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Mortality is a common primary
endpoint in randomized controlled
trials of patients with a high severity of
illness, such as critically ill patients.
However, researchers are increasingly
evaluating functional outcomes, such
as quality of life. Importantly, in such
trials some patients may die before the
assessment of a functional outcome,
resulting in the functional outcome
being “truncated due to death.” As
described in this paper, defining and
testing treatment effects on functional
outcomes in this setting requires
careful consideration. Data from a
completed trial of critically ill patients
are used to highlight key differences
among three statistical approaches
used when analyzing such trials.
Introduction
It is critical to align the interests of patients, clinicians,
and regulators when designing, analyzing, and
interpreting the results of randomized controlled
trials.1 This is especially challenging in randomized

Summary points
• I n randomized controlled trials of seriously ill patients, functional outcomes
(eg, cognition, physical function, and quality of life) are increasingly being
measured and compared across treatment arms
• I f patients die before outcomes are evaluated, the functional outcomes
no longer exist, ie these outcomes are “truncated due to death,” creating
challenges in the definition and statistical evaluation of the treatment effect
• I n this article, we describe three statistical approaches—survivors only,
survivor average causal effect, and composite endpoint—and discuss their
advantages and disadvantages, including the required assumptions, some of
which are not testable within the observed trial data
• I f the treatment does not affect mortality, the three statistical approaches yield
similar conclusions about the treatment effect on functional outcomes
• I f the treatment affects mortality, the three statistical approaches can yield
different conclusions, highlighting the need for careful consideration when
planning a trial during which functional outcomes may be “truncated due
to death”
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controlled trials evaluating treatments for seriously
ill patients, such as those with critical illness
receiving care on an intensive care unit (ICU). In
such trials mortality is a common primary outcome
measure. However, given the high value that patients
place on outcomes other than mortality, including
cognition, physical function, and quality of life, such
functional outcomes are increasingly being evaluated
as coprimary or key secondary outcomes in such
trials.2 3 When evaluating the effects of treatments
on primary and key secondary outcomes, regulators
expect that key principles (eg, intention to treat) be
adhered to and statistical procedures be defined a
priori, whereas clinicians and patients expect that
the defined statistical procedures yield meaningful
information about the efficacy of the treatment.
Defining the statistical procedure to evaluate the effect
of randomized treatments on functional outcomes
when patients die before such outcomes can be
assessed is complex since the functional outcomes for
patients who die do not exist—that is, these outcomes
are “truncated due to death.” 4-6
We focus on three statistical approaches used
to evaluate the effect of treatment on functional
outcomes “truncated due to death”: survivors analysis,
survivor average causal effect (SACE),5 6 and composite
endpoint approach. We review each approach and use
an example trial to show several key considerations
in selecting an approach: the required assumptions;
conditions under which an approach would satisfy
established principles, such as intention to treat;
and when approaches may yield different results.
In addition, we discuss challenges in reconciling
differences in the principles that govern the conduct of
randomized controlled trials and clinician and patient
perspectives when functional outcomes are “truncated
due to death.” The supplementary appendix provides
technical statistical details, applies the three
approaches to the data from the example trial, and
describes freely available statistical software (www.
improveLTO.com) that implements each of the three
statistical approaches.

