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Abstract
Background: We aimed at investigating the incidence, characteristics and outcome of 
ventilator-associated pneumonia (VAP) in patients after cardiac arrest (CA) and its po-
tential association with mild therapeutic hypothermia (MTH). We hypothesized, that 
MTH might increase the risk of VAP.
Methods: Prospective observational study including comatose adult patients after 
successful resuscitation from out-of-hospital or in-hospital CA with presumed car-
diac cause admitted to ICU and treated with MTH at 33°C for 24 h or normothermia 
(NT) with treatment of fever ≥38°C by pharmacological means. The primary outcome 
measure was the development of VAP. VAP diagnosis included mechanical ventilation 
>48 h combined with clinical and radiologic criteria. For a microbiologically confirmed 
VAP (mcVAP), a positive respiratory culture was required.
Results: About 23% of 171 patients developed VAP, 6% presented with mcVAP. VAP 
was associated with increased ICU-LOS (9 (IQR 5–14) vs. 6 (IQR 3–9) days; p < .01), 
ventilator-dependent days (6 (IQR 4–9) vs. 4 (IQR 2–7) days; p < .01) and duration of 
antibiotic treatment (9 (IQR 5–13) vs. 5 (IQR 2–9) days; p < .01), but not with mortality 
(OR 0.88 (95% CI: 0.43–1.81); p =  .74). Patients treated with MTH (47%) presented 
higher VAP (30% vs. 17%; p = .04) and mcVAP rates (11% vs. 2%; p = .03). MTH was 
associated with VAP in multivariable logistic regression analysis with an OR of 2.67 
(95% CI: 1.22–5.86); p = .01.
Conclusions: VAP appears to be a common complication in patients after CA, ac-
companied by more ventilator-dependent days, prolonged antibiotic treatment, and 
ICU-LOS. Treatment with MTH is significantly associated with development of VAP.
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Editorial Comment

With controlled post-cardiac arrest and resuscitation intensive care, there are high risks for 
pulmonary complications. This analysis assessed ventilator-associated pneumonia events in this 
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1  |  INTRODUC TION

Pneumonia is the most commonly observed complication in out-of-
hospital cardiac arrest (OHCA) survivors admitted to intensive care 
unit (ICU).1 In this cohort, it usually manifests as either early-onset 
pneumonia or ventilator-associated pneumonia (VAP). Reported in-
cidences of early-onset pneumonia range from 24% to 65% in the 
main studies focusing on pneumonia after OHCA. VAP as the most 
common infection in ventilated ICU patients is estimated to occur in 
9%–27%.2,3 The most recent study on OHCA survivors addressing 
the prevention of VAP revealed an incidence of 31%,4 being lower 
than in previous cardiac arrest (CA) studies.1,5–7 However, compara-
bility is complicated by heterogeneous definitions of VAP, especially 
in CA patients under treatment with mild therapeutic hypothermia 
(MTH).8,9

Hypothermia is known to reduce the general inflammatory re-
sponse after return of spontaneous circulation (ROSC), but might 
also increase the susceptibility of the lungs to infections,10,11 pos-
sibly resulting in a higher incidence of pneumonia. Several stud-
ies including OHCA patients treated with MTH vs. normothermia 
(NT)12–14 and targeted temperature management at 33°C vs. 36°C15 
revealed no significant differences in the incidence of pneumonia. 
However, in another retrospective study, MTH was identified as the 
only risk factor in multivariate analysis for developing early-onset 
pneumonia. Early-onset pneumonia occurred in 65% of the patients 
in the first 3 days after successful CPR and was associated with in-
creased length of mechanical ventilation and ICU stay, but not ICU 
mortality.7

Little is known about the influence of MTH on the development 
of VAP, which is mainly determined by the interaction of the endo-
tracheal tube and the presence of risk factors, virulence of involved 
pathogens and the competence of the host´s immune system.16 We 
hypothesized that MTH might increase the risk of VAP on top of the 
compromised immune system of the critically ill patient.

Therefore, we aimed to investigate the incidence, characteris-
tics and outcome of VAP in a population of comatose patients after 
successful resuscitation from OHCA and in-hospital cardiac arrest 
(IHCA) and the potential association of VAP development with MTH 
treatment.

