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Background. In this study, we evaluate the previously reported novel Minnesota Score for association with in-hospital mortality
and allocation of venovenous extracorporeal membrane oxygenation in patients with acute respiratory distress syndrome with or
without SARS-CoV-2 pneumonia. Methods. *is was a retrospective cohort study across four extracorporeal membrane oxy-
genation centers inMinnesota. Logistic regression was used to assess the relationship between the scores and in-hospital mortality,
duration of ECMO cannulation, and discharge disposition. Priority groups were established statistically by maximizing the sum of
sensitivity and specificity and compared to the previous qualitatively established priority groups. Results. Of 124 patients included
in the study, 38% were treated for COVID-19 acute respiratory distress syndrome. *e median age was 48 years, and 73% were
male. *e in-hospital mortality rate was 38%. *e Minnesota Score was significantly associated with in-hospital mortality only
(OR 1.13, p � 0.02). Statistically determined cut points were similar to qualitative cut points. SARS-CoV-2 status did not change
the findings. Conclusions. In our patient cohort, the Minnesota Score is associated with increased mortality. With further
validation, proposed priority groups could be utilized for allocation of ECMO in times of increasing scarcity.

1. Introduction

Venovenous extracorporeal membrane oxygenation (V-V
ECMO) improves survival of patients with severe respiratory
failure, particularly in those with acute respiratory syndrome
(ARDS) [1]. SARS-CoV-2 (COVID-19) appeared in late
2019 and is associated with a range of clinical courses [2]. In
severe cases, pneumonia from COVID-19 can cause ARDS,
leading to poor outcomes [3, 4]. V-V ECMO has been
successfully used in the treatment of these patients with
recent studies reporting survival rates similar to pre-
COVID-19 patients. [5–7].

Shortages of equipment and personnel have been re-
ported throughout the pandemic in part due to the lack of an
organized, national response [8]. ECMO requires extensive
resources and patients with ARDS secondary to COVID-19
pneumonia tend to have long runs, with some studies
reporting averages as high as 17–21 days [5, 6, 9]. *is can
exacerbate shortages and has led to a need for a system for
allocation of ECMO that fairly and accurately assesses a
patient’s likelihood of benefit during periods of scarcity. *e
RESP score, which is often used to predict survival for
patients treated with ECMO for respiratory failure is neither
validated in patients with COVID-19 nor was designed as an
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allocation tool during times of scarcity [10]. In March 2020,
the Extracorporeal Life Support Organization (ELSO) re-
leased guidelines for use of V-V ECMO during the COVID-
19 pandemic which prioritized younger patients without
significant comorbidities [11]. Various private and public
health groups have attempted to expand on this recom-
mendation with more elaborate algorithms [12]. While
several allocation systems have been proposed, to our
knowledge, their performance has not been formally
assessed.

Early in the pandemic, the Minnesota ECMO Consor-
tium, which consists of four ECMO directors in the state of
Minnesota, worked together to formulate an allocation
system to use at their centers. *is led to the creation of the
Minnesota (MN) Score, which is described in a previous
paper by our group and was adapted from a previously
published model for allocation of critical care resources by
White et al. [12, 13]. *e qualitatively derived MN Score was
intended to be used to help determine allocation of ECMO
in the state should resources become scarce. In this paper, we
statistically evaluate the MN Score in patients treated with
V-V ECMO for ARDS before and during the pandemic to
assess its utility for resource allocation and its association
with key outcomes of mortality, duration of ECMO can-
nulation, and discharge destination. We also compare it to
the RESP score.

