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Abstract

Background: The criteria for the selection of COVID-19 patients that could
benefit most from ECMO organ support are yet to be defined. In this study, we
evaluated the predictive performance of ECMO mortality predictive models in
patients with COVID-19. We also performed a cost-benefit analysis depending
on the mortality predicted probability. We conducted a retrospective cohort study
in COVID-19 patients who received ECMO at two tertiary care hospitals between
March 2020 to July 2021.

Materials and Methods: We evaluated the discrimination (C-statistic), calibra-
tion (Cox calibration), and accuracy of the prediction of death due to severe ARDS
in V-V ECMO score (PRESERVE), the Respiratory Extracorporeal Membrane
Oxygenation Survival Score (RESP) score, and the PREdiction of Survival on
ECMO Therapy-Score (PRESET) score. In addition, we compared the RESP score
with Plateau pressure instead of Peak pressure.

Results: We included a total of 36 patients, 29 (80%) of them male and with a me-
dian (IQR) APACHE of 10 (8-15). The PRESET score had the highest discrimina-
tion (AUROCS 0.81 [95%CI 0.67-0.94]) and calibration (calibration-in-the-large
0.5 [95%CI —1.4 to 0.3]; calibration slope 2.2 [95%CI 0.7/3.7]). The RESP score
with Plateau pressure had higher discrimination than the conventional RESP
score. The cost per QALY in the USA, adjusted to life expectancy, was higher than
USD 100000 in patients older than 45years with a PRESET > 10.

Conclusion: The PRESET score had the highest predictive performance and
could help in the selection of patients that benefit most from this resource-
demanding and highly invasive organ support.
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1 | INTRODUCTION

Acute respiratory distress syndrome (ARDS) caused by
coronavirus disease 2019 (COVID-19) is a severe and life-
threatening cause of respiratory failure.! Extracorporeal
membrane oxygenation (ECMO) was largely used in
patients with COVID-19 with ARDS.? However, the in-
formation regarding these patients is from retrospective
observational studies. In these studies, the ECMO indi-
cation in COVID-19 patients was between 1% and 7%.>"
This variability reflects the different availability of ECMO
equipment, experience, and trained personnel between
Intensive Care Units (ICU).

ELSO guidelines recommend evaluating ECMO sup-
port for COVID-19 patients with PaFi <80 for 6 h or <50
for 3h, after other measures have been attempted, in par-
ticular, prone positioning.* However, ECMO is a finite
resource and requires other finite resources (such as ICU
beds and staffing). The patient selection must be equitable
and judicious, however, it becomes more stringent as ICU
capacity diminishes.* In this way, better survival predic-
tion may improve resource utilization, allow risk-adjusted
comparison of centers, and help clinicians target patients
most likely to benefit from ECMO. This could be of ut-
most importance in a pandemic with unclear long-term
outcomes accompanied by a shortage of resources.’

Three mortality predictive models for patients with
respiratory failure treated with V-V ECMO have been de-
signed: (1) the PREdiction of Survival on ECMO Therapy-
Score (PRESET) score (published by Hilder et al.°
developed with a cohort of 108 patients) (Table S1); (2)
the Respiratory Extracorporeal Membrane Oxygenation
Survival Score (RESP) (developed by Schmidt et al.,” with
a cohort of 2355 patients) (Table S2); and (3) Prediction
of Death due to Severe ARDS in V-V ECMO score
(PRESERVE) (published by Schmidt et al.® developed
with a cohort of 140 patients) (Table S3). However, these
scores were developed in a pre-pandemic scenario.

Additionally, during the external validation of the
RESP score, the researchers changed one variable, they
used the Plateau pressure (>30 cm H,O) instead of the
Peak pressure (Peak pressure>42cm H,0O) because the
external validation database did not have the Peak pres-
sure.” In this way, a recent study reported good predictive
performance of the RESP score for ECMO patients with
COVID-19. However they used the modified RESP score
(Plateau instead of Peak pressure) because they did not
have Peak pressure.” This modification could have im-
proved the predictive performance of this well-known
score in COVID-19 since Plateau pressure is more re-
lated to death in ARDS than Peak pressure.” However, no
study compares these two versions of the RESP score for
COVID-19 patients.

