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Purpose: Infections induced by multidrug-resistant (MDR) pathogens are one of the most common and serious complications in 
extracorporeal membrane oxygenation (ECMO) patients. However, there is currently little research about “ECMO and MDR bacteria”. 
The purpose of our study was to clarify the epidemiological characteristics of MDR bacteria and provide references for empiric 
antibiotic treatments according to the drug susceptibility tests for ECMO patients.
Patients and Methods: There were 104 patients admitted to our department and receiving ECMO treatments between January 2014 
and December 2022. Altogether, 61 veno-arterial ECMO (VA-ECMO) and 29 veno-venous ECMO (VV-ECMO) patients enrolled. The 
data on other intensive care unit (ICU) patients in our department in the same period are summarized.
Results: A total of 82 MDR bacteria were detected from ECMO patients, and most of these were MDR Gram-negative bacteria 
(MDR-GNB). There were also 5559 MDR-GNB collected from other patients in our department in the same period. We found that the 
distribution of MDR-GNB in ECMO patients was different from other critical patients. The proportion of Klebsiella pneumoniae 
(MDR-KP) in VV-ECMO patients was higher than other critical patients (35.1% and 21.3%, respectively). Moreover, the 
proportions of MDR Acinetobacter baumannii (MDR-AB) of VA-ECMO and VV-ECMO were higher than other critical patients 
(54.6%, 43.2% and 30.5%, respectively). In addition, MDR-AB and MDR-KP in ECMO patients exhibited higher percentages of drug 
resistance to possibly appropriate antibiotics for other critical patients, but showed better sensitivity to colistin.
Conclusion: Infections induced by MDR-GNB in ECMO patients were serious and exhibited higher degrees of drug resistance 
compared with other ICU patients. Colistin might be an option to consider if there is no medical contraindication. However, 
widespread use of broad spectrum antibiotics is something that should be discouraged, and alternative options are being explored.
Keywords: multidrug-resistant Gram-negative bacteria, MDR-GNB, multidrug-resistant Klebsiella pneumoniae, MDR-KP, multidrug- 
resistant Acinetobacter baumannii, MDR-AB, colistin

Introduction
Infections caused by multidrug-resistant (MDR) pathogens are a serious problem worldwide, and lead to worsening 
conditions, prolonged hospital stay and increased costs.1,2 The overuse/misuse of antibiotics against pathogens has 
allowed the emergence of MDR bacteria due to relevant resistant genes.3 Patients receiving extracorporeal membrane 
oxygenation (ECMO) treatment, which helps patients with lungs or heart not working normally and uses an artificial lung 
to oxygenate blood outside the body, are at high risk for MDR infections due to the immunodeficiency caused by severe 
illness and the applications of invasive life support measures.4 Although clinicians have accumulated rich experience in 
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the application of ECMO, infections induced by MDR bacteria are still one of the most common and serious 
complications.5

Timely and targeted empirical antibiotic therapies against MDR pathogens are effective measures to improve the 
situation. Next-generation sequencing (NGS) allows faster acquisition of metagenomic data, but is expensive and not 
widely available. Bacterial culture as the “gold standard” for diagnosis take too long and therefore miss the best time for 
anti-infection therapies for ECMO patients. Thus, valid clinical data about etiological characteristics of MDR pathogens 
and anti-infection experiences against them are important references for early and effective treatments for ECMO 
patients. A study recently observed that infections induced by Gram-negative bacteria were the majority in trauma 
patients requiring ECMO support, and advocated that empiric antibiotics should have broad spectrum coverage of Gram- 
negative organisms in this population.6 The incidence of MDR and extended-spectrum β-lactamase Gram-negative 
(ESBL GN) bacteria in adult patients undergoing lung transplantation (LT) was 34%, and in-hospital mortality was six 
times greater.7 However, more in-depth studies on “ECMO and MDR bacteria” are still urgently needed to guide 
clinicians, and ECMO patients with MDR bacterial infections in optimal management.

The purpose of our study was to clarify the epidemiological characteristics of MDR bacteria in ECMO patients and 
provide references for empiric antibiotic treatments according to the drug susceptibility tests for this specific population.

