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PREFACE

Cardiac surgery and Inflammation
A frequent complication of cardiac surgery is the development of a systemic inflammatory 
response syndrome (SIRS). Several reports describe an incidence between 5 and 50% 
(1-3). Although the exact pathophysiology is not yet unraveled, important steps have 
been made that have deepened the knowledge and understanding of SIRS after cardiac 
surgery. Multiple factors lead to activation of the inflammatory response, of which the 
most important are the surgical trauma itself (4), direct contact of blood with the 
synthetic surfaces of the cardio-pulmonary bypass (CPB), ischemia-reperfusion injury, 
and blood transfusion (5). Surgical injury induced release of mitochondrial damage-
associated molecular patterns (DAMPs) (6-8), complement activation through 
classical-, lectin- (9), and alternative pathways (7, 10-12), the subsequent or concurrent 
release of proinflammatory cytokines (Tumor Necrosis Factor(TNF)-α, Interleukin 
(IL)-1beta, IL-2, IL-6, IL-8) (7, 12), and anti-inflammatory cytokines (IL-10, IL-1RA, TNFsr1 
and 2, and Transforming Growth Factor (TGF)-beta) (7), and the activation of platelets 
and neutrophils (resulting in rolling, tethering, endothelial -induced adhesion and 
-transmigration) (7, 13), result in endothelial injury. As a consequence of this inflammatory 
response, patients can develop multiple organ dysfunction with a complicated 
postoperative course and an unfavorable overall outcome (1-3).

ARDS 
One of the most sensitive organs to the effects of SIRS are the lungs. As a result of the 
dysregulated systemic inflammation, a local inflammatory response in the lung itself 
starts and leads to development of acute lung injury and even of an adult respiratory 
distress syndrome (ARDS) (14). ARDS was first described in 1967 by Asbaugh et al. (15).

In order to overcome issues regarding the reliability and validity of the AECC ARDS 
definition (16), the Berlin ARDS definition task force came to a new definition of ARDS 
in 2012 (17), that is currently still in use and summarized in table 1. For the studies, i.e. 
the study populations,  described in this thesis , the 2024 adjustments of the ARDS 
definition, pertaining to non-intubated patients and resource-limited countries, are of 
limited relevance (18). 

There are over sixty defined causes of ARDS, but in all of them systemic inflammation 
plays a causal role in the development of local alveolar injury, typical for ARDS. DAMPs 
and neutrophils are attributed a key role in this process (19). DAMPs are recognized by 
Pattern Recognition Receptors (PRR), such as Toll like receptors (TLR), C-type Lectine 
receptors (CLR), RIG-1-like receptors (RLR) and NOD like receptors (NLR) These PRRs 
induce activation of a cascade of pro-inflammatory cytokines such as tumor necrosis 
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care (32). Over the years the options for supportive care have been expanded with 
much more sophisticated mechanical ventilation strategies (32-35), neuromuscular 
blockade, (36) prone-positioning, (37) and the use of veno-venous Extra Corporeal 
Membrane Oxygenator (ECMO) in adult intensive care setting (38), and this has 
improved the outcome of ARDS patients (32).

ARDS and cardiac surgery
Cardiac surgery with the use of CPB is one of the well-known causes of development  
of acute lung injury and even of ARDS. The reported incidence varies from 1 to 8%  
(27, 39-41). The diagnosis ARDS in these patients is particularly difficult, since a certain 
extent of heart failure and hence cardiogenic pulmonary edema might also play a role 
in the clinical and radiologic picture (27). The cause of ARDS after cardiac surgery lies 
in the many successive and necessary actions and events, associated with open heart 
surgery, such as CPB, transfusion of blood products, ischemia reperfusion injury, 
mechanical ventilation, large volume shifts, and the direct surgical insult (27, 42).

In addition to these inevitable surgery related factors, concurrent presence of 
respiratory viruses, such as influenza, SARS-CoV-2, cytomegalovirus (CMV), herpes 
simplex virus (HSV), and respiratory syncytial virus (RSV) might also contribute to 
ARDS, since they are well known for their ability to cause disruption of the alveolar 
architecture by causing excessive inflammation (43). Indeed, development of COVID-19 
in the postoperative phase of cardiac surgery patients is associated with adverse 
outcomes (44-46), and cardiac surgery in the influenza season is followed by an 
increased risk of developing ARDS, and prolonged dependency of mechanical 
ventilation, ICU- and hospital stay (47, 48).

