-old female AT 1310 μg/l

The severe central nervous system depression leading to
absent brainstem reflexes as described in our cases illustrates
a challenge in clinical decision-making. Absent brainstem
reflexes is one of the components of the protocol to establish
brain death for organ donation and is generally associated
with a poor prognosis.[1,8,9] Nonetheless earlier cases of severe
intoxications leading to absent brainstem reflexes with good
clinical outcome have been described. We will describe below
the relevant literature regarding the drugs mentioned in our
patients. Other drugs and toxins that can elicit absent brainstem
reflexes can be found in table 2. Please note that the information
in this table may not be complete and that other drugs or toxins
might cause the same effects.
Table 2. Drugs and toxins that can elicit absent brainstem reflexes
Group

Drug/toxin

References

Antidepressants

Amitriptyline (tricyclic antidepressant)
Venlafaxine (serotonin-norepinephrine reuptake inhibitor)
Bupropion (dopamine agonist)

This article
This article
[22]

Benzodiazepines

Bromazepam
Zolpidem

This article
[23]

Barbiturates

Pentobarbital
Thiopental

[24]
[25]

Skeletal muscle relaxants

Baclofen

This article

Anti-epileptics

Valproic acid
Carbamazepine

[26]
[27]

Ethanol

Ethanol

[28]

Ethylene glycol

Ethylene glycol

[29,30]

Insecticides

Thiacloprid (neonicotinoid)
Phorate (organophosphate)

[31]
[32]

Synthetic cannabinoids

Synthetic cannabinoids

[33]

Several cases concerning amitriptyline intoxications have been
published, some of which showing complete neurological
recovery after 5 to 7 days.[10-14] One case even concerned a
patient with out-of-hospital cardiac arrest after intentional
overdose with amitriptyline, in which cardiopulmonary
resuscitation was started 18 minutes after collapse.[11] Pulseless
ventricular tachycardia was the initial rhythm, and there was a
return of spontaneous circulation within 6 minutes after two
shocks. Patient had absent brainstem reflexes on day 2, leading
to concern about severe hypoxic ischaemic encephalopathy.
However, at the end of the second day a cough reflex and
sluggish pupillary reflexes were noted, and there was a complete

Full recovery at
day 5

NT 38 μg/l
52-year-old male

AT 2800 μg/l

References
[10]
[10]

Full recovery at
day 6

NT 630 μg/l

[11]
[11]

46-year-old female AT 2350 μg/l

Full recovery at
day 5

[12]

62-year-old female NT 2290 μg/l

Full recovery at
day 3

[14]

38-year-old female AT 2900 μg/l

Died after 2
weeks

[14]

Bromazepam coma is very common but rarely reported; there
are some reports of prolonged coma and two cases specifically
describing absent brain stem reflexes secondary to bromazepam
intoxication with return of spontaneous ventilation on day 5 in
one case.[15-17]
One earlier case concerning venlafaxine describes fixed dilated
pupils in a comatose patient with combined overdose with
carbamazepine and venlafaxine, who eventually recovers.[18] To
our knowledge no cases of mere venlafaxine intoxication leading
to complete absent brainstem reflexes followed by neurological
recovery have been described.
We found several earlier cases with partial absent brainstem
reflexes after intoxication with baclofen combined with
other drugs.[19-21] One described an impressive case of a
patient who presented in a comatose state after intentional
overdose with baclofen, possibly combined with nabumatone,
diphenhydramine and alprazolam.[21] She had a GCS of 3 and
remained without brainstem reflexes until day 4, when neurology
consultation was requested for brain death determination. She
failed to fulfil the clinical criteria for brain death based on
having a spontaneous breath after 5 minutes of apnoea testing.
Surprisingly she opened her eyes on day 5 and continued to
improve until her discharge from the ICU on day 15.
This last case illustrates the importance of utmost strictness
in establishing brain death according to the current protocols.
Apart from clinical neurological examination, of which the absent
brainstem reflexes are a component, the Dutch brain death
protocol also requires the case to fulfil preliminary conditions.[1]
These conditions state that brain death can only be established
in case of fatal brain injury with known cause and no possible
treatment; and that this establishment can only be done with
absolute certitude after it has been made plausible that there are no
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other causes of unconsciousness and unresponsiveness. In light of
these conditions the previously mentioned case from Kansal et al.
would pose a serious challenge, considering a patient post cardiac
arrest with possible hypoxic ischaemic encephalopathy.[11] To
ascribe the clinical symptoms of absent brainstem reflexes in this
case solely to the cardiac arrest and subsequent hypoxic ischaemic
encephalopathy could have led to withdrawal of further treatment
or proceeding to donation after brain death.
Hence, if there is no good explanation for the cause of a coma with
absent brainstem reflexes or if intoxication cannot be ruled out,
further diagnostic tests are required. A thorough toxicological
screening and consultation of a clinical toxicologist should be
performed. In case of a proven intoxication a patient should
not be considered for potential donation after brain death,
unless there is sufficient proof that toxins have been eliminated
and no longer play a role in clinical symptoms of brain death.
Furthermore, in unexplained coma it is justified to apprehend
a longer expectant policy. As shown in both table 1 and table
2, serum levels are not necessarily directly related to clinical
symptoms or outcome. As such serum levels should not be used
as exact cut-offs in decision making, but could contribute to the
decision to await possible further recovery.
Conclusion
Several severe intoxications with drugs depressing the central
nervous system might lead to a comatose state with absent
brainstem reflexes. This is not necessarily a sign of a poor prognosis
and as such we recommend caution in predicting unfavourable
outcomes on this given fact alone; and above all we recommend
patience in awaiting the course of the possibly intoxicated patient.
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