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ABSTRACT

Aim To examine the effects of therapeutic hypothermia on the
outcome of patients with the diagnosis of out-of-hospital cardiac
arrest (OHCA).

Methods The study included 76 patients who were hospitalised
at the Medical Intensive Care Unit (MICU) of the Clinical Centre
University of Sarajevo, with the diagnosis of out-of-hospital car-
diac arrest, following the return of spontaneous circulation. Thera-
peutic hypothermia was performed with an average temperature of
33°C (32.3 - 34.1°C) on the patients who had coma, according to
the Glasgow Coma Scale (GCS).

Results Multiple organ dysfunction syndrome (MODS) signifi-
cantly affected survival (p=0.0001), as its presence reduced pa-
tients’ survival by 96%. In addition, ventricular fibrillation (VF)
as the presenting rhythm, also significantly affected survival
(p=0.019). A degree of patient’s coma, as measured by the GCS,
significantly affected survival (p=0.011). For each increasing point
on the GCS, the chance for survival increased twice. Moreover,
other physiological factors such as the pH and the lactate serum le-
vels significantly affected patients’ survival (p=0.012 and p=0.01,
respectively).

Conclusion In patients with the diagnosis of OHCA who un-
derwent to the treatment with therapeutic hypothermia, verified
VF as a presenting rhythm was a positive predictive factor for their
outcome. Therefore, therapeutic hypothermia represents an option
of therapeutic modality for this type of patients.
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INTRODUCTION

Out-of-hospital cardiac arrest (OHCA) presents
loss of cardiac function and lack of pulse, and it is
the main cause of mortality, with survival rates be-
tween 4 and 39.3% (1,2). Cardiopulmonary resus-
citation (CPR) should be done as soon as possible,
and hospitalization is of utmost importance (2). In
late fifties of the 20th century, the therapeutic hypo-
thermia after the cardiac arrest was first described
(3). It has been shown that therapeutic hypothermia
improves both neurological outcomes and survival
(4-6). In 2003, the American Heart Association
(AHA) and the International Liaison Committee
on Resuscitation (ILCOR) recommended the use of
therapeutic hypothermia after cardiac arrest (2). In
2005, a revision was made to the first recommenda-
tion and clear guidelines for its use were established
as follows: unconscious adult patients with return
of spontaneous circulation (ROSC) after OHCA
should be cooled to 32-34 °C for 12-24 hours when
initial rhythm was ventricular fibrillation (VF), pa-
tients with non-VF arrest out-of-hospital or with
in-hospital arrest, hemodynamically stable patients
with spontaneous mild hypothermia (>33°C) after
resuscitation from cardiac arrest should not be ac-
tively rewarmed (7). Patients on which this method
can be used are intubated with the treatment initiat-
ed within 6 hours after cardiac arrest (non-perfusing
ventricular tachycardia (VT) or VF), patients able
to maintain systolic blood pressure >90 mm Hg,
with or without vasopressors after cardiopulmonary
resuscitation (CPR) and patients in coma at the time
of cooling (5). The aim of the treatment is to achieve
the target temperature between 32 °C and 34 °C
within 4 hours from the start of the cooling, while
rewarming begins 24 hours after the beginning of
the cooling process (7,8). Guidelines in 2015 con-
firmed earlier recommendation and put into focus
supportive therapy and controlled rewarming (9).
In the Federation of Bosnia and Herzegovina, stud-
ies of this type have not been performed.

The aim of this study was to examine the effects
of therapeutic hypothermia on the outcome of pa-
tients with the diagnosis of OHCA.

PATIENTS AND METHODS

Patients and study design

This retrospective-prospective study included 76
patients who were admitted to the 7-bed Medical

Intensive Care Unit, Clinical Centre, University of
Sarajevo (Federation of Bosnia and Herzegovina,
Bosnia and Herzegovina), during a 2-year period
(January 2013-December 2015). Ethical approval
was obtained from the Ethical Committee of the
Clinical Centre University of Sarajevo. Legal re-
presentative were informed about the treatment
and they gave the consent. The patients were ad-
mitted from the Emergency Department. The rea-
sons for admission was the diagnosis of OHCA,
following the return of spontaneous circulation
(patients remained intubated and ventilated, with
persistent coma after cardiac arrest).

