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ÖZ
Amaç: Bu çalışmada ekstrakorporeal membran oksijenasyon tedavisi 
alan kritik hastalarda enfeksiyon paternleri ve antibiyotik kullanımı 
araştırıldı.
Ça­lış­ma pla­nı: Ocak 2019 - Ocak 2024 tarihleri arasında en az 
24 saat boyunca hastanede yatmış, ekstrakorporeal membran 
oksijenasyon verilen ve kardiyovasküler yoğun bakım ünitesinde 
≥1 antibiyotik tedavisi almış toplam 165 hasta (109 erkek, 56 kadın; 
medyan yaş: 58 yıl; dağılım, 48-67 yıl) retrospektif olarak incelendi. 
Ekstrakorporeal membran oksijenasyonu sırasında mikrobiyolojik 
kültür sonuçları, patojen direnç paternleri, kullanılan antibiyotikler 
ve dozları literatür ve Sanford Antimikrobiyal Tedavi Rehberi veri 
tabanına dayanarak değerlendirildi.
Bulgular: Ekstrakorporeal membran oksijenasyonunda geçen 
medyan gün sayısı 4 (dağılım, 2-7) gün idi. Kültür sonuçlarında en 
sık rastlananlar Klebsiella pneumoniae (%28.8) ve Acinetobacter 
baumannii (%21.1) idi. Medyan antibiyotik sayısı ve süresi sırasıyla 
2 (dağılım, 1-3) ve 2 (dağılım, 1-4) gün idi. Sefalosporinler 
(%39) ve penisilinler (%30) en sık kullanılan antibiyotiklerdi. 
Elli altı (%33.9) hastada en az bir antibiyotik doz uygunsuzluğu 
saptandı. Toplam 366 antibiyotik uygulamasının 73’ünde (%19.9) 
doz uygunsuzluğu tespit edildi. Sürekli renal replasman tedavisi, 
sepsis/septik şok ve ekstrakorporeal membran oksijenasyon 
süresinin >4 gün olması, antibiyotik doz uygunsuzluğunu artıran 
risk faktörleri olarak belirlendi (p<0.05).
So­nuç: Çalışma sonuçlarımız ekstrakorporeal membran oksijenasyonu 
alan hastalarda antibiyotik direncinin ve Gram-negatif bakteri 
üremesinin yaygın olduğunu göstermektedir. Çalışmamızda 
ekstrakorporeal membran oksijenasyonu alan hastaların yaklaşık üçte 
birinde antibiyotik dozu uygunsuz idi. Bu bulgular doğrultusunda, 
antibiyotik seçimi ve dozlamada literatür önerilerine daha fazla 
uyulması gerekmektedir.
Anah­tar söz­cük­ler: Antibiyotik rejimi, ekstrakorporeal membran oksijenasyonu, 
Yoğun bakım ünitesi.

ABSTRACT
Background: This study aims to investigate the infection patterns and 
antibiotic utilization in critically ill patients receiving extracorporeal 
membrane oxygenation treatment.
Methods: Between January 2019 and January 2024, a total of 165 patients 
(109 males, 56 females; median age: 58 years; range, 48 to 67 years) 
who were hospitalized for at least 24 h and underwent extracorporeal 
membrane oxygenation, and received ≥1 antibiotic treatment in the 
cardiovascular intensive care unit were retrospectively analyzed. 
Microbiological culture results, pathogen resistance patterns, antibiotics 
used, and their doses during extracorporeal membrane oxygenation were 
evaluated based on the literature and the Sanford Antimicrobial Guide 
database.
Results: The median number of days spent on extracorporeal membrane 
oxygenation was 4 (range, 2 to 7) days. Klebsiella pneumoniae (28.8%) 
and Acinetobacter baumannii (21.1%) were frequently detected in 
culture results. The median number and duration of antibiotics were 
2 (range, 1 to 3) and 2 (range, 1 to 4) days, respectively. Cephalosporins 
(39%) and penicillins (30%) were the most commonly used antibiotics. 
At least one antibiotic dose inappropriateness was detected in 
56 (33.9%) patients. A total of 366 antibiotic administrations included 
73 (19.9%) dose inappropriateness. Continuous renal replacement 
therapy, sepsis/septic shock, and extracorporeal membrane oxygenation 
duration >4 days were identified as risk factors increasing antibiotic 
inappropriateness (p<0.05). 
Conclusion: Our study results indicate that patients receiving 
extracorporeal membrane oxygenation frequently experience antibiotic 
resistance and the proliferation of Gram-negative bacteria. In our study, 
antibiotic dosing was inappropriate in approximately one-third of 
patients receiving extracorporeal membrane oxygenation. Based on these 
findings, adherence to the literature should be increased while selecting 
antibiotics and doses for patients.
Keywords: Antibiotic regimen, extracorporeal membrane oxygenation, intensive 
care unit.
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Extracorporeal membrane oxygenation (ECMO) 
is known to significantly alter the already complex 
physiology and, thus, drug pharmacokinetics in 
critically ill patients.[1-3] Recently, significant 
advances have been made in elucidating antibiotic 
pharmacokinetics and dosing requirements during 
ECMO support in adult critically ill patients, and 
more clinical pharmacokinetic data have emerged 
to determine antibiotic dosing in these patients.[4-6]

