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Abstract

Disorders of consciousness (DoC) are a challenge for understanding
pain and suffering, as they are complex subjective experiences involv-
ing multiple neural networks. Neurophysiological studies and neuroim-
aging suggest that some patients in a vegetative state may experience
pain, and those with covert consciousness are more likely to perceive it.
However, these patients are often ignored by medical staff because
they cannot express it. This narrative review addresses recent neurosci-
entific research on pain in these patients, highlighting the need to recon-
sider it in clinical practice. In the context of diagnostic and prognostic
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uncertainty, it is crucial to deepen research and establish ethical frame-
works to ensure respect for the autonomy and well-being of these pa-
tients, addressing the bioethical dilemmas derived from the use of neu-
rotechnologies in patients who cannot express consent.

Keywords: vegetative state/untesponsive wakefulness syndrome, min-
imally conscious state, cognitive-motor dissociation, bioethics.

1. Introduction

Brain injury due to an external factor is known as acquired brain
injury and can be mild, moderate, or severe. Disorders of conscious-
ness (DoC), or altered states of consciousness, are several condi-
tions characterized by severe brain damage with physical, cognitive,
and emotional sequelae of varying severity. This complexity requires
specialized and trained personnel for diagnosis and treatment, as
seen in Figure 1.

Figure 1. Acquired Brain Injury
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Source: prepared by the author. Schematic representation of neurological damage. DoC falls
under severe neurological damage. Sequelae can be in different areas and intensities.
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The knowledge, terminology, definition, and treatment of DoC, the
term that will be used in this review, have evolved over time, as seen
in Figure 2. In 1940, the term “apalic syndrome” was used for the
state of unconsciousness with preserved vegetative functions due
to diffuse brain injury. In 1972, the term “vegetative state” (VS) was
coined for patients with severe brain damage who were notin a coma
but did not interact with their environment. In 2002, the mznimally
conscious state (MCS) was described for patients who were neither in a
coma nor in a VS, and more recently, cognitive-motor dissociation (CMD)
has been introduced.

Figure 2. Evolution of Disorders of Consciousness

«Coma *SVSR «EMC

* Mantains awareness
« Temporary loss of * Recovery with/without * Moderate/severe
consciousness disability disability

o Full recovery
« Death * Brain death *SVSR

* Brain death * Death
* Death

Source: prepared by the author. The diagram shows the evolution of DoC from brain insult, coma,
unresponsive wakefulness syndrome (VS), MCS, and cognitive-motor dissociation (CMD). Re-
covery may occur at any point, potentially with some type of disability, or death.

The Multi-Society Task Force (1) defined VS as a condition of complete
unconsciousness of both self and environment with the presence of
sleep-wake cycles, autonomic functions preserved from the brain-
stem and hypothalamus, and no response to stimuli, or comprehen-
sion or expression of language. They introduced the term “perma-
nent vegetative state” as synonymous with irreversibility (2).

In 1995, the Aspen Group (3) described a new condition in pa-
tients who were neither in a coma nor in VS, called the minimally
conscious state (MCS). This condition is characterized by inconsistent
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and fluctuating consciousness, specific and intentional behavioral re-
sponses, such as following objects with the gaze and responding to
external stimuli. Recognition of MCS is important because its prog-
nosis is different from that of VS, and it contributed to the debate
on end-of-life decisions in patients with permanent VS in the 1970s.

Itis important to clarify that a vegetative state (VS) is not equivalent
to brain death. A patientin a VS presents severe neurological damage
with extreme disability, which requires total assistance not only at a
medical and technological level but also at a human level, ensuring that
the patient receives adequate nutrition, care, and stimulation.

Advances in neuroimaging (NI) and neurophysiology (NF) have
radically transformed the understanding of Disorders of Conscious-
ness (DoC). It is now recognized that a vegetative state is not a state
of unconsciousness, but rather a dissociation between awakening
and consciousness (4,5), as shown in Figure 3.

Figure 3. Diagram of the components of consciousness:
awakening and consciousness
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Source: Spielman R, Jenkins W, Lovett M. Introduction to Psychology & Neuroscience. Canada
(NS): Dalhousie University Libraries Digital Editions Halifax: Stevens; 2022 (accessed 2024
March 24). Available at: https:/digitaleditions.library.dal.ca/intropsychneuro/chapter/what-is-cons-
ciousness/ This textbook is an adaptation of Psychology 2e produced by OpenStax and licensed
under a Creative Commons Attribution License 4.0. Access for free at https://openstax.ora/books/

psychology-2e/pages/1-introduction
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The following presents key research that shifted this paradigm and
led to the recognition of cognitive-motor dissociation (DCM).

2. Key research in the revision of the Vegetative
State (VS)

Laurey ez al. (6) used positron emission tomography (PET) in 2000
to identify activation in the auditory cortex in response to sound
stimuli in patients with post-anoxic vegetative state (VS). Years later,
they recorded responses in somatosensory cortical areas in reaction
to painful stimuli (7). Surprisingly, brain activation was similar to that
of healthy controls, suggesting hidden cognitive functions, though
with functional disconnection from higher cortical levels, which
would explain the lack of integration of consciousness.

