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Abstract: Arterial blood gases are frequently used to gauge tissue oxygenation during cardiac arrest. Objective
of the study was to outline the relation between arterial blood gases and global functional outcomes of cardiac
arrest. The study included forty patients who regained spontaneous circulation after cardiac arrest. The patients
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 arterial blood gases samples. 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). Patients who had relatively the lowest mean value for pH and PO2 and the highest
mean value for PCO2 were discharged after Day 7, (P=0.028, 0.000, 0.000 respectively). Patients who had
relatively the lowest mean value for PCO2 and HCO3 died after Day 1, (P = 0.000, 0.000 respectively). The dead
patients had relatively the lowest mean value for pH, PO2, PCO2 and HCO3 as compared to the survived
patients, (P = 0.001). Failure to regain regular breathing pattern either after 72 hours or after 7 days was a
significant predictors of poor outcome, (P = 0.000, 0.001 respectively). Conclusion, arterial blood gases and
clinical data can contribute to the prediction of both good and poor neurological outcome of patients
resuscitated form cardiac arrest.

Key words: Cardiac Arrest  Arterial Blood Gases  Prognosis

INTRODUCTION quality CPR with concern on chest compression along

Sudden cardiac arrest (SCA) occurs when the heart keep the circulatory flow and oxygenation during cardiac
suddenly  stops beating and flowing the blood to the arrest [3]. Therapeutic strategies focusing on metabolic
brain and other vital organs [1].Cardiac arrest passes by derangements are critical in the third and final metabolic
a 3-phased time sensitive model. These phases include phase, where there is global ischemic injury [4]. Return of
electrical (Lasting 0 to 4 minutes from time of cardiac spontaneous circulation (ROSC) is a brief return of
arrest), circulatory (Lasting 4 to 10 minutes from time of spontaneous circulation, breathing, palpable pulse or
cardiac arrest)and metabolic (Lasting > 10 minutes from measurable blood pressure within 30 seconds and
time of cardiac arrest) and each phase needs specific maintained for more than 20 minutes [5]. The early post
treatment[2].The challenge therapeutic interventions that arrest phase is between 20 minutes and 6-12 hours after
make a distinction between life and death, according to return of spontaneous circulation (ROSC). An
the American Heart Association (AHA) include: rapid intermediate phase is between 6-12 and 72 hours, where
defibrillation that is the most effective treatment for the injury pathways are still active. Period beyond 3 days
cardiac arrest in the electrical phase. Early and good is considered the recovery phase and the prognostication

with defibrillation in the circulatory phase is needed to
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of the outcome is more predictable [6]. Once a cardiac none received hypothermia therapy and confounders
arrest occurs, oxygen stores are depleted within 10 such  as  the  continuous infusion of anesthetic drugs
seconds. The body compensates by redirecting the (e.g., midazolam, propofol, or pentobarbital) that could not
systemic blood flow and increasing cerebral blood flow, be discontinued to allow for assessment.
up to 2 times of normal. If this increase is sufficient to All subjects underwent: thorough clinical evaluation
satisfy the brain needs of O2, the symptoms characteristic including detailed history and complete general and
of hypo/anoxia of the brain does not occur. If the adaptive neurological examination; routine laboratory work-up
response of O2 deficit is insufficient, the symptoms start including: arterial blood gases, fasting blood sugar,
to occur [7]. According to the severity and the duration of complete blood count and liver & kidney function tests.
the cerebral hypoxia after cardiac arrest, different clinical
syndromes are classified into three categories: transient RESULTS
deficits after brief coma, persistent focal deficits after a
prolonged coma (> 12 hours) and global damage without Forty patients were included; twenty seven (67.5%)
recovery [8-10]. males and thirteen (32.5%) females with a mean age of

A new coma scale; the Full Outline of 54.6±11.9 years (range, 26-70 years).
UnResponsiveness (FOUR) score includes important
information that is not measured by the GCS, including Demographic Data: There were no statistically significant
measurement of brainstem reflexes; determination of eye differences between patients who survived and those
opening, blinking and tracking; a broad spectrum of motor who died regarding age and sex, (P = 0.329, 0.375
responses; and the presence of abnormal breath rhythms respectively).
and a respiratory drive. The number of components and
the  maximal  grade  in  each  of  the  categories  is  four Arterial Blood Gases Data:
(E4, M4, B4, R4) [11]. The validity of the FOUR score Group A: There was a statistically significant difference
suggests that it is more useful for assessing breathing between patients as regard pH, PO2 and PCO2 and time of
pattern in critically ill patients [12]. discharge, (P = 0.028, 0.000, 0.000 respectively). Patients

Aims of the work were to have reliable predictors of who had relatively the lowest mean value for pH and PO2
both favorable and unfavorable outcomes of cardiac and the highest mean value for PCO2 were discharged
arrest for counseling of family members and to have the after Day 7. There was no statistically significant
possible relationship and correlation between arterial difference between patients as regard HCO3 and time of
blood gases data and clinical and global functional discharge, (P = 0.246) as shown in Table (1).
outcome.

