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Objective: The role of intensified lung physiotherapy bundle after cardiac surgery was investigated.

Methods: A before- and after-surgery comparison was conducted between the study from January 1, 2018 to December 31, 2019 (control group), when traditional lung physiotherapy bundle was used, and from January 1, 2020 to May 1, 2021 (study group), when the intensified bundle was used. The baseline data, clinical features, incidence of postoperative pneumonia, and prognoses of all the enrolled cardiac surgery patients were analyzed.

Results: In accordance with the study criteria, 358 patients were enrolled. The incidence rate of postoperative pneumonia was significantly lower in the study group than in the control group (14.2 vs. 22.7%, P = 0.037), as was in-hospital mortality (1.5 vs. 5.2%, P = 0.043). Patients receiving the intensified lung physiotherapy bundle had much shorter mechanical ventilation time (92 vs. 144 h, P < 0.0001), much shorter intensive care unit (ICU) stay (5 vs. 7 days, P < 0.001), and much shorter hospital stay (17 vs. 18.5 days, P = 0.022). The intensified lung physiotherapy bundle was an independent protective factor enabling the reduced occurrence of pneumonia (P = 0.007). On univariate analysis, this bundle significantly improved in-hospital mortality (P = 0.043).

Conclusions: Our intensified lung physiotherapy bundle potentially reduces the rate of postoperative pneumonia after cardiac surgery. This bundle might also be adopted as a suitable reference guide for the prevention of other postoperative pulmonary complications.
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INTRODUCTION

Pneumonia is a common cause of respiratory failure after cardiac surgery, while cardiopulmonary bypass can activate the inflammatory response, cause diffuse endothelial cell injury, and lead to non-cardiac pulmonary oedema and bilateral lung infiltration. Given the depressed cardiac function and high risk of bleeding following cardiac surgery, patients are often kept on deep sedation and analgesia in a supine position without regularly being turned over and other lung physiotherapy strategies, making sputum drainage more difficult and increasing the probability of postoperative pneumonia. The incidence of pneumonia after cardiac surgery has been reported to be as high as 20%, with the mortality rate of patients with postoperative pneumonia as high as 30% (1–3).

Lung physiotherapy can be used as an adjunctive measure in the treatment of respiratory failure in the intensive care unit (ICU) by clearing secretions, increasing pulmonary volume, and re-inflating atelectatic lungs (4, 5). Lung physiotherapy has also been proved to reduce the incidence of ventilator-associated pneumonia, the duration of mechanical ventilation, and ICU stay in patients with severe pneumonia and to reduce the incidence of pulmonary complications after cardiac surgery (6). However, as of now, there is no standard detailed lung physiotherapy protocol for clinical application and no dynamic adjustment according to the departmental situation.

Our department has always attached great importance to lung physiotherapy. In 2018, based on the actual situation in our department, we conceived and formulated a modified set of lung physiotherapy measures more suitable for patients with severe pneumonia, which we called the intensified lung physiotherapy bundle. The application of this bundle in patients with sepsis confirmed their favorable effect on mortality (7, 8). Therefore, from January 1, 2020, we introduced the intensified lung physiotherapy bundle for all cardiac surgery patients admitted to our ICU. After more than 1 year of clinical practice, we explored to what extent this bundle could reduce the incidence of pneumonia after cardiac surgery and improve the prognosis of the affected patients.



METHODS


Study Design

This controlled before-and-after study enrolled cardiac surgery patients admitted to our ICU at Peking Union Medical College Hospital (PUMCH). The patients in the control group were enrolled from January 1, 2018 to December 31, 2019, when a traditional lung physiotherapy bundle was used, while patients in the study group were enrolled from January 1, 2020 to May 1, 2021, when the intensified lung physiotherapy bundle was applied for all cardiac surgery patients. This study was approved by the Institutional Review Board of PUMCH (approval number: JS-1170). Consent forms were obtained from the patients' next of kin at ICU admission. The study was registered at chictr.org.cn (identifier: ChiCTR1900025850).

