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BRAIN DEATH DIAGNOSIS 
 

Calixto Machado 
 

Brain death (BD) diagnosis should be established based on the following set of 
principles, i.e. excluding major confusing factors, identifying the cause of coma, 
determining irreversibility, and precisely testing brainstem reflexes at all levels of the 
brainstem. Nonetheless, most criteria for BD diagnosis do not mention that this is not the 
only way of diagnosing death. The Cuban Commission for the Determination of Death has 
emphasized the aforesaid three possible situations for diagnosing death: a) outside 
intensive care environment (without life support) physicians apply the cardio-circulatory 
and respiratory criteria; b) in forensic medicine circumstances, physicians utilize cadaveric 
signs (they do not even need a stethoscope); c) in the intensive care environment (with 
life support) when cardiorespiratory arrest occurs physicians utilize the cardio-circulatory 
and respiratory criteria. This methodology of diagnosing death, based on finding any of the 
death signs, is not related to the concept that there are different types of death. The 
irreversible loss of cardio-circulatory and respiratory functions can only cause death when 
ischemia and anoxia are prolonged enough to produce an irreversible destruction of the 
brain. The sign of irreversible loss of brain functions, that is to say BD diagnosis, is fully 
reviewed. Acta Medica Medianae 2009; 48(3):25-30. 
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Introduction 
 

Most authors affirm that the diagnosis of BD 
is just a clinical assessment, and after the 
Harvard Committee Report (1,2) most countries 
and states designed their BD diagnostic criteria 
(3,9). BD diagnosis should be established based 
on the following set of principles, i.e.  excluding 
major confusing factors, identifying the cause of 
coma, determining irreversibility, and precisely 
testing brainstem reflexes at all levels of the 
brainstem (9).  

Nonetheless, most criteria for BD diagnosis 
do not mention that this is not the only way of 
diagnosing death. If a concept of death on neurolo-
gical grounds is accepted, then BD diagnostic 
criteria can be only applied in patients under life 
support assistance in ICUs. Does it mean that 
when a physician diagnose death in a regular ward 
(patient is not under life support) applying 
cardiocirculatory and respiratory diagnostic criteria, 
or when a forensic specialist diagnose death in a 
body under criminal circumstances, are we denying 
a brain-oriented concept of death? (11,12).  

Cuba has recently passed a law for the determi-
nation and certification of death. The National 
Commission for the Determination and Certification 
of Death has accepted a neurological view of 
death and emphasized that any legislation of 
death should be completely separated from any 
norm governing organ transplants (13,14). 
Hence, the Commission enumerated three possible 
situations for diagnosing death:  
1. Outside the intensive care environment (without 

life support) physicians apply the 
cardiocirculatory and respiratory criteria. 

2. In forensic medicine circumstances physicians 
utilize cadaveric signs (they do not even need 
a stethoscope). 

3. In the intensive care environment (with life 
support) when cardiocirculatory and/or 
respiratory arrest occurs, physicians utilize 
the cardiocirculatory and respiratory criteria. 
When physicians suspect of irreversible loss 
of brain functions in a heart-beating and 
ventilatory supported case, BD diagnostic 
criteria are applied. 
This methodology of diagnosing death, based 

on finding any of death signs, is not related to 
the concept that there are different types of 
death. The irreversible loss of cardiocirculatory 
and respiratory functions can only cause death 
when ischemia and anoxia are prolonged enough 
to produce an irreversible destruction of the 
brain. According to the Commission, there is only 
one kind of death, based on the irreversible loss 
of brain functions (11-16).  
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Signs of death 
 

The diagnosis of death was based on the 
finding of any of death signs:  

I. Irreversible loss of respiratory function 
II. Irreversible loss of cardiocirculatory functions 

III. Algor mortis (postmortem coldness) 
IV. Livor mortis (postmortem lividity) 
V. Rigor mortis (postmortem rigidity) 

VI. Cadaveric spasm 
VII. Loss of muscle contractions 

VIII. Putrefaction 
IX. Irreversible loss of brain functions 

Signs I and II correspond to the classical 
respiratory and cardiocirculatory functions. Signs 
III to VIII are related to forensic circumstances, 
and out of the scope of this review. 

