Exploring the Significance of Cognitive Motor Dissociation on Patient Outcome in Acute Disorders of Consciousness
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Abstract 
Cognitive Motor Dissociation (CMD) is characterized by a dissociation between volitional brain responses and motor control, detectable only through techniques such as electroencephalography (EEG) and functional magnetic resonance imaging (fMRI). Hence, it has recently emerged as a major challenge in the assessment of patients with disorders of consciousness (DoC). Specifically, this review focuses on the prognostic implications of CMD detection during the acute stage of brain injury. CMD patients were identified in each diagnostic category (coma, unresponsive wakefulness syndrome/vegetative state, minimally conscious state minus) with a relatively similar prevalence of around 20%. Current knowledge tends to indicate that the diagnosis of CMD in the acute phase often predicts a more favorable clinical outcome compared to other unresponsive non-CMD patients. Nevertheless, the review underscores the limited research in this domain, probably at least partially explained by its nascent nature and the lack of uniformity in the nomenclature for CMD-related disorders, hindering the impact of the literature in the field.
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Introduction
Cognitive motor dissociation (CMD) has gained a growing interest in the scientific and clinical communities for the last ten years. It all started in 2006 with the ground-breaking discovery that willful modulation of brain activity could be recorded in some brain-injured patients behaviorally classified with an unresponsive wakefulness syndrome (UWS) / vegetative state (VS) (i.e., no evidence of consciousness1,2)3. A few years earlier, in 2002, Giacino and colleagues defined the diagnostic criteria for the minimally conscious state (MCS), a subtype of disorders of consciousness (DoC) characterized by the presence of fluctuating but reproducible behavioral signs of consciousness4. This clinical entity was further divided into MCS- and MCS+ depending on the absence or presence of language-related signs of consciousness5. The identification of patients with CMD puzzled the scientific community as it shed light on the fact that some patients classified as UWS/VS or MCS- are actually able to process language instructions, such as command-following or even communicate through a brain-computer interface (BCI), for instance, using functional magnetic resonance imaging (fMRI)6,7. Indeed, while in the seminal study of Owen et al. (2006)3 the patient was asked either to imagine playing a game of tennis or imagine navigating in her house, Monti et al. (2010) further succeeded to associate each of these tasks with a “yes” or “no” answer for five out of 54 patients who thus demonstrated ability to purposefully modulate their brain activity to functionally communicate7. Since then, several studies tried to replicate these findings, and a systematic review and meta-analysis from 2016 revealed that among 37 studies, 42/292 (14%) of UWS/VS patients showed a willful modulation of their brain activity on demand8. 
Despite the significant discoveries facilitated by advances in neuroimaging technologies, the diagnosis of UWS/VS or MCS still mainly relies on signs of consciousness as assessed by the Coma Recovery Scale-Revised9 (CRS-R), the most widely recommended scale for the evaluation of patients with DoC10. Nevertheless, in the last several years, potential new signs of consciousness have been rigorously depicted, while not being systematically considered in the clinical setting or during experimental procedures11. This might have an impact on the misdiagnosis discrepancy between behavioral and neuroimaging diagnosis.
Another difficulty arising in the field of DoC is the heterogeneity of nomenclature referring to the preservation of certain covert cognitive abilities. A recent review listed 25 different terms associated with this concept, with the five most popularly used in scientific publications being covert awareness, CMD, functional locked-in syndrome, non-behavioral MCS (MCS*), and higher-order cortex motor dissociation (HMD)12. Although these different terms describe quite similar concepts, they vary in their definition by certain characteristics, such as the type of residual brain activity (for instance activity at rest or in response to active or passive paradigms). For details concerning these entities and their differences, see BOX 1 and Table 1). Figure 1 illustrates the cases of MCS* and CMD.  
<< Insert BOX 1 around here >>
------------------------------------------------BOX 1 START----------------------------------------------
Covert awareness: refers to the ability of unresponsive brain-injured patients to respond to a command by modulating their neural activity. The term was first introduced in 2007 in the title of a paper of Owen et al. (2007). Following that, related terms were used interchangeably like "covert consciousness" and "covert cognition". These terms describe the presence of awareness, cognition, or communication detected through neuroimaging methods, when no behavioral signs of consciousness are observable. The usage of these terms appears primarily descriptive.
Functional locked-in syndrome (fLIS): the term was first introduced in 2009 by Giacino and colleagues, highlighting the potential preservation of cognitive function in patients with severely dysfunctional sensory and motor systems. However, some authors14 advocate to reserve the term for patients demonstrating consistent communication through direct brain signaling (and not only command-following). 
