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ABSTRACT

Introduction

The transfer of patients with severe acute
respiratory distress syndrome (ARDS) to
extracorporeal membrane oxygenation (ECMO)
capable centers is a prevalent practice, despite a
paucity of data regarding the outcome of
transferred patients and those remaining in a
community setting with standardized care. Our
aim was to compare outcomes in these two
patient populations.

Methods

Adult patients admitted to a community health
system with SARS-CoV-2 infection requiring
invasive mechanical ventilation (IMV) from
February 2020 to July 2022 were identified. We
performed univariate and multivariable logistic
regression (adjusting for demographics and
severity of illness). Categorical data are
presented as percentages, and continuous data as
median [25-75% Interquartile range].

Results

397 patients were identified with COVID-19

requiring IMV, and 29 were transferred to the
ECMO center. Non-transferred patients were
older, 64 [56-73] vs. 48 [40-55] (p < 0.001), with
a higher proportion of comorbid conditions. Both
groups had similar initial P/F ratios, trending
towards a lower P/F in the transferred group at
24 hours after IMV: 121 [88-167] vs. 105
[75-132] (p = 0.083). The organ-specific (renal,
liver, coagulation) SOFA score was lower in
transferred patients, 0 [0-1] vs. 1 [0-2] (p =
0.007). Two hundred eighty-two patients (71.2%)
in the community health system died. Among
those transferred, 21 (72.4%) were not supported
with ECMO, and 9 (42.9%) died. Of the 8
patients supported with ECMO, 3 (37.5%) died.
Transfer to a tertiary care center was associated
with a reduced risk of death (OR 0.25; 95% CI
0.11-0.55, p = 0.001), which persisted when
adjusted for age, P/F ratio, & organ-specific
SOFA scores (OR 0.34; 95% CI 0.15-0.80, p =
0.013).

Conclusions

Patients with severe ARDS have a reduction in
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mortality when transferred to an ECMO-capable
center despite providing similar care in both
settings. An emphasis on appropriate patient
selection is important, specifically focusing on
ECMO-eligible patients. More research is
needed to identify the variables impacting
mortality in these patient populations.

INTRODUCTION

Acute respiratory distress syndrome (ARDS) is a
life-threatening inflammatory lung condition that
severe coronavirus-19 (COVID-19) frequently
causes [1-3]. Prior literature recommends
transferring patients with severe ARDS to centers
specializing in ARDS management [4]. During
the COVID-19 pandemic, the capacity of such
centers was exceeded by the patient volume
[5,6], resulting in centers previously less
experienced in ARDS management and treatment
to adapt and care for these patients. Fortunately,
effective medical management for patients with
ARDS is established, with the hallmarks
including lung protective ventilation, prone
positioning, and maintenance of euvolemia. In
contrast, guidelines regarding the management of
patients with COVID-induced ARDS were
evolving during this period. In addition to
appropriate standard ARDS care,
recommendations for the use of corticosteroids,
baricitinib, and tocilizumab were variable.

Data has shown that transferring patients with
severe ARDS, whether on or off ECMO, carries
risk [7,8]. Meanwhile, the CESAR trial supports
transferring patients with severe ARDS to
ECMO-capable centers.4 No study has compared
patient outcomes at ECMO-capable centers
versus non-ECMO-capable centers when the
same group of physicians cares for both groups
of patients. One important variable when
potentially comparing both populations is that, in
many instances, there is a different group of

physicians with different practice patterns,
protocols, and ventilator management strategies
that could eventually account for potential
differences. In our study, patients were managed
in either setting by one ICU group with
standardized practice. Given this, we hypothesize
there would be no difference in mortality
between the groups.

METHODS

Design

We conducted a retrospective observational
cohort study of outcomes of patients who were
cared for entirely at a community hospital system
(Inspira Health Network) to patients who were
cared for initially at the same community
hospital and then transferred to one tertiary care
ECMO referral center (Cooper University
Hospital) in New Jersey, USA.

