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Abstract
Sepsis is being recognized as an important complication of extracorporeal membrane oxygenation (ECMO) and its presence is a
poor prognostic marker and increases the overall mortality. The survival rate differs in the various types of cannulation tech-
niques. Adult patients with prolonged duration of ECMO constitute the major risk population. Ventilator-associated pneumonia
and bloodstream infections form the main sources of sepsis in these patients. It is important to know the most common etiological
agents for sepsis in ECMO, which varies partly with the local epidemiology of the hospitals. A high index of suspicion, drawing
adequate volumes for blood culture and early and timely administration of appropriate empirical antimicrobials can substantially
decrease the morbidity and mortality in this high-risk population. The dosing of antimicrobials is influenced by the pharmaco-
logical variations on ECMOmachine and is an important consideration. Infection control practices are of paramount importance
and need to be followed meticulously to prevent sepsis in ECMO.
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Introduction

ECMO can be either veno-venous cannulation (VV), which is
used predominantly in hypoxic respiratory failure states like
acute respiratory distress syndrome or veno-arterial cannula-
tion (VA), which is the main or preferred modality for cardiac
support system like postoperative cardiac surgery and cardio-
genic shock. The survival rate for VV-ECMO is 60% and for
VA-ECMO is 45% when death is imminent [1–4]. Sepsis can
be a reason for initiating ECMO, and on the other hand, pa-
tients can develop sepsis on ECMO too.

The most frequently encountered complications of ECMO
are hemorrhagic, thrombotic, and infective events [5–7].
Among all the complications of ECMO, sepsis stands out
prominently. Allyn et al. [1] in their study on complications
of ECMO have demonstrated that out of the 145 patients stud-
ied, 65 patients (44.8%) finally developed sepsis. Peitz et al.
[8] studied the incidence and characterization of sepsis in

ECMO population and showed that out of 89 patients includ-
ed in the study, 41.6% developed sepsis after ECMO cannu-
lation. Factors contributing to sepsis include high severity of
underlying illness, disease-induced compromised immune
systems, and a large number of indwelling medical devices.

Risk factors for sepsis

The risk factors for developing septic complications in ECMO
include:

a. Age: Adult patients who undergo ECMO are at greater
risk for developing a nosocomial infection and sepsis than
neonates and children (20.5% of adults vs. 6.1% of neo-
nates and pediatric patients develop culture-proven infec-
tions during ECMO) [7].

b. Duration of ECMO: The time duration of ECMO support
carries a directly proportionate risk of a patient acquiring
serious infection during ECMO and is associated with a
significantly increased rate of death [9, 10]. Burket et al.
[11] had shown that the bloodstream infection (BSI) rate
increased with the duration of ECMO support. The rate of
BSI was 9.5 cases per 1000 ECMO-days among patients
who underwent ECMO for 3–10 days, 27.2 cases per
1000 ECMO-days and 64.5 cases per 1000 ECMO-days,
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among those who underwent ECMO for 11–20 days and
21–30 days, respectively.

In the study done by Kim et al. [12], the incidence of
infection increased proportionately with time on ECMO
(Table 1).

c. Presence of foreign devices: Any foreign device serves as
a portal of entry for micro-organisms and predisposes to
sepsis. In ECMO patients, the presence of intravascular
devices, such as central venous catheters, intra-arterial
lines, large-bore ECMO cannulae, endotracheal tubes,
and intra-aortic balloon pumps, all cause disruption of
the protective barrier mechanism of skin and help patho-
gens gain entry into the human system [13]. In addition,
multiple ports on these devices can get contaminated and
this adds further to the ongoing risk of acquiring nosoco-
mial sepsis.

d. Comorbidities: Sun et al. [14] have reported an increased
risk of infection in patients who had autoimmune comor-
bidities or who were on a chronic immunosuppressive
regimen. Out of the 10 patients with autoimmune disease,
5 developed infections (p value 0.003). The diseases in-
cluded were systemic lupus erythematosus, dermatomyo-
sitis, Wegener’s granulomatosis, antiphospholipid syn-
drome, and scleroderma. It was found that 8 of these pa-
tients had received high-dose immunosuppression before
initiating ECMO which might have compromised their
immunity and predisposed them to sepsis.