2  | METHODS

This prospective observational single center trial consecutively in-
cluded adult (age ≥18 years) comatose patients (with a score <8 on 
the Glasgow Coma Scale) after successful cardiopulmonary resusci-
tation (CPR) from CA (OHCA or IHCA) with presumed cardiac cause 
admitted to the medical ICU of the University Hospital of Innsbruck 

from September 2008 to November 2014. The presence of trauma 
as noncardiogenic cause of CA as well as life expectancy of <24 h as 
determined by the treating physicians was considered as exclusion 
criteria.

The primary outcome measure was the incidence of VAP in CA 
arrest patients treated with NT or MTH, secondary outcome mea-
sures included neurological outcome, mortality, ICU-length of stay 
(LOS), and ventilator-dependent days.

To diagnose a VAP, we used a standardized approach relying on 
clinical, radiologic, and microbiologic criteria and patients had to be 
ventilated for more than 48 h, according to the ATS/IDSA guidelines 
from 20052 and their update in 2016.17 Clinical criteria were doc-
umented fever or hypothermia (with fever defined as a core body 
temperature ≥38°C and hypothermia <35°C, mostly measured by 
the urinary bladder catheter), an abnormal total peripheral white-
cell count (>10,000 mm3 or >15% immature neutrophils [bands], re-
gardless of white-cell count, or leukopenia with a white-cell count 
<4500  mm3), new-onset purulent sputum or change in the char-
acter of sputum, plus at least one of the following two features: 
auscultatory findings of rales on pulmonary examination or evi-
dence of pulmonary consolidation, or acute changes made in the 
ventilator support system to enhance oxygenation, as determined 
by arterial blood gas analysis, or a worsening ratio of partial pres-
sure of arterial oxygen to the fraction of inspired oxygen (PaO2/
FIO2 ≤ 240 mm Hg (32 kPa)). Radiographic criteria were the pres-
ence of a new or progressive and persistent infiltrate characteristic 
of bacterial pneumonia or new consolidation in the chest X-ray on 
2 consecutive days.

2.1  | Microbiologic criteria

A positive respiratory culture was required to diagnose a confirmed 
and definite pneumonia. The semiquantitative culture of distal pul-
monary secretion samples was obtained by endotracheal aspirate or 
bronchoalveolar lavage based on clinical indication. The specified 
thresholds to be considered clinically significant amounts as deter-
mined by standard culture were moderate (+++) and heavy (++++).

If no bacteriological sample was available, the diagnosis was re-
tained if the previous signs were present in association with purulent 
endotracheal aspirates and hypoxemia (PaO2/FIO2  ≤  240  mm  Hg 
(32  kPa)) not explained by pulmonary embolism, edema, or 
atelectasis.

Patients meeting all three types of criteria including a positive 
respiratory culture developed a “microbiologically confirmed VAP” 
(mcVAP).

Additionally, we analyzed if patients had an infiltrate in the initial 
chest X-ray at admission.

case group at a single centre. In this sample, an association between this complication and con-
trolled mild hypothermic treatment was demonstrated.
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Antibiotics were given according to the local protocol. Treating 
physicians made all decisions regarding antibiotics as guided treat-
ment on a clinical indication. Initial antibiotic treatment and its dura-
tion on ICU were documented for each patient.

C-reactive protein (CRP) [mg/dl], procalcitonin (PCT) [µg/L], and 
leucocyte count [G/L] were determined daily in 24 h intervals until 
192 h. We also analyzed the maximum level within 192 h.

Sequential Organ Failure Assessment (SOFA) and Acute 
Physiology and Chronic Health Evaluation II (APACHE II) scores as 
well as the use of vasopressors were documented at the day of ICU 
admission. Additionally, serum lactate [mg/dl] (Roche) as an estab-
lished marker for circulatory shock was measured at admission.