Materials and Methods
Study Design and Participants
The study was carried out in the Extracorporeal Life Support Center of Tianjin Third Central Hospital. There were 104 
patients admitted to our department and receiving ECMO treatments between January 2014 and December 2022. 
Altogether, 61 veno-arterial ECMO (VA-ECMO) and 29 veno-venous ECMO (VV-ECMO) patients enrolled according 
to the study inclusion and exclusion criteria (Figure 1). Inclusion Criteria: (1) Older than 18 years old; (2) Patients 
receiving VA or VV-ECMO treatment for more than 24 hours. Exclusion Criteria: (1) Patients who had been co-infected 
before receiving ECMO treatment; (2) Patients treated with other modes of ECMO or combined ventricular assist 
devices; (3) Patients receiving ECMO treatment for heart and lung transplantation.

ECMO patients with MDR infections (group R) were defined as new MDR infection that occurred after having 
received ECMO treatment for 24 hours or within 30 days after receiving ECMO treatment according to clinical 
manifestation and laboratory examination. The identification of MDR pathogens was based on “proposed amendments 
regarding the definitions of MDR and extensively MDR pathogens”.8 The rest of the patients were classified as “non 
MDR infections group” (group N). The clinical data of ECMO patients in our center for the previous 8 years were 
collected. We also summarized the etiological data of other ICU patients in the same period, and made a comparison with 
ECMO patients.

The study was approved by the Ethics Committee of Tianjin Third Central Hospital, and was carried out in 
accordance with the Declaration of Helsinki and its amendments.

Procedures and Management of ECMO
VA-ECMO was suitable for: (1) Refractory cardiogenic shock or deterioration of cardiac function, with lactic acidosis, 
mixed venous oxygen saturation below 45% and systolic blood pressure (SBP) < 80 mmHg after adequate volume 
resuscitation performed and high dose vasopressor infused (norepinephrine > 0.5 μg/kg/min); (2) Cardiac arrest treated 
with CPR longer than 10 min. VV-ECMO was administered in severe hypoxemia (FiO2 < 100%) or hypercapnia (PaCO2 

> 60 mmHg) (Murray score > 3). The patients would not be treated with ECMO if they also had intracranial hemorrhage, 
advanced malignant tumors or loss of ability to carry out activities of daily living independently.

The cannulations of ECMO were performed by specialized teams in the Extracorporeal Life Support Center or 
emergency room according to Seldinger’s method. The VV-ECMO supports were used by femoral vein to femoral vein. 
VA-ECMO most commonly involved femoral artery and vein cannulation. The components of ECMO included: 
Rotaflow centrifugal pump, Quadrox oxygenator, catheters and tubing (all from Maquet, Rastatt, Germany).
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The treatment goals of VA-ECMO were to maintain the mean blood pressure (MBP) greater than 65 mmHg, and the 
cardiac index (CI) more than 2.5 L/min/m2 by adjusting blood flow depending on the patient’s condition. The VV-ECMO 
was supplied to improve the arterial oxygen saturation higher than 85% by altering blood flow, and held PaCO2 at 35~45  
mmHg by modifying the gas flow.

The Identifications and Antimicrobial Susceptibility Tests of MDR Pathogens
The identifications of pathogens were performed using VITEK-2 Compact System (BioMérieux, CRaponne, France). 
The antimicrobial susceptibility tests were performed by BioFosun II system (BioMérieux, CRaponne, France). The 
results of antimicrobial susceptibility tests were interpreted according to The Clinical and Laboratory Standards Institute 
(CLSI).9

Statistical Analysis
The data were analyzed by IBM SPSS Statistics version 21 software (IBM, Armonk, NY, USA). Numerical variables 
were tested by independent sample t-test or non-parametric test, and dichotomous variables were compared by chi-square 
test. 1:1 propensity score matching for VA-ECMO patients and 1:n for VV-ECMO patients were performed to eliminate 
the confounding factors, and partial correlation analysis was followed. P value less than 0.05 was statistical significance.

Figure 1 The flowchart. 
Abbreviations: VA-ECMO, Veno-Arterial Extracorporeal Membrane Oxygenation; VV-ECMO, Veno-Venous Extracorporeal Membrane Oxygenation; Group R, Multidrug- 
resistant bacterial infections Group; Group N, Non Multidrug-resistant bacterial infection bacterial Group; n, the number of patients in each group.
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Results
The Clinical Characteristic of ECMO Patients with MDR Infections
The prognostic indicators of the two groups in both VA-ECMO and VV-ECMO patients were statistically different, apart 
from the proportion of patients’ survival to discharge. Compared with group N, the time on mechanical ventilator [249 
(156–367) h vs 44 (24–108) h, P = 0.001, Table 1], duration of ECMO support [127 (77–194) h vs 44 (23–95) h, P = 
0.001, Table 1], ICU stay time [13 (7–20) d vs 3 (1–8) d, P = 0.001, Table 1], length of hospital stay [13 (7–20) d vs 5 (2– 
10) d, P = 0.001, Table 1] and the proportion of ECMO weaning (71% vs 26.7%, P = 0.001, Table 1) were longer or 
higher in group R of VA-ECMO patients. Compared with group N, there were significantly longer times on mechanical 