During the COVID-19 surges, ECMO indications were
under continuous revision.'®'! In this regard, predictive
models for ECMO mortality could be a helpful tool in the
decision-making process of whether a patient should be
selected for ECMO support.

Additionally, the cost of this technology in develop-
ing countries has had significant repercussions,'? espe-
cially during the COVID-19 pandemic. The extended use
of ECMO requires highly specialized staff, and equip-
ment which increases resource use and hospital costs.®
Therefore, early identification of mortality risk proportion
could improve equitable access to this technology.

In this study we aimed to evaluate the discrimina-
tion and calibration of specific ECMO scores at the mo-
ment of the placement of V-V ECMO in patients with
COVID-19-related ARDS. We evaluated the PRESERVE,
the RESP with Peak, the RESP with Plateau, and the
PRESET scores. We also evaluated other classic scoring
systems such as the Sequential Organ Failure Assessment
(SOFA)," and Acute Physiology and Chronic Health dis-
ease Classification System II (APACHE II)."* Additionally,
we studied the usefulness of including the probability of
mortality in the calculation of QALYs.

2 | MATERIALS AND METHODS

2.1 | Study design

This retrospective study was performed in two ter-
tiary care hospitals, and all data was collected from
the Electronic Health Records (EHR). This study was
approved by the Institutional Review Board (Ethics
Committee of the Hospital Italiano de Buenos Aires
#5563) and adheres to the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE)
guideline (Table S4). Due to the retrospective design of
this study and anonymous data evaluation, the need for
informed consent was waived.

2.2 | Setting and participants

This study was carried out in the Hospital Italiano de
Buenos Aires (HIBA) and the Clinica Bazterrica, both
from the Ciudad Auténoma de Buenos Aires, Argentina.
The HIBA is a high-complexity third-level university hos-
pital, with 750 beds and 38 Intensive Care Unit (ICU) beds
for adult patients. Clinica Bazterrica is a high-complexity
hospital with 160 beds and 19 ICU beds for adult patients.
Both centers are Extracorporeal Life Support Organization
(ELSO) centers (Hospital Italiano de Buenos Aires #352
and Clinica Bazterrica #347).
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We included patients of over 18years of age with
COVID-19 infection, confirmed by reverse transcriptase
polymerase chain reaction (rtPCR) from nasopharyngeal
swabs, who received V-V ECMO due to COVID-19-related
ARDS. The patients admitted between March 2020, and
July 2021 were included.

2.3 | ECMO indication and management
The ECMO indications in both centers followed the rec-
ommendations of the ELSO for COVID-19.* We consid-
ered ECMO in patients with ARDS and paO,/FiO, ratio
less than 80 for 6h or less than 50 for 3h, in which all the
other treatment options, like lung protective mechanical
ventilation (MV), prone positioning, and neuro-muscular
blockade had been exhausted.

The decision to indicate ECMO required an evaluation
by an ECMO team consisting of intensivist physicians and
cardiothoracic surgeons. Percutaneous cannulation using
the Seldinger technique'® was our technique of choice for
VV ECMO. Both centers performed two-site cannulation
(femoral-jugular or femoral-femoral). As recommended
by ELSO,'® pre and post-membrane pressures were con-
tinuously monitored, and we conducted examinations of
the ECMO circuit twice a day to detect white platelet/fi-
brin thrombi and clots.

Both centers used unfractionated heparin to achieve
and maintain a targeted activated partial thromboplastin
time of 1 to 1.5 times above the normal range (20-35 s)
or a minimum anti-Xa heparin activity assay levels of
0.25U/ml.”

