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Key Factors in Decision Making for ECLS:
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Background. Extracorporeal life support (ECLS) provides support to patients with cardiopulmonary failure refrac-
tory to conventional therapy. While ECLS is potentially life-saving, it is associated with severe complications; deci-
sion making to initiate ECLS must, therefore, carefully consider which patients ECLS potentially benefits despite its
consequences. Objective. To answer 2 questions: First, which medically relevant patient factors influence decisions to
initiate ECLS? Second, what are factors relevant to decisions to withdraw a running ECLS treatment? Methods. We
conducted a factorial survey among 420 physicians from 111 hospitals in Switzerland and Germany. The study
included 2 scenarios: 1 explored willingness to initiate ECLS, and 1 explored willingness to withdraw a running
ECLS treatment. Each participant responded to 5 different vignettes for each scenario. Vignettes were analyzed using
mixed-effects regression models with random intercepts. Results. Factors in the vignettes such as patients’ age, treat-
ment costs, therapeutic goal, comorbidities, and neurological outcome significantly influenced the decision to initiate
ECLS. When it came to the decision to withdraw ECLS, patients’ age, days on ECLS, criteria for discontinuation,
condition of the patient, comorbidities, and neurological outcome were significant factors. In both scenarios,
patients’ age and neurological outcome were the most influential factors. Conclusions. This study provided insights
into physicians’ decision making processes about ECLS initiation and withdrawal. Patients’ age and neurological sta-
tus were the strongest factors influencing decisions regarding initiation of ECLS as well as for ECLS withdrawal.
The findings may contribute to a more refined understanding of complex decision making for ECLS.
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Introduction

Extracorporeal life support (ECLS) and extracorporeal
membrane oxygenation (ECMO) are methods to provide
mechanical support to patients with cardiopulmonary
failure by a modified heart–lung machine. In the follow-
ing, the comprehensive term ECLS, which includes all
forms of heart and lung support, is used. There are 2 var-
iations of ECLS: venovenous (VV) ECLS, which pro-
vides lung support only, and venoarterial (VA) ECLS,
which supports both the heart and lungs.1 ECLS is not a
cure but can sustain someone in emergency situations,2

specifically in cardiac3 and respiratory settings.4–6

ECLS is potentially lifesaving, but it is highly invasive
and associated with severe complications, including
hemorrhage, thromboembolism, and neurological com-
plications.7 The increasing availability8 and belief that
ECLS has become safer9 have generated several ethical
questions,10–12 such as which patients should receive
ECLS treatment, what the duration of ECLS support
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should be, and in what cases ECLS support should be
discontinued.

Decision making to initiate ECLS should aim to select
patients for whom ECLS is potentially beneficial. How-
ever, ECLS is a complex intervention, time sensitive, and
dependent on the capacity of the medical centers in terms
of both expertise and resources. Moreover, ECLS is an
emerging technology, and current, evidence-based guide-
lines do not always apply to the specific, complex, clinical
reality of individual situations.13 Timely, demanding deci-
sions in clinically uncertain circumstances require heuristic
short-cuts. While such ‘‘rules of thumb’’ allow clinicians to
make quick decisions, they lack rigor; precision and accu-
racy must be weighed against speed and ease.14

Given these considerations, there is a growing need to
better understand the decision making processes to initi-
ate and to withdraw ECLS in adult patients. The goal of
the present study was to answer 2 questions: First, which
medically relevant patient factors influence decisions to
initiate ECLS? Second, what are factors relevant to deci-
sions to withdraw a running ECLS treatment?

Methods

Study Design

A factorial survey was conducted that presented vign-
ettes designed to explore physicians’ ELCS initiation and
withdrawal decision making.15,16 Each vignette consisted
of factors that were varied along a spectrum; for age, for
example, there were 7 variations ranging from 35 to 90,
or, for costs, for example, there were 2 variations: cov-
ered or not covered. In vignettes addressing initiation,
there were 7 varying factors, and in the vignettes

addressing withdrawal, there were 8 varying factors
(Table 1 and Table 2). All variations of all the factors
could be combined with each other. This resulted in 5 *
2 * 2 * 3 * 2 * 4 * 3 = 1,440 vignettes for the initiation
scenario and 5 * 2 * 3 * 4 * 3 * 5 * 3 * 3 = 16,200 for the
withdrawal scenario. Figure 1 shows an example of a
vignette presented to the respondents.

