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ABSTRACT

Background. Out-of-hospital cardiac ar-
rest (OHCA) is associated with a high 
mortality rate in the elderly. Although 
most reports have investigated among el-
derly patients with OHCA until 1990s, 
non-invasive monitorings cannot pres-
ently predicted cerebral resuscitation dur-
ing cardiopulmonary resuscitation (CPR). 
Findings of a previous study suggest that 
monitoring of middle latency auditory 
evoked potentials (MLAEP) during CPR 
could provide an indicator of effective 
post-resuscitation survival.
Objectives. We speculated that the MLAEP 
index (MLAEPi), measured in an emer-
gency room, can predict post-resuscita-
tion survival among elderly patients with 
OHCA. 
Methods. This prospective study included 
31 elderly patients aged ≥65 years with 
OHCA who received basic life support 
(BLS) and did not achieve restoration of 
spontaneous circulation (ROSC) until ar-
rival at the emergency center between 
December 2010 and December 2011. All 
patients were administered advanced car-
diac life support (ACLS) in the emergency 
room. Initial MLAEPi was measured using 
an MLAEP monitor (aepEX plus®, Audi-
omex, UK) during the first cycle of ACLS. 
Prediction of the post-resuscitation sur-
vival was investigated. 
Results. Eight patients who achieved ROSC 
were admitted to our hospital and 23 did 
not achieve ROSC in the emergency room. 
Initial MLAEPi was significantly higher in 
patients with than without ROSC (median, 
33 vs. 26, p = 0.02). Three survivors, among 
patients with ROSC, were discharged from 
our hospital (survivors) and 5 died dur-
ing hospitalization (non-survivors). Initial 

MLAEPi was significantly higher in sur-
vivors than in non-survivors (median, 35 
vs. 28, p = 0.03) or patients without ROSC 
(median, 35 vs. 26, p < 0.01). 
Conclusions. MLAEPi satisfactorily de-
notes cerebral function and predicts post-
resuscitation survival in elderly popula-
tions.
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INTRODUCTION

Out-of-hospital cardiac arrest (OHCA), 
which is associated with a high mortality 
rate, is one of the most common causes 
of death. One study found that the over-
all one month survival rate was 6.9% and 
the rate of good neurological outcome was 
2.8% in elderly with OHCA. (1) Although 
most published reports in the 1990s and 
2000s have investigated OHCA among 
elderly patients, non-invasive monitor-
ing of elderly patients with OHCA cannot 
presently predict cerebral resuscitation 
during cardiopulmonary resuscitation 
(CPR). (2-4) They describe studies of adult 
populations during the early phase of 
post-resuscitation, but the findings of an 
animal study suggest monitoring of audi-
tory evoked potentials (AEPs) during CPR 
could provide an indicator of effective re-
suscitation and post-resuscitation survival. 
(5-8) Moreover, a recent report suggests 
that the components of middle latency au-
ditory evoked potentials (MLAEPs), which 
are derived from AEPs, might predict post-
resuscitation outcomes. (9)
Middle latency auditory evoked potentials 
can provide a good indicator of conscious-

ness levels during anesthesia. (10) Data of 
AEPs or MLAEP are usually intermittently 
generated using large dedicated instru-
ments. Analyzing waveforms of MLAEP 
might be challenging in an emergency 
room delivering emergency care. The 
MLAEPs monitor (aepEX plus®, Audi-
omex, Glasgow, Scotland, UK) is the first 
mobile MLAEPs monitor that is available 
for measurement of the depth of anes-
thesia. (11) It continuously generates an 
MLAEP index (MLAEPi), which is a di-
mensionless number scaled between 100 
(wide awake) and 0 (no brain activity), 
with differences between successive seg-
ments of the curve constructed from its 
amplitude (figure 1).
We thus speculated that the initial MLAE-
Pi, determined upon arrival at the emer-
gency department (ED), can indicate 
cerebral function and predict post-resusci-
tation survival among elderly patients with 
OHCA. 

