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Abstract

Objectives: Critically ill patients requiring extracorporeal membrane oxygenation (ECMO) frequently require interhospital transfer to a center
that has ECMO capabilities. Patients receiving ECMO were evaluated to determine whether interhospital transfer was a risk factor for sub-
sequent development of a nosocomial infection.

Design: Retrospective cohort study.

Setting: A 425-bed academic tertiary-care hospital.

Patients: All adult patients who received ECMO for >48 hours between May 2012 and May 2020.

Methods: The rate of nosocomial infections for patients receiving ECMOwas compared between patients who were cannulated at the ECMO
center and patients who were cannulated at a hospital without ECMO capabilities and transported to the ECMO center for further care.
Additionally, time to infection, organisms responsible for infection, and site of infection were compared.

Results: In total, 123 patients were included in analysis. For the primary outcome of nosocomial infection, there was no difference in number of
infections per 1,000 ECMO days (25.4 vs 29.4; P = .03) by univariate analysis. By Cox proportional hazard analysis, transport was not sig-
nificantly associated with increased infections (hazard ratio, 1.7; 95% confidence interval, 0.8–4.2; P = .20).

Conclusion: In this study, we did not identify an increased risk of nosocomial infection during subsequent hospitalization. Further studies are
needed to identify sources of nosocomial infection in this high-risk population.

(Received 16 March 2021; accepted 20 May 2021; electronically published 25 June 2021)

Nosocomial infections are common among patients receiving
extracorporeal membrane oxygenation (ECMO), and they are
associated with increased mortality. The only known risk factors
for infection in patients receiving ECMO are nonmodifiable and
include time on the circuit as well as older patient age.1,2

Although modifiable risk factors in patients receiving ECMO
are not known, it is difficult to determine which countermeasures
to emphasize to prevent infections.

One time in the patient’s treatment course that may be associ-
ated with significant infectious risk is during interhospital transfer.
Despite infection control best practices, pathogenic bacterial spe-
cies are found in surveys of ambulances3,4 and uniforms of trans-
porting medical personnel.5 Additionally, transported patients
have been associated with nosocomial infections with antibiotic

resistant organisms, especially in patients requiring military or
international transport.6–8 Finally, the use of portable equipment,
such as ventilators, has been historically associated with an
increase in number of nosocomial infections and is an additional
concern for infectious transmission.9

Over the past decade, the use of ECMO in adult patients has
increased and subsequently so has interhospital transfer.10

Several single-center studies have described successful transfers
of cannulated patients with minimal logistical complications
related to transfer.11–15 The largest multicenter trial in ECMO
evaluating transfers showed benefits to both starting ECMO and
transferring patients to ECMO centers compared to conventional
therapy at a patient’s original hospital.16 With evidence of larger
centers having better outcomes for patients on ECMO, there
may be an increase in transport of patients receiving ECMO.17

In this study, we aimed to clarify the risk, if any, of nosocomial
infection related to transfer because recent studies that have
assessed adverse effects of ECMO transfer have not quantified
infectious complications.18,19 With the additional handoffs, extra
personnel, and the difficulty of maintaining infection control
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strategies in multiple environments, we hypothesized that interho-
spital transfer may be associated with more nosocomial infections.

Methods

Patient selection and characteristics

A retrospective chart review was performed on all patients who
received ECMO by the ECMO team at Brooke Army Medical
Center (BAMC) between May 2012 and May 2020. Patients were
enrolled retrospectively before 2017 and then prospectively for the
remainder of this study. Patients were excluded from the analysis if
they were transported by the ECMO team to another institution or
if the patient received <48 hours of care on ECMO. Additionally,
burn-injured patients were excluded because no burn-injured
patients were transported to our facility and burns are associated
with a higher infection rate among patients receiving ECMO.20

Transported patients were cannulated at the originating hospi-
tal by our ECMO team and treated by a multidisciplinary team of
ECMO specialists, nurses, and physicians during transport as pre-
viously described.21 ECMO therapy was performed using the
CARDIOHELP system (Maquet, Rastatt, Germany). All patients
from <400 km away were transported by ground ambulance,
and patients from >400 km away were transported by fixed-wing
aircraft followed by ground ambulance. At our institution, there
are no protocols for routine use of prophylactic or periprocedural
antimicrobials. Cultures are only obtained if there is clinical
suspicion for infection. The BAMC Institutional Review Board
approved this protocol.

