
RESEARCH LETTER  Clinical factors in targeted temperature management 61

Our retrospective, single‑center analysis includ‑
ed 50 consecutive adult OHCA patients admitted 
between 2012 and 2016 to the Coronary Care Unit 
of the 1st Department of Cardiology, Medical Uni‑
versity of Warsaw (Poland), who were managed 
according to the TTM protocol that included set 
times for performing biochemical tests. All patients 
underwent neurological assessment by the same 
reviewer on admission and at discharge with the 
CPC scale (CPC 1, good cerebral performance; CPC 
2, moderate cerebral disability; CPC 3, severe ce‑
rebral disability; CPC 4, coma or vegetative state; 
and CPC 5, brain death). The primary outcome 
was satisfactory neurological outcomes defined as 
CPC 1 and 2. Secondary outcome was all‑cause in
‑hospital mortality. The TTM was performed us‑
ing an external cooling device (Gaymar® Medith‑
erm III or Arctic Sun® Bard), with body tempera‑
ture monitoring by esophageal temperature cathe‑
ter. Patients were cooled to 33°C for 36 hours with 
a rewarming speed of 0.25°C per hour. If acute cor‑
onary syndrome was suspected as a cause of sud‑
den cardiac arrest, patients underwent coronary 
angiography. All patients received similar phar‑
macological treatment, which included analgose‑
dation (propofol/fentanyl) and 1 muscle relaxant 
(vecuronium bromide). Routinely, for the preven‑
tion of bacterial infection, broad‑spectrum antibi‑
otics were used. Other drugs were used according 
to the current guidelines.

Statistical calculations were performed using 
SAS 9.4. Quantitative variables were reported 
as median values and interquartile range. Cate‑
gorical variables were presented as percentages. 
Nonparametric statistical tests were used due to 
nonnormally distributed variables. Risk factors 
for in‑hospital mortality were determined using 
univariate logistic regression. A P value of 0.05 or 
less was considered significant.

Patients after out‑of‑hospital cardiac arrest 
(OHCA) and successful cardiopulmonary resus‑
citation (CPR) show various degrees of central 
nervous system damage. OHCA mainly occurs 
secondary to coronary artery disease or struc‑
tural heart disease, but in some patients, the eti‑
ology remains unknown.1 The prognosis follow‑
ing OHCA remains very poor, with only 4% of 
all OHCA patients surviving until hospital dis‑
charge.2 The development of severe anoxic en‑
cephalopathy is responsible for more than 60% 
of deaths.2 Targeted temperature management 
(TTM) is the only currently recommended meth‑
od of neuroprotection in those patients.

Several recent studies clearly highlight the im‑
portance of prehospital treatment, including 
prompt initiation of effective CPR.3 Despite a neg‑
ative trend in survival seen for resuscitation times 
above 15 minutes, as in the study by Mooney 
et al,3 nearly one‑third of patients with OHCA to 
return of spontaneous circulation (ROSC) time 
greater than 30 minutes survived with cerebral 
performance category (CPC) scale 1–2.3 Clearly, 
effective postresuscitation therapy, including a 
rapid correction of metabolic disturbances, active 
seizure control, and treatment of hyperglycemia, 
is an important prognostic factor. In multivari‑
ate analyses, the use of TTM was a major inde‑
pendent prognostic factor of good outcomes in 
several studies.3

Currently, we do not have adequate clinical 
evaluation tools that would allow prediction of 
short- and long‑term treatment outcomes after 
OHCA. Our aim was to define the prognostic val‑
ue of selected clinical and biochemical parameters 
in OHCA patients undergoing TTM. A dedicat‑
ed scale could be used for stratification of patient 
outcome, careful patient selection, as well as opti‑
mal and rational health care resource distribution.
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of shock, diagnosed in 34% of patients, was asso‑
ciated with approximately 6‑fold increased mor‑
tality (OR, 5.87; 95% CI, 1.59–21.6; P = 0.01).