 
Irreversible loss of brain functions 
(Diagnosis of BD) 
 
As already emphasized, when physicians 

suspect of irreversible loss of brain functions in a 
heart-beating and ventilatory supported case, BD 
diagnostic criteria are applied. 

To assess brain functions during BD 
diagnosis, the clinical neurologic examination is 
the accepted standard (10,11,16-21).  

 
Preconditions or prerequisites: 
1. Coma due to an irreversible acute brain damage 

of known etiology, affecting both hemispheres 
and brainstem. 

2. At the beginning of neurological examination, 
the following confounding factors should be 
excluded: 
a) unresuscitated shock. Systolic arterial 

pressure should be over 90 mm Hg; 
b) hypothermia (core temperature <34 

degrees Celsius); 
c) severe metabolic disorders capable of 

causing a potentially reversible coma; 
d) peripheral nerve or muscle dysfunction, 

and neuromuscular blockade; 
e) evidence of drug intoxication or 

poisoning. 
 
Diagnostic Criteria 
1. Deep unresponsive coma 
2. Absent brainstem reflexes  

• Corneal responses 
• Pupillary responses to light with pupils at 

mid-size or greater 
• Oculocephalic and oculovestibular responses 
• Gag and cough  responses 

3. Negative Atropine Test 
4. Absent respiratory effort confirmed by the 

apnea test 
5. Periods of observation: 6 hours. In cases of 

acute hypoxic-ischemic brain injury, clinical 
evaluation should be delayed for 24 hours 
subsequent to the cardiorespiratory arrest, or 
ancillary test could be performed. 

6. Confirmatory tests 
• tests to demonstrate a complete cessation 

of brain circulation: TCD 

• confirmatory tests to demonstrate loss of 
bioelectrical activity: EEG, EP and ERG. 

 
Preconditions or prerequisites: 
1. Coma due to an irreversible acute brain damage 

of known etiology, affecting both hemispheres 
and brainstem. 

It is demanded to have a clear and definite 
clinical and/or neuroimaging evidence of an acute 
central nervous system (CNS) insult which is 
consistent with the irreversible loss of neurological 
function (8,10,12,22,23).  

The loss of function of the brainstem is in a 
large majority of cases the infratentorial 
consequence of extremely severe supratentorial 
damage, resulting in untreatable intracranial 
pressure. Nevertheless, in some cases, primary 
brainstem lesions may entirely damage this 
structure while functioning of the cerebral 
hemispheres is relatively spared. That can be 
shown in a number of cases by the presence of a 
"quasi-normal" activity of the EEG and the visual 
evoked potentials (24-28). Hence, in primary 
brainstem lesions we have proposed the use of 
confirmatory ancillary tests (12).  
2. Confounding factors should be excluded:  

It is essential to exclude the confounding 
factors that mimic BD (10,12,29,30). 
a Unresuscitated shock 

It indispensable to apply BD criteria only 
when blood pressure is with a minimum value 
of 90 mm Hg. The use of hydration fluids and 
/ or vasopressor  drugs might re-establish 
adequate blood pressure values (10,31,35).  

b Hypothermia (core temperature <34 degrees 
Celsius). 

An inability to regulate temperature, or 
poikilothermia, is often present in BD. Core 
temperature results should be obtained through 
central blood, rectal or esophageal gastric 
measurement. Most sets of criteria for BD diagnosis 

demand a body temperature of at least 32.2°C 
(3,10,12,23,34-38).  