Data collection

Data on gender, age, length of hospital stay, hours on ECMO, can-
nula configuration, cannulation facility, and patient survival to dis-
charge from hospital were collected. Patients were categorized as
having primarily medical, cardiac, or surgical-trauma admissions
based on their admission diagnosis. Infections were defined as pos-
itive cultures while on ECMO or within 48 hours of decannulation
and were deemed to represent true infections by the patient’s
ECMO treatment team, as reported in other studies.1,22 Cultures
that had growth and were not treated with antimicrobial therapy
by the primary team were considered colonizers or contaminants
and were excluded from analysis. These infections were divided
into bloodstream infections (BSIs), respiratory infections (RIs),
skin and soft-tissue infections (SSTIs), and urinary tract infections
(UTIs) based on collection site. Information on causative organ-
ism, drug susceptibility, and time to infection were collected.
Pre-ECMO infections were defined as any positive viral, bacterial,
or fungal pathogen during the hospitalization prior to cannulation
that was deemed by the treatment team to be pathogenic.
Multidrug-resistant organisms (MDROs) were determined for
bacterial infections only; multidrug resistance was defined as resis-
tance to 3 or more classes of antibiotics or as defined by the 2019
CDC Antibiotic Resistance Threat Report.23,24

Statistical analysis

Nominal variables were compared using the Pearson χ2 or Fisher
exact test as appropriate. Continuous variables were compared
using theMann-WhitneyU test and were reported asmedians with
interquartile range (IQR). Patients that underwent on-site cannu-
lation were compared to those that underwent cannulation at
another facility and subsequent interhospital transfer based on
demographics, characteristics of ECMO, and clinical infections.

To further clarify the risk of infection, patients who underwent
interhospital transfer were compared by mode of transportation
whether by ambulance or fixed-wing aircraft followed by ambu-
lance. A Kaplan-Meier curve compared time to first infection in
both groups and was censored to 30 days to limit the effect of late
infections because late infections were unlikely to be related to
transfer. Based on the Kaplan-Meier curve, a Cox proportional
hazard test was performed using factors that were significant on
univariate analysis for risk of infection including admission diag-
nosis and ECMO modality. Time on ECMO was not included in
themodel because timewas censored. Statistical analyses were con-
ducted using JMP version 13.2 software (SAS Institute, Cary, NC).
A P value <.05 was predetermined to indicate significance.

Results

In total, 179 ECMO runs were completed by our institution’s
ECMO team in the study period (Fig. 1). Of these patients, 56
(31%) were excluded: 11 were transported by our team to another
institution, 19 received an ECMO course <48 hours, and 26 were
burn injured. Since its inception in 2012, the BAMC ECMO pro-
gram has had a steady increase in cases, and this increase was pri-
marily driven by an increase in the number of patients transported
from other institutions (Fig. 2). Patients were more commonly
male (73%) with a median age of 40 years (Table 1). The median
time on ECMO and length of stay was 233 hours and 22 days,
respectively. Veno-venous ECMO was used for most cases
(85%). Overall, 72% of patients survived to hospital discharge.
The most common indications for ECMO by admission diagnoses
were influenza for medical admissions (n= 22, 27%), acute respi-
ratory distress syndrome after polytrauma for surgical admissions
(n= 14, 58%), and failure to wean from bypass after cardiothoracic
surgery for cardiac admissions (n= 5, 32%). Moreover, 38 patients
(31%) were cannulated at our institution. Of the 85 (69%)
patients who were transferred to our institution, 74 (87%) of these
patients were cannulated <400 km away and transported by
ground ambulance. The remaining 11 patients were transferred

Fig. 1. Development of the study cohort.
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via fixed-wing aircraft, including from the countries of Colombia,
Germany, Iraq, Japan, and South Korea.