The neurological status of patients at base‑
line was CPC 4, Glasgow Coma Scale 4. Follow‑
ing treatment, a good neurological status was ob‑
served in 26 patients (52%). After exclusion of 
patients with shock, the CPC score 1–2 was ob‑
served in a higher proportion of patients (65%).

Final neurological outcomes of the treatment 
were associated with some CPR procedure de‑
tails and biochemical parameters. In a univar‑
iate logistic regression, a difference was found 
between the time from OHCA to CPR (OR, 1.24; 
95% CI, 1.05–1.45; P = 0.009) as well as OHCA 
to ROSC (OR, 1.18; 95% CI, 1.07–1.31; P = 0.001) 
and the final CPC score. The final neurological 
outcome was associated with the baseline lactate 
concentration (OR, 1.151; 95% CI, 1.07–1.24; P = 
0.007) and baseline arterial pH (OR, 0.47; 95% 
CI, 0.27–0.84; P = 0.007). The highest blood glu‑
cose concentration during treatment also influ‑
enced the final neurological outcome (OR, 1.13; 
95% CI, 1.04–1.25; P = 0.005). We did not find 
any correlation between the neurological out‑
come and OHCA to TTM (33ºC) time nor glomer‑
ular filtration rate, creatinine, troponin, C‑reac‑
tive protein, and D‑dimer concentrations.

Our results show that the final neurologi‑
cal outcome was related to many independent 
parameters, most importantly, times from 
the OHCA to CPR, ROSC, and initiation of TTM. 
However, we did not find a correlation between 
the neurological outcome and the time from 
the OHCA to reach the target cooling temper‑
ature. We suspect that quick body temperature 
control and fever prevention in OHCA survivors 

The study population included 50 patients, 
mostly men (n = 40; 80%) with a median age of 
60 years (range, 52–66 years). ST‑segment ele‑
vation myocardial infarction was diagnosed in 
27 patients, and non–ST‑segment elevation myo‑
cardial infarction, in 9. Emergency coronary angi‑
ography was performed in 31 patients, and percu‑
taneous coronary intervention, in 29 cases. Clin‑
ical and biochemical characteristics were includ‑
ed in Supplementary material Tables S1 and S2.

The median time from the OHCA to the CPR 
was 5 minutes (range, 1–10 min), and the time 
from the OHCA to the ROSC, 20 minutes (range, 
5–30 min). The median time from the OHCA to 
the initiation of TTM was 120 minutes (range, 
60–210 min), and the time from the ROSC to 
the target temperature during TTM, 360 minutes 
(range, 240–458 min). The mean time of rewarm‑
ing to 36.6ºC after hypothermia was 720 minutes 
(range, 488–1295 min). In most cases, the OHCA 
mechanism was ventricular tachycardia (VT) or 
ventricular fibrillation (VF) (82%). Asystole oc‑
curred in 18% of cases. Pulseless electrical activ‑
ity was not registered in any patient.

In‑hospital mortality was 40.0%. In univari‑
ate logistic regression, an increased mortality risk 
was associated with the following variables: base‑
line lactate level (per 1) (odds ratio [OR], 1.31; 
95% CI, 1.00–1.70; P = 0.049), peak lactate level 
(per 1) (OR, 2.04; 95% CI, 1.14–3.63; P = 0.016), 
and minimal pH value (per 0.01) (OR, 0.66; 95% 
CI, 0.47–0.94; P = 0.02). The D‑dimer level was 
also associated with patient survival in this group 
(baseline D‑dimer level [per 100 ng/ml]: OR, 1.04; 
95% CI, 1.01–1.07; P = 0.01). Patient age was not 
associated with an increased mortality risk (OR, 
1.09; 95% CI, 0.99–1.19; P = 0.07). Development 

