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Abstract
Background: Recent controversy in the press and medical literature surrounding a clinical trial in preterm infants
raised several questions about the informed consent process in comparative effectiveness trials. An important
consideration that was missing from these discussions were the implications of randomizing subjects within a
standard of care, when that standard of care is not defined discretely, but by a range of physiologic measurement.
Summary: This paper discusses the risk/benefit implications when subjects are randomized within a standard of
care that is defined by a range of physiologic measurement, rather than discrete therapeutic interventions. The
recent controversy surrounding the informed consent process for a large, multicenter, clinical trial in preterm infants
is used as the backdrop for this discussion, and a hypothetical study design built around a common clinical problem
is used to further demonstrate the significant alteration in risk/benefit that might occur when subjects are randomized
to narrower ranges of response within a larger standard of care range. While it may be possible to mitigate the
negative effects of this type of randomization by alterations in study design, specifically closer monitoring and
intervention, this potentially increased risk must clearly be addressed in the informed consent process.

Background

Allegations of Non-Compliance

Comparative effectiveness studies, in which subjects are
randomized to one of various alternatives within an accepted standard
of care, are relatively common in clinical research. Recent controversy
over one such study in preterm infants has raised questions about how
risk may be altered when patients are randomized to different
standards of care. These concerns may be even more relevant when
standard of care is defined not by specific treatments, but by a range of
physiologic responses. After a brief description of the study and the
concerns raised, we examine the issue at the heart of this dialogue,
focusing on the ethical considerations and the implications for future
clinical research.

After SUPPORT was published, the Office for Human Research
Protection (OHRP) began an investigation of allegations of
noncompliance with Department of Health and Human Services
(DHHS) regulations (45 CFR part 46) [4]. In March 2013, OHRP
determined that SUPPORT “failed to adequately inform parents of the
reasonably foreseeable risks and discomforts of research participation”
[5]. One month later, the advocacy group Public Citizen drew
attention to the complaint, and The New York Times reported that
OHRP had determined that major academic institutions failed to
disclose the risks of the study to parents, thereby “depriving them of
information needed to decide whether to participate” [6].

The Surfactant, Positive Pressure, and Pulse Oximetry Randomized
Trial (SUPPORT) was conducted at 23 academic centers and enrolled
1316 preterm infants during a 5-year period [1]. One question
SUPPORT asked was whether targeting higher or lower oxygen
saturations altered the development of retinopathy of prematurity
(ROP) a serious vascular dysgenesis of the retina that is common in
preterm infants and the leading cause of blindness in developed
countries. It is well known that high oxygen saturation is a major
determinant of ROP. However, oxygen can also be life saving, and the
optimum balance between too little and too much is unknown. The
American Academy of Pediatrics recommends a target range of
85-95% [2]; however, studies suggest that keeping saturations on the
higher side of this range may result in more ROP [3]. SUPPORT was
designed to test the hypothesis that a lower target range (85-89%)
would result in less ROP than a higher target range (91-95%), without
any increase in adverse outcomes.

OHRP never specifically questioned the ethical conduct of the
study. However, when the OHRP letters were released to the public,
SUPPORT was criticized for ethical violations. Public Citizen sent a
letter to the DHHS Secretary, expressing concern over this “highly
unethical” study that had “egregious informed-consent omissions”,
and criticized OHRP’s response as “grossly inadequate” [7]. An
editorial in the Times, entitled “An Ethical Breakdown”, stated that
this failure to inform was “startling and deplorable” [8].

