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Abstract: Background: Patients suffering from out-of-hospital cardiac arrest (OHCA) frequently 

receive a bronchoscopy after being admitted to the ICU. We investigated the optimal timing and 

the outcome in these patients. Methods: All patients who suffered from OHCA and were treated in 

our ICU from January 2013 to December 2018 were retrospectively analyzed. The data were 

collected from the patients’ medical files, and included duration of mechanical ventilation, 

antibiotics, microbiological test results and neurological outcome. The outcome was the effect of 

early bronchoscopy (≤48 h after administration) on the rate of intubated patients on day five and 

day seven. Results: From January 2013 to December 2018, 190 patients were admitted with OHCA. 

Bronchoscopy was performed in 111 patients out of the 164 patients who survived the first day. Late 

bronchoscopy >48 h was associated with higher rates of intubation on day five (OR 4.94; 95% CI 1.2–

36.72, 86.7% vs. 55.0%, p = 0.036) and day seven (OR 4.96; 95% CI 1.38–24.69; 80.0% vs. 43.3%, p = 

0.019). Conclusion: This study shows that patients who suffered from OHCA might have a better 

outcome if they receive a bronchoscopy early after hospital admission. Our data suggests an 

association of early bronchoscopy with a shorter intubation period. 

Keywords: out-of-hospital cardiac arrest; bronchoscopy; earl-onset pneumonia; ventilator 

associated pneumonia; post cardiac arrest syndrome 

 

1. Introduction: 

Most patients with of out-of-hospital cardiac arrest (OHCA) and return of 

spontaneous circulation (ROSC) have a post-cardiac arrest syndrome (PCAS). The 

majority of patients with PCAS are comatose with impaired airway reflexes and 

mechanical ventilation is required after endotracheal intubation [1]. Despite ROSC many 

patients suffer from complications which are related to the underlying condition which 

lead to cardiac arrest and in addition to ischemia-reperfusion injury to the entire body 

and especially to the brain [2,3].  

Due to the causes and consequences of resuscitation, pulmonary congestion in heart 

failure, thoracic compression with pulmonary contusion and volume therapy, 
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impairment of the gas exchange and pulmonary infiltrations on chest X-rays are often 

found [1]. These pulmonary changes following OHCA can be misinterpreted as infiltrates 

on radiographic imaging [4,5]. In addition, patients with PCAS show an inflammatory 

activation, which in combination with pulmonary infiltrations on chest X-ray imaging 

may be interpreted as pneumonia [4,6,7].  

However, pneumonia is commonly found during treatment in intensive care units 

with a subsequent impact on morbidity and mortality [4,7–9]. Within the first days early-

onset pneumonia could be found in up to 65% of patient with OHCA [4,7,9]. There are 

multiple common mechanisms for this infectious complication. For example, in patients 

with post cardiac arrest syndrome loss of natural airway clearance, emergency intubation 

with possible aspiration, lung contusion, coma and mechanical ventilation are risk factors 

for pneumonia [5,6,10]. Moreover, therapeutic hypothermia can be considered as an 

independent risk factor for infection in patients with OHCA [2,4,9].  

The impact on survival and neurological outcome seems to be minimal in early-onset 

pneumonia [7]. However, infections following OHCA are associated with prolonged 

ventilation time and intensive care unit stay [5]. Data on the influence of pulmonary 

infection and its therapy on the prognosis are inconsistent so far [9,11,12].  

Prophylactic antibiotic therapy has shown no effect on the duration of mechanical 

ventilation, length of ICU stay, mortality or neurological outcome [7,9]. Data addressing 

the question of a default antibiotic regimen after cardiac arrest to prevent aspiration 

pneumonia is contradictory. It is discussed that the combination of infiltrative changes on 

radiographic imaging and increased inflammatory markers can also be misinterpreted as 

pneumonia [7]. 

After admission to the ICU for post-resuscitation care, patients oftentimes undergo 

bronchoscopy to improve the ventilation which is often impaired due to the consequences 

of resuscitation with severe cardiogenic shock, aspiration and airway management in the 

emergency setting as well as diagnostic endobronchial lavage for further microbiological 

analysis before starting an antibiotic treatment. However, the impact of a standardized 

bronchoscopic diagnostic on duration of ventilation, microbial surveillance and the 

intensive care outcome in the setting after OHCA remains unclear. There is no 

recommendation regarding bronchoscopy following OHCA or PCAS so far. Little is 

known about the importance of this diagnostic procedure as well as optimal timing and 

the effects on therapy regime and outcome of patients. Therefore, we aimed to 

characterize patients after OHCA presenting to a tertiary university center and investigate 

the influence of early post-resuscitation bronchoscopy (≤48 h) vs. late bronchoscopy (>48 

h) with regard to the duration of mechanical ventilation and neurological outcome.  