To evaluate for nosocomial infections associated with interho-
spital transfer, patients cannulated at our institution (local) were
compared against those who were cannulated at other hospitals
(transfer). There was no differences in median age among local
and transferred patients (43 years vs 39; P = .15), sex (76% male
vs 71%; P = .51), or hospital length of stay (27 days vs 20; P =
.34). Patients who were transferred had greater median time on
ECMO (150 hours vs 257 hours; P = .04). Surgical and trauma
admission diagnoses were more common among those cannulated
at our institution, whereas patients with medical admission diag-
noses were more likely to be accepted from an interhospital trans-
fer. All patients cannulated at our institution and 66 patients (78%)
cannulated at other institutions had data on pre-ECMO infection
available for review. Finally, 64% of interhospital transfers versus
39% of locally cannulated patients had an infection prior to ECMO
initiation (P = .02).

Overall, there were 59 infections in 49,576 hours of ECMO for
an infection rate of 28.6 infections per 1,000 patient days (Table 2).
Patients who were transferred had significantly more incidents of
infections than patients who were cannulated locally (44% vs 27%;
P = .03) but there was no difference between the 2 groups when
evaluating infections per 1,000 ECMO days (25.4 local vs 29.4;
P = .65) by univariate analysis. Although BSI was more common
among patients with interhospital transfers (22% vs 5%; P = .02),
this difference was no longer significant when controlled for time
on ECMO (4.6 vs 11.6 per 1,000 ECMO patient days; P = .10).
We detected no difference in other infection types, number of
infections in the first 5 days after cannulation, number of
patients having multiple infections, or infections due to drug-
resistant organisms.

The patients who underwent interhospital transfer were further
subdivided by travel modality. Compared to patients who were
transported by aircraft, patients who were transported by ground
showed no difference in the number of patients with infections
(36% vs 45%; P = .75), rates of nosocomial infections per 1,000
patient days (32.0 vs 31.1; P = .94), or infections caused by
MDROs (75% vs. 48%; P = .60).

A Kaplan-Meier curve showed that that there was no difference
in time to first infection between the 2 groups (log-rank test
P = .27) (Fig. 3). The Cox proportional hazard test did not show
a significantly increased risk of infection with interhospital transfer
(hazard ratio [HR], 1.7; 95%CI, 0.8–4.2; P= .20) (Table 3). Surgical
patients, compared to medical patients, had more nosocomial
infections (HR, 2.5; 95% CI, 1.1–5.4; P = .003). We detected no
difference in infectious risk by ECMOmodality infections as deter-
mined by ECMO modality (HR, 3.0; 95% CI, 0.9–8.9; P = .08).
Pre-ECMO infection did not change significance when added to
the model (data not shown) and was excluded.

Discussion

In this study, we detected no difference in whether a patient under-
went interhospital transfer on ECMO and subsequent rates of
nosocomial infections. In conjunction with data showing
decreased mortality in patients who were transported, these
findings further confirm the safety of transporting patients on
ECMO in this critically ill population. Despite the high risk
of nosocomial infections in this population, we did not find a
possible area for intervention.

Rates of infections in this study of 28.6 infections per 1,000
patient days are similar to the national average in adults reported
in a national survey of ECMO centers, 30.6 infections per 1,000

Fig. 2. Number of patients receiving extracorporeal membrane oxygenation at Brooke Army Medical Center from April 2012 through May 2020. All local patients were cannulated
at our facility. Transport patients were cannulated at an outside hospital prior to transfer.
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Table 1. Baseline Demographics of Patients Receiving Extracorporeal Membrane Oxygenation Between May 2012 and May 2020

Characteristic Total
Local Cannulation

(N = 38)
Interhospital Transfer

(N = 85) P Value

Sex, male, no. (%) 89 (72) 29 (76) 60 (71) .51

Age, median y (IQR) 41 (31–55) 43 (33–60) 39 (31–53) .15

Pre-ECMO hospital days, median (IQR) 4 (1–9) 3 (0–8) 4 (1–9) .28

Hospital length of stay, median d (IQR) 22 (12–48) 27 (12–50) 20 (12–44) .34

Survive to hospital discharge, no. (%) 88 (72) 23 (61) 65 (76) .070

Admission diagnosis, no. (%) .0013

Medical 82 (67) 17 (45) 65 (76)

