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ARTICLE INFO ABSTRACT

Background: With advances in critical care and organ donation, diagnosis of brain death is gaining importance.

Key_"""rd55 We aimed to assess potential brain death confounders from the literature, elucidating clinical presentation and
[B)rizlgl; gs;th diagnostic approaches in these cases.

Pitfalls Methods: PubMed and Embase were screened using 37 predefined search terms to identify suitable articles
Mimics reporting cases, case series, or cohort studies in adults.

Results: Out of 4769 articles, 40 case reports or case series describing 45 patients with 19 critical conditions were
identified. Mortality was 11% and full recovery 33%. Intoxications (42%; mainly anti-seizure drugs and baclofen)
and polyneuritis (37%) were most frequent. Brainstem reflex tests were reported in 96%, apnoea test in 16% and
ancillary tests in all but one patient. Full recovery mainly occurred with intoxications. Quality of evidence regard-
ing frequency of confounders is very low and risk of bias high.

Conclusions: Brain death confounders are infrequently reported and formal studies are lacking. Mainly younger
patients with polyneuritis and intoxications are described. As outcome, especially in the latter, is often
favourable, high awareness and strict adherence to guidelines is crucial. The importance of identifying patholo-
gies compatible with extensive and irreversible brain damage before proceeding to diagnostic tests should be

Neuro-critical care

emphasized.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

Brain death is the complete and irreversible loss of brain function
necessary to sustain life. Its diagnosis is based on the absence of
brainstem reflexes, unresponsiveness to endo- or exogenous stimuli,
apnoea, and the exclusion of critical conditions confounding the clinical
presentation [1]. With advances in critical care and the emergence of
organ donation programs worldwide, early and reliable diagnosis of
brain death is gaining importance [www.irodat.org]. Despite this in-
creasing demand, the predefined technical requirements as well as the
qualification and number of clinicians to be involved in the diagnostic
workup is inconsistent worldwide [2-4]. This issue is mirrored by an in-
ternational review, revealing that conduct of apnoea tests, time to brain
death diagnosis, number of examiners, and predefined clinical scenarios
calling for ancillary tests varied among 80 countries [5]. This variability
in combination with the lack of systematic studies regarding the fre-
quency and presentation of specific and mostly reversible clinical
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conditions mimicking brain death further challenges clinicians and
puts patients at risk. Hence, heightened awareness in this context is
crucial.

The aim of this review was to assess potential conditions mimicking
the clinical picture of brain death as reported in the literature, and to
elucidate the clinical presentation and diagnostic approaches in these
cases.

2. Methods

The predefined key outcomes were the frequency and types of re-
ported conditions potentially acting as confounders in the clinical diag-
nosis of brain death in adult patients.

We searched the digital library search engines PubMed and Embase
using the predefined search term “brain death” in combination with 37
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nosis [PubMed]”, “diagnostic problems”, “false positive diagnosis”,
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“false positive result”, “differential diagnosis”, “imitation”, “clinical
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criteria”, “clinical examination”, “brain stem reflexes”, “cranial nerves”,

“corneal reflex”, “fixed pupils”, “pain”, “gag reflex”, “motor response”,
“vestibulo-ocular  reflex”, “cough reflex”, “hypothermia”,
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“hypothyroidism”, “hypoglycaemia”, “intoxication”, “alcohol intoxica-
tion”, “electrolytes [PubMed]/electrolyte disturbance [Embase]”,
“locked in syndrome”, “anaesthetics”, “neuromuscular blockade”,
“hyperammonemia”, “drugs”, “drug abuse”) to identify articles pub-
lished between January 1960 and January 2018. Details regarding
search terms as well as in- and exclusion processes are outlined in Sup-
plementary Tables 1 and 2.

The respective MeSH and Emtree terms were used, if available. Arti-
cles written in English and reporting cases, case series, or cohort studies
in adult humans were considered. All articles were elected by two inde-
pendent researchers. Discrepancies regarding the eligibility were re-
solved by additional discussion to reach consensus.

Data regarding brainstem reflex tests, neuroimaging studies, evoked
potentials, electroencephalograms (EEGs), and apnoea tests were
assessed. In addition, short-term outcomes were compiled. Key data
on study design, year of publication, and potentially confounding critical
conditions were extracted using standardized data collection forms.

