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Abstract
Robust prognostic indicators of neurological recovery are urgently needed for acutely comatose
patients. Functional neuroimaging is a highly sensitive tool for uncovering covert cognition and
awareness in behaviourally non-responsive patients with prolonged disorders of consciousness,
and may be applicable to acutely comatose patients. Establishing a link between early detection
of covert awareness in acutely comatose patients and eventual recovery of function could have
significant implications for patient prognosis, treatment, and end-of-life decisions. Because
functional neuroimaging of acutely comatose patients is currently limited to the research context,
ethical guidelines for disseminating a patient’s individual research results to clinical teams and
surrogate decision makers are needed. We propose an ethical framework comprised of four
conditions that can guide ethical disclosure of individual results of neuroimaging research in the
acute care context.
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Introduction
Improvements in intensive care have led to an increased survival rate following coma —
the acute state of behavioral non-responsiveness immediately after a brain injury— during which
patients exhibit no evidence of awareness of themselves or of the environment.1 Long-term
patient outcome is highly variable. Some will die, others will go on to make a good recovery, and
a third group will progress into a minimally conscious state, or a state of behavioral nonresponsiveness with prolonged disorders of consciousness (PDOC). Patients who remain entirely
behaviourally non-responsive are thought to lack consciousness, and diagnosed as being in a
vegetative state.2 There are currently few tools for assessing brain function during coma, and
none offers accurate prognostic indicators of recovery for individual patients. Critically, this
prognostic uncertainty during coma frequently biases medical decisions in favor of withdrawing
life-sustaining therapies early, typically within the first 72 hours.3
Neuroimaging research in behaviorally non-responsive patients with PDOC 4-11 has
established that a lack of behavioral response in severely brain-injured patients does not
necessarily imply a lack of consciousness. Studies have found that a proportion of entirely
behaviourally non-responsive patients are not only consciously aware, but critically, may have
highly preserved levels of mental life.10,12 Furthermore, recent research shows that some patients
who are diagnosed as being unconscious according to internationally agreed upon criteria for the
vegetative state (e.g., Coma Recovery Scale Revised13), can go on to have significant recovery of
function, including full recovery of consciousness and functional communication.14
The functional magnetic resonance imaging (fMRI) assessments used in patients with
PDOC involve asking patients to follow specific commands by modulating their brain activity
according to the researcher’s instructions, or simply to follow along an engaging narrative. In
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one such neuroimaging paradigm,4 patients are asked to perform motor (e.g., playing tennis) or
spatial navigation (e.g., moving around their house) imagery, or relax, in on-off blocks of 30
seconds. In another kind of paradigm,9 patients are asked to either selectively attend to the
presentation of a target word while ignoring a non-target word (either “yes” or “no”), or relax, in
on-off blocks of 30 seconds. Patients who successfully perform these tasks show taskappropriate (on-off) activity in pre-specified brain regions that is statistically similar to that of
healthy controls, reproducible, and sustained over long time-intervals, allowing researchers to
unequivocally conclude that the patient is following commands and, therefore, is consciously
aware.
More recently, Naci and colleagues10 developed a movie-viewing paradigm for the
investigation of conscious experiences of behaviorally non-responsive patients who retain covert
awareness, but cannot follow commands due to impaired attention from the brain injury. They
focused on the assessment of executive function—a high-level cognitive function that requires
conscious awareness—while participants watched a brief (8 minute) and highly engaging movie
by Alfred Hitchcock. Naci and colleagues found that the time-course of the activation in frontal
and parietal brain regions —known to support executive function— provided a template for
decoding whether behaviorally non-responsive patients exercise similar executive function as
healthy individuals in response to the executive demands of the movie. Using this approach, they
demonstrated that a PDOC patient who was behaviorally non-responsive and thought to lack
consciousness for 16 years was consciously aware and could continuously engage in complex
thoughts about real-world events unfolding over time.10
It is worth noting that a negative result in these neuroimaging assessments does not imply
a lack of awareness, but rather that no evidence of awareness was detected. This could be due to
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a genuine lack of awareness, but it could also be due to an inability to perform the task, e.g., the
patient may not have understood the instructions or may have fallen asleep during the task.
