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Background: Patients admitted to the hospital after primarily successful cardiopulmonary resuscitation 
(CPR) are at a very high risk for neurologic deficits and death. Targeted temperature management (TTM) 
for mild therapeutic hypothermia has been shown to improve survival compared to standard treatment. 
Acute cardiovascular events, such as myocardial infarction (MI), are a major cause for cardiac arrest (CA) in 
patients who undergo CPR. Recent findings have demonstrated the importance and impact of the leukocyte 
response following acute MI.
Methods: In this retrospective, single center study we enrolled 169 patients with CA due to non-traumatic causes and 
primarily successful CPR. A total of 111 subjects (66%) underwent TTM aiming for a target temperature of 32–34 ℃. 
Results: Analysis of 30 day follow up showed a significantly improved survival of all patients who received 
TTM compared to patients without hypothermia (P=0.0001). Furthermore TTM was an independent 
variable of good neurological outcome after 6 months (P=0.0030). Therapeutic hypothermia was found to be 
beneficial independent of differences in age and sex between both groups. While a higher rate of pneumonia 
was observed with TTM, this diagnosis had no additional impact on survival or neurological outcome. The 
beneficial effect on mortality remained significant in patients with the diagnosis of an acute cardiac event 
(P=0.0145). Next, we evaluated the kinetics of leukocytes in this group over the course of 7 days after CA. 
At presentation, patients showed a mean level of 16.5±6.7 of leukocytes per microliter. While this level 
stayed stable in the group of patients without hypothermia, patients who received TTM showed a significant 
decline of leukocyte levels resulting in significantly lower numbers of leukocytes on days 3 and 5 after 
CPR. Interestingly, these differences in leukocyte counts remained beyond the time period of TTM while 
C-reactive protein (CRP) levels were suppressed only during ongoing cooling, but differences between the 
groups were diminished after TTM was terminated (from day 3 on, P>0.2). Finally, patients who received 
TTM and showed a leukocyte count of less than 12.7/μL on day 3 had an improved survival (P=0.0214) and 
neurological outcome (P=0.0049) compared to patients above that level.   
Conclusions: Our data underline the beneficial effects of TTM and demonstrate an impact of hypothermia 
on leukocyte counts after CA.
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Introduction

Cardiovascular diseases (CVDs) are the leading cause of 
death in developed countries. According to the World 
Health Organization (WHO), about 17.5 million people die 
from CVDs every year—80% due to stroke or myocardial 
infarction (MI) (1).

In very severe cases these entities can lead to cardiac arrest 
(CA) with need of cardiopulmonary resuscitation (CPR). 
Even if return of spontaneous circulation (ROSC) is achieved, 
a high mortality remains in these patients (2). Therefore, 
optimized post-resuscitation care including targeted 
temperature management (TTM) for mild hypothermia is 
crucial for survival as well as neurological outcome (3).

Initially, TTM was recommended in patients who 
were admitted in a comatose status after successful CPR 
especially with shockable rhythms (VF, pVT) in initial 
electrocardiography (ECG) registration (4,5). In recent 
years, evidence emerged that this intervention could also be 
beneficial in patients with initial non-shockable rhythms. 
Perman and colleagues have lately shown that a benefit in 
survival and neurologic outcome at hospital discharge is 
observed in this group of patients (6). 

The most common cause of CA in adult patients is 
ischemic CVD (2,7). The immune response following acute 
MI plays an important role in the quality of healing (8,9). 
An elevated leukocyte count in the acute phase is associated 
with complications as well as short- and long-term mortality 
(10,11). In this context leukocytes can act in a beneficial as 
well as a harmful manner, depending on subclasses, timing 
and circumstances (12,13). Therefore, influencing leukocyte 
mediated inflammation seems to be a potential target for 
therapeutic approaches (14). 

It has been shown that therapeutic hypothermia 
suppresses leukocyte counts in encephalopathic neonates (15). 
Additionally, several in vitro and in vivo reports showed an 
impact of hypothermia on the immune system, especially on 
leukocyte function in a mainly inhibiting manner (16-20). 

In the presented study, we investigated the effect of 
therapeutic hypothermia on leukocyte counts and C-reactive 
protein (CRP) levels and evaluated survival as well as 
neurological outcome after CA. 