2. Materials and Methods 

2.1. Study Population and Endpoints  

This single-center, retrospective cohort study was conducted at the university 

hospital Klinikum rechts der Isar of the Technical University of Munich. We collected 

retrospective data of patients who were treated in our university tertiary medical center 

from 2013 to 2018. We included patients with ROSC after OHCA and transfer to our 

intensive care unit. Only patients with mechanical ventilation at administration and 

expected outcome >24 h were included in the analysis. The research protocol was 

approved by the local Clinical Institutional Review Board (Ethic Committee of the 

Technical University of Munich) and complies with the 1964 declaration of Helsinki and 

its later amendment. Data sets were anonymized after acquisition and before processing. 

Local ethics committee waived informed consent for this particular study. The primary 

outcome was the effect of early bronchoscopy (<48 h after administration) on duration of 

ventilation during hospitalization. Secondary outcomes were neurological outcome, 

assessment of bronchoscopic findings and microbiologic results. Neurological outcome 

was assessed by the Cerebral Performance Category (CPC) scale (CPC 1 good cerebral 
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performance, CPC 2 moderate cerebral disability, CPC 3 severe cerebral disability, CPC 4 

coma or vegetative state, CPC 5 brain death) on discharge or transfer to a special 

neurological rehabilitation clinic [13]. The timing for early bronchoscopy was determined 

to be within 48 h because the need for prolonged mechanical ventilation is usually evident 

within the first 48 h after OHCA. In addition, we included patients without emergency 

indication for bronchoscopy such as acute tube obstruction or malposition where 

immediate bronchoscopy would be necessary. 

2.2. Data Collection 

Demographic, clinical, treatment, and outcome data were reviewed following a 

standardized data collection protocol from the medical records. Patient records and data 

sets were reviewed retrospectively after anonymization and before processing. We 

evaluated hospital admission, duration of mechanical ventilation, time of bronchoscopy, 

cerebral performance status at discharge, antibiotic regimen and survival. If available, 

paramedical and early hospital information, predicting factors for long-term survival and 

former medical history in patients with out-of-hospital cardiac arrest were evaluated. 

2.3. Bronchoscopy 

The decision to perform early bronchoscopy in the ICU was left to the responsible 

physician’s discretion. If aspiration was documented during resuscitation, immediate 

bronchoscopy was performed. Flexible bronchoscopy was performed under sedation and 

mechanical ventilation via tracheal tube. The tracheal tube was initially placed by the 

emergency physician during resuscitation procedures after OHCA, except from a few 

cases where patients were intubated after admission. If the tracheal tube lumen was 

undersized a tracheal tube was inserted with a minimum size of 7.5 mm internal diameter. 

Bronchoscopy (BF Type PE2 or 1TH190, Olympus™, Japan) was carried out by an 

experienced physician following a standardized protocol [14]. A microbial specimen was 

obtained by mini-bronchoalveolar lavage (BAL). Large aspirates, segmental or lobar 

obstruction and blocking were documented. Secretion was removed by conventional 

suction. 

2.4. Statistical Analysis 

Statistical analyses were performed using the SPSS software package (version 26.0, 

SPSS Inc. Chicago, IL, USA) and R version 4.0.3 (© 2021 The R Foundation for Statistical 

Computing). All values are expressed as mean ± standard deviation (SD) or as median 

(inter-quartile range (IQR)), exceptions were indicated. Continuous variables were 

evaluated using the t-test and categorical variables using the chi-square test or Fisher’s 

exact test, as appropriate. A multivariate regression model was built, where potential 

confounders were chosen from a set of candidate confounders using a backward 

elimination algorithm. Statistical significance was assumed for two-sided p-values < 0.05. 

3. Results 

3.1. Patient Population 

We included 190 patients after OHCA between 2013 and 2018 in this study. The mean 

age in our study population was 65.9 ± 15.2 years. There were 141 (74.2%) male patients 

and 53 (27.9%) patients had a non-shockable rhythm. In 22 patients (11.5%) there was an 

ongoing CPR on admission. Median time to ROSC was 15.0 (9.0, 22.5) minutes. On 

hospital admission 166 (87.4%) patients were intubated. Of 24 (12.6%) patients without 

intubation at admission, 5 had to be intubated in the shock room due to clinical instability. 