Illustrative example
Randomized controlled trials with functional outcomes
“truncated due to death” occur in diverse areas of
medicine (box 1 gives three examples). In such trials
it is common for investigators to restrict their analysis
to survivors at a specified follow-up time point. We
explain and contrast this approach and two alternative
approaches using the context and design of one of
the three examples: the Awakening and Breathing
Controlled (ABC) trial.7
1
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Statistical methods to compare functional outcomes
in randomized controlled trials with high mortality
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The multicenter Awakening and Breathing Controlled trial
∙ T he multicenter Awakening and Breathing Controlled (ABC) trial7 randomized 336
patients with acute respiratory failure receiving mechanical ventilation in an
intensive care unit to spontaneous awakening trials plus spontaneous breathing
trials (intervention) versus usual care plus spontaneous breathing trials alone
(control). The primary outcome was ventilator-free days (a commonly used
composite outcome of mortality and duration of mechanical ventilation8) during
the 28 day study period. Key long term secondary outcomes assessed among a
single study site (roughly 200 randomized patients) included mortality, as well as
cognitive, psychological, and physical function, at 12 month follow-up. Mortality at
12 month follow-up favored the intervention (41% v 62%; P <0.01), and investigators
compared the 12 month functional outcomes between treatment groups.
The CheckMate025 trial
∙ T he CheckMate025 trial randomized 821 patients previously treated for renal cell
carcinoma to nivolumab versus everolimus.9 The primary outcome was all cause
survival to 30 months. A key secondary outcome included quality of life, which was
assessed at baseline and then every four weeks to 104 weeks. The mortality results
favored nivolumab versus everolimus (45% v 52%; hazard ratio 0.73, P=0.002). The
investigators compared the 104 week change from baseline in quality of life
between treatment groups.
The PARADIGM-HF trial
∙ T he PARADIGM-HF trial randomized 8442 patients with class II, III, or IV systolic
heart failure to receive LCZ696 versus enalapril.10 The primary outcome was a
composite of death from cardiovascular causes or first admission to hospital for
heart failure up to 42 month follow-up. Key secondary endpoints included all cause
mortality by 42 months and functional outcomes. All cause mortality was lower for
LCZ696 versus enalapril (17.0% v 19.8%; hazard ratio 0.84, P<0.001), and the
investigators compared a functional outcome, the change from baseline to eight
month follow-up in the clinical summary score on the Kansas City Cardiomyopathy
Questionnaire (KCCQ), between treatment groups.

The ABC trial randomized patients with acute
respiratory failure receiving mechanical ventilation
on an ICU to spontaneous awakening trials plus
spontaneous breathing trials (intervention) versus
usual care plus spontaneous breathing trials alone
(control). The primary outcome was ventilator-free days
(a commonly used composite outcome of mortality and
duration of mechanical ventilation7) during the 28 day
study period. For each patient, survival information,
including the time of death and a binary indicator of
surviving to 12 months, were recorded. For patients
who survived to 12 months, several key secondary
outcomes were measured, including cognition and
a composite T score based on normative population
data (mean=50 and SD=10, higher scores indicating
better cognition).7 Mortality at 12 month follow-up
favored the intervention (41% v 62%; P<0.01), and
among 12 month survivors, cognition was comparable
between the intervention and control arms (41 v 42,
respectively, P=0.66).

Definitions
To define the causal effect of treatment on cognition,
we adopted Rubin’s potential outcomes framework11;
thus, defining what would happen to a patient under
2

each of two treatment arms (box 2). We first defined
potential survival experiences, both time to death and
a binary 12 month survival indicator, under receipt
of the intervention and control, and four stratums of
patients.12
• “Always survivors” survive to 12 months regardless
of the treatment assignment
• “Mortality benefiters” survive to 12 months under
the intervention but not under control
• “Always diers” die before 12 months regardless of
the treatment assignment
• “Specials” die before 12 months under intervention
but survive to 12 months under control.
The always survivors may be considered the most
robust patients, the mortality benefiters to be of typical
health status, and the always diers as frail.
Having defined the potential survival experiences,
we then defined 12 month cognition, which is only
defined if the patient survives to 12 months (see
box 2). Specifically, under the intervention, cognition
at 12 months can be defined for the always survivors
and mortality benefiters but not for the always diers
and specials. Similarly, under the control, 12 month
cognition can be defined for the always survivors
and specials, but not for the mortality benefiters and
always diers. This “truncation due to death” creates
a challenge in defining the effect of treatment on
the functional outcome. We review three proposed
approaches; readers interested in statistical details,
application of the proposed approaches to the ABC trial
data, and a description of a freely available software
package to implement the proposed approaches, are
referred to the appendix.

Survivors analysis
A simple and commonly used statistical approach is
to compare functional outcomes between randomized
groups only among survivors (see box 1). In the ABC
trial, the treatment effect as defined in a survivors
analysis is the difference in mean 12 month cognition
comparing the patients who survived to 12 months
under intervention compared with those who survived
to 12 months under control. The types of patients
who survive under intervention (always survivors and
mortality benefiters) may be inherently different from
patients who survive under control (always survivors
and specials) such that analyses based on only those
who survive—a post-randomization event—may
produce misleading comparisons across the treatment
groups—for example, when survival differs across the
treatment groups (table 2).6 11 13
Survivor average causal effect
As an alternative to the survivors analysis, the causal
(direct) effect of the treatment on the functional
outcome can be defined.12 In a randomized controlled
trial where no mortality occurs, the causal effect of
treatment on 12 month cognition for an individual
patient is defined, with respect to the potential
outcomes, as the difference between the 12 month
cognition under intervention and the 12 month
doi: 10.1136/bmj.j5748 | BMJ 2018;360:j5748 | the bmj
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Box 1: Example of randomized controlled trials with functional outcomes
“truncated due to death”
These three examples show that randomized controlled trials of seriously ill patients
with functional outcomes “truncated due to death” occur in diverse areas of
medicine. When analyzing each of these trials, the investigators restricted their
analysis of functional outcomes to survivors at the specified follow-up time point.