Previous pharmacokinetic data primarily 
derived from pediatric populations are not 
fully applicable to adult critically ill patients. 
Recent studies focusing on adults provide more 
relevant insights into ECMO-specific drug dosing 
challenges.[7] An improved understanding of 
pharmacokinetic changes in critically ill patients 
on ECMO is essential to ensure optimal antibiotic 
dosing in these complex cases. Furthermore, 
therapeutic drug monitoring (TDM) is a vital 
recommendation to manage antibiotic dosing in 
this patient population.[8] Reviews of studies on 
antimicrobial dosing in patients on ECMO have 
concluded that while dosing recommendations are 
available for some drugs, there are few or no data for 
other vital anti-infectives.[2,7,8] A study examining the 
drug administration profile in patients undergoing 
ECMO showed that antimicrobials were among the 
most frequently administered drugs.

In the present study, we aimed to investigate 
the infection patterns and antibiotic utilization in 
critically ill patients receiving ECMO treatment 
and to evaluate the microbiological cultures during 
the period when ECMO was applied to patients, the 
antimicrobial susceptibility of the pathogens, the 

type of antibiotics used, their classification, and the 
appropriateness of the dose.

PATIENTS AND METHODS
This single-center, retrospective study was 

conducted at Dr. Siyami Ersek Thoracic and 
Cardiovascular Surgery Training and Research 
Hospital, Intensive Care Unit between January 1st, 
2019 and January 1st, 2024. Patients aged ≥18 years 
who were hospitalized in the cardiovascular intensive 
care unit (CICU) and had a hospitalization longer than 
24 h, on ECMO, and received at least one antibiotic 
treatment were included in the study. Peripheral 
access was not used in this cohort. All patients 
received venoarterial (VA) ECMO as postcardiotomy 
support following cardiac surgery. No cases were 
initiated for primary respiratory failure or ARDS. No 
patients in the study period received venovenous (VV) 
ECMO. Patients with missing data and those whose 
data could not be reached were excluded from the 
study. Microbiological culture growth during ECMO, 
antimicrobial susceptibility of pathogens, antibiotics 
used, and doses of antibiotics were retrospectively 
examined in the patients included in the study. 
Initially, a total of 197 patients were evaluated, of 
whom 165 met the inclusion criteria after excluding 
12 patients with no antibiotic use and 20 patients 
with missing data. Finally, a total of 165 patients 
(109 males, 56 females; median age: 58 years; range, 
48 to 67 years) were included. The study flowchart 
is shown in Figure 1. Written informed consent 
was obtained from each patient. The study protocol 
was approved by the Altınbaş University Health 
Sciences Scientific Research Ethics Committee 

A total of 197 patients were evaluated

Twelve patients were excluded because
antibiotic use was not detected

Twenty patients were excluded due to 
insufficient data

One hundred sixty-five patients met the 
inclusion criteria and were analyzed

Figure 1. Study flowchart.
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(Date: 12.07.2024, No: 12.07.2024/2). The study was 
conducted in accordance with the principles of the 
Declaration of Helsinki.