e. Cannulation techniques and circuit of ECMO: In the neo-
natal population, there is a 25% increased risk of infective
complications with the VA-ECMO modality, as com-
pared with the VV-ECMO [15]. Even studies in older
children show a similar trend [7, 9]. Only one study done
by Sun et al. [14] surprisingly found a greater infection
risk in VV-ECMO patients when compared with VA-
ECMO, but these results could be due to the more severe
underlying medical conditions in VV-ECMO patients in
that study. The double-lumen internal jugular cannulae
have also been shown to be associated with a decreased
risk of infection in the adult population [15]. On the other
hand, femoral cannulation may increase the risk of
catheter-related bloodstream infection (CR-BSI) and sep-
sis during ECMO.

f. Severity of illness: A high Sequential Organ Failure
Assessment (SOFA) score [16] before cannulation, has
been found to be an independent risk factor for sepsis

especially in adults. The overall SOFA score was an av-
erage of 10.6 in the infected group versus 8.3 in the non-
infected group (p = 0.030) [17] and was statistically sig-
nificant for BSIs too (on average 13 in the BSI group
versus 12 in the non-BSI group; p = 0.038) [7].

Effect of sepsis on mortality

Sepsis increases mortality in the ECMO population. Meyer
et al. [18] demonstrated that development of sepsis was a
bad prognostic sign and an independent negative predictor
of survival in the neonatal population. Moreover, in this study,
septic patients had a significantly higher frequency of sei-
zures, gastrointestinal hemorrhage, metabolic complications
(like hypoglycemia, hypernatremia), mechanical problems
(like hemofilter malfunction, clots in the ECMO circuit), and
a greater need for red blood cell transfusion [18].

Possible sources of sepsis in ECMO patients

Potential sources of sepsis in ECMO patients include
ventilator-associated pneumonia (VAP), BSI, cannula infec-
tions, mediastinitis, catheter-associated urinary tract infections
(CA-UTI), infected pressure sores, and Clostridium difficile-
associated diarrhea. However, pneumonia and BSI constitute
the majority of infections. Schmidt et al. [5] studied 220 pa-
tients who underwent ECMO support (VA-ECMO) for > 48 h
and found that 142 (64%) developed nosocomial infections.
The relative incidence of VAP, BSI, cannula infections, and
mediastinitis was found to be 55%, 18%, 10%, and 11% of the
patients, respectively. The majority of patients with VAP had
secondary bacteremia. Septic shock was secondary to VAP
(36%), mediastinitis (35%), and bloodstream infections
(43%), with a smaller contribution from cannula (19%) and
catheter-related (20%) infections.

A recent study was done by Kim et al. [12], where 61
patients with cardiogenic shock underwent VA-ECMO.
There were 18 nosocomial infection events in 14 (23.0%)
patients. BSI were seen in 9 cases, and respiratory tract infec-
tion (RTI) was found in 9 cases. There was no urinary tract
infection or surgical site wound infection in this study. In the
study by Sun et al. [14], out of the 55 episodes of infection,
only 3 were urinary tract infections.

Causative agents of sepsis in ECMO

As per the records of extracorporeal life support organization
(ELSO) registry, the most frequent infective agent during
ECMO is coagulase-negative staphylococcus (CoNS). The

Table 1 Relation of duration of ECMO with incidence of infection

Days of ECMO 2–3 3–6 6–9 9–12 > 12

Incidence of infection (%) 0 16 23.1 60 100
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other important etiological agents are Candida species (sp.),
Pseudomonas aeruginosa, Enterobacteriaceae, Staphylococcus
aureus, and Enterococcus sp. [9].

Previous reports have mentioned that CoNS are the most
frequent causative agents of BSI accounting for up to 37% in
studies up to 2006. This could represent an over-estimation of
the role of CoNS because of the misleading diagnostic criteria
for BSI and CR-BSI in these studies. In more recent studies,
CoNS were less frequent causes of BSIs (approximately 4%
of total cases) [17, 19, 20].