Table 1 The Clinical Characteristics of ECMO Patients With or Without MDR Infections

Characteristics VA-ECMO VV-ECMO

Group R (n=31) Group N (n=30) P value Group R (n=23) Group N (n=6) P value

Demographic characteristics:
Age (y)a 63±16 56±18 0.086 48±19 48±16 0.975

Femalec 9 (29) 4 (13.3) 0.236 5 (21.7) 3 (50) 0.305
Reasons for initiating ECMO:
ARDSc 5 (16.1) 2 (15) 0.449 23 (100) 6 (100) /

Cardiac factorsc 18 (58.1) 24 (80) 0.116 0 (0.0) 0 (0.0) /
Pulmonary embolismc 8 (25.8) 3 (10) 0.203 0 (0.0) 0 (0.0) /

Condition states:
Pneumonia 26 (83.9) 21 (70) 0.001 22 (95.7) 6 (100) /
Sepsis 6 (19.4) 0 (0.0) / 10 (43.5) 4 (66.7) 0.068

Diabetesc 10 (32.3) 13 (43.3) 0.372 3 (13) 0 (0.0) /

Autoimmune disordersc 2 (6.5) 2 (6.7) 0.999 1 (4.3) 2 (33.3) 0.100
Tumorc 4 (12.9) 1 (3.3) 0.371 6 (26.1) 0 (0.0) /

SOFA 13.3±3.5 11.9±4.7 0.197 13.5±3.9 10.5±1.7 0.147

APACHE II 29±6.2 28.7±7.3 0.864 27.7±6.9 23.5±2.6 0.250
Vasoactive drugc 22 (71) 27 (90) 0.122 8 (34.8) 4 (66.7) 0.198

CRRTc 18 (58.1) 15 (50) 0.527 14 (60.9) 2 (33.3) 0.364

Laboratory indicators:
WBC (×109/L)b 12.8 (8–17.9) 11.3 (8.4–17.4) 0.729 9.4 (7.5–20.2) 8.2 (4.8–24.8) 0.896

N (%)a 84.6±14.0 78.5±14.9 0.104 87.7±6.3 88.7±4.3 0.705
LY (×109/L)a 1.1±0.9 1.8±1.2 0.013 0.7±0.4 0.7±0.7 0.781

PCT (ng/mL)b 3.1 (0.6–12.9) 1.1 (0.5–10.1) 0.190 3.1 (1.1–14.9) 1.6 (0.5–11.7) 0.408

CRP (μg/mL)a 49±86 20±19 0.231 143±121 99±78 0.416
ESR (mm/h)b 8 (5–10) 3 (2–9) 0.061 10 (3–31) 9 (5–18) 0.820

AST (U/L)b 254 (98–579) 209 (67–513) 0.516 37 (20–94) 13 (11–32) 0.410

ALT (U/L)b 396 (222–842) 450 (114–998) 0.913 43 (25–132) 30 (15–83) 0.356
TB (μmol/L)b 13.7 (10.5–19.5) 12.3 (7.7–17) 0.139 15.3 (10.8–21.7) 33.2 (4.43–41.9) 0.414

DB (μmol/L)b 5.5 (3.7–10.1) 3.3 (2.8–6.8) 0.019 11.5 (4.5–16) 9.9 (2.7–26.2) 0.854

TP (g/L)a 47.4±9.1 45.7±10.8 0.514 48.6±6.2 50.5±6.6 0.985
ALB (g/L)a 30.1±6.7 28.8±6.8 0.442 29.6±3.9 33.5±6.7 0.074

BNP (pg/mL)b 258 (57–1172) 145 (12–304) 0.074 177 (29–1090) 153 (20–970) 0.655

PT (%)a 20.4±8.2 20.7±8.5 0.860 16.2±1.7 16±1.7 0.856
APTT (sec)b 118.1 (74.8–180) 119.9 (56–180) 0.301 48.4 (42.9–65.9) 63.8 (43.8–109.2) 0.356