CA data such as the rate of bystander resuscitation, time to re-
turn of spontaneous circulation and first monitored rhythm were 
collected from the emergency or heart alarm protocol according 
to the Utstein Style.18 Furthermore, it was documented if patients 
underwent MTH, which was part of our standardized treatment 
strategy for comatose survivors of CA based on current knowledge 
at study initiation.19 Since 2010 recommendations were published 
for including patients with a nonshockable rhythm with a low level 
of evidence additionally to ventricular fibrillation cardiac arrest pa-
tients with a high level of evidence.20,21  We adhered to following 
protocol during the whole study period:

MTH was routinely applied to comatose patients with an initially 
shockable rhythm that had received advanced life support within 
15  min and showed a return of spontaneous circulation within 
60 min after collapse and with an initially nonshockable rhythm, if 
the event was observed and time to return of spontaneous circu-
lation less than 25 min. Patients who underwent MTH were main-
tained at a target core body temperature of 32–34°C for 24 h using 
an intravascular cooling device (Thermogard XP, Zoll®, Intravascular 
Temperature Management Systems) and then gradually rewarmed 
with a rate of 0.2–0.4°C/h. After the intervention, patients received 
temperature management (for fever control ≥38°C) until 72 h after 
admission. Core body temperature was measured in the urinary 
bladder using a Foley catheter.

Patients not undergoing MTH received temperature manage-
ment by pharmacological measures (for fever control ≥38°C) over 
72 h.22 In patients treated with MTH, we assessed the duration of 
hypothermia (in hours), in all patients we documented ventilator-
dependent days and the ICU – LOS (in days).

Sedation was mandated in the MTH group until rewarming. 
When 36.5°C were reached, sedation was stopped. Further sedation 
was dependent on clinical needs. In the NT group, sedation was used 
if necessary and discontinued as soon as possible. Duration and type 
of sedation were documented for each patient.

To assess neurological outcome, the Cerebral Performance 
Categories (CPC) Scale was used.23,24 To receive binary outcome 
parameters, patients were classified into two groups according 
to their neurological outcomes: ‘good outcome’ (CPC 1 and 2) 
and ‘poor outcome’ (CPC 3–5). The five categories of CPC have 
been described in detail elsewhere, briefly they comprise: (1) 
Good cerebral performance; (2) Moderate cerebral disability; (3) 

Severe cerebral disability; (4) Coma/vegetative state; and (5) Brain 
death.23

The assessment of neurological outcome was performed by 
one physician immediately before discharge from hospital (includ-
ing also secondary or tertiary hospitals or rehab hospitals) to home 
in survivors following a standardized protocol. The CPC of patients 
transferred from ward (and not directly from ICU) were determined 
in person or per telephone interview with the patient him/herself, 
his/her family members, and the treating physician. Mortality was 
equally determined at discharge from hospital to home.

The study protocol was approved by the Ethics Committee of 
the Medical University of Innsbruck (protocol number UN3493 
272/4.31). Written informed consent was obtained from next of kin 
or retrospectively from patients who recovered.

2.2  |  Statistical analysis

Categorical data are given as counts and percentages, continuous 
data as medians and interquartile ranges. Normal distribution of con-
tinuous data was checked by the Kolmogorov–Smirnov test. For uni-
variate comparison of variables regarding neurological outcome and 
MTH being not normally distributed, we used the Mann– Whitney U 
test for continuous and the Fisher´s Exact test for categorical data.

Logistic regression models were used to assess the influence 
of certain parameters on the development of VAP and outcome. In 
multivariable analysis, we adjusted for the SOFA score, which al-
ready includes clinical relevant covariates. To assess the magnitude 
of a likely bias, such as guarantee-time or immortal time bias, we 
additionally performed logistic regression analysis at two different 
time points designated during the follow-up period. We analyzed 
only those subjects who had survived until the landmark time and 
were on mechanical ventilation eligible for VAP diagnosis.25  The 
first landmark time was set at 48 h when patients already could have 
had a competing event before diagnosis of VAP (death or extubation 
<48 h) and the second at 7 days when the time of mechanical venti-
lation was already considered as prolonged.

Values with a p < .05 were considered as statistically significant. 
IBM SPSS Statistics for Windows, Version 27.0. IBM Corp was used 
to analyze data.

3  |  RESULTS

3.1  |  Patient characteristics

Of 173 consecutive CA patients, 2 patients were excluded from the 
population due to missing values (n = 1: missing data of respirator 
settings, n = 1: missing data of CPR). Hundred and seventy-one pa-
tients were included in the final analysis (Figure 1).