The traditional and intensified lung physiotherapy bundle was performed as described in previously published literature (7). The traditional lung physiotherapy included (1) bed head elevation at 30–45°; (2) daily sedation depth assessment, adjusting sedative drugs to maintain the Richmond Agitation sedation score (RASS) −2–−1; (3) routine mouth care with chlorhexidine three times a day; (4) sputum aspiration every 2 h or as needed, use of subglottic suction device; (5) conduction of regular auscultation. Compared with the traditional one, the intensified bundle has several modifications: (1) delirium was assessed every 6 h by the Confusion Assessment Method for ICU (CAM-ICU) at the same time as the daily assessment of sedation depth; (2) the frequency of oral care was determined by the modified Beck Oral Assessment Scale score (BOAS) and mucosal-plaque score, which was performed at least every 12 h; (3) enhanced airway drainage with a vibratory sputum extractor every 4 h for 20–30 min. Coughing intensity was assessed every 6 h and the degrees of temperature and humidity were adjusted according to the sputum properties after sputum aspiration to achieve a sputum viscosity of grade II; (4) all the patients with unsatisfied lung assessment (including auscultation, lung ultrasound, and chest X-ray) received lung recruitment maneuver and high lateral position (left side or right side: >90° and the position was changed every 2 h); (5) early activity as soon as possible: sitting up and active motion on bed when vasoactive-inotropic score (VIS) <80, and bedside activity (sitting on wheelchair or assisted walking) when VIS <50 (9). The detailed lung physiotherapy bundle and treatment flowchart are shown in Figure 1.
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FIGURE 1. Traditional and intensified lung physiotherapy bundle and treatment flowchart.


Patients who met all three of the following criteria were included: (1) post-cardiac surgery; (2) The role of lung physiotherapy would not be reflected if there was too short a time, and the stay in ICU should be longer than 48 h; (3) Continuing mechanical ventilation for at least 24 h for any reasons after surgery. The exclusion criteria were: (1) refusal to sign consent form; (2) patients with pregnancy or lactation; (3) do not resuscitate or admission for palliative care only.

The criteria for the diagnosis of postoperative pneumonia were as follows (3):

(1) At least two of the following symptoms or signs:

a. temperature >38 or <36°C;

b. white blood cell (WBC) count >12,000 or <4,000 cells mm−3;

c. newly emerged purulent tracheal secretions;

d. decrease in oxygenation: which was defined as PaO2/FiO2 <300 mmHg, and at least two intensivists carefully evaluated the patients to exclude those caused by heart failure or volume overload.

(2) New-onset or progressive pulmonary infiltrates caused by infection.

(3) Organisms isolated from sputum obtained by transtracheal aspiration.

Lower respiratory tract sputum was obtained after ICU admission and sent immediately to the PUMCH Clinical Microbiology Laboratory. Sputum was obtained using non-invasive sampling and was cultured semi-quantitatively. Endotracheal aspirates with >25 WBCs and <10 epithelial cells per high-power field on Gram staining were required for culture.



Data Collection

Age, sex, underlying diseases, vital signs, ventilator parameters (positive end-expiratory pressure [PEEP], tidal volume, the fraction of inspired oxygen [FiO2]), blood gas analysis, and laboratory evaluations were collected. Life-sustaining treatments included vasopressors, cardiotonic agents, continuous renal replacement therapy (CRRT), intra-aortic balloon pump (IABP), and extracorporeal membrane oxygenation (ECMO). The Sequential Organ Failure Assessment (SOFA) score, Acute Physiology and Chronic Health Evaluation II (APACHE II) score, and Clinical Pulmonary Infection Score (CPIS) were calculated on the first ICU Day. The outcomes included postoperative pneumonia, duration of mechanical ventilation, duration of ICU stay, duration of hospital stay, and in-hospital mortality.



Statistical Analysis

First, all data were tested to define the normality. Normally distributed data were expressed as mean ± SD. Non-normally distributed data were expressed as median and interquartile range and were analyzed using the Mann–Whitney U test. Categorical variables were presented as numbers and percentages and analyzed using the Chi-squared test or Fisher's exact test. Variables with a P-value of <0.05 were statistically significant and were included in the multivariate regression to determine significantly independent risk factors. The results were analyzed using SPSS Version 23.0 (IBM, Armonk, NY, USA).