Methods

Study design

In this retrospective, single-center study we analyzed the 
course of leukocyte counts and CRP up to 7 days after 

CA in patients who underwent TTM for mild therapeutic 
hypothermia compared to those without active temperature 
management. 

We included patients who were resuscitated due to non-
traumatic reasons in a primarily successful manner and who 
were admitted to the intensive care unit of the University 
Hospital of Heidelberg. These patients were included into 
the “Heidelberg resuscitation-registry” (HRR), which is 
approved by the Heidelberg Medical Ethical Committee 
(S-388/2011) and complies with the declaration of Helsinki. 
Informed consent was obtained from the legal guardians 
or immediate family. Medical treatment was performed 
following standard operating procedures based on current 
guidelines and literature.

When indicated, TTM for therapeutic hypothermia was 
carried out with an endovascular cooling device (Coolgard 
3000/ICY® catheter, Zoll Medical Corp, USA) and a target 
temperature of 32–34 ℃ was maintained. In one patient 
target temperature was adjusted to 36 ℃ following the 
decision of the treating physician. Targeted temperature 
was maintained for 24 h followed by a rewarming phase of 
0.1–0.3 ℃ per hour until normothermia was reached. 

Reasons to refrain from applying TTM included 
consciousness at time of presentation, short latency until 
CPR was administered, severe bleeding or bradycardia as 
well as unavailability of device. 

In this analysis we included 169 patients which were 
admitted between May 2013 and April 2015 to the intensive 
care unit of our institution. Patients were followed up 
for at least 30 days either by a follow-up visit in our out-
patient center or by telephone calls to patients themselves, 
their families, physicians or electronic hospital records. 
If possible, cerebral performance category (CPC) was 
additionally assessed 6 months after CPR. For statistical 
analyses a CPC score of 1 and 2 was considered to be a 
favorable neurological outcome whereas CPC 3 to 5 was 
classified as an unfavorable status (21).

In the first 30 days, 12 patients were lost to follow up 
in total, five of them out of the TTM group, and were 
therefore excluded from survival analyses. For CPC 
assessment after 6 months no follow up was possible in 
nineteen patients, nine being out of the TTM cohort. 

The primary endpoint was set by death within 30 days after 
CA. As secondary endpoints the neurological outcome, the 
kinetics of leukocyte counts and CRP in cardiac patients as 
well as the predictive value of leukocyte counts undergoing 
TTM in terms of 30 days mortality and neurological 
outcome were specified.
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Laboratory analyses

Laboratory analyses were done in the clinical core 
laboratory of the University Hospital of Heidelberg as part 
of the standardized daily routine in patients after CA. Blood 
was drawn on admission (d 0) and the early morning of the 
following days (d 1–7) in setting of a standardized routine.

Statistics

Chi Square test for categorical data and Mann-Whitney U 
test were performed for comparison of two groups. Mann-
Whitney U test was applied as part of the data showed a non-
parametric distribution in the D’Agostino & Pearson test.

To determine cut-off levels, Youden’s J statistic was 
calculated out of receiver operating characteristic (ROC) 
curves. 

For assessment of risk factors a logistic regression 
model was applied (stepwise). Additionally survivorship 
was analyzed using Cox proportional hazard regression. 
Evaluated risk factors for death and neurological outcome 
included age, sex and TTM if not otherwise stated. Age was 
box-cox transformed as it showed a skewed distribution.

A P value<0.05 was considered statistically significant. 
Analyses were performed with GraphPad Prism V6 
(GraphPad Software, Inc., USA) and MedCalc Statistical 
Software Version 16.1 (MedCalc Software bvba, Ostend, 
Belgium).

Results

Study cohort

In this retrospective study we analyzed data of 169 patients 
following CA due to non-traumatic reasons, who were 
admitted to the intensive care unit of the University 
Hospital of Heidelberg between May 2013 and April 2015 
(Table 1). Of this cohort 111 subjects underwent TTM for 
mild therapeutic hypothermia. The mean age was lower in 
TTM treated patients compared to those without TTM 
(70.2 vs. 59.8 years; P<0.0001). Male patients accounted 
for 69.8% of the whole population and 77.5% in the TTM 
group (P=0.0028). 