Research Methods and Reporting

Table 1 | Patient groups based on potential survival experiences
Survive to 12 months

Functional outcome at 12 months

Patient stratum

Intervention

Control

Intervention

Control

Always survivors
Mortality benefiters
Always diers
Specials

Yes
Yes
No
No

Yes
No
No
Yes

A
B
Undefined
Undefined

C
Undefined
Undefined
D

We define three treatment effects:
∙ Survivors analysis: the treatment effect is the difference in the mean functional
outcome among survivors under intervention and control—that is, A+B v C+D
∙ Survivor average causal effect (SACE): the treatment effect is the difference in the
mean functional outcome among patients who would survive regardless of
treatment assignment, also known as the always survivors, A v C
∙ Composite endpoint: define a new variable that orders the patients based on the
time of death among patients who die and the functional outcome among
survivors. Compare the distribution of the new variable under intervention versus
control.
1

See appendix for more technical details and statistical notation.

cognition under control. The average causal effect
is defined as the average of the individual causal
effects over the population of patients. However, in
randomized controlled trials where mortality occurs,
the individual causal effect of the intervention on
12 month cognition is not defined for all patients.
The always survivors are the only subset of patients
for whom 12 month cognition is defined under
both intervention and control. The survivor average
causal effect (SACE) is defined as the average of the
individual causal effects among the always survivors
(see box 1).
Since patients are only assigned to one treatment
group during a trial, assumptions are required to
identify the proportion of patients who are always
survivors and to draw inference about the SACE.5 14-17
To identify the proportion of patients who are always
survivors, it is typically assumed that there are no
specials—referred to as the monotonicity assumption
since it assumes that the survival experience under
the intervention must be at least as good as that under
control. Under the monotonicity assumption, patients
the bmj | BMJ 2018;360:j5748 | doi: 10.1136/bmj.j5748

randomized to control who survive to 12 months are
always survivors, so the proportion of patients who
are always survivors is estimated by the proportion
of patients randomized to receive the control who
survive to 12 months. Another consequence of the
monotonicity assumption is that the mean 12 month
cognition under control among the always survivors
can be estimated by the sample mean 12 month
cognition among the 12 month surviving control
patients.
To estimate the SACE, we must make additional
assumptions that differentiate the surviving patients
who received intervention since these patients are a
mix of always survivors and mortality benefiters. One
such assumption may be that under intervention, the
always survivors will have, on average, better cognition
(higher average cognition scores) compared with the
mortality benefiters, referred to as the ranked average
score assumption.4 This assumption allows for a lower
or upper bound for the mean 12 month cognition
under intervention among the always survivors (lower
bound: sample mean 12 month cognition among
the surviving intervention patients, upper bound:
sample mean of the n×p largest 12 month cognition
score among surviving intervention patients, where
n is the number of intervention survivors and p is the
proportion of always survivors).
The SACE approach requires making assumptions
that cannot be tested using the observed data (table 2).
Eliciting expert opinion may help to ensure these
assumptions are valid, but it is unlikely that the
assumptions will be valid in all trials; the monotonicity
assumption, for example, may not be valid in acutely
ill patients who may be more susceptible to previously
unrecognized adverse effects of interventions. Several
trials, such as the Transfusion Requirements in Critical
Care (TRICC) trial18 that compared liberal blood
transfusion with restrictive blood transfusion triggers
in critically ill patients, have uncovered harmful
effects of interventions previously thought to be safe.
In addition, although the SACE approach evaluates the
causal effect of treatment directly on the functional
outcome, it violates the intention to treat principle by
estimating the effect of treatment only among a select
subset of patients.