The correction of hypothermia before applying 
criteria of BD is just appropriate, especially in 
children and alcoholic patients who become 
hypothermic after mild brain injuries (39). 
Moreover, it is important for physicians to be aware 
that subjects are undergoing accidental 
hypothermia (40).  
c Severe metabolic disorders capable of causing 

a potentially reversible coma. 
Severe metabolic or endocrine abnormalities 

make BD unreliable (10,23,29,30,41). Metabolic or 
endocrine derangement including glucose, 
electrolytes (including phosphate, calcium and 
magnesium), inborn errors of metabolism, liver 
or renal dysfunction, etc., may cause a potentially 
reversible coma. If in the physician's judgment 
the metabolic abnormality matters, it should be 
corrected (10,12).  
d Peripheral nerve or muscle dysfunction, and 

neuromuscular blockade potentially play a role 
for inducing unresponsiveness in patients, 
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and it could be a confounding factor in BD 
diagnosis (42).  

e Clinically significant drug intoxications (e.g., 
alcohol, barbiturates, sedatives, hypnotics) 

CNS-depressant drugs should be ruled out 
if the clinical history is indicative. It is therefore 
mandatory that the drug history should be carefully 
reviewed and any possibility of intoxication being 
the cause of, or contributing to, the patient’s 
comatose state should preclude a diagnosis of BD 
(23,48-52).  
 
Criteria 
1. Deep unresponsive coma 

The diagnosis of deep unresponsive coma 
demands to find a comatose patient showing a 
lack of spontaneous movements in addition to an 
absence of motor responses mediated by stimuli 
applied within the cranial nerve distribution 
(3,10,13,17,22,41).  

CNS-mediated motor response to pain in 
any other distribution, seizures, decorticate and 
decerebrate responses impede BD diagnosis. Some 
BD individuals may present spinal reflexes or motor 
responses, confined to spinal distribution, which do 
not preclude the BD diagnosis (10,23,34,35,39,53). 

  
2. Absent brainstem reflexes 

The reflexes mediated by the cranial nerves 
are main indicators of the brainstem function. 
Hence, to prove their absence is an indispensable 
element of BD. The individual significance of each 
individual brainstem reflex varies in BD diagnosis 
according to an intrinsic sensitivity of the cranial 
nerve networks and to the effect of some acco-
mpanying factors in brain-dead patients, such as 
trauma, local edema, dried tissues, intracranial 
tubes affecting the exploration of reflexes (3,39). 

• Pupillary Reflex. This reflex is considered 
one of the most discriminant reflexes in 
BD diagnosis (3,10,23,30,34,35,39,54). 
The Harvard Criteria demanded that pupil 
be fixed and dilated (2). Mydriatic pupils 
can be found in BD. The sympathetic 
cervical spine pathways connected to the 
pupillodilator muscle remain intact. 
Nonetheless, afterwards, several authors 
reported that mydriasis is not essential 
and that often small or medium-sized 
pupils are found in brain-dead cases 
(3,36-38).  

• Corneal reflex. This is also one of the most 
discriminant reflexes in BD diagnosis. A 
bilateral or unilateral response of eyelid 
closure and upward deviation of the eye 
(Bell’s phenomenon) indicates preserved 
brainstem functioning. However, edema 
or drying of the cornea, severe facial and 
ocular trauma may avoid a satisfactory sti-
mulus for this reflex (3,10,12,22,39,55-57).  

• Oculocephalic and oculovestibular responses. 
The oculocephalic reflex, also known as 
Doll's eyes response is elicited upon brisk 
turning of the head from middle position 
to 90 degrees on both sides. In comatose 
patients without lesions of the brainstem 
the eyes normally conjugately deviate to 

the other side. In BD, no eye movements 
are observed (7,11,35).  

• Gag and cough response 
Pharyngeal (gag), cough, and swallowing 
reflexes are often difficult to explore 
because of the presence of tubes in the 
throat and dryness of the mucosa. Hence, 
in suspected brain-dead cases cough 
response is usually explored by passing a 
catheter through the endotracheal tube 
and suctioning with negative pressure for 
several seconds. As these reflexes have their 
arcs through the medulla oblongata, it is desi-
rable to explore them (3,10,38,58,7,11,35).  
 

3. Atropine Test 
The atropine test (AtT) assesses bulbar 

parasympathetic activity on heart activity in 
brain-dead patients (59). Ouaknine first proposed 
to include this as a criterion for the so-called 
brain-stem death (59-63) The method for this test 
consists in injecting 2 mg of atropine under conti-
nuous monitoring the ECG during 10 minutes. 
The AtT is considered negative if heart rate does 
not augment by more than 3% compared with 
basal ECG records (12,31,60,64-69).  