Owen e7 al. (8) studied a patient with a traumatic brain injury-in-
duced vegetative state in 2006 using functional magnetic resonance
imaging (fMRI), and recorded brain activity in response to auditory
stimuli, similar to that of healthy controls. Furthermore, when asked
to imagine activities like playing tennis or walking around her house,
the same areas of the brain activated as in the controls. These find-
ings demonstrated that, despite the diagnosis of VS, the patient un-
derstood verbal commands and responded with brain activity. Her
intention to cooperate and respond showed that she was aware of
herself and her environment, revealing a level of consciousness un-
detected by clinical evaluation.

Similarly, Monti e a/. (9) documented intentional modulation of
brain activity in a patient in VS in 2010. Using the same technique as
Owen, the patient was asked to respond “YES/NO” using mental
imagery (playing tennis = YES; walking around the house = NO),
and the patient responded coherently. Despite this, the behavioral
evaluation with the Coma Recovery Scale-Revised (CRS-R) did not
show responses to visual, auditory, tactile, or painful stimuli. These
findings confirm the existence of patients with hidden conscious-
ness, which is undetectable through clinical exploration. The patient
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was conscious, responded to questions with brain activity, and was
able to communicate.

The discrepancy between voluntary brain activity identified by
neuroimaging techniques (PET, fMRI) and the absence of detect-
able behavioral responses in patients with Disorders of Conscious-
ness (DoC) led to the concept of Cognitive-Motor Dissociation
(DCM) (10). This means that the patient is conscious and responds
to stimuli through brain activity, demonstrating hidden conscious-
ness that remains unexpressed physically. As a result, this conscious-
ness is undetected during clinical evaluation.

3. Change in Terminology: from VS to Unresponsive
Wakefulness Syndrome (SVSR)

These discoveries transformed the understanding of DoC, replacing
the term “permanent vegetative state” (VS), traditionally associated
with irreversibility (2), with the term Unresponsive Wakefulness Syndrome
(ST’SR) (11), a descriptive term proposed by the International Task
Force on The Vegetative State.

The term “consciousness” was replaced by “wnresponsive” because
the presence or absence of consciousness in these patients remains
difficult to verify with certainty. From this point forward, the term
STSR replaces 1.

4. Neurotechnology and perspectives on DoC diagnosis

The growing interest in predicting and promoting potential neuro-
logical recovery has driven the development of integrated scientific
and technological models (12). One example is the Brain Research
Advancing Innovative Neurotechnologies (BRAIN 2025) project (13),
aimed at understanding the dynamic interrelationships of neural cir-
cuits and their application in neurorchabilitation.
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While neurotechnology has improved the diagnosis of DoC,
there are still limitations in clinically assessing consciousness. To ad-
dress this challenge, several institutions have developed clinical
guidelines recommending the use of advanced technologies in eval-
uating patients with DoC.

The American Academy of Neurology, the American Congress
of Rehabilitation Medicine, and the National Institute of Disabil-
ity, Independent Living, and Rehabilitation Research (14) propose
multimodal evaluations, such as functional neuroimaging or electro-
physiological studies (EEG), to detect consciousness when clinical
evaluation is uncertain.

The European Academy of Neurology and experts in coma and
chronic DoC (15) developed the Eurgpean Recommendations based on
the GRADE methodology (Grading of Recommendations Assessment,
Development, and Evalnation). They recommend using the Coma Re-
covery Scale-Revised (CRS-R) to assess consciousness. They pro-
pose using EEG to identify sleep patterns and evoked potentials
(EPs). They suggest, when possible, functional neuroimaging (PET,
fMRI) to improve diagnostic accuracy.

Additionally, the International Federation of Clinical Neuro-
physiology (16) conducted a thorough and critical review of the ma-
jor electrophysiological studies used to assess diagnosis and progno-
sis in patients with DoC. Notable among them are conventional
EEG, Event-Related Potentials (ERPs),' and their potential clinical
applications.

As a result of these advances, two neuroimaging (NI) methods
have been developed to detect hidden consciousness in patients with
Cognitive-Motor Dissociation (DCM). The first combines function-
al MRI (fMRI) with EEG and is based on imagined mental tasks.

' Neurophysiological study that analyzes sensory, motor, and cognitive processes. It
captures the signal of brain electrical activity after an auditory, written, or visual stim-
ulus to follow the course and dynamics of the neural processes involved in informa-
tion processing.
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The second is the brain-computer interface (BCI),* which translates
neural activation in response to verbal commands, facilitating com-
munication in the absence of behavioral responses. Although these
methods are not conclusive, they have demonstrated high sensitivity
and specificity for identifying patients with a higher likelihood of
regaining consciousness due to residual cognitive functions (17).