MATERIALS AND METHODS

Hospital and setting

This study took place at the Emergency 
Center between December 2010 and De-
cember 2011. The ethics committee of the 
institution approved the study design, and 
informed consent was obtained from the 
patient’s next of kin or a posteriori from 
the patients themselves, when possible, 
after emergency resuscitation, because 
monitoring was non-invasive and non-
randomized.

Patients

All calls concerning OHCA to call centers 
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were immediately transferred to the fire 
department rescue teams located closest to 
the victims. Paramedics immediately start-
ed basic life support (BLS) including exter-
nal cardiac massage, airway management 
or ventilation and semi-automatic defibril-
lation. Japan is divided into distinct medi-
cal regions, and victims are dispatched to 
emergency centers at regional hospitals. 
Upon arrival at an emergency center, an 
emergency medical team, comprising par-
amedics, nurses, residents and senior phy-
sicians specialized in emergency medicine, 
provides advanced cardiac life support 
(ACLS) according to current resuscitation 
guidelines. (12) All elderly patients with 
OHCA received basic life support (BLS) 
from bystanders or paramedics within 1 
h of collapse. We excluded patients aged 
younger than 65 years, those who arrived 
over one hour after collapse, those who 
achieved restoration of spontaneous cir-
culation (ROSC) before arrival at hospital, 
bedridden patients and those with trauma, 
tympanic injury or terminal diseases. 
We defined cardiac arrest as the absence 
of both spontaneous breathing and a pal-
pable carotid pulse including asystole, 
pulseless electrical activity (PEA) or ven-
tricular fibrillation (Vf)/ventricular tachy-
cardia (VT). The present study included 
all patients with OHCA who received BLS 
from bystanders or paramedics within one 
hour of collapse and who did not achieve 
sequential ROSC until arrival at the emer-
gency center. All patients did not receive 
any sedation or neuromuscular blockers 
before measurement of initial MLAEPi at 
the emergency rooms. 

Middle latency auditory evoked poten-
tial index (MLAEPi)

The MLAEPi was continuously calculated 
using the aepEX plus® from information 
provided by sensor electroencephalogram 
(EEG) electrodes affixed to the patient’s 
middle (ground electrode) and right fore-

head (active electrode) as well as the right 
mastoid (active electrode), after cleaning 
the skin with 70% isopropanol. An emer-
gency medical physician also applied ear-
phones to determine auditory stimuli. 
The AEP was elicited with bilateral click 
stimuli via earphones at an intensity of <60 
dB for a nominal frequency of 6.9 Hz. The 
detected AEPs are consecutively extracted 
from the raw EEG signal, which reflects 
the brainstem auditory-evoked potential 
and the MLAEP by the internal processor. 
The aepEX values are closely related to the 
AEP waveforms and are calculated as the 
sum of square roots of the absolute differ-
ence between every two successive 0.56 
ms segments of the AEP waveforms. The 
aepEX continuously generates an MLAEP 
index (MLAEPi), which is a dimensionless 
number scaled between 100 (wide awake) 
and 0 (no brain activity).

Intervention and data collection

All patients with OHCA who did not show 
ROSC until arrival at the emergency center 
were then administered ACLS, and MLAE-
Pi was immediately measured during the 
first cycle of ACLS. The measurement of 
MLAEPi was performed by 1 emergency 
physician (JT) at the ED and the data was 
blinded to other emergency physicians 
during resuscitation. The measurement of 
MLAEPi did not affect standard ACLS and 
post-resuscitation management proce-
dures in the emergency rooms. In patients 
who showed ROSC, the MLAEPi was 
measured at ROSC and at 1 h after ROSC. 
The following patient characteristics were 

