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ABSTRACT 

 
The aim of this study is to evaluate whether auditory event-related potentials can predict the 
prognosis of recovery from coma resulting from different etiologies. The results of this study 
could then be used as an adjuvant test in helping the clinician evaluate patients in coma. 
We performed P300 auditory event-related potentials on 21 patients who developed a state of 
coma at our institution. We compared the results to the Glasgow coma scale at the onset of 
coma, on day 3, and day 21.  
We found that patients who developed coma secondary to cardiopulmonary arrest had no 
P300, and did not develop one, irrespective of their GCS, or their survival. Patients who de-
veloped coma from causes other than cardiopulmonary arrest who had a P300 at the onset of 
their coma, or developed one in the days that followed, ended up surviving their coma. On the 
other hand, patients in coma from non-cardiac causes who did not have, or developed a P300, 
did not survive their coma. 
We concluded that P300 had no prognostic value in coma secondary to anoxic brain injury, 
while it was an indicator of good prognosis if it was present in patients in coma from non-
anoxic causes. 
 
Keywords: P300, prognosis, coma, electrophysiology, cardiac arrest, awakening, survival, 
vegetative state 
 

 
INTRODUCTION 

 
Predicting the likelihood of waking up 

from a comatosed state is an important is-
sue for the physician and the family of the 
patient. Clinical assessment cannot estab-
lish the prognosis of coma with confidence, 
especially in the early stages of coma. Tests 
in current use for this purpose are either a 
function of global cerebral function (EEG), 
morphology (MRI), blood flow and me-
tabolism (SPECT, PET) or specific sensory 
modalities (sensory evoked potentials) (De 
Giorgio et al., 1993). 

The P300 event related potential, on the 
other hand, is a reflection of cognitive proc-
essing. It is a scalp-recorded positive wave 
occurring approximately 300 msec after the 
onset of either an auditory or visual stimu-
lus. This response indicates that the brain 
actually perceives a certain incoming stimu-
lus as different or special (Lew et al., 1999). 
The P300 is invoked by rare or unpredict-
able task-relevant stimuli. Its amplitude is 
influenced by task relevance and stimulus 
probability and is maximal over centropa-
rietal recording sites (Yamagushi and 
Knight, 1991; Baguley et al., 1997). 
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In the past the P300 event related poten-
tial was thought to exist only using an ac-
tive paradigm while the patient is awake 
and responding to the stimuli administered 
(Squires et al., 1976; Johnson and Donchin, 
1978; Polich, 1989). Many studies after that 
have shown that P300 can be elicited in pa-
tients with altered levels of consciousness 
using a passive paradigm (Polich, 1989; 
Reuter and Linke, 1989; Gott et al., 1991; 
Signorino et al., 1995; Mazzini et al., 2001). 
The passive paradigms can provide similar 
information as active discrimination tasks, 
but that amplitude differences between the 
procedures may make component meas-
urement difficult even though peak latency 
may be the variable of major interest (Po-
lich, 1989; Kane et al., 1993). 

We attempted to study the existence or 
development of P300 in coma from cardio-
pulmonary arrest versus non-cardiac coma, 
in relation to the end stages of awakening or 
death. 

 
MATERIAL AND METHODS 

 
The patients that were included in the 

study were patients who presented to the 
emergency room with sudden onset of coma 
or who developed a comatosed state in hos-
pital secondary to a medical or neurologic 
illness. 

Twenty one patients were studied pro-
spectively. Thirteen patients went into coma 
after sustaining cardiac arrest and cerebral 
hypoxia. Eight patients became comatosed 
secondary to other reasons, such as in-
tracerebral bleeding, head trauma, electric 
shock, sepsis, and brain tumors (Table 1).  

 
The patients were assessed by one or 

both authors. Glasgow coma scales (GCS), 
brain stem auditory evoked responses 
(BAER), and P300 tests were performed on 
all the patients, on admission, as detailed 
below. The patients underwent another neu-
rologic examination, GCS, and P300 testing 
at day 3 and 21 if he/she survived the coma. 

Patients who sustained cardiac arrest 
ranged from 26–71 years of age with a 
mean of 59.8 years. All were males except 

one female patient. One patient was 26 
years old and sustained cardiac arrest sec-
ondary to drug intoxication. The duration of 
the asystole ranged from 5 to 45 minutes.  

Patients who sustained coma from 
causes other than cardiac arrest ranged be-
tween 23 and 73 years of age, with a mean 
of 43 years. Six were males and two were 
females. Two patients sustained head 
trauma secondary to motor vehicle acci-
dents, one had an intraventricular tumor 
causing acute hydrocephalus, one sustained 
cerebral hemorrhage secondary to uncon-
trolled hypertension, two had an encephali-
tis, possibly undiagnosed herpes simples 
infection, one sustained an electric shock, 
and one suffered from septicemia. 