The vignettes were included in a 14-question electronic
survey developed by the authors (full copy of the survey
available on request). The survey was available online in
German, French, and Italian using the software Qualtrics
(Qualtrics, Provo, UT). The survey was originally devel-
oped in German and subsequently translated by a profes-
sional translation agency. The translated survey versions
were assessed for congruence by native French and Ita-
lian members of the study team.

The study was presented to the cantonal research
ethics committee in Zurich and was determined to not
require a standard review process (BASEC-Nr. Req-
2017-00217). In addition, the study was assessed by an
internal ethics review (CEBES) of the Institute of Biomedi-
cal Ethics and History of Medicine/University of Zurich
and by the ethics committee of the Charité–Universitäts-
medizin Berlin (EA1/164/17).

Dependent Measures

The study included 2 different and independent outcome
measures: 1) the willingness to initiate ECLS and 2) the
readiness to withdraw active ECLS support. Participants
responded to 5 different vignettes for each of the 2
outcomes.

Each vignette was followed by the statements ‘‘From
my point of view, ECLS/ECMO should be used in this
patient’’ and ‘‘In my clinic, ECLS/ECLS would be used
in this patient’’ in the case of initiation and by the state-
ments ‘‘From my point of view, the ECLS/ECLS treat-
ment should be discontinued’’ and ‘‘In my clinic, the
ECLS/ECLS treatment would be discontinued’’ in the
case of withdrawal. The order of the statements was pre-
sented at random between respondents to control for
possible order effects. A response format ranging from 1
(not correct at all) to 6 (fully correct) was used to capture
respondents’ beliefs. A 6-point response format was used
that would exclude a neutral midpoint since the decision
to be made is either for or against the use of ECLS; this
format requires participants to take a position as is
required in clinical situations.

Independent Measures

The factors included in the vignettes were chosen based
on a systematic review regarding the effectiveness of
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ECLS,17 a systematic review of available ECLS guide-
lines and position papers,18 a previous qualitative project
on decision making regarding ECLS, and an interdisci-
plinary workshop (medicine, bioethics, statistics, sociol-
ogy) with the aim of critically discussing the survey.
Based on this input, 7 factors were chosen for the ECLS
scenario dealing with initiation, and 8 factors were cho-
sen for the scenario dealing with discontinuation; these
factors included age,19–23 treatment costs,21 resources
available to operate ECLS,19,20 comorbidities,19,20,22 neu-
rological outcome,19,21 the 2 common ECLS (VA-ECLS
for cardiac support v. VV-ECLS for pulmonary support),
and the therapeutic goal of the treatment (bridge to

recovery, bridge to transplantation, bridge to decision).
For the withdrawal scenario, the duration of ECLS treat-
ment, indications for withdrawal, and the patient’s condi-
tion were additional factors included in the vignettes
(Table 1 and Table 2).

The survey was pretested with a convenience sample of
n = 10 physicians whose practice involves ECLS. The
pretest also included evaluative questions regarding the
clarity of terminology, if relevant questions or answer
choices were missing, if the tasks were clear, or if survey
questions were leading. The survey was slightly modified
based on the insights of the pretest. The clinic that partici-
pated in the pretest was not part of the final study sample.

Table 1 Factors Included in the Initiation Vignettes

Factor Level Vignette Wording

Information regarding the patient
A . . .

Age 35 . . . 35-year-old
60 . . . 60-year-old
70 . . . 70-year-old
80 . . . 80-year-old
90 . . . 90-year-old

patient is admitted to your ward . . .
ECLS circuit VV-ECLS/ECMO . . . with severe ARDS.