The community health system consists of 4
hospitals. Two of those hospitals have ICUs that
care for patients with ARDS. They have a
combined 410 total beds, including 56 ICU beds.
It is staffed by board-certified critical care
physicians employed by Cooper University
Healthcare with 24-hour critical care fellow
coverage. The referral hospital is a 620-bed, level
1 trauma center with 100 ICU beds and a 2:1
nursing ratio. All the ICUs were staffed by the
same intensivist group with standardized practice
patterns as far as medication use, ventilator
management, prone positioning, paralytic use,
and threshold for ECMO referral. At the
receiving center, veno-venous extracorporeal
membrane oxygenation (VV ECMO)
cannulation was considered when one of the
following criteria was met: PaO2/FiO2 < 80
mmHg after optimal medical management,
including a trial of prone positioning, or
hypercapnic respiratory failure (pH <7.25),
despite optimal conventional mechanical
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ventilation (respiratory rate 35 bpm and plateau
pressure<30 cmH2O) in the absence of any
contraindications. The major contraindications
included a moribund state in which ECMO is
unlikely to change the outcome, prolonged
mechanical ventilation, or severe chronic
comorbidities that may interfere with recovery.
The center performed between 15 and 20 ECMO
cases annually pre-COVID-19 pandemic, which
doubled during the COVID-19 pandemic. VV
ECMO survival during the study years was
59.1%.

Patients, data, outcomes

We included patients aged 18 years and older
with SARS-CoV-2 infection (diagnosed by nasal
PCR) requiring invasive mechanical ventilation
(IMV) at the community health system between
February 2020 and July 2022. The data were
manually extracted using the electronic medical
record system at each institution. The study was
approved by the Institutional Review Board at
Inspira Health (2022-07-001) and Cooper
University Healthcare (22-118). The requirement
for informed consent was waived.

Demographics, baseline characteristics,
comorbidities, duration of various interventions,
therapies received, and transfer status were
collected. Time was defined in “days” beginning
with the day of initiation of IMV. The primary
outcome of interest was in-hospital mortality.

Statistical analysis

The distribution of all continuous data was
examined for normality using visual inspection
and the Wilk-Shapiro test. Characteristics of the
groups are presented as the median and 25-75%
interquartile range (IQR) and compared using the
Wilcoxon rank-sum test. Categorical data are
presented as counts with proportions and

compared using Fisher’s exact test. In-hospital
mortality between patients referred to an ECMO
center and those who were not was assessed
through multivariable logistic regression. The
models were adjusted based on factors selected a
priori, given the known association with ECMO
use and hospital mortality (age, PaO2/FiO2 [P/F]
ratio, and organ-specific SOFA score).

As patients transferred to an ECMO center were
anticipated to have spent time at the primary
center after initiation of IMV, the possibility that
patients in the non-referral group died prior to
the feasibility of referral to an ECMO center was
considered an important confounding factor. To
minimize the effect of this bias, outcomes were
compared primarily between patients who
survived at least as long as the median duration
of IMV (> 1 day) prior to transfer among
patients referred to the tertiary care center.
Likewise, patients designated for a “comfort
measures only” [hospice] care strategy prior to
this median duration were excluded from the
primary analysis.

Two pre-specified sensitivity analyses were also
performed. First, in-hospital mortality was
compared between patients transferred to the
tertiary care center and those who were not
utilizing propensity score matching based on age,
P/F ratio, and organ-specific SOFA score.
Propensity score matching was performed using
a 1:1 nearest neighbor matching algorithm with a
caliper of 0.2. Patients who survived for at least
one day after requiring IMV were included in
this analysis. Second, the primary outcome was
reanalyzed, excluding any patient who died or
was placed on hospice within 2 days of initiation
of IMV. No a priori statistical power calculation
was conducted. All relevant statistical tests were
two-tailed, and a p-value < 0.05 was considered
statistically significant. All statistical analyses
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were performed using STATA version 14
(StataCorp LP; College Station, TX).