The etiology of CA was predominantly of cardiac 
origin, including particularly MI and cardiomyopathies as 
well as myocarditis and primary ventricular arrhythmias. 
Those cardiac causes were responsible for up to 73% of 
CA in the TTM group, which was significantly more than 
in the non-hypothermia cohort (P=0,029). Except for 

intracerebral haemorrhage, when hypothermia is relatively 
contraindicated, there was no statistically significant 
difference in the other etiologies concerning TTM.

Regarding cardiovascular risk factors, 63.9% of the 
patients suffered from arterial hypertension while in 40.2% 
hyperlipidemia and in 33.1 % diabetes mellitus was reported.

A meta-analysis by Geurts and colleagues demonstrated 
an increased risk for pneumonia in patients treated with 
hypothermia (22). This finding was corroborated in our 
study group: The occurrence of pneumonia was significantly 
higher in patients receiving TTM (68.5%) compared to 
non-hypothermic patients (43.1%; P=0.0014) with a relative 
risk of 1.58 [95% confidence interval (CI), 1.160–1.941].

Therapeutic hypothermia improves survival and neurological 
outcome after CA

As recommend by current guidelines (23,24), all patients 
who were admitted to our hospital following non-
traumatic CA were evaluated concerning TTM for mild 
hypothermia, independent of the first registered heart 
rhythm. To evaluate if TTM has a benefit on survival 
independent of other factors like age and sex we performed 
Cox proportional hazard regression analyses. As age 
showed a skewed distribution it was box-cox transformed 
beforehand. Figure 1A illustrates the outcome dependent 
on TTM within the first 30 days after CA for all patients. 
A significant difference in survival of patients undergoing 
TTM is observed in the acute phase and the survival gap 
widens over time [P=0.0001; hazard ratio (HR), 2.2479; 
95% CI, 1.4983–3.3724]. This beneficial effect of TTM 
was independent from other factors like age and sex. The 
analysis further revealed that in contrast to sex (P>0.05), age 
is another independent factor for survival (P=0.0050; HR, 
1.0008; 95% CI, 1.0003–1.0014). In addition, the survival 
curve stresses the importance of the first 15 days after CA 
for longer-term survival. 

As described above, a higher incidence of pneumonia 
was observed in our TTM cohort compared to patients 
who did not receive cooling therapy. To further assess if 
this common complication has an effect on survival we 
established a logistic regression model including TTM, 
age, sex and presence of pneumonia. Again TTM and 
age showed to be independent predictors for survival 
[TTM: P=0.0014; odds ratio (OR), 4.7327; 95% CI, 
1.8181–12.3198; age: P=0.0030; OR, 1.0017; 95% CI, 
1.0006–1.0028; area under the curve (AUC), 0.748] while 
pneumonia and sex were not (both P>0.05).
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Since hypoxic brain injury following CA is a major 
predicament and TTM is considered to ameliorate 
neurological outcome (3) we conducted further analyses to 
evaluate the effect of TTM on CPC in our patients. CPC-
categories 1 and 2 at 6 months post CA were considered 
as beneficial while CPC-categories 3 to 5 as unfavorable 
neurological outcome. Logistic regression analyses revealed 
that withholding TTM and older age are independent 
predictors for inferior neurological performance (TTM: 
P=0.0030; OR, 0.1495; 95% CI, 0.0426–0.5244; age: 
P=0.0084; OR, 0.9984; 95% CI, 0.9972–0.9996; sex: 
P>0.05; AUC, 0.756). Expansion of this regression model 
by pneumonia (P>0.05) resulted in no significant changes, 
indicating that the presence of this infective complication 
has no predictive value for poor neurological outcome. 