retrieved from charts and electrocardio-
grams: age, gender, medical history, body 
temperature, blood values (pH, lactate 
levels, and base excess), first recorded 
electrical rhythm by the EMS or bystand-
ers, whether the OHCA was witnessed by 
a bystander or not, whether the bystander 
performed CPR or not, resuscitation inter-
vals, whether or not the Emergency Medi-
cal Service (EMS) or bystander attempted 
defibrillation, as well as post-resuscitation 
outcomes at 3 months after OHCA. (13)
Statistical analysis
Data from all eligible patients were ana-
lyzed. Continuous variables are shown as 
median values with interquartile ranges. 
Between-group differences were statisti-
cally assessed using the Mann-Whitney U-
test for continuous variables and Fisher’s 
exact test for categorical variables using 
Prism version 5.0d (GraphPad Software, 
San Diego, CA, USA) as appropriate. Cat-
egorical variables were calculated as ratios 
(%) of the frequency of occurrence. Statis-
tical significance was indicated at the level 
of 0.05. 

RESULTS

Clinical characteristics

We identified 31 elderly patients with 
OHCA who received BLS in the pre-hospi-
tal setting. Among patients, 8 with ROSC 
were admitted to our intensive care unit 
(ICU) and 23 did not achieve ROSC upon 
resuscitation in the emergency room. Ta-
ble 1 compares their baseline characteris-
tics. There was no significant difference in 
the number of patients undergoing thera-
peutic hypothermia after resuscitation 
between the group with ROSC and non-
ROSC. Initial MLAEPi was significantly 
higher in patients with than without ROSC 
(median, 33 vs. 26, p = 0.02). 

Figure 1. The aepEX equipment Figure 2. Initial middle latency auditory 
evoked potential index (MLAEPi) among 
survivors, non-survivors and patients 
without restoration of spontaneous circula-
tion (ROSC). Boxes plotted groupwise 
indicate medians and interquartiles with 
extreme values as whiskers. 
survivors vs. non-survivors (p = 0.03) and 
survivors vs. patients without ROSC (p < 
0.01). 

Figure 3. Changes of middle latency audi-
tory evoked potential index (MLAEPi) 
among survivors and non-survivors.
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With regard to survival, 3 patients who 
achieved ROSC were discharged from our 
hospital (survivors) but the other 5 died 
(non-survivors) during hospitalization. 
There was no significant difference in the 
number of patients undergoing therapeutic 
hypothermia after resuscitation between 
survivors and non-survivors (number, 2 
vs. 6, p=0.16). Figure 2 shows the MLAEPi 
records of survivors, non-survivors and 
patients without ROSC. Initial MLAEPi 
was significantly higher in survivors than 
in non-survivors (median, 35 vs. 28, p = 
0.03) and patients without ROSC (me-
dian, 35 vs. 26, p < 0.01). Although initial 
MLAEPi and MLAEPi at achieving ROSC 
were not significantly different between 
survivors and non-survivors in the ED, the 
MLAEPi at 1h after achieving ROSC was 
significantly different (median, 53 vs. 36, P 
= 0.04) (figure 3).

DISCUSSION

This study is the first to evaluate the MLAE-
Pi of elderly populations with OHCA in an 
emergency center. Our results showed that 
initial MLAEPi of survivors is significantly 
higher than in non-survivors or patients 
without ROSC. These results indicate that 
MLAEPi can detect cerebral function dur-
ing CPR in the ED and might increase the 
certainties of a bad prognosis leading to 
earlier cessation of resuscitation in emer-
gency centers among elderly populations 
with OHCA.
Out-of-hospital cardiac arrest, which is as-
sociated with a high mortality rate, is one 
of the most common causes of death. In 
a Japanese nationwide study among the 