RESULTS

Patient characteristics

A total of 397 patients with COVID-19 required
IMV within the community health system during
the study period. Thirty patients (7.6%) were
referred and transferred to the tertiary care
facility for consideration of ECMO support for
severe ARDS. One patient was transferred to an
outside hospital system where follow-up data
was not available, and this patient was excluded
from further analysis. The characteristics of the
396 patients are presented in Table 1. Among all
patients, the median age was 63 years [54-73],
178 (45.0%) were female, and the median BMI
was 32.7 kg/m2 [27.6-38.4]. Most patients,
60.9% and 62.3%, were supported with
high-flow nasal cannula (HFNC) and/or
non-invasive ventilation (NIV; continuous
positive pressure airway support [CPAP] or
bilevel positive pressure airway support [BPAP])
prior to endotracheal intubation, respectively.
The median duration of respiratory support
(HFNC and NIV) prior to endotracheal
intubation was 7 days [2-15], and the initial P/F
ratio following initiation of IMV was 82
[66-121]. In total, 282 patients (71.2%) who
required IMV at the community health system
died. Among patients treated entirely at the
community health system, comorbidities such as
COPD, hypertension, and diabetes mellitus were
all significantly more common compared to
those patients transferred to the tertiary care
facility. The median duration of mechanical
ventilation among those managed solely at the
community center was 10 days [5-17].

Among the patients referred to the tertiary care
center, 21 (72.4%) ultimately were never
supported with ECMO. Of those transferred but

not supported with ECMO, 9 (42.9%) died. Of
the 8 patients supported with ECMO, 3 (37.5%)
died.

Clinical care during hospitalization

Administration of tocilizumab was less common
in patients not referred to the tertiary center
(Table 2). 141 patients were converted to a
hospice with N=28 and N=47 of these changes
made within 1 or 2 days of endotracheal
intubation, respectively. In total, 270 (73.6%) of
patients managed exclusively at the community
health system died.

Mortality outcome

Within the entire cohort, transfer to the tertiary
care center was significantly associated with a
reduced risk of death (OR: 0.25; 95% CI:
0.11-0.55, p-value=0.001). This finding persisted
after the model was adjusted for age, P/F ratio,
and organ-specific SOFA score (OR: 0.34; 95%
CI: 0.15-0.80, p-value=0.013) (Table 3). A
comparison of comorbidities, illness severity,
clinical care, and outcomes among patients after
the exclusion of those who did not survive at
least one day of IMV is provided in sTable 1 and
2. Despite the exclusion of these patients, the
risk of death remained significantly lower in
patients transferred to the tertiary care center
(OR: 0.28; 95% CI: 0.13-0.61, p-value = 0.001
and adj OR: 0.35; 95% CI: 0.15, 0.82, p-value =
0.015) (sTable 3).

Finally, two pre-specified sensitivity analyses
were performed to evaluate the robustness of the
above findings. First, propensity score matching
based on age, P/F ratio, and organ-specific SOFA
score again demonstrated a reduced risk of death
among patients transferred to the tertiary care
compared to those that remained at the referral
center (OR: 0.71; 95% CI: 0.56-0.91,
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p-value=0.006). Second, the finding of reduced
risk of death in the transfer group persisted after
the primary analysis was repeated after the
exclusion of the 47 patients at the community
health system that did not survive for at least 2
days after initiation of IMV (OR: 0.29; 95% CI:
0.13-0.63, p-value = 0.002 and adj OR: 0.26;
95% CI: 0.08-0.83, p-value = 0.023).

DISCUSSION

In this retrospective cohort study examining
patients with COVID-19 ARDS treated by one
intensivist group in both the community center
and those transferred to an ECMO referral
center, mortality was significantly reduced in the
group that was transferred. While the practices in
both institutions are similar, with the same
intensivist group staffing the ICUs, a selection
bias likely exists as the patients with increased
survivability were probably more likely to be
transferred. Our results may be quantifying the
differences in care provided by consultant
services, as well as varying nursing and
respiratory therapy protocols.