Development of ARDS after cardiac surgery is associated with high mortality (15-80 %) 
(40, 42), and significant long term physical and psychological sequelae (42, 49). 
Considering the fact that worldwide >800,000 patients per year undergo coronary 
artery bypass grafting (CABG) surgery and approximately 150,000 patients undergo 
valve surgery (50, 51), ARDS undoubtedly represents a significant unmet medical need 
with profound economic implications (42).

factor, and interleukins (IL) IL-1beta, IL-6, and IL-8 (20-23). Both locally activated and 
from out of the blood marginalized neutrophils (24) produce toxic substances through 
degranulation of proteases (19), and form neutrophil extracellular traps (NETs)(19). 
One of the four serine proteases present in neutrophil granules is Human Neutrophil 
Elastase (HNE) (25). HNE plays a pivotal role in microbial clearance. When extracellular 
HNE release is dysregulated, It can remodel the airways and lung parenchyma by (A) 
goblet cell metaplasia and increased mucine (Muc) production (MUC5AC, MUC4 and 
MUC1), and (B) promoting a sustained inflammatory response through TLRs and 
progressive damage of the alveolar-capillary membrane (20-23), leading to further 
capillary leakage and oncotic driven accumulation of protein-rich exudate in the alveoli 
(20, 26-28). Increase in interstitial fluid, combined with damage to the alveolar 
epithelium, eventually causes the air spaces to fill with proteinaceous edema and even 
bloody fluid and debris from degenerating cells. Loss of ability to upregulate alveolar 
fluid clearance and loss of functional surfactant (20, 29) further deteriorate pulmonary 
function and lead to impaired gas-exchange, decrease of compliance and pulmonary 
hypertension. 

Although in one of the latest systematic reviews of randomized trials on this subject 
steroids seems to provide an effective approach to reduce the risk of death in ARDS 
patients (30), other pharmaceutical interventions for adults with ARDS have not been 
proven useful up to now, (31) and treatment of ARDS mostly comes down to supportive 

Table 1. Berlin ARDS definition

1. Onset within 7 days after a known clinical insult or new or worsening respiratory symptoms

2. Bilateral opacities “that are consistent with pulmonary edema” on Chest X-ray or CT-scan, 
that are
- not fully explained by effusion, atelectasis or masses
- not exclusively due to a cardiac cause or fluid overload

3. Presence of an Identified risk factor for ARDS
If absent, an objective assessment (e.g. echocardiography) is necessary to exclude 
hydrostatic edema

4 Categorization of ARDS severity MILD		  PaO2/FiO2 = 201-300
MODERATE	 PaO2/FiO2 = 101-200
SEVERE		  PaO2/FiO2 < 100

5. Minimum PEEP setting or CPAP: 5 cm H2O 
PaO2/FiO2 setting assessed on mechanical ventilation; CPAP criterion used for the diagnosis 
of mild ARDS

CPAP continuous positive airway pressure; PEEP positive end expiratory pressure; Pa02/FiO2: ratio of the 
partial pressure of arterial oxygen to the fraction of inspired oxygen
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This thesis consists of 3 different parts, each part containing studies related to the 
different objectives, as formulated above.

Part one – Pathophysiology
With the studies in this part we aimed to gather insight in the pathophysiology of acute 
lung reaction after cardiac surgery. Perioperative alveolar inflammatory markers were 
assessed in relation to P/F ratio, a ratio of the partial pressure of arterial oxygen to the 
fraction of inspired oxygen, and a measure of lung injury. Furthermore, the role of an 
(asymptomatic) viral infection in relation to development of unfavorable outcome in 
cardiac surgery patients was investigated.    

Broncho-alveolar biomarker profile
In the first study perioperative miniBAL samples were assessed for multiple markers of 
inflammation at the broncho-alveolar epithelium. In this way, the perioperative change 
of the pulmonary inflammatory cascade, as implicated in ARDS in general, was studied. 
The different types of white blood cells, IL-8, neutrophil degranulation protease Human 
Neutrophil Elastase (HNE), and their effect on MUC5AC and MUC5B, as representa-
tives of the mucocilliary clearance (MCC) apparatus, were investigated with linear 
regression (ANOVA). Both their relation to P/F ratio and their commutual correlations 
were analyzed. 

