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Abstract 

Introduction Cardiopulmonary resuscitation (CPR) is frequently performed in hospitalized patients after in-hos-
pital cardiac arrest (IHCA), especially in the intensive care unit (ICU) (J Crit Care 24:408-414, 2009). Despite the fact 
that nearly half of the in-hospital cardiac arrests (IHCA) actually happen in intensive care units (ICUs) (N Engl J Med 
367:1912-1920, 2012), intensive care unit cardiac arrest (ICU-CA) compared to IHCA or out-of-hospital cardiac arrests 
(OHCA) has received little attention, and data on ICU-CA remains scanty (Intensive Care Med 40:1853-1916, 2014).

Aim We aimed to evaluate the clinical status and factors associated with the survival of patients subjected to cardio-
pulmonary resuscitation (CPR) after a witnessed cardiac arrest (CA) inside the medical intensive care unit (MICU).

Patients The study included 110 patients, mean age of 60 ± 18 years, 69 (63%) males, and 41 (37%) females. Co-
morbidities included diabetes mellitus was present in 46 (42%), hypertension 57 (52%), central nervous system (CNS) 
disease 31 (29%), cardiovascular (CVS) 76 (69%), respiratory 63 (57%), hepatic 16 (15%), shock 35 (32%), and renal 
44 (40%). Mechanical ventilation was present in 97 (88%) of patients. SOFA score < 9 was present in 38%, MPM III 
score < 10 in 37%, and GCS > 7 in 66% of patients. Non-shockable rhythm occurred in 95 (86%) while shockable 
rhythm in 15 (14%) of patients.

Methods Data were collected prospectively at the medical ICU of Cairo University from Jan. 2013 to Feb 2013. 
A resuscitation protocol was done according to the latest recommendation of the European Society of Cardiology 
at the time of patient inclusion. Clinical data were recorded and surviving patients were clinically followed daily 
until hospital discharge.

Results Out of 110 witnessed cardiac arrests, CPR was initially successfully manifested by return of spontaneous 
circulation (ROSC) in 60 patients (55%), of whom 22 (20%) survived hospital discharge and only 9 patients (8%) were 
functionally independent. Compared to non-survivors, 60 patients (55%) with ROSC had a MPM III < 10 (p 0.015), 
EF ≥ 50% (p 0.001), and non-shocked patients (p 0.008). Other factors such as DC shocks < 3 (p 0.02), CPR cycles < 2 
(p < 0.001), resuscitation duration < 10 min (p 0.03), time to start CPR < 1 min (p 0.001), maintained  HCO3 (p 0.03), 
and  PaCO2 (p 0.002) were found to improve ROSC. Mortality before discharge decreased with asystole (p < 0.01). 
Mortality before discharge increased with CNS (p < 0.02) and respiratory comorbidities (p 0.02), shock (p < 0.001) 
and mechanical ventilation (p < 0.0001), SOFA > 9 (p 0.001), MPM III > 10 (0.018), and time to start CPR > 1 min (p 0.001).

Conclusion Not all ROSC reached long-term survival and hospital discharge. Several co-morbidities affect ROSC 
and short-term and long-term patient survival after witnessed MICU cardiac arrest.
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Introduction
Cardiopulmonary resuscitation (CPR) is frequently per-
formed in hospitalized patients after in-hospital cardiac 
arrest (IHCA), especially in the intensive care unit (ICU) 
after ICU cardiac arrest (ICU-CA) [1]. The incidence 
of cardiac arrest in the intensive care unit (ICU-CA) 
pooled rate across all studies was 2.27% and contempo-
rary cohorts between 2014 and 2018 have not shown a 
clear reduction in the overall incidence compared to 
older studies which span a period of 30 years. Over time 
the disease severity has increased together with a signifi-
cant advancement of critical care interventions, so that 
an unchanging incidence of ICU-CA in the face of an 
increased severity of illness could represent a manage-
ment progress (Armstrong 2018) [2].

Despite the fact that nearly half of in-hospital cardiac 
arrests (IHCA) actually happen in intensive care units 
(ICUs) [3], intensive care unit cardiac arrest (ICU-CA) in 
comparison with IHCA or out-of-hospital cardiac arrests 
(OHCA) has received little attention, and data on ICU-
CA remains scanty [4].

Information on survival after CPR for ICU patients 
might be of great value in facilitating future medical deci-
sions and family discussions concerning CPR subjects.

Aim of the work
We aimed to evaluate the clinical status and factors 
associated with the survival of patients subjected to car-
diopulmonary resuscitation (CPR) after a witnessed car-
diac arrest (CA) inside the medical intensive care unit 
(MICU).