In this context, the Neurocritical Care Society launched the Curing
Coma initiative in collaboration with institutions such as the National
Institute of Neurological Disorders and Stroke and the Curing Coma Cam-
paign’s DoC project. Its aim is to improve the management and prog-
nosis of patients with DoC through the development of a shared
data repository and the promotion of international collaboration.
Furthermore, it seeks to standardize a common language for future
research in this field (18).

5. Pain in patients with DoC: a multidisciplinary debate

One of the oldest and most controversial debates regarding patients
with DoC is their ability to perceive and experience pain. While
some argue that patients in SVSR do not consciously process pain-
tul stimuli due to disconnection from higher cortical centers, others
contend that there is insufficient evidence to claim the absence of
pain perception. Recently, neuroimaging (NI) has identified a sub-
group of patients in SVSR with hidden consciousness, a phenom-
enon known as DCM. This finding has opened a bioethical debate
with new questions:

¢ What should be the intensity of nociceptive stimuli in a pa-
tient who cannot give consent?

* How should neurological responses to these stimuli be intet-
preted?

2 System that measures the activity of the central nervous system (CNS) and converts
it into outputs that replace, restore, improve, and supplement natural outputs from
the CNS.
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* What dose of analgesics is appropriate without further affect-
ing the state of consciousness?

This paper is a narrative review focused on interdisciplinary studies
that have transformed the understanding of DoC. Its primary goal
is to present the most recent research in neuroscience, especially
those employing neurotechnologies to study pain pathways. Fur-
thermore, it mentions advances in the validation of different scales
for pain assessment. The review also addresses the bioethical and
neuroethical challenges arising from the use of neurotechnologies in
individuals who cannot express consent.
The topics covered include:

¢ Conceptual differentiation and neural correlations between
pain, nociception, suffering, and autonomic response.

* NI and NF studies in understanding pain pathways.

e Advances in the development and validation of pain scales
for DoC patients.

* Bioethical Considerations in Research on These Patients

6. Pain, nociception, suffering, autonomic response, pain

In 2020, the International Association for the Study of Pain (IASP)
redefined pain as “an unpleasant sensory and emotional experi-
ence associated with actual or potential tissue damage.” While pain
serves an adaptive function, it can also significantly affect a person’s
well-being. In patients with Disorders of Consciousness (DoC), pain
assessment is particularly challenging due to the absence of verbal
communication, one of the primary ways to express pain. However,
the inability to communicate does not necessarily mean these pa-
tients do not experience pain (19,20).

Pain is a personal experience conditioned by biological, psy-
chological, and social factors. It differs from nociception because
it is not limited to the activity of sensory pathways (19,20). Its
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perception varies depending on factors such as sex, individual
sensitivity, pain inhibition or enhancement mechanisms, and re-
sponse to treatment. Additionally, cultural and educational factors
influence the way pain is expressed (21). Pain is also modulated by
cognitive consciousness, subjective interpretation, and behavioral

responses (22).

6. Pain assessment in non-communicative patients

There are several scales for assessing pain in patients with communi-
cation difficulties, such as those with cognitive deficits, dementia, or
advanced age. Some examples include the Pain Assessment in Advanced
Dementia Scate (PAINAD), Non-Communicative Patient’s Pain Assessment
Instrument (NOPPAIN), and Faces Pain Scale (NRS). These tools rely
on physiological indicators (heart rate, respiratory rate), behavioral
indicators (facial expressions), and vocalizations (sighs, moans), as
well as body movements, changes in interpersonal reactions, activity,
and mental state (23-27).

In patients with DoC, pain is primarily assessed using the Noc/-
ceptive Coma Scale (NCS) (28) and its revised version, the Revised No-
ciceptive Coma Scale (NCS-R), which is the most commonly used.
This scale measures three types of responses: motor, verbal, and
facial. Motor Response: none, abnormal posture, flexor withdrawal,
localization of the painful stimulus. Verbal Response: none, grun-
ting, vocalization, intelligible verbalization. Facial Response: none,
oral reflex movements/Moro reflex, gestures, crying.

The scale assigns a score from 0 to 9, where higher values indica-
te a greater response to pain. In the revised version, the visual res-
ponse was removed due to its potential influence by non-painful
stimuli, such as noise (29-32). NI studies have shown a correlation
between the NCS-R and activation of nociceptive cortical processes,
particularly in the anterior cingulate cortex (ACC), a key region in-
volved in pain perception (30,33,34).
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6.1. Nociception

While pain and nociception are closely related, they are distinct con-
cepts. Nociception is the physiological process by which nociceptors
detect harmful stimuli and transmit signals to the central nervous
system. However, the presence of pain is not always linked to a no-
ciceptive stimulus or the severity of an injury.

Nociception is the neural mechanism that encodes and processes
harmtful stimuli, activating an extensive cortical network, either cons-
ciously or unconsciously (21). Pain is a complex phenomenon that
encompasses nociception and the subjective interpretation of the
sensation. While nociception is a universal phenomenon, as certain
noxious stimuli trigger similar sensory responses across all cultures,
pain is an individual experience that varies depending on the mea-
ning each person attributes to it, influenced by cultural and personal

factors (22).