The median age was 66 (IQR 53–75) years, 70% of the patients 
received bystander CPR, 61% had an initially shockable rhythm and 
15% IHCA. Time to return of spontaneous circulation exceeded 
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20 min in 53% of the patients. At admission the median SOFA and 
APACHE II scores were 10 (IQR 9–12) and 26 (IQR 22–31), respec-
tively and 82% were treated with vasopressors: 43 (25%) patients 
presented with an infiltrate in the chest X-ray at admission and 47% 
were treated with MTH (Table 1).

Of 171 patients, 162 received antibiotic treatment at admission 
(for one patient the information was not available). Initial antibiotic 
treatment was in most of the cases amoxicillin/clavulanic acid or 
ampicillin/sulbactam (n  =  117), piperacillin/tazobactam (n  =  26), 
levofloxacin (n = 6) or piperacillin/tazobactam combined with levo-
floxacin (n  =  4). Twelve patients received another initial therapy 
(n  =  4 cephalosporin, n  =  4 carbapenem, n  =  2  clindamycin, and 
n = 2 metronidazol). Median duration of antibiotic treatment on ICU 
was 6 (IQR 3–10) days.

Out of 171 patients, 127 received a sedation regime with mid-
azolam combined with fentanyl, morphine, or ketamine, 12 a com-
bination of propofol and remifentanyl, and 9 an alternative regime. 
Twenty patients received no initial sedation and in 3 patients the 
information was not available: 45% of the patients had need of 

subsequent sedation after initial discontinuation at a median of 2 
(IQR 2–2) days.

Fifty-four percent of the patients had poor neurological outcome 
and mortality rate at hospital discharge was 49%. Patients had a me-
dian ICU – LOS of 7 (IQR 3–11) days and a median of 4 (IQR 2–7) 
ventilator-dependent days (Table 1).

3.2  |  Ventilator-associated pneumonia

Thirty-nine patients (23%) developed a VAP and 10 patients (6%) a 
mcVAP (Figure 1). No significant differences in baseline characteristics 
such as age, sex, rate of bystander-initiated CPR or IHCA, time to re-
turn of spontaneous circulation, and initial rhythm could be detected 
between patients with VAP vs. no VAP. However, we observed a sig-
nificant difference in severity of illness scores at admission (Table 1).

With an infiltrate in the initial chest X-ray at admission, patients 
had an increased risk for VAP development (OR 4.28 (CI 95%: 1.98–
9.22); p < .01). Among these patients with an infiltrate at admission 

F I G U R E  1  Flow chart. VAP, 
ventilator-associated pneumonia; CPR, 
cardiopulmonary resuscitation; MTH, 
mild therapeutic hypothermia; NT, 
normothermia
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(n = 43), 12 developed VAP in the later course. There was no sig-
nificant difference in the number of patients with initial antibiotic 
treatment between the VAP/no VAP group: 39 (100%) vs. 124 
(95%); p = .35. Duration of antibiotic treatment on ICU was signifi-
cantly longer in patients developing VAP with a median of 9 (IQR 
5–13) days compared with patients without VAP (median of 5 days 
(IQR 2–9); p < .01).

Concerning inflammatory parameters, patients with VAP showed 
significantly higher CRP and PCT levels at several time intervals 
after CPR. Maximum CRP levels within 192 h were also significantly 
higher compared with to patients without VAP (p < .01). Leukocyte 
count and lactate levels were not significantly different at any time 
interval determined within 192 h.

Among the 10 patients developing a microbiologically confirmed 
VAP, bacteriological culture was obtained with endotracheal as-
pirate or bronchoalveolar lavage between day 3 and 5 after CPR. 
Isolated microorganisms in confirmed cases of pneumonia are listed 
in Table 2.