Patients and methods
Patients
Cardiopulmonary arrest was defined as sudden cessation 
of spontaneous respiration and circulation leading to loss 
of consciousness manifested by the absence of a palpable 
central pulse, apnea, and unresponsiveness (Paul et  al., 
2016) [5] which needs CPR, which is defined as the use 
of chest compressions and rescue breathing (Mark, and 
Anna- 2011) [6].

The study included 110 patients, mean age 
60 ± 18  years, 69 (63%) males, 41 (37%) females Car-
diopulmonary arrest was defined as sudden cessation of 
spontaneous respiration and circulation leading to loss 
of consciousness manifested by the absence of a palpable 
central pulse, apnea, and unresponsiveness (Paul et  al., 
2016) [5], whom need CPR which is defined as use of 
chest compressions and rescue breathing as per guide-
lines (Mark, and Anna- 2011) [6, 7].

Inclusion criteria
All adult MICU patients who suffered witnessed cardiac 
arrest and had CPR inside the MICU.

Exclusion criteria

1) Patients who had a do-not-resuscitate (DNR) order.
2) CPR that began outside of MICU.

Methods
Resuscitation protocols were evaluated at the time of 
analysis according to the latest recommendations of the 
European Society of Cardiology and the American Heart 
Association (2015) [8]. Clinical data were recorded and 
surviving patients were clinically followed daily until hos-
pital discharge.

Data were analyzed according to following:
Pre-arrest clinical status:

• Age, sex, comorbidities, clinical examination.
• Electrocardiography (ECG) and echocardiography 

(Echo).
• Arterial blood gas analysis (ABG) analysis.
• Rapidly correctable causes (tension pneumothorax, 

tamponade cardiac, toxins, thrombosis coronary or 
pulmonary, trauma, hypovolemia, hypoxia, hydrogen 
ion acidosis, hyperkalemia or hypokalemia, hypo-
thermia, hypoglycemia)

Scoring systems:
GCS (Glasgow coma scale) (motor examination, pupil 

response, corneal response): a neurological scale that 
aims to give an indication of the conscious state of a 
person with a score between 3 and 15 (Teasdale and 
Jennett-1974) [9].

MPM0-III score (Mortality Probability Model): 
assessed within 1 h of ICU admission to estimate mor-
tality probability of hospital discharge (Higgins et  al., 
2007) [10].

SOFA Score (Sequential Organ Failure Assessment 
Score): quantifies the severity of the patient’s illness, 
based on the degree of organ dysfunction data on six 
organ failures, and is scored on a scale of 0–4. (Ferreira 
et al., 2001) [11].

CPR procedure assessment:

• Drugs used (adrenaline, atropine, amiodarone, lido-
caine, NaHco3, and Ca gluconate).

• Cardiac rhythm (shockable (VF and pulseless VT), 
and non-shockable (asystole and PEA)).

• Time of shift (morning or night).
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• Time to start management and duration of manage-
ment.

• ABG analysis.
• CPR cycles (less than 2 cycles or more than 2 

cycles).
• Direct current (DC) shocks (less than 3 or more than 

3 DC shocks).

Post-resuscitation outcome:

• Initial survival manifested by the return of spontane-
ous circulation (ROSC): defined as restoration of a 
pulse for at least 20 min from cardiac arrest (Jacobs 
et al., 2004) [12].

• Survival to hospital discharge, defined as the propor-
tion of post-CPR ICU patients who were discharged 
alive.

• Patient functionally dependent or independent on 
others. This was determined if the survivor needed a 
full-time companion to fulfill his activities.

Patient classification according to outcome is as 
follows:

 I) Short-term immediate outcome:
 II) Survivors: Patients with the return of spontane-

ous circulation (ROSC) after CPR (defined as a 
resumption of sustained perfusing cardiac activ-
ity more than 20  min associated with significant 
respiratory effort after cardiac arrest (Jacops et al., 
2004) [12]

 III) Non-survivors: Patient who died after failed CPR 
procedure (no ROSC after CPR).

 IV) Long-term outcome:
 V) Survivors at discharge: patients with ROSC and 

survived to hospital discharge.
 VI) Non-survivors at discharge: patients who died after 

CPR failure or patients with ROSC but died before 
discharge.

Statistical analysis
Data were statistically described in terms of mean, 
standard deviation (SD), median and range, or frequen-
cies (number of cases) and percentages when appropri-
ate. Comparison of numerical variables between the 
study groups was done using Student’s t test for inde-
pendent samples for normally distributed data and the 
Mann–Whitney test for non-normal data.

For comparing categorical data, a chi-square test 
was performed. The exact test was used instead when 
the expected frequency was less than 5. Correlation to 

mortality was done using the Spearman rank correla-
tion equation.

p values less than 0.05 were considered statistically 
significant.

