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Original Article

Dynamic decline of lymphocytes predicts extracorporeal 
membrane oxygenation-related infections: a retrospective 
observational study 
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Background: Limited data are available regarding the current microbiological characteristics of 
extracorporeal membrane oxygenation (ECMO)-related infections in intensive care units (ICUs) in China. 
This retrospective study aimed to determine the epidemiology, risk factors and impact on the outcome of 
ECMO-related infections.
Methods: A retrospective observational study from January 2014 to December 2019 was performed, and 
adult patients receiving ECMO support for more than 48 hours were included in this study. The primary 
outcome was the incidence rate of ECMO-related infection. Clinical data were recorded, and risk factors 
associated with an increased risk of ECMO-related infection were analyzed.
Results: A total of 174 adult patients who received ECMO and underwent ECMO for 1,670 days were 
included in this study. Forty-six patients (26.4%) developed ECMO-related infections, corresponding to 
27.5 first episodes/1,000 ECMO days. The most common ECMO-related infection observed was ventilator-
associated pneumonia (VAP). Infected patients had longer durations of mechanical ventilation {20.2 
[interquartile range (IQR), 12.6, 30.7] vs. 9.0 (IQR, 5.8, 14.7) days, P<0.001}, ECMO support [11.6 (IQR, 
8.1, 17.3) vs. 7.6 (IQR, 5.6, 9.7) days, P<0.001] and hospital stays (28.2±20.7 vs. 22.0±15.6 days, P<0.001). 
The factors independently associated with ECMO-related infection were a dynamic decrease in lymphocyte 
count [adjusted odds ratio (OR) =3.578, 95% confidence interval (CI): 2.175–4.906, P<0.001] and ECMO 
duration (adjusted OR =1.207, 95% CI: 1.096–1.330, P<0.001). Compared to patients without infection, 
infected patients had greater hospital mortality (39.1% vs. 78.3%, P<0.001) and 90-day mortality (40.6% vs. 
87.0%, P<0.001). ECMO-related infections were associated with worse outcomes (adjusted Kaplan-Meier 
curve, log rank test P<0.001).
Conclusions: Patients supported by ECMO had a high risk of developing ECMO-related infection. The 
most common ECMO-related infection observed was VAP. A dynamic decrease in lymphocyte counts was 
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Introduction

Extracorporeal membrane oxygenation (ECMO) provides 
cardiopulmonary support to patients with reversible 
refractory respiratory and circulatory failure (1-3). The 
application of ECMO has dramatically increased worldwide 
over the last two decades (4). The mortality of patients 
supported by ECMO remains high despite great progress in 
the management of patients and advances in ECMO circuit 
technology (5-8).

Infection is a common complication during ECMO 
support. The overall incidence of infection varies greatly 
among centers between 9% and 65% during ECMO 
(9,10). Infections contribute to adverse outcomes including 
delayed lung recovery (11), prolonged hospital stays (12), 
treatment failure (13) and increased mortality (14,15). To 
develop clinical treatments and guide future studies on 
the prevention and management of high-risk patients, it 
is crucial to identify the risk factors for ECMO-related 
infections. More attention should be given to the immune 
system; however, the duration of ECMO (9) and age (15) 
are widely perceived as contributing to infection.

Lymphocytes are the cornerstone component of the 

adaptive immune system, which distinguishes itself from 
foreign cells and provides specialized immune defense. 
Lymphopenia is related to nosocomial infections and 
poor prognosis in several illnesses, including sepsis (16) 
and cancer (17). There is relatively little research on the 
correlation between lymphocyte count and infectious 
complications in patients on ECMO. Nevertheless, 
the degree of lymphopenia was associated with age and 
comorbidities (18). Due to the high heterogeneity of 
critically ill patients, it is appropriate to classify them by the 
dynamic changes in lymphocytes.

Hence, we conducted this retrospective study to examine 
the relationships between dynamic decreases in lymphocyte 
counts and ECMO-related infections as well as patient 
outcomes. We present this article in accordance with the 
STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-23-1912/rc) (19).