Data collection and assessment
Clinical data such as patients' age, sex, 

demographic data, comorbidities, renal and hepatic 
function status, length of hospital stay, mortality 
status, acute phase reactants and other laboratory 
values, culture results, TDM levels, Acute Physiology 
and Chronic Health Evaluation II (APACHE II) 
score, characteristics of ECMO treatment, ECMO 
modalities, ECMO start and end dates, antibiotics 
used during ECMO and dosage were obtained from 
the hospital information management system and 
patient files.

The initiation of antibiotic therapy during ECMO 
was based on clinical judgment by the attending 

intensivist or cardiovascular surgeon. Infectious 
Diseases consultation was not routinely involved 
in initial decision-making. Given the retrospective 
design, the specific rationale for empirical initiation 
was not always recorded.

Multiple sources were used to evaluate the 
doses of antibiotics used during ECMO.[1,3,4,7-10] The 
Sanford Antimicrobial Guide database was used to 
assess the dose adjustments of antibiotics used by 
patients who received continuous renal replacement 
therapy (CRRT) or had an estimated glomerular 
filtration (eGFR) value of <60 mL/min/1.73 m2 
during the ECMO process. Antibiotic doses were 
classified as “low” if they were lower than the 
specified sources, “normal” if they were within the 
recommended range, and “high” if they were higher 
than the recommended doses (Table 1). Accordingly, 
antibiotic use that is outside the normal recommended 

Table 1. Dosage recommendations for antibiotics in patients under extracorporeal membrane oxygenation 
according to guidelines

Antibiotic name ECMO dose recommendation ECMO and CRRT dose recommendation Reference
Meropenem Loading dose: 2 g, followed by 1 g 

every 8 h with extended infusion
Extended infusion strategy: 1-1.5 g every 
8 h

[7,9]

Piperacillin-tazobactam High dose with extended infusion: 
4.5 g every 6-8 h

4.5 g every 6 h with extended infusion [7,9]

Vancomycin Loading dose: 25-30 mg/kg
Maintenance dose guided by TDM: 
15-20 mg/kg every 8-12 h

Target AUC/MIC ratio: 400-600 mcg·h/mL [4,9]

Ceftriaxone Standard dose: 2 g once daily Standard dose maintained [7]
Levofloxacin 750 mg every 24 h 750 mg every 24 h [2,7]
Tigecycline Loading dose: 100 mg

Maintenance dose: 50 mg every 12 h
Loading dose: 100 mg
Maintenance dose: 50 mg every 12 h

[4,9]

Colistin Loading dose: 9 million IU
maintenance dose: 4.5 million IU every 
12 h

Loading dose: 9 million IU
Maintenance dose unchanged with CRRT

[9]

Linezolid 600 mg every 12 h 600 mg every 12 h [7,9]
Cefepime 2 g every 8 h with extended infusion Same dose maintained with extended 

infusion
[7,8]

Imipenem-cilastatin Loading dose: 1 g
Maintenance dose: 500 mg every 6 h

500 mg every 6 h [1,3]

Polymyxin B Loading dose: 2.5 mg/kg
Maintenance dose: 1.5 mg/kg every 12 h

Dose remains unchanged [9]

Amikacin 15-20 mg/kg once daily; adjusted based 
on TDM

Dose adjusted according to clearance and 
TDM

[1,9]

Ceftazidime 2 g every 8 h with extended infusion Same dose maintained with extended 
infusion

[4,7]

ECMO: Extracorporeal membrane oxygenation; CRRT: Continuous renal replacement therapy; TDM: Therapeutic drug monitoring; AUC: Area under the 
curve; MIC: Minimum inhibitory concentration.
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dose range was considered an “inappropriate 
dose”. The appropriateness of antibiotic dosing, 
which ideally should be evaluated using TDM, was 
assessed based on established guidelines due to the 
unavailability of TDM data.

Patient culture results and pathogen growth 
were classified based on both resistance profiles 
and gram staining characteristics. Microbiological 
culture samples included deep tracheal aspirates, 
wound sites, and blood. Resistance thresholds were 
determined in accordance with European Committee 
on Antimicrobial Susceptibility Testing (EUCAST) 
standards. Antibiotics administered during ECMO 
were assessed for antimicrobial susceptibility using 
the EUCAST clinical breakpoints for resistance 
(Table 2).[11]

The identification of pathogens and classification 
of resistance patterns were based solely on the 
susceptibility results (i.e., susceptible, intermediate, 
or resistant) reported in routine antibiogram tests. 
No additional microbiological or molecular methods 
were performed by the investigators.