2. Materials and Methods

2.1. Study Design and Participants. *is was a retrospective
study that included patients placed on V-V ECMO for ARDS
who were treated at one of four adult Extracorporeal Life
Support Centers of Excellence in Minnesota from 2013 to
2020. *e populations are summarized in Figure 1, which
included a subanalysis to evaluate the effect of COVID-19.
*e first population included adult patients receiving V-V
ECMO for ARDS at the University of Minnesota from
January 1, 2013, to December 31, 2020, excluding patients
who received ECMO as a bridge to lung or heart trans-
plantation or who received ECMO as well as an implantable
ventricular assist device for refractory heart failure. *e
second population included patients with ARDS due to
COVID-19 pneumonia who received V-V ECMO at one of
the four adult ECMO centers in Minnesota. Using retro-
spective chart review, we collected patient and disease
characteristics as well as outcomes including in-hospital
mortality, ECMO duration, and discharge disposition. We
then calculated each patient’s MN Score and RESP score
using data prior to the time of cannulation. All data was
stored in a REDCap electronic data capture tool provided by
the University of Minnesota [14]. *e study was reviewed
and approved by the institutional review board at each
institution.

2.2. Minnesota Score. *e MN Score consists of three do-
mains that are superimposed on a matrix to produce a single
score ranging from 3 to 22.*e first domain is a 3× 2 matrix
that integrates anticipated survival and duration of ECMO

based on indication for V-A or V-V ECMO. *e second
domain is the SOFA score and has four groups: less than 6,
6–8, and 9–11, and greater than or equal to 12. *e third
domain is age and has 3 groups: less than 40, 41–60, and
61–75. *e final score is derived from a matrix that assigns
different weights to various domain scores and combina-
tions of scores. *e resulting score can then be used to
determine the priority group. Initially, there were three
proposed priority groups; the highest priority group in-
cludes scores 3–8, the intermediate priority is 9–12, and the
lowest priority group consists of scores greater than 12. *e
score and its components are summarized in Supplemental
Tables 1−4.

2.3. Statistical Analysis. Analysis was conducted using
Microsoft Excel (Microsoft, RedmondWA) and R (R Core
Team, 2018). Basic descriptive characteristics were analyzed
and reported as mean with standard deviation or median
with interquartile range. Two-tailed t-tests, Wilcoxon rank-
sum test, and chi-square tests were used to determine if there
were significant differences between the COVID-19 and
non-COVID-19 groups. Using three regression models, we
assessed whether increasing MN scores were associated with
increased mortality, duration of ECMO cannulation, and
discharge disposition. For ECMO duration, we performed a
linear regression after log-transforming the variable, then
assessed whether the regression was affected by COVID-19
status by adding it into themodel as a covariate.*is analysis
was repeated for the RESP score. Using ROC analysis,
statistically optimal cut points for the MN Score were
identified for three levels of priority by maximizing sensi-
tivity and specificity for in-hospital mortality. A chi-square
test was then used to examine whether mortality was dif-
ferent between the priority levels.

3. Results

3.1. Patient Characteristics. A total of 124 patients met our
inclusion criteria and were analyzed; their baseline char-
acteristics, hospital disposition, and mortality are detailed in
Table 1. *e most prevalent comorbidities were obesity
(55%), tobacco use (42%), hypertension (34%), diabetes
(24%), and hyperlipidemia (23%). *e mean BMI was 31 kg/
m2 (SD 7). *e mean SOFA score was 8 (SD 3), the mean
RESP score was 2.2 (SD 3.1), and the mean MN score was 8
(SD 4). *e mean time on ECMO was 17 days (SD 15). *e
overall in-hospital mortality rate was 38%; of the remaining
patients, 14% were discharged to home and 48% were
discharged to a rehabilitation facility. At 30 days post dis-
charge, no additional mortalities were identified; however,
13 patients were lost to follow-up.

3.2. COVID-19 and Non-COVID-19 Groups. Most of the
patient characteristics were not significantly different be-
tween the COVID-19 (n� 47) and non-COVID-19 groups
(n� 77) (Table 1). *e COVID-19 group had significantly
older patients (median 53, IQR 46–57), p � 0.006), a higher
percentage of males (85%, p � 0.014), more patients with
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diabetes mellitus (36%, p � 0.02), fewer patients who use
tobacco (17%, p< 0.001), and lower SOFA scores (mean 7,
SD 2, p< 0.001). *e distribution of race and ethnicity was
significantly different between COVID-19 and non-COVID-
19 groups (p< 0.001) with an increased frequency of self-
identified Black (49%), Hispanic (34%), and Asian (11%)
patients treated for COVID-19 ARDS.