 
4. Apnea Test  

The apnea test (AT) has been considered by 
some authors as the “condition sine qua non” for 
determining BD, because it provides an essential 
sign of a definitive loss of brainstem functions. 
Nonetheless, several authors have expressed 
their concern about the safety of this procedure, 
due to potential complications, such as severe 
hypotension, pneumothorax, excessive hypercarbia, 
hypoxia, acidosis, cardiac arrhythmia or asystole, 
which may constrain the examiner to abort the 
test, thereby compromising BD diagnosis. Neverthe-
less, when an appropriate oxygen-diffusion procedure 
is used this technique is safe (12,70,70-79).  

Periods of observation:  
If BD determination is only based in clinical 

evaluation, the following periods of observation 
were proposed by the Cuban Commission (12-16).  

• 6 hours if a structural and irreversible 
CNS insult can be demonstrated by clinical 
and neuroimaging evidences. 

• 24 hours in cases of acute hypoxic-
ischemic brain injury. 
Periods of observation can be shortened 
according to medical criteria by the 
application of confirmatory tests (see 
chapter of confirmatory tests). 
 

5. Confirmatory tests 
Confirmatory tests in BD can be divided in 

those proving absent cerebral blood flow (CBF) 
and those that demonstrate loss of bioelectrical 
activity. We recommend assessing circulatory arrest 
by transcranial Doppler (TCD), and neuronal 
function by a neurophysiologic test battery, 
composed by EEG, multimodality evoked potentials 
(MEP) and electroretinography (ERG). If TCD fails 
to validate the absence of CBF, computer 
tomography angiography can be used to confirm 
BD diagnosis (13-15,80-84).  
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Confirmatory tests are recommended to 
shorten periods of observation according to 
physicians’ criteria and in those conditions 
interfering with the clinical BD diagnosis. The Cuban 
Commission proposed that confirmatory tests should 
be mandatory in cases of patients with primary 
brainstem lesions undergoing BD diagnosis (12-15).  

 
Brain death and organ transplants 
 
It is s commonly believed that the concept 

of BD evolved to benefit organ transplantation. A 
historical approach demonstrates that both brain 
death and transplantation had fully separate origins. 
Organ transplantation became possible with 
technical advances in surgery and immunosu-
ppressive treatment (20,85-87). Of course, organ 
procurement programs have induced a close relati-
onship between organ transplants and BD diagnosis 
in most countries, and hence, it is extremely 
important to educate the public to understand 

that BD means death of the individual, and the 
importance of organ donation for transplants. 
Nonetheless, we have emphasized that a concept 
of BD should not only be related to organ 
donation, because a patient dies, whether his/her 
organs are useful or not for transplants.  

 
Conclusions 

 
It is widely accepted that BD is a clinical 

diagnosis, and it is currently defined as a complete 
and irreversible loss of brain function. We have 
enumerated three possible situations for diagnosing 
death based on the “signs of death”. This methodo-
logy of diagnosing death does not mean that there 
are different types of death. The irreversible loss 
of cardiocirculatory and respiratory functions can 
only cause death when ischemia and anoxia are 
prolonged enough to produce an irreversible 
destruction of the brain. We fully reviewed the 
diagnosis of BD as death of the individual. 

 
 

References  
 

1. Landmark article Aug 5, 1968: A definition of 
irreversible coma. Report of the Ad Hoc Committee 
of the Harvard Medical School to examine the 
definition of brain death. JAMA. 1984; 252:677-679. 

2. A definition of irreversible coma. Report of the Ad 
Hoc Committee of the Harvard Medical School to 
Examine the Definition of Brain Death. JAMA. 1968; 
205:337-40. 

3. Walker AE and Molinari GF. Criteria of cerebral 
death. Trans Am Neurol Assoc. 1975; 100:29-35. 

4. Robert F and Mumenthaler M. [Criteria of brain 
death. Spinal reflexes in 45 personal studies]. 
Schweiz Med Wochenschr. 1977; 107:335-41. 