The care of patients with ARDS is rooted in
varying degrees of evidence. Best practices
include the use of lung protective ventilation
(target tidal volume 6-8 cc/kg ideal body weight)
[9-11], positive end-expiratory pressure (PEEP)
optimization to minimize barotrauma (PPlat < 30
cmH2O), and improve static lung compliance
(driving pressure < 14 cmH2O) [12,13], as well
as a conservative fluid management strategy
[14,15]. The timely implementation of prone
ventilation in those with severe disease[16], as
defined by a P/F < 100, likely has the strongest
evidence, as seen in a significant mortality
benefit [17,18]. Other practices, such as the use
of inhaled pulmonary vasodilators [19,20],
neuromuscular blockade [21-23], and
extracorporeal mechanical oxygenation [24-27],

while frequently utilized in the care of these
patients, have less robust evidence to support
their use.

The CESAR trial, designed to compare
conventional mechanical ventilatory care to the
use of ECMO in patients with severe ARDS, did
not find a statistically significant reduction of
mortality in the ECMO group [4]. However, in
those transferred to a hospital specialized in
ARDS (i.e., an ECMO-capable center), there was
a reduction in mortality when compared with
those patients who remained at the transferring
center, regardless of whether the patient
underwent ECMO. Several important flaws exist
in the CESAR trial’s design. Only 75% of the
ECMO group received mechanical support, and,
most importantly, the care of the control group
was not standardized. More specifically, the trial
did not control for the approach to lung
protective ventilation, nor did it specify the
indication for prone-ventilation. These two
interventions have been shown to be crucial in
caring for patients with ARDS. However, the
author’s conclusion that those with severe ARDS
should be transferred to a hospital with ECMO
capabilities remains frequently cited. A
follow-up to this study examined outcomes in
adult patients admitted with ARDS between
2010 and 2016 (n = 224,447), comparing ECMO
versus non-ECMO centers. Adjusted results
showed no difference in mortality (OR 0.99,
95% CI: 0.97, 1.02) [28].

It is important to highlight that the care of
patients with severe ARDS has become more
sophisticated since the CESAR trial was
published. Tools designed to aid in advanced
respiratory monitoring allow for management
adjustments that may have a positive impact on
outcomes. These include esophageal pressure
monitoring, which provides an estimate of
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pleural pressure allowing for PEEP optimization,
measurement of the electrical activity of the
diaphragm leading to minimization of
patient-ventilator dyssynchrony, electrical
impedance tomography, which provides a way to
minimize airway overdistention, and ultrasound
assessment of lung and respiratory muscles,
which has a multitude of benefits [29]. This
specialized care may be even more important in
patients on VV ECMO [30]. Centers that provide
ECMO care are more likely to be capable of
incorporating these advanced tools into the care
of ARDS patients, likely adding to improved
outcomes. Interestingly, these advanced
technologies were not available at the
ECMO-capable center during the study period,
and their impact on clinical outcomes in ARDS
remains an important area of future research.

Comparing outcomes between community and
referral centers can be difficult due to differences
in physicians' practices at each site. This study
provided a unique chance to control for this
common confounding factor—practice pattern
variations, since the same physicians treated
patients in both settings. Assuming disease
severity was accounted for, we hypothesized
there would be no difference in outcomes.

The hypothesis was not supported; mortality in
patients transferred was significantly lower than
those who remained in the community hospital
(unadjusted OR: 0.25, 95% CI: 0.11-0.55,
p-value < 0.001). This alone is not surprising, as
prior to transfer, mandatory caveats are met: first,
the patient would benefit from transfer, implying
they do not have any absolute contraindications
to ECMO, and second, the patient is able to be
transferred safely and is not moribund. To
control for this selection bias, pre-determined
influential variables were selected. The mortality
benefit persisted despite adjustment for age,