RESULTS

From January 1, 2018 to May 1, 2021, a total of 1,375 cardiac surgery patients were transferred to the ICU because of high surgical risk. A total of 589 patients were admitted between January 1, 2018 and December 31, 2019, who received traditional lung physiotherapy immediately after admission. A total of 786 patients were admitted from January 1, 2020 to May 1, 2021 when the intensified lung physiotherapy bundle was performed. Since the purpose of the study was to determine the incidence of postoperative pneumonia, patients who underwent extubation within 24 h after surgery or transferred out of ICU within 48 h were excluded. At last, a total of 154 patients (26.1%, 154/589) were enrolled in the control group and 204 patients (26%, 204/786) were enrolled in the study group (Figure 2).
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FIGURE 2. Enrolment flowchart. ICU, intensive care unit; DNR, do not resuscitate.



Baseline Characteristics of Cardiac Surgery Patients

The 358 patients who met the criteria (>48 h in ICU and >24 h on ventilator) were enrolled with a median age of 59 (47–67) years, 66.5% (238 cases) of whom were male. The median APACHE II score was 16. There was no significant difference in age, sex, morbidities, and disease severity between the two groups. Among these patients, 19.8% (71/358) underwent emergency surgery, 15.9% (57 cases) had infective endocarditis, and 10.3% (37 cases) had aortic dissection/aneurysm. The median cardiopulmonary bypass (CPB) time and aortic blocking time were 128.5 and 87 min, respectively (Table 1). As preoperative pulmonary infection had a great impact on the outcome, it was carefully examined. Based on the WBC counts, Chest X-rays, and clinical symptoms and signs, no patients were actually diagnosed with the pulmonary infection before surgery in both groups


Table 1. Baseline characteristics of cardiac surgery patients.
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In terms of clinical features, the vital signs at admission were not statistically different. There were also no significant differences in ventilator parameters (PEEP, respiratory rate, tidal volume, and FiO2) and use of prophylactic antibiotics (94.2% vs. 89.2%, P = 0.100), use of acid-suppressing drugs (26.6% vs. 24.5%, P = 0.649) between the two groups. A total of 51.1% of patients used cardiotonic drugs and 82.1% used norepinephrine after surgery, neither of which showed a significant difference between the two groups. There was also no difference in the application of IABP, ECMO, and CRRT. The lactate and cardiac troponin I (cTnI) levels of the study group were statistically higher than those of the control group (2.1 vs. 1.6 mmol L−1 [P = 0.038] and 6.9 vs. 2.9 μg L−1 [P < 0.001], respectively). The levels of interleukin (IL)-8 and tumor necrosis factor-α in the study group were significantly lower than those in the control group (91 vs. 114 pg mL−1 [P = 0.026] and 2 vs. 14.9 pg mL−1 [P < 0.0001], respectively), whilst the high-sensitivity C-reactive protein level was significantly higher (167.1 vs. 110.3 mg L−1, P < 0.0001). Nutritional status had an important influence on the occurrence of postoperative pneumonia, but there was no significant difference in the albumin levels between the two groups (33 vs. 33 g/L, P = 0.929), and there were no significant differences in other clinical and laboratory parameters between the two groups (Table 2).