For each patient, the following data were obta-
ined upon admission: age, gender, the presen-
ting rthythm (VF, asystole), time until the start of
CPR, duration of CPR and time until the return of
spontaneous circulation (ROSC), Glasgow Coma
Scale (GCS) (method for bedside assessment of
conscious level by eye opening, verbal and motor
response) (10). Laboratory tests (lactate and pH
serum levels) upon admission were measured,
as well as and the presence of sepsis, ventilator-
associated pneumonia (VAP) or multiple organ
dysfunction syndrome (MODS).

Patients were divided on the basis of their outcome
into two groups: survivors (patients who were dis-
charged from the hospital), and non-survivors (pa-
tients who died during the same hospitalization).

Methods

After admission, the patients were sedated and
placed on mechanical ventilation. Targeted tem-
perature management (TTM) was started using
the Arctic SunR Temperature Management
System (Model 2000, Medivance Inc., Loui-
sville, USA) with a target temperature of 33 °C
which was maintained constantly for 24 hours.

All patients were resuscitated according to the
advanced cardiac life support guidelines. Rou-
tine collection of data did not interfere with the
patient care and treatment in any way, and sta-
tistical analyses were processed retrospectively
and anonymously.

Statistical analysis

The data collected were analysed at the level of
descriptive statistics by measures of central ten-
dency (arithmetic mean and median) and me-
asurements of variability (standard deviation,
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interquartile range 25th-75th percentile). The
univariate binary logistic regression examined
the individual impact of independent variables
on the binary dependent variable survival (sur-
vivor / non-survivor) in the medical intensive
care unit. Multivariate binary regression analysis
examined the influence of independent predictors
(model 1), which showed a significant impact on
the variable “survivor / non-survivor”. The value
of the model is tested by Hosmer and Lemeshow
Test. All analyses were evaluated at a level of sta-
tistical significance of p<0.05.

RESULTS

The average age of patients was 59+15.7 years,
with higher prevalence of males, 55 (72%). Car-
diogenic origin of OHCA was confirmed in 61
(80.3%) patients. The VF was initially detected
in 47 (62%) patients, while the asystole was veri-
fied in 29 (38%) patients. The CPR was initiated
after 4 (1-6) minutes of OHCA and lasted for 25
(19-33) minutes. Therapeutic hypothermia was
performed with an average temperature of 33°C
(32.3 - 34.1°C) to the patients who had the ave-
rage value on GCS from 3 to 8. During the first
24 hours following the start of hypothermia tre-
atment, 11 (14.5%) patients died. An overall ICU
mortality was 44.7% (34 patients).

The following parameters did not significantly
affect the patient’s survival: age, time of the
CPR onset and its duration, target temperatu-
re of therapeutic hypothermia, the occurrence
of sepsis and ventilator-associated pneumonia.
However, multiple organ dysfunction syndro-
me (MODS) had a significant effect on survival
(p=0.0001), as its presence reduced the patients’
survival by 96%. The OHCA patients with VF as
their presenting rhythm had three times higher
chance of survival than those who had not ve-
rified VF. Furthermore, the degree of patient’s
coma, as measured by the GCS significantly
affected survival (p=0.011). For each raising po-
int on the GCS, the chance for survival doubles.
Moreover, other physiological factors, such as
pH and lactate serum levels, significantly affec-
ted patients’ survival (p=0.012, and p=0.01,
respectively). Multivariate binary logistic regre-
ssion showed statistically significant impact on
the outcome. Backaer Wald method in five steps
showed that MODS had the biggest effect on

survival rate, more than patient’s gender, presen-
ting rthythm and the duration of CPR (Table 1).

Male gender was a significant predictor of sur-
vival (p=0.021). Odds ratio for survivor was 3.5
(1.2-10) times if the patient was male, or the
chance moved in the interval (CI 95%).

The VF as the presenting rthythm in OHCA pa-
tients significantly affected survival (p=0.019).
Patients with VF as presenting rhythm were 3
(1.2-8) times more likely to survive than patients
presenting with asystole (Table 1).

