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Abstract—Evidence reports summarize the evidence pertain-
ing to various health-related topics. Including evidence from
nonrandomized studies into such reports involves a trade-off
between availability and bias. We describe a general frame-
work by which information from nonrandomized studies might
be integrated reasonably into evidence reports and illustrate its
application to a recent evidence report on preventing pulmo-
nary complications among patients with spinal cord injury. The
proposed framework, which is based upon the premise that
producing a fair summary of the evidence requires only a level
of evidence judged by clinical experts to be sufficient to the
task at hand, may help focus scarce resources, strengthen the
quality and documentation of decisions including evidence
from nonrandomized studies, and suggest high-priority areas
for future research.
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INTRODUCTION

Preface
At the heart of the movement toward evidence-based

medicine is the unassailable notion that clinical practices
should have the strongest scientific basis possible.
Another unassailable notion is that, in most circum-
stances at least, well-conducted randomized controlled
trials (RCTs) provide the strongest possible evidence.
Thus, it is readily understandable that the evidence-based
evidence movement, as exemplified by the Cochrane
Collaboration and the Agency for Healthcare Research
and Quality (AHRQ), has in the main begun by address-
ing those components of medical practice having many
moderate- to large-sized randomized trials.

Although certainly a reasonable policy, this approach
begs the question of what should be done in those areas
of medicine that, for various reasons, do not yet (and per-
haps never will) have large randomized trials. Much of
rehabilitation medicine falls within this category, as does
spinal cord injury (SCI), with its relatively small number
of incident cases and multiple clinical issues, making it
very difficult to separate the effects of numerous simulta-
neous interventions.

The Duke Evidence-Based Practice Center (EPC)
recently performed an AHRQ-sponsored evidence
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review on treatment of pulmonary disease following SCI.
We were also awarded a methodological supplement to
consider the question of the proper use of evidence from
nonrandomized trials. We found that, despite the large
scope of medical practice that has not been addressed by
randomized trials, very little had been written regarding
what to do with the non-RCT literature.

Accordingly, the following report is the quintessen-
tial “thought piece”—that is, a conceptual effort describ-
ing an approach that, while potentially promising, has yet
to be definitively tested. Our EPC is currently experi-
menting with this method, which is in large part inspired
by the philosophy of continuous quality improvement,
and we hope to present subsequently a more rigorous
assessment. In the interim and in the spirit of continuous
improvement, we would be happy to receive comments
and suggestions about how the ideas described here
might best be implemented.

Rationale for Development of a Framework
The mission of EPCs is to promote evidence-based

decision making by producing reports that summarize the
evidence pertaining to various health-related topics.
These topics typically involve the efficacy (i.e., benefit
under ideal conditions) and effectiveness (i.e., benefit in
usual practice) of one or more interventions pertaining to
diagnosis, prevention, and/or treatment of disease. As a
rule, the above interventions are selected because the
condition in question has a major impact on public
health, there is significant uncertainty about the best way
to proceed, and/or practice variations are extensive.
Important decisions are based upon these evidence
reports (e.g., through guidelines formulated with input
from evidence reports). Indeed, given that these impor-

tant decisions cannot be delayed, an implication stem-
ming from the criteria for choosing topics is that the
evidence report must proceed even if the studies upon
which it is based are not definitive.

One of the critical components of an evidence report
is an assessment of the strength of its underlying evi-
dence. It is generally agreed that the strength of evidence
pertaining to the implications of an intervention depends
upon a number of factors, including the plausibility of the
intervention's mechanism of action, the ability to extrap-
olate from other studies (e.g., of similar interventions,
populations and/or conditions), the strength of the
observed benefit, the consistency of this benefit (e.g.,
across subpopulations within a single study, across stud-
ies), and the design of the studies in question. For exam-
ple, Table 1 presents the grades of evidence used in
developing the most recent version of the American Col-
lege of Chest Physicians guidelines for antithrombotic
therapy (Gordon Guyatt, MD, personal communication;
February, 2000). All the above elements are included in
this scheme. RCTs are, of course, preferred, but informa-
tion from less definitive nonrandomized designs is
accepted as well.

Perhaps the most fundamental concern in using infor-
mation from nonrandomized designs is that it may be
biased. In the extreme form of this putative bias, an inter-
vention that appears to be efficacious in non-RCT studies
might have no effect, or even be harmful, when assessed
with the use of the more rigorous RCT design. Concerns
such as the above have led the Cochrane Collaboration to
focus on the summarization of results from RCTs, to the
virtual exclusion of other forms of evidence. Reports
from EPCs have varied in their use of non-RCT
evidence. In any event, a perception that the exclusion

Table 1.
Grades of evidence.*

Grade Level of Evidence

1a
Risk/benefit clear from RCT results in other populations, which can be unequivocally extrapolated to the present case, or over-
whelming evidence from observational studies

1b Risk/benefit unclear from randomized trials without important limitations

1c
Risk/benefit clear from RCT results in other populations, which can be unequivocally extrapolated to the present case, or over-
whelming evidence from observational studies