Results from SUPPORT, reported in a prominent clinical journal,
noted that while the lower oxygen target range resulted in less ROP, it
also increased the risk of mortality [1].
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Responses to Above
At the same time, a flurry of commentary occurred in the press and
medical literature [9-18]. The majority was supportive of the
investigators and critical of OHRP’s determination. In response,
OHRP reconsidered their initial position, and subsequently suspended
all compliance actions in regards to SUPPORT [19]. In addition, in
recognition of the “complex” nature of study design in trials like
SUPPORT, in which subjects are randomized to treatments that fall
within standard of care (SOC), OHRP announced that they would
plan no further action until they could provide better guidance on the
rules regarding risk disclosure in such studies [19].
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Randomization within the Standard of Care
At the center of the SUPPORT controversy is the concept of
randomization within SOC. For OHRP, this raised the concern of
differential risks between the groups that were not addressed in the
informed consent. For groups like Public Citizen, this raised graver
concerns, that such randomization is unethical. Although both these
points have been well argued, what is missing from the discussion is
the fact that there is a misperception about how SOC can be applied in
a clinical research trial.
When SOC allows for a variety of treatments, there is no moral
obligation to provide a specific treatment, only a treatment that falls
within that SOC. In the simplest case, SOC may involve two possible
therapies. Both are acceptable and care providers are justified in
picking either. However, the fact that one treatment is not preferable
over the other does not mean that the treatments are the same; in fact,
they may carry quite different risks and benefits. That is one reason
why comparative trials are done.
The ethical principle of justice, as it applies to clinical research
trials, is generally interpreted as ensuring that selection of subjects is
fair and equitable, so that all share the potential benefits (and burdens)
of research [20]. In a randomized clinical trial, the principle of justice
is further satisfied in the allocation of treatments, in that each subject
has an equal chance of being allocated to a specific treatment group.
However, the principle of justice must also be considered within the
context of treatment choices in a clinical trial. It is implied, although
not a given, that each treatment group within a clinical trial has a
comparable risk/benefit profile; that the risks and benefits, real or
potential, within each group are balanced and do not ‘a priori’ make
one group preferable to another. The point of the randomized clinical
trial is to see if one treatment is actually preferable to another.
That brings us to what is the fundamental concern within
SUPPORT - the selection of treatment groups. Although the allocation
to each group was random, and therefore just, the treatment groups
might not be balanced in regards to risk/benefit. Explicit in the
informed consent is that there is no perceived risk to the low oxygen
group, but that it might benefit from less ROP [21]; this implies that
the high oxygen group might have a relatively higher risk of ROP.
Moreover, there is no benefit mentioned to the high oxygen group.
Instead, the study investigators argued that since each treatment fell
within the SOC, both were justifiable.
It is this SOC argument that is flawed. It fails to appreciate a critical
difference when SOC involves a range of acceptable responses - in this
case a range of oxygenation levels – as opposed to a discrete set of
treatments. As noted above, when SOC consists of a discrete set of
treatments, each treatment is equally acceptable and no treatment is
preferable to another, based on current knowledge. If the treatments
are to be compared in a randomized clinical trial, then subjects can be
allocated to any of the treatments, since they each represent SOC.
When SOC consists of a range of acceptable measurements, the
situation is different. First, we are not giving a treatment, but targeting
a range of clinical responses; this range is generally based on the
knowledge that responses outside this range (too high or too low)
increase the risk of harm, when compared to responses within this
range. Second, while we can ensure that a patient receives a prescribed
treatment, we cannot ensure that a clinical response will always fall
within the SOC range; we are therefore constantly titrating
interventions, making corrections when the patient’s response level
approaches or exceeds the range limits. Third, response levels are
J Clinic Res Bioeth
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dynamic and vary over time, both within and between individuals; this
variation can be described by a frequency distribution, typically a
“bell-shaped” curve in which responses in the central portion of the
curve will occur most often, and values at the upper and lower
extremes (i.e., near the range limits) much less often.
These characteristics of a SOC range have important implications
when it comes to randomized clinical trials. When SOC refers to
discrete treatments, then allocation to any particular treatment still
represents that SOC. However, when the SOC refers to a range of
acceptable responses, allocation to any particular subset of responses
may no longer be comparable to the original SOC because it is not
only the level of response, but also the distribution of responses that
define that SOC.
To illustrate, let’s use the analogy of driving on a wide, single lane
road. Your goal is not to hit either the left or right guardrail, as this
would cause harm. To avoid harm, we set the SOC range as the white
(right) and yellow (left) lines of the highway. If you stray over either
line, a rumble strip alerts you to that fact and you correct to the center
of the road. In this scenario, you will spend most of the time in or near
the center of the road; because you have a relatively wide safety margin
(distance between you and the edges of the road), you will rarely
wander over the lines.
Now, let’s divide that wide road into two lanes, each half the width
of the original road. Your goal is still not to hit the guardrails, but now
your SOC limits are narrower; they include a center dashed line and
either the yellow (left lane), or the white (right lane) line. In this
scenario, you still spend most of your time in the center of your lane,
but because your lane is now only half the size as before, you have a
narrower safety margin and are much more likely to stray over the
solid line. Depending on how close the guardrails are to those solid
lines, your chances of harm may be significantly increased.