5. Cranford RE. Minnesota Medical Association criteria. 
Brain death: concept and criteria, II. Mo Med. 1978; 
61:600-3. 

6. Pasnikowski W. [Current criteria of brain death]. 
Przegl Lek. 1987; 44:672-675. 

7. Wijdicks EF. Brain death worldwide: accepted fact but 
no global consensus in diagnostic criteria. Neurology. 
2002; 58:20-5. 

8. Wijdicks EF. The neurologist and Harvard criteria for 
brain death. Neurology. 2003; 61:970-6. 

9. Jan MM. Brain death criteria The neurological determi-
nation of death. Neurosciences. 2008; 13:350-5. 

10. Wijdicks EFM. Clinical Diagnosis and Confirmatory 
Testing in Brain Death in Adults. In: Wijdicks EFM, 
ed. Brain Death. Philadelphia: Lippincott  Williams & 
Wilkins, 2001:61-90. 

11. Machado C. Brain formulation of death: A reappraisal. 
Neurology 1995;45(4):1097P.  

12. Machado C. Brain death. A reappraisal. New York: 
Springer, 2007:1-223. 

13. Machado, C. [Resolution for the determination and 
certification of death in Cuba]. Rev Neurol. 2003; 
36:763-70. 

14. Machado C, Abeledo M, Álvarez C, Aroche RM, Barrios I, 
Lasanta AM, et al. Cuba has passed a law for the 
determination and certification of death. Brain Death 
and Disorders of Consciousness. 2004;550:139-142. 

15. Machado, C. Determination of death. Acta Anaesthesi-
ologica Scandinavica. 2005; 49:592-5U3. 

16. Machado, C. Variability of brain death determination 
guidelines in leading US neurologic institutions. 
Neurology. 2008; 71:1125. 

17. Machado C, García-Tigera J, García O, et al.  Muerte 
Encefálica. Criterios   diagnósticos. Revista Cubana 
de Medicina 1991;30(3):181-206.  

18. Machado-Curbelo, C. [Do we defend a brain oriented 
view of death?]. Rev Neurol. 2002; 35:387-96. 

19. Machado C and Sherman DL. Brain Death and Disroders 
of Consciousness. 50 vol. New York: Kluwer Academics/ 
Plenum Publishers, 2004:1-268. 

20. Machado, C. The concept of brain death did not evolve 
to benefit transplantation. Neurology. 2006; 66:A2. 

21. Machado C, Korein J, Ferrer Y, et al.  The concept of 
brain death did not evolve to benefit organ 
transplants. J Med Ethics 2007;33:197-200.  

22. Wijdicks, EFM. Determining Brain-Death in Adults. 
Neurology. 1995; 45:1003-11. 

23. Wijdicks, EF. The diagnosis of brain death. N Engl J 
Med. 2001; 344:1215-21. 

24. Buchner, H, Ferbert, A, Bruckmann, H, et al.  [Validity 
of early acoustically-evoked potentials in the diagnosis 
of brain death]. EEG EMG Z Elektroenzephalogr 
Elektromyogr Verwandte Geb. 1986; 17:117-22. 

25. Ferbert, A, Buchner, H, Ringelstein, EB, et al.  Isolated 
brain-stem death. Case report with demonstration 
of preserved visual evoked potentials (VEPs). Electro-
encephalogr Clin Neurophysiol. 1986; 65:157-60. 

26. Ferbert, A, Buchner, H, Bruckmann, H, et al. Evoked 
potentials in basilar artery thrombosis: correlation 
with clinical and angiographic findings. Electroence-
phalogr Clin Neurophysiol. 1988; 69:136-47. 

27. Jorgensen, EO and Trojaborg, W. ["Visual evoked 
potentials" and diagnosis of cortical death]. Nord 
Med. 1971;86:1054-55. 

28. Trojaborg, W and Jorgensen, EO. Evoked cortical pote-
ntials in patients with "isoelectric" EEGs. Electroence-
phalogr Clin Neurophysiol. 1973;35:301-9. 

29. De TM, Hantson P, Mahieu P et al. Brain death diagnosis 
in misleading conditions. QJM. 1999; 92:407-414. 

30. Ashwal S. Clinical Diagnosis and Confirmatory Testing 
of Brain Death in Children. In: Wijdicks EFM, ed. 
Brain Death. Philadelphia: Lippincott Williams & 
Wilkins, 2001:91-114. 

