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Objective: There was no consensus on the impact of nosocomial infection on In-hospital mortality rate in patients receiving ECMO. 
This study aimed to investigate the impact of nosocomial infection (NI) on In-hospital mortality rate in adult patients receiving 
venoarterial extracorporeal membrane oxygenation (VA-ECMO) after cardiac surgery.
Materials and Methods: This retrospective study included 503 adult patients who underwent VA-ECMO after cardiac surgery. The 
impact of time-dependent NIs on In-hospital mortality rate within 28 days of ECMO initiation was investigated using a Cox regression 
model. The cumulative incidence function for death was compared between patients with NIs and those without NIs using a competing 
risk model.
Results: Within 28 days after ECMO initiation, 206 (41.0%) patients developed NIs, and 220 (43.7%) patients died. The prevalence 
rates of NIs were 27.8% and 20.3% during and after ECMO therapy, respectively. The incidence rates of NIs during and after ECMO 
therapy were 49‰ and 25‰, respectively. Time-dependent NI was an independent risk factor for predicting death (hazard ratio = 1.05, 
95% confidence interval = 1.00–1.11). The cumulative incidence of death in patients with NI was significantly higher than that in 
patients without NI at each time point within 28 days of ECMO initiation. (Z = 5.816, P = 0.0159).
Conclusion: NI was a common complication in adult patients who received VA-ECMO after cardiac surgery, and time-dependent NI 
was an independent risk factor for predicting mortality in these patients. Using a competing risk model, we confirmed that NIs 
increased the risk of In-hospital mortality rate in these patients.
Keywords: venoarterial extracorporeal membrane oxygenation, nosocomial infection, in-hospital mortality rate, Cox regression, 
competing risk model

Introduction
Data adapted from the Extracorporeal Life Support Organization indicated that more than 2000 extracorporeal 
membrane oxygenation (ECMO) runs were performed per year from 2014 to 2016 in adult patients.1 The use of 
ECMO post-cardiotomy plays an important role in clinical practice. The rate of venoarterial extracorporeal 
membrane oxygenation (VA-ECMO) applications has increased in recent decades.1 However, even in developed 
countries with the most advanced medical care, the In-hospital mortality rate of patients receiving VA-ECMO 
therapy is as high as 57.2%.2 Improving the survival of patients receiving ECMO has become a hot topic in various 
medical units.
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Nosocomial infection (NI) is a common complication in adult patients on ECMO. There is no consensus on whether 
NI increases In-hospital mortality rate in these patients. Several studies have presented similar opinions,3–10 whereas 
others have reported contradictory views.11–25 Traditional research methods have difficulty removing the time-dependent 
bias and competing risk bias;26–30 therefore, the adverse effects of NIs in patients receiving VA-ECMO could not be 
accurately disclosed. Several studies have pointed out29,31,32 that using competitive risk models instead of traditional 
methods to explore the impact of NI on In-hospital mortality rate is a key factor in reducing the competing bias.

This study aimed to clarify the impact of NI on In-hospital mortality rate within 28 days of ECMO initiation in 
patients receiving VA-ECMO after cardiac surgery.

Materials and Methods
Setting and Study Design
This retrospective observational study was conducted in the surgical intensive care unit (ICU) of a single cardiac center 
in Beijing Anzhen Hospital, Capital Medical University, Beijing, China. Since the initiation of ECMO therapy in 2004, 
the complete data of more than 1100 patients receiving ECMO therapy have been available in the electronic medical 
records system. This study included adult patients who received VA-ECMO after cardiac surgery between January 1, 
2011, and December 31, 2020. Ethical approval was obtained from the Medical Ethics Committee of the Anzhen 
Hospital (approval number:2022064X).

Inclusion/Exclusion Criterion
Patients (1) aged ≥18 years, (2) who received VA-ECMO support after cardiac surgery from December 31, 2011, to 
January 1, 2020, and (3) who were under VA-ECMO support for ≥48 h were included in the study. By contrast, patients 
(1) with any infection before receiving ECMO support, (2) on VA-ECMO who were transferred from another hospital 
were excluded.