Methods

Ethical approval

The study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013) and was approved by 
the Ethics Committee of Zhongda Hospital Affiliated 
to Southeast University (No. 2022ZDSYLL177-P01). 
Informed consent was waived due to the retrospective 
observational study design requiring no intervention and 
posing no impact on the diagnosis and treatment of patients. 

Study design and participants

This retrospective observational study was conducted using 
electronic health records data from the Chinese Database 
in Intensive Care (CDIC) database. The CDIC database 
contains more than 12,000 patients admitted to a general 
intensive care unit (ICU) in Zhongda Hospital, Southeast 
University, Nanjing, China, from January 2014 to July 2022.

Patients who were admitted to the general ICU from 
January 1, 2011 to December 31, 2019 and who received 
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ECMO support were included in the study. The exclusion 
criteria were as follows: (I) under 18 years of age; (II) 
ECMO support duration less than 48 hours; and (III) 
occurrence of nosocomial infections before ECMO support. 
Cases beyond December 31, 2019 were not included 
because the severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) pandemic may have affected the provision 
of prehospital and intensive care services.

Diagnostic criteria for ECMO-related infection

The data were collected by S.L. ECMO-related infection 
was diagnosed by two intensivists (T.H. and C.W.). ECMO-
related infection was defined as nosocomial infections 
which arose more than 24 hours after ECMO initiation 
and diagnosed less than 48 hours after weaning from  
ECMO (12), including ventilator-associated pneumonia 
(VAP), hospital-acquired blood stream infection (HA-BSI) 
and urinary tract infection (UTI) as listed in Table S1. Only 
the first episode of infection was included in the analysis. 
VAP was defined as pneumonia that developed more than 
48–72 hours after endotracheal intubation or less than  
48 hours after extubation. VAP was suspected if at least 
one of the following clinical manifestations were detected: 
new onset of fever, purulent sputum, a leukocyte count 
>12×109/L or <4×109/L and decreased oxygenation with 
at least two or more radiological evidence of new onset or 
progressive infiltrates. VAP was diagnosed based on clinical 
manifestations and radiological evidence plus quantitative 
distal bronchoalveolar lavage cultures growing ≥104 colony-
forming units (CFU)/mL or quantitative endotracheal 
aspirate cultures growing ≥105 CFU/mL (20-22). HA-
BSI was defined as the isolation of pathogenic organism(s) 
from at least one blood culture 48 hours or more after 
hospital admission (23). The detailed HA-BSI definitions 
are available in Table S1. UTI was defined as manifestations 
consistent with UTI along with ≥103 CFU/mL of at least 
one pathogenic organism in a single catheter urine sample 
or a midstream urine sample obtained within 48 hours after 
removal (24,25). Multidrug resistant (MDR) bacteria were 
defined according to the Centers for Disease Control (26).

Data collection

The following baseline patient data and ECMO-related 
variables were collected: demographics (i.e., gender, age, 
body mass index), main diagnosis at admission, reason for 

ECMO initiation, type of ECMO support, comorbidities 
(i.e., hypertension, diabetes mellitus), immunocompromised 
status (27), broad-spectrum antibiotic use within 48 hours 
before ECMO initiation, illness severity at admission 
stratified according to the Sequential Organ Failure 
Assessment (SOFA) (28) and Acute Physiology and 
Chronic Health Evaluation II (APACHE II) score (29), 
renal replacement therapy (RRT) during ECMO support, 
and duration of ECMO and mechanical ventilation (MV) 
use. Laboratory results, including blood tests, coagulation 
variables during the first 3 days after EMCO initiation and 
infection-causing pathogens during ECMO, were collected.

Outcomes

The primary outcome was the incidence rate of ECMO-
related infection. The episodes per 1,000 ECMO days was 
used as the measurement for the incidence rate of ECMO-
related infection (12,30). The secondary outcomes were 
mortality at hospital discharge and 90 days after ECMO 
initiation, successful weaning from ECMO, and length of 
ICU and hospital stay.

