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Abstract OBJECTIVES: Sudden circulatory arrest is most often of cardiac origin. Our aim 
was to evaluate circulatory arrest etiology and treatment strategies in patients after 
cardiopulmonary resuscitation (CPR) with persistent impairment of conscious-
ness in relation to survival and the subsequent quality of life.
DESIGN: Retrospective analysis of patients after CPR treated according to the local 
protocol including mild hypothermia in the intensive cardiac care unit.
RESULTS: Over 2 years, we admitted 57 mechanically ventilated patients after 
CPR. 47 patients (82%) were resuscitated outside the hospital. In 33 patients 
(58%) the initial rhythm was ventricular fibrillation; in the remaining patients 
(42%) asystole/pulseless electrical activity. Urgent coronary angiography was 
performed in 36 patients and percutaneous coronary intervention in 25 of them. 
The admission APACHE II score was 32,4 ± 3,4 with predicted mortality of 77,1%. 
The hospital survival rate was 54% and 47% of the patients were discharged home 
in a good state of health (Glasgow outcome score 4–5).
CONCLUSION: Our results suggest that comprehensive post-resuscitation care 
including therapeutic hypothermia and percutaneous coronary intervention in 
selected cases may have a positive impact on the prognosis of patients after CPR.

INTRODUCTION

Sudden circulatory arrest outside the hospital is the 
most common cause of adult mortality in devel-
oped countries (15–20% of all causes of death), 
affecting approximately 1 in 1,000 people every 
year (Priori et al. 2002). Contrary to the detailed 
cardiopulmonary resuscitation (CPR) standards 
(Nolan et al. 2005), recommendations for patient 
care in the post-resuscitation period are scarce, 
due to lack of relevant human data. Since the 
cause of sudden circulatory arrest in adults has a 

high probability of cardiac origin (80%) and most 
often represents the first sign of ischemic heart 
disease (IHD) as well (unstable plaque with coro-
nary thrombosis), some patients are hospitalized 
in intensive care units with cardiac specialization. 
Patients after CPR have in general a very unfavour-
able prognosis with frequent neurological deficit 
and according to various authors, only 19–46% of 
them are discharged home in a satisfactory health 
condition (Hypothermia after Cardiac Arrest 
Study Group 2002, Granja et al. 2002, Bunch et al. 
2003).
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Abbreviations:
ACS: – acute coronary syndrome
APACHE: – acute physiology and chronic health evaluation
AV:  – atrioventricular
CAG: – coronary angiography
CPR: – cardiopulmonary resuscitation
ECG: – electrocardiogram
GOS: – Glasgow outcome score
ICCU: – intensive cardiac care unit
IHD: – ischemic heart disease
LQT:  – long QT interval
MAP: – mean arterial pressure
PaCO2:  – partial pressure of carbon dioxide
PCI: – percutaneous coronary intervention
PEA: – pulseless electrical activity
STEMI:   – ST-elevation myocardial infarction
VF: – ventricular fibrillation
VT: – ventricular tachycardia

with crystalloid fluids (Plasma-lyte, Baxter) given at a 
temperature of +4 oC (initial bolus of 30ml/kg, speed 
up to 100 ml/min depending on the hemodynamic 
status) and external cooling. During the hypothermia 
induction, the patients were sedated and relaxed to pre-
vent shivering thermogenesis. The contraindications 
for therapeutic hypothermia were defined as follows: 
decreased category of treatment (withhold or withdraw 
therapy), excessive bleeding including intracranial 
hemorrhage and severe hemodynamic instability. We 
considered a reduction of the hypothermic period to 12 
hours in patients with a high risk of infection (e.g. exces-
sive aspiration). The end of the hypothermic phase was 
followed by slow, spontaneous rewarming (0.25–0.5 oC/
hour) and prevention of hyperthermia during the next 
24 hours.

We monitored our patients until the end of hospi-
talization, when the Glasgow outcome score (GOS) 
upon discharge was assessed (Table 1). A patient dis-
charged home in a good clinical condition correspond-
ing to GOS values of 4–5 was considered success of our 
treatment.

RESULTS

From the beginning of January 2005 until the end of 
December 2006, we admitted in total 57 adult patients 
(age 66 ± 12 years, male/female 44/13) after CPR with 
persistent consciousness impairment to our ICCU. The 
APACHE II score on admission was 32,4 ± 3,4 with 
predicted mortality of 77.1%. The ICCU mortality 
within our patient group was 35% and the total hospital 
mortality was 46%. The etiology of circulatory arrest is 
shown in Table 2.

Circulatory arrest occurred in 47 (82%) cases out-
side the hospital while 10 (18%) patients experienced 
sudden circulatory arrest in a hospital environment. 
The first detected heart rhythm was ventricular fibril-
lation/tachycardia in 33 patients (58%) and asystole or 
pulseless electrical activity in 24 (42%) patients. The 
clinical outcome of patients in relation to the location 
of circulatory arrest and to the first detected rhythm is 
summarized in Figure 1.

The indications and results of coronary angiography 
investigations are summarized in Table 3.

