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Abstract: Digital EEG may be altered in patients suffering from anoxic-ischemic encephalopathy after successful
resuscitation from a cardiac arrest. Reliable predictions about recovery from cardiac arrest require several days.
So assessments were performed at Day 1, 3 and 7 from restoration of spontaneous circulation. The present work
aimed to study the clinical and electroencephalographic data to outline the reliable predictors of favorable
outcomes of cardiac arrest for appropriate management. Forty patients who regained spontaneous circulation
after cardiac arrest were classified into 2 groups according to outcome, group A (Favorable outcome) and group
B (Unfavorable outcome). All post cardiac arrest patients from National Heart Institute Hospital were subjected
to thorough clinical assessment and digital EEG. The results were compared and correlated with neurological
outcome. Results showed that the mean of age was 54.6±11.9 years (Range, 26-70 years). Eighteen patients
(45%) were discharged after recovery (Favorable outcome) and twenty two patients (55%) died in CCU
(Unfavorable outcome). The survivred patients had relatively shorter CPR time 9.4±7.8 minutes, compared to
the dead patients16.6±10.6 minutes.The frequency of seizures was significantly observed in patients with
unfavorable outcome within Day 1 and Day 3, (P1 = 0.009, 0.026 respectively). Failure to regain brainstem
reflexes after 72 hours was a significant predictor of unfavorable outcome, (P = 0.003). Failure to have
background reactivity in Day 1 or regain it in Day 3 was a significant predictor of poor outcome, (P = 0.004, 0.003
respectively). Conclusion, the correlation between electrophysiological data and clinical and global functional
outcome of patients resuscitated form cardiac arrest are possibly confident within 72 hours.
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INTRODUCTION may occur early within 24 hours of the injury or later over

Cardiac arrest is diagnosed by the absence of signs the excitotoxic processes on cortical neurons. Post
of circulation, loss of consciousness; respiratory arrest hypoxic seizures are usually complex partial or myoclonic
(May be within 30 seconds after cardiac arrest) and and  occur  intermittently  [4].  After reperfusion,
enlargement of pupils (May be within 90 seconds after brainstem functions, including spontaneous breathing
cardiac arrest) [1]. Cardiac arrest causes hypoxic-ischemic and reflexes, return more rapidly than those referred to
encephalopathy, the severity of which is primarily related deep brain structures including response to pain [5].
to the time from arrest to restoration of spontaneous Digital    Electroencephalography       (EEG)    records
circulation [2]. Areas of CNS particularly prone to post-synaptic  potentials generated by neurons in
ischemic damage are the basal ganglia, cerebellum cerebral cortex that are highly sensitive to generalized
(Especially large Purkinje cells), spinal cord, hippocampus ischemia, so it would follow that EEG should prove a
(Especially  area  CA1)and frontoparietal cortex useful test for cortical damage after cardiac arrest [6].
(Especially layers 3, 5 and 6) [3]. Post hypoxic seizures Absence   of   any   reproducible   change   in  background

the  first  two weeks, most likely reflecting the effects of
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amplitude or frequency following auditory (Calling the frequency cut-off was 30 Hz, sampling rate was 2000Hz
patient’s  name   quietly,   then   louder)   and noxious and an average reference montage was used. The two
(Nail bed pressure) stimulation, was significantly frontopolar electrodes (Fp1, Fp2) were excluded from the
accompanied with mortality after CA [7]. The dynamic analysis to minimize artifacts due to eye movements. EEG
changes in the EEG (Cerebral reactivity) are strung out on recorded for one hour. Pain and auditory stimuli was used
the integrity of the ascending reticular activating system as a noxious method for reactivity. EEGs of all patients
[8]. were visually inspected as regards frequency, amplitude

Purpose of the Study: Aim of the work was to have were performing at Day 1, 3 and 7 from restoration of
reliable predictors of both favorable and unfavorable spontaneous circulation. The results were compared and
outcomes of cardiac arrest for appropriate management. correlated with neurological outcome. 

MATERIALS AND METHODS RESULTS

A prospective and observational study including Demographic Data: Forty patients were included; twenty
forty patients (Twenty seven male and thirteen female) seven (67.5%) males and thirteen (32.5%) females with a
suffering from anoxic-ischemic encephalopathy after mean age of 54.6±11.9 years (Range, 26-70 years).
successful resuscitation from a cardiac arrest registered
from December 2013 to November 2015 in the Clinical Data: There were no statistically significant
Cardiovascular Care Units of the National Heart Institute differences between patients who survived and those
Hospital. who died regarding age and sex, (P = 0.329, 0.375

Subjects Were Divided Into: No statistically significant difference was found

Group (A): 18 patients with good neurological outcome (Out Hospital vs. In Hospital) and outcome, (p=0.186).
evidenced clinically or neurophysiologically via The survived patients had relatively shorter CPR time
computerized digital EEG. 9.4±7.8 minutes, compared to CPR time 16.6±10.6 minutes
Group (B): 22 patients with poor neurological outcome. of the dead patients.