Most patients had myocardial ischemia as cause for OHCA, followed by rhythm event, 

which was defined as fast ventricular tachycardia or ventricular fibrillation without acute 

myocardial ischemia. All intubated patients received therapeutic hypothermia and 
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prophylactic antibiotic therapy following standardized protocol. Baseline characteristics 

of the patients who survived the first 24 h are shown in Table 1.  

Table 1. Baseline Clinical and Demographic Characteristics. 

 All Patients 

n (%) 

Survivors 

n (%) 

Non-Survivor 

n (%) 
p-Value 

Patients 164 110 54  

Female 41 (25.0) 22 (20.0) 19 (35.2) 0.035 

Age (yrs.) 64.9 ± 15.0 62.1 ± 14.6 70.8 ± 14.2 <0.000 

Ongoing CPR on admission 14 (8.5) 7 (6.4) 7 (13.0) 0.155 

Shockable rhythm 107 (65.2) 81 (73.6) 36 (66.6) 0.001 

Cause of OHCA     

Myocardial ischemia 91 (55.5) 66 (60.0) 25 (46.3) 0.097 

Pulmonary embolism 7 (4.3) 3 (2.7) 4 (7.4) 0.163 

Rhythm event 18 (11.0) 13 (11.8) 5 (9.3) 0.622 

Unknown/other 48 (29.3) 28 (25.5) 20 (37.0) 0.162 

Time to ROSC (min.) 17.6 ± 15.8 15.0 ± 14.1 23.7 ± 17.8 0.012 

3.2. Outcome 

After hospital admission, 26 (13.7%) patients died within the first 24 h in the shock 

room or intensive care unit. A total of 164 patients were included in the analysis. In 19 

patients no invasive ventilation was necessary due to stable clinical condition. Four 

patients were on veno-arterial extra corporal membrane oxygenator and 14 patients had 

an intra-aortic balloon pump due to refractory cardiogenic shock. Pulmonary infiltrations 

were observed in 76 (46.3%) patients in chest X-rays. Atelectasis was described in six 

(3.7%) patients. After three days we observed 22 (13.4%) deaths and 111 (67.7%) patients 

were intubated and received invasive ventilation. Nine (5.5%) patients were extubated 

due to improved clinical and neurological condition. After five days 78 (47.6%) patients 

were still intubated and mechanically ventilated. After seven days 60 (36.3%) patients 

were intubated and received invasive ventilation. A total of 110 patients (66.7%) survived 

OHCA and could be discharged home or to a neurological rehabilitation program. 

In 106 patients a CPC-score could be obtained. The CPC-score = 1 in 56 (52.8%) 

patients, CPC-score = 2 in 14 (13.2%) patients and CPC ≥ 3 was persistent in 36 (33.9%) 

patients. Patients with an CPC-score = 1 were significantly younger (60.0 ± 13.0 yrs. vs. 

67.7 ± 15.5 yrs., p = 0.027) 

3.3. Bronchoscopy 

Bronchoscopy was performed in 111 out of 164 patients who survived the first day. 

The study cohort is depicted in Figure 1. No patients had a complication regarding the 

bronchoscopic procedure. Of the 110 surviving patients, 79 patients underwent 

bronchoscopy. The median time of the bronchoscopy was 16.33 (IQR: 4.67–27.15) hours 

after hospital admission.  
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Figure 1. Patient flow diagram. 

In 11 patients an airway obstruction by secretion or coagulum was found. In 17 

(15.3%) patients the endotracheal tube was repositioned due to unfavorable location close 

to the carina or in the right main bronchus. Microbial analysis of lavage revealed infection 

in 53 patients with Staphylococcus aureus (n = 23), Escherichia coli (n = 14) and Klebsiella 

pneumoniae (n = 13). The antibiotic therapy was changed in 28 patients after lavage.  