All that patients were planned to cool to a final tem-
perature of 32–34 oC for a period of 24 hours. The target 
temperature was reached in 37 patients (65%). Within 

Table 1.  Glasgow outcome score (GOS)

GOS 5 Good condition Return to normal life, with insignificant deficit of physiological functions

GOS 4 Mild impairment Neurological deficit, but self-sufficient. Able to work in special conditions.

GOS 3 Severe impairment Conscious, but not self-sufficient. Dependent on the help of others.

GOS 2 Persistent vegetative state Unconsciousness, coma vigile

GOS 1 Death Died

Our aim was to evaluate the medical history data 
and treatment of a patient group hospitalized after CPR 
in our Intensive Cardiac Care Unit (ICCU) in relation 
to their survival and subsequent quality of life.

MATERIALS AND METHODS

We analyzed retrospectively the data of adult patients 
who had been admitted to the ICCU after CPR due to 
circulatory arrest with persistent consciousness impair-
ment upon ICU admission. The data analysis included 
the APACHE II score on admission and inferring pre-
dicted mortality (Knaus et al. 1985). All patients were 
assessed by a cardiologist before their admission to 
ICCU. If acute coronary syndrome was highly suspected 
as the cause of circulatory arrest, an urgent coronary 
angiography (CAG) investigation was performed after 
essential short-term patient stabilization. The indica-
tions for immediate CAG were as follows: ST segment 
elevations/deep depressions on the ECG or bundle 
branch block or localized wall motion abnormalities on 
echocardiography or history of chest pain.

Patients were treated according to the local proto-
col for post-resuscitation care with special emphasis 
on early therapeutic hypothermia induction (target 
temperature 32–34 oC applied for a period of 24 hours), 
normoventilation (optimal PaCO2 4–4,7 kPa), inva-
sive mean arterial pressure monitoring (goal 80–100 
mmHg), glycemia monitoring and treatment (target 5–8 
mmol/l) and electrolyte monitoring (optimal sodium 
levels 140–150mmol/l, potassium levels 4,5–5mmol/l). 
To cool the patient, we combined intravenous cooling 
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the group of patients who had reached the final tem-
perature, 57% of them were discharged home in satis-
factory clinical condition (GOS 4–5). Within the group 
where the final temperature was not reached, only 35% 
of the patients were discharged in satisfactory condi-
tion. However, this difference did not achieve statistical 
significance (p=NS).

Out of 57 patients hospitalized in our ICCU after 
CPR, 27 (47%) were discharged home in good health 
condition (GOS 4–5). 10 of them were discharged home 
from non-ICU wards of our hospital, 8 patients were 
discharged home from regional hospitals where they 
had been transferred from our ICCU, and 9 patients 
were discharged home after implantable cardioverter 
defibrillator implantation in other cardiac centres.

In total, 26 (46%) patients died – 20 in our ICCU, 6 
after transfer to a non-ICU ward in our hospital. Four 
(7%) patients with GOS 2–3 were transferred to wards 
with assistant care.

DISCUSSION

Circulatory arrest in adults is of cardiac origin in 
75–80% of all cases (Kim et al. 2001, Fries et al. 2007). 
A frequent condition leading to sudden circulatory 
arrest is acute myocardial infarction. This disease 
was also found to be the most frequent in our patient 
group when analyzed by main clinical diagnoses. The 
first registered ECG performed on-site showed that in 
our dataset ventricular tachycardia/fibrillation (VT/
VF) prevailed over asystole/pulseless electrical activ-
ity (PEA). This was very likely caused by the greater 

probability of return of spontaneous circulation at the 
time of CPR and subsequent transport of patients with 
defibrillated heart rhythm (VT/VF) to our hospital. 
Our results confirmed, in accordance with other pub-
lished data, the better clinical outcome of patients with 
defibrillated heart rhythm when compared to patients 
with the first detected rhythm asystole/PEA (Kim et 

Figure 1. Clinical outcome of patients by location of 
circulatory arrest and by 1st detected heart rhythm.  
CPR = Cardiopulmonary Resuscitation, VF = Ventricular 
Fibrillation, VT = Ventricular Tachycardia, PEA = Pulseless 
Electrical Activity

Table 2  Etiology of circulatory arrest

Cause of circulatory arrest Number of patients 

Acute myocardial infarction 27 (47%)

Malignant arrhythmia in patients with severe
left ventricular systolic dysfunction 

16 (28%)

Severe electrolyte imbalance 5 (9%)

AV block IIIrd degree. /LQT syndrome 4 (7%) 

Other 5 (9%)

Total 57

AV = Atrioventricular, LQT = Long QT

Table 3. Indications of coronary angiography

Indication Number of patients

ST segment elevations/BBB on ECG 29

ST segment depressions on ECG 4

Localized left ventricular wall motion abnormalities/ history of angina pectoris 3

Total 36

Ratio coronary angiography/immediate PCI 36/25

BBB = bundle branch block, ECG = electrocardiogram, PCI = percutaneous coronary intervention
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al. 2001, Fries et al. 2007). In our study, the outcome of 
the patients resuscitated in hospital did not differ sig-
nificantly from the outcome of the patients resuscitated 
outside a hospital. This observation could be biased by 
the relatively small number of patients in the former 
group.