2a Risk/benefit unclear from randomized trials without important limitations
2b Risk/benefit unclear from randomized trials with important limitations
2c Risk/benefit unclear from observational studies

RCT = Randomized controlled trial(s)
* Grades of evidence used in developing recent American College of Chest Physicians guidelines on antithrombotic therapy. Gordon Guyatt, MD, personal
communication.
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criteria used in evidence reports (whether from EPCs or
elsewhere) are overly restrictive has, in turn, led to a
backlash from various parties who believe non-RCT data
can be useful. In particular, these critics would argue that
a “null” evidence report based only on selected RCTs
runs the risk of excluding much of the relevant evidence
in favor of existing clinical practice, and thus, unfairly
characterizes current practice as lacking a sufficient sci-
entific basis. This issue is particularly salient in those
areas of medicine that have few or no RCTs available for
review.

For purposes of this exposition, we assume that an
evidence report is being prepared on a topic for which
definitive RCTs are not extant (indeed, this describes the
majority of topics of interest to clinicians and policymak-
ers) and that information from non-RCT designs must, of
necessity, be included. We first describe a framework by
which such information might reasonably be integrated
into the presentation. Then, by way of illustration, we use
an example from our recent evidence report on prevent-
ing pulmonary complications of cervical SCI of trau-
matic etiology.

METHODS

Conceptualization of the Question Under Study
Before proposing an answer to the question “how can

non-RCT data be incorporated into an evidence report?”
it may be useful to frame more precisely the “question
behind the question” under study. Recognizing that cir-
cumstances will force us to use imperfect information in
any event, we ask which of the following options is most
likely to be the case?

1. RCTs are always the ideal design, and the use of non-
RCT data is thus a methodologically flawed, yet often
necessary, expedient.

2. All designs have advantages and disadvantages and
should be considered as equal.

3. Both of the above statements are exaggerated, and the
truth lies somewhere in between.

Apart from helping to clarify the underlying issues,
recognition of this “question behind the question” may
assist in understanding the strong opinions sometimes
expressed in the debate about non-RCT evidence. In par-
ticular, if the first assertion is true then the position taken
by advocates of non-RCT evidence might reasonably be
characterized as overly pragmatic, while if the second

assertion is true, the position taken by advocates of limit-
ing evidence to RCTs might reasonably be characterized
as unnecessarily narrow.

If one were to recognize that the first two of these
options were intentionally stated as extremes, perhaps a
more actionable version of the previous question is
“under what circumstances is an RCT the only valid
option, and under what circumstances is an RCT merely
a preferable option and why?” Our discussion is limited
to the assessment of the clinical benefits and risks of an
intervention (i.e., its “impact”). For purposes of describ-
ing the epidemiology of a condition, its public health bur-
den, its cost, and so forth, the superiority of non-RCT
designs is not in question.

At this point, it may be helpful to recall the distinc-
tion between internal and external validity and between
efficacy trials and effectiveness trials. Internal validity
refers to the defensibility of conclusions within a given
study, while external validity refers to the degree to
which study results can be generalized. An efficacy trial
is an RCT where the intervention is administered in
highly controlled and otherwise optimal conditions,
while an effectiveness trial is an RCT in a less controlled
setting intended to approximate typical practice. By its
tight experimental control, an efficacy trial is designed to
maximize both the internal validity of conclusions as
well as the benefit of the intervention. Effectiveness trials
address the construct of the most ultimate interest to the
users of an evidence report—namely, the impact of an
intervention in actual practice—but tend to have less
internal validity (i.e., somewhere between efficacy trials
and nonrandomized designs) because of the multiple
additional considerations implied by its looser experi-
mental control. Both effectiveness and efficacy trials ulti-
mately rely upon the principle of randomization for their
validity. The validity of non-RCT designs increases with
the degree to which it can be successfully argued that
their results are similar to what would have been
observed had randomization been applied.

Given the above, the ideal situation would be for an
evidence report to be based upon both efficacy trials and
effectiveness trials (and for these trials to be of high qual-
ity with consistent results). With their high internal valid-
ity, the efficacy trials would provide the most definitive
possible proof that the rationale supporting the interven-
tion is sound. With their high external validity, the effec-
tiveness trials would illustrate that the promise of the
intervention demonstrated in the efficacy trials can, in
fact, be fulfilled in practice. The benefit of interventions
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is consistently less when measured with effectiveness tri-
als than with efficacy trials (1); thus the need for effec-
tiveness trials (or their surrogates) is particularly acute.

We now turn to the questions “under what circum-
stances is an RCT the only valid option? under what cir-
cumstances is an RCT merely a preferable option? and
why?” as they apply to efficacy and effectiveness trials.
One problem that soon becomes apparent is the small
number of effectiveness trials in the literature. This
points to one possible use of non-RCT designs. If we can
be confident of the underlying efficacy of an intervention
(i.e., through the analysis of efficacy trials or other
means), then observational data (e.g., from prepost
designs, cohort studies, and data bases) might be a substi-
tute for the missing effectiveness trials by providing a
description of the likely behavior of the intervention in
actual practice. This description is subject, potentially, to
various well-catalogued biases associated with nonran-
domized designs (2). On the other hand, provided the
goal is to estimate the impact of the intervention in typi-
cal practice, it must be recognized that bias is a character-
istic also shared by efficacy trials. In other words,
although efficacy trials are unbiased and internally valid
for the purpose of assessing efficacy, they tend to be
biased optimistically for assessing effectiveness. As sub-
stitutes for effectiveness trials, efficacy trials and non-
RCT designs can potentially play a complementary role.