MCS* / Non behavioral MCS: Gosseries et al. (2014) proposed to use MCS* for UWS/VS patients showing brain activity compatible with MCS using any type of brain imaging (e.g., active and passive paradigms fMRI, resting state PET/EEG/fMRI). This descriptive term is consistent with already existing MCS terminology (MCS+ and MCS-). 
Cognitive-motor dissociation (CMD): the term CMD was proposed by Schiff (2015) to characterize patients demonstrating evidence of command-following on fMRI and/or EEG that are undetectable at bedside assessment. 
Higher-order cortex motor dissociation (HMD): recently, Edlow and colleagues proposed the term "higher-order cortex motor dissociation (HMD)," describing functional MRI and EEG responses within association cortex during passive language or music stimuli despite behavioral absence of language 17.
---------------------------------------------- BOX 1 END--------------------------------------------------
<< Insert Table 1 and Figure 1 around here >>
While the underlying mechanisms of CMD is poorly understood, it has become evident that this state of dissociation between the presence of volitional brain responses (cognitive function) and the lack of motor control changed the way we assess patients and how we communicate with them and their families. It also led to new challenging ethical questions given the absence of behavioral responsiveness despite relatively preserved cognitive abilities. It prompts a reconsideration of how we approach the care of these patients, increases the urge to not only rely on behavioral observations to make a diagnosis of the level of consciousness, but also raises the issue of the trajectory of recovery of these patients, with a dramatic potential impact on withdrawal of life-sustaining treatment (WLST) decisions18. 
Accurate assessment of the state of consciousness is therefore crucial for these severely brain-injured patients, especially in the challenging acute context of the intensive care units (ICU) where seemingly unresponsive patients are commonly encountered. This context is favorable to the development of techniques usable at the bedside, such as the recording of electroencephalographic (EEG) responses to a command-following instruction19. However, to date, there is a lack of systematic knowledge on the implications of this CMD diagnosis regarding the clinical pathway and prognosis of these severely brain-injured patients.
In this narrative review, we aim to review evidence in the literature regarding the outcome of patients in the acute stage of DoC presenting a CMD. Patients with other types of “covert awareness,” including functional locked-in, MCS* and HMD, will also be included in this review.
Methods
Literature Search Strategy: Our literature search aimed to identify relevant studies related to CMD prognostication in the acute (<28 days post-injury) stage of brain injury, with a specific focus on its impact on patient outcomes. The search was conducted in September 2023 using PubMed. We employed a combination of keywords, including ("coma" OR "acute brain injury" OR “acute” OR “intensive care unit” OR “ICU” OR "traumatic brain injury" OR "disorders of consciousness" OR "vegetative state" OR "unresponsive wakefulness syndrome" OR "minimally conscious state") AND ("cognitive motor dissociation" OR "CMD" OR "covert awareness" OR "covert cognition" OR "functional locked-in" OR "non-behavioral MCS" OR "higher-order cortex motor dissociation") AND ("outcome" OR "prognosis" OR "prognostication" OR "patient outcomes").
Inclusion and Exclusion Criteria: we included papers reporting results on prognosis of CMD and related disorders (e.g., covert awareness, functional locked-in, MCS*, HMD). The papers were included if they were original research articles published in peer-reviewed journals and for which the full text was available. Were excluded papers not directly addressing acute DoC prognosis, CMD (or related entities) or patient outcomes. We did not include research papers involving animal models and papers published in languages other than English or French. Reviews articles were also excluded but were included in the discussion section whenever relevant.
Data Collection and Synthesis: After conducting the initial literature search, relevant articles were reviewed for data extraction. Key information from each selected study was collected, including study design, clinical setting, sample size, etiology, time since injury, behavioral diagnosis (and the scale used for assessment), CMD assessment technique, paradigms, outcomes (and the scale used), and other main results. 