MATERIALS AND METHODS between patients as regard PCO2 and HCO3 and time of

A prospective and observational study registered relatively the lowest mean value for PCO2 and HCO3 died
from December 2013 to November 2015 including forty after Day 1. There was no statistically significant
patients (Twenty seven male and thirteen female) difference between patients as regard PH and PO2 and
suffering from anoxic-ischemic encephalopathy after time of death, (P = 0.928, 0.274 respectively) as shown in
successful resuscitation from a cardiac arrest, who were Table (2).
admitted to and hospitalized in the Cardiovascular Care There was a statistically significant difference
Units of the National Heart Institute Hospital. between patients who survived and those who died

Subjects Were Divided Into: spontaneous circulation. The dead patients had relatively
Group (A): 18 patients with good neurological outcome the lowest mean value for PH, PO2, PCO2 and HCO3 as
evidenced clinically. compared to the survived patients, (P = 0.001) as shown

Group (B): 22 patients with poor neurological outcome.
We excluded; patients with age: < 20 years and > 70 years Clinical Data: No statistically significant difference was
old, brain death, history of chronic renal and hepatic found between the two groups regarding rhythm of arrest
diseases, prior intracranial pathology e.g. tumor, stroke, and outcome, (p=0.091).

Group B: There was a statistically significant difference

death, (P = 0.000, 0.000 respectively).Patients who had

regarding the arterial blood gases measured after return of

in Table (3).
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Table 1: Arterial blood gases within group A

Blood gases Day 1 Discharge Day 3 Discharge Day 7 Discharge P value

PH Mean±SD 7.21±0.013 7.20±0.003 7.16±0.05 0.028
PO2 Mean±SD 81.83±1.30 79.73±0.73 77.66±1.23 0.000
PCO2 Mean±SD 54.85±0.83 55.23±0.72 57.30±0.82 0.000
HCO3 Mean±SD 19.15±0.25 18.89±0.48 18.53±0.77 0.246

Table 2: Arterial blood gases within group B

Blood gases Day 1 Death Day 3 Death Day 7 Death P value

PH Mean±SD 7.06±0.08 7.06±0.05 7.05±0.05 0.928
PO2 Mean±SD 67.05±6.32 67.74±6.73 62.65±3.64 0.274
PCO2 Mean±SD 41.58±1.11 43.80±0.80 44.28±0.95 0.000
HCO3 Mean±SD 9.82±0.75 11.36±0.96 12.37±0.77 0.000

Table 3: Blood gases between groups

Blood gases Survived Died P value

PH Mean±SD 7.2±0.0 7.1±0.1 0.001
PO2 Mean±SD 79.4±1.9 66.0±5.9 0.001
PCO2 Mean±SD 56.0±1.3 42.8±1.6 0.001
HCO3 Mean±SD 18.8±0.6 10.9±1.4 0.001

Table 4: Eye response between groups 

Eye response Survived Died P value

Day 1 E0= eyelids remain closed with pain 0 (0.0%) 6 (27.3%) 0.033
E1= eyelids closed but open to pain 1 (5.6%) 1 (4.5%)
E2= eyelids closed but open to loud voice  2 (11.1%) 4 (18.2%)
E3= eyelids open but not tracking 1 (5.6%) 4 (18.2%)
E4= eyelids open or blinking to command 14 (77.8%) 7 (31.8%)

Total 18 22

Day 3 E0= eyelids remain closed with pain 0 (0.0%) 4 (36.4%) 0.004
E1= eyelids closed but open to pain 0 (0.0%) 1 (9.1%)
E2= eyelids closed but open to loud voice 1 (7.1%) 2 (18.2%)
E3= eyelids open but not tracking 0 (0.0%) 2 (18.2%)
E4= eyelids open or blinking to command 13 (92.9%) 2 (18.2%)