Can a conclusion about effectiveness be drawn confi-
dently even in the absence of an efficacy trial? Two situa-
tions are possible: (1) RCTs have been performed in
similar populations and/or for similar interventions, and
(2) no RCTs are available, but various non-RCTs are. We
argue that even if the available information consists
entirely of data from non-RCTs, conclusions can still be
drawn (indeed, clinical experts and other decision makers
are required to draw such conclusions in the face of
incomplete information every day); however, these con-
clusions are less definitive than would be the case were
RCTs available.

Whether these conclusions are sufficiently definitive
seems to us to be essentially a value-of-information prob-
lem. For example, if the stakes are high and the non-RCT
evidence is relatively weak, then (a) decision makers
should be willing to allocate the resources to perform a
RCT, (b) clinical experts should be uncomfortable rec-
ommending the intervention without additional data, and
(c) the evidence report should reflect the lack of adequate
information about the impact of the intervention. On the
other hand, if the stakes are low and/or the non-RCT evi-

dence is relatively strong, then (a) it is not worthwhile for
the decision maker to allocate the resources for an RCT,
(b) clinical experts should be comfortable recommending
the intervention, and (c) the evidence report should
reflect the current consensus.

Summation of the Question Under Study
In summary, our argument is as follows. Rarely do

we have the luxury of definitive evidence from both effi-
cacy and effectiveness trials performed among the exact
population of interest; thus judgment and extrapolation of
evidence will be required in any event. As long as the
ultimate frame of reference is the behavior of an inter-
vention in typical practice, the choice is not between a
pristine analysis of unbiased efficacy trials versus the
inclusion of biased data from other sources, but instead,
what weight should be applied to imperfect (yet poten-
tially complementary) evidence of various types.

Although non-RCT evidence is in general less defini-
tive than RCT evidence, the question of whether non-
RCT-based evidence is sufficient for the purposes at hand
is best judged not by a single a priori standard pertaining
to study design, but rather on a case-by-case basis by
clinical experts. The intent of the method to be described
is not to provide a standard by which these clinical
experts make the above judgment regarding sufficiency,
but rather to provide a framework by which the reasons
behind their decisions can be recorded. Our notion is that
by formalizing this decision making/recording process,
the resulting decisions can be better explained, assessed,
updated, and ultimately improved.

Conceptual Model
For concreteness, we assume that the theoretical

underpinning of the evidence report is the conceptual
model of Woolf (3). This conceptual model uses as back-
ground the natural history of the condition in question
(e.g., in terms of parameters such as event rates, compli-
cation rates, quality of life, utilization, and costs), then
appends onto this natural history the impact of the inter-
vention in modifying the above parameters. While Woolf
discusses the question of non-RCT evidence, he does not
go into great detail on using this evidence most effi-
ciently, nor does he present specific proposals regarding
how to make an operational work plan for a report which
uses non-RCT evidence (the focus here). In any event,
our approach does not depend upon the specific details of
Woolf’s particular approach to conceptual modeling, but
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is presented in such a way as to emphasize consistencies
in thinking.

Analytical Goals
We also note that the goals of evidence reports (and,

of course, of most other scientific endeavors) can be
described along the axes of descriptive versus inferential,
as well as quantitative versus qualitative. Most method-
ological effort to date has focused on the quantitative
component of formal inference. Our proposed method is
nonquantitative and primarily descriptive, in the sense
that its goal is to describe the reasons supporting various
decisions about level, quality, generalizability, and suffi-
ciency of evidence. It is only inferential in the sense that
it provides a structure by which these decisions can be
made and recorded systematically.

Proposed Approach: Specification of the Causal
Pathway

As terminology, the causal pathway is the sequence
of steps describing the natural history of the condition
under consideration, while the intervention pathway is
the sequence of steps by which the intervention may
modify this natural history. Our proposed approach
begins with a presentation of the causal pathway as struc-
tured in Table 2—that is, with the rows corresponding to
the steps in the causal pathway and the columns corre-
sponding to various levels of evidence. Levels of evi-
dence are ordered by increasing strength of design, from
medical first principles, laboratory studies, observational
studies outside the population of interest, observational

studies within the population of interest, and RCTs out-
side the population of interest to RCTs within the popula-
tion of interest.

For example, consider the development of pneumo-
nia following SCI. One pathway for the development of
this complication is as follows:
1. Because of the paralysis of various muscles involving

respiration for patients with SCI, the clearance of
secretions tends to be inadequate.

2. In the absence of effective intervention, the inability to
clear secretions leads to colonization of mucosa with
bacteria.