Composite endpoint approach
The composite endpoint approach eliminates the need
to condition on survival by combining information
about mortality and functional outcomes into a single
variable. An ordering is required to create a composite
endpoint. Lachin created an ordering using timing of
death.19 In the context of our example, the following
ordering (from worst to best outcome) could be
considered: (a) earlier mortality is considered worse
than later mortality and (b) among those who survive
to 12 months, a lower cognition score is considered
worse than a higher score. Since higher cognition
scores correspond to better cognition in our example,
one can define a new outcome that is equal to the
time of death if a patient dies before 12 months and,
3
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Box 2: Definitions of potential outcomes for functional outcome “truncated due
to death”
We define the potential outcomes for a randomized trial with two treatment arms that
follows patients until a specific follow-up time point (eg, 12 months after
randomization). The trial records the time of death for patients dying by the follow-up
time point and an indicator for survival to the follow-up time point. At the follow-up
time point, the trial measures functional outcomes (eg, a continuous score measuring
cognition) among survivors.
Each patient has two potential outcomes: what would happen to the patient in the
randomized controlled trial if he or she were to receive the intervention, and what
would happen to the patient in the randomized controlled trial if he or she were to
receive the control
∙ Under each treatment arm, the potential outcomes are:
∙ Time (in days) from randomization to death and the indicator of 12 month survival
set to 0 if the patient dies before 12 months
∙ Indicator of 12 month survival set to 1 and the functional outcome if the patient
survives to 12 months
∙ Patients can be grouped based on their potential survival experiences (see table 1).
The 12 month functional outcome is only defined if the patient survives to 12
months.
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Table 2 | Three statistical approaches for comparing the effect of randomized treatments on functional outcomes “truncated due to death”
Target patient
population

Advantages

Disadvantages

Survivors
analysis

Patients who
survive in each
treatment
group

– Simple to compute
– If mortality is independent of treatment, provides an estimate
of the causal effect of the treatment on the always survivors

Survivor
average
causal effect
(SACE)

Always survivors—that is,
patients who
would survive
regardless
of which
treatment they
receive
All randomized
patients

– Estimates the causal effect of the treatment on the functional
outcome among always survivors
– Randomization is preserved within the subset of always
survivors so the comparison of randomized treatment groups
is unbiased
– When the intervention does not affect mortality, SACE is
identified from the observed data (ie, all survivors are always
survivors) without making any untestable assumptions
– Simple to compute (both quantiles of and the rank statistic for
the distribution of the composite outcome)
– All randomized patients are included in the analysis,
consistent with the intention to treat principle
– Randomization is preserved so the comparison of randomized
treatment groups is unbiased
– Provides a hypothesis test for comparing the distribution or
a specific quantile (eg, median) of the composite endpoint
across treatment groups that has a causal interpretation
– The distribution of the composite endpoint in each treatment
group can be examined to identify if treatment groups differ in
mortality and/or the functional outcome

– If the effect of the treatment is to sustain frail patients, then the estimated treatment effect is a biased estimate of the causal effect of the
treatment on the always survivors and may be misleading
– Randomization is not guaranteed to be preserved within the subset
of survivors
– Does not include all randomized patients, violating the intention to
treat principle for randomized trials
– Comparison of the functional outcome is made among a subset of
patients (ie, those who would survive regardless of which treatment
they received) that is not directly identifiable
– Requires eliciting expert opinion on assumptions that are not testable
within the observed data (eg, there are no patients who would survive
under control but who would die under intervention)
– Does not include all randomized patients, violating the intention to
treat principle for randomized trials
– Requires eliciting expert opinion on ordering mortality and the
functional outcome
– The size of the rank statistic may be difficult to interpret

