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the awareness component of consciousness.8,9 This paper will 
assume a layperson’s characterization of awareness as “aware-
ness of who we are, where we are in time and space, what 
we did yesterday, and what our plans may be for tomorrow.”8 

Thus, evidence for some degree of awareness in UWS patients 
acts as evidence for some degree of consciousness in those 
patients.

The distinguishing factor between UWS and MCS 
patients is their level of awareness. MCS patients demonstrate 
signs of awareness, and therefore consciousness, whereas 
UWS patients do not.10 Signs of consciousness are indicators 
of a patient’s ability to experience pain, which cannot be expe-
rienced without consciousness.11 By definition, UWS patients 

are unable to experi-
ence pain and suffer-
ing.11 However, limited 
consciousness in MCS 
patients suggests that 
they are capable of expe-
riencing pain.11 The fact 
that MCS patients are 
able to feel pain is a mor-
ally significant factor 
that underlies the impor-
tance of distinguishing 
MCS patients from UWS 

as accurately as possible. If there is a way to communicate 
with MCS patients, then physicians should be obligated to try 
to do so to relieve pain and to consider a patient’s commu-
nicable wishes when considering end-of-life care. Addition-
ally, it is a physician’s primary duty to utilize the most accu-
rate tools and techniques available as part of their diagnostic 
methodology.

 THE DIFFICULTY OF DIAGNOSIS

Generally, various DOCs are diagnosed based on the 
patient’s level of consciousness (LOC). LOCs may 

range from fully conscious (wakeful awareness) to com-
pletely unconscious, which is typically in the state of a coma 
(unwakeful unawareness). The definitions of various forms 
of altered LOCs may hold different meanings for different 
observers. In focusing on the differential diagnosis between 
UWS and MCS, both are characterized by sleep-wake cycles 
that satisfy the wakefulness component of consciousness.1 
UWS patients are completely “unaware of themselves or their 
environment,” while MCS patients express inconsistent but 
reproducible evidence of awareness “by at least one of the 
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THE ACCURATE DIFFERENTIAL DIAGNOSIS 
for disorders of the consciousness (DOCs), particu-
larly between unresponsive wakefulness syndrome 

(UWS, previously termed “vegetative state”) and minimally 
conscious state (MCS), is often a difficult task. As the names 
of the conditions suggest, patients with UWS are “awake but 
unaware of themselves or their environment,” whereas MCS 
patients demonstrate “limited but clear evidence of aware-
ness of themselves or their environment.”1 Clinicians often 
confuse these two dis-
tinct conditions, lead-
ing to an unacceptably 
high rate of UWS mis-
diagnoses.2,3,4 However, 
recent advancements 
in neuroimaging tech-
niques have enabled 
physicians to detect 
signs of awareness in 
patients diagnosed with 
UWS. Traditional clini-
cal assessments attempt 
to elicit predictable behavioral responses but fail to do so.5 
Numerous pioneering studies have used newer brain imag-
ing methods to show that outwardly unaware patients can 
comprehend and follow commands by performing certain 
mental tasks to produce appropriate neural responses, when 
prompted.5,6,7 The discovery of residual signs of awareness in 
patients, referred by Dr. Adrian Owen as “covert conscious-
ness,” is morally significant and requires additional consid-
erations for MCS patients.8 An accurate differential diagno-
sis for UWS and MCS is therefore critical due to the grave 
impact a specific diagnosis has on decisions related to prog-
nosis and end-of-life care.

WHAT IS CONSCIOUSNESS?

The nature of consciousness and whether the results of 
neuroimaging studies are truly indicative of conscious-

ness in UWS patients has stirred up great debate in a variety 
of fields, including philosophy, psychology, and cognitive sci-
ence. This article will focus on how consciousness is assessed 
in the context of diagnostic medicine. For the purpose of 
this paper, consciousness is comprised of two separate, but 
related, components: “wakefulness and awareness.”9 Because 
UWS patients are often characterized as being in a “wakeful 
unawareness” state, the studies discussed attempt to measure 
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following behaviors: following simple commands, gestural or 
verbal yes/no responses (regardless of accuracy), intelligible 
speech, [or] purposeful behaviour.”1

Historically, the only way physicians could measure a 
patient’s LOC was to conduct a clinical assessment that uses 
behavioral responses, such as the voluntary blink of an eye or 
gesture of the hand, as well as external stimuli, such as ver-
bal commands to assess consciousness.8 Although neuroim-
aging techniques like EEG, which uses electrical brain wave 
patterns to detect activity, are currently used as confirmatory 
tests, they are not part of the standard clinical assessment of 
DOC patients.8 Healthcare practitioners rely on intentional 
behaviors to indicate how robust a patient’s awareness of self 
and the environment is.12 There are numerous behavioral 
scales to clinically assess a patient’s level of consciousness by 
the bedside, from the relatively simple Glasgow Coma Scale 
to the more rigorous JFK Coma Recovery Scale.12 However, 
even for a skilled physician, distinguishing between patients 
in a UWS and those in a MCS is very difficult when exclu-
sively relying on these behavioral scales.8