We excluded; patients with age: < 20 years and > 70 Mental State: There was a statistically significant
years old, brain death, history of chronic renal and hepatic difference  between  patients  who  survived and those
diseases, prior intracranial pathology e.g. tumor, stroke, who  died  regarding  the  mental  state, in Day 1, 3 and 7
none received hypothermia therapy that may affect EEG (P = 0.001, 0.000, 0.002). Most of the survived patients
findings and confounders such as the continuous were alert as shown in Table (1).
infusion of anesthetic drugs (e.g., midazolam, propofol, or
pentobarbital) that could not be discontinued to allow for Brain Stem Reflexes: There was a statistically significant
assessment. difference between patients who survived and those who

All subjects underwent: thorough clinical evaluation died regarding the brainstem reflexes in Day 3, (P = 0.003)
including detailed history and complete general and as shown in Table (2).
neurological examination; routine laboratory work-up
including: arterial blood gases, fasting blood sugar, Clinical Seizures: There was a statistically significant
complete blood count, liver function and kidney function difference between patients who survived and those who
tests. died regarding the clinical seizures, in Day 1 and 3(P =

Electroencephalogram (EEG): EEG data was collected poor outcome had clinical seizures; seven patients had
from 21 surface electrodes (Golden coated) applied seizures in Day 1 (Two patients died in day 1, one patient
according to the international 10-20 system. The used died in Day 3 and four patients died in Day 7) and one
apparatus was NICOLET Wireless EEG machine. patient had seizure and died in Day 3.
Impedance was kept below 5 K Ohm. Initial filter settings All survived and dead patients did not have clinical
were: low frequency cut-off was 0.1 Hz and high seizures on Day 7.

and symmetry of the background activity. Assessments

respectively).

between the two groups regarding the location of arrest

0.009, 0.026) as shown in Table (3).Eight patients with
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Table 1: Mental state between groups
Mental Survived Died P value

Day 1 Coma 0 (0.0%) 11 (50.0%) 0.001
Lethargic 4 (22.2%) 4 (18.2%)
Alert 14 (77.8%) 7 (31.8%)

Day 3 Coma 0 (0.0%) 8 (72.7%) 0.000
Lethargic 1 (7.1%) 1 (9.1%)
Alert 13 (92.9%) 2 (18.2%)

Day 7 Coma 0 (0.0%) 5 (83.3%) 0.002
Lethargic 0 (0.0%) 1 (16.7%)
Alert 7 (100.0%) 0 (0.0%)

Table 2: Brainstem reflexes between groups
Brainstem reflexes Survived Died P value
B0= absent pupil, corneal and cough reflex 0 (0.0%) 1 (4.5%) 0.550
B1= pupil and corneal reflexes absent 0 (0.0%) 0 (0.0%)
B2= pupil or corneal reflexes absent 0 (0.0%) 0 (0.0%)
B3= one pupil wide and fixed 0 (0.0%) 0 (0.0%)
B4= pupil and corneal reflexes present 18 (100.0%) 21 (95.5%)
Total 18 22
B0= absent pupil, corneal and cough reflex 0 (0.0%) 6 (54.5%) 0.003
B1= pupil and corneal reflexes absent 0 (0.0%) 0 (0.0%)
B2= pupil or corneal reflexes absent 0 (0.0%) 0 (0.0%)
B3= one pupil wide and fixed 0 (0.0%) 0 (0.0%)
B4= pupil and corneal reflexes present 14 (100.0%) 5 (45.5%)
Total 14 11
B0= absent pupil, corneal and cough reflex 0 (0.0%) 3 (50.0%) 0.070
B1= pupil and corneal reflexes absent 0 (0.0%) 0 (0.0%)
B2= pupil or corneal reflexes absent 0 (0.0%) 0 (0.0%)
B3= one pupil wide and fixed 0 (0.0%) 0 (0.0%)
B4= pupil and corneal reflexes present 7 (100.0%) 3 (50.0%)
Total 7 6

Table 3: Clinical seizures between groups
Clinical seizures Survived Died P value
Day 1 Positive  0 (0.0%) 7 (31.8%) 0.009

Negative 18 (100.0%) 15 (68.2%)
Day 3 Positive  0 (0.0%) 4 (36.4%) 0.026

Negative 14 (100.0%) 7 (63.6%)

Table 4: Reactivity of background activity between groups
EEG Survived Died P value

Day 1 Reactivity
 Reactive 18 (100.0%) 14 (63.6%) 0.004
 Irreactive 0 (0.0%) 8 (36.4%)

Day 3 Reactivity
 Reactive 14 (100.0%) 5 (45.5%) 0.003
 Irreactive 0 (0.0%) 6 (54.5%)

Day 7 Reactivity
 Reactive 0 (0.0%) 3 (50.0%) 0.070
 Irreactive 7(100.0%) 3 (50.0%)