All statistical calculations were done using the com-
puter program SPSS (Statistical Package for the Social 
Science; SPSS Inc., Chicago, IL, USA) release 15 for 
Microsoft Windows (2006).

Results
We studied a total of 110 (100%) MICU patients with 
a mean age 60 ± 18 years CPR was initially successfully 
manifested by ROSC in 60 (55%), 22 (20%) survived to 
hospital discharge, and only 9 (8% of total patients, 41% 
of survivors to discharge) were functionally independ-
ent; however, 14 (59% of survivors to discharge) were 
dependent on an assisting companion.

Male gender 69 (63%), out of whom 36 (52%) exhib-
ited ROSC and 16 (23%) survived to hospital discharge. 
Gender was not associated with a statistically signifi-
cant difference neither for initial ROSC (p 0.65) nor for 
survival to discharge [p 0.40].

Age > 50 was present in 84 (76%), out of whom 
44(52%) exhibited ROSC and 15(18%) survived hospi-
tal discharge vs. 40 (48%) failed CPR and 69 (82%) did 
not survive hospital discharge. Age was not associated 
with a statistically significant difference neither for ini-
tial ROSC (p 0.55) nor for with survival to discharge (p 
0.47) (Table 1, Fig. 1).

Clinical comorbidities clinical severity scores

– Diabetes mellitus was present in 46 (42%), hyperten-
sion 57 (52%), CNS 31 (29%), cardiovascular (CVS) 
76 (69%), respiratory 63 (57%), hepatic 16 (15%), 
shock 35 (32%), and renal 44 (40%). Mechanical ven-
tilation was present in 97 (88%) of patients.

– CNS comorbidities were associated with increased 
initial ROSC (p 0.05) but a decreased survival to dis-
charge (p 0.02).

– Respiratory comorbidities were associated with sur-
vival to discharge (p 0.02).

– Shock was associated with a decreased ROSC 
(p 0.008) and a decreased survival to discharge 
(p < 0.001).

– Mechanical ventilation was associated with 
decreased survival to discharge (p < 0.0001)

– Other comorbidities such as diabetes (DM)s, hyper-
tension (HTN), cardiovascular (CVS), and hepatic or 
renal comorbidities were not associated with any sig-
nificant associations with outcome survival (p > 0.05) 
(Table 1, Figs. 1 and 2).
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Table 1 Underlying comorbidities and CPR outcome

Total Immediate outcome Outcome to discharge

110 (100%) ROSC 60 (55%) Failed CPR 50 
(45%)

P value Survival to 
discharge 22 
(20%)

Non-survival 
to discharge 88 
(80%)

P value

Sex Male 69 (63%) 36 (52%) 33 (48%) 0.65 16 (23%) 53 (77%) 0.40

Female 41 (37%) 24 (59%) 17 (41%) 6 (15%) 35 (85%)

Age  < 50 26 (24%) 16 (62%) 10 (38%) 0.55 7 (27%) 19 (73%) 0.47

 > 50 84 (76%) 44 (52%) 40 (48%) 15 (18%) 69 (82%)

DM 46 (42%) 25 (54%) 21 (46%) 0.87 7 (15%) 39 (85%) 0.41

HTN 57 (52%) 35 (61%) 22 (39%) 0.19 10 (18%) 47 (82%) 0.67

CNS - Ischemic stroke 11 (10%) 10 (91%) 1 (9%) 0.02 4 (36%) 7 (64%) 0.30

- Hge stroke 6 (5%) 2 (33%) 4 (67%) 0.51 1 (17%) 5 (83%) 0.75

- Gullian baree S 2 (2%) 2 (100%) 0 0.56 1 (50%) 1 (50%) 0.86

- Myasthenia 
gravis

1 (1%) 1 (100%) 0 0.93 1 (100%) 0 0.45

- Status epilep-
ticus

5 (5%) 2 (40%) 3 (60%) 0.83 1 (20%) 4 (80%) 0.57

- Hypertensive 
encephalopathy

3 (3%) 2 (67%) 1 (33%) 0.87 1 (33%) 2 (67%) 0.88

- Brain contusion 
and edema

3 (3%) 3 (100%) 0 0.31 2 (67%) 1 (33%) 0.19

Total CNS 31 (29%) 22 (71%) 9 (29%) 0.05 11 (35%) 20 (65%) 0.02
CVS - IHD 37 (34%) 17 (46%) 20 (54%) 0.28 4 (11%) 33 (87%) 0.14