Total 14 11

Day 7 E0= eyelids remain closed with pain 0 (0.0%) 2 (33.3%) 0.011
E1= eyelids closed but open to pain 0 (0.0%) 1 (16.7%)
E2= eyelids closed but open to loud voice 0 (0.0%) 2 (33.3%)
E3= eyelids open but not tracking 0 (0.0%) 1 (16.7%)
E4= eyelids open or blinking to command  7(100.0%) 0 (0.0%)

Total 7 6

Eye Response: There was a statistically significant patients obeyed commands in making thumb up as shown
difference between patients who survived and those who in Table (5).
died regarding the eye response. Most of the survived
patients obeyed commands in opening and closing Respiration: There was a statistically significant
eyelids as shown in Table (4). difference  between  patients  who  survived and those

Motor Response: There was a statistically significant and  7,  (P  =  0.000).  Most  of  the survived patients in
difference between patients who survived and those who Day 3 and 7 had regular breathing pattern as shown in
died regarding the motor response. Most of the survived Table (6).

who  died  regarding  the  respiration  pattern  in  Day 3
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Table 5: Motor response between groups 
Motor response Survived Died P value
Day1 M0= no response to pain 0 (0.0%) 9 (40.9%) 0.013

M1= extension response to pain 1 (5.6%) 1 (4.5%)
M2= flexion response to pain 0 (0.0%) 2 (9.1%)
M3= localizing to pain 4 (22.2%) 3 (13.6%)
M4= thumbs-up, fist, or peace sign 13 (72.2%) 7 (31.8%)
Total 18 22

Day 3 M0= no response to pain 0 (0.0%) 7 (63.6%) 0.001
M1= extension response to pain 0 (0.0%) 0 (0.0%)
M2= flexion response to pain 0 (0.0%) 1 (9.1%)
M3= localizing to pain 1 (7.1%) 1 (9.1%)
M4= thumbs-up, fist, or peace sign 13 (92.9%) 2(18.2%)
Total 14 11

Day 7 M0= no response to pain 0 (0.0%) 4 (66.7%) 0.005
M1= extension response to pain 0 (0.0%) 1 (16.7%)
M2= flexion response to pain 0 (0.0%) 1 (16.7%)
M3= localizing to pain 0 (0.0%) 0 (0.0%)
M4= thumbs-up, fist, or peace sign 7 (100.0%) 0 (0.0%)
Total 7 6

Table 6: Respiration pattern between groups
Respiration pattern Survived Died P value

Day1 R0= breathes at ventilator rate or apnea 0 (0.0%) 1 (4.5%) 0.450
R1= breathes above ventilator rate 17(94.4%) 21(95.5%)
R2= not intubated, irregular breathing 0 (0.0%) 0 (0.0%)
R3= not intubated, Cheyne–Stokes breathing pattern 0 (0.0%) 0 (0.0%)
R4= not intubated, regular breathing pattern 1 (5.6%) 0 (0.0%)
Total 18 22

Day 3 R0= breathes at ventilator rate or apnea 0 (0.0%) 0(0.0%) 0.000
R1= breathes above ventilator rate 1(7.1%) 9 (81.8%)
R2= not intubated, irregular breathing 0 (0.0%) 0(0.0%)
R3= not intubated, Cheyne–Stokes breathing pattern 0 (0.0%) 0(0.0%)
R4= not intubated, regular breathing pattern 13(92.9%) 2(18.2%)
Total 14 11

Day 7 R0= breathes at ventilator rate or apnea 0 (0.0%) 0 (0.0%) 0.001
R1= breathes above ventilator rate 0(0.0%) 6(100.0%)
R2= not intubated, irregular breathing 0 (0.0%) 0 (0.0%)
R3= not intubated, Cheyne–Stokes breathing pattern 0 (0.0%) 0 (0.0%)
R4= not intubated, regular breathing pattern 7(100.0%) 0(0.0%)
Total 7 6

DISCUSSION a variety of critical illnesses, including traumatic brain

Brain depends on oxygen and glucose supply by the arrest [15].
blood. Deficient supply of O2 and glucose within seconds The purpose of our study was to have the possible
in the brain causes the reduction of the neural electrical correlation between arterial blood gases data and clinical
activity and the patient loses consciousness. If circulation and global functional outcome.
is restored promptly, the patient regains consciousness as Our  study  was  carried out on forty patients
neurons and glial cells are viable. If ischemia lasts for 4 to (Twenty seven (67.5%) males and thirteen (32.5%)
5 minutes, it may irreversibly damage the cortical females)  with  a  mean  age of 54.6±11.9years (Ranged
pyramidal cells (Layers 3, 5, 6) and hippocampus (CA1) from 26-70 years) suffering from anoxic-ischemic
[13]. Coma has been identified as a major predictor of encephalopathy after successful resuscitation from a
death and poor neurofunctional outcomes in patients with cardiac  arrest.  All  patients  who  were admitted   to  and

injury [14] and hypoxic encephalopathy after cardiac
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hospitalized in the Cardiovascular Care Units of the Kilgannon et al. [17] divided 6326 post cardiac arrest
National Heart Institute Hospital were subjected to clinical
assessment including detailed history and complete
general and neurological examination Day 1, 3 and 7 for
restoration of spontaneous circulation (ROSC). 