2.4 | Variables and data sources

Included patients were treated, per protocol, as part
of local standard care. Demographic data and medi-
cal history were collected at ICU admission from the
Electronic Health Record. The PRESERVE, RESP,
PRESET, SOFA, and APACHE II scores were meas-
ured at ECMO initiation. We also measured the Plateau
pressure, and we evaluated the modified RESP Score
(we used Plateau>30cm H,O instead of Peak>42cm
H,0).>’

Laboratory, treatment regimes, MV parameters, and
ECMO settings were evaluated during the whole ICU hos-
pitalization. Finally, complications occurring post-ECMO
implantation, including multi-organ failure, infections,
bleeding, and thromboembolic events, were recorded and
analyzed. The final outcome for all predictive models was
ICU survival.
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2.5 | Statistical analysis

Categorical variables were presented as proportions
and percentages and compared by chis-square test or
Fisher's exact test as appropriate. Quantitative variables
were presented as mean and standard deviation (SD),
or median and interquartile range (IQR), and compared
by Student's t-test or Mann-Whitney U test according to
distribution.

Toevaluate the predictive performance of each score, we
assessed Discrimination and Calibration. Discrimination
addresses the extent to which a model predicts a higher
probability of having an event among patients who will
versus those who will not have an event.'® Usually, it is
quantified with a concordance (c) statistic that is identi-
cal to the area under the receiver operating characteristic
(ROC) curve for a binary outcome.'® We used the c sta-
tistic with a 95% confidence interval (CI) as the discrim-
ination measurement and the Hanley and McNeil test to
compare them.

Calibration reflects the extent to which a model
correctly estimates the absolute risk. Poorly calibrated
models will underestimate or overestimate the outcome
of interest.'® Calibration can be assessed graphically in
a plot with predictions on the x-axis and the observed
endpoint on the y-axis, dividing groups of patients with
similar predicted risk by deciles of predictions.® In our
study, to assess the graphical evaluation, we divided
groups into quartiles of predictions because of our sam-
ple size. In this way, the Hosmer-Lemeshow goodness-
of-fit test compares observed predictions against ideal
predictions. However, the Hosmer-Lemeshow test does
not indicate the direction of any miscalibration and only
provides a p-value that, like any other hypothesis test,
depends on the sample size. Thus, since a p >0.05 in
the Hosmer-Lemeshow test represents good calibration,
if the database has a small sample size, all predictive
models would have good calibration. Therefore, we used
Cox's approach to evaluate calibration.® With this ap-
proach the perfect prediction must be on the ideal line,
and described with an intercept alpha (calibration-in-
the-large [CITL]) of 0 and slope beta (calibration slope)
of 1.

Additionally, we performed the Brier score to test the
predictive performance of each score, and to compare our
observations with Moyon et al.” The Brier score is influ-
enced by discrimination and calibration simultaneously,
and can range from 0 for a perfect model to 0.25 for a non-
informative model with a 50% incidence of the outcome.
However, this score does not evaluate the clinical utility
of diagnostic tests or prediction models.”” Therefore, to
assess the clinical usefulness of the predictive model in
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terms of net benefit (NB), we performed a decision curve
analysis (DCA).*"® For the whole range of decision
threshold probabilities (pt), the net benefit of the model
was compared to default strategies of treating all or no
patients.***

Additionally, we evaluated sensitivity, specificity, and
likelihood ratios for the score with the highest calibration
and discrimination. The optimal threshold was chosen
based on the Youden index.* Finally, we used the predic-
tive model with the best calibration and discrimination to
divide the population into high and low risk of death ac-
cording to the optimal threshold. We then compared time
to death in both groups with a Cox proportional-hazards
regression model. The regression model was used to esti-
mate the Hazard Ratio (HR) for in-hospital death in low
and high-risk groups. We also presented the Kaplan-Meier
curve. We used STATA v.16 for the statistical analysis.

2.6 | Cost-benefit analysis

We performed an economic evaluation of both cost-
effectiveness and cost-utility from the perspectives of the
publicly funded health and social care sector in middle-
income (Argentina) and high-income (United States [US])
countries. In the US, the mean total cost of ECMO organ
support ranges from United States dollar (USD) 105034 to
USD 335565, with an average of USD 200000.* In non-
US countries, the mean total cost of ECMO use is between
USD 42554 to USD 537554.%° In the participant centers,
ECMO cost was estimated at 80000 USD.