VA-ECLS/ECMO . . . in cardiogenic shock.
Treatment costs Covered The treatment costs are covered.

Not covered The treatment costs are not covered.
Background information
Therapeutic goal (bridge to) Decision The cause of the lung/heart failure is unknown and a

final treatment plan has not yet been established.
Recovery The patient is not a transplant candidate. The organ

damage appears to be reversible, but drug therapies
are inadequate.

Transplant The patient is urgently listed for a lung/heart transplant
(U).

Resources No resource problem There are currently no problems with the resources to
operate ECLS/ECMO on your ward.

Resource scarcity There is currently a shortage of beds on your ward.
Comorbidities and neurological findings
Comorbidities No comorbidities There are no other comorbidities.

Kausch-Whipple operation with
curative intent due to a pancreas
CA 6 months ago.

Six months ago, a Kausch-Whipple operation with
curative intent was performed on the patient due
to a pancreas CA.

Solitary metastatic colon carcinoma The patient has a solitary metastatic colon carcinoma.
Kidney failure with need for dialysis The patient has had kidney failure requiring dialysis for

6 months.
Neurological outcome Inconspicuous neurological findings The patient’s central neurological findings are normal.

Neurological damage possible Severe central neurological damage cannot be ruled
out.

Neurological damage certain Severe central neurological damage is assumed to be
certain.

ARDS, acute respiratory distress syndrome; CA, carcinoma; ECLS, extracorporeal life support; ECMO, extracorporeal membrane oxygenation;

VA, venoarterial; VV, venovenous.
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Study Participants

All physicians in Germany and Switzerland involved in
ECLS were eligible to participate in the study. The fol-
lowing recruitment strategy was applied: first, in Ger-
many, ECLS-specific OPS codes (German modification
of ICPM [International Classification of Procedures in
Medicine] codes) were used to identify relevant hospitals.
Hospitals in Switzerland with heart surgery centers were
included. The Swiss Society of Perfusion (http://
www.swissperfusion.ch/) supported the identification of
these centers. Based on the experience of the study team,
it was determined that this search strategy would likely
capture hospitals that provide pulmonary ECLS services
only. Second, clinical staff in departments potentially
involved in ECLS, such as cardiology, pulmonology,
anesthesia and intensive care, internal medicine, and
heart and thoracic surgery, from the included hospitals
were identified and invited to participate if eligible. The
staffs’ publicly available email addresses were collected
as listed on the hospital website, located by hand search-
ing on the Internet, or, when necessary, by composing
a likely address based on the hospital’s known email
format. Physicians were contacted by post if the

abovementioned contact efforts failed. The potential par-
ticipants were contacted either by email or by post but
not by both to avoid overlap.

Physicians contacted by email received an invitation
letter, a link to the survey, and a link to the informed
consent documents. The participants who were contacted
by post received an invitation letter that included both a
link and a QR code to the survey as well as a printed ver-
sion of the informed consent documents. All participants
provided their informed consent on the first page of the
survey. The data collection lasted from June 20 to July
17, 2019. A reminder was sent to nonrespondents 1 week
after the invitation by email.

Statistical Analysis

The total number of vignettes was reduced to 120 for
initiation and 180 for withdrawal by a D-efficient resolu-
tion IV design24 using the SAS macro %mktex, where no
main effects are confounded with each other. Further-
more, the 2-factor interactions comorbidities 3 neurolo-
gical outcome in the initiation scenarios and ECMO
duration 3 ECMO circuit as well as ECMO duration

Figure 1 Example of a vignette presented to study participants (translated to English). The survey was conducted in German,
French, and Italian. ECLS, extracorporeal life support.
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3 criteria in the withdrawal scenarios were set to remain
unconfounded. The D-efficiency25 of this design was
98.47 for initiation and 98.95 for withdrawal. The 120/

180 vignettes were then distributed to 24/36 unique vign-
ette samples, so-called decks of vignettes, with 5 vignettes
each, using the SAS macro %mktblock (see

Table 2 Factors Included in the Withdrawal Vignettes.