Statistical analysis

Continuous variables are summarized as the means ± 
standard deviations or medians [interquartile ranges (IQRs)]. 
Categorical variables are expressed as percentages and the 
number of patients. Student’s t-test or the Kolmogorov-
Smirnov test was used for analysis of continuous variables 
between groups, and the χ2 test or Fisher’s exact test 
was used for categorical variables. Backward stepwise 
multivariable logistic regression was used to assess risk 
factors for ECMO-related infection and 90-day mortality. 
Potential risk factors with P≤0.10 in the univariable logistic 
regression analysis, including age, SOFA score, clinical 
characteristics and laboratory results, were retained. 
Adjusted odds ratios (ORs) and 95% confidence intervals 
(CIs) were calculated. The area under the receiver operating 
characteristic curve (AUROC) and Hosmer-Lemeshow 
test results are also reported. Kaplan-Meier estimates of 
the cumulative probability of survival in different groups of 
ECMO patients were generated, and the log-rank test was 
used. No imputation was performed for missing data. All 
analyses were performed using Stata 15.0 (College Station, 
TX, USA). A two-sided P value of 0.05 was considered 
statistically significant.
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Results

Patient characteristics

From January 1, 2011 to December 31, 2019, 210 patients 
were supported with ECMO. A total of 174 subjects 
(median age, 48.5 years; 73.6% male) were included in the 
final analysis. A total of 36 patients were excluded for the 
following reasons: 12 patients were younger than 18 years 
old, the duration of ECMO in 23 patients was less than  
48 hours, and in one patient, medical records were 
unavailable. The study flowchart is summarized in Figure 1.

The 174 included patients underwent ECMO for  
1,670 days [8.2 (IQR, 5.9–11.1) days] and MV for 3,319 days 
[11.0 (IQR, 6.7–20.2) days] for a total of 3,627 ICU days 
[16.6 (IQR, 10.5–27.8) days]. Ninety-seven (55.7%) patients 
received veno-venous ECMO (VV-ECMO) support. The 
most frequent indication for ECMO was acute respiratory 
distress syndrome, which was diagnosed in 96 patients 
(55.2%). Forty-six patients (26.4%) developed ECMO-
related infections (Table 1). The incidence rate of the first 
ECMO-related infection was 27.5 first episodes/1,000 
ECMO days.

Sites and pathogens of ECMO-related infection

Of the 174 patients included, 24 (13.8%) developed VAPs, 
21 (12.1%) developed BSIs, two of which were endocarditis, 
and 1 (0.6%) developed a UTI during their ECMO course, 
corresponding to 14.4 episodes/1,000 ECMO days, 6.0 
episodes/1,000 ECMO days, and 12.6 episodes/1,000 

ECMO days, respectively. VAP occurred at a median of 6.2 
(IQR, 4.4, 8.0) days, BSI occurred at a median of 8.9 (IQR, 
4.8, 11.6) days, and UTI occurred at 10 days after ECMO 
initiation (Table S2). Gram-negative bacteria were the 
most common causes of infection, especially Acinetobacter 
baumannii and Klebsiella pneumoniae, accounting for 62.5% 
of VAP cases and 57.1% of BSI cases. In addition, fungi 
are also important pathogens in ECMO-related infections. 
Candida was identified in two patients with VAP and two 
patients with BSI (Table S3). Nineteen (41.3%) bacteria 
were MDR, with 46 confirmed infections.

Comparison between patients with and without ECMO-
related infection

There were 32 patients (69.6%) who received VV-ECMO 
among the 46 patients with ECMO-related infections. 
There was no significant difference in the SOFA or 
APACHE II score between the infected and noninfected 
patient groups. Compared with noninfected patients, 
infected patients had longer durations of ECMO [7.6 
(IQR, 5.6, 9.7) vs. 11.6 (IQR, 8.1, 17.3) days, P<0.001] and 
MV [9.0 (IQR, 5.8, 14.7) vs. 20.2 (IQR, 12.6, 30.7) days, 
P<0.001] (Table 1).

