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A red flag for diagnosing brain death: decompressive craniectomy
of the posterior fossa

Un signe avant-coureur pour diagnostiquer la mort cérébrale: la
craniectomie décompressive de la fosse postérieure
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Abstract

Purpose Brain death/death by neurologic criteria (BD/

DNC) may be determined in many countries by a clinical

examination that shows coma, brainstem areflexia, and

apnea, provided the conditions causing reversible loss of

brain function are excluded a priori. To date, accounts of

recovery from BD/DNC in adults have been limited to

noncompliance with guidelines.

Clinical features We report the case of a 72-yr-old man

with a combined primary infratentorial (hemorrhagic) and

secondary global (anoxic) brain lesion in whom

decompressive craniectomy of the posterior fossa and

six-hour therapeutic hypothermia (33–34�C) followed by

8-hour rewarming to C 36�C were conducted. Thirteen

hours later, clinical findings of brain function loss were

documented in addition to guideline-compliant exclusion of

reversible causes (arterial hypotension, intoxication,

depressant drug effects, relevant metabolic or endocrine

disequilibrium, chronic hypercapnia, neuromuscular

disorders, and administration of a muscle relaxant).

Since a primary infratentorial brain lesion was present,

German guidelines required further ancillary testing.

Doppler ultrasonography revealed some preserved

cerebral circulation, and BD/DNC was not diagnosed.

Approximately 24 hr after rewarming to C 36�C, the

patient exhibited respiratory efforts. He continued with

assisted respiration until final asystole/apnea, without

regaining additional brain function other than mild signs
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of hemispasticity. Follow-up computed tomography showed

partial herniation of the cerebellum through the

craniectomy gap of the posterior fossa, alleviating caudal

brain stem compression.

Conclusions Therapeutic decompressive craniectomy of

the posterior fossa may allow for delayed reversal of

apnea. In these patients, proof of cerebral circulatory

arrest should be mandatory for diagnosing BD/DNC.

Résumé

Objectif Dans de nombreux pays, la mort cérébrale /

décès déterminé par des critères neurologiques (MC /

DDN) peut être déterminée par un examen clinique qui

montre le coma, l’aréflexie du tronc cérébral et l’apnée,

sous réserve que les conditions causant une perte

réversible de la fonction cérébrale soient exclues a

priori. À ce jour, les comptes rendus décrivant un

rétablissement après une MC / DDN chez les adultes ont

été limités en raison d’un non-respect des lignes

directrices.

Caractéristiques cliniques Nous rapportons le cas d’un

homme de 72 ans atteint d’une lésion cérébrale sous-

tentorielle primaire (hémorragique) et secondaire globale

(anoxique) chez qui une craniectomie décompressive de la

fosse postérieure et une hypothermie thérapeutique de six

heures (33-34 �C), suivie d’un réchauffement de 8 heures à

C 36 �C, ont été réalisés. Treize heures plus tard, les

résultats cliniques de la perte de la fonction cérébrale ont

été documentés, en plus de l’exclusion conforme aux lignes

directrices des causes réversibles (hypotension artérielle,

intoxication, effets des médicaments dépresseurs,

déséquilibre métabolique ou endocrinien pertinent,

hypercapnie chronique, troubles neuromusculaires et

administration d’un relaxant musculaire). Étant donné

qu’une lésion cérébrale sous-tentorielle primaire était

présente, les directives allemandes exigeaient la

réalisation d’autres tests auxiliaires. L’échographie

Doppler a révélé la préservation d’une certaine

circulation cérébrale, et la MC / DDN n’a pas été

diagnostiquée. Environ 24 heures après le réchauffement

du patient à C 36 �C, le patient a manifesté des efforts

respiratoires. Il a continué à respirer avec assistance

jusqu’à l’asystole / l’apnée finale, sans retrouver de

fonction cérébrale supplémentaire autre que de légers

signes d’hémispasticité. La tomodensitométrie de suivi a

montré une hernie partielle du cervelet à travers l’espace

de craniectomie de la fosse postérieure, soulageant la

compression caudale du tronc cérébral.

Conclusion La craniectomie décompressive thérapeutique

de la fosse postérieure peut permettre une inversion

retardée de l’apnée. Chez ces patients, la preuve d’un

arrêt circulatoire cérébral devrait être obligatoire pour

diagnostiquer une MC / DDN.