Influenza 22 (27) 4 (23) 18 (28)

Non-influenza viral illness 8 (10) 0 8 (12)

Chemotherapy toxicity 7 (9) 4 (23) 3 (5)

Trauma/Surgical 24 (20) 14 (37) 10 (12)

Polytrauma 14 (58) 8 (57) 6 (60)

Pulmonary hemorrhage after gunshot wound to chest 2 (8) 2 (14) 0

Cardiac 16 (13) 7 (18) 9 (11)

Unable to wean from bypass after surgery 5 (31) 2 (29) 3 (33)

Cardiopulmonary resuscitation 4 (25) 4 (57) 0

Pre-ECMO infection, no. (%) 57/104 (55) 15/38 (39) 42/66 (64) .017

Time on circuit, median h (IQR) 233 (113–433) 150 (91–326) 257 (114–576) .041

ECMO setting, no. (%) .13

Veno-venous 104 (85) 27 (71) 77 (91)

Veno-arterial 16 (13) 10 (26) 6 (7)

Veno-arterial-venous 3 (2) 1 (3) 2 (2)

Note. ECMO, extracorporeal membrane oxygenation.

Table 2. Characteristics of Nosocomial Infections for Patients Receiving Extracorporeal Membrane Oxygenation

Variable Local Cannulation (N=38) Interhospital Transfer (N=85) P Value

Development of any infection on ECMO, no. (%) 9 (27) 37 (44) .03

Multiple infections diagnosed, no. (%) 2 (5) 9 (11) .50

BSI, no. (%) 2 (5) 19 (22) .02

RI, no. (%) 7 (18) 22 (26) .36

SSTI, no. (%) 2 (5) 3 (4) .65

UTI, no. (%) 0 4 (5) .31

Total Infections/1,000 ECMO days 25.4 29.4 .65

BSI/1,000 ECMO days 4.6 11.6 .20

RI/1,000 ECMO days 16.1 13.5 .68

SSTI/1,000 ECMO days 4.6 1.8 .29

UTI/1,000 ECMO days 0 2.4 .30

Days to first infection

Days to BSI, median (IQR) 6 (0–12) 20 (7–32) .19

Days to RI, median (IQR) 2 (0–6) 4 (1–22) .23

Bacteriologic characteristics

Any multidrug-resistant organism, no. (%) 4/8 (44) 18/35 (51) 1

Note. ECMO, extracorporeal membrane oxygenation; BSI, bloodstream infection; RI, respiratory infection; SSTI, skin and soft-tissue infection; UTI-urinary tract infection.
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patient days.2 These data are in line with data from other individual
centers, with several slightly higher nosocomial infection rates
(reported rates, 50.4–75.5 infections per 1,000 patient days)1,22,25

and others with slightly lower nosocomial infection rates (11.9
infections per 1,000 days).26 These differences are likely due to
patients’ underlying pathologies, cannulation practices, type of
ECMO configuration used, as well as underlying nosocomial infec-
tion rates at different hospitals. The overall survival for this cohort,
72%, is higher than the international average reported by ELSO for
patients receiving veno-venous ECMO of 58%.27

We detected several demographic differences between the
group of patients transported compared to those cannulated at
our institution. Notably, admission diagnosis and ECMOmodality
used were different between these 2 groups of patients. As a level 1
trauma center, surgical patients aremore likely to be admitted initially
at our facility and less likely to be transferred from other institutions.
Without transplant capabilities, there is also likely selection bias for
our center to accept patients with reversible causes of respiratory fail-
ure, which would favor the veno-venous modality. Secondly, patients
who were transferred spent significantly more time on the ECMO

circuit, which is a known risk factor for nosocomial infection.28

The cause of these differences is unclear, but they may be related
to adherence to selection criteria, a lower number of emergent can-
nulations, or earlier cannulations to prevent decompensation during
transport. A final difference in demographics is that more patients
were started on veno-arterial ECMO at our facility, which has been
associated with an increased risk of nosocomial infections in other
studies but did not reach statistical significance in this study.2,29

Largermulticenter studies will be needed to take into account thewide
variety of specialties that rely on ECMO to determine the generaliz-
ability of these findings.30

In this study, we found no significant increase in the rates of
nosocomial infections by univariate, Kaplan-Meier analysis, or
multivariate analysis in groups that underwent interhospital trans-
fer compared to groups that did not. To provide a plausible mecha-
nistic relationship between transport and subsequent infections,
first infections were censored to 30 days, which may have excluded
differences that were caused by longer time on ECMO in the trans-
ported group.