Lymphocyte counts were signif﻿icantly lower in infected 
patients than in noninfected patients during the first 3 days 
after ECMO initiation [day 1: 0.60 (IQR, 0.36, 0.87) vs. 0.92 
(IQR, 0.49, 1.42) 109/L, P=0.005; day 2: 0.52 (IQR, 0.36, 
1.09) vs. 0.86 (IQR, 0.60, 1.41) 109/L, P<0.001; day 3: 0.52 
(IQR, 0.37, 0.72) vs. 0.89 (IQR, 0.55, 1.24) 109/L, P<0.001] 

Patients supported by ECMO 
(n=210)

Patients excluded:
•	Under the age of  

18 years old (n=12)
•	ECMO duration less 

than 48h (n=23)
•	Medical records not 

available (n=1)

Patients included
(n=174)

ECMO-related infection
(n=46)

No ECMO-related infection
(n=128)

Figure 1 Study flow diagram. ECMO, extracorporeal membrane oxygenation.
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Table 1 Demographic and clinical characteristics in patients with ECMO-related infection and non-ECMO-related infection

Variables Infected patients (n=46) Uninfected patients (n=128) P value

Age (years) 52 [39, 59] 47 [33, 56] 0.67

Gender (male) 35 (76.1) 93 (72.7) 0.65

Body mass index (kg/m2) 24.2 [22.9, 27.4] 24.2 [22.4, 27.8] 0.82

Comorbidities

Hypertension 16 (34.8) 47 (36.7) 0.81

Cardiocerebrovascular disease 0 4 (3.1) 0.57

Chronic pulmonary disease 3 (6.5) 5 (3.9) 0.46

Renal disease 3 (6.5) 5 (3.9) 0.43

Diabetes mellitus 7 (15.2) 21 (16.4) 0.85

Connective tissue disease 3 (6.5) 1 (0.8) 0.057

Malignancy 4 (8.7) 5 (3.9) 0.24

Immunocompromised status 9 (19.6) 10 (7.8) 0.02

Broad-spectrum antibiotics before ECMO cannulation 30 (65.2) 44 (34.4) <0.001

Reason for ECMO

ARDS 33 (71.7) 63 (49.2) 0.008

Asthma 0 3 (2.3) 0.56

Myocarditis 4 (8.7) 26 (20.3) 0.10

Acute myocardial infarction 3 (6.5) 21 (16.4) 0.13

Cardiac arrest 3 (6.5) 11 (8.6) 0.76

PE 0 (6.5) 2 (1.6) >0.99

Others 3 (6.5) 2 (1.6) 0.11

Support type 0.02

Veno-arterial 14 (30.4) 63 (49.2)

Veno-venous 32 (69.6) 65 (50.8)

Severity

SOFA 11 [9, 14] 10 [8, 13] 0.28

APACHE II 25 [15, 27] 22 [17, 30] 0.84

LOS of hospital (days) 28.2±20.7 22.0±15.6 0.03

LOS of ICU (days) 26.5±20.0 19.5±14.3 0.01

ECMO duration (days) 11.6 [8.1, 17.3] 7.6 [5.6, 9.7] <0.001

Organ support therapy

MV duration (days) 20.2 [12.6, 30.7] 9.0 [5.8, 14.7] <0.001

RRT during ECMO 30 (65.2) 53 (41.4) 0.07

Successful weaning 21 (45.7) 91 (71.1) 0.002

Hospital mortality 36 (78.3) 50 (39.1) <0.001

90-day mortality 40 (87.0) 52 (40.6) <0.001

Data are expressed as median [interquartile range], n (%), or mean ± standard deviation. ECMO, extracorporeal membrane oxygenation; ARDS, 
acute respiratory distress syndrome; PE, pulmonary embolism; SOFA, Sequential Organ Failure Assessment; APACHE II, Acute Physiology and 
Chronic Health Evaluation II; LOS, length of stay; ICU, intensive care unit; MV, mechanical ventilation; RRT, renal replacement therapy. 
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(Table S4). A decrease in lymphocytes was more obvious in 
infected patients than in patients without ECMO-related 
infection [−0.13 (IQR, −0.46, 0.09) vs. −0.02 (IQR, −0.49, 
0.39) 109/L, P=0.03]. Other laboratory variables measured 
during the first 3 days after ECMO initiation are shown in 
Table S5.