There are several factors that may contribute to errors in 
diagnosis. The lack of a patient’s behavioral response may not 
necessarily indicate a lack of awareness; a general inability 
to move and speak is often a consequence of chronic brain 
injuries.8 Moreover, many behaviors, such as smiling and cry-
ing, are actually reflexive but may be interpreted as willful 
actions, causing confusion with MCS diagnoses.8 The rarity 

of UWS cases also contributes to the general lack of expertise 
and experience in producing an accurate diagnosis. Over the 
years, several studies have shown that approximately 40% of 
UWS patients are misdiagnosed, many due to these issues.2,3,4 

These rates of misdiagnosis are unacceptable, especially 
when there is a difference in prognosis and end-of-life care for 
UWS and MCS. Although both UWS and MCS can be per-
manent conditions, MCS patients are more likely to improve 
over time and show “significantly more favorable outcomes by 
1 year post injury than those diagnosed with [UWS].”13,14 Due 
to the serious implications of the diagnosis, patients should 
only be diagnosed with UWS if there is absolutely no evidence 
of awareness.

NEUROIMAGING AS A SOLUTION

In recent years, numerous studies have suggested imple-
menting neuroimaging techniques in addition to standard 

behavioral assessments to create more accurate diagnoses of 
DOCs.5,6,7 Advanced neuroimaging techniques, such as fMRI 
and EEG, have been found to detect residual cortical activ-
ity in UWS patients that represent signs of awareness.6,7 For 
example, in a 2006 study, an fMRI technique revealed that a 
UWS patient demonstrated residual cortical activity, and the 
patient was able to express signs of her awareness by following 
specific mental imagery tasks.7 The patient was asked to either 
“[imagine] playing a game of tennis,” which would stimulate 
the supplementary motor cortex, or to “[imagine] visiting all
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of the rooms of her house,” which would stimulate the para-
hippocampal gyrus, the posterior parietal cortex, and the lat-
eral premotor cortex.7 Through fMRI, which looks at blood 
flow using magnetic fields and radio waves to detect activ-
ity, awareness could be shown.7 The study concluded that 
the patient’s “ability to understand spoken commands and 
respond to them through brain activity, rather than through 
speech or movement, confirm[ed] beyond any doubt that she 
was consciously aware of herself and her surroundings.”7 Sub-
sequent studies have expanded on this initial fMRI study by 
promoting the use of fMRI and EEG techniques in the clini-
cal assessment of UWS patients.5,6 These results indicate that 
some patients diagnosed as UWS are able to perform inten-
tional mental behaviors in response to specific verbal com-
mands.6,7 These mental behaviors can replace physical behav-
iors for patients who are unable to move due to the nature of 
their condition.

INTERPRETING NEUROIMAGING RESULTS

Although these studies provide promising results for 
UWS patients, they may lead to false conclusions about 

the mental life of UWS patients. Residual signs of awareness 
found in UWS patients are reason to re-diagnose the con-
dition and reevaluate its prognosis, but it does not change 
the fact that these patient are still profoundly impaired. The 
results of these brain scans not only help prevent end-of-life 
decisions from being made prematurely, but also can help 

foster an increased sense of false hope of the patient’s func-
tional improvement among the patient’s family. A positive 
reading on a brain scan can surely influence the way physi-
cians and surrogates, who participate in decision-making for 
those with DOCs, perceive outwardly unaware patients.15 A 
study revealed that “surrogates who were more relationally 
enmeshed with the patient thought the patient could com-
municate better and...had greater expectations of recovery.”15 
Although the use of neuroimaging methods is valuable to 
achieving an accurate differential diagnosis between UWS 
and MCS, one must therefore be cautious when interpret-
ing them. It is also important to adhere to an evidence-based 
prognostic approach; it may be the case that a re-diagnosis 
of UWS to MCS does not alter the prognosis, and physicians 
must be prepared to explain this to surrogates. Moreover, 
negative neuroimaging results are not yet confirmative and 
should not be taken unequivocally. False negative readings 
can be the result of confounding factors, like patient fatigue, 
and cannot yet be distinguished from true negatives.8 

Generally, the surrogate, who is the appointed proxy of 
a UWS or MCS patient, holds the medical decision making 
authority for the patient. Despite studies that show that some 
UWS patients can answer yes-no questions by modulating 
their neural activity, both UWS and MCS patients are not 
given medical decision-making authority due to their lack of 
capacity.16 A re-diagnosis of UWS to MCS does not change 
the capacity assessment.16 Bernard Lo outlines three criteria 

fMRI of a Brain  
Image Source: www.flickr.com



 Fall 2016 • Volume 16, Issue I |  TuftScope 35 34 TuftScope  | Fall 2016 • Volume 16, Issue I

References for this article can be found at 
TuftScope.squarespace.com

for decisional capacity, which include the ability to “articulate 
a reason” for certain medical decisions.16 Although the neuro-
imaging studies will potentially give physicians a new method 
of determining capacity of these patients, it has yet to be the 
case for UWS patients to truly “articulate a reason” for their 
conscious choices.16 End-of-life decisions therefore still rest 
in the hands of their surrogates. 