Asymptomatic viral infections
In the second and third study the role of respiratory viruses in the development of 
ARDS after cardiac surgery was investigated. 

The second study was a retrospective cohort study of 2013 patients. We compared, 
duration of mechanical ventilation, the incidence of ARDS, length of ICU stay, and 
mortality in patients that underwent cardiac surgery in the Influenza season with 
patients that underwent cardiac surgery in the low/no influenza season, using multi 
variable analyses. In this study, we took the influenza season as a surrogate for 
respiratory virus infection, assuming that during the season there are more patients 
who subclinically had or during admission acquired respiratory viruses. 

The third study, an observational prospective cohort study, explored the actual 
presence of respiratory viruses in cardiac surgery patients. All patients were free of 
symptoms, as pre-operatively screening was carried out by an anesthesiologist and a 
thoracic surgeon, and surgery would have been postponed when a respiratory tract 
infection was suspected. Viral load and the types of viruses present in the patients 
were recorded. Furthermore, presence of respiratory viruses was related to seasonality 
and clinical outcome parameters, such as P/F ratio, ventilation time and ICU stay. 

RATIONALE OF THIS THESIS

To improve the outcome of the many cardiac surgery patients that trust their lives in 
the hands of cardiothoracic surgeons, anesthesiologists and intensivists, it is important 
to better understand, better predict, and, if possible, better prevent and treat the  
most severe pulmonary sequelae of cardiac surgery.

Increasing pathophysiological understanding might in multiple ways lead to 
improvement of pre- and peri-operative care by:
-	 Strengthening of current prediction models (EuroSCORE) (52): Expanding current 

risk models with inflammation markers that are more representative for the actual 
pulmonary state (53), will lead to better recognition of patients at risk for an 
unfavorable outcome. 

-	 Guiding pre-operative therapeutic considerations: Recognition of patients at risk 
can guide therapeutic choices: one could reduce the complexity of the operation  
by limiting interventions, choosing a different type of valve, or even opting for a 
catheter-mediated procedure. 

-	 Avoidance of preventable contributing factors: If viruses would appear to play a role 
in development of ARDS, preoperative screening or even vaccination could be a 
rational intervention. 

-	 Adjusting perioperative management: Early identification of developing ARDS, could 
drive specific therapeutic decisions before, during and after surgery (e.g. Hb trigger 
and transfusion of blood products).

Understanding the risks for and the mechanisms leading to ARDS after cardiac surgery 
is therefore very important, and could be a first step towards personalized medicine 
(54), with interventions that offer best results for the specific patient.

THE OUTLINE OF THE THESIS

The aims of this thesis can be summarized in 3 sub-themes:
1.	 To increase the pathophysiological understanding of the development of lung 

injury, i.e. ARDS, after cardiac surgery. 
2.	 To investigate whether biomarkers can predict lung injury after cardiac surgery.
3.	 To investigate whether prophylactic corticosteroids can improve (respiratory) 

outcomes in cardiac surgery and other ICU patients.
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fibrillation, surgical site infection, gastrointestinal bleeding and duration of stay in the 
intensive care unit (ICU) and hospital.

The third and final study in this part was prompted by the special circumstance of the 
recent COVID-19 pandemic occupying ICUs with COVID patients. In that time, not much 
cardiac surgery was performed, and other important study questions were to be 
answered. Therefore, we conducted another meta-analysis on steroids in ARDS, but 
now, understandably, in a different study population. When this study was performed 
medical science was swamped by a tsunami of literature, often of varying quality and 
not seldomly retracted from even leading journals. During the initial waves of the 
COVID-19 pandemic different therapeutic interventions for COVID-19 patients followed 
each other in rapid succession, along with the evidence for these interventions. In the 
second wave, when the first promising results of the Recovery trial (58) began to 
circulate across the many (social) media channels, we conducted this meta-analysis to 
what is now de corner stone of COVID treatment at the ICU. Besides the the clinical 
effect of corticosteroids in COVID-19 patients on mortality, and need for mechanical 
ventilation, we also studied viral clearance, opportunistic infections, and antibiotic use. 