We selected the health-related quality of life reported
by the CESAR Trial.”® They measured the health utilities
through the Visual Analog Scale (VAS). The overall VAS
score six months after the ECMO weaning was 0.67 in the
CESAR Trial.*

In our study, the lifetime incremental cost-utility was
estimated with several simplifying assumptions: (1) age-
specific and sex-specific life expectancy for each surviving
patient were calculable from US*” and Argentinian®® life
tables (Table S5); (2) survival probability six months after
ECMO was calculated with the predictive model with best
calibration and discrimination; (3) after hospital discharge,
the average health-service expenditure for surviving pa-
tients was the same as that of similar age groups in the US
and Argentina. Therefore, the cost/QALY formula was:

cost/QALY
cost

~ life expectancy X health utilities X survival probability

For example, for a US male of 30years with a survival
probability of 60%, the calculated cost-utility for ECMO
was USD 7922 per QALY.

150 000

3 | RESULTS
3.1 | Demographic data

During the study period, a total of 315 adult patients with
severe COVID-19 were admitted to both ICUs. 239 pa-
tients required MV and 36 ECMO support (Figure S1).
Eighty percent of patients were male with a median (IQR)
age of 48 (41-59) years. The median(IQR) hospital length
of stay (LOS) was 49 (30-66) days, and the in-hospital
mortality of the series was 50% (n = 18). The clinical and
demographic characteristics of the study patients are in
Table 1.

Additionally, only one patient (2.7%) had a Peak pres-
sure>42, but 6 (16%) patients had a Plateau pressure > 30.
Therefore, only one patient scored points for this variable
in the RESP Score, but 6 patients scored points for this
variable in the RESP score with Plateau pressure.

3.2 | Discrimination and calibration

The PRESET score and the RESP calculated with the
Plateau score, with AUROCs of 0.81 (95%CI 0.67/0.94)
and 0.80 (95%CI 0.65/0.94), were the models with higher
discrimination (Table 2). The model with the worst
AUROC was the APACHE II with 0.52 (95%CI 0.32/0.72).
These differences were evaluated with the Hanley and
McNeil test, and were statistically significant (p <0.03).
The AUROCS graph is in Figure 1.

Regarding the calibration, the PRESET score had the
best calibration with a CITL of —0.54 (95%CI —1.4/0.3),
and a Slope of 2.2 (95%CI 0.7/3.7), therefore, both pa-
rameters were non-significantly different from the per-
fect calibration (CITL of 0 and SLOPE of 1). The RESP
score and the RESP score with Plateau had a CITL
significantly higher than 0, and the PRESERVE score
had a Slope significantly lower than 1 (Table 2). Also,
the PRESET score had the lowest Brier score with 0.18
(Table 2). For the graphic evaluation of the predicted/
observed probability, we divided the population into
four groups based on the average predicted probability
(Figure 2).

Additionally, decision curve analysis showed that the
PRESET score had a higher net benefit across a wide range
of threshold probabilities for death compared to RESP and
PRESERVE scores (Figure 3). The PRESET score has a
positive net benefit with threshold probabilities between
15% (PRESET score 2) and 85% (PRESET score of 10)
(Figure 3).



ECMO PREDICTIVE SCORES FOR PATIENTS WITH COVID-19

Artificial

-WI LEYJ—S

TABLE 1 Clinical and demographic
characteristics of study patients

Organs

All participants Survivors Non-survivors

Demographic characteristics

Male gender, no. (%)

Age, median (IQR)

Severity scoring, median (IQR)

APACHE II
SOFA day 1

Charlson

Comorbidities, no. (%)

Obesity
Active smoking
Diabetes

Coronary artery
disease

Asthma
COPD

Note: Missing data: none.