A significantly higher proportion of the surviving patients with late bronchoscopy 

after 48 h were intubated and ventilated at day five and day seven compared to patients 

with early bronchoscopy. As depicted in Figure 2, in 60 patients with early bronchoscopy 

within 48 h after hospital admission 27 patients (45%) were spontaneously breathing and 

33 patients (55.0%) had mechanical ventilation. In 15 patients with bronchoscopy >48 h 

after hospital admission, 13 patients (86.7%) had mechanical ventilation and 2 patients 

(13.3%) were spontaneously breathing on day five. After 7 days 34 patients (56.6%) were 

spontaneously breathing and 26 patients (43.3%) were mechanically ventilated after early 

bronchoscopy, whereas 3 patients (20%) were spontaneously breathing and 12 (80%) 

patients were mechanically ventilated after late bronchoscopy >48 h. Early bronchoscopy 

was associated with a significant increase of extubated patients after OHCA after day five 

(OR 4.94; 95% CI 1.2–36.72, 86.7% vs. 55%, p = 0.036) and day seven OR 4.96; 95% CI 1.38–

24.69; 80.0% vs. 43.3%, p = 0.019). These results were confirmed in the multivariate 

analysis. No difference could be found in PEEP or Horowitz index in patients with early 

or late bronchoscopy as depicted in Table S1 in the Supplementary Materials. In patients 

with late bronchoscopy, CRP on day five was significantly increased compared to patients 

with early bronchoscopy (198.5 ± 99.8 mg/L vs. 147.0 ± 91.8 mg/L, p = 0.034).  
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Figure 2. Intubation status of the surviving patients after OHCA. The group with early 

bronchoscopy <48 h showed a significantly higher proportion of extubation on day 5 (p = 0.036) and 

day 7 (p = 0.019) after OHCA compared to the group with later bronchoscopy. 

Patients with late bronchoscopy had an increased CPC-score > 1 (86.7% vs. 54.4% OR: 

0.20; CI: 0.02–0.82; p = 0.035). There was no significant effect on the combination of CPC 1 

and 2 as favorable neurological outcome parameters after OHCA in patients with early 

bronchoscopy (CPC-score 1 and 2 vs. CPC > 2 (59.6% vs. 40.0%, OR: 0.45, CI: 0.14–1.44, p 

= 0.173). Information regarding CPC-score of the study population are depicted in Table 

2.  

Table 2. Neurological outcome of surviving patients at discharge. Data regarding CPC score was 

available in 106 (96.4%) of survivors. 

CPC Score at Discharge n % Age (Years) 

CPC 1 56 52.8 60.0 ± 13.0 

CPC 2 14 13.2 63.8 ± 16.4 

CPC 3 28 26.4 67.7 ± 15.5 

CPC 4 8 7.5 58.5 ± 15.9 

4. Discussion 

The major finding of this study was that early bronchoscopy may have a beneficial 

effect in patients after OHCA in terms of duration of intubation and invasive ventilation. 

Patients after OHCA have high mortality and even survivors require very complex 

and costly intensive medical care [15,16]. However, survival is limited and neurological 

impairment is also frequent [17]. So far there are only a few therapeutic approaches to 

significantly improve the outcome. In particular, therapeutic hypothermia has been able 

to improve outcome in this context. Nevertheless, many patients are still intubated and 

ventilated several days after OHCA and therapeutic hypothermia is a risk factor for 

respiratory complications [4,18]. Hence, we evaluated the effect of early bronchoscopy to 

obtain detailed information regarding airway and microbial surveillance in mechanical 

ventilated patients after OHCA. 

In our study the population was similar to previous studies regarding age, sex and 

mortality [2,4,5,9,12,18–20]. The proportions of myocardial ischemia as the cause of 

resuscitation and shockable rhythm in our population were also similar to those found in 

the literature in larger studies [4,18]. The neurological outcome was in a range consistent 

with previous studies as well [4,18,21].  

The mechanism for our finding of higher rates of ventilator-free patients after early 

bronchoscopy in patients with OHCA is unclear. One possible explanation is the 

reduction of pneumonia by preventing prolonged airway obstruction, e.g., by bronchial 
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aspirations or secretions. Removal of bronchial aspirations may ameliorate ventilation to 

distal parts of the lung and therefore reduce substrate for ventilator-associated 

pneumonia. In patients with aspiration pneumonia early bronchoscopy could benefit the 

clinical outcomes of mechanically ventilated patients. Another advantage of 

bronchoscopic diagnostics is improved microbial sampling, which enables better control 

of antimicrobial therapy [22,23].  

However, an accurate classification regarding pneumonia is difficult to obtain due to 

many confounding factors. Even in prospective studies, the diagnosis of pneumonia was 

subsequently changed in one quarter after adjudication [9]. Especially in patients with 

targeted temperature management it has been shown that pneumonia is difficult to 

determine and is not accurate in many cases [5,9,24]. In addition, our patients were on 

prophylactic antibiotics, which also makes it difficult to determine the presence of 

pneumonia [9]. The use of prophylactic antibiotics is not in accordance with the ILCOR 

recommendations, but due to the data regarding reduction of pneumonia rates, this is 

often established as standard practice at our and other institutions [3,9,11,12,25].  

