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Abstract:

A recent commentary defends 1) the concept of 'brain arrest' to explain what brain death
is, and 2) the concept that death occurs at 2-5 minutes after absent circulation. I suggest
that both these claims are flawed. Brain arrest is said to threaten life, and lead to death by
causing a secondary respiratory then cardiac arrest. It is further claimed that ventilation
only interrupts this way that brain arrest leads to death. These statements imply that brain
arrest is not death itself. Brain death is a devastating state that leads to death when
intensive care, which replaces some of the brain’s vital functions such as breathing, is
withdrawn and circulation stops resulting in irreversible loss of integration of the
organism. Circulatory death is said to occur at 2-5 minutes after absent circulation
because, in the context of DCD, the intent is to not attempt reversal of the absent
circulation. No defense of this weak construal of irreversible loss of circulation is given.
This means that patients in identical physiologic states are dead (in the DCD context) or
alive (in the resuscitation context); the current state of death (at 2-5 minutes) is
contingent on a future event (whether there will be resuscitation) suggesting backward
causation; and the commonly used meaning of irreversible as not capable of being
reversed' is abandoned. The literature supporting the claim that autoresuscitation does
not occur in the context of no cardiopulmonary resuscitation is shown to be very limited.
Several cases of autoresuscitation are summarized, suggesting that the claim that these
cases are not applicable to the current debate may be premature. I suggest that brain dead
and DCD donors are not dead; whether organs can be harvested before death from these

patients whose prognosis is death should be debated urgently.



Introduction:

In the commentary “Clarifying the paradigm for the ethics of donation and
transplantation: was ‘dead’ really so clear before organ donation,” Shemie argues in favor
of the concept of brain death (BD) being death itself, and defends the rationale for
accepting the DCD donor as dead [1]. On more detailed examination, I suggest that his
arguments are flawed for several reasons. This commentary aims to discuss the
limitations of Shemie’s arguments, and identifies some of the persistent dilemmas that
have been overlooked. Specifically, I suggest that the brain arrest argument shows that
BD is not death, that intensive care does replace some critical functions of the brain, that
the DCD patient is not in the irreversible state called death, that death has always been
understood as ‘not capable of being reversed’, and that minimizing the information on
auto-resuscitation is ill-advised. This has enormous implications for clinical practice

involving organ donation and the diagnosis of death.

Discussion:

The brain arrest argument shows that BD is not death (but, can lead to death):
Shemie suggests that “BD is better understood as ‘brain arrest’ [BA], characterized by the
complete and irreversible loss of clinical brain function [1].” For Shemie, and in this
commentary, BD and BA can be used interchangeably. Shemie writes (all italics added):
“Breathing replacement machines merely interrupt the way brain failure leads to cardiac
arrest [1].” Shemie further writes that “Advances in organ support and replacement
technologies teach us about the mechanics of death. Survival of...the human organism is

related to adequacy of oxygenated blood flow...There are 3 basic mechanisms [leading to



death]: a) primary cardiac arrest leading to arrest of the circulation b) primary respiratory
arrest, which via loss of oxygen causes a secondary cardiac arrest, or ¢) primary BA,
which via interruption of respiratory control causes a secondary respiratory then cardiac
arrest. Regardless of initial disease state, all critical illnesses threaten life in this way
[1].” He further states that life sustaining technologies are deployed to interrupt this
sequence and therefore “to reverse the underlying life threatening state ... the removal of
those applied life sustaining technologies must occur for ‘natural’ death and cardiac arrest
to ensue [1].” Thus, by these descriptions in defense of BD, we can conclude that ‘BA’
leads to death when it is allowed to result in irreversible loss of circulation. If ‘BA’
threatens life, and leads to death, it follows that BA cannot be death itself. What BA
must be is a mechanism leading to death. This is compatible with what Shemie writes in
another paper: the “basic physiological mechanism of death [in BA occurs]...via
interruption of airway control and respiratory drive cause a secondary respiratory arrest
and then cardiac arrest...[BA] threatens life in this manner [2].” Shemie also implies this
when he writes, when referring to cardiac arrest, that “the event may be cardiac arrest, but

death only occurs if it leads to an accompanying [permanent] loss of circulation [1].”