CONCLUSIONS AND REFLECTION

After the three main parts the results of this thesis are summarized, followed by a 
discussion, general conclusions and future perspectives. Finally, the thesis is concluded 
with a Dutch summary, curriculum vitae, reference list and acknowledgments.

Part two – Prediction
The next study, on an eighty-patient prospective cohort of cardiac surgery patients, 
describes the predictive pre-operative value of platelet and leukocyte activation, and 
their complex formation in the peripheral blood, as a possible expression of processes 
on the vascular endothelium side of the alveolar capillary junction. Activation patterns 
were compared between patients with a less favorable pulmonary outcome (i.e. a low 
<200 Pa02/FiO2 (P/F) ratio) versus those with a better outcome (high > 200 P/F ratio). 

In cardiac surgery prediction models are used to estimate patients’ risk for adverse 
outcomes after cardiac surgery. The EuroSCORE is a frequently used model (52) and in 
recent studies on this subject  it was suggested that incorporation of biomarkers in risk 
models is feasible and useful (54). Most risk scores, however, only weigh the 
pre-operative risk, but do not take into account the impact of surgery itself. 

The fifth study, a prospective cohort study, focused on peri-operative pro-adreno-
medullin (ProADM) increase to predict outcome. In particular, the additional value of 
pre-to-postoperative proADM-change to the EuroSCORE by multivariable logistic 
regression was assessed for prediction of ARDS and other clinical outcomes after 
cardiac surgery. Adding a “change over time during surgery”- marker to regular 
prediction scores, allows early identification of patients at risk for developing an ARDS 
or a protracted clinical course and enables targeted preventative interventions.

Part three – Prevention 
To reduce SIRS after cardiac surgery, corticosteroid prophylaxis has been used for 
decades. A Cochrane meta-analysis (55), however, did not show a beneficial effect, nor 
did a large randomized DECS-trial on this subject (56, 57).

The first study in this part is a prospective cohort study, applying the instrumental 
variable analysis (IVA) by using the physician’s preference as a pseudo-randomization 
instrument, to assess the effect of perioperative corticosteroid use on adverse 
outcomes in cardiac surgery patients. In this study the outcomes after the IVA were 
also compared to the outcomes in the DECS trial, that was published at the same time. 

The second study is an update of our earlier systematic meta-analysis (55), and includes 
all RCTs published until March 2019. The primary aim of this review was to determine 
the effect of prophylactic corticosteroids on mortality in adult cardiac surgery with 
CPB. Secondary aims were to examine the effect of corticosteroids on complications of 
adult cardiac surgery, such as myocardial adverse events (including fatal and non-fatal 
myocardial infarction), pulmonary adverse events (including pulmonary oedema, 
infection, or prolonged postoperative ventilation for respiratory failure), atrial 



18 | General introduction and outline of the thesis General introduction and outline of the thesis | 19

23.	 Potey PM, Rossi AG, Lucas CD, Dorward DA. Neutrophils in the initiation and resolution of acute 
pulmonary inflammation: understanding biological function and therapeutic potential. J Pathol. 
2019;247(5):672-85.

24.	 Vassallo A, Wood AJ, Subburayalu J, Summers C, Chilvers ER. The counter-intuitive role of the neutrophil 
in the acute respiratory distress syndrome. Br Med Bull. 2019;131(1):43-55.

25.	 Voynow JA, Shinbashi M. Neutrophil Elastase and Chronic Lung Disease. Biomolecules. 2021;11(8).
26.	 Calandrino FS, Jr., Anderson DJ, Mintun MA, Schuster DP. Pulmonary vascular permeability during the 

adult respiratory distress syndrome: a positron emission tomographic study. Am Rev Respir Dis. 
1988;138(2):421-8.

27.	 Sanfilippo F, Palumbo GJ, Bignami E, Pavesi M, Ranucci M, Scolletta S, et al. Acute Respiratory Distress 
Syndrome in the Perioperative Period of Cardiac Surgery: Predictors, Diagnosis, Prognosis, Management 
Options, and Future Directions. J Cardiothorac Vasc Anesth. 2022;36(4):1169-79.

28.	 Vassiliou AG, Kotanidou A, Dimopoulou I, Orfanos SE. Endothelial Damage in Acute Respiratory Distress 
Syndrome. Int J Mol Sci. 2020;21(22).