Accurate diagnosis and quantification of infectious complications in PCAS can be 

difficult to classify due to a variety of factors within a sepsis-like syndrome [6]. Thus, 

many laboratory and clinical signs of infection in the setting of PCAS and subsequent 

sepsis-like syndrome can only be evaluated in a complex manner. A number of mediators 

were shown to be elevated and these may mimic signs of systemic infection (e.g., IL-6, IL-

10, IL-17, TNF-alpha, CRP, PCT and others) in patients with PCAS [6,16,26].  

Clinical signs of pneumonia cannot be interpreted reliably under targeted 

temperature management. In addition, cardiac impairment and prolonged compressions 

following CPR with related contusion of the lung mimic infiltrative changes on chest X-

rays and therefore an accurate quantification of pneumonia cannot be obtained in our 

population. 

Another mechanism for the increased extubation rate in our study after early 

bronchoscopy is the early bronchoscopic assessment of endotracheal tube insertion. 

Malposition of the endotracheal tube close to main carina, in a main bronchus or 

intermediate bronchus is common in emergency medicine and can be easily corrected 

under direct visualization during bronchoscopy [27]. Malposition of the endotracheal tube 

is a risk factor for ventilator associated pneumonia and may aggravate ventilator-induced 

lung injury by volutrauma or barotrauma [27,28]. In our population, a correction of the 

tube was performed in 15.3% of patients, which is in the same range as previous studies 

with field intubation [27,28].  

To date, there are few studies regarding bronchoscopy as a diagnostic or therapeutic 

procedure in the context of treatment following OHCA [10]. Previous studies have already 

discussed whether a beneficial effect can be found in cases of airway obstruction or 

aspiration [10]. Pneumonia is frequently found after PCAS, which can worsen the 

ventilatory situation. A risk factor for such early-onset pneumonia, in addition to 

aspiration, is therapeutic hypothermia [4,10,29,30]. Prolonged mechanical ventilation 

promotes incidence of late-onset pneumonia [24].  

The main limitations of the study are the retrospective single-center study design and 

the small sample size. Hence, a retrospective study is only hypothesis generating. The 

study was conducted at a single university center, and local structures can also limit the 

interpretation of the results. However, our study is one of the largest evaluating 

bronchoscopic procedures after OHCA and the baseline characteristics found no 

difference between patients with early or late bronchoscopy. 

Another limitation is that patients who were considered by the treating physician to 

have a severe limitation of prognosis may not have undergone bronchoscopy. This might 

be a possible bias of our study. To exclude these patients from the analysis, we evaluated 

only patients who survived more than 24 h. We determined the timing for early 

bronchoscopy within 48 h of hospital admission because the need for prolonged 

mechanical ventilation is usually evident within the first 48 h after OHCA, as pneumonia 
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can often emerge during this time. However, due to difficulties in accurate determination 

of pneumonia in the setting of PCAS in previous studies we decided to evaluate the 

proportion of ventilated patients at day five and day seven as endpoint parameters.  

Our study is the first study investigating the topic of early bronchoscopy and its 

impact on duration of invasive ventilation. Confirmation of our retrospective study 

findings should be performed in larger populations with a prospective study protocol. 

However, routine bronchoscopy after OHCA and ROSC should be discussed in the 

clinical context, as prolonged hyperoxygenation, e.g., during bronchoscopy, may increase 

the risk of mortality and therefore the bronchoscopic procedure should be as rapid as 

possible [19]. In our population, we could not find any negative effect on mortality or 

cognitive impairment. Early bronchoscopy had no significant effect on the combination of 

CPC 1 and 2 as favorable neurological outcome parameters after OHCA.  

Early bronchoscopy within 48 h after hospital admission with OHCA was associated 

with higher rates of ventilator-free patients in our retrospective cohort study. Although 

the underlying mechanism of this association needs to be further elucidated, our finding 

emphasizes the importance of bronchoscopic diagnostics in the management of patients 

with PCAS. Thus, early bronchoscopy may improve weaning in patients with PCAS.  
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ROSC return of spontaneous circulation 



J. Clin. Med. 2021, 10, 3055 9 of 10 
 

 

References 

1. Peberdy, M.A.; Callaway, C.W.; Neumar, R.W.; Geocadin, R.G.; Zimmerman, J.L.; Donnino, M.; Gabrielli, A.; Silvers, S.M.; 

Zaritsky, A.L.; Merchant, R.; et al. Part 9: Post-cardiac arrest care: 2010 American Heart Association Guidelines for 

Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. Circulation 2010, 122 (Suppl. S3), S768–S786, 

doi:10.1161/CIRCULATIONAHA.110.971002. 