Keywords brain death � cessation of brain function �
cerebellar hematoma �
computed tomography angiography �
Doppler ultrasonography � electroencephalography

The World Brain Death Project summarized minimum

clinical standards for determination of brain death/death by

neurologic criteria (BD/DNC),1 adopting primarily the

American Academy of Neurology guidelines which require

one clinical investigation and usually no ancillary testing

irrespective of the type of brain lesion.2 In several

countries, stricter standards apply, requiring ancillary

testing and/or a second clinical investigation after a

defined waiting period.1, 3 Still, contemporary studies

involving[2,600 patients with a second complete clinical

investigation detected no reversal of findings.3–5 We report

a case with apnea reversal and propose a red flag requiring

proof of cerebral circulatory arrest.

Case report

This 72-yr-old retired seaman had a history of arterial

hypertension and coronary heart disease. He was fully

mobile, had stopped smoking 48 years ago, and took

acetylsalicylic acid 100 mg, ramipril 5 mg, and simvastatin

20 mg daily.

Day 1

While bicycling, he experienced a sudden headache and

dyspnea (15:30), dismounted the bicycle, and gradually

lost consciousness. The Emergency Medical Service

(EMS) was called (15:42). The EMS’ on-site emergency

physician found the patient apneic, asystolic, and deeply

comatose (15:53). Guideline-compliant cardiopulmonary

resuscitation with endotracheal intubation/ventilation

(16:00) and a total of 4,000 lg iv epinephrine returned

spontaneous circulation with a stable sinus rhythm (16:05).

Because of suspected acute myocardial ischemia, heparin

5,000 IU and acetylsalicylic acid 250 mg were

administered intravenously.

The patient was taken to the local emergency room. On

arrival (17:05), he remained deeply comatose without

sedatives administered, with normal isochoric pupils

slowly reacting to light stimuli. Fast-track

ultrasonography showed normal cardiac function. To

prevent post-anoxic encephalopathy, therapeutic

hypothermia targeting 33–34�C was initiated using a core

cooling device (17:25). Norepinephrine was administered

via continuous iv infusion, along with Ringer’s solution for
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volume substitution. Cerebral computed tomography

(CCT) revealed cerebellar and concomitant

intraventricular hemorrhage, along with beginning

occlusive hydrocephalus (17:45). He was urgently

transferred to our center for decompressive craniectomy.

On arrival (19:22), his pupils were mydriatic bilaterally,

with no response to light stimuli. Propofol was

administered via continuous iv infusion at 4

mg�kg-1�hr-1 (67 lg�kg-1�min-1) between 19:50 and

23:05 (cumulative dose, 13 mg�kg-1). Sufentanil was

given as analgesic comedication in three boluses (0.25,

0.125, and 0.125 lg�kg-1 at 19:55, 20:15, and 21:25,

respectively). Occipital bore-hole trepanation via Frazier’s

point (20:10) and dura mater incision revealed high

intracranial pressure (ICP). Following external ventricular

drainage, suboccipital craniectomy with cerebellar

hematoma evacuation was performed, and, again,

increased ICP with protruding cerebellar tissue was

observed after dura mater incision (20:45). A

postoperative CCT (22:01) showed transtentorial and

transforaminal herniation (Electronic Supplementary

Material [ESM], eFig. 1) and his pupils remained dilated

and nonreactive bilaterally. Interdisciplinary agreement on

a palliative therapy regimen was reached. Given the

potential for organ donation, continued intensive care

aimed at organ protection and gradual rewarming was

initiated (23:30).

Day 2

The patient’s body core temperature rose above 36�C
(07:20), but later temporarily dropped to \ 36�C
(20:00–21:00) (Fig. 1). Coma, apnea (i.e., no active

triggering of the respirator), loss of brainstem reflexes,

and loss of any reaction to pain stimuli persisted and the

BD/DNC protocol was initiated (20:15).3 The brain lesion

was classified as combined primary infratentorial and

secondary (anoxic). The following potential confounders

were excluded: arterial hypotension, hypothermia,

intoxication, relevant metabolic or endocrine

disequilibrium, chronic hypercapnia, neuromuscular

disorders, and administration of a muscle relaxant. The

plasma level of propofol was noted to be subtherapeutic (\
0.2 lg�mL-1) (08:00) and the plasma level of sufentanil

was estimated in the lower therapeutic or subtherapeutic

range (see ESM eAppendix case description). To further

exclude a residual sufentanil effect, 0.005 mg�kg-1 iv

naloxone was administered. Two physicians independently

assessed the patient (20:25) and found that he was

comatose, without any reaction to painful stimuli in the

face and all four limbs. Pupillary light response, cephalo-

ocular, corneal, gag, and cough reflexes were absent.1–3, 6, 7

An apnea test was performed with positive airway pressure.