Fig (g/L)b 2.2 (1.6–3.4) 2.1 (1.5–3.4) 0.735 4.1 (2.4–6.2) 2.5 (2.2–4.3) 0.356

D-D (mg/L)b 2.8 (0.7–10) 3.8 (1.6–8.7) 0.870 2.1 (0.5–6.8) 1.1 (0.5–2) 0.239
PaO2 (mmHg)b 208 (131–384) 165 (138–251) 0.086 94 (76–144) 107 (79–165) 0.733

PaCO2 (mmHg)a 36.9±10.4 37.0±9.8 0.981 38.5±8.7 34.6±6.8 0.333

Lac (mmol/L)b 6.9 (3.5–8.2) 5.4 (2.9–10.2) 0.457 2.3 (1.9–4.1) 2.9 (1.5–3.3) 0.854

(Continued)
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ventilator [285 (174–368) h vs 163 (83–251) h, P = 0.031, Table 1] and duration of ECMO support [164 (123–210) h vs 
75 (68–149) h, P = 0.047, Table 1] in group R in VV-ECMO patients. All these data showed that ECMO patients with 
MDR infections required longer life support than other ECMO patients.

There were some differences in clinical characteristics between group R and group N, especially in VA-ECMO 
patients. Therefore, we used 1:1 propensity score matching for VA-ECMO and 1:n for VV-ECMO to eliminate the 
confounding factors effectively and elucidate the relationship between MDR infections and prognosis indicators more 
clearly. The prognostic indicators significantly correlated with MDR bacterial infections after propensity-score matching 
based on the mixed factors (Table 2). Outcomes of ECMO patients displayed separately according to whether they were 
infected by MDR bacteria are shown in Figure 2.

The Etiological Characteristics of MDR Pathogens in ECMO Patients
A total of 82 MDR bacteria were detected from ECMO patients. There were 75.7% of MDR bacteria deprived from 
sputum in VA-ECMO patients and 78.4% in VV-ECMO patients. Also, there were some other pathogens derived from 
scattered sources. The correlations between sources and species of MDR pathogens in our study are shown in Figure 3, 
Table 3 and 4.

The MDR Gram-negative bacteria (MDR-GNB) were the most detected pathogens in ECMO patients (97.8% in VA- 
ECMO patients and 100% in VV-ECMO patients, respectively). Also, 5559 MDR-GNB of other ICU patients in the 
same period were collected. Also, we found that the variety of MDR-GNB in ECMO patients was different from other 
ICU patients. MDR-GNB detected in ECMO patients were MDR Acinetobacter baumannii (MDR-AB), Pseudomonas 
aeruginosa (MDRP), Klebsiella pneumoniae (MDR-KP), Escherichia coli and Burkholderia cepacia. Besides these, 
MDR Proteus mirabilis, Stenotrophomonas maltophilia and some other MDR-GNB were also detected in other ICU 
patients.

The proportion of MDR-KP in VV-ECMO patients was higher than in other ICU patients (35.1% and 21.3%, 
respectively). And, the proportions of MDR MDR-AB of VA-ECMO and VV-ECMO patients were higher than other 
ICU patients (54.6%, 43.2% and 30.5%, respectively) (Figure 4).

Appropriate Empiric Antibiotic Strategies Against MDR Pathogens in ECMO Patients
The MDR-GNB in ECMO patients generally had high rates of drug resistance (Table 5 and Figure 5). We conducted 
further analysis attempting to clarify the difference in MDR bacterial drug resistance between ECMO and other ICU 

Table 1 (Continued). 

Characteristics VA-ECMO VV-ECMO

Group R (n=31) Group N (n=30) P value Group R (n=23) Group N (n=6) P value

Prognosis indicators:
Time on mechanical ventilator (h)b 249 (156–367) 44 (24–108) 0.001 285 (174–368) 163 (83–251) 0.031
Duration of ECMO support (h)b 127 (77–194) 44 (23–95) 0.001 164 (123–210) 75 (68–149) 0.047
ECMO weaningc 22 (71) 8 (26.7) 0.001 15 (65.2) 4 (66.7) 0.999

ICU stay time (d)b 13 (7–20) 3 (1–8) 0.001 15 (7–22) 9 (4–16) 0.158
Length of hospital stay (d)b 13 (7–20) 5 (2–10) 0.001 15 (7–22) 9 (4–27) 0.388