PaO2/FiO2 ratio, and SOFA score (OR: 0.34,
95% CI 0.15-0.8, p-value = 0.013). If patients
who die or are transitioned to hospice within 2
days of intubation are removed, the relationship
remained unchanged (adj OR: 0.26; 95% CI:
0.08-0.8, p-value = 0.023). These results imply
there may be a mortality benefit to transferring
patients with ARDS to an ECMO-capable center.
Of the transferred patients, 8 were cannulated for
ECMO, with 5 surviving to discharge. This may
have impacted the primary outcome, and
meaningful conclusions regarding the impact of
receipt of ECMO at the tertiary center from this
limited data are not possible. However, multiple
potential explanations for the observed mortality
benefit of transfer can be offered

First, the care of patients with ARDS requires a
multifaceted approach. Applying evidence-based
clinical care alone is not enough. Nursing and
ancillary staff expertise play a major role in
outcome determination. Examples such as head
turning while in a prone position, titration of the
paralytic to the minimal effective dose, and
recognition of ventilator dyssynchrony require
experience.

Similarly, despite having the same attending
physicians, the staffing model differed between
the two settings. The presence of an attending
physician 24 hours a day, as compared to 8-hour
coverage with an in-house critical care fellow
and remote attending coverage to fill in the gaps,
could contribute to the difference in outcomes.
The addition of constant attending coverage may
allow for expedited advancement of care (for
example, the timely use of prone ventilation and
off-hour ventilator liberation), as well as expert
evaluation of unanticipated complications. As an
example, endotracheal intubation carries
significant morbidity, especially in those with
low reserve or significant hypoxia; patients with
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ARDS certainly qualify as these. This risk can be
decreased by experienced providers performing
the procedure [31]. The clinical benefit of
24-hour intensivist coverage is not novel [32].
Similarly, large academic centers offer increased
availability of other consulting services,
including surgical subspecialists, in the event that
complications arise. This could provide further
undetected patient benefits.

A third explanation is that other covariates that
are not controlled for are influencing the results.
To minimize confounding, a variety of clinical
factors were collected. There was no significant
difference between the groups in chronic
comorbidities, except for hypertension,
respiratory support pre-intubation, which has
been linked to lung injury and poorer outcomes
[33], and COVID-19-specific therapeutics
utilized. However, other differences certainly
exist, such as COVID-19 vaccination status and
the wave of the COVID-19 pandemic. The ability
to create a more robust model was limited due to
the sample size. Specifically, the group of
transferred patients was small.

Finally, a confounding factor is likely that the
patients transferred were those with a potentially
higher chance of survival. This is evident by the
younger age of the cohort of patients transferred
to the tertiary care center. These patients are also
likely to have a longer length of stay with a need
for tracheostomy. Along with this, there would
be a greater potential for barotrauma.

This study has limitations. The knowledge of
appropriate management does not guarantee
compliance with these guidelines. The collection
of clinical variables to ensure appropriate care
was provided would have increased the
reliability of the results. In addition, other
variables and clinical data could have been

collected to show that the comparison groups are
similar. For example, clinical prediction scores
related to the severity of critical illness, ARDS,
and the probability of survival with ECMO
support were not collected. Likewise, the
administration of corticosteroids as part of the
treatment of COVID-19 was similarly not
evaluated. Likely, corticosteroids were utilized at
similar rates between the two institutions, but
this missing data reflects an important limitation
of our analysis. The low sample size of the
transfer group and unavoidable selection bias
also make the generalizability of these results
less feasible. Though attempts were made to
correct for covariates, all potentially important
confounders could not be considered, and
residual confounding is possible. The high
percentage of patients supported by ECMO
could be seen as a weakness. However, given the
expanding ability for off-site ECMO cannulation
and the growth of the number of ECMO-capable
centers, this treatment approach should be in the
arsenal of all ICUs, even if the center itself does
not have an ECMO program. A large previous
study has demonstrated similar results reflective
of improved survival among patients cared for at
an ECMO referral center [4]. Our results reaffirm
this prior finding and additionally demonstrate
improved survival despite standardized clinical
practices at the two included institutions.

CONCLUSION

Ultimately, this study highlights the improved
survivability in younger, baseline healthier
patients with ARDS and demonstrates the
multifaceted approach needed to treat these
patients. The transfer of eligible patients who
may benefit from the care of ECMO-capable
centers is still supported.
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