Statistical analysis

The study sample size was calculated based 
on the number of patients admitted to the CICU 
who received ECMO treatment within one year. 
Using data indicating that approximately 50 patients 
underwent ECMO treatment annually, it was 
estimated that a minimum of 75 patients would be 
required for a five-year retrospective evaluation to 
achieve statistical significance with an alpha level of 

Table 2. European Committee on Antimicrobial Susceptibility Testing (EUCAST) breakpoints for antibiotics

Antibiotic name Pathogen Susceptible (MIC ≤)
(mg/L)

Resistant (MIC >)
(mg/L)

Meropenem
Enterobacterales 2 8

Pseudomonas aeruginosa 2 8
Piperacillin-tazobactam Enterobacterales 8/4 16/4

Vancomycin
Staphylococcus aureus 2 2

Enterococcus spp. 4 4
Ceftriaxone Enterobacterales 1 2

Levofloxacin
Enterobacterales 0.5 1

Pseudomonas aeruginosa 1 2

Tigecycline
Enterobacterales 1 2

Acinetobacter baumannii 1 2

Colistin
Pseudomonas aeruginosa 2 2
Acinetobacter baumannii 2 2

Linezolid
Staphylococcus aureus 4 4
Enterococcus faecium 2 4

Cefepime Pseudomonas aeruginosa 4 8

Imipenem-cilastatin
Enterobacterales 2 8

Acinetobacter baumannii 2 8

Polymyxin B
Pseudomonas aeruginosa 2 2

Klebsiella pneumoniae 2 2

Amikacin
Enterobacterales 8 16

Pseudomonas aeruginosa 16 32

Gentamicin
Enterobacterales 2 4

Pseudomonas aeruginosa 4 8

Ceftazidime
Pseudomonas aeruginosa 4 8

Klebsiella pneumoniae 1 4
MIC: Minimum inhibitory concentration.
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0.05 and 95% power. However, given the rarity of the 
population under study and the retrospective nature 
of the research, all patients who met the inclusion 
criteria during the five-year period were included 
to maximize the robustness of the findings. This 
approach ensured a comprehensive evaluation of the 
study population.

Statistical analysis was performed using the 
IBM SPSS version 29.0 software (IBM Corp., 
Armonk, NY, USA). Continuous data were 
expressed in mean ± standard deviation (SD) 
or median and interquartile range (IQR), while 
categorical data were expressed in number and 
frequency. The Kolmogorov-Smirnov test was used 
to determine whether continuous variables followed 
a normal distribution. The Mann-Whitney U test 
was used to compare patients with and without dose 
inappropriateness in terms of ECMO duration, age, 
number of comorbidities, total length of hospital 
stay, APACHE II score, and mechanical ventilation 
(MV) duration. Categorical data were compared 
using the chi-square tests. Risk factors associated 
with inappropriate antibiotic use were compared 
among categorical data. Continuous variables were 
categorized into median-based groups for analysis. 
Odds ratios (ORs) and 95% confidence intervals 
(CIs) were calculated from 2×2 contingency tables 
using chi-square analysis for categorical variables. 
Multivariate regression was not performed due to 
the limited sample size and the exploratory nature 
of the study. A p value of <0.05 was considered 
statistically significant.

RESULTS
All patients received VA ECMO. The primary 

indications for ECMO were coronary artery bypass 
grafting (66.1%) and Benthall procedure (7.2%). 
A total of 52 patients (31.5%) received CRRT. 
The median duration of ECMO support was 
4 (range, 2 to 7) days (Table 3).

Among the 165 patients, 52 (31.5%) had positive 
microbiological cultures. Sample sources included 
deep tracheal aspirates (76.6%), wound sites 
(16.6%), and blood cultures (6.8%). Resistance to 
administered antibiotics was identified in 32 (19.4%) 
patients. Gram-negative bacteria constituted 82.6% 
of isolates, with Klebsiella pneumoniae (28.8%) and 
Acinetobacter baumannii (21.1%) being the most 
frequent. Enterobacter cloacae was also notable 
(11.5%). Gram-positive cocci accounted for 17.4% of 
isolates (Figure 2).