6.2. Suffering

Suffering is the emotional response to pain; it is an unpleasant expe-
rience that manifests through various cognitive, emotional, and au-
tonomic reactions (35). Its relationship with pain is complex, as pain
is not always associated with suffering, nor is suffering always related
to physical pain (21,22,35).

In general, suffering is linked to emotions or situations perceived
as a threat to a person’s integrity. However, it is not always easy to
identify or assess in clinical practice (21). When treating the patient,
the doctor must gather evidence of their suffering, which is not an
easy task, as this experience is subjective and difficult to express ver-
bally (22).

There is an ongoing debate about the boundaries between pain
and suffering, as well as their neural correlation. Addressing this re-
lationship without resorting to reductionism is essential for a com-
prehensive understanding of the pain experience and its impact on
patients with DoC.
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7. Neural Correlation of Sensation, Pain, Perception,
and Suffering

According to De Ridder ¢z a/. (35), pain consists of three main ele-
ments: pain sensation, suffering, and duration over time, which cor-
respond to different pathways involved in their processing. Upon a
painful stimulus, sensory receptors and the somatosensory cortex
are activated, generating the initial sensation. Subsequently, the Sa-
lience Network, Default Mode Network, and Frontoparietal Control
Network intervene in the perception of pain. Perception is the pro-
cess by which the brain organizes and interprets sensory stimuli, cre-
ating a meaningful experience of the world and oneself.

The stimulation of nociceptors activates the spinothalamic path-
way, which informs the thalamus and the cerebral cortex, responsi-
ble for the reflex responses to pain. The nociceptive cortical network
involves the secondary somatosensory cortex and the posterior part
of the insula. However, the conscious experience of pain requires
the activation of a more complex network called the pain matrix,
which is divided into two subsystems: the lateral network, which en-
codes the sensory discriminative information of pain, and the medi-
al network, which processes the affective-cognitive aspects of pain
(30).

8. Dynamics of connectivity in the pain matrix

Pain studies have not only identified the brain areas involved in pain
perception but also the activation dynamics and functional connec-
tivity within the pain matrix.

The ascending pain pathways are divided into two main tracks:
the first, medial pathway, involves areas such as the anterior insular
cortex and the rostral-dorsal cingulate cortex (rd ACC). This pathway
is involved in integrating the cognitive, emotional, somatosensory,
and autonomic aspects of pain, as well as in generating negative
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emotions of discomfort. The second, lateral pathway, includes the
somatosensory cortex and the parietal area, responsible for the sen-
sory discrimination of pain, determining its location and character-
istics (35).

Studies of cortical potentials suggest that pain processing begins
in the posterior insula, responsible for the initial detection of the
stimulus, and then involves the anterior insula, whetre the emotional
reaction to pain is processed (306).

9. Inhibitory Mechanisms of Pain

The ascending pain pathways, responsible for transmitting harmful
stimuli to the brain, are modulated by a descending pain control path-
way. This pathway involves serotonergic and noradrenergic systems
that help regulate the intensity of the pain sensation. Specifically, the
amygdala plays a key role in pain inhibition by releasing substances
such as endogenous opioids, somatostatin, and corticotropin. These
compounds inhibit the transmission of pain signals, contributing to
its regulation. An efficient inhibitory system can effectively suppress
pain, while a dysfunctional system can lead to chronic and constant
pain, or even variable and unpredictable pain if the system is defi-
cient (35).

In addition to these brain areas, other regions also participate in
the pain experience. The cerebellum, for example, is involved in the
sensory discriminative processing of pain, while motor areas con-
tribute to both the perception and processing of pain (30).

10. Pain in DOC

As mentioned above, pain and suffering are often subjective ex-
pressions of the individual, which means that the person must be
conscious in order to communicate them. This poses a challenge
for clinicians when identifying pain in patients with DoC, whether
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nociceptive or non-nociceptive in origin. In addition to their com-
plexity, both the pain matrix and its phenomenology have not been
tully understood to date.

There are various methods for assessing pain in these patients.
Some are based on comparing physiological variables such as eye
opening, changes in breathing, heart rate, and blood pressure. How-
ever, these indicators have a subcortical origin and do not necessari-
ly reflect a conscious perception of pain. Other studies analyze ste-
reotypical responses and the location of the painful stimulus, which
allows for the differentiation of different levels of activity in the
brainstem, subcortical structures, and cerebral cortex, including the
nociceptive network or pain matrix. (30)

Neuroimaging (NI) and Neurophysiological Studies on Pain in
DoC Neuroimaging (NI) and neurophysiological (NF) studies con-
firm that both suffering and the cognitive evaluation of pain are
mediated by specific brain areas such as: Insula Anterior cingulate
cortex Prefrontal cortex Subcortical limbic structures Evidence of
Pain Perception: Despite the lack of communication in DoC pa-
tients, some studies document that these patients are capable of per-
ceiving pain. In particular, it has been found that some patients in
Unresponsive Wakefulness Syndrome (SVSR) perceive the affective
components of pain through the activation of the limbic circuit (21).