When SOC is defined by a Range of Responses – A
Theoretical Clinical Trial
To examine this further, let us use a well-known medical condition
as an example. Normally, the blood sugar level in our bodies is tightly
regulated, in order for it not to go too low or too high, because
extremely low or high blood sugar can be harmful. Low blood sugar
can cause collapse, loss of consciousness and even death, while high
blood sugar causes both acute effects (e.g., dehydration, weakness,
susceptibility to infection) and chronic damage to a variety of organs,
including the kidneys, eyes, and heart. In diabetes, the body’s normal
mechanisms for keeping one’s blood sugar from going too high do not
work, so the patient must take active steps to prevent high blood sugar;
steps like carefully controlling their sugar intake or taking
medications, like insulin, that will lower their blood sugar.
These types of treatment, diet control and medications, comprise
the basic toolkit for diabetes SOC. However, since the treatment
options for diabetics all work by lowering blood sugar, we must also be
careful not to lower it too much, since very low blood sugar is harmful
as well. That is why the SOC for diabetic care is to closely monitor
blood sugar levels and maintain those levels within recommended
limits. A range, rather than a specific level, is an acceptable SOC, since
a diabetic’s blood sugar level will tend to vary a bit throughout the day,
based on many things including the time of the last meal, the nature of
that meal, physical activity, and timing and dosing of medications. The
American Diabetes Association recommends a pre-prandial (just
before meal) blood sugar level between 70 and 130 mg/dl [22].
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For the sake of simplicity, let us assume that we can model a
diabetic’s blood sugar level as a normally distributed continuous
variable, which is defined by its average value (mean, or µ) and
variability (standard deviation, or σ). Then, over the course of time,
the patient’s blood sugars will assume a normal (Gaussian)
distribution, as shown in Figure 1. In Figure 1, the mean is centered on
the x-axis, and the values on the y-axis give the relative frequency of
each possible value for x. The average, or mean, is the most frequently
occurring value, and values away from the average (measured in terms
of σ) occur less and less often the further they are from the mean. In
such a distribution, all values (even negative ones) are possible,
although extremely high or low values are infrequent.

SOC range of blood sugar levels into two equal ranges, 70-100 and
100-130, assigning half the study subjects to each range and looking at
long-term outcomes. Since the two ranges are still within the current
SOC range for diabetic control, can we assume that there is no
increased risk to being in such a study? Let’s see what happens to the
distribution curves for blood sugar levels for an individual in the
study, assuming they continue to have similar variability in blood
sugar levels as determined earlier (a standard deviation of 9).
Figures 3a and 3b show what happens within each of the two study
subgroups. Both curves appear similar in shape to each other and to
the original SOC curve, but they are shifted along the x-axis. The
average, or mean, values are different; in the original SOC distribution
the average value was 100, in the lower range study group (Figure 3a)
it is 85, and in the higher range study group (Figure 3b) it is 115. Of
course, each of these three means are within the SOC range of 70-130,
but look what happens to the frequency of “outliers”, or values that fall
outside the SOC range. In the lower range study group, nearly 5% of
values now fall below 70, while in the higher range study group an
equal portion now exceed 130 (non-shaded areas).

Figure 1: Normal (Gaussian) Probability Distribution.
Assuming that the diabetic’s blood sugar values will occasionally
vary outside the recommended range, let us define good diabetic
control by how often one stays within the recommended range of
70-130. In Figure 2, we show how this would look if we define good
control as being within the acceptable range 99.9% of the time. In
Figure 2, the mean is 100 (mid-point between 70 and 130) and the
standard deviation is 9, giving us a probability of being “in-range”
99.9% of the time (shaded area) [23]. For the sake of our illustration
this will define the SOC for good diabetic control.

Figure 2: Probability Distribution for Hypothetical Case of Diabetic
Blood Sugar Control.
Now, let’s imagine a study that is interested in determining whether
avoiding the higher end of these blood sugar levels will result in less
long-term organ damage. We decide to do this by simply dividing the
J Clinic Res Bioeth
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Figure 3A: Probability Distribution for Hypothetical Diabetic Study
Patients in ‘Low Range’ Subgroup.

Figure 3B: Probability Distribution for Hypothetical Diabetic Study
Patients in ‘High Range’ Subgroup.
By splitting the SOC range into two halves what we have effectively
done is eliminate the chances of an outlier in one direction (i.e., either
too high or too low) but disproportionately increase the chances of an
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outlier in the other direction. In fact, in the original SOC distribution
the chances of a blood sugar level falling out of range was
approximately 0.1% while in each of the two study subgroups, the
chances are now approximately 5%, or 50 times greater. Thus,
although the study ranges were both within the original SOC range,
subdividing that SOC range actually increases the risk of an out-ofrange value to subjects in either group. In addition, the specific risks
between the two subgroups are quite different; the low range group
has a significant risk of extremely low blood sugar levels, while the
high range group has a significant risk of extremely high blood sugars.
That is not to say that there are not ways in which the study can reduce
those risks to its subjects, perhaps by closer monitoring, more
aggressive intervention, or other measures to reduce variability in
blood sugar levels, but those safeguards would have to be built into the
study design; regardless, it must be acknowledged that dividing the
SOC range into smaller ranges increases the risk to the subjects in the
study, compared to SOC.

ROP and the potential risks of lower survival or greater
neurodevelopmental impairment. This represents a balanced risk/
benefit profile between groups, although both different than SOC. This
approach would justify the allocations made in SUPPORT.

Implications for Future Research
As a result of the SUPPORT controversy, DHHS retracted its
original determination against the investigators. They recognize the
need to develop better guidelines concerning disclosure of risks in
SOC comparative effectiveness trials and have begun soliciting input
from both the public and scientific sectors [27]. In developing those
guidelines, we think it is important to consider the increase in risk that
occurs when allocation is made within SOC that targets a range of
clinical responses rather than discrete treatments.
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