To see that this is true, we should consider that the reasoning behind BA being a “better
way”’ to understand BD can be applied to other situations. For example, if we label
kidney failure as “kidney arrest”, we could write that ‘“dialysis to perform the function of
the kidneys merely interrupts the way kidney arrest leads to death;” but, this does not
mean we are misled to consider ‘kidney arrest’ death. Whether the state is named ‘BD’,

or ‘BA’ (or ‘kidney arrest’) does not provide a rationale for why this state is death.



Shemie’s statements clearly show that BA is not death; it will only lead to death if we
stop the ventilator and allow a secondary respiratory and then a cardiac arrest to be

followed by irreversible loss of circulation.

Misunderstanding of brain death (intensive care replaces some critical brain
functions):

Shemie writes: “ICU care does not replace any functions of the brain...any degree of
brain failure, including BD, can be sustained indefinitely with mechanical ventilation and
vigilant care [1].” This is a problematic statement requiring some background
information. The standard and accepted philosophical concept (or definition) of death is
the irreversible loss of the integration of the organism as a whole [3,4]. In other words,
when the organism is no longer integrated as a whole, there is an irreversible progression
to increasing entropy, and this state of dis-integration is death. There are said to be two
medical/biological criteria for this state of death: brain death, and circulatory death [3].
When the brain is ‘dead’, some have argued, there is irreversible loss of the integration of
the organism as a whole, and therefore this inevitably results in irreversible circulatory
arrest in a very short time, and this is why BD is death. The bedside tests (often called
‘the criteria’ for brain death) are used to determine that the brain is dead; that is, that

there is irreversible loss of the function of the entire brain, including the brainstem.

If death is the loss of integrative unity of the organism, then the ‘BA’ patient “sustained
indefinitely” by intensive care must not be dead. If the ‘BA’ patient (organism) can be

“sustained indefinitely” by intensive care, as has been reported many times in the



literature, then he/she must have integrative unity, and he/she must have had brainstem
functions (such as breathing) taken over by intensive care [5,6]. If breathing is a function
of the brain, accounting for the need for an apnea test in confirming BD, then the
ventilator must have taken over this function of the brain. If temperature regulation and
electrolyte balance is a function of the brain, then the BD patient having external
warming for temperature control, and electrolyte balance maintained by desmopressin
must have had these functions of the brain replaced. This is similar to an anuric renal
failure patient having dialysis to replace the function of the kidneys, or a diabetic patient
having insulin injections to replace the function of the pancreas, both of which “merely

interrupt” the way these diseases lead to cardiac arrest.

It is tempting to consider the brain dead patient to have ‘integrative unity’ that is different
from the patient with kidney failure or diabetes receiving artificial support. However, as
noted by several authors, this suggestion is surprisingly hard to defend when one looks at
the details [6,7,8-12]. Kamm writes that “some argument would be needed for why
artificiality in cause matters when ‘lower’ integrated functioning of the organism results
but not when ‘higher’ integrated functioning results...It is not clear why completely
replacing the component at the apex should be different from replacing a component
somewhere else in the loop [13].” For example, a brain dead patient can be compared to
a patient with an “intact” brain, and also to a patient with a brain only capable of
initiating infrequent ineffective breaths when the PaC02 reaches 61lmmHg. These
patients are both considered alive, because they have integrative unity. However, the

latter patient has no more integrative unity than a brain dead patient. The breathing is



just an attempt to respire, not even enough to sustain the organism; it is not integration,
just an attempt at it [13]. The integration of the organism is present in this case

independent of brain activity, just as it is in brain death.

If ‘BA’ is death, there must be some concept of death other than integrative unity that it
satisfies; however, what this concept is has never been clarified. One candidate concept
of death may be the irreversible loss of the capacity for consciousness. Shemie suggests
as much when arguing that “it takes less than 20 seconds for cortical brain function to
stop after cardiac arrest ... any permanent absence of brain blood flow beyond 20
seconds will lead to permanent absence of brain function [1].” If it is true that death is
the irreversible loss of the capacity for consciousness, then we should be willing to
consider the patient in an irreversible vegetative state at “the point in time after which
consequences occur.” This means we should bury or cremate or autopsy or harvest
organs from patients in an irreversible vegetative state, while breathing and moving but
without consciousness [7]. Clearly, and in all countries, this concept of death fails, and
we are left with the persistent problem of somehow finding a concept of death that can

allow BD to be a criterion for death.