Indeed, in some cases, an absence of activation to a specific task can be observed even in healthy
individuals. Thus, a negative neuroimaging result provides no additional information beyond the
patient’s clinical assessment at their bedside. Conversely, if a positive neuroimaging effect is
detected, the brain-injured patient’s ability to follow commands via brain activity, or closely
follow a narrative that develops over time, provides evidence of a complex cognitive repertoire
—beyond preserved awareness— including language comprehension, attention, decisionmaking, working memory and executive function.
This body of research has demonstrated that fMRI is a highly sensitive tool for
uncovering covert cognition and awareness in behaviorally non-responsive patients with PDOC
who are clinically diagnosed as being in a vegetative state, and suggests that, similarly, a
proportion of comatose patients may retain preserved covert cognition and awareness, despite
their apparent non-responsiveness. In light of these findings, fMRI provides a promising avenue
for detecting covert consciousness in the comatose patient population. Indeed, a recent study by
Edlow and colleagues15 found that three patients in the intensive care unit (7 – 15 days postinjury) who were clinically diagnosed as lacking consciousness demonstrated the ability to
follow commands via functional neuroimaging by wilfully modulating their brain activity
according to instruction. Uncovering covert cognition and consciousness in acutely comatose
patients could have important implications for patient prognosis, an area currently poorly
understood. Robust prognostic indicators of neurological recovery in this group are desperately
needed,2 and neuroimaging research to ascertain the presence of covert awareness and its
relationship to subsequent recovery of function could have profound implications for patient
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prognosis, treatment and end-of-life decisions. However, any potential benefit to the patient
arising from the acknowledgement of their current covert cognition, awareness, and any
prognostic indicators is only possible if researchers can share and discuss the results for
individual patients with their surrogate decision makers and medical care team. Therefore,
ethical guidelines for the dissemination of research results to surrogate decision-makers and
medical teams are urgently needed.
To date, the majority of neuroimaging studies that have investigated covert awareness in
severely brain-injured patients have been conducted in patients with PDOC so disclosure of
individual results has pertained to patients who are several years post injury, and whose
prognosis is unlikely to change. By contrast, research involving acutely brain-injured patients—
within days to a few weeks post initial injury—poses unique challenges because it may impact
on end-of-life decisions for those patients. Full acknowledgement of these challenges compels us
to ask whether it is ethically permissible to disclose individual results of functional neuroimaging
research in the acute patient context. To address this question, we propose an ethical framework
comprised of four conditions that can guide ethical disclosure of individual research results in the
acute care context.

Ethical principles supporting the disclosure of individual research results
Existing ethical guidelines appeal to the principle of beneficence to justify the disclosure
of research results to individual research participants.16-18 These guidelines are based on the
presumption that disclosure of individual research results is an exceptional circumstance and
should only occur when the results are scientifically valid and have significant implications for
the patient’s health such that there is a clear clinical benefit to disclosure, such as when results
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pertain to a condition for which effective treatment is available. Conversely, some critics have
argued that guidelines for disclosure grounded in beneficence—that is, sharing only results with
clinical utility—are too restrictive, and prevent the disclosure of individual research results that
participants may want.19 They argue that the principle of respect for persons justifies disclosing
any individual research results that might have meaning or personal utility for participants, even
if they have little to no clinical significance or relate to conditions for which effective treatment
does not exist.19 For example, a genetic test revealing misattributed paternity may have no
clinical utility, but can have considerable personal utility for a participant. Disclosing individual
research results also shows respect for the participant’s self-determination, by allowing them to
incorporate individual research results into their own decision-making, and shows gratitude for
their participation in research.19 Lastly, it has been argued that individuals have a right to
determine with whom their personal information, such as the information gained through clinical
research, should be shared, including themselves.20
In previous work,21 we argued that appropriate guidelines for the disclosure of individual
research results must account for both beneficence and respect for persons. Accordingly, we
argue that researchers ought to disclose individual research results to the surrogate decisionmakers of severely brain injured patients when four conditions are met: 1) disclosure does not
undermine the scientific validity of the study; 2) results are informative and reliable; 3) the
potential benefits of disclosure, including clinical benefits and personal utility or non-clinical
benefits, outweigh potential harms; and finally, 4) the participant or surrogate decision maker
consents to be informed of the results.