Table 2. Clinical characteristics of cardiac surgery patients at ICU admission.
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The intensified lung physiotherapy bundle was well implemented and the rates of delirium assessment, early activity, enhanced airway drainage, recruitment maneuver, and high lateral position were significantly higher than that in the traditional bundle. When early mobilization or prone position is performed, the related complications are of great concern. The rate of endotracheal tube displacement was roughly the same as in the control group because the tubes were double fixed routinely in both the groups and there was no statistical difference in the incidence of postoperative bleeding and incision infection between the two groups (1.3 vs. 1.5% [P = 0.891] and 1.3 vs 2.0% [P = 0.629], respectively) because of the sternum reinforcement with steel plate lining during the operation and the external fixation with chest strap during early activity. We also routinely monitored the gastral residual volume every 6 h, and there was no significant difference in the rate of gastroesophageal reflux between the two groups. Compared with the control group, patients in the study group had a significantly lower rate of postoperative pneumonia (14.2 vs. 22.7%, P = 0.037), lower CPIS score (3 vs. 4, P = 0.01), and shorter mechanical ventilation time (92 vs. 144 h, P < 0.0001). The ICU and hospital stays were both statistically shorter in the study group than in the control group (5 vs. 7 days [P < 0.001] and 17 vs. 18.5 days [P = 0.022], respectively). The in-hospital mortality was also significantly lower in the study group (1.5 vs. 5.2%, P = 0.043) (Supplementary Table 1).



Comparison of Postoperative Pneumonia and Non-pneumonia Patients

The incidence of postoperative pneumonia after high-risk cardiac surgery was 17.9% (64/358). To determine whether intensified treatment can reduce the incidence of postoperative pneumonia, we divided these patients into pneumonia (n = 64, 17.9%) and non-pneumonia (n = 294, 82.1%) groups.

The APACHE II and SOFA scores were higher in patients with postoperative pneumonia. Compared with the non-pneumonia patients, the proportion of emergency surgery, infective endocarditis, and dissection/aneurysm were much higher (in total 80.7 vs. 38.4%, P < 0.0001) in patients with pneumonia, and these patients received a higher rate of ECMO support (15.6 vs. 1.7%, P < 0.001). Patients with postoperative pneumonia had a higher cTnI level (7.8 vs. 4.6 μg L−1, P = 0.036) and lower left ventricular ejection fraction (LVEF) (48 vs. 55%, P < 0.0001). The level of IL-6 in patients with pneumonia was significantly lower than that in non-pneumonia patients (87 vs. 162 pg mL−1, P = 0.043) whereas the level of IL-8 was higher (131 vs. 97 pg mL−1, P = 0.026). The proportion of patients receiving the intensified lung physiotherapy bundle in the pneumonia group was much lower than that in the non-pneumonia group (14.2 vs. 59.5%, P = 0.037). The median CPIS score in the pneumonia patients was much higher (6 vs 3, P < 0.0001) and needed higher FiO2 (40 vs. 35%, P = 0.001). Patients with postoperative pneumonia had a longer duration of mechanical ventilation (279 vs. 96 h, P < 0.0001), ICU stay (13 vs. 5 days, P < 0.0001), and hospital stay (28.5 vs. 17 days, P < 0.0001), and the in-hospital mortality of these patients was also statistically higher (9.4 vs. 1.7%, P = 0.001) (Supplementary Table 2).

Multivariate logistic regression analysis was performed using factors with significant differences between the two groups in univariate analysis and factors of great value for the occurrence of postoperative pneumonia, such as prophylactic antibiotic use. It showed that surgery type (emergency or elective), ECMO application, and postoperative LVEF reduction were independent risk factors for postoperative pneumonia whilst the intensified lung physiotherapy bundle was a protective factor, which reduced the incidence of pneumonia (hazard ratio [HR] 2.717, 95% confidence interval 1.308–5.645, P = 0.007) (Table 3). Regarding the impact of postoperative pneumonia on in-hospital mortality, the incidence of postoperative pneumonia was much higher in the non-survivors (54.5 vs. 16.7%, P = 0.001). The intensified lung physiotherapy bundle was a predictor of in-hospital mortality based on the univariate analysis (27.3 vs. 57.9%, P = 0.043) (Supplementary Table 3) but was not significant on the multivariate analysis (adjusted HR 6.15, P = 0.172) (Supplementary Table 4).