3.3. Outcomes. *e MN Score was significantly associated
with in-hospital mortality (Table 2, OR� 1.13, 95% CI
1.02–1.24, p � 0.02). Adjusting for the COVID-19 pneu-
monia ARDS as the primary indication for ECMO did not
change the predictive ability of the MN score (OR� 1.43,
95% CI 0.64–3.21). *e RESP score was not significantly
associated with mortality (Table 2, OR� 0.94, 95% CI

Table 1: Demographics and comorbidities of patients treated with venovenous extracorporeal membrane oxygenation for acute respiratory
distress syndrome with and without COVID-19.

Characteristic All patients n� 124 Without COVID-19 n� 77 With COVID-19 n� 47 p value
Age, median (IQR) 48 (38–57) 43 (34–57) 53 (46–57) 0.006∗

Sex, n (%) Male 91 (73) 51 (66) 40 (85) 0.014∗

Race, n (%)

American Indian 3 (2) 2 (3) 1 (2)

<0.001∗
Asian 8 (6) 3 (4) 5 (11)
Black 21 (17) 10 (13) 11 (49)

White, Hispanic 20 (16) 4 (5) 16 (34)
White, non-Hispanic 66 (53) 52 (68) 14 (30)

BMI, mean (SD) 31 (7) 31 (7) 32 (6) 0.86

Comorbidity, n (%)

Obesity 68 (55) 42 (55) 26 (55) 0.93
Tobacco use 52 (42) 44 (57) 8 (17) <0.001∗
Hypertension 42 (34) 23 (30) 19 (40) 0.22

Diabetes mellitus 30 (24) 13 (17) 17 (36) 0.02∗
Hyperlipidemia 28 (23) 16 (21) 12 (26) 0.54

Asthma 13 (10) 10 (13) 3 (6) 0.24
COPD 12 (10) 10 (13) 2 (4) 0.11

Coronary artery disease 10 (8) 7 (9) 3 (6) 0.59
Chronic kidney disease 9 (7) 5 (6) 4 (9) 0.67

SOFA, mean (SD) 8 (3) 9 (3) 7 (2) <0.001∗
RESP, mean (SD) 2.2 (3.1) 2.2 (3.0) 2.2 (3.3) 0.98

Disposition, n (%) Home 15 (14) 12 (17) 3 (7) 0.12
Rehabilitation 48 (43) 31 (45) 17 (40) 0.65

In-hospital mortality, n (%) 47 (38) 29 (38) 18 (38) 0.94
SOFA, sequential organ failure assessment score; RESP, respiratory ECMO survival prediction score; BMI, body mass index; COPD, chronic obstructive
pulmonary disease; COVID-19, severe acute respiratory syndrome coronavirus 2. ∗p< 0.05.

Adults placed on V-V ECMO
N=148

COVID Positive COVID Negative

Minnesota ECMO
Consortium

(2020)
N=51

University of Minnesota
V-V ECMO Database

(2013-2020)
N=97

4 patients excluded 20 patients excluded

18 patients died
prior to discharge

29 patients died
prior to discharge

48 patients survived
to discharge

29 patients survived
to discharge

38% Mortality 38% Mortality

Figure 1: Flow chart describing patient selection.*ere were two primary groups that were evaluated. COVID-positive patients were treated
at one of four ECMO centers of excellence in 2020. COVID-negative patients were treated at the University of Minnesota from 2013 to 2020.
Mortality was equal between the groups (p � 0.94).
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0.84–1.07, p � 0.39). Neither score was significantly asso-
ciated with duration of ECMO cannulation (MN score
p � 0.051, R2 � 0.031, coefficient� −1.51; RESP score
p � 0.843, R2 � 0.0003, coefficient� 0.13) or disposition at
hospital discharge to a rehab facility (MN score coef-
ficient� 0.03, R2 � 0.03, p � 0.74, RESP score
coefficient� −0.13, R2 � 0.01, p � 0.25).