In-hospital mortalityc 27 (87.1) 24 (80) 0.687 16 (69.6) 4 (66.6) 0.999

Notes: aThe continuous variables following normal distribution are presented as mean ± standard deviation, and analyzed by t-test or adjusted t-test. bThe continuous 
variables not conforming to normal distribution, are presented as the median [inter- quartile range], and analyzed by non-parametric test. cThe dichotomous variables are 
presented as number (percentage), and analyzed by chi-square or Fisher exact probability (FET) tests. P values < 0.05 were significant and indicated in bold. 
Abbreviations: ECMO, Extracorporeal Membrane Oxygenation; VV-ECMO, Veno-Venous Extracorporeal Membrane Oxygenation; VA-ECMO, Veno-Arterial 
Extracorporeal Membrane Oxygenation; MDR, Multidrug-Resistant; Group R, Multidrug-Resistant bacterial infections Group; Group N, Non Multidrug-Resistant bacterial 
infection bacterial Group; ARDS, Acute Respiratory Distress Syndrome; SOFA, Sequential organ Failure Assessment; APACHE II, Acute Physiology and Chronic Health 
Evaluation II; CRRT, Continuous Renal Replacement Therapy; WBC, White Blood Cells; N, Neutrophil; LY, Lymphocyte; PCT, Procalcitonin; CRP, C-reactive Protein; ESR, 
Erythrocyte Sedimentation Rate; AST, Aspartate Aminotransferase; ALT, Alanine Aminotransferase; TB, Total Bilirubin; DB, Direct Bilirubin; TP, Total Protein; ALB, Albumin; 
BNP, Brain Natriuretic Peptide; PT, Prothrombin Time; APTT, Activated Partial Thromboplastin Time; Fig, Fibrinogen; D-D, D-Dimer; PaO2, Arterial Oxygen Partial 
Pressure; PaCO2, Arterial Partial Pressure of Carbon Dioxide; Lac, Lactic Acid; ICU, Intensive Care Unit.
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patients. MDR-AB and MDR-KP were most detected in ECMO patients, and compared for drug resistance with other 
ICU patients. The MDR-AB and MDR-KP in ECMO patients exhibited more resistance to possibly appropriate 
antibiotics of ICU patients, such as tigecycline, but showed better sensitivity to colistin (Figure 6A and B).

Table 2 The Partial Correlation Analysis of MDR Bacterial Infection and Prognosis Indicators

ECMO 
Modes

Prognosis 
Indicators

Length of 
Hospital Stay

ICU 
Stay 
Time

Time on 
Mechanical 
Ventilator

Duration of 
ECMO Support

ECMO 
Weaning

In-Hospital 
Mortality

With or Without 
MDR Infections

VA- 
ECMO

Length of hospital 
stay

/ 0.974** 0.661** 0.192 0.59** 0.314 0.329*

ICU stay time / / 0.722** 0.246 0.653** 0.36* 0.415*

Time on 
mechanical 
ventilator

/ / / 0.312 0.483* 0.28 0.612**

Duration of 
ECMO support

/ / / / 0.127 −0.068 0.504*

ECMO weaning / / / / / 0.49* 0.422*

In-hospital 
mortality

/ / / / / / 0

VV- 
ECMO

Length of hospital 
stay

/ 0.956** 0.593* 0.029 0.488* 0.236 0.147

ICU stay time / / 0.604* 0.071 0.448* 0.272 0.259

Time on 
mechanical 
ventilator

/ / / 0.156 0.416* −0.167 0.402

Duration of 
ECMO support

/ / / / −0.333 −0.377 0.465*

ECMO weaning / / / / / 0.497* −0.05

In-hospital 
mortality

/ / / / / / −0.053

Notes: The results of partial correlation analysis of Table 1 after 1:1 propensity score matching for VA-ECMO patients and 1:3 propensity score matching for VV-ECMO 
patients. *P values < 0.05 and **P values < 0.001 were significant. 
Abbreviations: ECMO, Extracorporeal Membrane Oxygenation; VV-ECMO, Veno-Venous Extracorporeal Membrane Oxygenation; VA-ECMO, Veno-Arterial 
Extracorporeal Membrane Oxygenation; MDR, Multidrug-Resistant; ICU, Intensive Care Unit.
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Figure 2 Outcomes of ECMO patients displayed separately according to whether they were infected by MDR bacteria.
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Discussion
There were discrepancies in the mortality of ECMO patients with infections in previous studies.10 Some studies 
concluded that infections significantly increased mortality of ECMO patients.11 The infections induced by MDR bacteria 
were related to increased in-hospital mortality of patients receiving ECMO treatment due to lung transplantation.7 But, 
other studies argued that there was no significant difference in in-hospital mortality of ECMO patients between infected 
groups and uninfected groups.12 It may be because the studies with confounding factors did not show the adverse effect 
of infections on mortality of ECMO patients. In addition, ECMO patients with MDR infections in our study required 
longer life support treatments in ICU compared with patients without MDR infections. Our data showed that ECMO 