31. Guidelines for the diagnosis of brain death. Canadian 
Neurocritical Care Group. Can J Neurol Sci. 1999; 
26:64-6. 

32. Parker BL, Frewen TC, Levin SD et al. Declaring 
pediatric brain death: current practice in a Canadian 
pediatric critical care unit. CMAJ. 1995;153:909-16. 



Acta Medica Medianae 2009,Vol.48(2)                                   Brain death diagnosis 

 29 

33. Death and brain death: a new formulation for 
Canadian medicine. Canadian Congress Committee 
on Brain Death. CMAJ. 1988; 138:405-06. 

34. Wijdicks EF. The first organ transplant from a brain-
dead donor. Neurology. 2006; 66:460-1. 

35. Wijdicks EF. Determining brain death in adults. 
Neurology. 1995; 45:1003-11. 

36. Criteria for the diagnosis of brain stem death. Review 
by a working group convened by the Royal College 
of Physicians and endorsed by the Conference of 
Medical Royal Colleges and their Faculties in the 
United Kingdom. J R Coll Physicians Lond. 1995; 
29:381-2. 

37. Roosen K and Klein M. [Criteria and diagnosis of brain 
death]. Versicherungsmedizin. 1990;42:110-2. 

38. An appraisal of the criteria of cerebral death. A 
summary statement. A collaborative study. JAMA. 
1977; 237:982-6. 

39. Walker AE. Cerebral Death. 3rd Edition ed. Baltimore-
Munich: Urban & Schwarzenberg, 1985:1-198. 

40. Landau WM, Schneider S, Machado C, et al.  Rando-
mized clinical trial of magnesium, diazepam, or both 
after out-of-hospital cardiac arrest. Neurology 
2003;60:1868-9.  

41. Wijdicks, EF and Cranford, RE. Clinical diagnosis of 
prolonged states of impaired consciousness in 
adults. Mayo Clin Proc. 2005; 80:1037-46. 

42. Hansen PB, Thisted BK, Andersen LW, et al.  
[Anesthesiologic aspects of multiorgan donation]. 
Ugeskr Laeger. 1992; 154:1172-6. 

43. Vargas F, Hilbert G, Gruson D, et al. Fulminant 
Guillain-Barre syndrome mimicking cerebral death: 
case report and literature review. Intensive Care 
Med. 2000; 26:623-7. 

44. Shewmon DA. Recovery from "brain death": a 
neurologist's apologia. Linacre Q. 1997; 64:30-96. 

45. Bakshi N, Maselli RA, Gospe SM Jr., et al. Fulminant 
demyelinating neuropathy mimicking cerebral death. 
Muscle Nerve. 1997; 20:1595-7. 

46. Bohlega SA, Stigsby B, Haider A et al. Guillain-Barre 
syndrome with severe demyelination mimicking 
axonopathy. Muscle Nerve. 1997; 20:514-6. 

47. Coad NR and Byrne AJ. Guillain-Barre syndrome 
mimicking brainstem death. Anaesthesia. 1990; 
45:456-7. 

48. Ostermann ME, Young B, Sibbald WJ et al. Coma 
mimicking brain death following baclofen overdose. 
Intensive Care Med. 2000; 26:1144-6. 

49. Brenner RP. The interpretation of the EEG in stupor 
and coma. Neurologist. 2005; 11:271-84. 

50. Marrache F, Megarbane B, Pirnay S, et al.  Difficulties 
in assessing brain death in a case of benzodiazepine 
poisoning with persistent cerebral blood flow. Hum 
Exp Toxicol. 2004; 23:503-5. 

51. Sztajnkrycer MD, Huang EE and Bond GR. Acute 
zonisamide overdose: a death revisited. Vet Hum 
Toxicol. 2003; 45:154-6. 

52. Caballero F, Lopez-Navidad A, Cotorruelo J et al.  
Ecstasy-induced brain death and acute hepatocellular 
failure: multiorgan donor and liver transplantation. 
Transplantation. 2002; 74:532-7. 