Results
Our initial search returned a total of 122 articles. These articles were screened for relevance, resulting in 38 selected based on title and abstract. Based on the reading of the full text and exclusion criteria, only seven articles were selected for inclusion in our review: Edlow et al. (2017)17, Claassen et al. (2019)20, Sokoliuk et al. (2021)21, Vijiala et al.(2021)22, Egbebike et al. (2022)23, Boerwinkle et al. (2023)24 and Morlet et al. (2023)25. Interestingly, the oldest study by Edlow et al.17 was published in 2017, only 6 years ago. Key findings are summarized in Tables 2 and 3. Among the seven studies included, four were prospective17,20,21,23, one was retrospective25, and two were a cases series22,24. PET was used in one study22, EEG in five studies17,20,21,23,25 (including one with only evoked related potentials - ERPs25) and fMRI in two studies17,24. One study used both EEG and fMRI17 (see Table 2). The study of Egbebike et al. (2022) is a follow-up study of Claassen et al. (2019), from which the first 100 patients were included. A total of 266 different patients were included from these seven studies, for which the main etiologies were non-traumatic brain injury (including vascular; n = 127), followed by traumatic brain injury (TBI) (n = 67), anoxic brain injury (including patients labeled with “non-structural BI, including anoxic BI” as described in Egbebike et al.23(n = 64)), SARS-CoV-2 infection (n=2) and others (unspecified etiologies; n=6). Mean time since injury at inclusion was 3.75 days. Clinical diagnosis was made according to CRS-R in four studies17,20,22,23, Glasgow Coma Scale (GCS) in two21,25 and pediatric GCS in the remaining study24. Among these 266 patients, 120 were considered to be in a comatose state, 52 in UWS/VS, 69 in MCS-, 4 in MCS+, 4 in post-traumatic confusional state (PTCS) and 17 had an unknown diagnosis but with a GCS motor score < 6. 
Five studies used an active paradigm using command-following task17,20,23–25 (four used motor imagery/movement intention17,20,23,24 and one used focused attention25). Three studies used passive paradigms17,21,25 and two studies used both types of paradigms17,25. Finally, one study used a resting paradigm22.  
<<Insert Tables 2 and 3 around here >>
[bookmark: OLE_LINK1]Among the 266 patients included in these seven studies, 25 could not be identified as potential CMD because no individual data was available (Sokoliuk et al.21, n=17) or because they were diagnosed MCS+/PTCS (Edlow et al.17, n=17). From the 241 remaining patients, 41 (17%) presented a CMD, two an HMD and two an MCS*. Data regarding the proportion of CMD patients per diagnosis are incomplete (no data stratified according to diagnosis in Egbebike et al. (2022)), but we identified CMD patients in at least 18% (18/98) of coma, in 23% (6/26) of VS/UWS and in 21% (6/28) of MCS- patients (Figure 2). In studies considering other “covert awareness” entities, 2/3 (67%) MCS- patients were identified in an HMD. No data was found in acute setting for MCS* nor fLIS. 
<<Insert Figure 2 around here >>
Regarding the outcome analyses, the comparison group was constituted by “MCS+ and PTCS patients” for one study (Edlow et al.17), “non-CMD” patients in three studies20,23,25, and for one study, correlation analysis between the results to the task and the clinical outcome were performed21. Clinical outcome was generally assessed using the Glasgow Outcome Scale-extended (GOS-E) (5/6 studies) at various time points (i.e., 3, 6 and/or 12 months) except for the pediatric patient for whom no standardized scale was used. The GOS-E is a scale assessing the functional status of patients following a brain injury, ranging from 1 (death) to 8 (upper good recovery: normal functioning without noticeable impairment). Notably, four studies mentioned that they used phone interview to assess the outcome. One study categorized the outcome in two categories: positive (when the patient had a GOS-E ≥ 3 or was emerging from MCS according to CRS-R) or negative (when the patient remained in a DoC or died).
The main outcome findings can be summarized as follows: adding CMD or HMD to the clinical diagnosis improved the detection of evolution beyond PTCS at 6 months in one study, from 64% (using only CRS-R) to 93% (by adding CMD/HMD diagnosis)17. On the contrary, Edlow and colleagues insist on the fact that prognosis should not be based upon negative findings at fMRI/EEG, as suggested by the recovery beyond PTCS in one of the two comatose patients without HMD or CMD.
In the selected studies, the outcome of CMD patients is generally better compared to non-CMD patients, except for the study of Edlow et al.17 where responses to an active paradigm were not associated to improved GOS-E scores. Morlet et al.25 showed, using their attentional paradigm, that 89% of coma-CMD vs. 68% of coma-non-CMD demonstrated a positive outcome. However, the sensitivity of the conducted task was low (30%), with a poor negative predictive value (32%). Claassen et al.20 showed that 50% (8/16) of CMD vs. 26% (23/88) of non-CMD showed command following at discharge from hospital, and that 44% (7/16) of CMD vs. 14% (12/84) of non-CMD had GOS-E ≥ 4 (odds ratio 4.6) at 12 months.
In HMD patients, similar observations were made by Sokoliuk et al.21 where (passive) cortical tracking of higher-level linguistic structure correlated with outcome at 3 and 6 months as assessed by the GOS-E. The two HMD patients of Edlow et al.17 had a GOS-E = 7 at follow-up (lower-good recovery), better than the CMD patients’ mean GOS-E score of 3. There were only two MCS* patients, and their GOS-E outcome score at 3 months (patient 1) and 6 months (patient 2) was of 4 for both. No inference can be drawn from the scarce data on HMD and MCS* patients.