As described above cardiac pathogenesis accounts for 
the main reason of CA in adult patients. Therefore we 
further assessed this cohort of patients separately and 
excluded those with non-cardiac causes of CA from further 

analysis (Figure 1B). In this cohort again TTM was an 
independent variable for a significant better survival in the 
first 30 days after CA compared to the non-hypothermia 
group (P=0.0145; HR, 2.0068; 95% CI, 1.1483–3.5070). 
Again, age was shown to be a significant factor (P=0.0002; 
HR, 1.0016; 95% CI, 1.0007–1.0024) whereas sex failed to 
do so (P>0.05). Logistic regression additionally including 
pneumonia showed similar results to the ones in patients 
with all etiologies (TTM: P=0.0307; OR, 3.8245; 95% 
CI, 1.1331–12.9086; age: P=0.0005; OR, 1.0028; 95% CI, 
1.0012–1.0044; sex and pneumonia: P>0.05; AUC, 0.777).

Cooling after CA affects leukocyte and CRP kinetics 
differently 

As inflammation plays a critical role in various cardiovascular 
conditions and leukocytes predict outcome in acute 
cardiovascular events (10,11) we further assessed the 
course of leukocytes in patients of the cardiac subgroup 

Table 1 Baseline characteristics according to treatment group

Variables All patients (n=169) Patients with TTM (n=111) Patients without TTM (n=58) P value†

Age (mean ± SD), yrs 63.3±16.7 59.8±16.6 70.2±14.9 <0.0001*

Sex, n (%) 0.0028*

Male 118 (69.8) 86 (77.5) 32 (55.2)

Female 51 (30.2) 25 (22.5) 26 (44.8)

Etiology, n (%)

Cardiac 110 (65.1) 81 (73.0) 29 (50.0) 0.0029*

Pulmonary embolism 14 (8.3) 8 (7.2) 6 (10.3) 0.4823

Asphyxia 12 (7.1) 6 (5.4) 6 (10.3) 0.2352

Cerebrovascular 3 (1.8) 0 (0.0) 3 (5.2) 0.0156*

Other 17 (10.1) 9 (8.1) 8 (13.8) 0.2434

Unknown 13 (7.7) 7 (6.3) 6 (10.3) 0.3496

Infections, n (%)

Pneumonia 101 (59.8) 76 (68.5) 25 (43.1) 0.0014*

Cardiovascular risk factors, n (%)

Diabetes mellitus 56 (33.1) 30 (27.0) 26 (44.8) 0.0196*

Hypertension 108 (63.9) 70 (63.1) 38 (65.5) 0.7525

Hyperlipidemia 68 (40.2) 44 (39.6) 24 (41.4) 0.8267

Smoking 49 (29.0) 39 (35.1) 10 (17.2) 0.1435

Obesity 40 (23.7) 27 (24.3) 13 (22.4) 0.7815

Family history 23 (13.6) 18 (16.2) 5 (8.6) 0.1716

*, P<0.05 is considered significant; †, Mann-Whitney U test for age, Chi square test for categorical data. Age is given in mean. SD, 

standard deviation; TTM, targeted temperature management.
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undergoing hypothermia following CPR. Having suffered 
from CA due to a cardiac event, mean leukocyte counts 
on admission were 16.5±6.7 per microliter in all of these 
patients combined. Analysis of both cohorts showed no 
significant differences at baseline (no TTM group: 16.3 
vs. 16.6 μL in TTM treated patients; P=0.9224). While 
leukocytes remained fairly stable in patients following CA 
without TTM (leukocyte count on day 5 in normothermic 
patients: 14.3±9.7 μL), we observed a significant reduction 
in patients who received cooling therapy (Figure 2). In those 
patients with maintained hypothermia, leukocyte levels 
declined gradually over the first 5 days after CPR, reaching 
its minimum on day 5 after CA. Interestingly, differences in 

leukocyte counts started to be apparent during hypothermia 
but also remained significant beyond the time period 
of TTM. Analysis for day 3 (14.6±7.3 vs. 10.6±4.0 μL, 
P=0.0400) and day 5 (14.3±9.7 vs. 8.7±3.0 μL, P=0.0159) 
after CA is shown in Figure 3. 

To further validate the effect of TTM on inflammation, 
we performed serial measurements of CRP and found 
a significant difference in both cohorts at baseline (d 0, 
36.9±50.9 vs. 9.8±17.3 mg/L, P=0.0001) and on day 1 after 
CPR (82.7±77.7 vs. 36.2±32.7 mg/L, P=0.0388). In contrary 
to the above described influence on leukocyte kinetics 
however, no significant differences in CRP levels were 
detected between the two groups once the rewarming phase 
is initiated (Figure 4; d 2 P>0.1013, from d 3 on P>0.2).