Factor Level Vignette Wording

Information regarding the patient
This is a . . .

Age in years 35 . . . 35-year-old
60 . . . 60-year-old
70 . . . 70-year-old
80 . . . 80-year-old
90 . . . 90-year-old

patient who was admitted to a . . .
ECLS circuit VV-ECLS/ECMO . . . VV-ECLS/ECMO due to severe ARDS . . .

VA-ECLS/ECMO . . . VA-ECLS/ECMO due to cardiogenic shock . . .
ECLS duration in days 2 . . . 2 days ago.

7 . . . 7 days ago.
14 . . . 14 days ago.
21 . . . 21 days ago.
40 . . . 40 days ago.

Criteria for withdrawal Not defined No criteria for ECLS/ECMO withdrawal have been
defined.

Defined but not fulfilled Withdrawal criteria were defined before ECLS/ECMO
was started. However, these have not yet been
fulfilled.

Defined and fulfilled Withdrawal criteria were defined before ECLS/ECMO
was started. The criteria are fulfilled.

Condition of the patient Improved The patient’s condition has improved since ECLS/
ECMO was started.

Worsened The patient’s condition has worsened since ECLS/
ECMO was started.

Unchanged The patient’s condition has not changed since ECLS/
ECMO was started.

Background information
Therapeutic goal (bridge to) Decision The initial indication for ECLS/ECMO therapy was to

determine the cause of the lung/heart failure and to
define a final therapy concept for the patient.

Recovery The patient is not a transplant candidate. The organ
damage appeared to be reversible, but drug therapies
were inadequate.

Transplant The patient is urgently listed for a lung/heart transplant
(U).

Comorbidities and neurological findings
Comorbidities No comorbidities There are no other comorbidities.

Kausch-Whipple operation with
curative intent due to a pancreas
CA 6 months ago.

Six months ago, a Kausch-Whipple operation with
curative intent was performed on the patient due
to a pancreas CA.

Solitary metastatic colon carcinoma The patient has a solitary metastatic colon carcinoma.
Kidney failure with need for dialysis The patient has had kidney failure requiring dialysis for

6 months.
Neurological outcome Inconspicuous neurological findings The patient’s central neurological findings are normal.

Neurological damage possible Severe central neurological damage cannot be ruled
out.

Neurological damage certain Severe central neurological damage is assumed to be
certain.

CA, carcinoma; ECLS, extracorporeal life support; ECMO, extracorporeal membrane oxygenation; VA, venoarterial; VV, venovenous.
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Supplemental Tables S1 and S2 for correlation matrices
of the factors). From the possible sets of efficient designs,
the unrealistic combination of an 80- or 90-year-old
patient bridged to transplant (see below) was excluded in
advance.26 Before answering the vignette modules of the
survey, the respondents were randomly and evenly dis-
tributed to one of these decks (see Supplemental Figure
S1 for the deck distributions).

The units of analysis were the vignettes and not the
individual participants. To take the hierarchical data
structure into account, mixed-effects regression models
were fitted. The experimental design was optimized for
the estimation of 7 initiation and 8 withdrawal main
effects and 1 (initiation: comorbidities and neurological
outcome) and 2 (withdrawal: days on ECLS and ECLS
circuit; days on ECLS and criteria for withdrawal) inter-
action terms. The model included fixed effects for the
main effects and the interactions, as well as the country
(2 levels) as the blocking factor. Random effects were
estimated for respondents and hospitals. Since we
detected nonnormally distributed residuals, robust stan-
dard errors were calculated. Likelihood ratio test was
used to assess whether the interaction terms were
required. Predictive margins were calculated as postesti-
mations based on mixed-effects models for interaction
terms. All covariates were entered as dummy variables.
Listwise deletion of respondents was chosen to deal with
missing values. Outcome variables were treated as a
metric. In a sensitivity analysis, the data were reanalyzed
using multilevel ordered logistic regression. There were
no qualitative differences in the results, and all estimated
coefficients pointed in the same direction. The results
were therefore presented in a linear regression model due
to simplicity of interpretation. All statistical analyses
were conducted using Stata (version 16.0; StataCorp
LLP, College Station, TX).