3. Large numbers of bacterial pathogens tend to lead to
respiratory infections, including pneumonia (see Fig-
ure 1).
Although it is always better to have more data rather

than less, the basic idea is to fill in each of the rows in
Table 2 with information that is judged by clinical
experts to be at least sufficient to support the step in
question. For example, step 1 could be sufficiently well
supported by observational studies of secretion clearance
for patients with SCI. Step 2 could be sufficiently well
supported by case series of patients with impaired secre-
tion clearance (whether due to SCI or not), or even by

Figure 1.
Causal pathway: Development of pneumonia in respiratory muscle
paralysis.

Table 2.
Causal pathway: Development of pneumonia in respiratory muscle paralysis.

Level of Evidence

Steps
A-first
principles

B-laboratory 
studies

C-observational 
studies outside SCI

D-observational 
studies inside SCI

E-RCTs 
outside SCI

F-RCTs 
inside SCI

1. Because of paralysis of various muscles 
involving respiration for patients with SCI, 
clearance of secretions is poor.

— — — Wang et al. 1999 (4)
DeVivo et al. 1999*

— —

2. In absence of effective intervention, large 
quantities of bacteria tend to accumulate in 
lungs.

— — — — — —

3. Large numbers of bacterial pathogens tend 
to lead to respiratory infections, including 
pneumonia.

— — — DeVivo et al. 1999 (5) — —

SCI = Spinal cord injury
RCT = Randomized controlled trial(s)
* DeVivo 1999 spans steps 1–3 (5)
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reliance upon medical first principles. Step 3 could be
sufficiently well supported by case series demonstrating
that increased colonization with bacterial pathogens
tends to precede, and greatly increase the likelihood of,
clinically apparent pneumonia.

Alternatively, since step 2 is in such little doubt, step
3 could be sufficiently well supported by observational
studies demonstrating an increased risk of pneumonia
and other respiratory infections within patients for whom
secretion clearance is poor (e.g., SCI, chronic obstructive
pulmonary disease, cystic fibrosis, bronchiectasis), thus
effectively combining steps 2 and 3. Here, the extrapola-
tion is that, for purposes of preventing pneumonia, what
matters is primarily the fact of poor secretion clearance
and not its cause. One potential validation of this extrap-
olation would be the observation that the relationship
between poor secretion clearance and respiratory infec-
tions is consistent across a number of patient populations.
Within the SCI literature, an example of the level of sup-
port for step 1 is an observational study by Wang (4),
demonstrating that mean peak expiratory flow rate during
coughing decreases with increasing injury level. Since
the causal pathway uses secretion clearance rather than
peak expiratory flow, the proper interpretation of this
finding depends upon the extent to which peak expiratory
flow (i.e., in contrast to other factors such as peak excita-
tory force and forced vital capacity) correlates with
actual mobilization and clearing of secretions. This rela-
tionship is relatively unstudied.

Much of the information in the SCI literature
addresses not a single step in the causal pathway, but
rather multiple steps at once. For example, various obser-
vational studies, particularly those from the Model Sys-
tems, demonstrate that the rate of pneumonia among
persons with SCI is significantly higher than among the
general population, with the risk of pneumonia rising
with increasing injury level (5). The extrapolation from
these findings, as often made in the SCI literature, is that
such information is not only sufficient to demonstrate an
overall relationship between SCI and pneumonia but is
also adequate to support steps 1, 2, and 3 individually.
That is, it is assumed that observing an overall relation-
ship between SCI and pneumonia, as implied by the
above causal pathway, is sufficient to establish the valid-
ity of this pathway, even without evidence directly sup-
porting its individual steps. One of the roles of expert
judgment is to indicate the degree to which such extrapo-
lations are likely to be valid.

More specifically, we propose that expert input be
applied at the following stages in the above process:

1. Elucidating the causal pathway (i.e., identifying the
steps leading from “root causes” to clinically relevant
outcomes).

2. Determining the lowest acceptable level of evidence
sufficient to verify each step. This task includes (2a)
determining the lowest-ranking study design (i.e.,
left-most column) which would be acceptable and
(2b) determining the least amount of evidence
required for studies using this design (e.g., would a
single citation suffice or is a literature search
needed?).

3. For low-ranking designs (e.g., laboratory evidence),
nominating a representative citation or citations.

4. Regardless of design, assessing the assumptions
required to extrapolate from the data to the conclu-
sions. This task includes (4a) clearly stating what
assumptions are required to extrapolate from the data
to the conclusions, (4b) specifying the degree to
which such assumptions are likely to be valid, and
(4c) describing the evidence that would be required
for these assumptions to be sufficiently well sup-
ported.

5. When a study spans a number of steps, assessing the
assumptions required to extrapolate to individual
steps. This task includes (5a) clearly stating what
assumptions are required to extrapolate to individual
steps, (5b) specifying the degree to which such
assumptions are likely to be valid, and (5c) describing
the evidence that would be required for these assump-
tions to be sufficiently well supported.