Corresponding Definition
NI was defined based on the criteria issued by the National Health Commission of the People’s Republic of China in 
2001 (the criterion referred to the definition of NI from the American Centers for Disease Control and Prevention in 
1988).33 Ventilator associated pneumonia (VAP) was defined as the presence of ≥2 of the following criteria: temperature 
of >38.0°C or <36.0°C, white blood cell count of >12×109/L or less than 4×109/L, purulent excretion from the lower 
respiratory tract, new or consistent infiltration shown on chest imaging, positive sputum culture, and the initiation of 
antimicrobial therapy under the guidance of intensivists or infectious specialists.8,10,12,33,34 Bloodstream infection (BSI) 
was defined as the presence of any of the clinical manifestations (including fever (>38°C), chills, or hypotension) 
accompanied by positive blood culture from one or more blood samples.20,21,33,35,36 Urinary tract infection (UTI) was 
defined as the presence of positive symptoms, signs, or positive routine urine results, accompanied by a positive urine 
culture test.34 Other infections included surgical site infections (SSIs) and skin and soft tissue infections (SSTIs). SSI was 
defined as an infection involving the skin, subcutaneous tissue, or muscle layer occurring within 30 days after surgery, or 
any of the following features: purulent excretion from the drainage, positive results of drainage fluid culture, or infection 
identified by the surgeon.33,37 SSTI was defined as purulent drainage from the skin and soft tissue, an infection caused by 
any microorganism isolated from the culture of the skin or soft tissue, or a confirmed infection requiring surgical 
debridement.33

NI during ECMO was defined as infection occurring 24 h after ECMO initiation to 48 h after ECMO removal.10,12,14 

NI after ECMO removal was defined as an infection occurring from 48 h after ECMO removal until hospital discharge. 
NI was defined as an infection that occurred throughout the hospital stay. Prevalence was defined as the ratio between the 
number of patients with NIs and the number of at-risk patients observed during the same period. The incidence of NI 
during ECMO was defined as the number of patients with NIs per 1000 ECMO-days (proportion of NI cases during the 
period of ECMO support). The incidence of NI after ECMO removal was defined as the number of patients newly 
diagnosed with NIs per 1000 patient-days (proportion of NI cases after ECMO removal). The overall incidence of NIs 
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was defined as the number of patients with NIs per 1000 patient-days (throughout the entire hospitalization period). In- 
hospital mortality rate was defined as the ratio between the number of dead patients and the number of patients observed 
in the same period. When multiple infections occurred in the same patient, the first NI source was regarded as the 
etiology of the infection, which will be counted in the statistical analysis. Bleeding was defined hemorrhage in the 
surgical area with blood transfusion more than 2 units (concentrated red blood cells). Limb complications were defined as 
limb ischemic necrosis or thromboembolism during hospitalization. Cerebrovascular complications were defined as 
hypoxic ischemic encephalopathy, ischemic stroke, or cerebral hemorrhage.

ECMO Support and Infection Control Measures
The indications for VA-ECMO were jointly decided by the cardiac surgeon and extracorporeal life support physician.10 

VA-ECMO cannulas were implanted by trained team members using the femoral vein-femoral artery approach. The 
ECMO flow rate titration was adjusted to ensure adequate tissue perfusion according to the lactic acid levels and organ 
function. A systematic heparin anticoagulation strategy was used to ensure that the activated clotting time is maintained 
within 180–220 s.

We used clustered preventive measures to reduce NIs. These measures included bed head elevation 30°~45°, waken- 
up plan daily, replace the condensate tank in time, replace the ventilator pipeline on demand, reduce gastroesophageal 
reflux. The central venous catheter was disinfected once a day. All patients received antibiotics to prevent NIs when VA- 
ECMO was initiated. Empirical antibiotics were routinely administered. The combination of ceftazidime and vancomycin 
was the most common prophylaxis selection in our center. When fungal infection was considered, fluconazole or 
voriconazole was added for antifungal therapy. When the results of the pathogenic culture were clear, the antibiotics 
were adjusted based on drug sensitivity test. All antibiotic doses were individually administered according to the patient’s 
liver and renal function. The dose of vancomycin was adjusted according to the drug concentration monitoring.