Further data arguing against a mechanistic relationship
between transport and nosocomial infections include the long
duration (20 days) of onset of BSI in the transported group.
Although previous retrospective studies have shown that portable
ventilators are associated with increased infection rates,9 we did
not detect an increased risk of respiratory infection or a shorter
time to onset of respiratory infection in our transferred patients.
Ultimately, our study is underpowered to assess these features.
Finally, distance traveled and modality of transfer were not risk
factors for nosocomial infection for patients transported on
ECMO in this study. Because those transported by fixed-wing air-
craft had longer transport times, this analysis argues against a
longer transit time being a risk factor for nosocomial infection.

We detected no difference in the incidence of MDROs between
transported patients and local patients. Additionally, patients
transported from other countries were not noted to have an
elevated risk of MDROs. This finding contrasts with the known
risk of interhospital MDRO spread with patient transfers in pre-
vious studies. We suspect that with the high background rate of
MDROs our study is not powered to evaluate a smaller increased
risk of MDRO acquisition from other facilities or during transport.
As shown in other centers, the rates of MDRO are high in patients
undergoing ECMO.1 This high overall rate of MDROs across
cohorts is concerning because infections caused by MDROs lead
to greater patient cost as well as higher mortality.31,32 Robust anti-
biotic stewardship and infection control practices are needed in all
critically ill patients due to the high risk of acquisition of a resistant
organism, and increased attention to the care of ECMO patients
may be warranted.

As a single-center study, our protocol had several limitations
that require further exploration. Our center mostly provides
veno-venous ECMO; thus, these data may not be applicable to cen-
ters that provide primarily veno-arterial ECMO or transplant can-
didates. Although the treatment team’s determination of positive
cultures being a pathogen or a contaminant is the standard in
ECMO papers that allows rates to be compared between studies,
it is unclear whether there is a bias present in these infection deter-
minations. The study was likely underpowered to detect small
differences that may exist between groups. The lack of outside hos-
pital records also made it impossible to calculate a disease severity
score for patients receiving ECMO or the presence of pre-hospital
ECMO infection suggesting a potential selection bias. Ideally, this
analysis could be repeated as a multicenter study to get a better

Fig. 3. Kaplan-Meier curve showing time to first infection for patients who underwent
interhospital transfers versus those cannulated locally. Time censored to 30 days after
cannulation.

Table 3. Cox Proportional Hazards Model for Development of Infection on ECMO

Variable
Hazard Ratio
(95% CI) P Value

Admission diagnosis

Medical 1

Cardiac 1.1 (0.29–3.9) .90

Surgical 2.5 (1.1–5.4) .003

ECMO setting

VV 1

VA or VAV 3.0 (0.9–8.9) .08

Transport

No transfer 1

Interhospital transfer 1.7 (0.8–4.2) .20

Note. ECMO, extracorporeal membrane oxygenation; VV, veno-venous; VA, veno-arterial; VAV,
veno-arterio-venous.
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understanding of the effect of transport on a wider variety of
ECMO modalities and underlying disease processes.

In conclusion, we evaluated risk of development of a nosoco-
mial infection while on ECMO, and we demonstrated that there
is a significant increase in the rate of nosocomial infections among
those who were transferred. Although there was no statistical dif-
ference in multidrug-resistant organisms, our findings demon-
strate the need for aggressive infectious control practices
because these patients are commonly infected with MDROs.
Furthermore, our findings are similar to previous studies conclud-
ing that transfer on ECMO is not related to increased mortality.
Further studies are needed to better elicit the risk factors of noso-
comial infections complicating the course of ECMO.
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