Table 3. Multivariate logistic regression analysis of the factors affecting the occurrence of post-operative pneumonia.
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DISCUSSION

To the best of our knowledge, this study is the first to explicitly elaborate on the role of an intensified lung physiotherapy bundle in cardiac surgery. The bundle potentially reduces the incidence of postoperative pneumonia in patients after cardiac surgery and significantly shortens the duration of mechanical ventilation, ICU stay, and hospital stay. Moreover, it is safe to implement, thus avoiding increased postoperative bleeding, incision infection, and other complications. The univariate analysis also showed that there may be a favorable impact on the prognosis of patients.

Pulmonary complications can be very common after cardiac surgery, and our study found that the incidence of pneumonia after high-risk cardiac surgery was as high as 17.9%, among which emergency surgery, infective endocarditis, and aneurysm accounted for a higher proportion, which was consistent with Kogan's study (1). Pulmonary complications after cardiac surgery are associated with high mortality (1, 10), and our study confirmed that the in-hospital mortality of patients with pneumonia was significantly increased in comparison with non-pneumonia patients (9.4 vs. 1.7%). Lung physiotherapy was necessary for post-cardiac surgery patients, although there was always a concern about its impact on bleeding and wound healing. We found that there was no significant difference in the incidence of postoperative bleeding, wound rupture or infection, and other complications between the two groups. Standardized lung physiotherapy after cardiac surgery is safe and is conducive to improving the prognosis of these patients (11).

As illustrated in previous literature (1, 12), we found that the incidence of postoperative pneumonia was related to the type of operation and the postoperative cardiac function, as the patients with pneumonia had mainly undergone emergency surgery, and their cTnI level and LVEF significantly differed from those of non-pneumonia patients. In our study, however, as a result of the intensified lung physiotherapy bundle, patients who had a higher cTnI level and lower LVEF had a lower incidence of postoperative pneumonia compared with the control group. This indicated that intensified lung physiotherapy was especially important in preventing postoperative pneumonia in patients with poor cardiac function after cardiac surgery. We are also aware that cardiac dysfunction can lead to pulmonary oedema and that emergency complex operations need longer CPB time, leading to a much fiercer inflammatory response and a more obvious impact on the patients. In this study, compared with the control group, the patients in the study group had much higher hsCRP and lower IL-8 levels, which equates to a stronger pro-inflammatory response and weaker anti-inflammatory response. To our surprise, under comparable prophylactic antibiotic administration and ventilator conditions, the patients in the study group had a statistically lower rate of postoperative pneumonia, further highlighting the importance of intensified lung physiotherapy in the setting of postoperative pneumonia.

This intensified bundle can reduce the incidence of postoperative pneumonia because it is designed to achieve physiological airway maintenance, while the provision of treatment closest to the patient's specific needs can realize better physiotherapeutic results. Compared with traditional lung physiotherapy, the intensified bundle has several advantages: first, use of the RASS to assess the depth of sedation and the CAM-ICU to assess delirium and facilitate early mobilization; second, use of the modified BOAS and Mucosal Plaque Score to assess oral care, and clear stipulation of the frequency and intensity of each intervention; third, adjustment of the degree of humidification in accordance with sputum characteristics; fourth, early use of auscultation, postural drainage, and vibration to facilitate airway clearance. In addition, whereas this bundle is able to significantly reduce the duration of mechanical ventilation, prolonged mechanical ventilation might result in an increased incidence of ventilator-associated pneumonia, resulting in a worse clinical outcome (13).

The intensified lung physiotherapy bundle was derived from the ventilator-associated pneumonia prevention bundle. As illustrated by many guidelines in many countries, the bundle should be implemented in accordance with the actual situation on the ward (14, 15). However, until now there have been no guidelines that clearly provide guidance or a flowchart regarding the procedures for lung physiotherapy. Our bundle was formulated in line with the actual clinical situation of our department and elicited from more than 20 years of clinical experience, with clear items and strong operability, while operational goals were set for each step of the protocol to make the process more feasible. Formulating the bundle was just the first step, with how to ensure effective implementation being a more important and difficult clinical challenge. In this intensified bundle, we tried to set operational goals using scales (such as RASS, CAM-ICU, and mBOAS) or a specific target for each measure to make the implementation more purposeful. For example, we provided clear provisions for the angle of patients when the lateral position was used to treat lung consolidation (such as left side 90°, right prone position 135°), and special protective measures were taken for these patients. Most importantly, we set up a special quality control group to supervise the implementation of various measures, from which we can learn and improve the bundle. It is gratifying to see that our bundle realistically reduced the incidence of postoperative pneumonia and shortened the duration of mechanical ventilation and hospital stay, and might also have benefits for in-hospital mortality. With detailed improvement and specific measures, as well as complete data and few cases lost to follow-up, our study can provide an effective reference guideline for lung physiotherapy in all kinds of patients.