Data Collection
The following data were retrieved from the electronic medical records system (which contain information from the 
hospital information system (HIS), laboratory information system (LIS), and radiology information system (RIS)) 
according to the inclusion and exclusion criteria: demographic information (age, gender, race, past medical history, 
personal history, underlying disease, etc.), elaborate data involving VA-ECMO therapy (including the exact data prior to 
surgery, the duration of surgery, the duration of ECMO support, intra-aortic balloon pump (IABP), continuous renal 
replacement therapy (CRRT) and ventilator usage, ECMO placement site, and complication of ECMO treatment), the 
abnormal results of laboratory test within 48 h of ECMO initiation (such as counts of white blood cells and platelets, 
procalcitonin, liver and renal function, and microbiological data), maximal vasoactive-inotropic score (VIS),38,39 

sequential organ failure assessment (SOFA) score,40,41 the date of NI diagnosis, the date of death and discharge from 
the ICU, and outcome (NI state and In-hospital mortality rate) during the entire hospitalization period.

Statistical Analysis
All numeric variables showed a skewed distribution after performing the Kolmogorov–Smirnov test. Continuous data 
were expressed as medians and interquartile ranges (25th and 75th quartiles). Categorical data were expressed as 
frequencies or ratios. Most of the continuous variables were divided into groups according to the optimal cutoff value 
or professional knowledge. When comparing the baseline characteristics between the infected and non-infected groups, 
the Mann–Whitney U-test was used to analyze the continuous variables, while the chi-square test was used to analyze 
the categorical variables. Univariate analysis was performed to assess the potential variables associated with NI and In- 
hospital mortality rate within 28 days of ECMO initiation. NI was modeled as a time-dependent covariate using the 
Cox regression model to predict the risk factors of death in these patients. Cumulative incidence functions were 
calculated using the “cmprsk” package in R based on a competing risk model29,31,32. Competing risk regression was 
used to assess the impact of NI on In-hospital mortality rate and to adjust for the corresponding confounding factors.32 

The “etm” package in R software was used to calculate the transition probability of different states (multistate), and 
the probabilities were illustrated in diagrams.42–44 SPSS software (version 25.0, SPSS, Inc., Chicago, IL, USA) and 
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R V3.6.3 (https://CRAN.R-project.org/) were used to perform all statistical analyses. A bilateral P value of less than 
0.05 was considered significant.

Results
Patients’ Clinical Characteristics
In the past 10 years, 503 eligible patients have been enrolled in the study (Figure 1). A total of 213 (42.3%) patients 
experienced 296 NIs: VAP, 152 (30.2%); BSI, 100 (19.9%); UTI, 4 (0.8%); and other infections (mainly SSIs and SSTIs), 
40 (8%). Moreover, 193 (38.4%) patients developed NIs during ICU stay, while 206 (41.0%) patients developed NIs 
within 28 days after ECMO initiation. A total of 217 (43.1%) patients died during ICU stay, 220 (43.7%) patients died 
within 28 days after ECMO initiation, and 261 patients (51.9%) died during hospitalization.

The frequency distribution of NIs in adult patients who received VA-ECMO after cardiac surgery is shown in Figure 2 
The clinical characteristics of these patients are summarized in Supplementary Tables 1 and 2.

The patients’ median age was 61 (51–67) years, and 71.4% of them were men. Compared with the non-infected 
group, patients with NI had a longer duration of IABP use, mechanical ventilator support, CRRT, and ECMO support. 
The length of ICU stay in the infected group was significantly longer than that in the non-infected group (12 vs 7, Z = 
−10.038, P < 0.001). The length of hospital stay was also significantly longer in the infected group than in the non- 
infected group (24 vs 18.5, Z = −5.764, P < 0.001). Unexpectedly, the 28-day in-hospital crude mortality rate was higher 
in the non-infected group than in the infected group (Supplementary Tables 1 and 2).

The prevalence rates of NIs during ECMO support and after ECMO removal were 27.8% (140/503) and 20.3% (102/ 
503), respectively. The incidence rates of NI during ECMO support and after ECMO removal were 49‰ (per 1000 
ECMO-days) and 25‰ (per 1000 patient-days), respectively (Supplementary Tables 3 and 4).