A number of points regarding the above process may
be made. First, EPC literature reviews are noteworthy for
their comprehensiveness and attention to detail. Cer-
tainly, it would be prohibitively expensive to perform a
comprehensive review of the evidence pertaining to each
step in the above pathway. We do not propose this. For
example, as discussed above, step 2 in the pathway
(patients with poor secretion clearance will tend to
develop large quantities of bacteria in the lung) is medi-
cally trivial and not at all in dispute. Indeed, there is little
doubt about any of the steps in the above causal pathway.
The clinical experts would most likely simply nominate a
single representative study to support this step, thus obvi-
ating the need for a literature search and comprehensive
review. The reason why step 2 is specified at all will be
apparent from the discussion of the intervention pathway.

Second, even though many of the steps in the causal
pathway might appear to be trivially reductionist,
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specifying the steps and having experts make an explicit
decision as to the level of evidence required to support
these steps serves the educational function of informing
the user of the evidence report about current thinking in
the field. It might also serve to uncover unexpected dis-
agreements, although in the above example, such dis-
agreement would be quite surprising.

Third, for describing the causal pathway, few/none of
the steps requires RCTs for validation. Essentially, RCTs
are only relevant to the description of the intervention
pathway.

Fourth, it has been our experience that discussing the
question of whether it is appropriate, as a general rule, to
extrapolate results from non-RCT designs and runs the
risk of becoming bogged down in fruitless debates about
methodological first principles. However, in a specific
circumstance, the question of which assumptions are
required for an extrapolation to be valid is usually more
actionable as well as less controversial. Clinical experts
might still disagree on whether these assumptions hold in
a given case, but stating the assumptions themselves is a
task that is usually quite manageable, as is the task of
describing the evidence that would be required to support
these assumptions.

For example, in step 1, the assumption required to
extrapolate from Wang’s study (4) was that peak expira-
tory flow is sufficient as a surrogate measure for secre-
tion clearance. As either a “thought experiment” or a
proposal for a new study, the ideal would be, under
appropriate conditions, to measure directly both con-

structs. In the interim, the assumption/extrapolation
involves our confidence in what such a study would
show, were it to be performed.

As another example, one of the most problematic
issues in the SCI literature is the small sample size of
many of its studies. This is in large part because SCI’s
relative rarity implies that few facilities will encounter
large numbers of incident cases. However, a much larger
number of persons suffer paralysis or weakness of the
respiratory muscles, for example, because of conditions
such as muscular dystrophy and multiple sclerosis. In
some cases, what is important is the fact of the paralysis/
weakness, regardless of its cause. In other cases, the
cause of the paralysis/weakness predominates, for exam-
ple, because SCI implies critical differences in physiol-
ogy and pathophysiology and/or because of the
implications of SCI’s sudden and unexpected onset. As
discussed previously, in the present case, the important
consideration is not SCI, per se, but rather impaired
secretion clearance. Thus, a number of conditions are
potentially appropriate for extrapolation.

Proposed approach: Specification of the Intervention 
Pathway 

Continuing the example, Table 3 describes the struc-
ture of the intervention pathway, which is identical to the
structure of the causal pathway. That is, rows represent
steps in the pathway, and columns represent levels of evi-
dence. The role of the clinical experts is essentially as
described in the previous section.

Table 3.
 Intervention pathway: Prevention of pneumonia in respiratory muscle paralysis.

Step

Levels of Evidence

A. first
principles

B. laboratory 
studies

C. observational 
studies outside SCI

D. observational 
studies inside SCI

E. RCTs 
outside SCI

F. RCTs 
inside SCI

1. Assisted cough will improve secretion clearance. — — — — ?*
Jaeger
1993 (6)**

2. Improvement in secretion clearance reduces 
number of bacteria in lungs.

— — — — ? —

3. Reduced accumulation of bacteria reduces risk 
of respiratory infections, including pneumonia.

— — — — ? —

4. Assisted cough has minimal risks. — — —  Balshi 1989 (7) — —
SCI  = Spinal cord injury.
RCT = Randomized controlled trial(s).
* As discussed in the text, clinical experts might decide that RCTs of assisted cough within patient populations, such as COPD, cystic fibrosis, and
bronchiectasis, are relevant, as well as RCTs of other secretion-clearance-enhancing interventions such as chest physiotherapy. 
?  Denotes this uncertainty.
** Jaeger 1993 is a within-subject experiment, with a validity similar to RCT.
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For example, consider the intervention of assisted
cough, intended to help prevent the development of pneu-
monia (and other respiratory infections). The intervention
pathway is defined in concert with the causal pathway:
1. In order to assist the coughing function, which is no

longer effective among persons with suffiently high-
level SCIs, the maneuver of an assisted cough will
improve secretion clearance.

2. This improvement will be sufficiently great as to
reduce the quantities of bacteria in the lung.

3. This reduction in bacteria will be sufficiently great as
to reduce the incidence of pneumonia (and other res-
piratory infections).

4. In addition, the maneuver has minimal risks in com-
parison with its benefits (see Figure 2).

The same procedure is followed as before, that is,
determining the level of evidence that is sufficient for the
task at hand. As a rule, a higher level of evidence will be
required to support the steps in the intervention pathway
than will be required for the causal pathway.