(n =36) (n=18) (n=18) p-overall
29 (80.6) 12 (66.7%) 17 (94.4%) 0.088
47.5[40.8;59.2]  44.0[39.2;49.5] 52.5[43.0;61.0] 0.064
10.0 [8.00; 14.5]  10.0 [8.00; 12.0] 10.0 [8.00;15.0] 0.817
5.50 [3.00; 7.00]  4.50 [2.25;6.00] 6.00 [4.00;7.75] 0.203
0.00 [0.00; 1.00] 0.00 [0.00; 1.00] 0.50 [0.00; 2.00] 0.327
21 (58.3%) 10 (55.6%) 11 (61.1%) 0.99
9 (25.0%) 5(27.8%) 4(22.2%) 0.99
6 (16.7%) 2(11.1%) 4(22.2%) 0.658
4(11.1%) 1(5.56%) 3(16.7%) 0.603
3(8.33%) 1(5.56%) 2(11.1%) 0.99
2(5.56%) 0 (0.00%) 2(11.1%) 0.486

Abbreviations: APACHE II, Acute Physiology and Chronic Health disease Classification System II;
COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; IQR, interquartile range; LOS,

length of stay; SOFA, sequential organ failure assessment.

TABLE 2 Calibration, discrimination and brier value of each score

AUROC CITL Slope Brier
SOFA Score 0.60 (95%CI 0.41-0.79) 0.43 (95%CI —0.2/1.14) 2.31 (95%CI 1.6/3.04) 0.38
APACHE IT 0.52 (95%CI 0.32-0.72) 0.2 (95%CI —0.72/1.12) 1.92 (95%CI1 1.22/2.62) 0.36
RESP score 0.78 (95%CI 0.62-0.93) 1.20 (95%CI 0.53/1.86) 3.02 (95%CI 0.78/5.25) 0.28
RESP Score with plateau 0.80 (95%CI 0.65-0.94) 1.15 (95%CI 0.48/1.82) 3.05 (95%CI 0.95/5.16) 0.27
PRESERVE score 0.64 (95%CI 0.45-0.83) 3.1(95%CI 2.33/3.92) 0.39 (95%CI —0.05/0.84) 0.37
PRESET score 0.81 (95%CI 0.67-0.94) —0.22 (95%CI —0.92/0.46) 2.2 (95%C10.7/3.7) 0.18

Abbreviations: AUROC, area under the ROC curve; CITL, calibration in the large; PRESERVE, prediction of death due to severe ARDS in V-V ECMO score;
PRESET, PREdiction of survival on ECMO therapy-score; RESP, respiratory extracorporeal membrane oxygenation survival score.

3.3 | Evaluation of the accuracy

According to the Youden index, the optimal threshold
for the PRESET score was 7 (sensitivity of 67%, specificity
of 89%, and accuracy of 78%). The sensitivity, specificity,
and likelihood ratios of the PRESET score are in Table S6.
Additionally, the Kernel density population distribution
in patients who died and survived ECMO depending on
the PRESET score are in Figure S2.

According to the optimal threshold of the PRESET
score, mortality in patients with a PRESET score equal to
or higher than 7 was 86% (95%CI 57%/98%), and in patients
with PRESET lower than 7 was 27% (95%CI 10/50%). The
Hazard Ratio of mortality in patients with PRESET equal
to or higher than 7 compared with patients with a lower

score was 4,16 (CI 95% 1.21/14.33). Figure S3 shows the
Kaplan-Meier curve.

3.4 | Cost-benefit analysis

The USD/QALY relation for the US towards age, sex, and
survival probabilities are in Table 3. Clinical situations
with USD per QALY costs higher than USD 100000 are in
red because the Institute for Clinical and Economic Review
(ICER) from the US uses a threshold of USD 100000-
150000%° as the maximum cost per QALY. In Argentina,
as there is no established threshold per QALY, we did
not determine these limits. The USD/QALY relation for
Argentinians is in Table S7 of supplementary material.
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4 | DISCUSSION

In this retrospective multicenter research, we evaluated
the external validity of the ECMO mortality predictive
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FIGURE 1
operating characteristic (AUROC).
APACHE II, Acute Physiology and
Chronic Health disease Classification
System II; PRESERVE: prediction of
death due to severe ARDS in V-V ECMO
score; PRESET: PREdiction of survival on
ECMO therapy-score; SOFA: sequential
organ failure assessment; RESP:
respiratory extracorporeal membrane
oxygenation survival score.