Secondary outcomes

A total of 174 patients were followed up for 90 days after 
ECMO initiation. The overall 90-day mortality was 52.9% 
(92 of 174). Noninfected patients had a greater rate of 
successful ECMO weaning (71.1% vs. 45.7%, P=0.002) 
(Table 1). Length of ICU (26.5±20.0 vs. 19.5±14.3 days, 
P=0.01) and hospital stay (28.2±20.7 vs. 22.0±15.6 days, 
P=0.03) were significantly longer in infected patients. 
Compared with noninfected patients, infected patients had 
higher hospital mortality (39.1% vs. 78.3%, P<0.001) and 
90-day mortality (40.6% vs. 87.0%, P<0.001) (Figure S1).

Associations between dynamic decreases in lymphocyte 
counts and ECMO-related infections

A dynamic decrease in the lymphocyte count was defined 
as a decrease in the lymphocyte count on the third day 
compared with that on the first day of ECMO. Patients 
were divided into two groups according to the difference 
in lymphocyte counts between the first and third days 
of ECMO. We estimated the unadjusted cumulative 

probability of developing ECMO-related infection within 
30 days after ECMO initiation by using a Kaplan-Meier 
curve with regard to the longest ECMO duration of 
28 days. The cumulative probability of ECMO-related 
infection was significantly greater in patients with a 
decrease in lymphocytes than in those without a decrease in 
lymphocytes (log rank test P<0.001) (Figure 2).

Univariate analysis revealed that ECMO support type 
[veno-arterial ECMO (VA-ECMO)], immunocompromised 
status, SOFA score, broad-spectrum antibiotics before 
ECMO cannulation, ECMO duration, MV duration, 
RRT during ECMO support, decrease in neutrophil count 
and decrease in lymphocytes were significantly associated 
with ECMO-related infection (Table S6). According to 
the multivariate logistic regression analysis, the factors 
independently associated with ECMO-related infection 
were decreased lymphocytes (adjusted OR =3.578, 95% CI: 
2.175–4.906, P<0.001) and ECMO duration (adjusted OR 
=1.207, 95% CI: 1.096–1.330, P<0.001) [model: AUROC 
=0.851 (95% CI: 0.797, 0.902), Hosmer-Lemeshow test 
P=0.566] (Figure 3, Table S6, Figure S2).

Risk factors for 90-day mortality

We assessed the risk factors for 90-day mortality. Univariate 
logistic regression analysis revealed that ECMO-related 
infection, age, SOFA score, diabetes mellitus status, 
dynamic decline in lymphocytes, ECMO duration, and 
RRT while on ECMO were significantly associated with 
90-day mortality.

Of these factors, multivariable logistic regression analysis 
revealed that ECMO-related infection (OR =4.208, 95% 
CI: 3.197–6.524, P<0.001), age (OR =1.039, 95% CI: 
1.011–1.068, P=0.006), SOFA score (OR =1.154, 95% 
CI: 1.021–1.305, P=0.02) and RRT while on ECMO (OR 
=4.632, 95% CI: 2.055–10.444, P<0.001) were significantly 
associated with 90-day mortality [model: AUROC =0.857 
(95% CI: 0.802, 0.911), Hosmer-Lemeshow test P=0.273] 
(Table S7, Figure S3).