Results

Respondent Characteristics

Of the 7,037 emails sent, 705 failed to reach the receiver
for reasons including strong security settings and invalid
initial email addresses. Among the 1,829 letters sent, 73
were returned due to invalid addresses. Respondents who
indicated that they treat pediatric patients only (n = 3),
were medical students (n = 1), or reported not being
directly involved in ECLS (n = 127) were excluded
before analysis. After the adjustment of sample-neutral
losses, n= 420 physicians from n= 111 hospitals started
the survey (Figure 2).

On average, there were 12.1 respondents within each
hospital (minimum = 1; maximum = 40). The survey
was completely finished by 277 respondents (66%).
Among the 143 observations with item nonresponses,
most participants rated all 5 vignettes in the initiation
scenario (266) and the withdrawal (275) scenario. The
response rate on the hospital level was 111 of 327
(33.8%). The net return rate on the respondent level was
348 of 7,956 (4.36%) for the initiation scenario and 310
of 7,956 (3.90%) in the withdrawal scenario.

Most reported more than 10 years of experience with
ECLS (69/297, 23.1%), with a general mean time of
working experience of 16.6 years. Respondent character-
istics are shown in Table 3.

Vignette characteristics

In total, there were 1,713 self-ratings and 1,711 ratings
for the clinics in the initiate scenario, as well as 1,521
self-ratings and clinic ratings in the withdrawal scenario.
Figure 3 shows the distribution of judgments across all
vignettes for both scenarios. In all vignettes, the self-
judgments tended to be in favor of not initiating ECLS
in the initiation scenario and discontinuing ECLS in the
withdrawal scenario (Figure 3).

Decisions to Initiate ECLS

Figure 4 shows the analysis of vignette factors on deci-
sions to initiate and to withdraw ECLS for self-judgments
and institutional judgments. In the self-judgments, very
old age (90 years) of the patient was the strongest factor
influencing the vignette judgments (22.58; 95% CI,
22.90 to 22.34; P\0.001). A noncoverage of treatment
costs led to a small but significant decrease of self-
judgments to initiate ECLS (20.16; 95% CI, 20.29
to 20.06; P=0.004). The second biggest factor that
decreased the initiation judgments by almost 2 scale
points was certain neurological damage (21.79; 95% CI,
22.22 to 21.38; P\0.001). Among possible comorbid-
ities, colon carcinoma with solitary metastases had the
strongest influence on the judgments (21.14; 95% CI,
21.47 to 20.80; P\0.001). Furthermore, there was a sig-
nificant positive effect of certain neurological damage in
interaction with colon carcinoma (0.81; 95% CI, 20.33
to 21.29; P=0.001) (see also Figure 5 for predictive mar-
gins of interaction effects). Respondents were less likely
to initiate ECLS in vignettes where ECLS served as a
bridge to decision (20.21; 95% CI, 20.36 to 20.06;
P=0.004) or a bridge to transplant (20.42; 95% CI,
20.79 to 20.24; P\0.001) compared to scenarios where
ECLS served as a bridge to recovery. There were no

318 Medical Decision Making 42(3)



significant effects based on the type of ECLS circuit or
based on resource scarcity. All institutional judgments
were comparable to the self-judgments.

Decisions to Withdraw ECLS

Decisions to withdraw ECLS were significantly influ-
enced by patients’ age; a 90-year-old patient increased
the self-judgment to withdraw ECLS by 1.50 scale-points
(95% CI, 1.2021.79; P\0.001). The model revealed a
trend related to days on ECLS such that the longer a
patient was on ECLS, the more likely it was that ECLS
should be withdrawn (0.90; 95% CI, 0.3621.43;
P=0.001). Clearly defined and fulfilled criteria for ECLS
discontinuation led to a higher acceptance of ECLS with-
drawal (1.23; 95% CI, 0.7421.74; P\0.001). There was
a greater readiness to withdraw ECLS in scenarios where
the patient had been on support for longer than 7 days
and had cardiogenic shock (0.64; 95% CI, 0.0721.23;
P=0.025).