Additionally, retrospective studies have shown that coma survi-
vors, even without visible responses, remember experiences of pain,
noise, sleep deprivation, thirst, hunger, heat, fear, anxiety, isolation,
and lack of sunlight. These findings support the theory that, al-
though many patients do not show an obvious response to painful
stimuli, some can still perceive them. Thus, although it has tradition-
ally been considered that these patients do not experience pain in a
conscious manner, neuroimaging and neurophysiological studies
show activation in brain areas associated with pain experience. More-
ovet, the presence of physiological responses to noxious stimuli sug-
gests that some patients can perceive pain, even if they are unable to
express it in a conventional way (30).
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The inability to communicate pain in DoC patients may not only
be due to alterations in consciousness but also to other neurological
conditions, such as: Aphasia (difficulty with language) Fluctuations
in alertness Spasticity and rigidity Motor and cognitive changes re-
sulting from multiple focal brain injuries or diffuse brain damage
Additionally, sub-syndromes may coexist that affect pyramidal and
extrapyramidal tracts, brainstem pathways, and cortical areas, mak-
ing pain assessment even more complex(37).

Although it has traditionally been considered that these patients
do not experience pain consciously, neuroimaging (NI) and neuro-
physiological (NF) studies show activation in brain areas associated
with the painful experience. Additionally, the presence of physiolog-
ical responses to noxious stimuli suggests that some patients may
perceive pain, even if they cannot express it, as will be discussed
turther below.

11. Pain and consciousness assessment

The assessment of pain and nociception in patients with Disorders
of Consciousness (DoC) is undoubtedly essential. However, one
of the primary challenges lies in the limited knowledge about the
neural correlation of consciousness, which makes it difficult to fully
understand DoC. Moreover, the variability in the type and extent
of neurological lesions in each patient prevents establishing a linear
relationship between the location of brain damage and the result-
ing alteration of consciousness. Consciousness, far from being the
product of a single brain structure, emerges from extensive process-
es within a generalized neural network that goes beyond the cortical
area (37).

The same applies to pain. From a neurophysiological perspec-
tive, pain is not the result of a specific brain region, but rather of a
salience network or pain matrix that involves multiple areas of the
brain. As mentioned, the absence of obvious signs of consciousness
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during clinical examination does not rule out the presence of corti-
cal activity, meaning that a patient could be conscious and process
pain without displaying observable manifestations. Similarly, the lack
of visible signs of pain does not necessarily mean that the patient
does not consciously experience it or that their body does not gen-
erate physiological responses to noxious stimuli (32).

From a clinical perspective, it could be stated that patients in
Unresponsive Wakefulness Syndrome (SVSR) do not consciously
experience pain, and their responses to painful stimuli are reflexive.
In contrast, patients in a minimally conscious state (EMC) could
perceive pain, as their responses are specific and intentional.

However, both neuroimaging (NI) and neurophysiological stud-
ies have shown that, following a nociceptive stimulus, a network of
brain structures involved in affective-cognitive processing is activat-
ed, including the anterior insula, the anterior cingulate cortex (ACC),
and the prefrontal cortex, even in patients with SVSR. These acti-
vations are more extensive than those of areas responsible for sen-
sory-discriminative processing, such as the primary and secondary
cortices, the lateral thalamus, and the posterior insula (38).

These findings have paved the way for the development of new
clinical scales and studies in neurofeedback (NF) and neuroimag-
ing (NI) aimed at assessing and monitoring pain in patients with
SVSR and EMC. The following presents the results of these inves-
tigations.

12. Clinical scales to assess pain

12.1. NCS-R and its correlation with NI

One of the most relevant aspects of the NCS-R scale is its sensitiv-
ity in differentiating levels of consciousness, showing higher scores
in EMC patients compared to those with SVSR. Additionally, it helps
distinguish between harmful and non-harmful stimuli (39).
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Studies with positron emission tomography (PET) have demon-
strated a positive correlation between brain activity in the anterior
cingulate cortex and the total score on the scale, suggesting that the
score reflects cortical processes related to pain. Therefore, it is pro-
posed as a useful tool for evaluating, monitoring, and treating pain in
these patients (30).

Cortese ez al. (40) compared the NCS and NCS-R scales, finding
that scores equal to or greater than 5 on the NCS and 3 on the
NCS-R are associated with a better prognosis. They also consider
that the scale can act as a probability indicator for the recovery of
consciousness. A score of 3 or higher in response to nociceptive
stimuli, measured one week before improvement, predicts the tran-
sition from Unresponsive Wakefulness Syndrome (SVSR) to a Mini-
mally Conscious State (EMC).

On the other hand, Chatelle ¢ a/. (41) recommend using the
NCS-R scale to regularly monitor patients, as an increase in the score
could indicate complications or the presence of pain, especially
during mobilization or medical procedures.