29.	 Ware LB, Matthay MA. Alveolar fluid clearance is impaired in the majority of patients with acute lung 
injury and the acute respiratory distress syndrome. Am J Respir Crit Care Med. 2001;163(6):1376-83.

30.	 Chang X, Li S, Fu Y, Dang H, Liu C. Safety and efficacy of corticosteroids in ARDS patients: a systematic 
review and meta-analysis of RCT data. Respiratory Research. 2022;23(1):301.

31.	 Lewis SR, Pritchard MW, Thomas CM, Smith AF. Pharmacological agents for adults with acute respiratory 
distress syndrome. Cochrane Database Syst Rev. 2019;7(7):Cd004477.

32.	 Meyer NJ, Gattinoni L, Calfee CS. Acute respiratory distress syndrome. Lancet. 2021;398(10300):622-37.
33.	 Brower RG, Matthay MA, Morris A, Schoenfeld D, Thompson BT, Wheeler A. Ventilation with lower tidal 

volumes as compared with traditional tidal volumes for acute lung injury and the acute respiratory 
distress syndrome. N Engl J Med. 2000;342(18):1301-8.

34.	 Grieco DL, Chen L, Brochard L. Transpulmonary pressure: importance and limits. Ann Transl Med. 2017; 
5(14):285.

35.	 Yoshida T, Amato MBP, Grieco DL, Chen L, Lima CAS, Roldan R, et al. Esophageal Manometry and Regional 
Transpulmonary Pressure in Lung Injury. Am J Respir Crit Care Med. 2018;197(8):1018-26.

36.	 Papazian L, Forel JM, Gacouin A, Penot-Ragon C, Perrin G, Loundou A, et al. Neuromuscular blockers in 
early acute respiratory distress syndrome. N Engl J Med. 2010;363(12):1107-16.

37.	 Guérin C, Reignier J, Richard JC, Beuret P, Gacouin A, Boulain T, et al. Prone positioning in severe acute 
respiratory distress syndrome. N Engl J Med. 2013;368(23):2159-68.

38.	 Combes A, Hajage D, Capellier G, Demoule A, Lavoué S, Guervilly C, et al. Extracorporeal Membrane 
Oxygenation for Severe Acute Respiratory Distress Syndrome. N Engl J Med. 2018;378(21):1965-75.

39.	 Asimakopoulos G, Smith PL, Ratnatunga CP, Taylor KM. Lung injury and acute respiratory distress 
syndrome after cardiopulmonary bypass. Ann Thorac Surg. 1999;68(3):1107-15.

40.	 Huffmyer JL, Groves DS. Pulmonary complications of cardiopulmonary bypass. Best Pract Res Clin 
Anaesthesiol. 2015;29(2):163-75.

41.	 Serpa Neto A, Hemmes SN, Barbas CS, Beiderlinden M, Fernandez-Bustamante A, Futier E, et al. Incidence 
of mortality and morbidity related to postoperative lung injury in patients who have undergone 
abdominal or thoracic surgery: a systematic review and meta-analysis. Lancet Respir Med. 
2014;2(12):1007-15.

42.	 Rong LQ, Di Franco A, Gaudino M. Acute respiratory distress syndrome after cardiac surgery. J Thorac Dis. 
2016;8(10):E1177-e86.

43.	 Fragkou PC, Moschopoulos CD, Karofylakis E, Kelesidis T, Tsiodras S. Update in Viral Infections in the 
Intensive Care Unit. Front Med (Lausanne). 2021;8:575580.

44.	 Xu F, Bai Y, Xie F, Liu D, Wang Z, Wang S. Postoperative morbidity and mortality of patients with COVID-19 
undergoing cardiovascular surgery: an inverse propensity-weighted study : Postoperative outcomes of 
patients undergoing cardiovascular surgery during the COVID-19 pandemic. BMC Anesthesiol. 2024;24(1):98.

45.	 Lei S, Jiang F, Su W, Chen C, Chen J, Mei W, et al. Clinical characteristics and outcomes of patients 
undergoing surgeries during the incubation period of COVID-19 infection. EClinicalMedicine. 2020; 
21:100331.