The median number of antibiotics used per patient 
was 2 (range, 1 to 3), and the median duration 
of antibiotic therapy was 2 (range, 1 to 4) days. 
Antibiotics were prescribed empirically in 94% of 
cases and guided by culture in 6%. Cephalosporins 
(39%) and penicillins (30%) were the most frequently 
used antibiotic classes, followed by carbapenems 
(7.3%) and other antibacterials (23.7%).

Inappropriate antibiotic dosing was identified 
in 56 patients (33.9%). Out of 366 total antibiotic 
administrations, 73 (19.9%) were classified 
as having inappropriate dosing. As shown in 

Kleb
sie

lla
 pn

eu
mon

iae

Acin
eto

ba
cte

r b
au

man
nii

Sta
ph

ylo
co

ccu
s a

ure
us

Esch
eri

ch
ia 

co
li

Ste
no

tro
ph

om
on

as 
malt

op
hil

ia

Citr
ob

ac
ter

 fr
eu

nd
ii

Str
ep

toc
oc

cu
s p

ne
um

on
iae

Burk
ho

lde
ria

 ce
pa

cia

Ente
rob

ac
ter

 cl
oa

ca
e

Pseu
do

mon
as 

ae
rug

ino
sa

Sta
ph

ylo
co

ccu
s e

pid
erm

idi
s

Tri
ch

osp
oro

n a
sa

hii

Cor
yn

eb
ac

ter
ium

 st
ria

tum

Sta
ph

ylo
co

ccu
s h

ae
moly

tic
us

Ente
roc

oc
cu

s f
ae

ca
lis

16

14

12

10

8

6

4

2

0

N
um

be
r o

f i
so

la
te

s (
pa

tie
nt

s)

0
15

5

6
5
1

1 1 1 1 1 1 1
0 0 0

0 0 0 0 2 2

0 0

2 2 2

1 1 1

Resistant Sensitive

Figure 2. Distribution of microbiological isolates and their resistance/sensitivity profiles (n=52).



465

Ayhan YE, et al.
Infection and antibiotics in ECMO patients

Figure 3, most antibiotics were administered at 
recommended (normal) doses, with cefazoline and 
ampicillin–sulbactam having the highest number 
of appropriate administrations. However, dose 
inappropriateness, both underdosing and overdosing, 
was more frequently observed with agents such as 
vancomycin, meropenem, and daptomycin.

There were no significant associations between 
antibiotic inappropriateness and variables such as 
age, sex, total length of hospital stay, number of 
comorbidities, duration of MV, discharge status, or 
microbial susceptibility. However, a higher number 
of antibiotics was significantly associated with 
inappropriateness (median: 3 vs. 1, p<0.001). The 
presence of CRRT, sepsis/septic shock, and ECMO 
duration >4 days were all significant risk factors 
(p<0.05), with OR and CI details (Table 4).

Among patients with positive microbiological 
cultures (n=52), the mortality rate was 89.1%, 
compared to 80.0% in patients without culture 
growth (n=113). However, this difference was not 
statistically significant (p=0.143).

DISCUSSION
In the present study, we investigated the 

infection patterns and antibiotic utilization in 
critically ill patients receiving ECMO treatment. 
Our study results demonstrated that Gram-negative 
bacteria, particularly Klebsiella pneumoniae and 
Acinetobacter baumannii, predominated among 

the isolated pathogens, and that inappropriate 
antibiotic dosing was observed in nearly one-third 
of ECMO patients, underscoring the complexity of 
antimicrobial management in this population. A high 
prevalence of multidrug-resistant (MDR) pathogens, 
particularly Gram-negative bacteria, underscores the 
need for individualized antimicrobial strategies. The 
findings align with previous studies emphasizing the 
importance of culture-guided therapy and TDM in 
optimizing antibiotic use.[9]

The ECMO-specific and critical illness-related 
factors, such as fluid resuscitation, hepatic and 
renal failure, and hypoalbuminemia, further 
complicate antibiotic pharmacokinetics and 
pharmacodynamics.[12-14] However, evidence-based 
guidelines for adequate antibiotic dosing in ECMO 
patients still remain limited.[7] In the center where 
this study was conducted, a population similar to 
those described in the literature was studied. Since 
TDM was not performed in this center and dose 
adjustments were made only according to the Sanford 
Antimicrobial Guide database, the appropriateness 
of the dose was checked using various sources in the 
literature.