Staphylococcus aureus

Escherichia coli

Klebsiella pneumoniae

Pseudomonas aeruginosa

Acinetobacter baumannii

Burkholderia cepacia

VA-ECMO VV-ECMO

G-

G+

Non VA-ECMO
Non VV-ECMO
Sputum
Blood
Urine
Drainage fluid
Blood+secretion
Sputum+catheter blood
Sputum+blood
Bronchoalveolar lavage+blood
Sputum+drainage fluid+blood

Figure 3 Species and sources of MDR pathogens in ECMO patients. The left part of the figure shows the species and sources of MDR pathogens in VA-ECMO patients. The 
right part of the figure shows the species and sources of MDR pathogens in VV-ECMO patients. Each column represents a patient with MDR infection and each row the 
bacterium detected. The pathogens were divided into three categories: GPB (Gram-positive bacteria) and GNB (Gram-negative bacteria). The different colors of blocks 
represent the source of MDR pathogen. The specific meaning of colors are shown in the color indicator on the right of the figure.

Table 3 The Species of MDR Pathogens in ECMO Patients

Pathogen Species VA-ECMO n (%) VV-ECMO n (%) ECMO n (%)

Staphylococcus aureus 1 (2.2) 0 (0) 1 (1.2)
Escherichia coli 2 (4.4) 2 (5.4) 4 (4.9)

Klebsiella pneumoniae 7 (15.6) 13 (35.1) 20 (24.4)

Pseudomonas aeruginosa 4 (8.9) 4 (10.8) 8 (9.8)
Acinetobacter baumannii 24 (53.3) 16 (43.3) 40 (48.8)

Burkholderia cepacia 7 (15.6) 2 (5.4) 9 (10.9)

Total 45 (100) 37 (100) 82 (100)

Note: The variables are presented as number (percentage). 
Abbreviations: MDR, Multidrug-Resistant; ECMO, Extracorporeal Membrane Oxygenation; VV- 
ECMO, Veno-Venous Extracorporeal Membrane Oxygenation; VA-ECMO, Veno-Arterial 
Extracorporeal Membrane Oxygenation.

Table 4 The Sources of MDR Pathogens in ECMO Patients

Sources VA-ECMO n (%) VV-ECMO n (%) ECMO n (%)

Drainage fluid 2 (4.4) 0 (0) 2 (2.4)

Bronchoalveolar lavage 1 (2.2) 0 (0) 1 (1.2)

Catheter blood 1 (2.2) 0 (0) 1 (1.2)
Secretion 1 (2.2) 1 (2.7) 2 (2.4)

Urine 1 (2.2) 2 (5.4) 3 (3.7)

Blood 5 (11.1) 5 (13.5) 10 (12.2)
Sputum 34 (75.7) 29 (78.4) 63 (76.9)

Total 45 (100) 37 (100) 82 (100)

Note: The variables are presented as number (percentage). 
Abbreviations: MDR, Multidrug-Resistant; ECMO, Extracorporeal Membrane Oxygenation; VV- 
ECMO, Veno-Venous Extracorporeal Membrane Oxygenation; VA-ECMO, Veno-Arterial 
Extracorporeal Membrane Oxygenation.
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patients with MDR infections needed longer life support than other ECMO patients after propensity-score matching 
based on the mixed factors. However, it still needs to be further explored whether the long-term life support led to the 
emergence of MDR bacteria, or the emergence of MDR bacteria required longer life support.