In total, 275 microorganisms were isolated (Table 1). The most common microorganisms were gram-negative bacteria 
(194, 70.5%): Acinetobacter baumannii (34.0%), Klebsiella pneumonia (21.6%), and Enterobacterium (20.1%). The 
gram-positive bacteria count was 48 (17.5%), of which Staphylococcus aureus (85.4%) was the most common pathogen, 
followed by Enterococcus spp. (8.3%). The fungal count was 33 (12.0%), of which Candida spp. (87.9%) was the most 
common.

Figure 1 Flow chart showing the process of participant selection.

https://doi.org/10.2147/IDR.S390599                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Infection and Drug Resistance 2023:16 4192

Li et al                                                                                                                                                                 Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://CRAN.R-project.org/
https://www.dovepress.com/get_supplementary_file.php?f=390599.docx
https://www.dovepress.com/get_supplementary_file.php?f=390599.docx
https://www.dovepress.com/get_supplementary_file.php?f=390599.docx
https://www.dovepress.com/get_supplementary_file.php?f=390599.docx
https://www.dovepress.com/get_supplementary_file.php?f=390599.docx
https://www.dovepress.com/get_supplementary_file.php?f=390599.docx
https://www.dovepress.com
https://www.dovepress.com


Risk Factors of Death in NI Patients on ECMO After Cardiac Surgery
Single-variate Cox regression analysis indicated significant differences in more than 20 variables, such as age group (≥65 
years), VIS, SOFA score, NI, and ICU stay (Table 1). When using a Cox regression model with NI as a time-varying 
covariate, we found 10 independent risk factors for predicting death in patients with NI on ECMO treatment after cardiac 
surgery (Table 2). Patients with older age (≥65 years), higher VIS (>40), higher SOFA score, higher BMI, cardiopulmonary 
resuscitation (CPR), and complications such as bleeding, cerebral problems, and time-varying NI had a worse prognosis. 
The risk of death in patients with NI on ECMO treatment was reduced by 14.8% when the ICU length of stay was extended 
by 1 more day (hazard ratio [HR] = 0.852, 95% confidence interval [CI] = 0.826–0.880; P < 0.001) (Table 3).

Impact of NI on Mortality in Patients on ECMO Treatment After Cardiac Surgery
The transition probability plots of the different states according to the multistate model are shown in Figure 3. The 
transition probability of NI for states 0–1 (Figure 3A, indicated by the blue line) represents the transition from the non- 
infection state to the infection state. This indicates that the occurrence of NI was concentrated during the first 5–10 days 

Figure 2 Distribution outline of patients complicated with nosocomial infection after ECMO initiation over time. 
Abbreviations: VAP, Ventilator associated pneumonia; BSI, bloodstream infection; UTI, urinary tract infection.

Table 1 Microorganisms of First Nosocomial Infection in Patients on VA-ECMO During ten Years

Gram-Stain Microorganism LRTI BSI UTI SSI Overall MDR (%)

G-, n(%) 126 54 1 13 194 (70.5) -
Acinetobacter baumannii 41 16 0 9 66 60 (90.9)

Klebsiella pneumoniae 31 11 0 0 42 6 (14.3)

Enterobacterium 21 14 1 3 39 9 (23.1)
Pseudomonas aeruginosa 18 9 0 1 28 10 (35.7)

Others 15 4 0 0 19 6 (31.6)

G+, n(%) 9 37 1 1 48 (17.5) -
Staphylococcus aureus 7 33 0 1 41 19 (46.3)

Enterococcus spp. 0 3 1 0 4 2 (50.0)

Others 2 1 0 0 3 0
Fungi, n(%) 17 9 2 5 33 (12.0)

Candida spp. 13 9 2 5 29 13 (39.4)