2. Tagami, T.; Matsui, H.; Kuno, M.; Moroe, Y.; Kaneko, J.; Unemoto, K.; Fushimi, K.; Yasunaga, H. Early antibiotics administration 

during targeted temperature management after out-of-hospital cardiac arrest: A nationwide database study. BMC Anesthesiol. 

2016, 16, 89, doi:10.1186/s12871-016-0257-3. 

3. Nolan, J.P.; Neumar, R.W.; Adrie, C.; Aibiki, M.; Berg, R.A.; Bottiger, B.W.; Callaway, C.; Clark, R.S.; Geocadin, R.G.; Jauch, E.C.; 

et al. Post-cardiac arrest syndrome: Epidemiology, pathophysiology, treatment, and prognostication. A Scientific Statement 

from the International Liaison Committee on Resuscitation; the American Heart Association Emergency Cardiovascular Care 

Committee; the Council on Cardiovascular Surgery and Anesthesia; the Council on Cardiopulmonary, Perioperative, and 

Critical Care; the Council on Clinical Cardiology; the Council on Stroke. Resuscitation 2008, 79, 350–379, 

doi:10.1016/j.resuscitation.2008.09.017. 

4. Perbet, S.; Mongardon, N.; Dumas, F.; Bruel, C.; Lemiale, V.; Mourvillier, B.; Carli, P.; Varenne, O.; Mira, J.P.; Wolff, M.; et al. 

Early-onset pneumonia after cardiac arrest: Characteristics, risk factors and influence on prognosis. Am. J. Respir. Crit. Care Med. 

2011, 184, 1048–1054, doi:10.1164/rccm.201102-0331OC. 

5. Pabst, D.; Romer, S.; Samol, A.; Kumpers, P.; Waltenberger, J.; Lebiedz, P. Predictors and outcome of early-onset pneumonia 

after out-of-hospital cardiac arrest. Respir. Care 2013, 58, 1514–1520, doi:10.4187/respcare.02307. 

6. Adrie, C.; Adib-Conquy, M.; Laurent, I.; Monchi, M.; Vinsonneau, C.; Fitting, C.; Fraisse, F.; Dinh-Xuan, A.T.; Carli, P.; 

Spaulding, C.; et al. Successful cardiopulmonary resuscitation after cardiac arrest as a "sepsis-like" syndrome. Circulation 2002, 

106, 562–568, doi:10.1161/01.cir.0000023891.80661.ad. 

7. Kakavas, S.; Mongardon, N.; Cariou, A.; Gulati, A.; Xanthos, T. Early-onset pneumonia after out-of-hospital cardiac arrest. J. 

Infect. 2015, 70, 553–562, doi:10.1016/j.jinf.2015.01.012. 

8. Vincent, J.L.; Rello, J.; Marshall, J.; Silva, E.; Anzueto, A.; Martin, C.D.; Moreno, R.; Lipman, J.; Gomersall, C.; Sakr, Y.; et al. 

International study of the prevalence and outcomes of infection in intensive care units. JAMA 2009, 302, 2323–2329, 

doi:10.1001/jama.2009.1754. 

9. Francois, B.; Cariou, A.; Clere-Jehl, R.; Dequin, P.F.; Renon-Carron, F.; Daix, T.; Guitton, C.; Deye, N.; Legriel, S.; Plantefeve, G.; 

et al. Prevention of Early Ventilator-Associated Pneumonia after Cardiac Arrest. N. Engl. J. Med. 2019, 381, 1831–1842, 

doi:10.1056/NEJMoa1812379. 

10. Ribaric, S.F.; Turel, M.; Knafelj, R.; Gorjup, V.; Stanic, R.; Gradisek, P.; Cerovic, O.; Mirkovic, T.; Noc, M. Prophylactic versus 

clinically-driven antibiotics in comatose survivors of out-of-hospital cardiac arrest-A randomized pilot study. Resuscitation 2017, 

111, 103–109, doi:10.1016/j.resuscitation.2016.11.025. 

11. Gagnon, D.J.; Nielsen, N.; Fraser, G.L.; Riker, R.R.; Dziodzio, J.; Sunde, K.; Hovdenes, J.; Stammet, P.; Friberg, H.; Rubertsson, 

S.; et al. Prophylactic antibiotics are associated with a lower incidence of pneumonia in cardiac arrest survivors treated with 

targeted temperature management. Resuscitation 2015, 92, 154–159, doi:10.1016/j.resuscitation.2015.01.035. 