Avoiding the issue of the irreversibility of death of the organism (focusing on the
cell):

Shemie makes some statements about cellular death that at first seem relevant to the
discussion about death, but on reflection are not. He discusses that “the complete and

irreversible cessation of all cell life has become increasingly indefinable,” and “that at the



cellular level, ‘irreversible cessation of the entire brain’ is elusive [1].” He later writes
“The so-called time of death has always been an arbitrary moment within an overlapping
segment of decreasing vital functions and increasing quantity of cell death. No matter
how convenient it is to assume that death and life are opposite and that a patient is either
dead or alive, the process of death is a gradual event where organs and cells die at
different rates, depending on their resistance to the lack of oxygen. As a result, the
biology of death cannot be a moment...[1].” These statements about cellular death are
generally interesting, but are devoid of information relevant to determining the death of
the organism. The problem is that these variable times of death of each cell are not
directly related to the concept of death of the organism. The time of death is that moment
when the organism is dead and hence no longer alive; conceptually, it is the moment
when there is irreversible loss of integrative unity of the organism. The variable times of

death of each cell do not mean that death of the organism is “an arbitrary moment.”

We are being misled to believe that when defining a moment of death of the organism the
requirement is that all the cells of that organism have undergone necrosis. Shemie
implies that this is what critiques of DCD and BD require as the “line of ‘unequivocal
death’.” I do not believe that this has been required by the literature describing concerns
about DCD or BD. What has been required is that the organism that is dead is in an
irreversible state of no circulation such that the organism has lost integrative unity.
Pointing out that at the cellular level not all cells have undergone necrosis when death has
occurred is not contributing to the discussion about death at the organism level. This

interesting information detracts from the real issue: when has irreversible loss of



integration of the organism occurred? At present, we know that this has occurred when
there is an irreversible loss of circulation. There may be other criteria for death;
however, what these are, and how to justify them is unknown. If BD or DCD patients are
dead, they must satisfy some concept of death other than the “irreversible loss of the
integration of the organism as a whole;” however, this new concept of death has not been

described to date.

The issue of the irreversibility of death (irreversible usually means ‘not capable of
being reversed’):

Shemie suggests that death as a biological event “is relative to the context [in which it
occurs].” For example, “the ability to restore the circulation depends on the location of
the [cardiac] arrest, a predetermined ethical decision regarding level of medical
intervention, the types of interventions available..., and the types of interventions
actually used [1].” By this, he means “the issue is not whether the body or brain
circulation and function can be resumed (because it can), but rather, whether it will be
[1]” (i.e. the present state of death is contingent on a predicted future event, suggesting
backward causation [14]). What Shemie does not do is defend this point of view. He has
simply implied that he accepts this weak construal of irreversible loss of circulation. This
means that purported permanent cessation of circulation is equivalent to the irreversible
state of death. Why we should accept this weak construal of irreversible is nowhere
discussed or defended, other than stating that “DCD in particular, has by necessity
enhanced the rigour of the determination of death [1];” this, by clarifying that we mean

permanent loss of circulation which occurs at 2 minutes in Pittsburgh, 5 minutes in
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Canada, 10 minutes in some places in the United States and United Kingdom, and 20
minutes in Sweden [15-18]. One can argue that this clarification was developed solely

for organ donation (utilitarian) purposes.

The ethical concern of when to declare a person dead, with irreversible cessation of
circulation, is central to the debate regarding DCD. Many authors have argued for a
weak construal of irreversibility, whereby the state will not be reversed (i.e. there is a “do
not resuscitate” order and cardiac auto-resuscitation is not possible) [15,16]. This
construal is weaker than generally stated because it is actually based on the premise that
loss of circulation ought not be reversed, rather than will not be reversed. Others argue
for a stronger construal, whereby the state cannot be reversed even if resuscitation is
attempted [14,19,20]. With resuscitation attempted, absent circulation for over 10
minutes can be reversed and not result in death or BD. By the weak construal of
irreversibility, patients in the identical physiological state are dead or alive based on their
location and prediction of a future event (attempted resuscitation). What needs to be
decided is if it is sensible that one patient whose heart has stopped for 2 minutes (in
Pittsburgh) or 5 minutes (in Canada) is pronounced dead for organ donation, while
another identical patient whose heart has stopped for 5 minutes and then has CPR is not
pronounced dead and survives. The commonly held meaning of irreversible is ‘not
capable of being reversed;’ this means that after 10 or 15 minutes of absent circulation,
without the intention to intervene, the patient’s prognosis is death, and their physiological
state is dying [14]. It seems that the prognosis of death has been confused (or conflated)

with the diagnosis of death. Admitting that one can reverse the process of death is an
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admission that the individual is not dead. Is a drowning man dead because no one will

swim out to save him? Or is he merely going to die?