Aspergilus spp. 4 0 0 0 4 0
Total 152 100 4 19 275 (100.0) -

Abbreviations: G+, Gram-positive; G-, Gram-negative; LRTI, Lower Respiratory Tract Infection; BSI, Bloodstream Infection; UTI, Urinary 
Tract Infection.
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after ECMO initiation. The incidence of NIs gradually decreased 20 days after the initiation of ECMO. The transition 
probability from state 0 to state 2 (Figure 3B, indicated by the green line) represents the transition from the non-infection 
state to the termination state (death in the ICU or discharged alive). The transition probability from state 1 to state 2 
(Figure 3C, indicated by the red line) represented the transition from the infection state to the termination state (death in 
the ICU or being discharged alive). When integrating the three plots, we found that the transition probability was almost 
unchanged 20 days after ECMO initiation (Figure 3D). Most patients receiving VA-ECMO entered the termination state 
20 days after ECMO initiation, died in the ICU, or were discharged from the hospital.

Table 2 Single-Variate Cox Regression for Predicting Death of Patients with NI Within 28 Days After ECMO 
Initiation

Variables Coefficient SE Wald P HR 95% CI

Age_65 0.521 0.138 14.266 <0.001 1.683 (1.285~2.206)

BMI 0.241 0.096 6.244 0.012 1.272 (1.053~1.536)

Smoking −0.350 0.139 6.305 0.012 0.704 (0.536~0.926)
Diabetes 0.292 0.149 3.841 0.050 1.340 (1.000~1.795)

IABP duration group −0.311 0.095 10.791 0.001 0.733 (0.609~0.882)

Ventilator duration group −0.180 0.087 4.314 0.038 0.835 (0.705~0.990)
CRRT 0.960 0.140 47.201 <0.001 2.611 (1.986~3.434)

Period 0.326 0.137 5.629 0.018 1.385 (1.058~1.812)
VIS_(>40) 0.394 0.146 7.270 0.007 1.483 (1.114~1.974)

CRP 0.334 0.153 4.808 0.028 1.397 (1.036~1.884)

Bleeding 0.573 0.138 17.161 <0.001 1.773 (1.352~2.326)
Limb complication 0.624 0.142 19.182 <0.001 1.866 (1.412~2.468)

Cerebral complication 0.925 0.169 30.154 <0.001 2.523 (1.813~3.511)

SOFA score (>10) 0.777 0.146 28.262 <0.001 2.174 (1.633~2.895)
LAC (>18 mmol/L) 0.705 0.141 25.070 <0.001 2.024 (1.536~2.668)

SCR_(>133 umol/L) 0.738 0.136 29.615 <0.001 2.093 (1.604~2.73)

ALT_(>40 U/L) 0.786 0.175 20.225 <0.001 2.195 (1.558~3.092)
TBIL_(>68.4 mmol/L) 0.171 0.084 4.098 0.043 1.186 (1.005~1.399)

PLT_(>50*10 G/L) −0.473 0.088 28.858 <0.001 0.623 (0.524~0.74)

WBC_(>12*10 G/L or <4*10 G/L) −0.283 0.139 4.172 0.041 0.753 (0.574~0.989)
Nosocomial infection_28d −0.268 0.140 3.636 0.057 0.765 (0.581~1.007)

ICU stay (d) −0.115 0.015 55.940 <0.001 0.891 (0.865~0.918)

Abbreviations: BMI, Body Mass Index; CRRT, Continuous Renal Replacement Therapy; VIS, Vasoactive Inotropic Score; CRP, C Reactive 
Protein; SOFA, Sequential Organ Failure Assessment; LAC, Lactate; SCR, Serum creatinine; ALT, Alanine Transaminase; TBIL, Total Bilirubin; PLT, 
Platelet; WBC, White Blood Cell.

Table 3 Multivariate Cox Regression for Predicting Death of Patients on ECMO After Cardiac Surgery

Variables Coefficient SE Wald P HR 95.0% CI

Age_65 (≥65) 0.331 0.143 5.371 0.02 1.392 (1.052~1.842)

CRRT 0.98 0.155 39.768 <0.001 2.664 (1.965~3.612)
VIS group (≥40) 0.295 0.149 3.925 0.048 1.343 (1.003~1.798)

CRP 0.394 0.157 6.328 0.012 1.483 (1.091~2.016)