Participants were less likely to withdraw support from
day 14 in scenarios where there were defined and fulfilled
criteria for discontinuation; this association slightly
decreased as the number of days on ECLS increased (see
also Figure 5 for predictive margins of interaction
effects). However, the effect remains significant up to
day 40 on ECLS. Compared to an improved patient con-
dition on ECLS, a worsened condition increases the
judgment to withdraw ECLS (0.92; 95% CI, 0.7521.12;
P\0.001). All included comorbidities resulted in a slight
increase of judgments in favor of ECLS withdrawal. As
in the initiation model, certain neurological damage was
the second biggest influencing factor for withdrawal
decisions (1.24; 95% CI, 1.0321.45; P\0.001). Possible
neurological damage, however, influenced the judgments
only moderately (0.36; 95% CI, 0.1620.53; P\0.001).
There were no significant effects related to the type of
ECLS circuit or the therapeutic goal (bridge to decision
and bridge to transplant compared to bridge to recovery)
on withdraw decisions. As in the initiation scenario, all

Identification of hospitals using ECLS (n = 327)

Identification of clinical staff potentially involved in ECLS (n = 8866)
Sample-neutral losses before survey received (n = 778)

Email failed to reach receiver (n = 705)
Postal letters failed to reach receiver (n = 73)

Survey delivered (n = 8088)

Survey started (n = 570)

Block randomization to vignette decks (initiation scenario) (n = 363)

Block randomization to vignette decks (withdrawal scenario) (n = 320)

Refused to continue (n = 76)

Analysis withdrawal scenario 
n judgements = 1480; n respondents = 310; n hospitals = 92
10 cases excluded due to missing values in any of the covariates

Sample-neutral exclusion after survey received (n = 131)
Treating paediatric patients only (n = 3)
Medical student (n = 1)
Not directly involved in ECLS (n = 127)
Perfusionists (n = 24)Adjusted sample (n = 7957)

Refused to continue (n = 43)

Analysis Initiation scenario 
n judgements = 1657; n respondents = 348; n hospitals = 99
15 cases excluded due to missing values in any of the covariates

Survey started after adjustment (n = 420)

Figure 2. Flow diagram of study participants.
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institutional judgments were comparable to the self-
judgments.

Discussion

The present study highlights several key factors that
influence decisions to initiate or withdraw ECLS sup-
port, including advanced age, neurological status, and
comorbidities. The results reveal a strong relationship
between patients’ age and decisions to initiate and with-
draw ECLS: the older the patients, the more likely parti-
cipants were not to initiate and to withdraw ECLS.
These judgments are in line with several guidelines19–23

as well as with findings from a recent survey.27 While not
all of these guidelines specify a clear age cutoff, some
suggest individual deliberation of ECLS in patients .75
years.19,20 Increased age is associated with mortality due
to acute respiratory28 and cardiac failure.29 Furthermore,
patient’s age is considered in several tools to predict
mortality.30,31

Decisions for both initiation and withdrawal of ECLS
were strongly influenced by certain poor neurologic

Table 3 Respondent Characteristics.

Characteristic Frequency
a
(%

b
)

Sex
Female 63 (22.7)
Male 213 (77.2)

Years of experience with ECLS
Less than 1 year 10 (3.5)
1–2 years 47 (17.1)
3–4 years 50 (18.2)
5–6 years 47 (17.1)
7–8 years 46 (16.6)
9–10 years 23 (8.4)
More than 10 years 52 (18.8)

Career stage
Resident 34 (13.9)
Fellow 38 (13.4)
Junior attending physician 119 (45.8)
Senior physician 52 (17.9)
Head of department 32 (8.8)

Years of working experience, mean 16.8

ECLS, extracorporeal life support.
aTotals may not equal 420 due to missing values.
bTotals may not equal 100% due to missing values.