- DVT 4 (4%) 2 (50%) 2 (50%) 0.74 1(25%) 3 (75%) 0.70

- HF 7 (7%) 4 (57%) 3 (43%) 0.80 2 (9%) 5 (71%) 0.92

- MI 4 (4%) 2 (50%) 2 (50%) 0.74 2 (50%) 2 (50%) 0.37

- Rapid AF 18 (16%) 10 (56%) 8 (44%) 0.87 4 (22%) 14 (78%) 0.95

- SVT 4 (4%) 3 (75%) 1 (25%) 0.74 1 (25%) 3 (75%) 0.70

- Slow AF 2 (2%) 2 (100%) 0 0.56 1 (50%) 1 (50%) 0.86

Total CVS 76 (69%) 40 (53%) 36 (47%) 0.34 15 (20%) 61 (80%) 0.88

Respiratory
- Chronic 
obstructive 
airway

26 (24%) 18 (69%) 8 (30%) 0.06 9 (35%) 17 (65%) 0.22

- Status asthmat-
ics

12 (11% 8 (67%) 4 (33%) 0.56 3 (25%) 9 (75%) 0.94

- Pneumonia 15 (14%) 8 (53%) 7 (47%) 0.86 4 (27%) 11 (73%) 0.73

- Interstitial lung 
disease

10 (9%) 6 (60%) 4 (40%) 0.97 2 (20%) 8 (80%) 0.67

Total respiratory 63 (57%) 39 (62%) 24 (38%) 0.11 18 (39%) 45 (71%) 0.02
Hepatic - Hepatic disease 11 (10%) 7 (64%) 4 (36%) 0.75 3 (27%) 8 (73%) 0.81

- Varices 3 (3%) 3 (100%) 0 0.31 1 (33%) 2 (67%) 0.88

- Hepatic 
encephalopathy

2 (2%) 1 (50%) 1 (50%) 0.56 1 (50%) 1 (50%) 0.86

Total hepatic 16 (15%) 11 (69%) 5 (31%) 0.34 5 (31%) 11 (69%) 0.38

Renal - CRF 26 (24%) 14 (54%) 12 (46%) 0.89 4 (15%) 22 (85%) 0.70

- AR 4 (4%) 2 (50%) 2 (50%) 0.74 1 (25%) 3 (75%) 0.70

Hyperkalemia 3 (3%) 2 (67%) 1 (33%) 0.87 1 (33%) 2 (67%) 0.80

Uremia 11 (10%) 4 (36%) 7 (64%) 0.34 3 (27%) 8 (73%) 0.80

Total renal 44 (40%) 22 (50%) 22 (50%) 0.56 9 (20%) 35 (80%) 0.88

Shock 35 (32%) 9 (26%) 26 (74%) 0.008 12 (34%) 23 (66%)  < 0.001
Mechanical ventilation pre-arrest 97 (88%) 52 (54%) 45 (46%) 0.8 12 (12%) 85 (88%)  < 0.0001
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Clinical severity scores
SOFA score < 9 was present in 38%, MPM III score < 10 in 
37%, and GCS > 7 in 66% of patients.

MPM III score < 10 was associated with initial ROSC (p 
0.015) and survival to hospital discharge (p 0.018).

SOFA score < 9 was not associated with initial ROSC 
(p 0.07) but was associated with survival to hospital dis-
charge (p < 0.001).

GCS > 7 was not associated with a statistically signifi-
cant difference neither for initial ROSC (p 0.28) nor for 
survival to hospital discharge (p 0.07) (Table 2).

Rapidly correctable causes were not associated with any 
significant survival outcome (p > 0.05).

Echo evaluation pre-arrest (Table 3)
EF < 50% was significantly associated with decreased ini-
tial ROSC (p 0.01).

Evaluation of CPR procedure
Cardiac rhythm at the time of cardiac arrest (Table 4, Fig. 3)
Non-shockable rhythm (asystole or pulseless electrical 
activity (PEA)) were encountered in 95 (86%) of patients, 
out of who 51 (54%) exhibited ROSC and 20 (21%) survived 
to long-term discharge vs. 44 (46%) failed CPR and a total 
of 75 (79%) did not survive to hospital discharge (p > 0.05).

Asystole occurred in 88 patients (86%), out of who 48 
(55%) exhibited ROSC and 13 (15%) survived hospital 
discharge vs. 40 (45%) failed CPR and 75 (85%) did not 
survive hospital discharge. PEA occurred in 7 patients 
(7%), 3 out of 7 (43%) exhibited ROSC and 2 out of 7 
(29%) survived to hospital discharge vs. 4 out of 7 (57%) 
failed CPR and 5 out of 7 (71%) did not survive to hospi-
tal discharge (p > 0.05).

Asystole was associated with survival to hospital dis-
charge (p 0.01).