3. Results

From 4769 screened articles (Supplementary Tables 1 and 2), 40
were included with 45 patients described (Fig. 1). Mean age was
43 years (SD 14.3 years). Overall, 19 critical conditions potentially mim-
icking brain death were identified (Tables 1 and 2).

The frequency of reports regarding specific conditions acting as con-
founders in the clinical diagnosis of brain death in the literature is pre-
sented in Fig. 2. The two most frequent conditions were intoxications
(mainly by anti-seizure drugs, baclofen, bupropion, and ethylene gly-
col) and polyneuritis, followed by infectious and autoimmune encepha-
litis. Examination of brainstem reflexes was reported in 96% and
performance of apnoea tests in 16%, revealing absent spontaneous
breathing in 86% of tested patients (Supplementary Table 3).

Ancillary tests were reported in all but one patient, consisting of 35
neuroimaging studies, 37 EEGs, and five studies regarding the integrity
of evoked potentials. In the 35 patients in whom neuroimaging studies
were performed, imaging was not compatible with brain death in 98%.
EEGs were studied in 37 patients (82.2%) and excluded brain death in
93% of examined patients. Overall, in all but one patient with emerging
brain oedema following rewarming from hypothermia and one case
with incomplete data, reported tests including neuroimaging, evoked
potentials and EEGs were not compatible with brain death.

Outcomes of patients with clinical confounders are outlined in
Table 3. Mortality was 11% and full recovery was reported in 33%. Criti-
cal conditions with full recovery were intoxications (except ethylene
glycol). In patients with Guillain-Barre syndrome, most patients sur-
vived with moderate to severe disability.

For additional potential confounders, such as electrolyte disorders,
hypoglycaemia, hyperammonemia, intoxication with cerebral depress-
ing/nerve blocking agents (others than identified), illicit drugs or
“locked in” syndrome, no reports were identified.

4. Discussion

This review of the literature compiles and discusses etiologic, clini-
cal, and neuro-functional characteristics of patients with critical condi-
tions potentially confounding the clinical diagnosis of brain death. It
provides detailed analyses of 40 case reports or small case series identi-
fied in the literature describing 45 patients with 19 confounders. The
quality of evidence in this context is very low, the risk of bias high,
and meta-analysis cannot be performed due to the lack of formal stud-
ies. However, analyses regarding individual outcomes revealed full re-
covery to be three times higher than overall mortality, emphasizing
the importance of precise and accurate clinical workup to ensure a reli-
able diagnosis or exclusion of suspected brain death. The two entities

4769 articles identified through

database screening

3610 from Embase
1159 from PubMed

w

454 excluded articles

-

rom Embase

- 381 ancillary tests

I

1

I

I

1

I

I

i

1

i - 2530 not theme related ¢--------
1

i

1

- 334 reviews/letters
1

I

I

I

I

- 209 pediatric

A

| |
| |
| |
| |
1 ]
| |
| |
1 ]
| |
| |
» - 739 not theme related |
1 I
i - 256 ancillary tests i
1
|- 65 reviews/letters i
1 ]
|- 25 pediatric i
| |

4

230 articles

A

| -
! 33 articles removed

|
—» after full-text screening,
|
| as not therme related

40 articles included

Fig. 1. Flow chart.



214 P. Grzonka et al. / Journal of Critical Care 53 (2019) 212-217

CNS infection/ ™
arious

Autoimmune < o, 10.5%
encephalitis/ 3%

Baclofen

18.8%

Bupropion

Intoxication
42 1%

Polyneuritis
36.8%

" Ethylene
glycol

Fig. 2. Proportions of critical conditions mimicking brain death as reported in the literature. CNS = central nervous system; ASD = anti-seizure drugs.

most frequently reported to mimic brain death were acute intoxications
and fulminant polyneuritis.

It is alarming that in the majority of case reports included in
this review, tests for brain death diagnosis were initiated before
the presence of a condition with the potential to cause irreversible
brain damage had been established. This constitutes a violation of

Table 1

the most important rule in the process of diagnosing brain death
and can lead to unjustified and potentially harmful procedures
such as apnoea testing. The need to identify a pathology compati-
ble with brain death before proceeding to further diagnostic tests
should be emphasized in all international and institutional brain
death protocols.

Clinical and diagnostic information of cases reporting polyneuritis, brainstem encephalitis and intoxications mimicking brain death (further details available in Supplementary Table 3).