Table 1. The influence of independent predictors on the

outcome of patients with out-of-hospital cardiac arrest in
medical intensive care unit (survivor / non-survivor)*

95.0% C.Ifor

Independent predic-

EXP(B

tors- Variables B Wald p Exp(B) ®)

Lower Upper
Gender (male/female) 1.253 5.359 .021 3.500 1.212 10.109
Age (years) -009 340 560 991 963  1.021
Presenting rhythm
(asystole/VF) 1.154 5519 .019 3.170 1.211 8.302
Time until start of CPR- 5, e 410 1.056 928 1.201
(minutes)

Duration of CPR / time

until ROSC (minutes) -.043 4900 .027 958 921 .995
Glasgow coma scale  .673 6.428 .011 1.960 1.165 3.298
pH 5.518 6.264 .012 249.127 3.309 1875.502
Lactate (mmol/L) -196 6.592 .010 .822 .708 955
Target temperature (Co) .064 .150 .698 1.066 .771  1.474
Sepsis (yes/no) -.820 2.526 .112 441 160 1.211
MODS ( yes/no) -3.17120.616.0001 .042  .011 165
VAP (yes/no) 241 169 .681 1273 403 4.016
Cerebral oedema (yes/
no)

B, coefficient; Wald, coefficient; EXP (B), odds ratio; 95.0% CI.for
EXP (B), 95% confidence interval for odds ratio; *multiple organ
dysfunction syndrome (MODS) had a significant effect on survival
(p=0.0001)

-1.378 1.367 242 252 .025  2.541

The duration of CPR impacted survival
(p=0.027). With every passing minute of cardi-
opulmonary resuscitation, the chance of survival
decreased by 4% (1-8%).

The extent of patients’ coma, as measured by the
GCS, affected survival (p=0.011). For each po-
int on this scale, the chance of survival increased

about 2 (1-3) times.

Lactate serum values had a significant effect on
survival (p=0.01). For each increase in lactate se-
rum level by 1 mmol/L, the chance of survival
was reduced by 20% (5-30%).

The pH serum level impacted survival (p=0.012).
For each increase in pH by 0.01, the chance of
survival increased approximately 2 times, or in
the interval of 0.03 to 18 times.
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MODS significantly affected survival (p=0.0001).
The present MODS in OHCA patients reduced the
chance of survival by 96% (84-99%) (Table 1).

The age of the patient, presence of VAP, sepsis as
well as brain oedema in our study did not show si-
gnificant prediction on the OHCA patient outcome
in medical intensive care unit (p>0.05). Multiva-
riate binary logistic regression method was used
to examine the influence of independent predictors
on the survival of the OHCA patients in medical
intensive care unit. By using Backer Wald met-
hod in 4 steps, of all the statistically significant
(p<0.05) variables, the greatest impact was de-
monstrated for MODS (Wald coefficient=19.45),
while the other three predictors had less significant
influence on survival: patient gender, presenting
rhythm and the duration of CPR (Wald coefficient
=7.9, 6.8 and 5.7 respectively) (Table 2).

Model 1 had the values of Cox & Snell R2 =
0.513 and Nagelkerke R2 = 0.687, indicating
that the set of variables in the fourth step expla-
ins between 51.3% and 68.7% variance. Further
results of Hosmer and Lemeshow tests support
the claim that the model is good, that is, 2 = 3.8;
p=0.872 (Table 2).

Table 2. Multivariate impact of independent predictors on
the patient outcome (survivor / non-survivor) (the greatest
impact was demonstrated for multiple organ dysfunction
syndrome (MODS)*

" 95.0% C.Lfor
de‘l"l Variable B Wald p Exp(B) _ EXP(B)
Lower Upper

Gender (male/

Step 1 2271 6.657 .010 9.692 1.726 54.419

female)

Rhythm
(asystolervEy 2148 5786 016 8.566 1489 49296
Durationof =0 4236 040 936 878 997
CPR (minutes) - . . g . .
GCS (1-15) 510 1.868 .172 1.666 801  3.464

pH serum level 3.497 .854 356 33.015 .020 54992.602
Lactate serum
Jevel (mmol/L) 075 373 541 1.078 .847 1.373

Mo?li)(y“/ 4747 16491 .0001 .009 .00l  .086

Gender (male/ ) 133 5990 005 11391 2.109 61.538

female)
Rhythm 2.137 6.824 .009 8.476 1.705 42.135
(asystole/VF)
Step 4 Durati ;
uration o
CPR (min.) -070 5.765 .016 .932 .88l 987