MDR-GNB were the most common bacteria in ECMO patients in our study, and also dominated in overall ICU 
patients.13 The disruption of the gut barrier and translocation of gastrointestinal microbiota have been associated with 
MDR-GNB infections in critically ill patients.14,15 The gut barrier is damaged by hypoperfusion and hyperoxia-induced 
oxidative stress in ECMO patients as well.16 It was confirmed that MDR-GNB bacteria colonizing the gut was associated 
with more than 10-fold odds for subsequent MDR-GNB infection in ECMO patients.17 It has been demonstrated that 
pneumonia was the most frequent infection in ECMO patients due to the severe conditions, immunosuppression 
secondary to extracorporeal circulation, prolonged ventilator support and changes of antibiotics pharmacokinetics 
under ECMO.11 Moreover, researchhas shown that lung was the most common infection site of translocation of 
MDR-GNB, which also were the main pathogens leading to pneumonia.18,19 This was consistent with our results.

Though MDR-AB and MDR-KP appeared most frequently in MDR-GNB in both ECMO patients and other ICU 
patients, the proportion of these was higher in ECMO patients in our study. Therefore, MDR-AB and MDR-KP in ECMO 
patients should be paid more attention compared with other ICU patients. MDR-KP has been reported as an independent 
risk factor for mortality, and the colonization of MDR-KP increased the incidence of corresponding infections.20,21 

MDR-AB were reported as the common pathogens of VAP in Eastern Europe and Asia, but its association with mortality 
was controversial.22–24 There is currently a report of successful treatment of hypervirulent KP (hvKP) infection in ECMO 
patients.25 However, there is not much experience in treatment of MDR-GNB in ECMO patients.
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Figure 4 The variety of MDR-GNB of ECMO and other ICU patients.
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Table 5 The Resistance Ratio of MDR Bacteria to Antibiotics in ECMO Patients

Classification of 
Antibiotics

Antibiotics Staphylococcus 
aureus

Escherichia coli Klebsiella 
pneumoniae

Pseudomonas 
aeruginosa

Acinetobacter 
baumannii

Burkholderia 
cepacia

VA 
(n=1)

VV 
(n=0)

VA 
(n=2)

VV 
(n=2)

VA 
(n=7)

VV 
(n=13)

VA 
(n=4)

VV 
(n=4)

VA 
(n=24)

VV 
(n=16)

VA 
(n=7)

VV 
(n=2)

Carbapenem Imipenem / / 100% 100% 57% 92.3% 100% 75% 95.8% 100% 100% /

Meropenem / / 100% 100% 57% 92.3% 100% 75% 95.8% 100% 100% 100%

Ertapenem / / 100% 100% 57% 91.7% / / / / / /
Cephalosporin Cefotaxime / / 100% 50% 100% 100% / 100% 100% 100% / /

Ceftazidime / / 100% 100% 85.7% 100% 62.5% 50% 87.5% 93.7% 0 0

Cefuroxime / / 100% 50% 100% 100% / / / / / /
Ceftriaxone / / / / / / / 100% 100% 100% 100% /

Cefixime / / 50% 25% 92.9% 75% / / / / / /

Cefazolin 100% / 100% 100% 100% 100% / / / / / /
Cefoperazone 

sulbactam

/ / 50% 0 78.6% 100% 75% 25% 54.2% 65.6% / /

Cefoxitin / / 100% 50% 57.1% 100% / / / / / /
Cefepime / / / / / / 87.5% 62.5% 95.8% 93.7% / /

Penicillin Ampicillin 100% / 100% 50% 100% 100% / / / / / /
Ampicillin sulbactam / / 100% 50% 100% 100% / / / / / /

Piperacillin / / 100% 50% 100% 100% 100% 50% 87.5% 93.7% 0 /

Piperacillin/ 
Tazobactam

50% / 0 0 78.6% 100% 87.5% 37.5% 79.2% 93.7% 0 /

Quinolone Ciprofloxacin / / 75% 50% 100% 100% 62.5% 75% 95.8% 96.9% 50% /

Levofloxacin / / 75% 50% 100% 100% 87.5% 75% 93.7% 96.9% 64.3% 87.5%
Aminoglycoside Amikacin 0 / 0 0 57.1% 77% 50% 25% 68.7% 56.2% / /

Gentamicin / / 50% 0 85.7% 69.2% 66.7% 75% 81.2% 73.3% 0 /

Others Cotrimoxazole / / / / 40% 40% 100% 100% 58.3% 71.9% 0 0
Tigecycline / / 100% 100% 50% 53.8% 100% / 58.3% 66.7% / /

Colistin / / / / 0 0 0 / 0 0 / /

Amtriannan / / / / 0 / 100% 25% 100% 100% / /
Minocycline / / / / / / 100% 0 41.7% 71.9% 0 0