Number of
patients; age

Years of
publication

References

Brainstem reflexes

Apnoea tests Ancillary tests

Polyneuritis (Guillain-Barre syndrome)

[6-21] 1987 to 2016 18; mean age 47.3 - 11 with absent reflexes - 2 without - 13 Imaging studies not compatible
(SD 14.5) - 7 with absent reflexes breathing with brain death
(but incomplete data) - 16 nr. - 4 EPs with potentials, except 1 SSEP

Brainstem encephalitis

with absent brachial plexus potential
17 EEGs with brain activity

[22,23] 1985 and 1991 4; mean age 37.5 - 2 with absent reflexes - Alln.r. - 4 imaging studies not compatible with
(SD16.1) - 1 with dilated but reactive brain death
pupils - 2 EEGs with brain activity
- 1nr.
Intoxications
Baclofen
[24-26] 2000 to 2017 4; mean age 48.0 - 2 with absent reflexes - 1 with - 3 imaging studies not compatible with
(SD 8.8) - 1 with absent pupillary breathing brain death
reflexes - 3nr. - 3 EEGs: 2 with brain activity, 1 isoelectric
- 1nr.
Bupropion
[27-29] 2012 to 2018 3; mean age 41.0 - All with absent reflexes - Allnr. - 3 imaging studies not compatible with
(SD104) brain death
- 3 EEGs with brain activity
Ethylene glycol
[30,31] 2002 and 2012 2; mean age 22.0 - All with absent reflexes - Allnr. - All imaging studies not compatible with
(SD 1.4) brain death
- All EEGs with brain activity
Anti-seizure drugs
Carbamazepine [32] 2017 1; age 54 - With absent reflexes - Nur. - Imaging not compatible with brain death
- EEG with brain activity
Pentobarbital [33] 2015 1; age 40 - With absent reflexes - Nr. - EEG isoelectric
Valproic acid [34] 2009 1;age 19 - With absent reflexes - Nur. - Imaging not compatible with brain death
Other substances
Amitriptyline [35] 1991 1; age 46 - With absent reflexes - Nr. - Nir.
Indian common krait 2014 1; age 35 - With absent reflexes - Nur. - Imaging not compatible with brain death
envenomation [36] - EEG with brain activity
Lidocaine [37] 1998 1; age 60 - With absent reflexes - Nr. - Imaging not compatible with brain death
Organophosphate [38] 2008 1; age 28 - With absent reflexes, - Nur. - Imaging not compatible with brain death
except constricted pupils - EEG with brain activity
Succinylcholine [39] 1974 1; age 39 - With absent reflexes - Nur. - EEG with brain activity

EEG = electroencephalogram; SSEP: somatosensory evoked potentials.
N.r. = not reported; SD = standard deviation.
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Clinical and diagnostic information of cases reporting infections and other less frequently reported conditions mimicking brain death (further details available in Supplementary Table 3).

References Years of Number of Brainstem Apnoea tests Ancillary tests
publication patients; age reflexes

Infections

Botulism [40] 2017 1; age 43 - With absent reflexes - N.r. - Imaging not compatible with brain death
- EEG with brain activity

CMV encephalitis [41] 2016 1; agel9 - With absent reflexes - Without breathing - Imaging not compatible with brain death
- EEG with brain activity

Various

Diffuse leptomeningeal 2015 1; middle-aged - With absent reflexes - N.r. - Imaging not compatible with brain death

carcinomatosis [42] - EEG with brain activity
Hypothyroidism [43] 2003 1; age 62 - With absent reflexes - Without breathing - Imaging not compatible with brain death
Hypothermia [44] 2011 1; age 55 - With absent reflexes - Without initial breathing, - Subsequent exams after second breathing stop:
but breathing later on - Imaging compatible with brain death

- SSEP with absent evoked potentials
- EEG isoelectric

Vasculitis of the central and 2011 1; age 33 - With absent reflexes - Without breathing - Imaging not compatible with brain death

peripheral nervous system [45]

EEG with brain activity

CMV = cytomegalovirus; EEG = electroencephalogram; SSEP: somatosensory evoked potentials.

N.r. = not reported.

4.1. Intoxications and brain death

As intoxications were among the conditions most frequently diag-
nosed as an alternative to suspected brain death and associated with a
high rate of full recovery, it is the opinion of the authors that screening
for intoxications should be an integral component of all workup algo-

rithms in this context.