Was dead really so clear before organ donation? (the irreversibility of death was):
Shemie writes that “the so-called time of death ... is and always has been a line within an
overlapping segment of decreasing cell functions and increasing cell death...[1].” The
title of Shemie’s commentary asks “Was ‘dead’ really so clear before organ donation

[1]?” Isuggest that the notion of death was clear before organ donation.

Shemie writes that in diagnosing death in the past “Observation and confirmation was not
required and the irreversibility of death was not a practical concern, although diagnostic
errors were made [1].” Acknowledging that “diagnostic errors were made” shows that
what death is has been clear in the past. Outside the context of organ donation, when one
was claimed to be dead based on the irreversible loss of circulation, if the patient was
subsequently revived (by auto-resuscitation or by intervention) and clearly alive, one
simply had to admit that the pronouncement of death was incorrect. I do not believe that
in this situation one would continue to insist that the diagnosis of death was correct, and
that somehow the patient was revived from the irreversible state known as death. This
shows that death in the past was understood as an irreversible state of dis-integration of
the organism. However, in the context of DCD, we are now forced to “enhance the
rigour of the determination of death,” and would in this situation of revival have to
explain somehow that the patient in the irreversible (or “permanent”) state ‘death’ has

now somehow become alive. I do not know how proponents of DCD would explain this.



12

Auto-resuscitation (it cannot be dismissed so easily):

Two claims are made regarding resuscitation. First, Shemie claims that “the limits of
brain resuscitation are commonly quoted as 4-10 minutes [1].” While this may be
common teaching, it is inaccurate. The literature shows that in animals and humans,
absent circulation for over 10-15 minutes can be followed by resuscitation without BD.
This is not just survival of individual cells, it is survival of the organism as a whole
without the state of BD occurring. For example, Hossmann et al report a cat who
survived with integrative neurological function after one hour of global cerebro-
circulatory arrest at normothermia [21], and Kolata reported that 80% of 10 rabbits with
brain ischemia for 20 minutes and 75% of 4 rabbits with brain ischemia for 30 minutes
survived [22]. It is interesting that these animals were given heparin after the ischemia,
something done for DCD donors that may prevent injury to the brain. A study in Spain
of combined in and out of hospital arrests showed the following mortality at hospital
discharge with <4min, 4-10 min, 10-20min, and >20 min delay to start of CPR: 56.5%,

61.1%, 81%, and 100% [23].

The second claim is that “no autoresuscitation after withdrawal of life sustaining
treatment has been described beyond 2 minutes in the absence of CPR suggesting that the
provision of CPR is a confounding condition [1].” This claim merits careful scrutiny.
There are many cases of autoresuscitation described in the literature, and some have
indeed been hampered by inadequate monitoring [24]. Some cases have had constant

EKG monitoring with constant observation; 6 of these had autoresuscitation at 5-8
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minutes after absent circulation and asystole (implying also absent brain blood flow)
(Table 1) [25-30]. Some cases have had arterial line monitoring in addition to continuous
EKG and observation, with 3 of these having autoresuscitation at 3-5 minutes after absent
circulation and asystole (Table 1) [31-33]. Some cases with inadequate monitoring but
with constant observation were found to have autoresuscitated 8-10 minutes after absent
circulation with asystole (Table 1) [34-36]. It has been hypothesized that these cases may
be due to reversal of auto-PEEP once ventilation is stopped, or delayed delivery of
resuscitation drugs to the heart. These hypotheses seem inadequate to account for the
time delay of several minutes before autoresuscitation has occurred [37]. Auto-PEEP
resolves within seconds of stopping ventilation, as shown by studies documenting lung
derecruitment within seconds of disconnection from a ventilator [38]. Drug delivery to
the heart during asystole is difficult to explain. Attributing all the autoresuscitation cases

to CPR may be ill-advised considering that there have been no prospective studies.