12. Davies, K.J.; Walters, J.H.; Kerslake, I.M.; Greenwood, R.; Thomas, M.J. Early antibiotics improve survival following out-of 

hospital cardiac arrest. Resuscitation 2013, 84, 616–619, doi:10.1016/j.resuscitation.2012.11.004. 

13. Cummins, R.O.; Chamberlain, D.A.; Abramson, N.S.; Allen, M.; Baskett, P.J.; Becker, L.; Bossaert, L.; Delooz, H.H.; Dick, W.F.; 

Eisenberg, M.S.; et al. Recommended guidelines for uniform reporting of data from out-of-hospital cardiac arrest: The Utstein 

Style. A statement for health professionals from a task force of the American Heart Association, the European Resuscitation 

Council, the Heart and Stroke Foundation of Canada, and the Australian Resuscitation Council. Circulation 1991, 84, 960–975, 

doi:10.1161/01.cir.84.2.960. 

14. Solidoro, P.; Corbetta, L.; Patrucco, F.; Sorbello, M.; Piccioni, F.; D’Amato, L.; Renda, T.; Petrini, F. Competences in bronchoscopy 

for Intensive Care Unit, anesthesiology, thoracic surgery and lung transplantation. Panminerva Med. 2019, 61, 367–385, 

doi:10.23736/S0031-0808.18.03565-6. 

15. Perkins, G.D.; Jacobs, I.G.; Nadkarni, V.M.; Berg, R.A.; Bhanji, F.; Biarent, D.; Bossaert, L.L.; Brett, S.J.; Chamberlain, D.; de Caen, 

A.R.; et al Cardiac Arrest and Cardiopulmonary Resuscitation Outcome Reports: Update of the Utstein Resuscitation Registry 

Templates for Out-of-Hospital Cardiac Arrest: A Statement for Healthcare Professionals From a Task Force of the International 

Liaison Committee on Resuscitation (American Heart Association, European Resuscitation Council, Australian and New 

Zealand Council on Resuscitation, Heart and Stroke Foundation of Canada, InterAmerican Heart Foundation, Resuscitation 

Council of Southern Africa, Resuscitation Council of Asia); and the American Heart Association Emergency Cardiovascular 

Care Committee and the Council on Cardiopulmonary, Critical Care, Perioperative and Resuscitation. Resuscitation 2015, 96, 

328–340, doi:10.1016/j.resuscitation.2014.11.002. 

16. Zhuang, Y.G.; Chen, Y.Z.; Zhou, S.Q.; Peng, H.; Chen, Y.Q.; Li, D.J. High plasma levels of pro-inflammatory factors interleukin-

17 and interleukin-23 are associated with poor outcome of cardiac-arrest patients: A single center experience. BMC Cardiovasc. 

Disord. 2020, 20, 170, doi:10.1186/s12872-020-01451-y. 

17. Myat, A.; Song, K.J.; Rea, T. Out-of-hospital cardiac arrest: Current concepts. Lancet 2018, 391, 970–979, doi:10.1016/S0140-

6736(18)30472-0. 



J. Clin. Med. 2021, 10, 3055 10 of 10 
 

 

18. Hellenkamp, K.; Onimischewski, S.; Kruppa, J.; Fasshauer, M.; Becker, A.; Eiffert, H.; Hunlich, M.; Hasenfuss, G.; Wachter, R. 

Early pneumonia and timing of antibiotic therapy in patients after nontraumatic out-of-hospital cardiac arrest. Crit. Care 2016, 

20, 31, doi:10.1186/s13054-016-1191-y. 

19. Kilgannon, J.H.; Jones, A.E.; Parrillo, J.E.; Dellinger, R.P.; Milcarek, B.; Hunter, K.; Shapiro, N.I.; Trzeciak, S.; Emergency 

Medicine Shock Research Network I. Relationship between supranormal oxygen tension and outcome after resuscitation from 

cardiac arrest. Circulation 2011, 123, 2717–2722, doi:10.1161/CIRCULATIONAHA.110.001016. 

20. Roman-Pognuz, E.; Elmer, J.; Guyette, F.X.; Poillucci, G.; Lucangelo, U.; Berlot, G.; Manganotti, P.; Peratoner, A.; Pellis, T.; 

Taccone, F.; et al. Multimodal Long-Term Predictors of Outcome in Out of Hospital Cardiac Arrest Patients Treated with 

Targeted Temperature Management at 36 degrees C. J. Clin. Med. 2021, 10, doi:10.3390/jcm10061331. 