The P300 auditory event related poten-
tial was performed bedside using a portable 
EMG apparatus and headphones. The para-
digm used was the passive auditory oddball 
paradigm using binaural stimulation at 1000 
Hz for the frequent tones and 2000 Hz for 
the rare tones presented at 85 decibels. A 
total of 100 tones were delivered at 1.1/sec 
with rare tones occurring randomly with a 
probability of 20 %. Recordings were made 
from scalp electrodes placed at Cz and Pz 
referenced to linked A1 and A2. The filter 
bandpass was 1–40 Hz. Analysis time was 
750 msec. Responses with artifact were 
automatically rejected, and trials were rep-
licated to determine reproducibility. A P300 
was determined to be present if a well-
defined positive peak occurred, and that in 
response to rare tones not to frequent tones, 
irrespective of its latency (De Giorgio et al., 
1993).  

The study has been funded by the 
Medical Practice Plan of the Medical Cen-
ter where the research was performed. In-
formed consent was received from the near-
est of kin. 
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Table 1: Patients’ demographics, diagnosis, GCS and P300 on admission and follow up, and outcome upon discharge.  
 
 

 Age Sex Diagnosis 
Duration 
(minutes) 

GCS 
admission

GCS 
day 3 

GCS 
day 21 

P300 ad-
mission 

P300 
day 3 

P300 
day 21 Outcome  

1 58 M asystole 30 3 10 9 absent absent absent discharged 
2 62 M asystole  3 3 3 absent absent absent death 
3 63 M asystole 20 6 - - absent - - death 
4 71 M asystole 5 3 - - absent - - death 
5 51 M asystole 45 5 - - absent - - death 
6 71 M asystole 10 6 3 - absent absent - death 
7 69 M asystole 30 3 - - absent - - death 
8 61 M asystole 30 3 3 - absent absent - death 
9 68 M asystole 10 4 3 - absent absent - death 
10 51 M asystole 5 3 7 7 absent absent absent discharged 
11 58 M asystole  4 - - absent - - death 
12 69 F asystole  3 - - absent absent - death 
13 26 M asystole 10 4 6 6 absent absent absent vegetative 
14 73 F hemorrhage  4 - - absent - - death 
15 73 M head trauma  7 7 - 232 300 304 discharged 
16 26 M head trauma  4 - - absent - - death 
17 26 M electric shock  3 7 7 absent 317 - discharged 
18 23 M encephalitis  4 12 15 absent 469 380 discharged 
19 37 M tumor  4 5 7 absent absent absent vegetative 
20 42 M sepsis  6 3 - absent absent - death 
21 45 F encephalitis  6 7 9 615 450 - discharged 
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RESULTS 
 

All the patients were admitted to the 
hospital for treatment. They were followed 
up by the authors until death in the hospital 
or discharge. Fourteen patients (66.7 %) 
died in hospital, five patients (23.9 %) were 
discharged home alive, and two patients 
(9.5 %) remained in hospital in a vegetative 
state. 

Patients who sustained a comatosed 
state after cardiopulmonary arrest (13 pa-
tients) had their GCS on admission between 
3 and 6. All the patients had normal BAERs 
from both ears. Three out of the 13 patients 
had an improvement in their GCS from 3 or 
4, to 6, 7 and 9. Except these three patients, 
all the patients died in hospital between 3 
and 20 days. The three patients who had an 
improvement in their GCS were eventually 
discharged home or to another hospital 
alive. On follow up one of them had died 
several months after discharge. None of 
these 13 patients had a P300 response nei-
ther on presentation nor upon follow up. 

Patients who sustained coma from non-
cardiac causes (8 patients) had their GCS 
between 3 and 7. All the patients had nor-
mal BAERs from both ears. Two of the 
eight patients who had their GCS on admis-
sion of 4, with no improvement in the fol-
lowing days, died 3 days after admission. 
One patient had a deterioration of his GCS 
form 6 to 3 and died 16 days after admis-
sion. These patients had no P300 response.  

The remaining five patients had an im-
provement of their GCS, in-spite of an ad-
mission GCS of 3 or 4 in some of them. 
One patient had his GCS stable at 7 
throughout his stay in hospital. One of these 
patients never had a P300. Two did not 
have a P300 on admission, but developed a 
wave at 317 and 380 msec on follow up. 
One patient had a stable wave with a la-
tency of 232–304 msec. The last patient had 
a wave at 615 msec., which dropped down 
to 450 msec, simultaneously with the im-
provement of his GCS (Figure 1). These 
patients remained alive in hospital or were 
discharged home. 

 
 
Figure 1: Samples of P300 waves in two pa-
tients. Stimulation with frequent and rare tones 
were applied by headphones to the patient’s 
ears. Recording of the P300 cortical wave from 
the Cz electrode applied on the scalp. X-axis 
represents time in milliseconds. Y-axis repre-
sents amplitude in microvolts. Positivity up-
wards. 
 