MODi(y“/ 4817 19.457.0001 .008 .00l  .069

B, coefficient; Wald, coefficient; EXP (B), odds ratio; 95.0% Cl.for
EXP (B), 95% confidence interval for odds ratio; *p=0.0001

DISCUSSION

Sudden cardiac arrest occurs in 250,000-300,000
people in Europe every year (11). Survival in pa-
tients with out-of-hospital cardiac arrest is less
than 15%, while survival with in-hospital car-
diac arrest is approximately 22% (12, 13). Only
5-35% of the patients leave the hospital alive, with
some degree of neurological impairment (14). In
our study, during the first 24 hours, following the
start of hypothermia treatment, 14.5% of patients
died, while an overall mortality was 44.7%.

A cardiogenic origin was present in 61% of pa-
tients with cardiac arrest. This is comparable to
the earlier reports which showed that 70% of all
OHCA are due to coronary heart disease, and
further 10% are caused by structural heart dise-
ase (e.g. hypertrophic cardiomyopathy), 5% to
10% are due to arrhythmic causes, in the absence
of structural heart disease (15). Fifteen to 25 %
of OHCA are non-cardiac in origin (16). Time
from OHCA until the start of CPR was 4 minutes
on average and CPR lasted for 25 minutes un-
til ROSC. Our study is similar to earlier studies
which showed that patients achieving ROSC had
median total CPR duration of 18 minutes (17).

Gender was a significant predictor of survival,
and male patients had 3.5 times better chance
for survival. This is supported by larger studies
which show that women who suffer an OHCA
are less likely to have characteristics associated
with survival such as arresting in a public loca-
tion or an initial shockable rhythm or bystander
resuscitation and have a lower rate of survival to
discharge (18). Also, women are more likely to
have a diagnosis of myocardial infarction missed
in the Emergency Department, and are less likely
to receive invasive diagnostic testing and tre-
atments for cardiovascular diseases, such as car-
diac catheterization and percutaneous coronary
intervention - all of which might account for poo-
rer outcomes and increased mortality (19). When
experiencing OHCA, women are older than men,
have fewer witnessed arrests, have fewer initial
VF/VT rhythms and have a lower rate of bystan-
der CPR (20). Ventricular fibrillation was initi-
ally detected in 47 (62%) patients in our study.
Our results show that the respondents who have
had verified VF have three times higher chance
of surviving than those who have not had verifi-
ed VF. Earlier studies agree with our results, as
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VF and early ROSC in general were shown to be
associated with better outcomes in patients with
witnessed OHCA (21). Shockable rhythm con-
version from initial non-shockable heart rhythms
was associated with better OHCA outcomes, de-
pending on the type of initial heart rhythm, and
time of rhythm conversion (22).

The benefits of TTM have been summarized in a
systematic review and meta-analysis of six rando-
mized trials (23). According to this review, patients
treated with TTM were more likely to survive than
patients whose temperature was not managed with
TTM. However, TTM is associated with a num-
ber of adverse effects and complications. The main
adverse effects reported include shivering, seizu-
res, bradycardia, tachyarrhythmia, pneumonia,
sepsis, coagulopathy, electrolyte and metabolic
disturbances (23). In our study, parameters did not
significantly affect the patient’s survival were the
patient’s age, the time of the cardiopulmonary re-
suscitation onset and its duration, the temperature
of therapeutic hypothermia, the occurrence of sep-
sis and ventilator-associated pneumonia. However,
multiple organ dysfunction syndrome (MODS)
had a significant effect on survival, as its presence
reduced patients’ survival by 96%. Earlier studies
also showed that MODS is a negative predictor
for outcome in OHCA patients (24). Moreover,
other physiological factors such as the pH and the
lactate significantly affect patients’ survival. Our
earlier study showed that blood lactate concentra-
tion is independently associated with an increase
in mortality in hospitals and it represents a statisti-
cally significant predictive marker of fatal clinical
outcomes for critically ill patients. Blood lactate
concentrations >2.25 mmol/L can be used by clini-
cians to identify patients at high mortality risk (25).

It is important to note that before our MICU was
equipped with the proper cooling system, alter-
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