REFERENCES

1.	 Datt V, Wadhhwa R, Sharma V, Virmani S, Minhas HS, Malik S. Vasoplegic syndrome after cardiovascular 
surgery: A review of pathophysiology and outcome-oriented therapeutic management. J Card Surg. 
2021;36(10):3749-60.

2.	 Omar S, Zedan A, Nugent K. Cardiac vasoplegia syndrome: pathophysiology, risk factors and treatment. 
Am J Med Sci. 2015;349(1):80-8.

3.	 Weis F, Kilger E, Beiras-Fernandez A, Nassau K, Reuter D, Goetz A, et al. Association between vasopressor 
dependence and early outcome in patients after cardiac surgery. Anaesthesia. 2006;61(10):938-42.

4.	 Gu YJ, Mariani MA, Boonstra PW, Grandjean JG, van Oeveren W. Complement activation in coronary 
artery bypass grafting patients without cardiopulmonary bypass: the role of tissue injury by surgical 
incision. Chest. 1999;116(4):892-8.

5.	 Asimakopoulos G. Systemic inflammation and cardiac surgery: an update. Perfusion. 2001;16(5):353-60.
6.	 Sandler N, Kaczmarek E, Itagaki K, Zheng Y, Otterbein L, Khabbaz K, et al. Mitochondrial DAMPs Are 

Released During Cardiopulmonary Bypass Surgery and Are Associated With Postoperative Atrial 
Fibrillation. Heart Lung Circ. 2018;27(1):122-9.

7.	 Squiccimarro E, Stasi A, Lorusso R, Paparella D. Narrative review of the systemic inflammatory reaction to 
cardiac surgery and cardiopulmonary bypass. Artif Organs. 2022;46(4):568-77.

8.	 Zhang Q, Raoof M, Chen Y, Sumi Y, Sursal T, Junger W, et al. Circulating mitochondrial DAMPs cause 
inflammatory responses to injury. Nature. 2010;464(7285):104-7.

9.	 Pągowska-Klimek I, Świerzko AS, Michalski M, Głowacka E, Szala-Poździej A, Sokołowska A, et al. 
Activation of the lectin pathway of complement by cardiopulmonary bypass contributes to the 
development of systemic inflammatory response syndrome after paediatric cardiac surgery. Clin Exp 
Immunol. 2016;184(2):257-63.

10.	 Ekdahl KN, Fromell K, Mannes M, Grinnemo KH, Huber-Lang M, Teramura Y, et al. Therapeutic regulation 
of complement activation in extracorporeal circuits and intravascular treatments with special reference 
to the alternative pathway amplification loop. Immunol Rev. 2022.

11.	 Kefalogianni R, Kamani F, Gaspar M, Aw TC, Donovan J, Laffan M, et al. Complement activation during 
cardiopulmonary bypass and association with clinical outcomes. EJHaem. 2022;3(1):86-96.

12.	 Ltaief Z, Ben-Hamouda N, Rancati V, Gunga Z, Marcucci C, Kirsch M, et al. Vasoplegic Syndrome after 
Cardiopulmonary Bypass in Cardiovascular Surgery: Pathophysiology and Management in Critical Care. J 
Clin Med. 2022;11(21).

13.	 Margraf A, Ludwig N, Zarbock A, Rossaint J. Systemic Inflammatory Response Syndrome After Surgery: 
Mechanisms and Protection. Anesth Analg. 2020;131(6):1693-707.

14.	 Ware LB, Matthay MA. The acute respiratory distress syndrome. N Engl J Med. 2000;342(18):1334-49.
15.	 Ashbaugh DG, Bigelow DB, Petty TL, Levine BE. Acute respiratory distress in adults. Lancet. 1967; 

2(7511):319-23.
16.	 Bernard GR, Artigas A, Brigham KL, Carlet J, Falke K, Hudson L, et al. The American-European Consensus 

Conference on ARDS. Definitions, mechanisms, relevant outcomes, and clinical trial coordination. Am J 
Respir Crit Care Med. 1994;149(3 Pt 1):818-24.

17.	 Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson ND, Caldwell E, Fan E, et al. Acute respiratory distress 
syndrome: the Berlin Definition. Jama. 2012;307(23):2526-33.

18.	 Matthay MA, Arabi Y, Arroliga AC, Bernard G, Bersten AD, Brochard LJ, et al. A New Global Definition of 
Acute Respiratory Distress Syndrome. Am J Respir Crit Care Med. 2024;209(1):37-47.