Figure 3 Distribution of judgments across all vignettes. Initiate ECLS: ‘‘From my point of view, ECLS/ECLS should be used in
this patient’’ and ‘‘In my clinic, ECLS/ECLS would be used in this patient.’’ Discontinue ECLS: ‘‘From my point of view, the
ECLS/ECLS treatment should be discontinued’’ and ‘‘In my clinic, the ECLS/ECLS treatment would be discontinued.’’
Measured on a 6-point rating scale ranging from 1 (not correct at all) to 6 (fully correct). ECLS, extracorporeal life support.
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outcome but only moderately influenced in vignettes
where neurological damage was only a possibility.
Risk factors for neurologic damage can be divided into
factors present prior to ECLS initiation and those that
are related to events that occur during ECLS.32 This

differentiation is captured in the present study by the 2
different scenarios. In clinical practice, ECLS is associ-
ated with neurological complications in approximately
10% of the patients. Reported neurological com-
plications range from subtle cognitive impairments to

Figure 4 Results of mixed-effects models for self-judgments and institutional judgments. Horizontal bars indicate 95%
confidence intervals. Coefficients indicate the increase/decrease of the judgments measured on a 6-point rating format, leaving all
other factors unchanged. Blocking factors (not shown in the figures) are country (fixed) and hospital and respondent (both
random). Results are based on 2,362 self-judgments and 2,360 institutional judgments from 489 respondents in 134 hospitals in
the initiate model, as well as 2,185 self-judgments and 2,179 institutional judgments from 451 respondents in 128 hospitals (450
respondents and 127 hospitals in institutional judgments) in the withdrawal model. Likelihood ratio test, comparing the model
with interaction terms with a smaller model that does not include the interaction term, yielded strong evidence that the

interaction between comorbidities and neurological outcome (ECLS initiation model), as well as between days on ECLS and
ECLS circuit and days on ECLS and criteria for withdrawal, should be kept in the model (initiation, P = 0.0018; withdrawal,
P = 0.0047). ARDS, acute respiratory distress syndrome; CA, carcinoma; ECLS, extracorporeal life support.
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seizures, strokes, and intracerebral hemorrhage, up to
brain death, and are associated with higher in-hospital
mortality.32–34 These factors might explain why the

neurological condition was such an important aspect of
the decision process of the respondents. Using neurologi-
cal factors as a guide, though, is challenging since the
assessment, management, and long-term prognostication
of such complications are not straightforward.32

It should be emphasized that emotional, cognitive,
and behavioral impairments resulting from moderate to
severe brain injuries can have significant consequences
on an individual’s interpersonal, social, and occupational
functioning as well as on his or her capacity for indepen-
dence.35 For the ECLS treatment team, patients for
whom there are neurological risks or for whom adverse
events have already occurred pose numerous ethical chal-
lenges. For example, the decision to limit life-sustaining
treatments such as ECLS in patients with severe neurolo-
gical damages incapable of giving informed consent can
be complicated. Such decisions run the risk of leading to
unwanted futile outcomes.36 Even the concept of futility
is neither objective nor universally recognized; it is rather
determined by the values of the patient, his or her family,
and health care providers.36

An unexpected finding was that even though signifi-
cant effects were found related to comorbidities for
ECLS initiation and withdrawal decisions, there were no
observed differences between the comorbidities: com-
pared to a vignette patient without any comorbidities, a
vignette patient with kidney failure decreases the judg-
ment to initiate ECLS to the same degree as a vignette
patient with pancreatic cancer after Whipple surgery.
Furthermore, we observed a positive interaction effect
between the mentioned comorbidities and possible or
certain neurological damage. These findings might reflect
a change in ECLS utilization. A study comparing char-
acteristics and outcomes of ECLS patients before and
after the release of the Conventional Ventilation or
ECMO for Severe Adult Respiratory Failure (CESAR)
trial reported that patients on ECLS after the CESAR
trial were more likely to have 2 or more comorbidities
than patients before the publication of the trial.38 The
CESAR trial was the first randomized controlled trial
comparing patients with respiratory failure on ECMO to
conventional supportive critical care. A retrospective
cohort study in New York State points in a similar direc-
tion, reporting that ECLS patients after 2009 were more
likely to have major comorbidities, including chronic
kidney disease and liver disease.39