Table 3

The major toxins described were ethylene glycol, baclofen,
bupropion, and anti-seizure drugs. There are, however, two major ca-

veats to be mentioned in this regard: First, routine laboratory toxicolog-
ical screening tests do not include ethylene glycol and its indirect
detection mainly depends on the calculation of the osmotic gap; second,
the term “drug screening” is a misnomer since it implies a comprehen-

sive screening for all toxins and drugs, which is not the case. Often,

Outcomes in patients with critical conditions mimicking brain death (further details available in Supplementary Table 3).

References

Years of publication

Number of patients; age

Outcomes

Polyneuritis (Guillain-Barre syndrome)
[6-21]

Brainstem encephalitis
[22,23]

Intoxications
Baclofen
[24-26]
Bupropion
[27-29]
Ethylene glycol
[30,31]

Anti-seizure drugs
Carbamazepine [32]
Pentobarbital [33]
Valproic acid [34]
Other substances
Amitriptyline [35]
Indian common krait envenomation [36]
Lidocaine [37]
Organophosphate [38]
Succinylcholine [39]
Infections
Botulism [40]
CMV encephalitis [41]
Various
Diffuse leptomeningeal carcinomatosis [42]
Hypothyroidism [43]
Hypothermia [44]
Vasculitis of the central and peripheral
nervous system [45]

1987 to 2016

1985 and 1991

2000 to 2017

2012 to 2018

2002 and 2012

2017
2015
2009

1991
2014
1998
2008
1974

2017
2016

2015
2003
2011
2011

18; mean age 47.3 (SD 14.5)

4; mean age 37.5 (SD 16.1)

4; mean age 48.0 (SD 8.8)
3; mean age 41.0 (SD 104)

2; mean age 22.0 (SD 1.4)

1; age 54
1; age 40
1;age 19

1; age 46
1; age 35
1; age 60
1; age 28
1; age 39

1; age 43
1;age 19

1; middle-aged
1; age 62
1; age 55
1; age 33

- 1 mild disability

- 2 moderate disabilities
- 9 severe disabilities

- -2 deaths

- 1 full recovery

- 1 moderate disability
- 1 severe disability

- 1nr

- All with full recovery

All with full recovery

All with severe disabilities
(incl. deafness)

Full recovery
Full recovery
- Full recovery

- Full recovery
Full recovery
Mild disability
Full recovery
Full recovery

Severe disability
Full recovery

- Death
- Death
- Death
Mild disability

CMV = cytomegalovirus.
N.r. = not reported; SD = standard deviation.
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current practice is to limit the screening to few substances, including
ethanol, benzodiazepines, opioids, acetaminophen, salicylates, and
other specific classes of therapeutic drugs [46]. In light of these limita-
tions, it seems plausible that several toxins are not detected and
underreported as mimics of brain death. Hence, clinicians are urged to
explicitly search for further substances if routine toxicological screen-
ings remain inconclusive.

4.2. Polyneuritis and brain death

Fulminant polyneuritis represented the second most frequently re-
ported condition mimicking brain death. In contrast to the favourable
outcomes with intoxications, recovery from polyneuritis was frequently
linked to moderate or severe disability. To what degree the reports ad-
hered to predefined disability scoring systems could not be assessed,
leading to potential inconsistency in reporting individual outcomes. In
addition, detailed information regarding long-term recovery was not
available. Most cases described Guillain-Barre syndrome, an acute
immune-mediated polyneuropathy, but some reports did not clearly
determine the type of polyneuritis. At first glance, it may surprise that
clinicians could misinterpret the clinical scenario of polyneuritis as
brain death, since the history and clinical course of polyneuritis is usu-
ally distinct. However, two major scenarios should be taken into ac-
count: First, patients' histories may sometimes not be available at
initial presentation; and second, admission can be late in the course of
disease, so hypoxic-ischemic brain injury from respiratory failure may
constitute an alternative aetiology, which is associated with a high mor-
tality. Finally, it is again worrisome that in two cases apnoea tests were
conducted even though neuroimaging was incompatible with brain
death. It may be argued that apnoea tests were performed to further
emphasize the confounding effect of polyneuritis in this context. How-
ever, it is the authors' opinion that in such cases putting patients at
risk by apnoea testing, even for educative purposes, is inappropriate
and should be avoided.