Our study does have several limitations. First, on the comparison of the patients' characteristics and data from a large sample, the conclusion was persuasive. However, it was a controlled before-after study and, although the bias was conservative and few cases were lost to follow-up, more strict prospective randomized controlled trials are needed to further investigate the role of the intensified bundle on the postoperative pneumonia rate and duration of mechanical ventilation. Second, the relationship between covariates and outcome might be interactive or non-linear, the confounding factors need to be adjusted using ensemble modeling which can address non-linearity automatically in the future study (16). A multi-center study is needed to further refine the details of the process and verify the wide applicability of this intensified lung physiotherapy bundle.



CONCLUSIONS

Our intensified lung physiotherapy bundle potentially reduces the rate of postoperative pneumonia after cardiac surgery and shortens the duration of mechanical ventilation. This bundle might also be adopted as a suitable reference guide for the prevention of other postoperative pulmonary complications.
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“Other surgeries include Pulmonary endarterectomy and congenitel heart disease surgery.

Total

5947, 67)
238 (66.5%)

103 (28.8%)
48 (13.4%)
28 (7.8%)
13 (3.6%)
13 (3.6%)
16(13, 20)
10(8, 12)

71 (19.8%)
21(5.9%)

37 (103%)
57 (15.9%)
132 (36.9%)
39(10.9%)

128.5 (96, 173.5)

87 (56, 119)

Control (154)

59 (47, 67)
99 (64.3%)

50 (32.5%)
21 (13.6%)
12 (7.8%)
5(3.2%)
6(3.9%)
16 (18, 20)
107,13

30 (19.5%)
8(6.2%)
14(9.1%)

33 (21.4%)
52(33.8%)
16 (10.4%)

122 (945, 156)
805 (62.25, 118.5)

Treatment (204)

59 (47, 67)
189 (68.1%)

53 (26%)
27 (13.29%)
16 (7.8%)
8(3.9%)
7 3.4%)
16 (12, 20)
10(8, 12)

41(20.1%)
13 (6.4%)

23(11.3%)
24 (11.8%)
80 (39.29%)
23(11.3%)

131965, 176)
91 (54, 119)

0.885
0.445

0.179
0912
0.986
0.735
0816
0.858
0.361
0.248

0.133
0.867

COPD, chronic obstructive pulmonary disease; APACHE Il, acute physiology and chronic health evaluation Il: SOFA, sequential organ failure assessment; CABG, coronary artery bypass

grafting,
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Vtial signs at admission

Heart rate (beats per minute) 104 (92, 113) 108 (92, 111) 104 (98, 115) 0.197
Mean artery pressure (mmHg) 82(75,88) 85(75,88) 81(75,88) 0.178
Temperature (°C) 37.8(37.3,38.2) 37.8(37.3,38.1) 37.8(37.3,38.2) 0314
Respiratory rate (per minute) 16(15,20) 17 (15, 23) 16 (15, 18) 001
Ventilation parameters

PEEP (cmH20) 66,8 6(5.8) 6(58) 0.347
Tidal volume (ml/kg predicted BW) 70,8 70,8 70,8 0835
FiO2 (%) 35 (30, 40) 35 (30, 40) 35 (30, 40) 0.101
Pa02 (mmHg) 71 (56, 92.5) 68.5 (5.9, 87.5) 72 (56.2,95.8) 0342
PaCO2 (mmHg) 45 (42, 47.8) 44.4 (42, 47.7) 45 (42, 48) 0.548
Circulation parameters