Shockable rhythm (ventricular fibrillation (VF) or 
pulseless ventricular tachycardia (VT)) was encountered 
in 15 patients (14%), out of whom 9 (60%) exhibited 
ROSC and 2 (13%) survived to hospital discharge vs. 6 
(40%) failed CPR and 13 (87%) did not survive to hospital 
discharge. VF occurred in 4 patients (4%), out of who 2 
(50%) exhibited ROSC and 2 (50%) survived hospital dis-
charge vs. 2 (50%) failed CPR and 2 (50%) did not survive 
hospital discharge. Pulseless VT occurred in 12 patients 
(11%), out of who 7 (64%) exhibited ROSC and 5 (45%) 
survived hospital discharge vs. 4 (36%) failed CPR and 6 
(55%) did not survive hospital discharge.

Shockable rhythms at the time of cardiac arrest were 
not associated with any significant association with out-
come (p > 0.05).

Fig. 1 Comorbidities and initial survival outcome
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CPR performance (Table 5, Fig. 4)

• Duration of CPR < 10  min was associated with 
increased initial ROSC (p 0.03).

• Number of CPR cycles < 2 were associated with 
increased initial ROSC (p < 0.001).

• Number of DC shocks < 3 were associated with 
increased initial ROSC (p 0.02).

• Adrenaline doses were not associated with any sig-
nificant difference neither with initial ROSC (p 0.120 
nor with survival to hospital discharge (p 0.07).

• Time of shift whether morning or night at the time of 
CPR was not associated with a statistically significant 
difference neither for initial ROSC (p 0.98) nor for 
survival to hospital discharge (p 0.35).

Fig. 2 Comorbidities and survival to discharge

Table 2 Clinical severity scores

Scoring systems Total Immediate outcome  Outcome to discharge

Total 110 (100%) Survivors of 
initial CPR 60 
(55%)

Non-survivors of 
initial CPR 50 (45%)

P value Survivors 22 (20%) Non-
survivors 88 
(80%)

P value

APACHE II  < 25 56 (32%) 34 (62%) 21 (38%) 0.18 14 (25%) 41 (75%) 0.089

 > 25 55 (50%) 26 (47%) 29 (53%) 7 (13%) 48 (87%)

SOFA  < 9 42 (38%) 28 (67%) 14 (13%) 0.07 20 (48%) 22 (52%)  < 0.001
 > 9 68 (62%) 32 (60%) 36 (40%) 2 (3%) 66 (97%)

GCS 15 27 (24%) 16 (59%) 11 (41%) 0.28 6 (22%) 21 (78%) 0.07

7–14 46 (42%) 21 (46) 25 (54%) 13 (28%) 33 (72%)

 < 7 37 (34%) 23 (62%) 14 (38%) 3 (8%) 34 (92%)

Table 3 Echo-pattern pre-arrest evaluation

Immediate outcome Outcome to discharge

Total 110 (100%) Survival of initial 
CPR with ROSC 60 
(55%)

Non-survival of 
initial CPR 50 
(45%)

P value Survival to 
discharge 22 
(20%)

Non-survival 
to discharge 88 
(80%)

P value

EF Pre-arrest  < 50 48 (44%) 19 (40%) 29 (60%) 0.01 6 (13%) 42 (87%) 0.08

 > 50 62 (56%) 41 (66%) 21 (34%) 16 (26%) 46 (74%)
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Arterial blood gas analysis (Table 6)

• Higher  PaCO2 was associated with an increase in ini-
tial ROSC (p 0.01)

• Higher  HCO3 was associated with an increase in ini-
tial ROSC (p 0.009). Rapidly correctable causes were 
not associated with any significant impact on out-
come ( p > 0.05)

Drugs used (Table 3)
The use of noradrenaline, adrenaline, atropine, amiodar-
one, lidocaine, sodium bicarbonate, and calcium glu-
conate did not show any significant associations with 
outcome survival (p > 0.05).

Discussion
The available data on intensive care cardiac arrest 
(ICU-CA) are quite limited and mostly were retro-
spective studies [1]. Cardiac arrest has been suggested 

to be a hidden epidemic that is associated with poorer 
outcomes for the sickest hospital patients. Prospec-
tive data collection would better define its scale and 
prognostic implications as it may offer an opportunity 
to intervene to improve patient outcomes. (Richard A 
Armstrong 2018) [2]. Our study provides a prospec-
tive clinical assessment of the outcome of patients 
who witnessed cardiac arrest inside the ICU and 
received CPR.

Studies of ICU-CA showed a high initial success and 
ROSC (24–100%), but the survival to discharge remained 
low (0% to 47%) [13–17].