Bleeding 0.526 0.141 13.841 <0.001 1.692 (1.283~2.233)
Cerebral complication 0.584 0.184 10.145 0.001 1.794 (1.252~2.571)

ICU stay (d) −0.16 0.016 96.582 <0.001 0.852 (0.826~0.880)

BMI 0.06 0.02 8.947 0.003 1.062 (1.021~1.105)
Time-varying nosocomial infection 0.052 0.025 4.158 0.041 1.053 (1.002~1.107)

SOFA score 0.135 0.033 16.683 <0.001 1.145 (1.073~1.222)

Abbreviations: CRRT, Continuous Renal Replacement Therapy; VIS, Vasoactive Inotropic Score; CRP, C Reactive Protein; BMI, Body Mass 
Index; SOFA, Sequential Organ Failure Assessment.
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According to the competitive model, the cumulative incidence of death in patients with NIs was higher than that in 
patients without NI (Z = 5.816, P = 0.0159) (Figure 4). No significant difference was observed in the cumulative 
incidence function for discharge between the patients with NI and those without NI (Z = 3.313, P = 0.0687) (Figure 5). 
The competing risk regression analysis further confirmed that the risk of death increased by 50% in patients with NI 
compared with those without NI (HR = 1.50, 95% CI = 1.14–1.97), after adjusting for age, sex, and SOFA score 
(Table 4); moreover, the risk of death increased by 2% for every 1-year increase in age (HR = 1.02, 95% CI = 1.00–1.03) 
and increased by 16% per 1 point increase in SOFA score (HR = 1.16, 95% CI = 1.09–1.22). (Table 4).

Discussion
To the best of our knowledge, this was the largest single-center retrospective study of adult patients on VA-ECMO 
treatment. Using the Cox model, we confirmed that time-dependent NI was an independent risk factor for death in 
patients receiving VA-ECMO treatment after cardiac surgery. For the first time, we confirmed that NI increased the In- 
hospital mortality rate within 28 days of ECMO initiation, using a competitive risk regression model.

For adult patients receiving VA-ECMO treatment after cardiac surgery, we comprehensively reviewed the epidemio-
logical distribution characteristics of NIs throughout hospitalization, focusing not only on the incidence of NI during 

Figure 3 Transition probability plots for different states (95% confidence interval represented by dotted lines). (A) The transition probability of NI for states 0 to 1 (indicated by 
the blue line) represented the transition from non-infection state to infection state. It indicated that the occurrence of nosocomial infection was concentrated within 5–10 days after 
ECMO initiation. The incidence of nosocomial infection gradually decreased 20 days after ECMO initiation. (B) The transition probability from state 0 to state 2 (indicated by the 
green line) represented the transition from the state of patients without nosocomial infection to the termination state (died in the ICU or discharged alive). (C) The transition 
probability from state 1 to state 2 (indicated by the red line) represented the transition from the state of patients with nosocomial infection to the termination state (died in the ICU 
or discharged alive). (D). When integrating the three plots, the transition probability was almost unchanged 20 days after ECMO initiation. Most patients receiving VA-ECMO 
treatment entered the termination state (died in the ICU or discharged from the hospital) 20 days after ECMO initiation.
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ECMO support but also on the incidence of NI after ECMO removal. The prevalence and incidence of NI after ECMO 
removal reported in our study were 20.3% and 25‰ (per 1000 patient-days), respectively. These values were higher than 
the results of a retrospective survey on the prevalence and incidence of NI in the ICU in the same period in China.45–48

From the transition probability plot, we found that the peak NI occurrence was close to 10 days after ECMO 
initiation. To reduce the prevalence of NI, the primary disease should be treated, and the patient should recover as quickly 
as possible.

When the crude In-hospital mortality rate was compared between patients with NI and those without NI, it was 
difficult to determine the adverse effects of NI on the In-hospital mortality rate of these patients. NI, discharged alive, and 
death were the three competing factors.31,49 Concerning NI as a time-dependent intermediate variable, taking discharged 
alive and death as competing risk factors,31,49 we found that the cumulative incidence of death in patients with NI was 

Figure 5 Comparison of cumulative incidence function for discharged alive between patients with nosocomial infection and those without nosocomial infection 
showing no significant difference in the risk of being discharged alive between the two groups at each time point within 28 days after ECMO initiation (NI: nosocomial 
infection) (Z = 3.313, P = 0.0687).