It was initially hypothesized that longer days on ECLS
in addition to defined and fulfilled withdrawal criteria
would lead to an increase in withdrawal judgments.
Interestingly, the opposite was observed: the longer on
ECLS in combination with defined and fulfilled with-
drawal criteria, the lower the intention to withdraw

Figure 5 Predictive margins of ECLS judgments. The y-axis
shows the predicted probabilities of the self-judgments,

calculated as postestimation based on mixed-effects models.
Predicted margins are calculated for specific groups (e.g.,
comorbidities), assigning each respondent to that group while
leaving all other factors unchanged (e.g., if all respondents
would have assessed vignette patients with kidney failure and a
certain neurological damage, we would expect an average
willingness to initiate ECLS of 1.8 scale points). ECLS,
extracorporeal life support.
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ECLS. Our findings may reflect a tendency to postpone
withdrawal decisions of running ECLS treatments and
the reluctance to ‘‘give up’’ after an intense investment in
life-prolonging care. Such decisions may also occur in
cases in which relatives wish for the treatment to con-
tinue even though it is futile40 or can be attributed to
moral distress among health care professionals.41

The study suggested a small but significant negative
effect of noncovered treatment costs for ECLS. In the
light of rising health care costs, particularly in end-of-life
care, this finding is not surprising. Similarly, Meltzer
et al.37 found that physicians would restrict VA-ECMO
given its costs. However, this may also reflect economic
pressure put on ECLS practitioners.

The response rate of our study seems considerably
low. In this regard, 2 aspects need to be discussed. First,
it should be noted that our sampling strategy is highly
affected by overcoverage, since numerous participants
were contacted who are not involved in ECLS. We esti-
mate that in fact there are approximately 10 ECLS users
on average per hospital in Switzerland and Germany.
This unknown extent of overcoverage has likely affected
the calculation of the response rate. Second, the key fac-
tor for satisfactory factorial surveys is not the random
selection of participants but rather a well-established
setup of vignettes containing the experimental stimuli
that are randomly allocated to the participants. If these
conditions are met, valid conclusions on the causal
impact of the vignette factors should not strongly be
affected by coverage or nonresponse problems.42

The present study has several limitations. First, we
selected specific factors based on theoretical assumptions
while removing much real-world, medical complexity.
Furthermore, the present study design measured expressed
behavior and not actual behavior. Such removals of com-
plexity are inherent to experiments in general. The main
purpose of experiments in general and of factorial surveys
in specific, however, is not to make generalizations of
behaviors but the testing of underlying mechanisms.16,42

Second, the judgments may be underreported due to social
desirability bias (e.g., regarding effects of resource scarcity
on medical decisions). Compared to conventional survey
items, this effect is usually weakened as respondents are
not fully aware of the statistical effects of the different fac-
tors of complex vignettes.26 Third, only 2 countries were
surveyed, which might have influenced the results. Finally,
the overall response rate on the hospital level was 44.2%.
Since the population on the respondent level is unknown,
the response rate on the hospital level is the only indicator
for the distribution of the survey. There is no shared

consensus about acceptable response rates in surveys. In
the literature, response rates between 50% and 80% are
discussed as acceptable.43 Nonresponse rates are not
directly linked to nonresponse biases.44 However, it is
unclear in how far nonrespondents on the individual as
well as on hospital level systematically differ in their
response behavior.

Conclusion

This study provided insights into physicians’ decision
making processes about ECLS initiation and withdrawal.
Patients’ age and neurological status were the strongest
factors influencing decisions regarding initiation of
ECLS as well as for ECLS withdrawal. The assessment
and management of neurological complications is chal-
lenging. The findings may contribute to a more refined
understanding of complex decision making for ECLS.
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