Because acutely comatose patients lack the capacity to consent to participate in research,
informed consent to participation is provided by the patient’s surrogate decision-maker. This
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individual, typically a close family member, is entrusted with making decisions on behalf of the
non-competent patient. Accordingly, in the present context, it is the patient’s surrogate decisionmaker to whom individual research results would be disclosed. Of note, we refer to a patient’s
‘surrogate decision-maker’ throughout, while recognizing that surrogate decision-making often is
a collaborative process between family members and medical staff.
Neuroimaging research in the acute patient context has two aims, and thus, its results
have two potential applications. First, this research aims to uncover covert cognition and
awareness in comatose patients through functional neuroimaging. A positive result on a given
neuroimaging paradigm would provide robust evidence of covert cognition and awareness. This
information is available to researchers immediately after the completion of functional
neuroimaging. Second, this research aims to inform patient prognosis by illustrating the
relationship between covert awareness detected shortly after severe brain injury and a patient’s
eventual recovery of function or lack thereof. To achieve this aim, results must be collected from
a large population of patients over an extended period, so data generated early in the research
program will have minimal prognostic value. In the next sections, we consider how the above
four conditions guide disclosure of research results with regards to both the presence of covert
cognition and consciousness and patient prognosis.

Is disclosure consistent with scientific validity?
A major concern with disclosure of individual research results to a participant’s surrogate
decision-maker is that doing so may compromise the scientific validity of a study. As the
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primary goal of research is to generate knowledge for the benefit of society, if disclosure
compromises scientific validity, it deprives society of the potential benefits of the research.
In the context of patients with PDOC, disclosure of individual research results does not
compromise scientific validity, because disclosure of the results obtained from one patient does
not affect the results of another. Disclosure occurs after the conclusion of each individual
patient’s self-contained case study,4,10 and accordingly does not impact on the researcher’s
interpretation of the broader, group-level results, nor the research protocol for the next patients.
In the acute context, however, the effect of disclosure on the scientific validity of the
study is more complex. As previously mentioned, one of the two goals of this research is to
generate information that will improve the accuracy of prognosis for acutely comatose patients.
While researchers can gain immediate insight into the presence of covert cognition and
awareness on a patient-by-patient basis, each patient remains part of the study after the initial
scanning. Their progress over time is assessed against the initial neuroimaging results to evaluate
the prognostic value of the neuroimaging findings in the comatose state. Disclosure may impact
a patient’s natural progression by influencing the end-of-life decision made by the surrogate
decision-maker and medical team. For example, disclosure that an individual patient has
demonstrated, or failed to demonstrate, evidence of covert cognition and awareness may
influence a decision to continue, or withdraw, life-sustaining therapy, thereby creating a
selection bias for assessment of the relationship between the results of functional neuroimaging
and prognostication.
To avoid this potential bias, it is important that surrogate decision-makers clearly
understand the nature of neuroimaging research in comatose patients. On the one hand, failure to
detect covert awareness offers no new information; thus, disclosure should not influence the
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surrogate’s decision-making. On the other hand, disclosure of a positive result in the absence of
prognostic utility ought not be used to inform treatment or end-of life decisions. Nevertheless,
disclosure of a positive result may influence surrogate-decision making, independent of any
prognostic evidence. Given the diversity of values that inform surrogate decision-making, we
suggest that it is unclear how the presence of covert awareness will influence particular treatment
or end-of-life decisions. Therefore, we provisionally argue that disclosure can be consistent with
scientific validity, provided suitable conditions are in place for avoiding this potential confound.
For example, surrogate decision-makers may need to agree not to withdraw life-sustaining
treatment from the participant for the duration of the prognostic study as a condition of
enrollment, or make other assurances that disclosure will not impact the withdrawal or
continuation of life-sustaining treatment. Alternatively, surrogates may need to agree to delay
disclosure of research results until the conclusion of the prognostic study. If these conditions
cannot be met, surrogate-decision makers would remain free to withdraw from the study at any
time.

Are the individual research results informative and reliable?