Our initial survival rate manifested by ROSC was 55%. 
We adopted a ROSC definition to be the resumption of 
sustained perfusing cardiac activity > 20  min associated 
with significant respiratory effort after cardiac arrest [18, 
19]. On the other hand, other authors defined success-
ful CPR in numerous ways, such as the presence of pulse 
[20] or survival > 30 s [1, 21], restoration of cardiac func-
tion ≥ 5  min [22], or survival 24  h [13]. These variable 

Table 4 ECG during cardiac arrest and its relation to outcome

Total 110 (100%) Immediate Outcome Outcome to discharge

ROSC 60 (55%) Failed CPR 50 (45%) P value Survival to 
discharge 22 
(20%)

Non-survival to 
discharge 88 (80%)

P value

ECG of cardiac arrest
 Shockable 15 (14%) 9 (60%) 6 (6%) 0.94 2 (13%) 13 (87%) 0.83

 Non-shockable 95 (86%) 51 (54%) 44 (40%) 20 (21%) 75 (79%)

 Asystole 88 (80%) 48 (55%) 40 (45%) 0.81 13 (15%) 75 (85%) 0.01
 PEA 7 (7%) 3 (43%) 4 (57%) 0.80 2 (29%) 5 (71%) 0.92

 VF 4 (4%) 2 (50%) 2 (50%) 0.74 2 (50%) 2 (50%) 0.37

 VT 11 (10%) 7 (64%) 4 (36%) 0.75 5 (45%) 6 (55%) 0.07

Fig. 3 Cardiac rhythm during CPR and outcome
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definitions may be the cause of variability in outcomes 
among those studies. Studies on mixed-popularity general 
ICU patients documented a lower ROSC rate than other 

sites in the hospital [23]. Patients from mixed ICUs prob-
ably have multiple factors contributing to the occurrence 
of cardiac arrest and complete physiological failure [4].

Table 5 CPR management and relation to outcome

Total 110 (100%) Immediate outcome Long-term outcome

ROSC 60 (55%) Failed CPR 50 (45%) P value Survival to 
discharge 22 
(20%)

Non survival to 
discharge 88 
(80%)

P value

3-a) Drugs during CPR
 Adrenaline 109 (99%) 59 (54%) 50 (46%) 0.93 22 (20%) 87 (80%) 0.45

 Atropine 9 (8%) 5 (56%) 4 (44%) 0.77 2 (22%) 7 (78%) 0.81

 Amiodarone 11 (10%) 7 (64%) 4 (36%) 0.75 2 (18%) 9 (82%) 0.81

 Lidocaine 4 (4%) 2 (50%) 2 (50%) 0.74 1 (25%) 3 (75%) 0.70

 NaHCO3 24 (22%) 12 (50%) 12 (50%) 0.78 5 (21%) 19 (79%) 0.86

 Ca gluconate 11 (10%) 7 (64%) 4 (36%) 0.75 4 (36%) 7 (64%) 0.30

Time of shift
 Morning 68 (62%) 39 (57%) 29 (43%) 0.89 16 (24%) 52 (76%) 0.35

 Night 42 (38%) 22 (22%) 20 (48%) 6 (14%) 36 (86%)

CPR performance during CPR
 Time to start man-
agement (min)

 < 1 min 27 (24%) 20 (74%) 7 (26%) 0.001 17 (63%) 10 (37%)  < 0.0001
 > 1 min 83 (75%) 53 (64%) 30 (36%) 5 (6%) 78 (94%)

 Duration of manage-
ment

 < 10 min 85 (77%) 58 (68%) 27 (32%) 0.03 12 (15%) 73 (85%) 0.17

 > 10 min 25 (23%) 12 (48%) 13 (52%) 9 (36%) 16 (64%)

 Number of cycles  < 2 cycles 68 (62%) 48 (71%) 20 (29%)  < 0.001 15 (22%) 53 (78%) 0.06

 > 2 cycles 42 (38%) 12 (29%) 30 (71%) 7 (17%) 35 (83%)

 Number of DC shocks  < 3 DC 12 (11%) 9 (75%) 3 (25%) 0.02 7 (58%) 5 (42%) 0.06

 > 3 DC 5 (4%) 0 5 (100%) 0 5 (100%)

 Number of adrena-
line doses

 < 3 mg 54 (49%) 34 (63%) 20 (37%) 0.12 17 (31%) 37 (69%) 0.09

 > 3 mg 56 (51%) 26 (46%) 30 (54%) 5 (9%) 51 (91%)

Fig. 4 Duration of CPR and outcome
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Our study showed that 20% survived to hospital dis-
charge. Previous studies on a majority of shocked 
patients showed a 16% survival to hospital discharge [15]. 
Cardiovascular and surgical patients with good prognosis 
showed the highest survival-to-discharge rate [13], while 
cancer patients with bad prognosis showed a very low 
2% survival-to-discharge rate [24]. The different underly-
ing illness is definitely associated with a different survival 
outcome and plays an important role in determining the 
prognosis.