Candida spp. are another common and important pathogen
causing infections during ECMO support [11, 13, 17, 21]. It has
also been implicated as an agent of bloodstream infection-
related sepsis accounting on average for 13% of BSIs. ECMO
patients are already at high risk for disseminated candidiasis in
view of being critically ill, having multiple central lines includ-
ing ECMO cannulation, prolonged exposure to broad spectrum
antibiotics, and getting total parenteral nutrition [22].

The ECMO cannulae and membrane oxygenators can be
colonized with CoNS and Candida spp. with subsequent BSI
[23]. Gram-negative bacteria cause on an average of 31% of the
reported cases of VAP and 16% of the BSI in various studies.
On the other hand, Staph aureus has been seen in 10% of VAP
cases and 7% of the BSI-related sepsis [24]. The causative
micro-organisms associated with various infections in study
done by Schmidt et al. [5] are depicted in (Table 2).

The urinary isolates found in the study by Sun et al. [14]
were E. coli (1/3) and Candida albicans (2/3).

In a recent study by Kim et al. [12], Gram-negative patho-
gens were predominant in both RTI and BSI. Acinetobacter
baumannii (n = 8, 88.9%) was the most common respiratory
tract pathogen in this study. In terms of BSI, A. baumannii
(n = 2), and Pseudomonas aeruginosa (n = 2) were the most
common pathogens. Local epidemiology of hospitals, differ-
ent study designs, differences in defining sepsis criteria in

ECMO patients, and different prevention policies could be
the reasons for varying prevalence of different microbes.

As far as we know, there is no available Indian data or
studies revealing the etiological agents of sepsis specifically
in ECMO. It is to be noted that Indian intensive care units
(ICUs) report a much greater prevalence of Gram-negative
organisms, compared with the international literature [25, 26].

When is sepsis to be suspected in an ECMO
patient?

Clinical scoring like Acute Physiologic Assessment and
Chronic Health Evaluation (APACHE) [27] and SOFA scores
[16] have been given importance now in early identification of
sepsis. As per the Sepsis 3 definitions, acute change in total
SOFA score of at least 2 points indicates sepsis and organ
dysfunction [28].

Allyn et al. [1] in their study defined sepsis as occurrence of
a documented nosocomial infection such as pneumonia, bac-
teremia, catheter-derived infections, and surgical site infec-
tions or the occurrence of septic shock as per the Sepsis-3
guidelines [28]. However, in another study by Peitz et al.
[8], they used the systemic inflammatory response syndrome
(SIRS) criteria for defining any new septic event.

A high index of suspicion is very important to detect early
sepsis and reduce mortality in these high-risk patients. The
most important challenge is to differentiate clinically between
sepsis and SIRS [29], as the latter is common in these patients
because of underlying cardiac or pulmonary insult and also
due to complex circuits of ECMO. Both clinical examination
and biomarkers play an important role. It is important to note
that the critically ill patients may have some degree of baseline
hyperthermia which always does not denote infection [30].
However, patients on ECMO, who are able to produce fever

Table 2 Microorganisms associated with various nosocomial infections in 142 extracorporeal membrane oxygenation patients

Ventilator-associated pneumonia Cannula infections Post-sternotomy mediastinitis Bloodstream infection

n = 163 n = 21 n = 23 n = 47

Organism No(%) Organism No(%) Organism No(%) Organism No(%)

Pseudomonas 43(26) E. coli 5(24) Candida sp. 8(35) Pseudomonas 10(21)

Polymicrobial 19(12) Enterococcus sp. 4(19) S. epidermidis 7(30) Enterococcus sp. 7(15)

Staph aureus 16(10) S. epidermidis 4(19) Pseudomonas 2(9) E. coli 6(13)

Enterobacter sp. 16(10) Polymicrobial 4(19) Staph aureus 2(9) S. epidermidis 5(10)