All patients 
(n = 171) VAP (n = 39)

No VAP 
(n = 132) p-value

Age in years, median (IQR) 66 (53–75) 67 (53–78) 65 (53–74) .593

Female, n (%) 51 (30) 7 (18) 44 (33) .066

Bystander-initiated CPR, 
n (%)

120 (70) 28 (72) 91 (69) .617

Time to ROSC >20 min, 
n (%)

91 (53) 18 (46) 69 (52) .712

Cardiac arrest out of 
hospital, n (%)

146 (85) 32 (82) 114 (86) .476

Shockable first monitored 
rhythm, n (%)

104 (61) 25 (64) 78 (59) .589

SOFA score on admission, 
median (IQR)

10 (9–12) 11 (9–12) 10 (8–12) .024

APACHE II on admission, 
median (IQR)

26 (22–31) 29 (25–33) 25 (22–30) .002

Lactate at admission [mg/
dl], median (IQR)

48 (29–85) 50 (24–71) 48 (30–89) .280

CRP max [mg/dl], median 
(IQR)

14.8 
(8.6–21.7)

20.4 
(14.5–27.2)

12.3 (7.6–18.9) .0001

PCT max [µg/L], median 
(IQR)

2.8 (0.6–14.1) 3.3 (1.1–12.3) 2.2 (0.5–14.4) .188

Leucocyte count max [G/L], 
median (IQR)

17.2 
(13.1–22.9)

18.2 
(14.2–23.9)

16.5 
(12.8–22.8)

.171

Mild therapeutic 
hypothermia, n (%)

81 (47) 24 (62) 57 (43) .044

Poor outcome at hospital 
discharge, n (%)

92 (54) 25 (64) 67 (51) .833

Mortality at hospital 
discharge, n (%)

83 (49) 18 (46) 65 (49) .735

Abbreviations: VAP, ventilator-associated pneumonia; IQR, interquartile range; CPR, 
cardiopulmonary resuscitation; ROSC, return of spontaneous circulation; SOFA, sequential organ 
failure assessment; APACHE II, acute physiology and chronic health evaluation II; CRP max, 
C-reactive protein (maximum within 192 h); PCT max, procalcitonin (maximum within 192 h); 
Leukocyte count max, leukocyte count (maximum within 192 h).

TA B L E  1  Characteristics and outcome 
in all patients, patients with VAP versus 
patients without VAP

TA B L E  2  Microbiology

Pathogen count n

Gram positive pathogens

Streptococcus pneumoniae Heavy 2

Staphylococcus aureus Moderate–heavy 4

Gram negative pathogens

Enterobacter asburiae Heavy 1

Enterobacter cloacae Moderate 2

Enterobacter aerogenes Moderate–heavy 1

Klebsiella oxytoca Moderate 2

Morganella morganii Moderate 1

Pseudomonas aeruginosa Heavy 1

Serratia marcescens Moderate 1

Stenotrophomonas maltophilia Heavy 1

Abbreviation: n, number of patients with a positive culture for each 
pathogen.
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Patients with VAP had a median of 6 (IQR 4–9) ventilator-
dependent days, which is significantly longer than in patients 
without VAP (4 (IQR 2–7)  days; p  <  .01). However, there was no 
significant correlation between ventilator-dependent days and de-
velopment of VAP (r =  .355; p =  .27). In accordance to ventilator-
dependent days, also ICU-LOS was significantly longer in patients 
with VAP vs. no VAP (9 (IQR 5–14) vs. 6 (IQR 3–9) days; p <  .01). 
Other groups showed similar rates of poor neurological outcome 
(25 (64%) vs. 67 (51%); p = .83) and mortality (18 (46%) vs. 65 (49%); 
p = .74) (Table 1).

In univariate logistic regression analysis, occurrence of VAP was 
not significantly associated with poor neurological outcome (OR 
1.73 (CI 95%: 0.83–3.62); p  =  .14) or mortality (OR 0.88 (CI 95%: 
0.43–1.81); p = .74). Furthermore, no significant correlation between 
the development of VAP and the CPC score at discharge (p =  .35) 
could be detected. An infiltrate in the initial chest X-ray was also not 
significantly accompanied with poor neurological outcome or mor-
tality (OR 1.87 (CI 95%: 0.91–3.82); p = .09).

3.3  | Mild therapeutic hypothermia and VAP

In general, we observed significant differences in age, rate of 
bystander-initiated CPR and OHCA, shockable first monitored 
rhythm, APACHE II score at admission, ventilator-dependent days, 
neurological outcome and mortality in patients treated with MTH 
(vs. NT). The leucocyte count was not significantly different at any 
time interval within 192 h (Table 3).