Composite
endpoint

if a patient survives past 12 months, is equal to the
cognition score plus a constant, where the constant is
chosen to satisfy conditions (a) and (b); for example,
if survival is measured in days, the constant can be a
number greater than 365. Under these assumptions,
the potential composite outcome under receipt of
intervention and control can be conceptualized.
Because each of these potential outcomes is the
composition of two factors with different scales, it is
inappropriate to draw inference about the difference
in means between the potential composite outcomes.
Rather, the researcher can compare the distributions
of the potential composite outcomes and, in
particular, quantiles of these distributions. The effect
of the treatment may be quantified and compared
statistically using a single predetermined quantile (eg,
the median) of the treatment specific distributions.
Alternatively, the treatment effect can be defined and
tested using a rank statistic that builds on the concepts
underlying the Mann-Whitney-Wilcoxon rank sum test
with ties and is based on the entire treatment specific
distributions. This statistic is defined as the difference
in the probability that a randomly selected individual
exposed to intervention will have a higher composite
outcome than a randomly selected individual exposed
to control and the probability that a randomly
selected individual exposed to control will have a
higher composite outcome than a randomly selected
individual exposed to intervention. This rank statistic
can vary from −1 to 1, with a value of 0 indicating no
treatment effect and positive (negative) values favoring
the intervention (control). The composite endpoint
approach adheres to the intention to treat principle but
requires an assumption, ideally elicited from experts,
regarding ordering of patient outcomes (table 2).
4

Comparison of the three approaches
Using key features of the ABC trial, we demonstrate
when the three statistical approaches provide the same
or different conclusions about the effect of treatment.
Consider the population of patients eligible for the ABC
trial. For each of these patients, we assign potential
outcomes under control to mimic the control arm
data from the ABC trial. Specifically, 62% of control
patients will experience death by 12 months, the mean
cognition score among survivors is 42, and based on
the composite outcome, 50% of patients survive past
72 days (25% survive to 12 months with a cognition
score >39). Then, assuming the monotonicity
assumption holds, we generate the potential outcomes
under intervention for six scenarios defined by the
effect of the intervention on mortality and cognition
among always survivors. For each scenario, we present
the proportion of patients in each stratum and the true
population values of the three treatment comparisons
(table 3). The appendix presents figures displaying the
distribution of the potential composite outcomes and
the technical details for each scenario.
When the intervention has no effect on mortality
(scenarios 1 and 2), there are no mortality benefiters,
only always survivors (38%) and always diers (62%)
(table 3). In this case, the SACE approach and survivors
analysis produce the same results regardless of whether
there is no effect (scenario 1) or a positive effect of
the intervention on cognition (scenario 2). Further,
when the intervention has no effect on mortality, the
SACE can be estimated directly from trial data without
making any additional assumptions. The composite
endpoint approach identifies that there is no difference
in the distribution of the potential composite outcomes
in scenario 1 (rank statistic=0) and the shift in
doi: 10.1136/bmj.j5748 | BMJ 2018;360:j5748 | the bmj
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Statistical
approach
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Treatment improves cognition
among always survivors
Scenario
Always survivors
Mortality benefiters
Always diers
Treatment effects:
Survivors analysis
Survivor average causal effect
Composite endpoint*
Rank statistic
Median under intervention
75th centile under intervention

Intervention has no effect on
mortality

Intervention promotes survival in
patients with robust or high cognition

Intervention sustains patients who are
less healthy or have poor cognition

No
1
38%
0%
62%

Yes
2
38%
0%
62%

No
3
38%
21%
41%

Yes
4
38%
21%
41%

No
5
38%
21%
41%

Yes
6
38%
21%
41%

0
0

15
15

0
0

15
15

-7
0

2
15

0
Survive >72 days

0.12
Survive >72 days

Survive 12 months
with cognition >39

Survive 12 months
with cognition >54

0.36
Survive 12 months
with cognition >34
Survive 12 months
with cognition >41

0.55
Survive 12 months
with cognition >49
Survive 12 months
with cognition >56

0.29
Survive 12 months
with cognition >20
Survive 12 months
with cognition >39

0.41
Survive 12 months
with cognition >20
Survive 12 months
with cognition >54

*For composite endpoint analysis, the median under control is survive >72 days, the 75th centile under control is survive to 12 months with cognition score >39.

the distribution of cognition scores among always
survivors in scenario 2 (rank statistic >0).
In scenarios 3 through 6, the intervention has
a positive effect on mortality, which results in no
change to the proportion of always survivors (38%)
but creates a stratum of mortality benefiters (21%,
table 3). When the intervention has a positive effect
on mortality, the SACE approach and survivors
analysis will not necessarily provide the same results;
whether or not these approaches are equivalent
depends on characteristics of the mortality benefiters.
In scenarios 3 and 4, the effect of the intervention is
to promote survival in more robust patients with high
cognition such that the 12 month cognition scores
among the always survivors and mortality benefiters
under intervention have the same distribution. In
these scenarios, the survivors analysis and the SACE
provide the same results (table 3). Alternatively,
in scenarios 5 and 6, the effect of the intervention
is to sustain less healthy individuals, creating a
heterogeneous group of survivors (hearty always
survivors and frail mortality benefiters). In these
scenarios, the survivors analysis underestimates the
SACE regardless of whether or not the intervention
improves cognition among always survivors (eg,
scenario 5: survivors analysis −7 v SACE 0) and use
of the survivors analysis could lead to erroneous
conclusions about the efficacy of the intervention on
cognition. In scenarios 3 through 6, the composite
endpoint approach identifies the shift in the
distribution driven by the effect of the intervention on
mortality and, in scenarios 4 and 6, on cognition.