Subgroup analysis and sensitivity analysis

Subgroup analysis of the association between a decrease 
in lymphocytes and ECMO-related infection is shown in 
Figure 4. A correlation between a decrease in lymphocytes 
and ECMO-related infection remained for patients who 
received VV-ECMO or VA-ECMO (Tables S8-S11). After 
the exclusion of immunocompromised patients (n=19) from 
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Figure 2 Probability of developing ECMO-related infection. 
Kaplan-Meier estimates of the unadjusted cumulative probability 
of developing ECMO-related infection (bold line). Stacked bands 
represent the 95% CI of the cumulative probability. ECMO, 
extracorporeal membrane oxygenation; CI, confidence interval.
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the analysis, the OR for the association between a decrease 
in lymphocytes and ECMO-related infection remained 
broadly consistent with the primary outcome (Table S12).

Discussion

In this retrospective study, we analyzed the incidence, 
microbial etiology and risk factors for ECMO-related 
infection in a large cohort of patients who received ECMO. 
Among patients who received ECMO support and who 
were at high risk of developing infectious complications, 46 
(26.4%) developed ECMO-related infections. We clarified 
the relationship between a dynamic decrease in lymphocyte 
counts and an increased risk of ECMO-related infection. 
ECMO-related infection was an independent risk factor for 
90-day mortality.

Gram-negative bacteria were the most common cause of 
infection in ECMO patients, accounting for up to 73.9% 
of ECMO-related infections. Acinetobacter baumannii and 
Klebsiella pneumoniae increased dramatically, accounting 

for 62.5% of VAP and 57.1% of BSI, respectively. 
Microorganisms associated with VAP and BSI in patients 
receiving ECMO support did not differ from classical 
epidemiology in non-ECMO patients, as published before. 
Xie et al. reported that Gram-negative bacteria were 
involved in 71.9% of VAP (31) and 59.7% of BSI (32). 
Tabah et al. also underscored this pattern by showing that 
approximately 60% of BSI cases were caused by Gram-
negative bacteria (23). They also noted that Acinetobacter 
baumannii and Klebsiella pneumoniae were the most common 
pathogens. Similarly, Grasselli et al. reported that a higher 
incidence of infections was due to Gram-negative bacteria, 
which were involved in 63% of VAP cases and 53% of BSI 
cases (15). We also observed a high incidence of infections 
caused by MDR bacteria. Patients receiving ECMO support 
are often immunosuppressed (12,33), have a prolonged 
duration of MV and ICU stay (32) and are exposed to 
broad-spectrum antibiotics (15).

Identification of risk factors for ECMO-related infection 
is important but challenging. Our study showed that a 

Figure 3 Adjusted odds ratios of 90-day mortality. Forest plot of risk-adjusted odds ratios of 90-day mortality. ECMO, extracorporeal 
membrane oxygenation; OR, odds ratio; CI, confidence interval.
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Figure 4 Subgroup analysis of the association between a dynamic decrease in lymphocyte count and ECMO-related infection. ECMO, 
extracorporeal membrane oxygenation; VA-ECMO, veno-arterial extracorporeal membrane oxygenation; VV-ECMO, veno-venous 
extracorporeal membrane oxygenation; OR, odds ratio; CI, confidence interval.
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dynamic decrease in lymphocyte count was significantly 
associated with a higher risk of ECMO-related infection. 
Patients with acute critical illness frequently display 
symptoms of systemic inflammatory response syndrome 
alongside compensatory anti-inflammatory response 
syndrome (33). Several studies on critically ill patients 
revealed increased release of anti-inflammatory cytokines, 
such as IL-10, and immune cell exhaustion (34,35). 
Hence, the immune response can exhibit a variety of 
patterns, including an anti-inflammatory response, global 
immunological depression, and a combination of anti-
inflammatory and proinflammatory responses. Early 
immunological changes caused by VA-ECMO also 
contribute to innate and adaptive immune modifications 
that may increase the risk of infection (36,37). Secondary 
immune impairment, including acquired immunity, is 
compromised, and numerous studies have linked it to 
unfavorable outcomes. Lymphocytopenia is an independent 
predictor of 90-day mortality in non-immunocompromised 
pat ients  wi th  ICU-acquired pneumonia  (38 ,39) . 
Lymphopenia was associated with a 1.4-fold increased risk 
of hospitalization with infection and a 1.7-fold increased 
risk of infection-related death (40). Age and comorbidities 
were related to lymphopenia severity. The dynamic change 
in lymphocytes is an appropriate classification method due 
to the significant degree of heterogeneity among critically 
sick patients and therapeutic regimens. Adrie et al. noted 
that lymphopenia at ICU admission and its persistence 
on the third day were related to an increased risk of ICU-
acquired infection, while only persistent lymphopenia 
predicted increased 28-day mortality (41). The tracking of a 
patient’s immunological state via lymphocyte trajectory is a 
practical method (42).