E. coli 14(9) Staph aureus 2(10) E. coli 2(9) Staph aureus 4(9)

H. influenza 14(9) Pseudomonas 2(10) Enterobacter sp. 1(4) Streptococcus sp. 3(6)

Klebsiella sp. 10(6) Proteus 1(5) Neisseria sp. 1(4) Enterobacter sp. 3(6)

Neisseria sp. 5(3) Candida sp. 3(6)

Proteus mirabilis 5(3) Anaerobes 3(6)

n, number; No(%), percentage number; sp., species; E. coli, Escherichia coli; H. influenza, Hemophilus influenza; S. epidermidis, Staph epidermidis
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of at least 101 degrees or more are likely to have a high
inflammatory response and should be closely monitored [31]
for other signs of infection. Patients also should be monitored
for any new hypothermia, hemodynamic instability, increased
respiratory distress with desaturation, purulent tracheal secre-
tions, frank pyuria or fall in urine output requiring renal re-
placement therapy, alteration in sensorium, coagulopathy, and
new skin lesions (purpura fulminans). All these clinical
pointers may indicate sepsis and call for timely intervention.

Laboratory parameters such as leukocytosis and leucopenia
are not very accurate in ECMO patients [31]. A retrospective
analysis in neonates failed to demonstrate predictive value of
white blood cell (WBC) counts for nosocomial infections in
patients on ECMO [32]. In the same way, thrombocytopenia
is also to be interpreted with caution as it is fairly common due
to the activation by ECMO circuits [31]. Inflammatory markers
like C-reactive protein (CRP) are important sensitive tools in
diagnostic evaluation but they are not specific. Serum
procalcitonin (PCT) has been documented as a more specific
biomarker of systemic infection and sepsis than the previous
conventional markers like WBC count and CRP [33]. Pieri
et al. [34] showed in his study that in patients who were receiv-
ing VA-ECMO, PCT has good accuracy with the cutoff of
1.89 ng/mL (sensitivity 87.8%, specificity 50%) and CRP hav-
ing cutoff of 97.70 mg/L is 85.3% sensitive and 41.6% specific.
However, PCT was not found to be a reliable marker of sepsis
in VV-ECMO in this study. The PCT and CRP as a combined
assay had a very high overall sensitivity of 87.2%, though spec-
ificity was 25.9%. Another study was done by Tanaka et al.
[35], where he studied the effectiveness of PCT in differentiat-
ing infection from SIRS in patients on ECMO and found that
PCT with a cutoff of 2 had a sensitivity of 90% and specificity
of 82% with a positive predictive value of 82% and negative
predictive value of 90%. The better specificity in this study was
hypothesized to be due to exclusion of PCT assays after
prolonged systemic malperfusion. Nevertheless, PCT has to
be interpreted with caution as elevated levels can be found in
situations of massive stress like post trauma, post-surgery, se-
vere cardiogenic shock, and compromised renal function [36].
Hence, PCT should not be used as an isolated test for diagnosis
of sepsis, and it preferably should be clinically correlated using
serial values to see a rising or falling trend. It has greater value
in de-escalation of antibiotics in sepsis in ICU patients [37] and
this can be easily extrapolated for ECMO patient also.

Workup of suspected sepsis in the ECMO
patient

Patients with suspected sepsis on clinical grounds require rou-
tine tests including complete blood counts, liver and kidney
function tests, urine analysis, and chest X-ray. Cultures play a
very important role. Two sets of blood cultures (4 bottles,

10 ml of blood per bottle, 10–30 m apart) and a urine culture
are to be drawn at first suspicion of sepsis [38]. Endotracheal
(ET) cultures are to be sent if there is clinical evidence of
VAP, e.g., a high Clinical Pneumonia Index Scale (CPIS).

Drawing a serum procalcitonin at baseline and serial mea-
surements later to see the trend may be helpful. Like in any
critically ill patient on prolonged mechanical ventilation with
central lines and antibiotic exposure, one should always think
of disseminated candida in case of any new sepsis event and
sterile cultures and no other obvious focus of infection. If
disseminated candidiasis is a possibility, drawing blood for
serum beta-D-glucan (BDG) assay at the time of blood cul-
tures may be useful in the diagnosis [39]. A flowchart for
proposed workup of sepsis in ECMO is illustrated in (Fig. 1).