Shemie claims that autoresuscitation after withdrawal of life sustaining treatment in the
absence of CPR has never been described [1]. This is based on data from studies that will
be scrutinized here [see Additional file 1] [39-43]. This data is limited by: poorly
described patient selection criteria, no description of whether there was continuous
clinical monitoring other than EKG, no arterial line monitoring, many patients who did
have resuscitation attempts, and only 5 cases where EKG monitoring was stated to have
continued more than 2 minutes after loss of cardiac activity [39-43]. A more recent
report of 12 patients who had withdrawal of ventilation after catastrophic brain injury

showed that 2 “showed a salvo of 5 to 20 heartbeats 1.23 and 6 minutes after asystole,
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followed by EKG silence. An arterial catheter in two of these patients did not record
measurable tracings during the cardiac activity. Four recordings showed broad undefined
complexes after 5, 7, 9, and 10 minutes after initial cardiac arrest...[44]” A report from
Pittsburgh on 15 DCD patients stated that “after 2 mins monitor activity was not
recorded, so continuously recorded data after this time are not available [45].” This
information suggests that the data is not adequate to state that autoresuscitation is

“extremely rare and is likely negligible [1].”

Laying my cards on the table:

I have argued that brain death is not death itself. It is a devastating neurological state
with a dismal prognosis, but not death. I agree with Shemie that it leads to death when
(and only when) ventilation is stopped, and therefore breathing stops, followed by cardiac
arrest, followed by irreversible loss of circulation. This results in an irreversible state of

loss of integration of the organism, and this is death.

Further, I believe that at 2 to 10 minutes after loss of circulation the DCD donor is not
dead. This is because there is not necessarily irreversible loss of circulation (i.e. loss of
circulation could still be reversed) and hence irreversible loss of integration of the
organism. When exactly this state of irreversibility occurs is an important question. At
present this is not known; however, it is known that it is not at even 10 minutes after

cardiac arrest.
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Whether I am challenging the practice of organ donation is another question. The
question is not whether organ donors are dead (because they are not). The question is
whether organs can be harvested before death from patients whose prognosis is death,
and hence be a contributing cause of death. My argument is that this is the current
practice, and this is also precisely what needs to be debated urgently. Is organ harvesting

before death violating respect for persons and using them as a means?

Conclusions:

This commentary suggests that many of the arguments in support of BD and DCD may
be questioned. If BD threatens life, and leads to death, it must not be death itself. If
intensive care only interrupts the way BD leads to death, then intensive care must take
over some of the brain functions, allowing the organism to be sustained indefinitely in a
state of integrative unity. If the DCD donor is dead after 2-5 minutes of cardiac arrest,
then patients in identical physiologic states actually are dead or alive depending on the
context, the state of death is contingent on a future event (whether resuscitation is
attempted), and the commonly used meaning of irreversible as 'not capable of being
reversed' is abandoned. The literature supporting the claim that autoresuscitation does
not occur in the context of no resuscitation attempts is more limited than usually
acknowledged. Several cases of autoresuscitation in the literature were well monitored
and described, suggesting that ignoring these cases may not be warranted. These
problems have major implications for the practice of medicine today. I suggest that brain

death is not death itself, and that the DCD donor is not dead even at 10 minutes after



absent circulation. Whether organs can be harvested before death from patients whose

prognosis is death should be debated urgently.

Competing interests:
The author declares that he has no competing interests.
Acknowledgements:

I have no funding source to declare.

16



17

References:

1. Shemie SD: Clarifying the paradigm for the ethics of donation and
transplantation: Was ‘dead’ really so clear before organ donation? Philos Ethics
Humanit Med 2007,2:18.

2. Shemie SD: Diagnosis of brain death in children: technology and the inadequate
lexicon of death. Lancet Neurol 2007;6:87-88.

3. President’s Commission for the Study of Ethical Problems in Medicine and
Biomedical and Behavioral Research: Defining Death: Medical, Legal and Ethical
Issues in the Determination of Death. Washington, D.C.: U.S. Government Printing
Office; 1981.

4. Bernat JL, Culver CM, Gert B: On the definition and criterion of death. Annals of
Internal Med 1981,94:389-394.

5. Shewmon DA: Chronic ‘“brain death”: meta-analysis and conceptual
consequences. Neurology 1998, 51:1538-1545.

6. Shewmon DA: The brain and somatic integration: insights into the standard
biological rationale for equating brain death with death. Journal of Medicine and
Philosophy 2001,26:457-478.