However, communication with UWS and MCS patients 
may be bounded by the limits of current technology. Although 
it is premature to suggest that answering a series of yes-no 
questions is sufficient to show that these UWS patients have 
full decision making capacity, if it becomes even clearer that 
these patients are able to communicate through new tech-
nologies, a compelling case can be made for allowing UWS 
patients to be involved in certain aspects of their medical 
decision-making. Still, there are some decisions that can be 
made in the absence of decisional capacity. As long as UWS 
patients can give a “yes” or “no” response to questions, their 
physicians ought to be asking the relevant questions to their 
situation. As of now, these neuroimaging results can be used 
to increase the quality-of-life by adjusting the patient’s day-
to-day care, such as pain management. 

LOOKING TO THE FUTURE

The continuous advancements in neuroimaging tech-
nologies will continue to provide unique opportunities 

to study conscious-
ness in patients with 
DOCs. Despite all the 
recent advancement in 
neuroimaging, more 
research and funding 
is required for stud-
ies that seek to further 
understand the mental 
life of MCS patients. 
There are still many 
unanswered questions 
about the mental life 
of an MCS patient, let 
alone a great difficulty 
in reaching an accurate diagnosis. Enabling researchers to 
conduct studies on patients with DOCs is important for the 
advancement of these elusive conditions. Yet, “researchers 
studying these patients have been refused grants, ethics com-
mittee approval, and research publication; these decisions 
tend to be made on the basis that studies of patients who can-
not provide consent are unethical.”1 Although, by definition, 
these patients do not have the decisional capacity to provide 
informed consent to research, they may, with their family’s 
consent, be able to provide informed assent through the use 
of these new neuroimaging techniques.1 Informed assent, 
which is typically provided by minors who are not yet able 
to provide full informed consent, could be extended to UWS 
patients.1

Furthermore, a change in the diagnostic methodology for 
DOCs must include the integration of advanced neuroimag-
ing techniques to detect signs of awareness in patients who 

are overtly unaware. These technologies are critical in the 
identification of a UWS misdiagnosis as well as in the future 
accurate diagnosis of MCS. Although expense and logistical 
issues currently serve as major hurdles for the universal test-
ing of UWS patients, the medical community should be pre-
pared to change the diagnostic methodology of DOCs when 
technology allows so in the foreseeable future. 

In 2013, President Obama announced the BRAIN Ini-
tiative, a collaborative research initiative to advance under-
standing of the human brain.17 The research goals of the 
BRAIN Initiative include generating circuit diagrams of 
the brain and developing new technologies that will allow 
researchers to rigorously study this most complex organ of 
the human body.17 On top of funding from the NIH, Presi-
dent Obama proposed a federal investment of over $300 mil-
lion in the 2016 fiscal year.17 When the technology and meth-
odology for carrying out these imaging tests become feasible, 
physicians must be prepared to communicate with these 
patients and, perhaps, reexamine their decisional capacities. 

CONCLUSION

When behavioral analysis is not enough, neuroimaging 
technologies, such as fMRI and EEG, ought to be used 

to fill in the gaps. Currently, many logistical and methodologi-
cal issues arise with the use of neuroimaging on UWS patients. 
However, with the announcement of the BRAIN Initiative in 

2013, technologies 
to accurately mea-
sure consciousness 
by the bedside may 
be developed in the 
foreseeable future.17 
With about 40%  of 
UWS patients being 
misdiagnosed, it is 
clear that we can no 
longer exclusively 
rely on behavioral 
responses to have a 
confirmative diag-
nosis of UWS.2,3,4 

The development of technologies that fuel the advancement 
of neuroscience should change how DOCs are diagnosed 
and prognosed. These technologies should be utilized in the 
clinical setting, since promising techniques are already being 
studied to conduct aside from analysis of awareness.5 The use 
of neuroimaging techniques, coupled with traditional behav-
ioral assessments, will therefore be necessary to accurately 
diagnose DOCs patients. Still, an evidence-based prognos-
tic approach must be taken when interpreting the results of 
these tests, since they may foster a greater sense of false hope. 
Ultimately, physicians must be prepared to integrate new 
techniques into their clinical assessments while excercising 
great caution when evaluating prognosis and conveying these 
results to the decision makers.

“...these patients do not have the deci-
sional capacity to provide informed 
consent to research, [but] they may...
be able to provide informed assent 
through the use of these new neuro-

imaging techniques.”