21. Dumas, F.; Grimaldi, D.; Zuber, B.; Fichet, J.; Charpentier, J.; Pene, F.; Vivien, B.; Varenne, O.; Carli, P.; Jouven, X.; et al. Is 

hypothermia after cardiac arrest effective in both shockable and nonshockable patients?: Insights from a large registry. 

Circulation 2011, 123, 877–886, doi:10.1161/CIRCULATIONAHA.110.987347. 

22. Raman, K.; Nailor, M.D.; Nicolau, D.P.; Aslanzadeh, J.; Nadeau, M.; Kuti, J.L. Early antibiotic discontinuation in patients with 

clinically suspected ventilator-associated pneumonia and negative quantitative bronchoscopy cultures. Crit. Care Med. 2013, 41, 

1656–1663, doi:10.1097/CCM.0b013e318287f713. 

23. Bonten, M.J.; Bergmans, D.C.; Stobberingh, E.E.; van der Geest, S.; De Leeuw, P.W.; van Tiel, F.H.; Gaillard, C.A. Implementation 

of bronchoscopic techniques in the diagnosis of ventilator-associated pneumonia to reduce antibiotic use. Am. J. Respir. Crit. 

Care Med. 1997, 156, 1820–1824, doi:10.1164/ajrccm.156.6.9610117. 

24. Woo, J.H.; Lim, Y.S.; Yang, H.J.; Park, W.B.; Cho, J.S.; Kim, J.J.; Hyun, S.Y.; Lee, G. Factors associated with pneumonia in post-

cardiac arrest patients receiving therapeutic hypothermia. Am. J. Emerg. Med. 2014, 32, 150–155, doi:10.1016/j.ajem.2013.10.035. 

25. Callaway, C.W.; Donnino, M.W.; Fink, E.L.; Geocadin, R.G.; Golan, E.; Kern, K.B.; Leary, M.; Meurer, W.J.; Peberdy, M.A.; 

Thompson, T.M.; et al. Part 8: Post-Cardiac Arrest Care: 2015 American Heart Association Guidelines Update for 

Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. Circulation 2015, 132, (Suppl. S2), S465–S482, 

doi:10.1161/CIR.0000000000000262. 

26. Bro-Jeppesen, J.; Kjaergaard, J.; Stammet, P.; Wise, M.P.; Hovdenes, J.; Aneman, A.; Horn, J.; Devaux, Y.; Erlinge, D.; Gasche, Y.; 

et al. Predictive value of interleukin-6 in post-cardiac arrest patients treated with targeted temperature management at 33 

degrees C or 36 degrees C. Resuscitation 2016, 98, 1–8, doi:10.1016/j.resuscitation.2015.10.009. 

27. Timmermann, A.; Russo, S.G.; Eich, C.; Roessler, M.; Braun, U.; Rosenblatt, W.H.; Quintel, M. The out-of-hospital esophageal 

and endobronchial intubations performed by emergency physicians. Anesth. Analg. 2007, 104, 619–623, 

doi:10.1213/01.ane.0000253523.80050.e9. 

28. Hernandez Padilla, A.C.; Trampont, T.; Lafon, T.; Daix, T.; Cailloce, D.; Barraud, O.; Dalmay, F.; Vignon, P.; Francois, B. Is 

prehospital endobronchial intubation a risk factor for subsequent ventilator associated pneumonia? A retrospective analysis. 

PLoS ONE 2019, 14, e0217466, doi:10.1371/journal.pone.0217466. 

29. Fordyce, C.B.; Katz, J.N.; Alviar, C.L.; Arslanian-Engoren, C.; Bohula, E.A.; Geller, B.J.; Hollenberg, S.M.; Jentzer, J.C.; Sims, D.B.; 

Washam, J.B.; et al. Prevention of Complications in the Cardiac Intensive Care Unit: A Scientific Statement From the American 

Heart Association. Circulation 2020, 142, e379–e406, doi:10.1161/CIR.0000000000000909. 

30. Geurts, M.; Macleod, M.R.; Kollmar, R.; Kremer, P.H.; van der Worp, H.B. Therapeutic hypothermia and the risk of infection: 

A systematic review and meta-analysis. Crit. Care Med. 2014, 42, 231–242, doi:10.1097/CCM.0b013e3182a276e8. 

 