During an increase in the arterial partial pressure of carbon

dioxide to [ 60 mm Hg (8 kPa) and subsequent

disconnection from the respirator for another three

Fig. 1 Diagram showing the timeline of core temperature and clinical

events. Body core temperatures measured with a urinary bladder

thermometer are displayed (•). The duration of medical

measures/clinical events is shown by colored bands: targeted

temperature management using a core cooling device (dark blue),

administration of a cumulative dose of 13 mg�kg-1 propofol iv (light

green), administration of a cumulative dose of 0.50 lg�kg-1

sufentanil iv (dark green), gradual rewarming to normothermia C

36�C (light blue), clinical investigation and Doppler ultrasonography

according to the guideline for diagnosing brain death (red), assisted

spontaneous breathing (orange), and terminal asystole/apnea (black)

(Color figure online).
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minutes (ESM eTable), the patient showed no effort to

breathe. Finally, ancillary testing was mandatory because

of the primary infratentorial brain lesion.3, 8 Doppler

ultrasonography (21:25) revealed some cerebral circulation

(ESM eFig. 2). Therefore, BD/DNC was not diagnosed.

Day 3

Computed tomography angiography (01:30) replicated the

Doppler findings (Fig. 2). At 07:00, an effort by the patient

to breathe was documented on monitoring. The respirator

was switched to assisted spontaneous breathing mode.

Neurologic investigation (11:50) showed persisting deep

coma, bilaterally dilated, nonreactive pupils, and absent

cephalo-ocular, corneal, gag, and cough reflexes. Slightly

increased muscle tone of right-sided extremities with a

positive Trömner reflex and right-ankle clonus was noted.

Mild sensory stimuli-evoked invariable movements (head

turning, right-sided shoulder-arm movements) were

regarded as spinal automatisms.

Day 4

Without regaining any clinically detectable brain function

apart from respiratory drive and mild hemispasticity, the

patient died of spontaneous asystole (21:23).

Discussion

The present case is unusual since a clinical sign of brain

function loss reversed despite the exclusion of reversible

causes provided in guidelines. Notably, posterior fossa

craniectomy was followed by reversible apnea. Various

Fig. 2 Cerebral computed tomography (CCT) findings 33.5 hr after

cardiopulmonary resuscitation. A–C, F) Nonenhanced CCT images

showing partial herniation of the cerebellum through the craniectomy

gap of the posterior fossa (C: white arrow; F: black arrow), alleviating

brain stem compression by some amount. D, E) Contrast-enhanced

CT angiography, obtained with a standardized protocol for proof of

cerebral circulatory arrest, contradicted arrest of cerebral circulation,

with opacification of the left middle and anterior cerebral arteries (D),

weak opacification of the right middle and anterior cerebral arteries

(D), and weak opacification of the basilar artery (E; arrow) by the

contrast medium.
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Table 1 Comparison of criteria required for diagnosing BD/DNC without ancillary testing

Needs for diagnosing BD/

DNC without AT

Patient’s state Agreement of the patient’s state with the criteria (in brackets) of

AAN AMRC/FICM GMA WBDP

Normothermia, �C C 35.6 - (C 36.0) ? ([ 34.0) ? (C 35.0) - (C 36.0)

Sufficient waiting time after

CPR, hr

28 ? (NS) ? ([ 24) -* ? ([ 24)

Sufficient waiting time after

RW to C 35/C 36�C, hr

16/13 ?� - ([ 24) -*� - ([ 24) §

Exclusion of CNS-

depressant drug effects

1: DL, 2: AD ? (DL, AD) � ? (DL, AD) ? (DL, AD) - (DL) §

Sufficient systolic/mean

arterial BP, mm Hg

S = 130/M = 93 ? (S[ 100) ? (M[ 60) ? (no shock) ? (S[ 100 or M[ 60)

Normocarbia prior to apnea

testing, mm Hg (kPa)

40.4 (5.39) ? (35–45 [4.7–6.0]) ? (\ 45 [\ 6.0])k ? (35–45 [4.7–6.0]) ? (35–45 [4.7–6.0])

Normal pH prior to apnea

testing

7.44 ? (NS) ? (7.35–7.45)k ? (NS) ? (NS)

Arterial pO2 prior to apnea

testing, mm Hg (kPa)