Area under the receiver

FIGURE 2 Calibration by quartiles
of the RESP score, APACHE II, SOFA,
PRESERVE score and PRESET for

the prediction of outcome mortality.
APACHE II, Acute Physiology and
Chronic Health disease Classification
System II; PRESET, PREdiction of survival
on ECMO therapy-score; PRESERVE:
prediction of death due to severe ARDS
in V-V ECMO score; RESP, respiratory
extracorporeal membrane oxygenation
survival score; SOFA, sequential organ
failure assessment.

models in COVID-19 patients. The PRESET score pre-
sented a better performance in terms of discrimination
and calibration. On the other hand, we determined that

SOFA and APACHE II scores do not seem useful for
COVID-19 patients.
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and the y-axis the net benefit. RESP, respiratory extracorporeal membrane oxygenation survival score; PRESERVE, prediction of death
due to severe ARDS in V-V ECMO score; PRESET, PREdiction of survival on ECMO therapy-score.

Broman et al. reported® that survival in COVID-19
ECMO patients was 53% (770) in the first wave and 44%
(677; p <0.0001) in the second wave’'; also Lockhart
et al. informed a 57% ECMO survival rate in Argentina.*
Therefore, to avoid futility, predictable complications, and
therapeutic obstinacy, the decision to start ECMO should
rely on the best available evidence (Table 3).

Four studies evaluated the discrimination of the main
ECMO mortality predictive models in COVID-19 patients,
and they had heterogeneous results. The first study was
in Germany with 19 patients, and they observed that
the RESP score had an AUROC of 0.79, equal to our
observations.™

In the second study, Moyon et al. reported that the
RESP score was the best predictive model in ECMO
COVID-19 patients.5 However, this study did not evaluate
the PRESET score, and they used Plateau pressure instead
of Peak pressure to calculate the RESP score. The origi-
nal RESP score includes Peak pressure. However, Plateau
pressure was also used in the external validation of the
original RESP score study (as the external database did not
have Peak pressure).>’

The RESP score has been developed for every patient
with respiratory failure, including asthma or trauma.
In these diseases, Peak pressure has predictive value.

However, in ARDS, Plateau pressure is more closely re-
lated to mortality than Peak pressure.’ In this sense, Joshi
et al.>* observed that the RESP Score (with Peak pressure)
did not have good predictive performance for ECMO
COVID-19 patients. They suggested that a recalibration of
the RESP score may be necessary for different types of re-
spiratory diseases and different treatment regimes.**
Supady et al. also evaluated the RESP and PRESERVE
scores in 127 patients with COVID-19 treated with V-V
ECMO in 15 centers. They reported low discrimination
for both scores and concluded that these scores should not
have been recommended for treatment decisions.'! Finally,
Tabatabai et al. also evaluated the accuracy of the RESP
score in 40 patients under V-V ECMO for COVID-19. They
reported that the RESP score had a bad predictive perfor-
mance for mortality prediction in COVID-19 patients.*
The discrepancy between Moyon et al.’ (the only
study that reported a good performance of RESP score for
COVID-19) and Joshi et al.,> Supady et al.,'! Tabatabai
et al.** and our study may be because Moyon et al. im-
proved the RESP score using Plateau pressure instead
of Peak pressure. We compared both RESP scores (with
Peak and with Plateau pressure) and we observed that the
RESP Score with Plateau pressure has higher discrimina-
tion than the RESP score with Peak pressure. In turn, we
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hypothesized that this modification of the RESP score,
using Plateau instead of Peak pressure, could have a bet-
ter predictive performance for ARDS patients without
COVID-19. However, more studies are needed to test this
hypothesis.