3.4. Priority Groups. For the MN Score, statistically deter-
mined optimal cut points were ≤7 for high priority and >9
for low priority using in-hospital mortality as the metric to
determine cut points. In-hospital mortality rates were cal-
culated and found to be 30% for the high-priority group,
36% for the intermediate-priority group, and 54% for the
low-priority group (Figure 2, p � 0.05). ROC analysis
showed an AUC of 0.66 (sensitivity 0.83, specificity 0.43, CI
6–10) for the first cut point and 0.55 (sensitivity 0.84,
specificity 0.31, CI 9–22) for the second (Supplemental
Figure 1). Supplemental Figure 4 shows these groups in
COVID-19-positive patients only.

We also tested a more extreme version of the priority
groups that put the high priority group cut point at 4 since
no patients with a score of 4 or lower died; the low priority
group consisted of those with scores of 9 or higher. In-
hospital mortality rates were calculated and found to be 0%
for the high-priority group, 34% for the medium-priority
group, and 54% for the low-priority group (Supplemental
Figure 2, p � 0.04). We also examined the originally pro-
posed priority groups which had the cut points as 8 and 12.
In-hospital mortality rates were calculated and found to be
31% for the high-priority group, 61% for the medium-pri-
ority group, and 48% for the low-priority group (Supple-
mental Figure 3, p � 0.03). *e distribution of the RESP
score is shown in Figure 3 along with mortality rates for each
score. Notably, survival rates do not appear to relate to
increasing or decreasing RESP score.

4. Discussion

*e COVID-19 pandemic led to a shortage of resources
during critical periods of surging caseloads [8]. As a result,
clinicians and healthcare systems have sought equitable and
accurate systems of allocation for various resources, most
prominently ventilators [15]. ECMO is a resource-intensive
therapy, and multiple allocation algorithms have been
proposed during the COVID-19 pandemic but given the
short timeframe, none have been validated [12]. We

evaluated the MN Score and found that it was significantly
associated with in-hospital mortality and with further val-
idation, could be used for allocation during resource
scarcity.

*e MN Score was developed by the Minnesota ECMO
consortium, which consists of representatives from all four
adult Extracorporeal Life Support Centers of Excellence in
Minnesota. It is specific to ECMO and can be used for V-V
or V-A patients [12]. It was inspired by a model developed at
the University of Pittsburgh Medical Center for the ethical
allocation of scarce critical care resources, particularly
ventilators [13]. *is score utilizes age, SOFA score, and
underlying pathology which provides determines antici-
pated survival and duration of ECMO cannulation. How-
ever, this score was developed in a qualitative manner at the
beginning of the pandemic when little to no data was
available for COVID-19 patient outcomes on ECMO. With
this study, we sought to statistically evaluate the MN Score
by determining its associations with key outcomes and
evaluating the accuracy of the cut points.

Our study found the MN Score was significantly asso-
ciated with in-hospital mortality in patients treated with V-V
ECMO for ARDS. COVID-19 status did not significantly
change the result, suggesting that this model can be used in
COVID-19 and non-COVID-19 patients, which is advan-
tageous given the current uncertainty around the duration of
the pandemic and its impacts on the healthcare system. *e
MN Score was not associated with discharge disposition or
time on ECMO.*is was surprising given the incorporation
of expected ECMO duration as part of the MN score tier
system. *is suggests it may be difficult for clinicians to
predict ECMO length and a score that more accurately
predicts ECMO duration may be particularly useful during
times of scarcity. In future studies, we hope to further
evaluate the priority groups and their cut points. *e middle
group in particular is likely skewed by a low sample size and
may not be clinically useful. We may find that with a larger
data sample new cut points emerge, or that it would make
more sense to have just a low- and high-priority category
with no middle category.