Electroencephalographic Data regard the reactivity of background activity and outcome
Reactivity of Background Activity: There was a in Day 1 and 3, (P = 0.004, 0.003 respectively) as shown in
statistically significant difference between groups as Table (4).
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Table 5: Epileptiform discharges between groups
EEG Survived (n=18) Died (n=22) P value
Epileptiform discharges
 Lateralized 0 (0.0%) 0 (0.0%) 0.031
 Generalized 0 (0.0%) 5 (22.7%)
 Sporadic 0 (0.0%) 2 (9.1%)
 No 18 (100.0%) 15(68.2%)

Epileptiform discharges
 Lateralized 0 (0.0%) 0 (0.0%) 0.369
 Generalized 0 (0.0%) 2 (18.2%)
 Sporadic 0 (0.0%) 0 (0.0%)
 No 14(100.0%) 9 (81.8%)

Epileptiform discharges
 Lateralized 0 (0.0%) 0 (0.0%) 0.192
 Generalized 0 (0.0%) 2 (33.3%)
 Sporadic 0 (0.0%) 0 (0.0%)
 No 7(100.0%) 4 (66.7%)

Epileptiform Discharges: There was a statistically patients (44.4%) arrested out-of-hospital and ten patients
significant difference between groups as regard the (55.6%) arrested in-hospital. OHCA patients had a higher
presence of epileptiform discharges and outcome in Day rate of unfavorable neurological outcome compared to
1, (P = 0.031) as shown in Table (5). IHCA patients, but the difference was not statistically

DISCUSSION cardiopulmonary resuscitation, post-arrest survival to

Global Hypoxic ischemic encephalopathy (HIE) arrest (OHCA) [16] and in-hospital cardiac arrest (IHCA)
following cardiorespiratory arrest and severe hypotension [17-18]. Laver et al. [19] studied two hundred and five
(Hemodynamic shock) is a significant cause of patients who were admitted to ICU after a cardiac arrest;
neurological  disability  and mortality [9]. Eighteen 113 (55.1%) after out-of-hospital cardiac arrest and 92
patients (45%) of the forty patients who regained ROSC (44.9%) after in-hospital cardiac arrest. 126 (61.5%)
(Return of spontaneous circulation), were discharged after patients  died  before  hospital  discharge  and  o  f these
recovery (Favorable outcome) and twenty two patients 58 (46.0%)  died due to neurological injury, 22.9% of the
(55%) died in CCU (Unfavorable outcome).The in-hospital in-hospital patients and 67.7% of the out-of-hospital
mortality was 55%, Higher results were obtained by Nolan patients irrespective of the primary cardiac arrest
et al. [10] (The mortality was 71.4 %)and Keenan et al. arrhythmia.
[11] (The mortality was a 66.5%). The hospital discharge In our study, eleven patients (27.5%) were
from the CCU was 45%, lower survival rates were recorded resuscitated in the range of 0.5-1 minute and among them
38% by Girardi and Barie [12] and 34.5% by Sprung et al. eight patients survived. Sixteen patients (15%) were
[13]. While Nolan et al. [14] reported similar survival rate resuscitated in the range of 10-15 minutes and seven
to our result (43.9%). patients survived. Four patients (10%) were resuscitated

Although the basic cardiac arrest rhythms and in the range of 20 minutes and three patients survived.
pathophysiology for out-of-hospital cardiac arrest None of the nine patients (22.5%) that were resuscitated
(OHCA) and in-of-hospital cardiac arrest (IHCA) are after more than 20 minutes of arrest survived. There was
similar, their underlying causes can be markedly different. statistically significant difference between patients who
OHCAs approximately are of cardiac etiology and occur survived and those who died regarding the time of CPR,
unexpectedly. Conversely, IHCA is usually caused by (P = 0.020). The survivred patients had relatively shorter
underlying cardiac conditions and patients often have CPR time 9.4±7.8 minutes, compared to the dead
demonstrable deterioration prior to the event [15]. Out of patients16.6±10.6 minutes.
twenty two patients who died in CCU, fourteen patients Hayakawa et al. [20] reported that the time from
(63.6%) arrested out-of-hospital and eight patients collapse to ROSC was one of the most important
(36.4%) arrested in-hospital. While Out of eighteen prognostic indicators for the patients after ROSC. For
patients who survived to hospital discharge, eight neurological outcome, 57.9% of CA patients achieving

significant, (P=0.186). Despite recent advancements in

hospital discharge remains low for out-of-hospital cardiac
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ROSC in 25 min or less had a good neurological outcome, Thenayan et al. [8] in comatose patients from CA and
compared with zero patients with a good outcome where reported that the lack of background reactivity is a reliable
time to ROSC was over 25 min. prognosticator.

In our study, at the time of evaluation, eleven
patients (27.5%) were comatose, eight patients (20%) were CONCLUSIONS
lethargic and twenty one patients (52.5%) were alert.
There was a statistically significant difference between Within Day 3 after post CPR in our study, the
patients regarding the mental state and outcome. Number following data reliably predicted a continued coma and
of survived patients who were alert are more than those poor outcome (Absent brainstem reflexes bilaterally and
who died (14 patient versus 7 patients in Day 1, 13 absence of continuity and reactivity of the EEG
patients versus 2 patients in Day 3 and only 7 patients background).
were alert in Day 7).
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