53. Saposnik G, Maurino J, Saizar R et al. Spontaneous 
and reflex movements in 107 patients with brain 
death. Am J Med. 2005; 118:311-4. 

54. Wijdicks EFM. Brain Death. Philadelphia: Lippincott 
Williams & Wilkins, 2001:1-223. 

55. Pallis C. Further thoughts on brainstem death. Anaesth 
Intensive Care. 1995; 23:20-3. 

56. Pallis C. ABC of brain stem death. Diagnosis of brain 
stem death--II. Br Med J (Clin Res Ed). 1982; 
285:1641-4. 

57. Pallis C. ABC of brain stem death. Diagnosis of brain 
stem death--I. Br Med J (Clin Res Ed). 1982; 
285:1558-60. 

58. Walker AE. Dead or alive. J Nerv Ment Dis. 1984; 
172:639-41. 

59. Drory Y, Ouaknine G, Kosary IZ et al.  Electroca-
rdiographic findings in brain death; description and 
presumed mechanism. Chest. 1975; 67:425-32. 

60. Ouaknine GE and Mercier C. [Value of the atropine 
test in the confirmation of brain death]. Union Med 
Can. 1985; 114:76-80. 

61. Ouaknine GE. Cardiac and metabolic alterations in 
brain death: discussion paper. Ann N Y Acad Sci. 
1978; 315:252-64. 

62. Ouaknine G, Kosary IZ, Braham J et al. Laboratory 
criteria of brain death. J Neurosurg. 1973;39:429-433. 

63. Ouaknine G, Kosary IZ and Ziv M. [Value of the 
caloric test and electronystagmography in the 
diagnosis of irreversible coma]. Neurochirurgie. 
1973; 19:407-14. 

64. Zhang TX, Shi YJ, Sheng HQ et al. [Clinical 
diagnosis of 26 cases of brain death]. Zhonghua Yi 
Xue Za Zhi. 2004; 84:93-6. 

65. Su YY, Zhao H, Zhang Y et al. [Studies on 
evaluation of brain death]. Zhonghua Nei Ke Za Zhi. 
2004; 43:250-3. 

66. Zhang, TX, Shi, YJ, Sheng, HQ, et al.  [Clinical 
diagnosis of 26 cases of brain death]. Zhonghua Yi 
Xue Za Zhi. 2004; 84:93-6. 

67. Huttemann E, Schelenz C, Sakka SG et al.  Atropine 
test and circulatory arrest in the fossa posterior 
assessed by transcranial Doppler. Intensive Care 
Med. 2000; 26:422-5. 

68. Goetting MG and Contreras E. Systemic atropine 
administration during cardiac arrest does not cause 
fixed and dilated pupils. Ann Emerg Med. 1991; 
20:55-7. 

69. Cardan C, Roth A and Biro, J. [The atropine test in the 
assessment of brain death]. Rev Chir Oncol Radiol O 
R L Oftalmol Stomatol Chir. 1983;32:393-7. 

70. Wijdicks EF, Manno EM and Holets SR. Ventilator 
self-cycling may falsely suggest patient effort during 
brain death determination. Neurology. 2005; 65:774. 

71. Lang CJ and Heckmann JG. Apnea testing for the 
diagnosis of brain death. Acta Neurol Scand. 2005; 
112:358-69. 

72. Tsai WH, Lee WT, and Hung, KL. Determination of 
brain death in children--a medicial center experience. 
Acta Paediatr Taiwan. 2005; 46:132-7. 

73. Burns JM and Login IS. Confounding factors in 
diagnosing brain death: a case report. BMC Neurol. 
2002; 2:5. 

74. Melano R, Adum ME, Scarlatti A, et al.  Apnea test 
in diagnosis of brain death: comparison of two 
methods and analysis of complications. Transplant 
Proc. 2002; 34:11-2. 

75. Vivien B, Haralambo MS, and Riou, B. [Barotrama 
during apnea testing for the determination of brain 
death]. Ann Fr Anesth Reanim. 2001; 20:370-3. 

76. Jeret JS. Complications during apnea testing in the 
determination of brain death: predisposing factors. 
Neurology. 2001; 56:1249. 