Critically ill patients on ECMO are at an 
increased risk for nosocomial infections, which are 
associated with higher mortality.[15] In this study, 
Gram-negative bacilli, particularly Klebsiella 
pneumoniae and Acinetobacter baumannii, were 
the most frequently isolated pathogens. Similar 

Figure 3. Appropriateness of antibiotic dosing by antibiotic class.
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findings were reported by Kühn et al.[16] where 
Gram-negative bacteria accounted for the 
majority of pathogens. Infections caused by MDR 
pathogens remain a severe complication in ECMO 
patients, requiring antibiotics tailored to pathogen 
susceptibility. Several studies have shown higher 
resistance rates to common antibiotics, such as 
carbapenems and β-lactams, in ECMO patients, 
necessitating alternative therapeutic strategies.[10,17] 

Although carbapenems and cephalosporins 
a re commonly recommended against 
MDR-Gram-negative bacteria, resistance to these 
agents has risen in recent years. To illustrate, 
Acinetobacter baumannii has demonstrated a 
resistance rate exceeding 80% to carbapenems.[18] 
This study revealed high rates of antibiotic resistance 
but noted that many patients did not receive 
antibiotics appropriate for the resistant pathogens 
detected. Therefore, selecting antibiotics based on 
pathogen-specific susceptibility profiles is essential 
for optimizing outcomes in ECMO patients.

Most antibiotics in this study were prescribed 
empirically (94%), with only 6% guided by culture 
results. This practice aligns with ICU standards 
where rapid empirical therapy is crucial for 
managing severe infections.[16] However, prolonged 
empirical antibiotic use without timely culture-based 
modifications risks promoting resistance. To date, 
few studies have addressed the antibiotic profiles 
commonly used in ECMO patients. While drugs 
like meropenem and piperacillin-tazobactam 
are frequently evaluated, data on other agents 
remain limited.[3] Notably, subtherapeutic levels of 
piperacillin and meropenem have been documented 
in ECMO patients.[16] This highlights the need for 
judicious antibiotic use and robust antimicrobial 
stewardship programs to minimize resistance and 
optimize dosing.

The low rate of culture-guided therapy (6%) 
highlights a heavy reliance on empirical antibiotic use 
in this cohort. This may reflect the urgency of care in 
postcardiotomy ECMO patients and logistical delays 
in obtaining microbiological results. Nonetheless, it 
underscores the need for improved microbiological 
sampling, faster diagnostic turnaround, and 
early infectious diseases consultation to support 
antimicrobial stewardship practices.

Dosing inappropriateness was observed 
in 33.9% of patients, with 19.9% of antibiotic 
administrations falling outside recommended 
guidelines. Subtherapeutic levels of hydrophilic 
antibiotics, such as beta-lactams, are common 
due to ECMO-induced changes in drug 
pharmacokinetics.[3,5,13] These findings emphasize 
the necessity of personalized dosing strategies 
guided by patient-specific factors, including 
ECMO modality, organ function, and concurrent 
medications. Implementing TDM, when feasible, may 
help achieve optimal drug exposure and minimize 
underdosing or toxicity.[13]

In the present study, CRRT, sepsis/septic shock, 
and prolonged ECMO duration were identified as 
significant risk factors for antibiotic dosing errors. 
Approximately one-third of the patients in this study 
required CRRT, which complicates dosing further.[19] 
Concurrent ECMO and CRRT often diminish the 
accuracy of dosing equations, such as eGFR and 
Cockcroft-Gault, increasing the need for TDM.[20] 
Sepsis-related factors, including fluid shifts and 
altered organ perfusion, further disrupt antibiotic 
pharmacokinetics, making precise dosing even more 
challenging.[21,22] 