7. Truog RD: Is it time to abandon brain death? Hastings Center Report 1997,
27:29-37, 1997.

8. DeGrazia D: Identity, killing, and the boundaries of our existence. Phil & Public
Affairs 2003;31:413-442.

9. Green MB, Wikler D: Brain death and personal identity. Phil & Public Affairs

1980;9:105-133.



18

10. Kerridge IH, Saul P, Lowe M, McPhee J, Williams D: Death, dying and donation:
organ transplantation and the diagnosis of death. J Med Ethics 2002;28:89-94.

11. Zamperetti N, Bellomo R, Defanti CA, Latronico N: Irreversible apnoeic coma 35
years later: towards a more rigorous definition of brain death. Intensive Care Med
2004;30:1715-1722.

12. Veatch RM: Impending collapse of the whole-brain definition of death. Hastings
Center Report 1993;23:318-324.

13. Kamm FM: Brain death and spontaneous breathing. Phil & Public Affairs
2002;30:297-320.

14. Bartlett ET: Differences between death and dying. J Med Ethics 1995,21:270-
276.

15. Institute of Medicine, Potts J, Principle Investigator: Non-heart-beating organ
transplantation: medical and ethical issues in procurement. Washington, DC: National
Academy Press; 1997.

16 . Shemie SD, Baker AJ, Knoll G, Wall W, Rocker G, Howes D, Davidson J,
Pagliarello J, Chambers-Evans J, Cockfield S, Farrell C, Glannon W, Gourlay W, Grant
D, Langevin S, Wheelock B, Young K, Dossetor J: Donation after cardiocirculatory
death in Canada. CMAJ 2006,Suppl 175:S1-S24.

17. Sanner MA. Two perspectives on organ donation: experiences of potential
donor families and intensive care physicians of the same event. Journal Critical
Care, In Press.

18. Murphy PG: Controlled non-heart-beating organ donation in intensive care. Br

J Hosp Med 2007;68:298-301.



19

19. Menikoff J: Doubts about death: the silence of the Institute of Medicine. Journal
of Law, Medicine & Ethics 1998,26:157-165.

20. Lynn J: Are the patients who become organ donors under the Pittsburgh
Protocol for ‘“Non-Heart-Beating Donors” really dead? Kennedy Institute of Ethics
Journal 1993,3:167-178.

21. Hossmann KA, Schmidt-Kastner R, Ophoff BG: Recovery of integrative central
nervous function after one hour global cerebro-circulatory arrest in normothermic
cat. J Neurological Sciences 1987,77:305-320.

22. Kolata RJ: Survival of rabbits after prolonged cerebral ischemia. Stroke
1979,10:272-277.

23. Lopez-Herce J, Garcia C, Cominguez P, Carrillo A, Rodriguez-nunez A, Calvo C,
Delgado MA: Characteristics and outcome of cardiorespiratory arrest in children.
Resuscitation 2004; 63: 311-320.

24. DeVita MA: The death watch: certifying death using cardiac criteria. Prog
Transpl 2000,10:2-10.

25. Letellier N, Coulomb F, Lebec C, Brunet JM: Recovery after discontinued
cardiopulmonary resuscitation. Lancet 1982,1:1019.

26. Voelckel W, Kroesen G: Unexpected return of cardiac action after termination
of cardiopulmonary resuscitation. Resuscitation 1996,32:27-29.

27. MacGillivray RG: Spontaneous recovery after discontinuation of

cardiopulmonary resuscitation. Anesthesiology 1999,91:585-586.



20

28. Rosengarten PL, Tuxen DV, Dziukas L, Scheinkestel C, Merrett K, Bowes G:
Circulatory arrest induced by intermittent positive pressure ventilation in a patient
with severe asthma. Anaesth Intensive Care 1991,19:118-121.

29. Abdullah RS: Restoration of circulation after cessation of positive pressure
ventilation in a case of “Lazarus syndrome”. Anesth Analg 2001,93:241.

30. Al-Ansari MA, Abouchaleh M, Hijazi MH: Return of spontaneous circulation
after cessation of cardiopulmonary resuscitation in a case of digoxin overdosage.
Clinical Intensive Care 2005,16:179-181.