DISCUSSION 
 

All the patients who sustained a coma-
tosed state secondary to cardiac arrest, and 
thus diffuse cerebral anoxia, never had a 
P300, neither on admission, nor on follow 
up. This finding was irrespective of the 
GCS on admission, which was 3 or 4 in 
most cases, but even reached 6 in one case. 
The P300 wave also did not appear in pa-
tients with cardiac arrest who had an im-
provement in their GCS to 9. In fact, the 
patients who had an improvement in their 
GCS to 6 or 9 eventually were discharged 
from hospital alive in spite of their persis-
tently absent P300. Similar findings were 
reported by De Giorgio et al., who found 
that the presence of P300 is a good predic-
tor of awakening, but its absence is not a 
predictor of bad prognosis (De Giorgio et 
al., 1993). Other authors who studied P300 
in non-traumatic coma found that the pres-
ence of the P300 wave was associated with 
awakening, but they did not differentiate 
the causes of coma between anoxic and 
non-anoxic. In fact, their patients who did 
not have a P300 had anoxic causes for their 
coma (Gott et al., 1991). 

P300 is absent in as many as one-sixth 
of fully conscious, alert cooperative indi-
viduals, whether an auditory or visual target 
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is used (Donchin et al., 1986). Thus, the 
absence of a P300 response in a comatose 
patient does not necessarily point to a worse 
prognosis. Our results concerning patients 
who develop coma secondary to cardiac 
arrest seem to agree with the literature, and 
confirm that there is no role for P300 analy-
sis on admission in patients with cardiac 
arrest, as this test will not have any prog-
nostic value (O’Mahony et al., 1990; 
Yingling et al., 1990).  

The P300 analysis in patients who be-
come comatosed secondary to causes other 
than cardiac arrest, such as cerebral hemor-
rhage, head trauma, or brain tumors has a 
better prognostic value. Patients who have a 
P300 wave on admission, irrespective of its 
value, even above 600 msec, and irrespec-
tive of their admission GCS, will eventually 
survive their coma. Patients who do not 
have a P300 wave on admission, but de-
velop a wave in the following days, irre-
spective of its value, will also survive their 
coma. This condition seems also to be in-
dependent of the baseline GCS level, as the 
2 patients that fell in this category had a 
GCS of 3 and 4. Patients who never re-
vealed a P300 wave, neither on admission, 
nor in the days or weeks that followed did 
not survive their coma. One patient had a 
slight improvement in his GCS level from 4 
to 7 over 3 weeks, but never had a P300 
wave. This patient remained in a vegetative 
state and was then discharged in this condi-
tion from hospital and was lost to follow 
up. 

These results seem to conclude that the 
existence of a P300 wave on admission or 
in the days that followed is a good prognos-
tic sign for survival in patients who develop 
coma from causes other than cardiac arrest. 
It is worth mentioning that the GCS on 
presentation did not correlate with progno-
sis, as patients with a baseline GCS of 3 or 
4 ended up dying or surviving the comato-
sed state. It is the improvement in the value 
of the GCS or its stability over time at a 
“good” level, such as 7, that correlated with 
a good prognosis.  In fact, it is the existence 
or development of a P300 wave which cor-
related with the improvement of the GCS 

and a favorable prognosis in patients who 
develop coma from non cardiac causes.  

Similar findings have been reported in 
coma patients secondary to severe traumatic 
brain injury. A positive correlation was 
found between the presence of a P300 wave 
and recovery from coma. Nevertheless, the 
absence of a P300 did not preclude a good 
prognosis in this form of coma (Greenberg 
and Ducker, 1982; Doebrich et al., 1986). 
The P300 could be associated with an 
automatic orienting of attention towards the 
stimulus and not just with a nonspecific 
level of alertness (Mazzini et al., 2001). 
The abnormality of P300 in patients with 
brain concussions and its improvement with 
the clinical amelioration of consciousness 
further emphasizes the value of P300 as a 
reflection of cognition (Pratap-Chand et al., 
1988). Preservation of the P300 in coma is 
most likely dependent on the sparing of one 
or more of the anatomical generators for 
this potential, mainly the hippocampus, 
frontal cortex, and parietal cortex  (Gott et 
al., 1991; Kropotov and Ponomarev, 1991).  

One can thus say that the P300 has a 
limited prognostic value for survival when 
used alone because its presence is a good 
predictor of awakening, but its absence is 
not a predictor of bad prognosis, and there-
fore it must be associated with other neuro-
physiological tests (SEPs, BAERs, EEG) 
and clinical evaluation.  