The mortality of patients treated after CPR due to 
circulatory arrest is high overall (Hypothermia after 
Cardiac Arrest Study Group (2002), Granja et al. 2002, 
Bunch et al. 2003). To improve the trend, we need not 
only to carry out early and adequate CPR, but also to 
perform rapid diagnostics and treatment of reversible 
causes of circulatory arrest. When early and adequate 
treatment is provided, patients suffering circulatory 
arrest of cardiac origin have a greater chance of survival 
(Kim et al. 2001, Fries et al. 2007) and therefore, our 
patients after CPR were all assessed by a cardiologist as 
soon as possible after their admission to the hospital. 
Patients with a high suspicion of acute coronary syn-
drome (ACS) were indicated for coronary angiography 
immediately after initial short-term stabilization. The 
coronary angiography investigation (PCI) and sub-
sequent PCI may play a significant role in circulatory 
stabilization in ACS patients. Without hemodynamic 
stabilization it is impossible to achieve optimal organ 
perfusion (including the brain) and to reduce their 
organs’ hypoxic-reperfusion alterations. The study by 
Werlin et al. demonstrated that successful PCI after 
resuscitated cardiac arrest was a multivariate predictor 
of hospital survival (Werlin et al. 2007).

To ensure sufficient organ perfusion, it is necessary 
to optimize the mean arterial pressure (MAP). Usually, 
the target MAP value is recommended as “normal or 
slightly increased” (80–100mm Hg) in particular to 
ensure adequate cerebral perfusion pressure, this was 
also our strategy (Nolan et al. 2005). The application of 
catecholamines (dobutamin/levosimendan and/or nor-
epinephrine in our unit) is usually necessary after pre-
load optimization even in patients with ACS and early 
revascularization (PCI) (Rokyta & Pechman 2006). 
Nevertheless, further studies are needed since long-
term catecholamine administration in order to achieve 
higher MAP levels may lead to afterload increase, which 
in turn might compromise the myocardial energetic 
metabolism and performance.

Our local guidelines for the treatment of patients 
after CPR are focused particularly on the application 
of therapeutic hypothermia, which, according to many 
studies, reduces post hypoxic-reperfusion brain damage 
in patients after CPR (Nolan et al. 2005, Hypothermia 
after Cardiac Arrest Study Group 2002, Langhelle et 
al. 2003, Bernard et al. 2002, Lukaskova et al. 2008). 
Moreover, recent published 3 single center small studies 
(together 106 patients) have shown feasibility and safety 
of combining primary PCI and mild therapeutic hypo-
thermia in comatose survivors of ventricular fibrillation 
due to STEMI (Knafelj et al. 2007, Wolfrum et al. 2008, 
Hovdenes et al. 2007). Moreover, these studies found 

much better clinical outcome in these selected STEMI 
patients´groups (Noc & Radseel 2008).

All patients in our study group were found to be eli-
gible for therapeutic hypothermia. The main reasons for 
not reaching the desired temperature were the develop-
ment of significant hemodynamic instability or severe 
arrhythmias, resulting in interruption of the process of 
cooling. Patients who had reached the desired tempera-
ture had a better clinical outcome. However, we were 
unable to interpret this finding clearly because of the 
retrospective design of our study.

Comprehensive post-resuscitation treatment further 
includes adequate monitoring and correction of gly-
cemia. Hyperglycemia is associated with a worse neu-
rological impairment of patients after CPR and does 
increase the mortality of critically ill patients (Nolan 
et al. 2005, Langhelle et al. 2003). Although the opti-
mal glycemia has yet to be determined in critically ill 
patients, we corrected its levels to 5–8 mmol/l, which 
was in agreement with the recommendations of the Sur-
viving Sepsis campaign (Dellinger & Vincent 2005).

Our study has some limitations. It was a retrospec-
tive study. Patients admitted to the ICCU were usually 
selected a priori in the emergency room and about half 
of them presented acute myocardial infarction. Despite 
a non-randomized design, our data suggest that patients 
with cardiac arrest can benefit from implemented com-
prehensive post-resuscitation diagnostic and treatment 
algorithms and guidelines and that their long-term 
clinical outcome can be improved. Further studies are 
needed to confirm the potential benefit of urgent coro-
nary angiography/PCI in certain patient subgroups (e.g. 
CPR and acute coronary syndrome without ST segment 
elevations).

Statistics
Fischer exact test was used. p<0.05 was considered sta-
tistical significant.

CONCLUSION

Patients after cardiopulmonary resuscitation with per-
sistent loss of consciousness treated in our intensive 
cardiac care unit achieved a substantially better clinical 
outcome as compared to published data. Our patients 
had experienced circulatory arrest, mostly of cardiac 
origin. Our results suggest that the otherwise very unfa-
vourable prognosis of these patients may be improved 
by applying a comprehensive post-resuscitation proto-
col, including early coronary angiography/percutane-
ous coronary intervention in indicated cases and the 
use of therapeutic hypothermia.
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