Additionally, studies on brain metabolism with FDG-PET have
shown that patients with a score of 5 or higher on the scale activate
the cortical pain pathways, suggesting the presence of covert con-
sciousness or minimally conscious state (DCM). However, a lower
score does not completely rule out the possibility that the patient
experiences pain (32).

This indicates that the NCS-R scale is a sensitive tool for dif-
ferentiating levels of consciousness and assessing pain perception
in patients with Disorders of Consciousness (DoC). Its correlation
with brain activity suggests that its scores reflect cortical process-
es related to pain, making it useful for monitoring and treatment.
Moreover, its ability to predict the recovery of consciousness and
detect potential complications or pain reinforces its clinical value.
However, its use should be complemented with other evaluations,
as low scores do not entirely rule out the experience of pain in these
patients.
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12.2. New scales

Currently, new scales are being developed, such as the personalized
version of the scale, NCS-R-PS (personalized painful stimulation), which
uses stimuli adapted to each patient. This has demonstrated a 42.8%
increase in response detection compared to standard stimuli. Al-
though the results are preliminary, they suggest that a greater pro-
portion of patients with DoC could be experiencing pain (42).

The Pain Assessment Scale (PAS) evaluates multiple dimensions of
the pain response, including autonomic responses, body language,
verbal communication, and behavior during painful procedures (32).

As mentioned, the evaluation of pain using these scales is based
on the presence or absence of observable behaviors, which may be
absent or less evident in patients with Unresponsive Wakefulness
Syndrome (SVSR) and Minimally Conscious State (DCM). More
studies are still required to validate their reliability and applicability
in various clinical contexts. On the other hand, in patients who ap-
pear unconscious, the use of physiological markers during painful
stimulation provides additional information about the possible pres-
ence of covert consciousness.

13. Autonomic response to pain and biomarkers

Although the perception of painful stimuli may or may not be con-
scious, the autonomic response to pain is undeniable. For example,
an increase in heart rate (HR), sweating, changes in pupil diameter,
among others. Behavioral responses, such as the reflex withdrawal
of alimb in flexion, may also be observed (32).

In healthy individuals, the autonomic response to pain is charac-
terized by an acute and transient increase in HR, blood pressure,
pupil dilation, and skin conductance (43). For a more detailed analy-
sis, see (32,38,44).

DeValle e¢f al. (45) evaluated the autonomic response to pain in
patients with DoC using a multimodal approach: ECG, fingertip
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blood pressure, and total peripheral resistance (TPR). In patients
with DCM, they found a faster and more significant response, with
increases in HR and TPR both in the short and long term. In con-
trast, in patients with SVSR, only a short-term increase in HR was
observed, possibly due to greater brain impairment.

It is known that patients with DCM score higher on the NCS
scale, suggesting a greater perception of pain. Moreover, the correla-
tion between physiological markers and behavioral responses indi-
cates that the long-term response involves the same brain centers
responsible for pain perception. These findings highlight the impor-
tance of higher cortical centers in the autonomic modulation of
pain and suggest that this evaluation could also be useful for moni-
toring the evolution of consciousness in patients with DoC.

14. Neurophysiological studies

Electrophysiological studies are valuable tools for assessing pain in
patients with DoC, especially in those with covert consciousness.
Event-Related Potentials (PREs) evaluate the integrity of central and
peripheral sensory pathways. Among them, somatosensory evoked
potentials (SEPs), brainstem auditory evoked potentials (BAEPs),
and visual evoked potentials (VEPs) are useful for the prognosis of
patients in a coma. In particular, SEPs evaluate the Ad fiber path-
ways, which encode thermal nociceptive and non-nociceptive stimu-
li, and AB fibers, which are responsible for pressure and vibration
sensitivity (32,38).

On the other hand, laser-evoked potentials (LEPs) are specific
for studying nociceptive processes, as they reflect the integrity of the
spinothalamic pathway and the residual cortical capacity to perceive
pain. Additionally, LEPs record the activity of Ad and C fibers,
which respond to both nociceptive stimuli and non-painful thermal
stimuli, such as heat and cold (32).

In patients with SVSR, cortical reactivity to nociceptive stim-
uli is diminished, possibly due to impaired functional connectivity

1060 Medicina y Etica - July-September 2025 - Vol. 36 - No. 3
https://doi.org/10.36105/mye.2025v36n3.04


https://doi.org/10.36105/mye.2025v36n3.04

Pain Without Consciousness? Rethinking pain-suffering in Disorders of Consciousness

(21,32,38). However, Naro ef al. (33) identified cortical activity in
some of these patients following the stimulation of C fibers (noci-
ceptive), even without AS-LEP responses. This suggests that, in the
absence of AS-LEPs, exploring C-LLEPs might help detect a poten-
tial perception of pain and guide treatment.