Regarding step 1 of the intervention pathway, some
of the evidence in the SCI literature is represented by Jae-
ger’s experimental study of 14 patients (6). There, using
each patient as his or her own control, mean peak expira-
tory flow rates were higher for assisted cough in compar-
ison with unassisted cough (238 L/min versus 203 L/
min). As with the previously cited study by Wang (4), the
proper interpretation of this finding depends upon the
extent to which peak expiratory flow correlates with the
ability to clear secretions.

Steps 2 and 3 have been specified, in detail, to make
explicit one of the main potential pitfalls of using non-
RCT evidence; namely, even if the mechanism of action
for an intervention is specified correctly, its effect may
too weak to make a practical difference for the patient.
For example, an assisted cough might reduce the number
of bacteria in the lung, but not sufficiently so as to reduce

the likelihood of infection. Even though our proposed
approach is nonquantitative, the clinical experts must,
nevertheless, make a judgment not only about the plausi-
bility of the mechanism of action of the intervention (i.e.,
the intervention pathway), but also about the magnitude
of its likely effects.

Regarding step 4, Balshi’s case series study (7)
describes possible complications of assisted cough for
the subgroup of patients having Greenfield filters. We
recognize that it is probably not appropriate to extrapo-
late these data to all patients with SCI; nevertheless, this
study is given as an example of the kind of cohort-based
information available in the literature. In addition to
cohort-based data, results from case-control studies
would also be relevant here.

It should be noted that none of the above studies uses
an RCT design (although Jaeger’s study is a within-sub-
ject experiment and thus has a similar level of method-
ological validity). Indeed, an RCT of assisted cough (or
other form of aggressive pulmonary care) versus passive
pulmonary care would, at this point, likely be unethical.
The inference from such a study would simultaneously
span steps 1–3 and 4 of the intervention pathway. Never-
theless, the evidence in favor of each of the steps in the
intervention pathway (whether individually or based
upon studies which span steps) can be codified, and SCI
experts can then judge its sufficiency as well as state the
assumptions required for its most appropriate
interpretation.

If the SCI-literature-based evidence is deemed insuf-
ficient, then various extrapolations can be considered.
Here, following the insight that what is most essential is
the improvement of secretion clearance, one might argue
not only that the patient population could include condi-
tions such as COPD, cystic fibrosis, and bronchiectasis,
but also that other secretion-clearance-enhancing inter-
ventions (such as chest physiotherapy) can provide infor-
mation about the likely magnitude of the effects that can
be expected for assisted cough. Once the opportunities
for appropriate extrapolation have been exhausted, any
steps in the intervention pathway still having insufficient
information would remain as having the highest priorities
for future research. For assisted cough, presuming that
the overall evidence is deemed satisfactory, the more
interesting questions would likely pertain to comparisons
of various techniques for manually assisted cough, com-
parisons between manually assisted cough versus electri-
cal stimulation of the abdominal muscles, and so forth.

Figure 2.
Causal pathway with intervention: Prevention of  pneumonia in
respiratory muscle paralysis.
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Another Example: High Versus Low Tidal Volume for 
Weaning from the Respirator

To illustrate use of the above method in identifying
high-priority research areas, consider the more controver-
sial question of whether high tidal volumes can aid in
speeding weaning from the ventilator and reduce the inci-
dence of respiratory complications. A simplified model
of the causal pathway is that in order to increase the like-
lihood for successful weaning, the following conditions
should hold:

1. Airways and alveoli should be open.
2. Pulmonary muscles should have adequate strength.
3. Lung structures should not be compromised (e.g., by

conditions such as barotrauma, bronchopleural air
leak, parenchymal damage, altered hemodynamics,
etc.).
None of these points is in question, and documenta-

tion of the causal pathway could be based upon easily
available evidence, as in the previous example.

A simplified model of the intervention pathway is:

1. High tidal volumes will be more successful in keep-
ing the airways and alveoli open.

2. Keeping the airways and alveoli open will be suffi-
cient to significantly reduce the likelihood of atelecta-
sis and pneumonia (these conditions not only delay
weaning but also have the potential effect of leading
to a permanent reduction in vital capacity).

3. Recognizing that increased tidal volumes also have
risks such as barotrauma. In practice, these risks are
minimal, relative to the benefit of the procedure (Fig-
ure 3).
Within the SCI literature, perhaps the most extensive

data regarding the impact of high tidal volumes have
been reported by Peterson (8). In a nonrandomized retro-
spective study of 42 patients with injuries at C3 to C4, 23

of these patients had been weaned from the ventilator
with the use of low tidal volumes while 19 patients had
been weaned with high tidal volumes. Patients with high
tidal volumes had lower rates of atelectasis and were able
to wean more rapidly from the ventilator.