Role of antibiotic prophylaxis in ECMO

There is no data to support the use of routine antibiotic pro-
phylaxis in ECMO patients [31].

Prophylaxis will increase the chance of emergence of resis-
tance strains of microbes and predispose to complications like
disseminated candidiasis. If transthoracic cannulation of
ECMO is done through open chests in cardiac patients, then
these patients are at high risk of developing mediastinitis [13,
40]. In these cases, short course of antibiotic prophylaxis may
be considered on a case to case basis. For cannulation purpose,
prophylactic antibiotics should be as per standard guidelines
for surgical prophylaxis and a single dose is sufficient for
percutaneous cannulation techniques.

Empirical antimicrobial selection in the ECMO
patient

In general, treatment of sepsis after ECMO cannulation should
follow the same principles as with ICU patients who are not on
ECMO. As per the ELSO database and Indian epidemiology,
the most important microbes grown from the blood include
CoNS, Acinetobacter, Enterobacteriaceae, Pseudomonas,
Staph aureus, and Candida; hence, the empiric therapy can be
directed to these organisms.

The choice of empiric antibiotic regimen has to be made
based on the local epidemiological factors and hospitals’ own
antibiograms. India has high rates of Gram-negative resistance
in tertiary care settings. The Indian council of medical research
(ICMR) data in 2015 showed that carbapenem resistance
among the Gram-negative bacteria was very high (highest be-
ing for A. baumannii followed by K. pneumoniae, P.
aeruginosa, and E. coli). In addition to Gram-positive coverage
with drugs such as vancomycin, it becomes prudent to broaden
cover by adding high-end antibiotics such as carbapenems,
polymyxins, and/or fosfomycin especially in hemodynamically
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unstable patients. Usually these highly critical patients warrant
combination therapy initially for control of sepsis which can be
de-escalated later based upon the culture sensitivity reports.

Regarding empirical candida coverage, the ESLO infec-
tious disease task force strongly recommends that in view of
high incidence and high mortality of candida sepsis in ECMO
subset, clinicians should keep the threshold low for starting
antifungals in these patients. However, recently Quentin de
Roux et al. [41] showed in his results that candidemia oc-
curred in the third week after VA-ECMO implantation and
hence antifungal therapy should not be added upfront in em-
pirical regimen in the first 2 weeks of ECMO-related septic
shock. Nevertheless, the decision regarding antifungals
should be supported by clinical judgement and individualized
as per patient needs. Echinocandins remain the class of choice
in the hemodynamically unstable patients and this stands true
for ECMO population too.

Pharmacokinetic/pharmacodynamics
and antimicrobial dosing in ECMO

Another important point to be noted in ECMO patients is that
pharmacokinetic/pharmacodynamics (PK/PD) changes

during extracorporeal circuit [42]. The various mechanisms
by which this happens are mentioned below:

a. Direct extraction by the ECMO circuit: The highly lipo-
philic and protein-bound drugs are extracted more through
the circuit as demonstrated in ex vivo studies [43–45].

b. Altered clearance of the drugs: Alteration in kidney func-
tion is common in ECMO and can increase the chance of
drug toxicity of those antibiotics which are primarily ex-
creted through renal route.

c. Changes in volume of distribution: ECMO is known to
increase the volume of distribution of certain drugs be-
cause the inflammatory response induced by ECMO cir-
cuit results in capillary leakage and edema which can in-
crease the volume of distribution [46, 47].