Leukocyte count as a prognostic marker in patients 
undergoing TTM after CA

Based on these findings, we performed a ROC analysis for 
leukocyte levels on day 3 in all patients undergoing TTM 
after CA and assessed a cut-off value by Youden’s J statistic 
of 12.7/μL with a sensitivity of 76% and specificity of 51%. 
A Cox regression model including age and sex showed 
that a leukocyte count below this cut-off level on day three 
post CA in patients undergoing TTM is an independent 
predictor for survival for up to 30 days (Figure 5; for 
TTM: P=0.0214; HR, 2.0385; 95% CI, 1.1115–3.7388; 
for age: P=0.0296; HR, 1.0012; 95% CI, 1.0001–1.0022; 
no significance for sex as P>0.05). Furthermore, applying 
this threshold results in a predictive distinction between 
CPC 1–2 and CPC 3–5 6 months after resuscitation and 
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Figure 1 Therapeutic hypothermia improves survival after cardiac arrest: Cox proportional hazard regression reveals a significant 
improvement in 30 days survival following non-traumatic CA when TTM is administered (P=0.0001, HR, 2.2479; 95% CI, 1.4983–3.3724) 
(A). Similar results are seen in the subgroup of patients with CA due to cardiac pathogenesis (P=0.0014, OR, 4.7327; 95% CI, 1.8181–12.3198) 
(B). CA, cardiac arrest; TTM, targeted temperature management; HR, hazard ratio; CI, confidence interval.

Figure 2 Comparison of leukocyte counts in patients with and 
without TTM: while leukocytes remained stable over time in 
patients without TTM, a significant reduction was found in 
patients with therapeutic hypothermia. Minimum was reached on 
day 5 after CA thus remained significant beyond the time period 
of TTM. *, P<0.05. CA, cardiac arrest; d, day; TTM, targeted 
temperature management. 
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therefore might serve as a prognostic value for neurological 
outcome as well (P=0.0439; OR, 0.3676; 95% CI, 0.1389–
0.9732; age: P=0.0249; OR, 0.9983; 95% CI, 0.9968–0.9998; 
sex: P>0.05; AUC, 0.698). In contrast, pneumonia was 
not found to be an independent predictor when added to 
the corresponding logistic regression models for survival 
(P>0.05 for pneumonia and sex; P=0.0084; OR, 3.6049; 
95% CIM 1.3882–9.3611 for leukocyte cut-off; P=0.0103; 
OR, 1.0020; 95% CI, 1.0005–1.0036 for age; AUC, 0.726) 
and neurological outcome (P>0.05 for pneumonia and sex). 

Discussion

The treatment of patients who survive CA and CPR 
remains a difficult challenge in clinical practice. While 

the implementation of new treatment approaches of acute 
MI—the most common cause for CA—have resulted in 
a markedly improved survival in recent decades (25), the 
survival rate of out-of-hospital CA remains at a devastating 
low of 9.5% (26). Therapeutic hypothermia has been 
shown to improve neurological outcome and survival after 
CA, regardless of the initial heart rhythm detected and is 
recommended in international guidelines (23,24). In our 
analysis of 169 patients that were admitted to the intensive 
care unit of the University Hospital of Heidelberg due to 
non-traumatic CA and following resuscitation we found 
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CRP measurements in patients with and without therapeutic 
hypothermia following CA due to cardiac reasons demonstrate 
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as calculated by Cox proportional hazard regression (P=0.0214; 
HR, 2.0385; 95% CI, 1.1115–3.7388). CA, cardiac arrest; 
TTM, targeted temperature management; HR, hazard ratio; CI, 
confidence interval.
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that therapeutic hypothermia with a target temperature of 
32–34 ℃ over the course of 24 hours significantly reduced 
mortality in the follow-up period of 30 days. Furthermore 
patients undergoing hypothermia showed a favorable long-
term neurological outcome 6 months after CA. 