77. Rigg CD and Cruickshank S. Carbon dioxide during 
and after the apnoea test--an illustration of the 
Haldane effect. Anaesthesia. 2001; 56:377. 

78. Lessard M, Mallais R and Turmel A. Apnea test in the 
diagnosis of brain death. Can J Neurol Sci. 2000; 
27:353-4. 

79. Goudreau JL, Wijdicks EF and Emery SF. Compli-
cations during apnea testing in the determination of 
brain death: predisposing factors. Neurology. 2000; 
55:1045-8. 

80. Machado C, García-Tigera J, and Coutin P. Multimo-
dality evoked potentials and electroretinography in 
a test battery for the early diagnosis of brain death. 
Electroenceph.clin.Neurophysiol 1991; 79(5):S19. 

81. Machado C, Valdés P, García-Tigera J, Virúes T,  Biscay R, 
Miranda J, et al. Brain-stem auditory evoke potentials 
and brain death. Electroencephalography and Clinical 
Neurophysiology. 1991; 80:392-8. 

82. Machado C, Santiesteban R, Garcia O et al. Visual 
evoked potentials and electroretinography in brain-
dead patients. Doc Ophthalmol. 1993;84:89-96. 



Brain death diagnosis                                     Calixto Machado 

 30 

83. Machado-Curbelo, C and Roman-Murga, JM. [Usefu-
lness of multimodal evoked potentials and the electro-
retinogram in the early diagnosis of brain death]. 
Rev Neurol. 1998;27:809-17. 

84. Machado C. Evoked potentials in brain death. Clinical 
Neurophysiology. 2004; 115:238-9. 

85. Machado C. The first organ transplant from a brain-
dead donor. Neurology. 2005; 64:1938-42. 

86. Machado C. The first organ transplant from a brain-
dead donor - Reply. Neurology. 2006; 66:461. 

87. Machado C and Korein J. Neuropathology of Brain Death 
in the Modern Transplant Era. Neurology. 2009;72:1028. 

 

 
DIJAGNOZA MOŽDANE SMRTI 

 
Calixto Machado 

 
Dijagnoza moždane smrti (BD) može se postaviti na osnovu sledećih principa, kao što 

su: isključivanje glavnih konfuzionih faktora, utvrđivanja uzroka kome, utvrđivanje 
reverzibilnosti kome i preciznog testiranja refleksa moždanog stabla. Međutim, većina 
kriterijuma za dijagnozu BD ne uzima u obzir činjenicu da postoje i drugi načini za 
dijagnozu moždane smrti. Kubanska komisija za determinaciju pokazatelja BD (The Cuban 
Commission for the Determination of Death) je generalno sagledavala dijagnostiku BD u tri 
moguće situacije: a) dijagnostika izvan jedinica intenzivne nege (bez sredstava za 
održavanje života), u kojima lekar primenjuje kardio cirkulatorne i respiratorne 
kriterijume; b) u situacijama sudsko medicinskog veštačenja, kada se koriste kadaverični 
znaci (u ovom slučaju nije neophodna čak ni upotreba stetoskopa); c) u jedinicama 
intenzivne nege (sa opremom za „life support“), kada se nakon kardio-respiratornog aresta 
koriste kardio-cirkulatorni i respiratorni kriterijumi. Ova metodologija dijagnostikovanja 
smrti zasniva se na dijagnostikovanju bilo kog znaka smrti i nije vezana za činenicu da 
postoji više tipova smrtnog ishoda. Ireverzibilni gubitak kardio-cirkulatorne i respiratorne 
funkcije može usloviti smrtni ishod samo kada su ishemija i anoksija prolongirani dovoljno 
dugo da izazovu ireverzibilno oštećenje moždanih struktura. Znaci ireverzibilnog gubitka 
moždanih funkcija, tj. dijagnostika BD, prikazana je u svetlu najnovijih literaturnih 
podataka u ovom radu. Acta Medica Medianae 2009; 48(3): 25-30. 

 
Ključne reči: moždana smrt, znaci smrti, kriterijumi, transkranijalni Doppler, 

multimodalni-evocirani potencijali 
 