Central venous pressure (mmHg) 8(7, 10) 8(7,10) 9(7,10) 0.112
Latate (mmol/L) 19(13,3,8) 16(12,3.1) 2.1(1.4,3.4) 0,038
Sev02 (%) 73 (68, 78) 715 (66.9, 78) 73(69,78) 0.036
cTnl (ug/) 4.78(1.55, 12.3) 29(0.72,9.23) 69(2.8,14.8) <0001
Nt-ProBNP (pg/mi) 1931 (956, 4981) 2115 (637.5, 6452.8) 1915 (1136, 4368) 0727
LVEF (%) 53 (48, 58) 54(48,57) 53 (49, 58) 0720
Treatment on the first day in ICU

Prophylactic antibiotics (/%) 327 (91.3%) 145 (94.29%) 182 (89.2%) 0.100
Acid-suppressing drugs 91 (25.4%) 41 (26.6%) 50 (24.5%) 0649
Norepinephrine (/%) 294 (82.1%) 129 (83.8%) 165 (80.9%) 0.481
Cardiotonic* (n/%) 183 (51.1%) 83 (53.9%) 100 (49%) 0.361
CRRT (/%) 59 (16.5%) 27 (17.5%) 32 (15.7%) 0373
1ABP (/%) 14 (3.9%) 4(2.6%) 10 (4.9%) 0.265
ECMO (/%) 15 (4.2%) 5(3.2%) 10 (4.9%) 0.439
Laboratory evaluation

White blood cell (109/) 12.7(92,16.3) 129(93,17.0) 12.6(9.2,16.2) 0.666
Neutrophil (109/L) 10.9 (7.9, 14.5) 109 (7.7, 15.1) 11.0(7.9, 14.3) 0925
Monocyte (109/L) 0.68 (0.45, 0.96) 066 (0.42, 1.01) 0.71(0.47,0.95) 0.438
Platelet (109/1) 125 (91, 164) 124.5 (89.5, 169) 12593, 164) 0879
Creatinine (umol/L) 96.5(77, 139) 103 (82.8, 151) 95 (67.3, 137) 0.009
Total bilirubin (umol/L) 17.7(13.4,27.9) 18.2 (14, 26.6) 16.9(12.7,28.3) 0.334
Albumin (g/L) 33(31,35) 33(31,35) 33(31,35) 0929
Prothrombin Time (s) 14.1 (13.4, 15.4) 14.3 (13.4, 15.8) 14.(13.4,15.1) 0216
APTTR 1.15(1.01, 1.31) 1.14(1.01,1.35) 12(1.0,13) 0.268
Procalcitonin (ng/mi) 3.49 (1.0, 11.0) 4(1.01,13) 3.3(0.98,9.1) 0218
hsCRP (mg/L) 1429 (71.5, 239) 110.3 (49.8, 209.8) 167.1 (79, 256.4) <0.0001
Interleukin-6 (pg/mi) 156 (54.3, 433) 121 (45.8, 364) 162 (69.6, 452) 0.146
Interleukin-8 (pg/mi) 102 (638, 171) 114 (56.5, 206) 91 (53, 155) 0.026

TNF-a (pg/mi) 12.6 (9.0, 16.8) 14.9(109,202) 11.2(85,15.3) <0.0001

PEER, positive end expiratory pressure; FiO2, fraction of inspirated oxygen; PaO2, partial pressure of oxygen; PaCO2, partial pressure of carbon deoxidate; ScvO2, oxygen saturation of
central venous blood; cTr, cardiac troponin |; Ni-ProBNP, N-terminal pro brain natriuretic peptide; LVEF, left ventricular ejection fraction; CRRT, continuous renal replacement therapy;
IABF, intra-aortic balloon pump; ECMO, extracoporeal membrane oxygenation; APTT-R, activated partial thromboplastin time ratio; hsCRR, hypersensitive C-reactive protein; TNF-a,
tumor necrosis factor-a; #Cardiotonics include epinephrine, dopamine, dobutamine, miinone, levosimendan et al.
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