When patients presented with an infiltrate in the initial chest X-
ray, there was no significant difference in allocation to further treat-
ment (MTH vs. NT: (18 (42%) vs. 25 (58%); p = .40)).

In patients treated with MTH (vs. NT), we could observe a sig-
nificantly higher VAP rate (24 (30%) vs. 15 (17%) patients, p =  .04) 
and mcVAP rate (8 (11%) vs. 2 (2%); p = .03) (Table 3). Treatment with 
MTH was significantly associated with the development of a VAP in 
univariable (OR 2.11 (CI 95%: 1.01–4.37); p <  .05) and SOFA score 
adjusted multivariable logistic regression analysis (OR 2.67 (CI 95%: 
1.22–5.86); p = .01).

Duration of sedation was significantly longer in patients treated 
with MTH vs NT (median of 2 days (IQR 2–3) vs. median of 2 days 
(IQR 1–2); p < .01).

3.4  |  Landmark analysis at 48 h and 7 days

Fourty-five (26%) patients had a competing event, of which 25 died 
and 20 were extubated within 48 h after CPR (Figure 1). Within the 
remaining population of 126 patients at 48 h eligible for VAP diagno-
sis, the VAP rate was 31% and the mcVAP rate 8%.

In order to consider a likely bias, we performed logistic regres-
sion analysis with MTH as covariate at two landmark times. In the 
126 patients eligible for analysis at 48 h after CPR, the OR for de-
veloping VAP was 1.49 (CI 95%: 0.69–3.23); p = .31. After >7 days, 

the observed risk for VAP development in the remaining population 
(n = 40) was still elevated (OR 2.54 (CI 95%: 0.63–10.17); p = .19).

4  | DISCUSSION

In our study, we demonstrated that VAP is a common complication 
in ventilated ICU patients after cardiac arrest. The development of a 
VAP did not impact neurological outcome or mortality, but increased 

TA B L E  3  Comparison of patients treated with mild therapeutic 
hypothermia versus normothermia

MTH (n = 81) NT (n = 0) p-value

Age in years, median 
(IQR)

62 (51–70) 69 (56–78) .004

Female, n (%) 21 (26) 30 (33) .292

Bystander-initiated 
CPR, n (%)

63 (78) 57 (63) .040

Time to ROSC 
>20 min, n (%)

44 (54) 47 (52) .844

Cardiac arrest out of 
hospital, n (%)

77 (95) 69 (77) .001

Shockable first 
monitored 
rhythm, n (%)

70 (86) 34 (38) .0001

SOFA score on 
admission, median 
(IQR)

10 (8–11) 10 (9–12) .214

APACHE II on 
admission, median 
(IQR)

25 (21–29) 27 (23–31) .001

Lactate at admission 
[mg/dl], median 
(IQR)

42 (30–75) 52 (24–102) .459

CRP max [mg/dl], 
median (IQR)

16.1 
(11.3–22.4)

11.2 (7.0–
20.7)

.012

PCT max [µg/L], 
median (IQR)

1.7 (0.5–8.3) 5.0 (0.9–
19.5)

.063

Leucocyte count max 
[G/L], median 
(IQR)

17.7 
(13.9–23.6)

16.4 (12.9–
22.0)

.251

VAP, n (%) 24 (30) 15 (7) .040

McVAP, n (%) 8 (10) 2 (7) .034

Ventilator-dependent 
days, median (IQR)

6 (3–8) 3 (1–6) .001

Poor outcome at 
hospital discharge, 
n (%)

36 (44) 56 (62) .020

Mortality, n (%) 31 (38) 52 (57) .011

Abbreviations: MTH, mild therapeutic hypothermia; NT, normothermia; 
VAP, ventilator-associated pneumonia; CPR, cardiopulmonary 
resuscitation; ROSC, return of spontaneous circulation; SOFA, 
sequential organ failure assessment; APACHE II, acute physiology and 
chronic health evaluation II; CRP max, C-reactive protein (maximum 
within 192 h); PCT max, procalcitonin (maximum within 192 h); 
Leukocyte count max, leukocyte count (maximum within 192 h).
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duration of antibiotic treatment on ICU, ventilator-dependent days 
and ICU-LOS. Treatment with MTH is significantly associated with 
the development of VAP in both, univariable and SOFA-score ad-
justed multivariable logistic regression analysis.