The only study that evaluated the PRESET score for
COVID-19 patients was Tabatabai et al. They compared
PRESET against RESP in patients who had ECMO for
COVID-19 in a prospective cohort. They found that all
patients with a PRESET-Score equal to or lower than 6
survived, and patients with a score of 7 or higher had an
increased risk of mortality. This was the same cutoff ob-
served in our study, although they reported an accuracy
of 100% for this threshold, and we observed an accuracy
of 78%. They also reported that the RESP score (with Peak
pressure) did not have any utility in predicting mortality.*

Finally, of the previous studies, only Moyon et al. eval-
uated the calibration of the models with the Hosmer-
Lemeshow goodness-of-fit test. However, this test depends
on the sample size. In this way, they found that all eval-
uated predictive models had a p >0.05, even the SOFA
score (which has the worst discrimination).’ The Hosmer—
Lemeshow goodness-of-fit test does not indicate the direc-
tion of any miscalibration and only provides a p-value for
differences between observed and predicted endpoints
per group of patients. Therefore, all predictive models are
going to be well calibrated if the database is small.'* On
the other hand, the older recalibration idea as proposed by
Cox in 1958 sustained that perfect prediction should be on
the ideal line, with a CITL (“A”) of 0 and slope beta (“B”)
of 1.3 Thus, if the 95%CI of the CITL does not include 0
and the 95%CI of the Slope does not include 1, the model
is not well calibrated.® Of course, this also depends on
the sample size, but in our study with 36 patients, we have
a large enough sample size to see that the only predictive
model that achieved both 95%CI included in the perfect
prediction values was the PRESET score. Additionally,
we performed a decision curve analysis to evaluate which
model had the highest Net benefit. Through this analysis,
we observed that the PRESET score also has the highest
net benefit.

Finally, we performed a cost-effectiveness analysis with
the cost per QALY analysis. There is some controversy
regarding the quality of life after ECMO.?” Some studies
reported a benefit of ECMO over conventional MV,2%#
while others reported worse outcomes for ECMO***° or
no difference.*! For this study, we select the health-related
quality of life reported by the CESAR Trial and by Kanji
et al.’” However, two critical patients of the same age who
need ECMO, even if one has a 10% possibility of surviving
and the other 90%, both have the same QALY. Therefore,
we propose to add the output of the best predictive model
to the calculation of QALYs. Through this analysis, we can
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see in Table 2 that the cost per QALY has a huge variation
depending on the survival probabilities of the patient. In
addition, we were able to calculate at what PRESET score
and age a patient exceeded the cost per QALY cutoff point
of the Institute for Clinical and Economic Review (ICER)
from the US.” However, the proposal to add mortality
probabilities to the QALY cost analysis should be further
evaluated by the scientific community.

There are several strengths in our study. It is the first
that evaluates the calibration and discrimination of the
PRESET score among COVID-19 patients with ECMO,
whereas Tabatabai et al. only evaluated the accuracy of
PRESET. Previously, the PRESET score has shown an
excellent performance in predicting mortality in non-
COVID-19 ARDS patients requiring ECMO.® Another
strength is that we performed a cost-effectiveness analysis,
even though this was not the main objective of this study.
It is important to include this type of analysis, especially
regarding this high-cost technology in low and middle-
income countries, such as Latin-American countries, to
improve equitable access to this technology.

Our study has some limitations. First, the small sam-
ple size: due to the cost of this technology in our envi-
ronment, its use is limited. However, the sample size
was sufficient to find differences between the different
predictive models evaluated. Second, our patients were
treated in two high-complexity academic hospitals in
Argentina, limiting the generalizability. Third, we used
the health utilities calculated in the CESAR Trial (we did
not calculate the utilities in our setting). Therefore, the
USD/QALY relation for Argentinians lacks robustness.
An analysis of the Health Utilities of ECMO survivors
in the Latin-American population should be carried out.
Fourth, the maximum cost per QALY was available only
in the US (from the Institute for Clinical and Economic
Review?) because Argentina has not established a max-
imum cost per QALY. Finally, in this study, we did not
compare the predictive performance of the ROCH score
and other ECMO scores.

5 | CONCLUSION

The present study observed that the PRESET score had
the highest calibration and discrimination for mortal-
ity prediction in ECMO organ support for COVID-19
patients. We also observed that the RESP score could be
improved if Plateau pressure is used instead of Peak pres-
sure. Additionally, we propose adding the outcome of the
mortality prediction model to the ECMO's cost-benefit
analysis. However, due to our sample size, further re-
search is required to optimize the external validation of
ECMO scores.
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