Vancomycin is the most common drug studied for PK/PD
variations in ECMO [48]. Various studies show an increased
volume of distribution and decreased clearance for vancomy-
cin for neonates and infants on ECMO [49]. However, no
variations have been seen in the PK/PD parameters of drugs
like piperacillin-tazobactam, meropenem, and amikacin.
However, most of this data on PK/PD has been derived from
the neonatal population and dosing recommendations for
adults remain mostly unchanged as ECMO has little effect

Start empirical antibiotics

Ask for:
Send blood cultures x 2 sets

Chest X ray
Serum Procalcitonin

High PCT but source not clear 
(sterile cultures/ no infiltrates on 

CXR)

Look for other causes (cannula 
infections, mediastinitis, SSTI etc.)

escalation ofantibiotics.
Stop antifungals if BDG < 80

PatientnotimprovingandPCTisnormalandsource 
notidentified:considerdisseminatedcandidiasis

VAP)
Treat accordingly

Suspected sepsis
New fever >101 deg or hypothermia 

Desaturation/purulenttrachealsecretions 

Fig. 1 Algorithm for sepsis workup
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on their volume of distribution and clearance kinetics [42].
Dosing of antimicrobials commonly used in ICU in ECMO
[42] is shown in (Table 3).

Infection control practices and prevention
of sepsis in ECMO

Infection control is an integral part in the management of
sepsis in ECMO patients. The extracorporeal life support or-
ganization has formulated certain guidelines [31] which
should be meticulously followed in each ECMO equipped
centers.

a) The first and the foremost is hand hygiene which is the
cornerstone of infection control [50].

b) The ECMO circuit is just like a protected central line and
no routine sampling to be done from the circuit lines to
avoid any kind of contamination.

c) Only continuous infusions such as inotropes and vaso-
pressors should be administered through the ECMO cir-
cuit so that sterility of lines is not interrupted as happens
in intermittent infusions.

d) Needleless hubs and other sterile practices for all con-
nections are recommended as they are sterilized more
reliably with the prep solutions and are safe to users.

e) Chlorhexidine should be used as the agent of disinfec-
tion rather than povidone iodine or alcohol.

f) Strict contact isolation should be followed for other pa-
tients harboring resistant organisms, who should prefer-
ably be spatially separated from patients on ECMO.

g) The VAP prevention bundle interventions include ele-
vation of head of bed to 30–45 , daily assessing the
readiness to extubate, prophylaxis for peptic ulcer dis-
ease, etc. Adult patients should be considered for early
tracheostomy.

h) Prolonged total parenteral nutrition should be discour-
aged in these patients and efforts to be made for early
initiation of enteral feeds so as to improve the integrity
of gut and to prevent future risk of gut translocation [51].

i) Tunneled catheters for long-term intravenous access are
usually not preferred in ECMO subset due to hematoma
risk which may get secondarily infected.

j) Daily check to remove central lines and urinary catheters
minimizes the risk of central line associated bloodstream
infections (CLABSI) and CA-UTI once the patient has
been stabilized on ECMO.

Conclusion

To summarize, sepsis is an important complication of ECMO.
A high index of suspicion, drawing adequate volumes for
blood culture and early and timely administration of appropri-
ate empirical antimicrobials can substantially decrease the
morbidity and mortality in this high-risk population.
Infection control practices are of paramount importance and
need to be followed meticulously to prevent sepsis in ECMO.
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Table 3 Dosing of antimicrobials in ECMO

Drug Volume of distribution Clearance Dosing recommendations

Vancomycin Adult: Unchanged
Neonates: Increased

Adults: Unchanged
Neonates: Decreased

Adults: Standard dosing
Neonates: 20 mg/kg once and then check TDM at 2 and

8–12 h concentrations

Meropenem Adult: Unchanged
Neonates: Not reported

Adult: Unchanged
Neonates: Increased

Adults: 1 g q8 hourly for susceptible organisms (MIC < 2)
Neonates: 40 mg/kg loading dose then 200 mg/kg/day

continuous infusion

Ceftriaxone Neonates: Increased Neonates: Unchanged Neonates: Standard dosing

Piperacillin-tazobactam Adults: Unchanged Adults: Unchanged Adults: Standard dosing

Tigecycline Adults: Unchanged Adults: Unchanged Adults: Standard dosing

Caspofungin Neonates: Increased Neonates: Increased > 78 mg/m2 daily

Liposomal amphotericin B Adults: Not reported Adults: Not reported Standard dosing

Oseltamivir Adults: Unchanged Adults: Unchanged Standard dosing

TDM, therapeutic drug monitoring; MIC, minimum inhibitory concentration
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