Figure 4 Comparison of cumulative incidence function for death between patients with nosocomial infection and those without nosocomial infection showing a higher death 
risk in patients with nosocomial infection than that in patients without nosocomial infection at each time point within 28 days after ECMO initiation (NI: nosocomial 
infection) (Z = 5.816, P = 0.0159).
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higher than that in patients without NI at each time point within 28 days after ECMO initiation. After adjusting for age, 
sex, and SOFA score, the hazard risk of In-hospital mortality rate increased to approximately 50%, which was consistent 
with the finding of our previous meta-analysis (mortality increased by 32%). Furthermore, consistent with previous 
studies,20,22 older age and SOFA score were confirmed to be the independent risk factors for predicting death in adult 
patients on VA-ECMO treatment in the Cox regression model. The hazard ratio for predicting death in these patients 
increased by 2% for every 1-year increase in age and by 16% for every 1-point increase in the SOFA score in the 
competing risk model.

Our predictive model showed that four variables including older age, abnormal white blood cell, mechanical 
ventilation duration, and ECMO environment in the ICU were independent factors.50 Shortening the mechanical 
ventilation duration and avoiding ECMO catheterization in ICU as much as possible were the key points to reduce the 
incidence of NI.

The advantage of this study is that strict inclusion criteria were used to eliminate many confounding factors. However, 
this study has several limitations. First, the patients were recruited over a period of 10 years, during which the strategy of 
medical care and professional skills would have undergone some changes. Second, we only analyzed the first NI in each 
patient based on the assumption that the same patient with an NI and multiple NIs was at risk of being discharged alive or 
dead in the ICU. However, this is impractical in clinical practice. Third, we did not assess the impact of different types of NIs 
on In-hospital mortality rate or discharge individually, because many patients had multiple or mixed NIs during hospitaliza-
tion. And forth, using culture-proven diagnosis standard might misjudge colonization as infection like most studies did. 
Moreover, our antibiotic prevention strategy had not been standardized as reported in the literature,51 the impact of changes 
in antibiotic prophylaxis strategies over the past 10 years on NIs cannot be well explained in this article.

Conclusion
NI is a common complication in adult patients who receive VA-ECMO treatment after cardiac surgery, and the time- 
dependent NI is an independent risk factor for predicting death in these patients. A competitive risk model analysis 
showed that NIs certainly increase the risk of death in these patients.

Abbreviations
ECMO, extracorporeal membrane oxygenation; VA-ECMO, venoarterial ECMO; LOS, length of stay; ICU, intensive care unit; 
SSI, surgical site infection; SSTI, skin and soft tissue infection; IABP, intra-aortic balloon pump; CRRT, continuous renal 
replacement therapy; VIS, vasoactive inotropic score; SOFA, Sequential Organ Failure Assessment; CPR, cardiopulmonary 
resuscitation; NI, nosocomial infection; VAP, Ventilator associated pneumonia; BSI, Bloodstream Infection; UTI, urinary tract 
infection; MDR, multi-drug resistant; LAC, lactate; ALT, alanine aminotransferase; WBC, white blood cell; PLT, platelet count.

Data Sharing Statement
The R code is available from the corresponding author Xiaotong Hou upon reasonable request.

Table 4 Results of Competing Risk Regression Analysis for Death and Discharge in Patients on VA 
ECMO with or Without Nosocomial Infection

Variables CRR for Death CRR for Discharge

HR 95% CI P values HR 95% CI P values

Nosocomial infection 1.50 1.14~1.97 0.0038 1.59 1.24~2.04 <0.001
Age 1.02 1.00~1.03 0.0083 0.99 0.977~0.996 0.0063

Gender 1.28 0.98~1.67 0.070 0.68 0.51~0.89 0.0050

SOFA score 1.16 1.09~1.22 <0.001 0.87 0.83~0.91 <0.001

Abbreviations: CRR, competing risk regression; SOFA, Sequential Organ Failure Assessment.
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