Eighteen patients (45%) of the forty patients who
regained ROSC (Return of spontaneous circulation), were
discharged after recovery (Favorable outcome) and
twenty two patients (55%) died in CCU (Unfavorable
outcome).

In our study, out of twenty two patients died in CCU,
the heart rhythm was ventricular fibrillation in six patients
(27.3%), ventricular tachycardia in three patients (13.6%)
and asystole in thirteen patients (59.1%). While Out of
eighteen patients survived to hospital discharge, the heart
rhythm was ventricular fibrillation in six patients (33.3%),
ventricular tachycardia in seven patients (38.9%) and
asystole in five patients (27.8%).There was no statistically
significant difference between patients regarding the
rhythm of arrest and outcome, (P = 0.091).

Meaney et al. [16] studied 51, 919 patients after
cardiac arrests and the pulseless rhythm was ventricular
tachycardia (VT) in (7%), ventricular fibrillation (VF) in
(17%), pulseless electrical activity (PEA) in (37%) and
asystole (39%). Survival to hospital discharge rate was
not different between those with first documented VF and
VT (37% each). Survival to hospital discharge was slightly
more likely after PEA than asystole (12% versus 11%).
There was no difference in favorable neurologic outcome
(Adjusted OR 1.04; 95% CI 0.96 –1.15).

Under normal perfusion conditions, peripheral pulse
oximetry usually guides to the total body oxygenation.
However under cardiac arrest conditions, this technique
fails due to the disassociation of extremity oxygenation
from core tissue oxygenation. Arterial blood gases are
frequently used to gauge tissue oxygenation during
cardiac arrest. In our study, there was statistically
significant difference between patients with good
outcome regarding pH, PO2 and PCO2 and time of
discharge. Patients who had relatively the lowest mean
value for PO2 and pH and the highest mean value for
PCO2 were discharged after Day 7. While in patients with
poor outcome, there was a statistically significant
difference regarding PCO2 and HCO3 and time of death.
Patients who had relatively the lowest mean value for
PCO2 and HCO3 died in Day 1. 

There was a statistically significant difference
between patients who survived and those who died
regarding the blood gases. The dead patients had
relatively the lowest mean value for pH, PO2, PCO2 and
HCO3 as compared to the survived patients.

ICU patients into 3 cohorts; 1156(18%) had hyperoxia
defined as partial arterial pressure of O2 (PaO2)> 300 mm
Hg, 3999(63%) had hypoxia defined as a PaO2 < 60 mm Hg
and 1171 (19%) had normoxia based on at least one arterial
blood gas obtained within24 hours of arrival to the
intensive care unit (ICU). The hyperoxia group had
significantly higher in-hospital mortality (63%) compared
with the normoxia group (45%) and the hypoxia group
(57%).

The Glasgow Coma Scale (GCS) is insufficient for
assessment the verbal responses in intubated patients.
The four score designed to remedy the deficiencies of
GCS, include measurement of brainstem reflexes;
determination of eye opening (Blinking or tracking), a
broad spectrum of motor responses and the presence of
abnormal breath rhythms and a respiratory drive. This
score can predict the final result more accurately and
easily [18, 19].

There was a statistically significant difference
between patients regarding the mental state, eye response
and motor response and outcome. Number of survived
patients who were alert and obeyed commands in opening
and closing eyelids and making thumb up are more than
those who died (14 patient versus 7 patients in Day 1, 13
patients versus 2 patients in Day 3 and only 7 patients
were alert in Day7).

Lee et al. [20] identified 25 (prospective and
retrospective) studies and revealed that at day 2 and 3
after the arrest the motor score (M-score = 3) can predict
poor outcome. 

CONCLUSIONS

Within Day 3 after post CPR in our study, the
following data reliably predict a continued coma and poor
outcome (Absent eye and motor responses to pain, failure
to regain regular breathing pattern).
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