EEG and LEPs are quick and adaptable tools for evaluating pain
in these patients. However, their interpretation remains challenging
due to the lack of a universal standard for measuring conscious pain
perception. The use of neurophysiological markers could improve
this differentiation, especially between EMC and SVSR in terms of
pain perception (38,46).

Neurophysiological studies such as PESS and LEPs are valuable
tools for assessing pain perception in patients with DoC, particularly
those with covert consciousness and SVSR. While PESS allows
for analysis of sensory pathway integrity, LEPs are more specific for
studying nociception, reflecting the activity of As and C fibers. Al-
though cortical connectivity may be reduced in SVSR, the detection
of responses to nociceptive stimuli suggests the need for more pre-
cise strategies to evaluate pain. However, the lack of a universal stan-
dard for interpreting these findings remains a challenge, underscor-
ing the importance of developing more accurate neurophysiological
markers.

15. Neuroimaging studies (NI)

Although no study has conclusively confirmed whether patients
with SVSR perceive pain consciously, some neuroimaging studies
have provided valuable information about pain pathways in patients
with DoC.

Boly ez al. (47) used PET to compare brain activity in 15 healthy
controls, 15 patients with SVSR, and 5 with EMC. They found a
reduction in functional connectivity in SVSR compared to EMC,
although none showed behavioral responses to pain. In contrast, in
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patients with EMC, pain matrix activation was similar to that of the
controls, but with a smaller spatial extension.

On the other hand, Markl et al. (48) used fMRI in 30 patients
with SVSR and 15 healthy controls who were subjected to alternat-
ing electrical nociceptive stimuli and rest periods. The controls
showed activation in S1, S2, CCA, inferior frontal gyrus, insula, thal-
amus, and cerebellum. In contrast, the activation in SVSR patients
was less homogeneous but significant: 50% in the sensory part of
the pain matrix and cerebellum, 30% in the affective part (including
CCA and/or anterior insula), and 26.7% in both. Only 4 patients
activated higher-order structures, suggesting that some may experi-
ence pain.

Neuroimaging studies have provided key information about pain
perception in patients with DoC, although it is still unclear whether
patients with SVSR experience pain consciously. While in EMC, ac-
tivation of the pain matrix is more similar to that of healthy subjects,
in SVSR, functional connectivity is reduced, and brain activation is
less consistent. However, some patients with SVSR have shown re-
sponses in structures related to nociceptive processing, suggesting
the possibility of some pain perception in specific cases. These find-
ings emphasize the need for continued research to better understand
the subjective experience of pain in these patients.

These contributions have a significant impact on clinical man-
agement and therapeutic decisions, as relying solely on the NCS-R
scale might underestimate pain perception. Moreover, the findings
suggest that pain perception increases with the level of conscious-
ness, even in the absence of consistent pain responses.

16. Bioethical and neuroethical considerations

The increase in clinical trials involving patients with DoC presents
significant bioethical and neuroethical challenges. As of March, this
year, 625 clinical trials have been registered on ClinicalIrials. Gov (49).
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These encompass observational studies to interventions with devic-
es, drugs, stimulation techniques, and diagnostic procedures. Since
these patients are unable to make decisions for themselves, ques-
tions arise regarding their inclusion in research, the use of neuro-
technologies, and their potential participation in medical decisions.

Neuroethics addresses the boundaries of evaluating and manip-
ulating the central nervous system (CNS), as well as the impact of
neurotechnology on human identity and mind (13,50).

One of the main challenges is informed consent (IC), as most of
these patients require substitute consent (SC) (51).

Advances in neurotechnology, such as fMRI and electrophysio-
logical evaluations, have allowed the detection of covert conscious-
ness, providing crucial information that traditional assessments may
not identify. Additionally, ICC offers a direct communication path-
way with these patients (52). However, the technical limitations of
fMRI and ICC restrict their participation in medical decisions, as
responses are often reduced to binary options, questioning the valid-
ity of their participation (53).

Finally, these dilemmas must be addressed in conditions of vul-
nerability in light of fundamental bioethical principles: autonomy,
challenged by the patient’s inability to express it; beneficence and
non-maleficence, in the face of high diagnostic and prognostic er-
ror margins; and justice, which requires ensuring equitable access to
treatment and resources (52).

17. Key bioethical aspects in research and challenges
in inclusion in clinical trials

Young ez al. (51) identify four fundamental bioethical aspects in re-
search with DoC: autonomy and informed consent, the balance be-
tween benefits and risks, justice in access to clinical trials, and trans-
parency in the disclosure of results. These principles face various
challenges in practice, particularly concerning 1C.
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Since these patients cannot directly give their consent, substitute
consent (SC) is used. However, this raises questions about the fidel-
ity of the substitute to the patient’s values (51,52). Moreover, 1C
should be an ongoing process, where the patient’s participation is
reevaluated. If the patient recovers the capacity to communicate,
researchers should provide them with information about the study
they are enrolled in and offer the opportunity to confirm their con-
sent, express their agreement or disagreement, a decision that must
be respected. Tools like ICC could, in the future, improve the pro-
tection of their autonomy and strengthen the ethical soundness of
the research (51).