31. Frolich MA: Spontaneous recovery after discontinuation of intraoperative
cardiopulmonary resuscitation: case report. Anesthesiology 1998,89:1252-1253.
32. Casielles Garcia JL, Gonzalez Latorre MV, Fernandez Amigo N, Guerra Velz A,
Cotta Galan M, Bravo Capz E, de las Mulas Bejar M: Lazarus phenomenon:
spontaneous resuscitation. Revista Espanola de Anestesiologia y Reanimacion
2004,51:390-394.

33. Maleck WH, Piper SN, Triem J, Boldt J, Zittel FU: Unexpected return of
spontaneous circulation after cessation of resuscitation (Lazarus phenomenon).
Resuscitation 1998,39:125-128.

34. Quick G, Bastani B: Prolonged asystolic hyperkalemic cardiac arrest with no
neurologic sequelae. Ann Emerg Med 1994,24:305-311.

35. Ben-David B, Stonebraker VC, Hershman R, Frost CL, Williams HK: Survival
after failed intraoperative resuscitation: a case of “Lazarus syndrome”. Anesth

Analg 2001,92:69-692.



21

36. Monticelli F, Bauer N, Meyer HJ: Lazarus phenomenon: current resuscitation
standards and questions for the expert witness. Rechtsmedizin 2006,16:57-63.

37. Adhiyaman V, Sundaram R: The Lazarus phenomenon. J R Coll Physicians
Edinb 2002,32:9-13.

38. Neumann P, Berglund JE, Fernandez Mondejar E, Magnusson A, Hedenstierna G:
Dynamics of lung collapse and recruitment during prolonged breathing in porcine
lung injury. J Appl Physiol 1998,85:1533-1543

39. Stroud MW, Feil HS: The terminal electrocardiogram: twenty three case reports
and a review of the literature. Am Heart J 1948,35:910-923.

40. Enselberg CD: The dying human heart: electrographic study of forty three
cases, with notes upon resuscitative attempts. Arch Intern Med 1952, 90:15-29.

41. Robinson GC: A study with the electrocardiogram of the mode of death of the
human heart. J Exp Med 1912, 16:291-302.

42. Willius FA: Changes in the mechanism of the human heart preceding and
during death. Med J Record 1924, Suppl 119:44-50.

43. Rodstein M, Bornstein A: Terminal ECG in the aged: electrocardiographic,
pathological, and clinical correlations. Geriatrics 1970,25:91-100.

44. Wijdicks EFM, Diringer MN: Electrocardiographic activity after terminal
cardiac arrest in neurocatastrophies. Neurology 2004,62:673-674.

45. DeVita MA, Snyder JV, Arnold RM, Siminoff LA: Observations of withdrawal of
life-sustaining treatment from patients who become non-heart-beating organ

donors. Crit Care Med 2000,28:1709-1712.



Table 1: Selected reported cases of autoresuscitation.
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Author Age (yr) | Diagnosis | Rhythm | Min* | Outcome EKG | AL | Obs**

Letellier [25] | 80 Pulmonary | asystole |5 normal + - +
edema

Voekkel [26] | 55 Sudden asystole |7 death at 3d | + - +
death

MacGillivray | 76 COPD asystole 5 death 24hr | + - +

[27] later

Rosengarten | 36 asthma EMD 5 normal + - +

(28]

Abdullah 93 sepsis asystole |5 not stated + ? +

[29]

Al-Ansari 63 COPD asystole |3 normal + - +

[30]

Frolich [31] | 67 MI asystole |5 normal d3; | + + +

death d7

Casielles- 94 hemorrhag | EMD 3 death at + + +

Garcia [32] e 18d

Maleck [33] | 80 sepsis asystole | <5 deathatd2 | + + +

Quick [34] 70 hyperkale | asystole |8 normal - - +
mia

Ben-David 66 sudden VF | asystole | 10 normal - - +

[35]
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Monticelli et

al [36]

78

MI

asystole

>10

death at

19hr

AL: arterial line; COPD: chronic obstructive pulmonary disease; EKG:

electrocardiogram; EMD: electromechanical dissociation; MI: myocardial infarction; VF:

ventricular fibrillation. *Min: time in minutes from stopping resuscitation in the stated

rhythm to return of circulation. **QObs: refers to continuous clinical bedside observation.
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Additional Files.

Additional file 1

File format: Microsoft Word Doc

Title: Case series documenting lack of auto-resuscitation.

Description: The table provides details of the studies quoted by several groups to justify
the claim that auto-resuscitation does not occur after more than 2 minutes after

withdrawal of life support. The limitations of these studies are described in the table.
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