250 (33.4) ? ([ 200 [[ 26.7]) ? ([ 75 [[ 10]) ? (NS) ? (NS)

Hypercapnia at end of

apnea testing, mm Hg

(kPa)

73.7 (9.83) ? (C 60 [C 8.0]) ? (C 49 [C 6.5])k ? (C 60 [C 8.0])** ? (C 60 [C 8.0])��

Acidemia at end of apnea

testing (pH)

7.21 ? (NS) ? (\ 7.4) ? (NS) ? (\ 7.3)

Absence of cranial

conditions requiring AT

See text ? - (TDC, PIBL) - (PIBL) ?/- (PIBL)��

*A second complete clinical investigation after another C 72 hr or, alternatively, ancillary testing is mandatory in patients aged[ two years with

secondary (e.g., anoxic) brain lesion (complete GMA guideline in German language: https://www.bundesaerztekammer.de/aerzte/medizin-ethik/

wissenschaftlicher-beirat/veroeffentlichungen/irreversibler-hirnfunktionsausfall/).3

� After rewarming to C 36 �C, assessment for recent administration of CNS-depressant medications and, if applicable, the identification of a time

to delay the determination of BD/DNC based on drug levels or drug half-lives in consideration of renal/hepatic dysfunction (minimum of five

half-lives for all CNS-depressant medications) are requested; alternatively, antidotes may be administered if appropriate.2, 6

� After rewarming to C 35 �C, assessment for recent administration of CNS-depressant medications and, if applicable, the identification of a time

to delay the determination of BD/DNC based on drug levels or drug half-lives in consideration of renal/hepatic dysfunction, or the application of

antidotes, or the proof of cerebral circulatory arrest are requested.
§ 24 hr after rewarming to C 36 �C, assessment for recent administration of CNS-depressant medications and, if applicable, the identification of a

time to delay the determination of BD/DNC based on drug levels or drug half-lives in consideration of renal/hepatic dysfunction (minimum of

five half-lives for all CNS-depressant medications) are requested.1

k At the time of disconnection from the ventilator, a starting arterial pCO2 C 45 mm Hg (C 6.0 kPa) and pH\7.4 or [H?][40 nmol�L-1 are

required (both present in our case prior to disconnection from the respirator). If there has been no spontaneous respiratory response after five

minutes of disconnection from the respirator, a further confirmatory arterial blood gas sample is obtained to ensure that the arterial pCO2 has

increased from the starting level by more than 4 mm Hg (0.5 kPa). In patients with chronic hypercapnia, a target arterial pCO2[49 mm Hg ([
6.5 kPa) and pH\ 7.4 or [H?][ 40 nmol�L-1 are required.7

** In patients with chronic hypercapnia, the proof of cerebral circulatory arrest is also mandatory.
�� In patients with chronic hypercapnia, a rise of pCO2 of C 20 mm Hg (C 2.7 kPa) above any known chronic baseline arterial pCO2 in persons

with pre-existing hypercapnia is required.1

�� Depending on the administrative region. It is suggested that, if an assessment for BD/DNC is being made in a region that equates ‘‘whole

brain death’’ with BD/DNC, in the setting of an isolated brainstem lesion or posterior circulation vascular lesion, ancillary testing should be

performed.1

AAN = American Academy of Neurology; AD = antidote administered; AMRC/FICM = Academy of the Medical Royal Colleges/The Faculty of

Intensive Care Medicine; AT = ancillary testing; BD/DNC = brain death/death by neurologic criteria; BP = blood pressure; CNS = central

nervous system; CPR = cardiopulmonary resuscitation; DL = drug level determined; GMA = German Medical Association; M = mean arterial

blood pressure; NS = not specified; pCO2 = partial pressure of carbon dioxide; PIBL = primary infratentorial brain lesion; pO2 = partial pressure

of oxygen; RW = rewarming of body core temperature; S = systolic arterial blood pressure; TDC = therapeutic decompressive craniectomy;

WBDP = World Brain Death Project
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national and international guidelines provide differing

requirements and precluded the diagnosis of BD/DNC in

this case; however, these criteria might fail in similar cases.