4.3. Further limitations

The critical conditions identified by this review are likely to repre-
sent the most frequent mimics while other less well known confound-
ing scenarios may be underreported and/or under-recognized, such as
with electrolyte disorders, hypoglycaemia, hyperammonemia, intoxica-
tion with cerebral depressing/nerve blocking agents (others than iden-
tified), illicit drugs or “locked in” syndrome. In addition, details
regarding the diagnostic workup in individual cases were not always
consequently reported and subjected to the quality of the reports. For
example, most case reports included in this review did not outline the
exact time point and chronological order of the performed tests. For ex-
ample, prognostic work up in patients surviving cardiac arrest without
complete return to premorbid neurofunctional baseline should not be
performed before neuro-protective measures including controlled
hypo- or isothermia is completed and patients are fully rewarmed.
However, if and to what degree protocols were followed regarding
timing and chronological order of prognostic tests could not be suffi-
ciently analysed in the identified cases.

Another limitation is the restriction of included articles written in
English. This review was not registered.

5. Conclusions

Critical conditions mimicking brain death are infrequently reported
and formal studies in this context are lacking. Identified cases mainly
describe younger patients with polyneuritis and intoxications.
Favourable outcome in most patients with acute intoxication calls for
high awareness and strict adherence to guidelines. The latter is crucial
to avoid unnecessary and potentially harmful procedures, such as ap-
noea testing, and to prevent unjustifiable care withdrawal. The

importance of identifying pathologies compatible with extensive and ir-
reversible brain damage before proceeding to diagnostic tests should be
emphasized. Studies are urgently warranted to uncover more poten-
tially confounding conditions mimicking brain death, and to evaluate
the optimal diagnostic procedures and adherence to established
protocols.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jcrc.2019.06.030.

Ethics approval and consent to participate

Not applicable.

Consent for publication

Not applicable.

Availability of data and material

All data generated or analysed during this study are included in this
published article [and its supplementary information files].

Funding

This research did not receive any specific grant from funding agen-
cies in the public, commercial, or not-for-profit sectors.

Authors' contributions

PG did the screening of the literature. PG and RS elected and
analysed the articles and wrote the draft of the manuscript. All authors
contributed significantly to the final version of the manuscript. It was
read and approved by all authors.

Declaration of Competing Interest

No author has any conflict of interest relevant to this article and no
financial disclosures. RS received research grants from the Swiss Na-
tional Foundation (No 320030_169379), the Research Fund of the Uni-
versity Basel, the Scientific Society Basel, and the Bangerter-Rhyner
Foundation. He received personal grants from UCB-pharma and holds
stocks from Novartis, Roche, and Johnson & Johnson.

Acknowledgements
Not applicable.

References

[1] Wijdicks EF. The diagnosis of brain death. N Engl ] Med 2001;344(16):1215-21.

[2] Wahlster S, Wijdicks EF, Patel PV, Greer DM, Hemphill 3rd JC, Carone M, et al. Brain
death declaration: practices and perceptions worldwide. Neurology 2015;84(18):
1870-9.

[3] Wijdicks EF. The transatlantic divide over brain death determination and the debate.
Brain 2012;135:1321-31 Pt 4.

[4] Powner DJ, Hernandez M, Rives TE. Variability among hospital policies for determin-
ing brain death in adults. Crit Care Med 2004;32(6):1284-8.

[5] Wijdicks EF. Brain death worldwide: accepted fact but no global consensus in diag-
nostic criteria. Neurology 2002;58(1):20-5.

[6] Drury 1, Westmoreland BF, Sharbrough FW. Fulminant demyelinating
polyradiculoneuropathy resembling brain death. Electroencephalogr Clin
Neurophysiol 1987;67(1):42-3.

[7] Coad NR, Byrne AJ. Guillain-Barre syndrome mimicking brainstem death. Anaesthe-
sia 1990;45(6):456-7.

[8] Hassan T, Mumford C. Guillain-Barre syndrome mistaken for brain stem death. Post-
grad Med ] 1991;67(785):280-1.

[9] Hughes R, McGuire G. Neurologic disease and the determination of brain death: the
importance of a diagnosis. Crit Care Med 1997;25(11):1923-4.