In our population of 171 comatose resuscitated patients, 23% 
developed a VAP and 6% a mcVAP. When respecting the issue, that 
45 patients had a competing event (death, extubation) before 48 h 
and were therefore not eligible for VAP diagnosis, the incidence in-
creased to 31% for VAP and 8% for mcVAP. Reported rates of VAP 
in OHCA patients show a huge variation.4,7 In a recent randomized 
multicenter trial4 including 194 patients after OHCA treated with 
MTH, the definition of VAP was comparable to our study. Here, the 
VAP rate was 31% and 41% when including cases without pathogen 
documentation. In the TTM trial,15 50% of the patients developed a 
pneumonia, half of them with a positive culture. The authors used 
a minimum number of criteria for pneumonia diagnosis and did not 
specify patients with VAP. Applying a similar definition of pneumo-
nia in the TTM212 compared with the TTM trial,15 a rate of 35% was 
reported. In the study of Perbet et al7 with more than 600 patients 
included, 65% presented with early-onset pneumonia and 52% with 
bacteriological confirmation. The incidence of VAP was reported to 
be 14%, but the definition was not specified in the methods section. 
In a general ICU population of mechanically ventilated patients, VAP 
is estimated to occur in 9%–27%.2,3 The lower rates of VAP in our 
study might be explained by different definitions of pneumonia or 
our strict adherence to recommendations for VAP prevention.26

Development of VAP was accompanied with a significantly 
longer duration of antibiotic treatment on ICU, ICU-LOS and more 
ventilator-dependent days, but not with poor neurological outcome 
or mortality. Equally, early-onset pneumonia was also associated 
with prolonged ventilator support and ICU–LOS, but not with ICU 
mortality.7  This is in accordance with the study by Francois et al. 
who could not find increased death rates attributable to VAP or sep-
sis in hypothermic CA patients.4 Also, in the TTM trial,15 patients 
developing pneumonia did not show a significantly higher mortality 
compared with patients without pneumonia.

In patients treated with MTH, we found a significantly higher 
rate of VAP and mcVAP. Furthermore, there was a significant asso-
ciation of MTH treatment and the development of VAP in uni- and 
multivariable analysis.

In our cohort, patients treated with MTH presented with a sig-
nificantly better pre-arrest profile (age, bystander-initiated  CPR, 
shockable first monitored rhythm) and showed better outcomes 
at hospital discharge. Accordingly, APACHE II scores at admission 
were significantly lower in the MTH group. However, SOFA scores 
at admission and rates of patients presenting with an infiltrate in the 
initial chest X-ray were similar in the MTH and NT group.

Due to the more favorable pre-arrest factors including a higher 
rate of shockable rhythms and bystander-initiated CPR, patients 
with better predicted prognosis were probably more likely con-
ferred to MTH treatment. Therefore, one would expect that patients 
treated with NT would have an increased risk for complications such 
as development of VAP. Contrarily, MTH treatment was significantly 

associated with VAP development, even in multivariate analysis, 
when corrected for the SOFA score at admission. Obviously the risk 
of developing VAP increased over time. We speculated that this was 
related to a longer exposure to mechanical ventilation of patients 
treated with MTH, being itself a risk factor for VAP development. 
However, there was no significant correlation between ventilator-
dependent days and VAP development, making the duration of me-
chanical ventilation a less important factor under these conditions.

Development of VAP is driven by an interplay of the endotra-
cheal tube and the presence of risk factors, virulence of involved 
pathogens, and the competence of the host´s immune system,16 
which is generally compromised in critical ill patients.27 They often 
suffer from profound neutrophil dysfunction, also occurring in the 
inflamed lung,28 resulting in a higher risk for the acquisition of noso-
comial infection.29 Treatment with MTH may additionally attenuate 
the general inflammatory response occurring after return of sponta-
neous circulation also leading to a higher rate of infectious complica-
tions10,11 and consecutively to VAP.