In contrast to the SCI literature, the literature study-
ing the impact of tidal volumes for other conditions (e.g.,
acute respiratory distress syndrome (ARDS), acute lung
injury, surgical patients under anesthesia, etc.) is much
larger and includes RCTs. Indeed, results from the ARDS
literature are sometimes cited, perhaps incorrectly, as rel-
evant to patients with SCI. How should the trade-off be
made between higher quality information (i.e., larger
studies with randomized designs) from the non-SCI liter-
ature and more directly relevant data from patients with
SCI? Although the results are not entirely consistent, this
question becomes particularly salient when one considers
that, although one of the five major RCTs with ARDS
patients (9–13) favored high-volume management, the
preponderance of evidence (including the results of the
largest RCT to date) favored the low-volume alternative
(9).

Our proposed approach provides a systematic way to
proceed. Two questions are fundamental. First, in the
opinion of the clinical experts, is the evidence within the
SCI literature definitive? For purposes of illustration, we
assume that the answer to the question regarding tidal
volume and weaning is “no.” Second, what must be
assumed in order to extrapolate from the non-SCI litera-
ture and are these assumptions defensible? If the assump-
tions are controversial, what data would be needed to
determine whether these assumptions actually hold? This
is the point where the tidal volume example diverges
from that of assisted cough, since it can be argued that the
intervention pathway is fundamentally different in SCI as
compared with, for example, ARDS (8).

More specifically, studies dating back to the 1970s
have shown that healthy surgical patients under general
anesthesia receiving mechanical ventilation are prone to
the development of atelectasis and worsened ventilation
perfusion mismatch (14,15). The development of
atelectasis was worse when patients were supine, as
opposed to prone, and was proportional to the duration of
the anesthesia. Based on this observation, it was routine
for patients receiving mechanical ventilation in Intensive
Care Units (ICU) to be administered relatively large tidal
volumes (10–15 cc/kg), so that almost normal ventilation
(i.e, normal COinf2 and pH) was maintained and atelecta-
sis was prevented. As might be predicted, not all

Figure 3.
Causal pathway: High tidal volume ventilation to facilitate wearing 
from mechanical ventilation.
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critically ill patients who require mechanical ventilation
have similar lung pathologies.

For example, patients with ARDS have an excess of
lung water, meaning that there is a striking decrease in
the compliance of the lung that makes it necessary to use
high ventilator pressures to attain “standard” tidal vol-
umes of 10–15 cc/kg. Furthermore, ARDS is a “patchy”
process, meaning that some lung areas that have rela-
tively little damage are, consequently, easily inflated.
This means inspired gas, under high pressure, is often
distributed unevenly, leading potentially to overinflation
of the relatively spared regions of lung. This overinfla-
tion, in animal models, leads to lung injury that is indis-
tinguishable from ARDS.

On balance, recent RCTs in ARDS patients (9–13)
show that traditional tidal volumes (10–15 cc/kg) have
poorer patient outcomes, including increased mortality.
Because of these trials, low tidal volume ventilation (4–6
cc/kg) is now considered to be the standard of care for
patients with ARDS. Data from these trials are being
applied to patients with respiratory failure from causes
other than ARDS, including SCI. However, patients with
SCI often have relatively normal lungs, which means
physiologically they may be much more similar to “nor-
mal” subjects who are undergoing general anesthesia,
and will be prone to development of atelectasis if venti-
lated with low tidal volumes. Because SCI patients also
may develop aspiration of gastric contents or pneumonia,
they are also at risk for ARDS, so perhaps a low tidal vol-
ume ventilation strategy in some SCI patients is advis-
able. Given this conflicted picture, one could argue that
RCTs comparing low versus high tidal volume ventila-
tion in SCI patients are indicated, and indeed, may be the
only recourse.

The goal of this example was not to recommend a
specific approach to weaning from mechanical ventila-
tion but to illustrate the translation of a clinical debate
into actionable items.

DISCUSSION

Whereas the methodological debate about whether to
use and how to use non-RCT data for quantitative infer-
ence shows no signs of resolution, far less controversial
is the use of such data for the purpose of description and
qualitative insight. It is important to emphasize that what
is being proposed here is not an inferential method. For

example, we do not speculate how information pertaining
to the various steps in the causal and intervention path-
ways, typically available at different levels of detail and
from different designs, should be combined to form con-
clusions. We do not recommend what weight, if any,
should be attached to non-RCT evidence, nor do we take
a position regarding if, when, or to what degree such evi-
dence is likely to be biased.

Instead, we have proposed a systematic and highly
explicit process intended to achieve the following goals:
(1) to describe what the natural history of the condition in
question is likely to be without intervention and why, (2)
to describe how the intervention in question is likely to
alter this natural history and why, (3) to describe the evi-
dence supporting each of the steps in the above pathways
and to pragmatically assess its adequacy, and (4) when
this evidence is less than definitive, to describe what
assumptions and extrapolations are needed to proceed
and to list what evidence currently exists (or will subse-
quently be needed) to support these assumptions and
extrapolations.

Although the proposed process may at first glance
seem simplistic, it is intended to use the following
insights: (1) producing a fair summary of the evidence
only requires a level of information which is sufficient to
the task at hand, (2) using information sufficient to the
task at hand helps focus the scarce resources of time and
money so they can be expended for the maximum bene-
fit, (3) determining that the people best able to decide
what constitutes sufficient evidence are clinical experts,
who should not decide this according to a fixed rule but,
instead, on a case-by-case basis, (4) applying a system-
atic process should strengthen both the quality and docu-
mentation of the above decisions, (5) realizing the
documentation function is particularly crucial, as it both
communicates current thinking in the area under study
and also provides a degree of quality assurance by help-
ing to ensure that the above decisions are as systematic
and evidence-based as possible, and (6) realizing one of
the byproducts of this process is information about prior-
ities for future research.