[10] Bohlega SA, Stigsby B, Haider A, McLean D. Guillain-Barre syndrome with severe de-
myelination mimicking axonopathy. Muscle Nerve 1997;20(4):514-6.


https://doi.org/10.1016/j.jcrc.2019.06.030
https://doi.org/10.1016/j.jcrc.2019.06.030
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0005
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0010
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0010
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0010
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0015
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0015
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0020
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0020
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0025
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0025
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0030
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0030
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0030
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0035
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0035
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0040
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0040
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0045
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0045
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0050
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0050

P. Grzonka et al. / Journal of Critical Care 53 (2019) 212-217 217

[11] Stojkovic T, Verdin M, Hurtevent JF, Laureau E, Krivosic-Horber R, Vermersch P.
Guillain-Barre syndrome resembling brainstem death in a patient with brain injury.
J Neurol 2001;248(5):430-2.

[12] Friedman Y, Lee L, Wherrett JR, Ashby P, Carpenter S. Simulation of brain death from
fulminant de-efferentation. Can J Neurol Sci 2003;30(4):397-404.

[13] Joshi MC, Azim A, Gupta GL, Poddar BP, Baronia AK, Singh RK. Guillain-Barre syn-
drome with absent brainstem reflexes—a report of two cases. Anaesth Intensive
Care 2008;36(6):867-9.

[14] Rigamonti A, Basso F, Stanzani L, Agostoni E, Lauria G. Guillain-Barre syndrome
mimicking brain death. ] Peripher Nerv Syst 2009;14(4):316-9.

[15] Bernard V, Van Pesch V, Hantson P. Guillain-Barre syndrome mimicking brain death
pattern: a poorly reversible condition. Acta Neurol Belg 2010;110(1):93-6.

[16] Liik M, Puksa L, Luus SM, Haldre S, Taba P. Fulminant inflammatory neuropathy
mimicking cerebral death. BMJ Case Rep 2012;2012.

[17] Ravikumar S, Poysophon P, Poblete R, Kim-Tenser M. A case of acute motor axonal
neuropathy mimicking brain death and review of the literature. Front Neurol
2016;7:63.

[18] Junn CG, S. L.. Rehabilitation of severe Guillain-Barré syndrom resembling clinical
brain death: A case report. PM&R 2012;4(10) (Suppl. 1 (S280)).

[19] Prasanna DM, Kapoor R. Death due to dysautonomia in a patient with fulminant
Guillain-Barré syndrome mimicking brain death. ] Invest Med 2015;63(4):701.

[20] Vargas F, Hilbert G, Gruson D, Valentino R, Gbikpi-Benissan G, Cardinaud JP. Fulmi-
nant Guillain-Barre syndrome mimicking cerebral death: case report and literature
review. Intensive Care Med 2000;26(5):623-7.

[21] Marti-Masso JF, Suarez ], Lopez de Munain A, Carrera N. Clinical signs of brain death
simulated by Guillain-Barre syndrome. ] Neurol Sci 1993;120(1):115-7.

[22] Al-Din AS, Jamil AS, Shakir R. Coma and brain stem areflexia in brain stem enceph-
alitis (Fisher's syndrome). Br Med ] (Clin Res Ed) 1985;291(6494):535-6.

[23] Chandler JM, Brilli R]. Brainstem encephalitis imitating brain death. Crit Care Med
1991;19(7):977-9.

[24] Ostermann ME, Young B, Sibbald WJ, Nicolle MW. Coma mimicking brain death fol-
lowing baclofen overdose. Intensive Care Med 2000;26(8):1144-6.

[25] Sullivan R, Hodgman M]J, Kao L, Tormoehlen LM. Baclofen overdose mimicking brain
death. Clin Toxicol (Phila) 2012;50(2):141-4.

[26] Leroy JMO, D T, Lange RL, Cole JB. Near death experience with baclofen poisoning
and the role of the poison center. Clin Toxicol (Phila) 2015;53(7):703-4.

[27] Mundi JP, Betancourt ], Ezziddin O, Tremayne B, Majic T, Mosenifar Z. Dilated and
unreactive pupils and burst-suppression on electroencephalography due to
buproprion overdose. | Intensive Care Med 2012;27(6):384-8.

[28] Stranges D, Lucerna A, Espinosa J, Malik N, Mongeau M, Schiers K, et al. A Lazarus ef-
fect: a case report of bupropion overdose mimicking brain death. World ] Emerg
Med 2018;9(1):67-9.

[29] Wang A, Malik N, Shah SO. Bupropion overdose mimicking brain death: a case re-
port. Neurology 2017;88(16) [Suppl. 1].

[30] Tobe TJ, Braam GB, Meulenbelt ], van Dijk GW. Ethylene glycol poisoning mimicking
snow white. Lancet 2002;359(9304):444-5.