Our study was in concordance with other studies [1, 21, 
23, 25] showing no significant association between age and 
outcome. Some older studies have shown that patient’s 
aged > 60 years can predict poor outcomes [26, 27].

The effect of age on survival may be confounded 
by a selection bias as older patients (> 70  years) are 
less likely to receive CPR than younger patients [28]. 
This is explained by healthcare providers showing the 
trend for less aggressive care and less effective CPR in 
old patients during cardiac arrest compared to young 
patients [29].

We also showed similarity with other studies which 
proved that long-term survival had no specific associa-
tion with gender [23, 30]. Conversely, some older studies 
reported a better female survival to discharge [31, 32].

Central nervous system comorbidities in our study 
were more associated with ROSC than with CPR failure. 
Unfortunately, this was not extended to a longer-term 
benefit; in fact, cerebrovascular comorbidities were more 
associated with a decrease in survivors to discharge. In 
concordance with previous studies, CNS comorbidi-
ties have been shown to be predictive of unfavorable 

long-term outcomes [33], and lower CNS SOFA sub-
scores were associated with a lower survival to discharge 
[30].

Renal comorbidities in our study did not show any 
association with outcome, in concordance with Tian 
et al. (2010) [15]. Other studies emphasized renal failure 
as a more significant determinant of outcome than other 
comorbidities [30].

Our study in concordance with Tian (2010) showed 
that respiratory comorbidities were associated with 
decreased survivors to discharge [15]. We also proved 
that mechanical ventilation pre-arrest was associated 
with a decrease survival to discharge. The ICON regis-
try (2016) [30] showed that mechanical ventilation on 
admission was one of the predictors of unfavorable neu-
rological outcomes.

Cardiac comorbidities in our study did not show a sig-
nificant association with outcome; however, we showed 
that shock was associated with both a decreased ini-
tial ROSC (p 0.008) and decreased survival to discharge 
(p < 0.001). Other studies concluded that CVS SOFA 
sub-score was lower in survivors [30]  and that patients 
had a better survival if they were not on vasopressors at 
the moment of cardiac arrest or immediately previously 
to that [15, 30, 34]. The presence of shock and the need 
for vasopressors reflect a worse state of hypo-perfusion 
of vital organs with more liability of tissue damage and a 
possible decreased chance of survival.

The pH post-arrest has been previously shown to be 
associated with higher ROSC [29]; however, we did not 
show any significant association of PH with outcome. In 
our study, higher levels of  PaCO2 and  HCO3 were asso-
ciated with a higher ROSC. The consumption of  HCO3 
may be pronounced in prolonged hypoperfusion and 
anaerobic metabolism, which has a bad prognostic value.

We documented that a higher MPM0-III score was 
associated with failed CPR and non-survival to discharge 
and that a higher SOFA score was associated with non-
survival to discharge. Efendijev et  al. (2014) showed 
that higher SOFA and APACHE II scores were predic-
tive of long-term worse outcomes [4]. The ICON regis-
try showed that SOFA scores on admission were higher 
in non-survivors [30]. Kutsogiannis et al. (2011) showed 
that the APACHE II score was not an independent pre-
dictor of ROSC [13]. Similarly, Skrifvars et  al., in 2012, 
showed that the APACHE score did not have a good 
prognostic value in cardiac arrest [35].

Our study showed that non-shockable rhythms (asys-
tole or PEA) were the most common cardiac arrest 
rhythms 86% compared to only 14% shockable rhythms 
(VT/VF). This ratio is similar to the majority of stud-
ies of in-hospital cardiac arrests (IHCA) demonstrating 
that non-shockable rhythms were the dominant initially 

Table 6 ABG pre and during CPR

Survival of initial 
CPR with ROSC (60)

Non-survival of 
initial CPR (50)

Mean ± SD Mean ± SD P value

pH Pre 7 ± 0.1 7 ± 0.1 0.06

During 7 ± 0.3 7 ± 0.2 0.35

pCO2 Pre 44 ± 15 34 ± 15 0.002
During 53 ± 26 36 ± 23 0.001

HCO3 Pre 23 ± 11 18 ± 9 0.009
During 18 ± 9 14 ± 10 0.03

pO2 Pre 68 ± 38 64 ± 32 0.49

During 60 ± 37 64 ± 40 0.58

SO2 Pre 82 ± 19 80 ± 18 0.58

During 71 ± 31 70 ± 26 0.75

Na Pre 136 ± 9 135 ± 24 0.67

During 135 ± 10 136 ± 14 0.69

K Pre 4 ± 1 4 ± 1 0.15

During 7 ± 14 4 ± 1 0.25
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observed rhythms, ranging from 61.5 to 89.7% with a 
profit rate of 76.8% [2, 15, 18, 21, 36, 37]. IHCA is fre-
quently precipitated by hypoxia or hypotension, which 
more likely manifests by asystole, while out-of-hospital 
cardiac arrests (OHCA) are more commonly precipi-
tated by ischemia which often manifests by shockable 
rhythms (VT, VF) [38]. In similarity to our study, some 
studies have shown that asystole was associated with 
lower survival to discharge [39, 40]. Conversely, other 
studies observed a favorable outcome with non-shocka-
ble rhythms [6, 16]. Asystole may be reversible as it is fre-
quently precipitated by rapidly correctable causes (such 
as hemorrhage, cardiac tamponade, hypoxia, or hypoten-
sion [21].