The ECMO circuit itself may sequester drugs, 
particularly lipophilic and protein-bound antibiotics, 
leading to subtherapeutic levels. This phenomenon 
necessitates dose adjustments or more frequent 

Table 4. Analysis of risk factors for antibiotic dose inappropriateness

Risk factors OR 95% CI p
Presence of CRRT 6.7 3.2-14 <0.001
Enteral nutrition 2.3 1.1-4.6 0.021
Presence of sepsis/septic shock 5.1 3-12.3 <0.001
APACHE II ≤28 2.1 1.1-4.3 0.031
Number of antibiotics >2 0.07 0.03-0.163 <0.001
Duration of ECMO >4 days 0.3 0.17-0.68 0.002
OR: Odds ratio; CI: Confidence interval; CRRT: Continuous renal replacement therapy; APACHE: Acute Physiology and 
Chronic Health Evaluation, ECMO: Extracorporeal membrane oxygenation.
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monitoring to ensure effective therapy.[23] Prolonged 
ECMO duration has been associated with increased 
nosocomial infections and antibiotic resistance, 
emphasizing the need for careful management in 
these patients.[18,24]

It is of utmost importance to note that all 
patients received VA ECMO, which may have 
different implications for infection risk and 
antibiotic pharmacokinetics compared to VV 
ECMO. However, our study did not aim to compare 
ECMO modalities.

The relatively low rate of culture-confirmed 
infections (31.5%) may be attributed to prior antibiotic 
use, low culture sensitivity, or insufficient sampling, 
which are common challenges in critically ill ECMO 
patients.

Although culture-positive patients showed a 
numerically higher mortality rate (89.1% vs. 80.0%), 
this difference did not reach statistical significance. 
This may reflect the overall severity of illness in 
the cohort rather than the presence of documented 
infection alone.

Nonetheless, the present study has certain 
limitations. First, its retrospective design prevents 
causal inference, and the lack of TDM may reduce the 
precision of dosing evaluations. Second, infections 
were only counted when microbiologically 
confirmed, which might underestimate the true 
clinical infection rate due to potential culture 
negativity. Third, the study was conducted at a 
single center, limiting the generalizability of the 
findings, and relied on data recorded in the hospital 
information system, which may be subject to 
documentation bias.

However, this study has notable strengths. It 
is one of the largest clinical cohorts evaluating 
antibiotic use during ECMO in adult patients. Unlike 
pharmacokinetic models, our real-world data provide 
valuable insight into current practice, revealing a 
high rate of dosing inappropriateness associated 
with CRRT and sepsis. The findings underline the 
urgent need for improved antimicrobial stewardship 
and individualized dosing strategies in this complex 
patient population.

Based on our findings, we suggest that 
in postcardiotomy VA ECMO patients, 
empirical broad-spectrum antibiotic coverage 
should be guided by the unit’s local resistance 
patterns, particularly targeting Gram-negative 
organisms such as Klebsiella pneumoniae and 
Acinetobacter baumannii. Early Infectious 

Diseases consultation may be beneficial in refining 
antibiotic selection, particularly in patients 
requiring prolonged ECMO or those with CRRT, 
as these were associated with higher rates of dose 
inappropriateness. Institutional implementation of 
antimicrobial stewardship protocols in CICUs may 
further support appropriate antibiotic use in this 
high-risk population.

In conclusion, our study underscores the 
significant challenges of managing infections 
and antibiotic dosing in extracorporeal 
membrane oxygenation patients. High rates of 
antibiotic resistance and dosing errors necessitate 
improved adherence to antimicrobial guidelines 
and individualized strategies. Key risk factors, 
such as renal replacement therapy, sepsis, and 
extracorporeal membrane oxygenation duration, 
should inform future interventions. Prospective 
studies incorporating therapeutic drug monitoring 
and culture-guided therapy are needed to refine 
antimicrobial protocols for extracorporeal 
membrane oxygenation patients. While this 
retrospective design limits causal inference, the 
study was not intended to establish causality but 
to describe infection patterns, antibiotic practices, 
and potential risk factors. We believe that these 
findings would inform future prospective or 
interventional studies in extracorporeal membrane 
oxygenation patients.
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