[31] Nahrir S, Sinha S, Siddiqui KA. Brake fluid toxicity feigning brain death. BM] Case Rep
2012;2012.

[32] Kurtz S, Adiac EH, Kourouni I, Parekh K, Salonia ]. Holding on by a breath: Carbamaz-
epine overdose and neurologic dysfunction. Chest 2017;152(4 (Suppl. 1)) (A255).

[33] Lasala GS, Sexton K], Okaneku J, Hand C, Vearrier D, Greenberg MI. Pentobarbital
coma with loss of pupillary light reflex. Clin Toxicol 2015;53(4):302.

[34] Auinger K, Muller V, Rudiger A, Maggiorini M. Valproic acid intoxication imitating
brain death. Am J Emerg Med 2009;27(9) [1177 e5-6].

[35] Yang KL, Dantzker DR. Reversible brain death. A manifestation of amitriptyline over-
dose. Chest 1991;99(4):1037-8.

[36] Law AD, Agrawal AK, Bhalla A. Indian common krait envenomation presenting as
coma and hypertension: a case report and literature review. ] Emerg Trauma
Shock 2014;7(2):126-8.

[37] Richard IH, LaPointe M, Wax P, Risher W. Non-barbiturate, drug-induced reversible
loss of brainstem reflexes. Neurology 1998;51(2):639-40.

[38] Peter JV, Prabhakar AT, Pichamuthu K. In-laws, insecticide—and a mimic of brain
death. Lancet 2008;371(9612):622.

[39] Tyson RN. Simulation of cerebral death by succinylcholine sensitivity. Arch Neurol
1974;30(5):409-11.

[40] Freund B, Hayes L, Rivera-Lara L, Sumner C, Chaudhry V, Chatham-Stephens K, et al.
Adult intestinal colonization botulism mimicking brain death. Muscle Nerve 2017;
56(4) (E27-E8).

[41] Rahardjo TM, Maskoen TT, Redjeki IS. Recovery from a possible cytomegalovirus
meningoencephalitis-induced apparent brain stem death in an immunocompetent
man: a case report. ] Med Case Reports 2016;10(1):238.

[42] Kung NH, Dhar R, Keyrouz SG. Diffuse leptomeningeal carcinomatosis mimicking
brain death. ] Neurol Sci 2015;352(1-2):132-4.

[43] Burns JM, Login IS. Confounding factors in diagnosing brain death: a case report.
BMC Neurol 2002;2:5.

[44] Webb AC, Samuels OB. Reversible brain death after cardiopulmonary arrest and in-
duced hypothermia. Crit Care Med 2011;39(6):1538-42.

[45] Vivekananda U, Hirsch NP, Kullmann DM, Alvarez D, Phadke R, Howard RS. Vasculi-
tis of the central and peripheral nervous system mimicking brain death. Clin Neurol
Neurosurg 2012;114(4):399-401.

[46] Hammett-Stabler CA, Pesce AJ, Cannon DJ. Urine drug screening in the medical set-
ting. Clin Chim Acta 2002;315(1-2):125-35.


http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0055
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0055
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0055
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0060
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0060
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0065
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0065
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0065
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0070
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0070
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0075
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0075
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0080
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0080
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0085
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0085
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0085
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0090
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0090
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0095
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0095
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0100
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0100
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0100
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0105
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0105
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0110
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0110
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0115
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0115
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0120
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0120
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0125
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0125
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0130
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0130
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0135
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0135
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0135
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0140
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0140
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0140
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0145
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0145
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0150
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0150
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0155
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0155
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0160
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0160
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0165
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0165
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0170
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0170
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0175
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0175
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0180
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0180
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0180
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0185
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0185
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0190
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0190
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0195
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0195
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0200
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0200
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0200
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0205
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0205
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0205
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0210
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0210
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0215
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0215
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0220
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0220
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0225
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0225
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0225
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0230
http://refhub.elsevier.com/S0883-9441(19)30638-0/rf0230

	What to exclude when brain death is suspected
	1. Introduction
	2. Methods
	3. Results
	4. Discussion
	4.1. Intoxications and brain death
	4.2. Polyneuritis and brain death
	4.3. Further limitations

	5. Conclusions
	Ethics approval and consent to participate
	Consent for publication
	Availability of data and material
	Funding
	Authors' contributions
	Declaration of Competing Interest
	Acknowledgements
	References