The American Academy of Neurology guidelines would

not have allowed a diagnosis of BD/DNC due to the

temperature criterion (C 36�C) but could possibly fail if the

patient were half a degree warmer (Table 1).2 Twelve hours

after the core temperature was[36�C, the temperature fell

slightly below 36�C just in the hour when the clinical

investigations were performed. The guidelines of many

European countries permit a lower core temperature (UK:

[34�C; elsewhere:[35�C).1, 3, 7 Still, the application of

therapeutic hypothermia, though shorter (six hours) than

usual ([ 24 hr), in combination with the administration of

central nervous system (CNS)-depressant drugs in our case

and their potential influence on the clinical findings

necessitate special consideration.1–3, 6, 7 The assessment

was performed 13–16 hr after rewarming (depending on the

temperature goal); had it waited for 24 hr after rewarming

to C 36�C, as recently recommended,1 the patient would

just not have fulfilled the criteria. This, however, may not

exclude a later apnea reversal in similar cases. The

American Academy of Neurology and several European

guidelines permit the determination of subtherapeutic drug

plasma levels as an alternative to calculating the clearance

based on half-lives of all applied CNS depressants, or, if

appropriate, the administration of antidotes (naloxone or

flumazenil) to exclude the presence of a CNS-depressant

drug effect.2, 3, 6, 7 Although the plasma level of sufentanil

was not measured in our patient, an effect was considered

unlikely since the cumulative dose (administered within a

short time window) was relatively low and naloxone was

administered. The propofol plasma concentration was also

determined to be subtherapeutic. Our case differs from

earlier reported cases with neurologic recovery following

premature declaration of BD/DNC after a cardiac

arrest.9, 10 In these, duration of therapeutic hypothermia

was longer (C 24 hr), and, importantly, CNS depressants

(midazolam/phenobarbital in a ten-month-old child;

propofol/fentanyl in a 55-yr-old man) were continuously

administered over more than 24 hr.

The combination of anoxic brain injury, which often

affects the brainstem less severely than the forebrain,11 and

increased ICP resulting in transforaminal herniation of the

caudal medulla, together with their partial reversibility,

may explain the reversal of apnea. Posterior fossa

decompression has been associated with restitution of

brainstem functions, especially the respiratory drive.12, 13

Harvey Cushing was the first to document apnea reversal

with decreasing pressure in the posterior fossa, which he

attributed to improved brainstem perfusion.12 In the present

case, delayed herniation of the cerebellum through the

craniectomy gap (Fig. 2) may have caused relief to the

medulla and, thereby, the return of spontaneous respiration.

Of note, also bilateral supratentorial decompressive

craniectomy may reverse the clinical signs of BD/DNC.

Such a case recently prompted the addition of therapeutic

decompressive craniectomy as a red flag, indicating the

potential need for ancillary testing, in the UK.7

Accepted ancillary tests in patients with primary

infratentorial brain lesions are electroencephalography

(EEG), provided the exclusion of confounders, and

imaging modalities proving cerebral circulatory

arrest.1, 3, 8 Nevertheless, in our case, only some lower

brainstem function but no other clinically detectable brain

function had recovered. Considering the severe post-anoxic

brain edema, an EEG, not recorded here, may well have

shown electrocortical inactivity (ESM eFig. 1). The

missing EEG notwithstanding, surface EEG can neither

confirm nor exclude lower brainstem function.1, 8 In

patients with intact skull and a primary infratentorial

brain lesion, the loss of any motor response, brainstem

reflexes, and breathing drive may be, but often is not the

consequence of the brainstem lesion per se;8, 14 rather, the

accompanying aqueduct occlusion results in supratentorial

hydrocephalus, or there is a combined infratentorial and

supratentorial brain lesion, both resulting in craniocaudal

brain compression. In such a situation, the clinical findings

of BD/DNC in combination with the EEG finding of

electrocortical inactivity reliably show the irreversible loss

of brain function.8 Nevertheless, if a skull defect prevents

sustained compression of the lower brainstem, a partial

recovery may occur. Even though the course in our patient

was fatal, and coma persisted, the recovery of respiratory

drive contradicts the widely accepted concept of BD/

DNC.1–3, 6–8 Therefore, ancillary testing with EEG appears

to be improper in patients with suboccipital decompressive

craniectomy. Instead, the demonstration of complete

cerebral circulatory arrest, along with the clinical findings

of BD/DNC, reliably excludes recovery of brain

function.8, 15 Cerebral circulatory arrest is the

consequence of a supercritical increase of ICP.

Preventing a posterior fossa ICP increase by suboccipital

craniectomy allows blood supply to the lower brainstem,

which is a prerequisite of apnea reversal.

We conclude that therapeutic decompression of the

posterior fossa is a condition requiring proof of cerebral

circulatory arrest to confirm BD/DNC.
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