Patients who developed an infection during ECMO had 
a significantly longer duration of ECMO. The association 
between the risk of nosocomial infections and ECMO 
duration has been reported in many studies (9,43-45). The 
prevalence of nosocomial infections in patients who received 
ECMO for less than 1 week, 8 to 14 days, or more than 
2 weeks was 6.1%, 15.7%, and 30.3%, respectively (46).  
Whether infection complications cause prolonged ECMO 
support or whether longer ECMO support increases the 
probability of infection complications is still under debate. 
These two elements were mutually causative. The risk 
of infection complications increased as ECMO support 
was prolonged; this, in turn, led to a longer period of 
ECMO support. In our study, patients who were infected 
experienced approximately 1.5-fold more usual ECMO and 

almost twice the usual MV duration.
ECMO-related infection was associated with increased 

mortality rates. A study showed a significant association 
between the occurrence of infectious complications and 
the death rate, as the chance of death was twice as high 
in infected patients than in noninfected patients (15). 
Consistent with these findings, our study showed that 
ECMO infection was significantly associated with an 
increased risk of death after adjusting for age and SOFA 
score. Hypotension, impaired red-cell deformability, 
and microvascular thrombosis lead to reduced oxygen 
delivery, contributing to more organ dysfunction (47). The 
vascular endothelium may become dysfunctional due to 
inflammation, which is also associated with cell death and a 
loss of barrier integrity, leading to subcutaneous and body 
cavity edema (48). Moreover, oxidative stress and other 
mechanisms that damage mitochondria decrease cellular 
oxygen utilization. In addition, damaged mitochondria 
produce alarmins in the extracellular space, including 
mitochondrial DNA and formyl peptides, which can 
stimulate neutrophils and lead to increased tissue damage 
(49,50). Infection plays a crucial role in ECMO patients. 
Gram-negative bacteria have become the dominant 
species of nosocomial infection due to the extensive use of 
glycopeptides and vancomycin (43). Consistent with this, a 
total of 73.9% of the Gram-negative bacteria were involved 
in ECMO-related infections in our study. Acinetobacter 
baumannii and Klebsiella pneumoniae increased dramatically, 
accounting for 62.5% of VAP and 57.1% of BSI, 
respectively. The clinical management of patients supported 
by ECMO should be improved even further.

Early identification of ECMO-related infection is 
critically important for patient management. Close 
attention should be given to immune monitoring in patients 
receiving ECMO support.

Several limitations in our study should be noted when 
interpreting the results. First, the present study was carried 
out in a single center, which precludes the extrapolation of 
the results to the general population of ECMO patients. 
Prospective, multicenter studies are needed to evaluate 
the epidemiology of infectious complications in ECMO 
patients. Second, the sample size was small and may not 
have been sufficient to produce statistical power. Third, 
we studied a mixed population with different infectious 
complications (VAP and BSI), and a detailed analysis of 
every type of infection was not performed. Fourth, we 
observed that a decrease in lymphocytes is associated with 
an increased risk for infection, but there are no data on 
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lymphocyte type or specific lymphocyte subgroup functions. 
Assessment of immune status requires more comprehensive 
indicators. Finally, we cannot exclude the possibility that the 
results of our multivariable logistic regression analysis may 
be biased by confounding factors that were not considered 
in this study.

Conclusions

A high incidence of ECMO-related infection was observed 
in critically ill patients supported with ECMO, which 
contributed to worse outcomes. A decrease in lymphocyte 
count was significantly associated with an increased risk of 
ECMO-related infection. 
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