Our results are in accordance to a previous study, which iden-
tified hypothermia to be a single independent risk factor for the 
development of early-onset pneumonia after OHCA in multivariate 
analysis. This association was even more pronounced in patients 
with a bacteriologically documented pneumonia.7 In contrast, no 
difference in the incidence of infectious complications including 
pneumonia between hypothermia vs. NT12 and targeted tempera-
ture management at 33°C vs. 36°C15 could be established. When 
comparing the incidence of pneumonia between patients treated 
with targeted temperature management for 48 vs. 24 h, there was 
no significant difference detected (49% vs. 43%; p = .24).30

For patients treated with MTH, sedation was mandated, whereas 
in the NT group, sedation was used if necessary. Therefore we can-
not rule out that mandatory sedation in the MTH group could have 
caused prolonged need for mechanical ventilation. However, dura-
tion of sedation was only slightly different between the two groups, 
albeit statistical significant.

Reporting of VAP remains a difficult topic, because definitions 
are very heterogeneous, which also complicates the comparabil-
ity of studies. Especially in our population of CA patients treated 
with hypothermia, diagnostic criteria might be confounded. 
Inflammatory response after achieving return of spontaneous cir-
culation might mimic a real infection31 and MTH influences body 
temperature, inflammatory parameters, and leukocyte count.32 
However, in our population the leucocyte count integrated in 
the diagnostic process was not significantly different between 
MTH/NT. We defined our diagnostic criteria in accordance to 
the recently published work of Francois et al4 relying on criteria 
from the Food and Drug Administration guidance for diagnosis 
and confirmation of VAP in 2010.33 Criteria are also consistent 
with the ATS/IDSA guidelines from 20052 and 201617 and the 
European guidelines34 that recommend obtaining quantitative 
or qualitative lower respiratory tract samples for culture and mi-
crobiology. Recent data are challenging the concept of integrat-
ing PaO2/FiO2 < 240 mm Hg (32 kPa) in the diagnostic criteria of 
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VAP, as independently associated with less microbiological con-
firmation.35 During the study period, VAP definitions were not 
amended.17 Of note, we did not integrate the Clinical Pulmonary 
infection Score (CPIS)36 in our approach. As body temperature and 
WBC are affected by treatment with MTH32 and both parameters 
are considered, the score is probably not applicable in our cohort 
of hypothermic CA patients.

Isolated microorganisms in case of mcVAP were within the usual 
spectrum of causative pathogen agents.9 By trend, more gram-
negative bacteria were isolated.

4.1  |  Strengths and Limitations

This is the first study investigating the incidence of VAP and the as-
sociation of MTH with VAP in a mixed population of CA patients 
treated with MTH or NT.

However, the external validity of the study may be limited by 
its design as a single-center study. Patients were not randomized 
to the MTH or NT group. Allocation of treatment was based on the 
inclusion criteria described in the methods section. Therefore the 
MTH and NT group exhibit different characteristics. Among these 
are a higher rate of patients resuscitated from OHCA. Originally, 
the planning of this study together with the power calculation 
was targeted on the neuroprognostication by biomarkers.37,38 The 
incidence of VAP was considered as secondary end-point in the 
original protocol. According to the VAP definition, patients had 
to receive mechanical ventilation and survive for at least 48  h. 
Therefore, it remains unknown, if patients with a competing event 
within 48  h would have developed a VAP. In order to consider 
this potential bias, we performed logistic regression analysis at 
two landmark times after CPR showing that the OR was still ele-
vated at 48 h and >7 days suggesting an independent risk for VAP 
development.

Furthermore, patient characteristics and inflammatory parame-
ters at admission could have influenced a later development of VAP. 
However, in multivariate analysis when correcting for the SOFA 
score, MTH remained a significant covariate.

Finally, due to the small number of patients with VAP, the study 
may have limited power to detect significant differences in neuro-
logical outcome or mortality.

4.2  |  Conclusions

VAP seems to be a common complication in patients after CA, which 
is significantly associated with MTH treatment. VAP development 
is accompanied by more ventilator-dependent days, prolonged an-
tibiotic treatment, and ICU-LOS, but not associated with outcome. 
Results have to be confirmed in larger prospective trials.
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