One critical limitation of our study is differences in 
both groups of patients. In order to address this bias, 
we conducted logistic and Cox proportional hazard 
regression analyses that showed that the benefit of TTM is 
independent of other factors like age or sex. 

It is yet undetermined if target temperature should be set 
at 36 ℃ rather than 32–34 ℃, emphasizing the concept of 
avoiding fever instead of actively cooling down as the main 
goal. Recent data however showed no significant differences 
in terms of survival and neurological outcome between 
those two groups (27). Target temperatures between 32 ℃ 
and 36 ℃ in post-resuscitation care are therefore currently 
recommended (23,24). 

An acute cardiac event is the most common cause for 
CA. Inflammation plays a critical role in the development of 
coronary heart disease and is centrally involved in healing 
after MI (28). While invading leukocytes are essential 
for the removal of debris and dead tissue, an excessive 
production of myeloid cells is associated with an impaired 
development of cardiac function and outcome (12,29,30). 
And as shown recently, an acute event like MI additionally 
accelerates established atherosclerosis due to a burst of 
acute systemic inflammation (31,32). 

Several studies have investigated the effect of hypothermia 
on immune responses and leukocyte function in vitro and 
in vivo, some of them with conflicting results (16-20). 
In an experimental model of acute myocardial ischemia 
and subsequent CPR and hypothermia, cooling reduced 
myocardial damage and dysfunction via a reduced rate of 
apoptosis and pro-inflammatory cytokine expression (33). 
Elevated cytokine levels were reported in patients after 
CA under hypothermia (34,35), whereas the level of TTM 
seems to have no effect on systemic inflammatory cytokine 
responses (36).

We here report, for the first time to our knowledge, 
which therapeutic hypothermia leads to a reduction in 
leukocyte levels after CA due to cardiac etiology. TTM 
resulted in significantly reduced numbers of leukocytes 
in blood on days 3 and 5 after resuscitation illustrating a 
reduction in inflammation beyond the cooling period itself. 
A leukocyte count of less than 12.7 per microliter on day 3 
undergoing TTM following CA significantly distinguished 
a better from a poor outcome in terms of survival during 

the first 30 days and long-term neurological performance. 
CRP is another important marker of inflammation and it 

is known to be related to MI a long-term risk of death from 
cardiac causes in unstable coronary artery disease (37,38). 
In contrast to leukocyte levels, interestingly we observed 
a different effect of hypothermia on CRP in patients with 
CA due to cardiac origin. Despite divergent levels of this 
acute-phase protein were present on admission and ongoing 
cooling, its values aligned when normothermia was reached 
again.

Previous studies have shown that innate immunity has 
an important impact on healing after acute MI (8,9). In 
this context an elevated leukocyte count is an independent 
predictor for mortality after acute cardiac events (10,11). 
Immunosuppression by using steroids for example has 
shown mixed results in various trials (39). It has therefore 
been proposed that a balance is crucial as insufficient 
as well as exaggerated leukocyte presence may lead to 
impaired healing (28). In our current analysis we found 
that TTM suppresses leukocyte counts after CPR. So far, it 
remains unclear if hypothermia directly impacts leukocyte 
production and/or activation or if leukocyte counts are 
affected only indirectly by limitation of tissue damage. 
Future work is therefore needed to elucidate the underlying 
mechanism of the observed findings. 

Limitations

As this study is a retrospective study, no randomization was 
performed or placebo control administered. Initiation of 
TTM was therefore the decision of the treating physician. 
This may have excluded patients with expected poor 
outcome from the TTM group and therefore be a possible 
selection bias. The finding that patients receiving TTM 
were in average about 10 years younger might also point in 
that direction. We addressed this limitation by performing 
logistic and Cox regression analyses. As leukocyte counts 
on day 3 and day 5 were further evaluated, patients dying 
in the very acute phase of the first 48 hours after admission 
are already naturally excluded at this point. Justified 
criticism could also be related to calculations of the cut-off 
level for leukocytes out of the all patients cohort. This was 
done because at the time of the manuscript there were not 
enough patients enrolled to calculate this in a reasonable 
manner for cardiac patients. 

Nevertheless, this study underlines the beneficial effect 
of TTM following CA and emphasizes a possible role in 
influencing innate immunity and related outcome.
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