Discussion
Different approaches are available for defining a
treatment effect on a functional outcome that is
the bmj | BMJ 2018;360:j5748 | doi: 10.1136/bmj.j5748

“truncated due to death.” We have focused attention
on the perspective of the regulator—that is, on
advantages and disadvantages of the approaches
within the context of principled design and analysis
of randomized controlled trials. However, the ability of
clinicians to interpret and communicate the potential
benefits of interventions to patients may require
different considerations. In the setting of severely ill
patients, what potential benefits of the interventions
are most relevant to the patient? Knowing the
average benefit of an intervention among survivors is
important; however, the clinician must also advise on
characteristics of those who survive. Communicating
the SACE to patients offers unique challenges to the
clinician. Even if the treatment shows benefit among
the always survivors, the clinician does not have the
ability to identify whether a specific patient is in this
group but could provide information on the distribution
of always survivors and mortality benefiters under
certain assumptions.
The composite endpoint approach offers the unique
ability to provide useful thresholds to patients—for
example, in scenario 2, 50% of patients receiving
control survive past 72 days, whereas 50% of patients
receiving intervention survive to 12 months with
cognition scores greater than 54 (above the population
norm of 50). However, the composite endpoint
approach relies on the ability to order mortality and
the functional outcome, which requires extensive
input from clinicians and patients before conducting
a randomized controlled trial. Studies examining
the values and preferences of severely ill patients
suggest that some patients consider severe cognitive
impairment as a state worse than death20; however,
more research is needed to rigorously rank mortality
and functional outcomes according to patient values
5
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Table 3 | Illustrative example to show differences between three statistical approaches comparing the effect of treatments on functional outcomes
“truncated due to death.” We consider the population of patients eligible for the ABC trial and for each patient, generate the potential outcome
under control by mimicking characteristics of the control group from the ABC trial such that 62% of the patients receiving the control would
experience death by 12 months, the mean cognition among survivors is 42, and based on the composite outcome, as described in the manuscript,
50% of the patients will survive past 72 days (25% of patients will survive to 12 months with cognition score >39). Assuming the monotonicity
assumption holds, potential outcomes under intervention were derived based on the effect of the intervention on mortality and the functional
outcome among always survivors (for a total of six scenarios). For each scenario, the true population value of the treatment effect defined by the
survivors analysis, the SACE and composite endpoint approach are displayed
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and preferences. We have described in detail the
composite endpoint approach proposed by Lachin, yet
other composite endpoint approaches exist (eg, the
Glasgow outcome scale has been used in randomized
controlled trials of patients with serious neurological
illness,21 and quality adjusted life years (QALYs)22 have
been used in critical care trials) with similar challenges
to those described above.
We have highlighted that there is no perfect choice
among the three statistical approaches for defining
a treatment effect when functional outcomes are
“truncated due to death.” The choice should be driven
by expected effects of the intervention and by the target
patient population. Keeping this in mind, we make
two recommendations for planning a randomized trial
among patients with a high risk of death. First, when
it is biologically unlikely for treatment assignment
to impact mortality, the survivors analysis provides
an unbiased estimate of the effect of treatment on
the functional outcome and can be used. Second,
when patient mortality is the primary outcome and
is hypothesized to differ across treatment groups, the
survivors analysis may produce misleading results.
This would be the case if the intervention promoted
survival among patients with greater morbidity than
the always survivors. In such studies, alternatives
to the survivors analysis should be considered. If
mortality and functional outcomes can be ordered,
we recommend the composite endpoint approach
over the SACE approach in such settings. While SACE
defines a causal effect, the assumptions required to
estimate the SACE are restrictive and untestable from
the observed data.