Interestingly, RESP scores were not associated with in-
hospital mortality in this cohort. Furthermore, the
mortality rates for each RESP score did not show a
consistent trend in our population (Figure 3). Given the
study design and limited sample size, we cannot fully
assess the use of the RESP score in allocation of scarce
resources. However, the RESP score does have several
shortcomings in the current environment while the MN
score has several advantages. First, the MN score is easy to
use and has relatively few components which are typically
readily available for patients transferred from rural facilities
or from out of state. In contrast, the RESP score requires
extensive data which may be difficult to find or unavailable
in many patients, especially those who are transferred from
outside facilities [10, 16]. Particularly in the United States,
where there is no national healthcare system and patients are
often transferred to tertiary care centers, heavy reliance on
specific labs or interventions can be a barrier to utility. In our
study, over 60% of the patients were referred from a non-

Table 2: In-hospital mortality odds ratios for the Minnesota Score
and respiratory ECMO survival prediction score. For one point
increase in the score, the odds ratio represents an increase in
mortality.

Scoring
system In-hospital mortality odds ratio (95% CI, p value)

MN 1.13 (1.02–1.24, 0.02∗)
RESP 0.94 (0.84–1.07, 0.39)
MN, Minnesota ECMO score; RESP, respiratory ECMO survival prediction
score; CI, confidence interval. ∗p value <0.05.
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ECMO hospital, with ECMO frequently initiated prior to
transfer. Second, the MN Score does not use comorbidities.
From an equity perspective, comorbidities are increased in
certain populations, and their use in determining benefit or
allocation could exacerbate already existing health dispar-
ities [17]. *is also increases the convenience of the score, as
comorbidities are not always available for transfer patients

or may not be apparent in patients who lack regular access to
medical care. Finally, the MN Score lends itself to catego-
rization in priority groups which can be used in the event of
resource scarcity. While the originally proposed groups were
not associated with monotonically increasing mortality, the
statistically optimized cut points did show a monotonic
increase in mortality.
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Figure 3: Respiratory ECMO survival prediction (RESP) score distribution and in-hospital mortality rates.*ere is no consistent pattern of
increasing mortality with decreased RESP score.
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Figure 2: Minnesota Score distribution and priority groups that are statistically optimized for specificity and sensitivity. Percentages above
each bar represents the mortality for that specific score. Chi-square analysis confirmed statistically significant increase in mortality between
priority groups (p � 0.05). ROC analysis showed an AUC of 0.66 for the first cut point and 0.55 for the second.
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*ere are limitations to our study as a preliminary
statistical evaluation of the MN Score. First, the data
analysis was performed in a retrospective manner and is
therefore limited by increased risk for misclassification
bias and confounding. Additionally, our sample size was
small, which may have limited our ability to detect a
statistically significant effect with the RESP score. *is
small sample size also limited our ability to analyze in-
dividual elements of the Minnesota Score and further
optimize cut points. Another limitation was that the
COVID-19 patients were from multiple sites, which may
have had institutional differences and varied protocols
that could have impacted the results. *is was in part
mitigated by the fact that all the sites were part of a
consortium with agreed upon selection criteria and care
protocols. Similarly, most of the non-COVID-19 patients
were from prior to 2020. *erefore, it is possible that
substantial secular trends in critical care management of
ARDS or ECMO may have contributed to our findings.
*e groups also contained some statistically significant
differences, including different age, sex, race, and rates of
diabetes mellitus.*ese differences can likely be attributed
to underlying risk factors for severe COVID-19 ARDS,
which have been well established [18]. Finally, our study
only examines the scores in the context of ARDS treated
with V-V ECMO. *ese results are not generalizable to V-A
ECMO patients or V-V ECMO patients with other indica-
tions for ECMO, including bridge to transplant. Nevertheless,
the MN Score does have internal and face validity within the
context of COVID-19 and is at a minimum appropriate for
this population. To address some of these limitations, we
believe the MN Score should be further validated in larger
populations with split training and testing datasets and
eventually incorporated into a prospective trial. One mech-
anism for increasing sample size is using the ELSO registry,
and we hope to use this data in future studies to further
evaluate the MN Score.

5. Conclusions

*e MN Score is associated with increased mortality and
proposed priority groups can be utilized for allocation of
ECMO in times of increasing scarcity.
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ECMO: Extracorporeal membrane oxygenation
V-V-: Venovenous
V-A-: Venoarterial
ARDS: Acute respiratory distress syndrome
COVID-19: SARS-CoV-2 virus
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