For the disclosure of individual research results to be beneficial to participants or their
surrogate decision-makers, the results must be informative and reliable. The neuroimaging
paradigms that can be used to detect covert awareness in acutely comatose patients have been
validated over numerous studies in healthy participants and PDOC patients.4,6,9,10. As discussed
above, a negative neuroimaging result provides no additional information beyond the patient’s
clinical bedside assessment. By contrast, a positive result provides robust evidence of covert
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awareness for individual patients and, depending on the nature of the assessment, also provides
specific information on preserved cognitive capacities.
In addition to providing reliable information about the presence of covert cognition and
awareness, individual results of functional neuroimaging research in the acute context may, in
the future, provide reliable prognostic information about patient recovery or lack thereof.
Currently, there is insufficient evidence to allow for prognostication based on a patient’s
functional neuroimaging results. Thus, the disclosure of the patient’s neuroimaging research
result is both informative and reliable only with respect to the presence of covert cognition and
awareness. Until this research matures to enable reliable prognostic inferences for individual
patients, researchers must clearly convey to the surrogate decision-makers that the patient’s
individual research results do not provide definitive prognostic information about the recovery of
function or lack thereof. This guidance must take place prior to enrolling them in the study, and
again prior to disclosure of research results.

Do the potential benefits of disclosure outweigh the potential harms?
In previous work,21 we argued that disclosure of positive individual research results, such
as the presence of covert cognition and awareness, to the surrogate decision-makers of patients
with PDOC is likely beneficial to the patient. It acknowledges them as persons with subjective
interests, and may positively alter the way they are treated and cared for by others, including
justifying further attempts at communication with them. Conversely, while the disclosure of
negative research results may in some cases result in emotional distress to the patient’s family, if
they have consented to disclosure, it suggests respect for their contribution to the research
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endeavour and may be rewarding on this basis. As aforementioned, the circumstances of
disclosure in the acute patient context are more complex. Individual research results in this
context have diagnostic and prognostic relevance and both sets of potential benefits and harms
must be weighed to determine whether disclosure is ethically permissible.

Potential benefits and harms of information pertaining to covert cognition and awareness
We argue that a greater understanding of the patient’s condition will, in general but not
always, help surrogate decision-makers act in the best interests of the patient. Disclosure of a
positive research result provides the surrogate decision-maker information about the patient’s
preserved awareness and specific cognitive capacities, including language comprehension,
attention, decision-making, working memory,4,5,8 and executive function.10,12,22 Knowledge of a
patient’s covert awareness and capacity to understand communication validates the family’s and
medical care staff’s attempts to communicate with them and will likely enhance the quality of
interactions with the patient.21 Studies suggest that communicating with patients with disorders
of consciousness as if they were aware promotes their well-being by acknowledging their value
and demonstrating a sense of genuine care for them.23 In cases where patients recover
consciousness, these interactions are what they remember. Further, the presence of covert
awareness suggests that a patient is capable of subjective experiences, such as the experience of
pleasure or pain, which may warrant specific interventions, e.g., administration of pain
medication.
If a patient previously expressed the desire to receive life-sustaining treatment provided
they have preserved consciousness, disclosure of a positive individual research result would be
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beneficial for the patient. Disclosing a negative research result, (i.e., that no evidence of covert
cognition or awareness was detected) does not add any new information and, as discussed in the
previous section, if results are conveyed clearly, should not influence the decision-making on
behalf of the patient. It is important that researchers collaborate with the patient’s clinical team to
clearly situate the research results in the context of the patient’s other clinical data to ensure that
surrogate decision-makers do not overestimate, or underestimate, the clinical utility of the
research results.
In some cases, disclosure of neuroimaging results may prompt a decision that is not in the
best interest of the patient. For example, in the face of a positive neuroimaging result, a surrogate
decision-maker may choose to maintain life-sustaining treatment even without indication of a
positive prognosis, while, unbeknownst to the surrogate, this is not what the patient would have
wanted.24 Some surrogate-decision makers may also find it more difficult to withdraw lifesustaining treatment from a patient known to be conscious, even if this is what they believe the
patient would want. Surrogate-decision makers may feel pressured by clinical staff or others to
make certain treatment decisions based on positive or negative research results, independent of
what the patient would have wanted. These cases underscore each surrogate decision-maker’s
difficult task. They also demonstrate the important role of researchers and clinical and support
staff in helping surrogate decision-makers to frame and weigh potential treatment options given a
complete picture of the patient’s condition and the patient’s values, while refraining from biasing
their decision. In light of the above scenarios, we argue that information about the patient’s
condition can enhance the decision-making process of surrogates, but cannot ensure the best
outcome with respect to patient interests for all patients.