elderly population, the overall one month 
survival rate was 6.9% and the rate of good 
neurological outcomes was 2.8%, after 
OHCA. (1) Moreover, elderly populations 
with OHCA are growing, as well as in-
creasing their life expectancies. Although 
a major goal for OHCA resuscitation is 
to improve the rate of post-resuscitation 
outcomes, effective indicators have not yet 
been established in the emergency setting. 
The value of AEP monitoring in patients 
with cardiac arrest is controversial and 
most published reports have been con-
ducted during the early phase of post-re-
suscitation. (5-7) The findings of an animal 
study suggest that monitoring AEPs during 
CPR could provide an indicator of restored 
cerebral blood flow and thus effective re-
suscitation and post-resuscitative survival. 
(8) Moreover, the P50 components of the 
MLAEP are considered to be hippocampal 
CA3 pyramidal cells and the presence of 
P50 might predict post-resuscitation out-
comes after resuscitation. (9) Our results 
confirmed these findings in the emergency 
setting even though few of our patients had 
post-resuscitation outcomes.
The MLAEP is derived from AEP, and it 
reflects the morphology of MLAEP curves. 
The aepEX plus® identifies all brain stem 
and cortical components, especially posi-
tive Pa and negative Nb waves, of MLAEP 
after auditory stimuli, and the MLAEPi 
is calculated from consistent decreases in 
amplitude and increases in latency, result-
ing in individual waves within 144 msec. 
It is increasingly used as a measurement 
of both the level of anesthesia and cerebral 
function, instead of bispectral index (BIS) 
values in intensive care units (ICUs). (14-
17) To analyze waves in real time is diffi-

cult during an emergency clinical situation 
using the MLAEP, which is usually ob-
tained intermittently. However, the mobile 
battery operated aepEX monitor provides 
consistent assessment of the MLAEP dur-
ing life-saving procedures while transport-
ing patients within the hospital or to ad-
mitted patients. The MLAEPi was a better 
indicator of sedation depth than the BIS or 
any other EEG-based monitoring method, 
and 100% specificity was found for MLAE-
Pi values of 37 (for unconsciousness) and 
61 (for being awake during anesthesia). 
(15,16)
Previous reports have confirmed that a 
witnessed arrest and Vf/VT rhythms are 
key prognostic factors for survival in el-
derly patients with cardiac arrest. (2,18) 
However, most of our patients were al-
ready in asystole upon arrival at the emer-
gency centers in our study. The appear-
ance of Vf/VT rhythms was determined 
out-of-hospital in 5 patients, all of whom 
received automated external defibrillation. 
Thus, only patients with recurrent Vf/VT 
arrived at the emergency center. Although 
all survivors had a witnessed arrest in our 
study, there was no significant difference in 
the number of witnessed arrests between 
survivors and non-survivors (number, 3 
vs. 16, p = 0.26). Thus, a witnessed arrest 
did not have an influence on our outcomes 
in our small population. Furthermore, al-
though postresuscitation care, including 
therapeutic hypothermia, is well known to 
affect the outcomes of comatose patients, 
we did not determine significant differenc-
es in the number of patients with a Glas-
gow Coma Scale (GCS) score ≤8 undergo-
ing therapeutic hypothermia. (19)

LIMITATIONS

This study has several limitations, the most 
notable being the number of patients. First, 
we did not monitor MLAEPi during BLS 
or ACLS in the pre-hospital setting. A re-
cent report suggested that the presence of 
pre-hospital ROSC is one of the most im-
portant prognostic indicators of a favora-
ble outcome for OHCA and survival rates 
after hospitalization are higher with, than 
without pre-hospital ROSC. (20) Thus, re-
suscitation efforts should focus on achiev-
ing pre-hospital ROSC. Secondly, we only 
obtained MLAEPi data during primary 
resuscitation and had no records from the 
early phase (within 24 h) of post-resusci-
tation care. The purpose of this study was 
to assess MLAEPi monitoring for practical 
prognostication in an emergency setting. 
Thirdly, we did not routinely measure end-

Table 1. Clinical characteristics and comparison of patients with or without restoration of 
spontaneous circulation
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tidal carbon-dioxide (EtCO2) at our ED, 
thus we could not correlate the MLAEPi 
and EtCO2.

CONCLUSIONS

The present results indicate that initial 
MLAEPi, represented by simple numeri-
cal values upon presentation at emergency 
centers, helps to predict post-resuscitation 
outcomes in elderly populations with 

OHCA. Larger studies are essential to fur-
ther evaluate the role of MLAEPi monitor-
ing of neurological outcomes in elderly 
populations with OHCA and advancement 
of approaches for pre-hospital resuscita-
tion necessitates up-to-date information.
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