19.	 Butt Y, Kurdowska A, Allen TC. Acute Lung Injury: A Clinical and Molecular Review. Arch Pathol Lab Med. 
2016;140(4):345-50.

20.	 Huppert LA, Matthay MA, Ware LB. Pathogenesis of Acute Respiratory Distress Syndrome. Semin Respir 
Crit Care Med. 2019;40(1):31-9.

21.	 Spadaro S, Park M, Turrini C, Tunstall T, Thwaites R, Mauri T, et al. Biomarkers for Acute Respiratory 
Distress syndrome and prospects for personalised medicine. J Inflamm (Lond). 2019;16:1.

22.	 Thompson BT, Chambers RC, Liu KD. Acute Respiratory Distress Syndrome. N Engl J Med. 2017;377(6):562-72.



20 | General introduction and outline of the thesis General introduction and outline of the thesis | 21

46.	 Li X, Xu S, Yu M, Wang K, Tao Y, Zhou Y, et al. Risk factors for severity and mortality in adult COVID-19 
inpatients in Wuhan. J Allergy Clin Immunol. 2020;146(1):110-8.

47.	 Martin TJ, Eltorai AEM, Kennedy K, Sellke F, Ehsan A. Seasonality of postoperative pneumonia after 
coronary artery bypass grafting: A national inpatient sample study. J Card Surg. 2020;35(6):1258-66.

48.	 Mori M, Wang Y, Mahajan S, Geirsson A, Krumholz HM. Associations Between the Severity of Influenza 
Seasons and Mortality and Readmission Risks After Elective Surgical Aortic Valve Replacement and 
Coronary Artery Bypass Graft Surgery in Older Adults. JAMA Netw Open. 2020;3(12):e2031078.

49.	 Herridge MS, Tansey CM, Matté A, Tomlinson G, Diaz-Granados N, Cooper A, et al. Functional disability 5 
years after acute respiratory distress syndrome. N Engl J Med. 2011;364(14):1293-304.

50.	 Edwards MB, Taylor KM. A profile of valve replacement surgery in the UK (1986-1997): a study from the 
UK Heart Valve Registry. J Heart Valve Dis. 1999;8(6):697-701.

51.	 Nalysnyk L, Fahrbach K, Reynolds MW, Zhao SZ, Ross S. Adverse events in coronary artery bypass graft 
(CABG) trials: a systematic review and analysis. Heart. 2003;89(7):767-72.

52.	 Nashef SA, Roques F, Sharples LD, Nilsson J, Smith C, Goldstone AR, et al. EuroSCORE II. Eur J Cardiothorac 
Surg. 2012;41(4):734-44; discussion 44-5.

53.	 Schoe A, Schippers EF, Ebmeyer S, Struck J, Klautz RJM, de Jonge E, et al. Predicting mortality and 
morbidity after elective cardiac surgery using vasoactive and inflammatory biomarkers with and without 
the EuroSCORE model. Chest. 2014;146(5):1310-8.

54.	 Schoe A. Biomarkers and prognosis in cardiac surgery in the ICU. Leiden2022.
55.	 Dieleman JM, van Paassen J, van Dijk D, Arbous MS, Kalkman CJ, Vandenbroucke JP, et al. Prophylactic 

corticosteroids for cardiopulmonary bypass in adults. Cochrane Database Syst Rev. 2011(5):Cd005566.
56.	 Dieleman JM, Nierich AP, Rosseel PM, van der Maaten JM, Hofland J, Diephuis JC, et al. Intraoperative 

high-dose dexamethasone for cardiac surgery: a randomized controlled trial. Jama. 2012;308(17):1761-7.
57.	 Whitlock RP, Devereaux PJ, Teoh KH, Lamy A, Vincent J, Pogue J, et al. Methylprednisolone in patients 

undergoing cardiopulmonary bypass (SIRS): a randomised, double-blind, placebo-controlled trial. 
Lancet. 2015;386(10000):1243-53.

58.	 Horby P, Lim WS, Emberson JR, Mafham M, Bell JL, Linsell L, et al. Dexamethasone in Hospitalized Patients 
with Covid-19. N Engl J Med. 2021;384(8):693-704.