In conclusion, attempting to measure a 
P300 wave in patients who sustain a coma-
tosed state following cardiac arrest is of no 
use in determining the prognosis for sur-
vival. It is better to rely on the direction and 
degree of change of the GCS and somato-
sensory evoked potentials. On the other 
hand, any P300 value on admission, or fol-
low up, in patients who develop coma sec-
ondary to a non-cardiac cause, is a good 
indicator of survival irrespective of the 
GCS on admission. Even if the absence of 
P300 in comatosed patients does not have 
any prognostic value, their presence implies 
a high probability of conscious recovery. 

It is important to point out that this pro-
spective study is limited by the small num-
ber of patients in both categories. Neverthe-
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less, there seems to be a trend between the 
causes of coma, clinical evolution, direction 
of change in the GCS, and the P300. A 
more extensive study would be necessary to 
evaluate further the value of P300 in the 
prognosis of coma.  

 
REFERENCES 

 
Baguley IJ, Felmingham KL, Lahz S, Gor-
dan E, Lazzaro I, Schotte DE. Alcohol 
abuse and traumatic brain injury: effect on 
event-related potentials. Arch Phys Med 
Rehabil 1997;78:1248-53. 
 
De Giorgio CM, Rabinowicz AL, Gott PS. 
Predictive value of P300 event-related po-
tentials compared with EEG and somato-
sensory evoked potentials in non-traumatic 
coma. Acta Neurol Scand 1993;87:423-7. 
 
Doebrich HM, Nau HE, Lodeman E, Zerbin 
D, Schmit-Neuerburg KP. Evoked poten-
tials assessment of mental function during 
recovery from severe head injury. Surg 
Neurol 1986;26:112-8. 
 
Donchin E, Miller GA, Farwell LA. The 
endogenous components of the event-
related potential - a diagnostic tool? Prog 
Brain Res 1986;70:87-102. 
 
Gott PS, Rabinowicz AL, De Giorgio CM. 
P300 auditory event-related potentials in 
non-traumatic coma. Arch Neurol 1991;48: 
1267-9. 
 
Greenberg RP, Ducker TB. Evoked poten-
tials in the clinical neurosciences. J Neuro-
surg 1982;56:1-18. 
 
Johnson R, Donchin E. On how P300 am-
plitude varies with the utility of the eliciting 
stimuli. Electroencephalogr Clin Neuro-
physiol 1978;44:424-37. 
 
Kane NM, Curry SH, Butler SR, Cummins 
BH. Electrophysiological indicator of 
awakening from coma. Lancet 1993;341: 
688. 
 

Kropotov JD, Ponomarev VA. Subcortical 
neuronal correlates of component P300 in 
man. Electroencephalogr Clin Neurophysiol 
1991;78:40-9. 
 
Lew HL, Slimp J, Price R, Massagli TL, 
Robinson LR. Comparison of speech-
evoked v tone-evoked P300 response. Im-
plications for predicting outcomes in pa-
tients with traumatic brain injury. Am J 
Phys Med Rehabil 1999;78:367-71. 
 
Mazzini L, Zaccala M, Gareri F, Giordano 
A, Angelino E. Long-latency auditory-
evoked potentials in severe traumatic brain 
injury. Arch Phys Med Rehabil 2001;82: 
57–65. 
 
O’Mahony D, Rowan M, Walsh JB, Coak-
ley D. P300 as a predictor of recovery from 
coma. Lancet 1990;336(8725):1265-6. 
 
Polich J. P300 from a passive auditory 
paradigm. Electroencephalogr Clin Neuro-
physiol 1989;74:312-320. 
 
Pratap-Chand R, Sinniah M, Salem FA. 
Cognitive evoked potential (P300): a metric 
for cerebral concussion. Acta Neurol Scand 
1988;78:185-9. 
 
Reuter BM, Linke DB. P300 and coma. In: 
Maurer K (ed): Topographic brain mapping 
of EEG and evoked potentials. Berlin: 
Springer-Verlag, 1989:192-6. 
 
Signorino M, D’Acunto S, Angeleri F, Pie-
tropaoli P. Eliciting P300 in comatose pa-
tients. Lancet 1995;345(8944):255-6. 
 
Squires K, Wickens C, Squires N, Donchin 
E. The effect of stimulus sequence on the 
waveform of the cortical event-related po-
tential. Science 1976,193:1142-6. 
 
Yamaguchi S, Knight RT. P300 generation 
by novel somatosensory stimuli. Electroen-
cephalogr Clin Neurophysiol 1991;78:50-5. 
 



EXCLI Journal 2009;8:234-240 – ISSN 1611-2156 
Received: June 27, 2009, accepted: November 18, 2009, published: December 1, 2009 

 

240 

Yingling CD, Hosobughi Y, Harrington M. 
P300 as a predictor of recovery from coma. 
Lancet 1990;336(8719):873. 