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Potential benefits and harms of prognostic information
Early in the trajectory of functional neuroimaging research involving comatose patients,
individual research results have limited prognostic utility so there are no prognostic benefits to
the disclosure of a patient’s functional neuroimaging results. Despite this limitation, it is possible
that surrogate decision-makers will have difficulty understanding the lack of prognostic utility of
individual research results and will use them to form their own conclusions about patient
prognosis, and ultimately, the decisions they make on behalf of the patient. If this occurs, the
potential harm to the patient of disclosure may outweigh its potential benefits. For example, if
the disclosure of positive research results for individual comatose patients biases the surrogate
decision-maker to over-estimate the likelihood or extent of possible recovery, this may fail to
serve the best interests of the patient. Conversely, if a lack of evidence for covert awareness is
mistakenly interpreted as indicating a negative prognosis, this may bias them towards withdrawal
of life-sustaining treatment.
For these reasons, it is critical that, until neuroimaging research can provide robust
prognostic information for individual patients, researchers work with the clinical team to clearly
communicate to surrogate-decision makers the gap between preserved cognition and awareness
in the comatose state (if present) and future recovery of functions to surrogate decision-makers
during the consent process, as well as prior to the disclosure of research results. Once this line of
research yields prognostic utility, the benefits of disclosure will outweigh its potential harms in
as much as surrogates use information about future recovery of function or lack thereof to make
decisions that align with the patient’s best interests.
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Does the decision-maker consent to disclosure?
When disclosure of individual research results satisfies the three above criteria,
researchers ought to make individual research results available to the surrogate decision-makers,
who may then consent or decline to have the results disclosed to them. The process of disclosure
should be discussed with the surrogate decision-maker as part of the informed consent process
prior to enrolling in the study, and the surrogate should have the opportunity to revise his or her
decision prior to the actual disclosure.
A clear plan regarding how disclosure is to occur in the acute setting ought to be a
prerequisite of ethical protocols for programs performing functional neuroimaging research on
severely brain-injured patients. It may also be necessary for researchers to help to correct any
misconceptions about this research generated by the popular press.25 Given the potential
implications for decision-making on behalf of the patient, it is critical that, when recruited for the
study, surrogate decision-makers clearly understand the potential outcomes of research with
respect to preserved cognitive function and awareness in the comatose state, as well as patient
prognosis, and what can and cannot be inferred from them. Current limitations about inferences
regarding patient prognosis should be emphasized. As statistically significant information
pertaining to prognosis emerges, it should be made available to the surrogate decision-makers of
those participants who continue to be enrolled in the studies, as well as surrogate decisionmakers considering participation in the research.
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Conclusion
Functional neuroimaging research has the potential to improve our current understanding
of preserved cognition and awareness in the comatose state and prognostic accuracy for acutely
brain-injured patients. Therefore, it could dramatically impact the practice of medicine for this
patient group. However, questions remain about the ethical permissibility of disclosing
individual research results to the patients’ surrogate decision-makers. In prior work, we argued
that individual research results may be shared with surrogate decision-makers of patients with
prolonged disorders of consciousness when four conditions are met: 1) disclosure is consistent
with scientific validity; 2) the results are informative and reliable; 3) the potential benefits of
disclosure outweigh the potential harms; and finally 4) the surrogate decision-maker consents to
disclosure. In our examination of the unique challenges of disclosure of individual research
results in the context of comatose patients, we conclude that it is possible for these conditions to
be met in some circumstances, and in those cases, individual research results should be made
available to surrogate decision-makers. We emphasize the importance of clear and transparent
communication with surrogate decision-makers, to ensure their understanding of the research
results so that disclosure is beneficial to the patient.
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