Ticarcillin clavulanic 

acid

/ / / / / / 87.5% 50% 87.5% 0 28.6% 100%

Tobramycin / / / / / / 50% 50% 81.2% 71.9% 85.7% /

Vancomycin 100% / / / / / / / / / / /

Note: The “n” indicates the number of pathogens. 
Abbreviations: MDR, Multidrug-Resistant; ECMO, Extracorporeal Membrane Oxygenation; VA, Multidrug-Resistant pathogens in veno-arterial extracorporeal membrane oxygenation (VA-ECMO) patients; VV, Multidrug-Resistant 
pathogens in veno-venous extracorporeal membrane oxygenation (VV-ECMO) patients.
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MDR-GNB detected in ECMO patients in our study showed high resistance prevalence to antibiotics. Carbapenems 
and cephalosporins were recommended antibiotics against MDR-GNB in previous studies, especially after the emergence 
of new drug combinations.26,27 But, the GNB resistant to beta-lactams have gradually increased in recent years.28 

Moreover, KP with Extended-Spectrum β-Lactamases (ESBL) and carbapenemase rose continuously.29,30 It showed 
difficulties in treatment against MDR-GNB, especially in ECMO patients. It had been reported that tigecycline had 
certain advantages in the treatment of MDR-GNB, and could also maintain relatively stable effective concentrations in 
the ECMO circulation over an extended period, which is an important feature of the antibiotics for ECMO patients.31–33 

But, tigecycline still had a certain proportion of drug resistance to MDR-GNB of ECMO patients in our study, which may 
be related to prolonged hospital stay and mechanical ventilation.34 Some scholars proposed colistin as salvage treatment 
for MDR-GNB.35 Although colistin was more sensitive to MDR-GNB in both ECMO and other ICU patients, its 
applications in ECMO patients were limited by pharmacokinetic properties and nephrotoxicity.36

In addition to the appropriate choices of antibiotics, the pharmacokinetics of antibiotics changed by capillary leakage, 
altered volume of distribution, or hepatic and renal insufficiency, should also be considered emphatically in ECMO 
patients.37 Insufficient serum concentrations of antibiotics below predetermined MIC targets occurred often and can be 
accounted for by pathophysiological changes or renal replacement therapy.38 Therapeutic drug monitoring (TDM) and 
dose adjustment in ECMO patients are often necessary and recommended by cardiology guidelines.39 But, there was little 
evidence-based guidance on whether specific doses of antibiotics should be administered to ECMO patients to balance 
pharmacokinetic changes caused by underlying disease or drug sequestration in the ECMO circuit.40 Because it 
is difficult to standardize dosage recommendation for antibiotics, the efficacy evaluation of antibiotics against MDR 
pathogens should be individualized.

There were some limitations to this study that need to be addressed. First, the study covered an 8-year period from 
2014 to 2022 leading to poor longitudinal comparability. Second, it was a single-center study with statistical power 
inefficiencies and inherent methodological flaws. Third, this study mainly focused on the choices of antibiotics according 
to the antimicrobial susceptibility results, did not involve evaluations of the anti-infection efficacy, which should be 
assessed individually, and the summarized data had little significance for individualized treatment. Finally, we restricted 
the population characteristics and ECMO modes, which need to be taken into account when applying the conclusion.

Conclusion
Infections induced by MDR-GNB in ECMO patients are serious and exhibit higher degrees of drug resistance compared 
with other critical patients. Colistin might be an option to consider if there are no medical contraindications. But, the 
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Figure 6 The comparison of drug resistance profiles of MDR bacteria between ECMO and other ICU patients. (A) The comparison of drug resistance profiles of Klebsiella 
pneumoniae (MDR-KP) in ECMO and other ICU patients in our department. The left columns of (A) represent the resistance rates of MDR-KP to antibiotics in ECMO and 
other ICU patients. The columns of (A) on the right are the differences in resistance rates of MDR-KP between ECMO and other ICU patients in our department. (B) The 
comparison of drug resistance profiles of Acinetobacter baumannii (MDR-AB) in ECMO and other ICU patients in our department. The left columns of (B) represent the 
resistance rates of MDR-AB to antibiotics in ECMO and other ICU patients. The columns of (B) on the right show the differences in resistance rates of MDR-AB between 
ECMO and other ICU patients in our department.
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widespread use of broad spectrum antibiotics is something that should be discouraged, and alternative options are being 
explored.
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