Our proposed process has a number of potential limi-
tations. For example, we recognize that, in practice, the
decisions necessitated by the process are by no means
trivial. For example, within the topic area of SCI, patients
may not be comparable either within or across studies
(e.g., because of the level of injury, completeness of
injury, and presence of multiple other injuries). SCI
patients receive numerous interventions; therefore,
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contributing either risk or benefit to a single treatment is
difficult, both conceptually and practically. Sample sizes
tend to be small. One must apply careful judgment when
determining what assumptions, extrapolations, and inter-
pretations are appropriate. 

A more fundamental conceptual difficulty is the pres-
ence of multiple, often related, pathways. Attempting to
simultaneously model these pathways would greatly
complicate the presentation, while dealing with each pos-
sible pathway as if it were independent may be so clini-
cally unrealistic as to lead to potentially inappropriate
conclusions. We know of no ideal solution to this prob-
lem, but we do note that since the primary purpose of this
approach is description and documentation, some degree
if simplification (even if not fully consistent with clinical
reality) is to be expected and, indeed, perhaps welcomed.

Another issue involves the conflicting goals of mini-
malism and completeness. This is perhaps most suc-
cinctly stated by the question, “In Tables 2 and 3, should
we operate from right to left (i.e., beginning with the
most valid designs) or from left to right?” The process
should work either way and, in practice, the decision
would probably be made best by the clinical experts,
depending upon the level of evidence they deem neces-
sary. For example, in documenting the uncontroversial
hypothesis that for SCI patients, in the absence of effec-
tive intervention, large quantities of bacteria tend to
develop in the lung, we could proceed from left to right.
Conversely, for the more controversial question of high
versus low tidal volumes for weaning from the respirator,
the most appropriate approach would likely be to begin
by searching for RCTs. 

Similarly, in areas of controversy much more atten-
tion would be given to documentation of the empirical
evidence behind conflicting conceptualizations of the
intervention pathway. For example, relatively little evi-
dence needs to be given in support of the uncontroversial
mechanism by which assisted cough improves secretion
clearance, thus helping to prevent pneumonia. On the
other hand, high tidal volumes may or may not work dif-
ferently in SCI patients as compared to ARDS patients.
In such cases, individual steps may need to be broken
down into substeps, and the evidence in favor of each of
the substeps marshaled and judged by the clinical
experts.

We also note that, even though the columns in Tables
2 and 3 are arranged in roughly ordinal fashion, as illus-
trated in the tidal volume example, it is not immediately
clear whether RCTs in non-SCI populations should take

preference over observational studies within the SCI lit-
erature, or vice versa. A similar question pertains to the
placement of within-subject designs relative to RCTs.
This is another decision probably best made by clinical
experts on a case-by-case basis.

CONCLUSION

In conclusion, even in fields with large numbers of
excellent RCTs, production of a comprehensive evidence
report will always require the tasks of extrapolation,
assumption, and interpretation. These same tasks also
apply to non-RCT designs, making differences between
using RCTs and non-RCTs primarily those of degree
rather than kind. What can reasonably be expected is not
that definitive evidence will always be available on a
given topic—indeed, such evidence is by definition illu-
sory—but instead that what is currently known (and
believed) will be recorded as explicitly as possible. What
can be stated explicitly becomes testable, and this subse-
quent testing is what allows medical science to continue
its advance.

Before accepting the task order on preventing pulmo-
nary complications of SCI, we understood that few RCTs
had been performed among patients with this condition.
To a certain extent, we wondered whether a comprehen-
sive literature review might be an exercise in futility. Or,
instead, would this literature contain numerous insights,
just not in the ideal format of large RCTs? Or would we
find something in between?

Although the SCI literature is not definitive, we were
ultimately very encouraged by the potential for drawing
meaningful conclusions. In fact, much is known about
the care of patients with SCI, using as the criterion for
acceptability the level of evidence which experts in the
field judge to be sufficient to the task at hand. Admit-
tedly, reviewing a literature such as SCI does require
more emphasis on various integrative tasks such as (1)
determining minimal acceptable levels of evidence; (2)
stating explicitly the assumptions required to interpret the
available data and what information, in turn, supports the
assumptions; and (3) synthesizing the resulting informa-
tion into a fair summary of the strength of the evidence.
Accomplishing these tasks not only accrues costs in
terms of time, budget, and complexity but also gains
numerous benefits in terms of understanding more inti-
mately the clinical issues under study.
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We conclude that even in the absence of extensive
RCTs, useful evidence reports can be produced. One of
the products of these evidence reports should be a list of
the topics for which RCTs are needed urgently. In this
way, we can close the loop between making the best of
the current literature and strengthening the evidence base
for future reviews.
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