FIGURE 1�  Effect of 
selected biochemical and 
clinical variables on 
all‑cause mortality (A) 
and neurological status 
(B): results of 
a univariate analysis 
Abbreviations: CRP, 
cardiopulmonary 
resuscitation; OHCA, 
out‑of‑hospital cardiac 
arrest; OR, odds ratio; 
ROSC, return of 
spontaneous circulation; 
TTM, targeted 
temperature 
management
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data indicate better outcomes in patients with 
OHCA and TTM only in patients with shockable 
rhythms.11 In contrast to VT/VF, asystole and 
pulseless electrical activity are associated with 
poor prognosis even when TTM is used, although 
one study showed some reduction of in‑hospital 
mortality with TTM usage compared with nor‑
mothermia (OR, 0.84; 95% CI, 0.78–0.92).12

Several biochemical factors measured on ad‑
mission, clinical state, the time from OHCA to 
CPR, and the time from OHCA to ROSC can af‑
fect outcomes at discharge in patients treated 
with TTM. Cardiogenic shock on admission is 
a strong predictor of negative neurological out‑
come and all‑cause mortality. The development 
of an appropriate prognostic score would be use‑
ful to identify those patients who will benefit 
the most from neuroprotective treatment. Pa‑
rameters described in our study should be pro‑
spectively evaluated.

SUPPLEMENTARY MATERIAL  Supplementary 
material is available with the main article at 
www.pamw.pl.
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but not achieving the target temperature of 33°C 
is protective. This corresponds to the findings of 
Nielsen et al,4 where no additional benefit from a 
target temperature of 33°C compared with 36°C 
was found.

Our findings reveal several parameters that are 
potentially clinically useful, including biochemi‑
cal tests, which strongly correlate with the final 
neurological outcome. The most important ad‑
verse prognostic factors included the lactate lev‑
el, pH in initial arterial blood gases, and the peak 
lactate level during intensive therapy.

An increased lactate level persisting despite 
optimal therapy may be considered as a marker 
of postresuscitation organ damage degree and 
a marker of impending multiorgan failure. In 
other studies, a higher lactate concentration was 
associated with increased 30‑day mortality and 
worse neurological outcomes at 3 months.

Another important prognostic parameter was 
the D‑dimer level on admission. An elevated D‑di‑
mer concentration is typical of patients after 
successful CPR, reflecting profound activation 
of thrombosis and endogenous fibrinolysis sec‑
ondary to metabolic shock due to tissue hypoxia.5

In our population, 6 of 50 patients developed 
acute kidney injury (AKI) during hospitalization. 
Although some studies have shown that kid‑
ney function is associated with worse survival 
after OHCA and TTM,6 this was not observed 
in our study. Importantly, the TTM procedure 
has no significant effect on renal function com‑
pared with the normothermia group as shown in 
a meta‑analysis of randomized controlled trials.7

Another interesting association was found 
between adverse neurological outcomes and hy‑
perglycemia persisting despite treatment. Hy‑
perglycemia after OHCA has a negative impact 
on survival and neurological outcomes.8 One of 
the possible mechanisms is modulation of neu‑
ronal homeostatis. Hyperglycemia is linked with 
a rise in neuronal apoptosis, increased microg‑
lial and astrocytes activation, as well as an in‑
crease in the hippocampus and frontal cortex 
neuron damage.9

The  presence of shock on admission was 
the strongest risk factor for negative outcome, 
which was associated with a nearly 6‑fold in‑
crease in the risk of death. Despite significantly 
increased mortality among patients with shock, 
the neurological condition of survivors was sim‑
ilar to that of patients without shock.10 Similar 
observations were made in the COOL IT study. 
Mooney et al3 found no significant association 
between the age of patients subjected to TTM 
and in‑hospital mortality. However, a significant 
effect on the final neurological outcome was re‑
ported. In the present study, we observed no im‑
pact of age on mortality or neurological outcome.

Small patient samples in the present study 
did not allow a separate analysis of the impact 
of initial rhythm of the patient on examined pa‑
rameters. Nonetheless, it deserves a comment, 
as it is widely discussed in literature. Available 
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