Since IC is a demanding process, it is essential to ensure that
both participants and their representatives fully understand it.

Regarding beneficence and non-maleficence, it is crucial to en-
sure that the benefits outweigh the risks, avoiding unnecessary inter-
ventions or erroneous diagnoses that could harm the patient. SC
must be carefully evaluated to maintain an ethical balance in select-
ing patients (51).

Justice demands that studies be inclusive and equitable, avoiding
the exploitation of vulnerable populations. While SC facilitates the
inclusion of these patients, it may also justify their participation
without fully ensuring the defense of their interests. It is crucial that
researchers implement safeguards to ensure that the interests of pa-
tients with DoC are prioritized and protected (51).

Transparency and accountability in the SC process are essential
to strengthen trust between researchers, patients, and their families
(52). This involves clear communication about the risks, benefits,
and roles of substitutes, as well as the disclosure of methods and
results without conflict of interest (51).

Given the dilemma of preserving the autonomy of these pa-
tients and the need to develop new therapies to prevent disability
and mortality, alternative models of IC have been proposed (51):

a) Substitute or surrogate consent, granted by a legal represen-
tative.
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b) Exemption from IC, in emergency cases.

¢) Deferred consent, with retrospective information.

d) Community consultation, based on the values and preferenc-
es of recovered patients.

e) Consensus consent for patients with DoC, involving the legal
representative, treating physician, clinical researcher, and an
independent advocate (51).

Despite these options, the debate continues regarding the most eth-
ical approach, with the Declaration of Helsinki and Research Ethics
Committees still applicable.

The Declaration of Helsinki (1964, updated 2024) (54) estab-
lishes strict criteria for the inclusion of people unable to consent,
requiring that the research benefits the group they represent cannot
be conducted on people capable of consenting, and presents mini-
mal risk.

Moreover, ethics committees may also require safeguards to pro-
tect patients without hindering research (51).

18. Proposals to promote inclusion

Fins et al., as cited by Young (51), warn that these patients have been
excluded from research in the name of protection, which contra-
dicts the principle of justice. To correct this situation, four primary
strategies are proposed:

1. Inclusion of subjects with DoC

It is suggested to incorporate them into studies whenever ethically
justified, and the foreseeable risks and benefits are considered. The
importance of evaluating their potential participation in consent as
they evolve or respond to the research is emphasized. It is recom-
mended to seek their assent when possible and consider their pref-
erences and values to ensure their voice is heard.
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2. Individualized assessment of cognitive abilities

Since some patients with DoC may have non-evident levels of con-
sclousness, it is essential to use appropriate tools to detect covert
cognitive abilities. Recognizing this diversity not only fosters their
inclusion in research but also respects their dignity and rights.

3. Alternative consent models

It is suggested to complement substitute consent with approaches
like deferred consent and community consultation, thus ensuring re-
spect for the patient’s autonomy, even if they cannot communicate
conventionally. There is also a proposal to investigate strategies for
obtaining deferred consent in patients with covert consciousness,
considering the attitudes of both the patients and their families.

4. Collaboration with neuroeticists

It is imperative that researchers work alongside neuroeticists and
ethics committees to design clinical trials that respect the autono-
my of participants. This involves developing protocols that consider
individual differences in patient abilities and conducting empirical
neuroethics research to better understand the perceptions of pa-
tients and their families.

In conclusion, there is no single approach to resolve the ethical
and regulatory complexities of research in patients with DoC. Col-
laboration between researchers, neuroeticists, and ethics committees
is essential to ensure ethical clinical trials, adapted to each case, that
tully protect participants.

Conclusions

In light of the above, it is concluded that pain in these patients is
particularly complex due to their inability to communicate it. Neuro-
imaging research has revealed that some patients with SVSR may
experience pain and that those with DCM are more likely to perceive
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it. In this regard, the NCS-R scale could underestimate pain percep-
tion in certain patients, particularly those with covert consciousness.

While technological advances have enabled the detection of neu-
rophysiological responses to pain, crucial questions remain about
how these stimuli are processed at sensory, cognitive, and affective
levels and whether they generate conscious suffering. In this uncer-
tainty, clinical management requires integrating scientific, ethical, and
bioethical criteria for informed and responsible decision-making,

In research, the protection of the autonomy and dignity of these
patients must be balanced with their inclusion in clinical trials. For
this, it is necessary to develop alternative consent models and per-
sonalized cognitive assessment strategies that allow for more ethical
and representative participation. Collaboration between researchers
and neuroeticists is essential to ensure an equitable and respectful
approach in research with patients with DoC.

Finally, rethinking pain and suffering in this population requires
profound interdisciplinary reflection. In a context where clinical
practice faces diagnostic and prognostic uncertainties, a scientific
training that dialogues with other disciplines and a medicine that, in
addition to seeking the patient’s overall well-being, is sensitive to the
pain of those who cannot express it clinically and have been histor-
ically marginalized is essential.
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