Our study showed that ICU-CA in early morning 
shifts was more common than night shifts which may 
be attributed to cortisol-catecholamine surge upon 
awakening [13]. The time of arrest had no significant 
association with the outcome which is similar to Kutso-
giannis et al. (2011) [13]. Conversely, Peberly et al. (2008) 
showed a higher ROSC [41]  and Brindely et  al. (2002) 
showed greater survivors to discharge in early morning 
shifts than in night shifts [42]. A possible explanation is 
the presence of more staff and expert physicians during 
morning shifts in some ICUs.

Our study was similar to that of Shih et  al. (2004) who 
showed that the duration of resuscitation longer than 
10  min was associated with decreased ROSC [1]. Con-
versely, Goldberger et al., in 2012, showed that resuscitation 
time longer than 25  min was predictive of higher ROSC 
[43]. Previous studies proved that a resuscitation time 
longer than 15 min has been associated with a decrease in 
survival to discharge [21, 36, 44], and that a longer duration 
of resuscitation is associated with higher mortality [45]. 
The longer duration for resuscitation is probably coupled 
with longer vital tissue hypo-perfusion and damage [46].

CPR Outcome and its effects on functional dependency
In our study 13 (59%) of 22 survivors to discharge were 
functionally dependent on a companion while only 9 
(41%) of the 22 survivors to discharge were functionally 
independent. In concordance with our results, Hayley 
et  al. (2012) demonstrated that 80% of survivors to dis-
charge remained functionally dependent [17]. Enohuma 
et al. (2006) showed that 44% were discharged to rehabili-
tation centers or to another hospital [21].

Favorable outcomes may be expected if the CPR pro-
cedure was done inside rather than outside the hospital 
owing to a possibly earlier initiation of CPR, proximity of 
CPR equipment, and the availability trained personnel, 
especially in the ICU. On the other hand, ICU patients 
have a higher severity of illness and are more susceptible 

to cardiac arrests due to the presence of associated mul-
tiple comorbidities which have a definite impact on the 
outcome of their own. The variability in outcomes may 
be due to the heterogeneity of the underlying sever-
ity of comorbidities, patient demographics, and arrest 
etiologies.

Cardiopulmonary resuscitation for intensive care unit 
cardiac arrests (ICU-CA) has the privilege of being con-
tinuously monitored in the presence of highly qualified 
personnel and, therefore, may theoretically be expected 
to have a higher successful rate than CPR performed out-
side the ICU. On the other hand, the severity of the criti-
cal illness may disturb these expectations [1, 47].

CPR for cardiac arrest inside the ICU show variable 
rates of short- and long-term survival which were associ-
ated with the underlying clinical comorbidities. Our find-
ing may aid physicians in further understanding of the 
prognosis of patients who receive CPR in the ICU and 
possibly aid in modifying future management strategies 
and improving ICU care.

Study limitations
We included only two ICUs with relatively small sample 
sizes. There was no long-term follow-up after hospital 
discharge.

Conclusions

• Initially, successful CPR and ROSC occurred in 60 
patients (55%) with MICU-CA. Witnessed cardiac 
arrest, in-hospital versus outside the hospital cardiac 
arrest, as well as co-morbidities, do impact the suc-
cess of CPR and ROSC

• After a witnessed MICU CA, a non-shockable 
rhythm was present in 86% while a shockable 
rhythm in 14% of patients. CPR was initially suc-
cessfully manifested by ROSC in 55% of cases while 
20% survived to hospital discharge. Only 8% of total 
patients survived to discharge and were function-
ally independent.

• ROSC increased with MPM III < 10, EF ≥ 50%, 
non-shocked state, maintained  HCO3 and  PaCO2, 
DC shocks < 3, CPR cycles < 2, resuscitation dura-
tion < 10 min, and time to start CPR < 1 min.

• Mortality before discharge was higher with CNS 
and respiratory comorbidities, shocked and 
mechanically ventilated patients, SOFA > 9, MPM 
III > 10, and time to start CPR > 1  min. Mortality 
before discharge was less with asystole.

• Unsuccessful CPR and mortality before discharge 
were both higher in patients with MPM III > 10 and 
shock.
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