Regarding mortality rates, the outcome is not addressed systematically. However, the present data found a death rate at discharge of 0% for HMD (0/2) and 33% for CMD (8/24), compared to 30.5% for non-CMD patients (36/118). WLST accounted for 62.5% of deaths in CMD (5/8, 3/8 not specified) and 69% in non-CMD patients (25/36, 3/36 not specified). Only one study clearly refers to mortality at 12 months20, with a death rate of 38% (6/16) of CMD vs. 60% (50/88) of non-CMD. Notably, 4/6 CMD and 22/50 non-CMD underwent WLST20.
Finally, in the pediatric case24, the identification of an active response at fMRI was associated with a good cognitive outcome (the patient could attend grade-appropriate academic classes at the age of 8, two years following brain injury) but with a remaining extensive motor deficit. 
Discussion
In this literature review, we found a limited number of studies specifically addressing the issue of the prognosis of patients with CMD/covert awareness in the acute setting. In these seven studies, out of 239 non-overlapped patients eligible for the diagnosis of CMD, 41 (17%) were identified with CMD, with a prevalence ranging from 14%23 to 50%17, with a median of 24%. This result is in line with a recent review reporting a median percentage of CMD patients of 20% in a sample of 24 studies assessing the presence of covert command-following in DoC (acute & chronic26). Noteworthy, we report here that the percentage of patients with a CMD while behaviorally diagnosed in a comatose state is 18% (18/98), 23% (6/26) in UWS/VS and 24% (6/28) in MCS-, quite similar to previous findings in DoC (regardless the time since injury). However, in a large retrospective study, Thibaut et al. (2021) demonstrated in a cohort of 48 chronic UWS/VS patients, that 67% of them (n=32) should be considered in a MCS*, based on their residual brain metabolism within the fronto-parietal network using PET imaging27. The discrepancy between these findings is potentially due to the method of assessment of CMD and MCS*. Indeed, while using a resting state paradigm could lead potentially to a higher rate of false positives, the use of active paradigms has the drawback of having a higher rate of false negatives. 
Regarding the outcome, we observed a tendency for better outcomes in patients with CMD compared to patients without CMD in the acute stage in all studies except one17. Importantly, more than a predictor of good outcome, CMD in the acute stage has been shown to be a good marker of earlier time to recovery in the study with the largest cohort23. Outcomes are challenging to compare within a constrained set of studies. Indeed, the outcome analyses were not the same across studies, while the scale used to assess it was the GOS-E for 5/6 studies. Nevertheless, one study made correlations between responses to their paradigm and GOS-E scores, one classified the patients regarding whether they had a “positive” (i.e., recovered from DoC) or “negative” (i.e., remained in a DoC) outcome. These findings are in line with the findings on MCS* in a prolonged DoC state (>28 days post-injury), where MCS* showed a better outcome than UWS/VS patients27. It has also been shown in the chronic setting that the combination of the results of PET imaging along with a local–global auditory oddball paradigm was predictive of recovery of command-following at 6 months (38% of MCS* vs. 0% of VS/UWS patients) 28.
In addition to CMD, two studies report patients with HMD17,21 (the latter does not explicitly refer to HMD). The two MCS- patients with HMD in Edlow et al.17 displayed a good outcome (GOS-E = 7), and the patients of Sokoliuk et al.21 showed a positive correlation between their cortical tracking abilities of high-level linguistic structure and their GOS-E scores. However, evidence is very limited for these patients, and a comparison of prognostication between HMD and CMD patients would be of great importance in future studies. Indeed, if their prognosis does not differ, the use of passive paradigms, independent of patients’ fluctuation in volitional activity, would be sufficient to inform the clinician on their recovery trajectory. On the contrary, if patients with CMD and HMD have a different prognosis, it would highlight the informativeness of active paradigms and the importance of implementing such techniques in clinical routine practice. It should be also mentioned that some brain imaging paradigms fail to achieve consensus on whether the observed response should be considered active or passive, such as the observation of the P3 wave in the local-global auditory oddball paradigm. 
Besides EEG (and ERPs) and fMRI, the prognostic value of other emerging techniques such as functional near-infrared spectroscopy or transcranial magnetic stimulation combined with EEG (TMS-EEG) will be investigated in the future in the acute clinical setting29,30. Finally, an effort has been undertaken to investigate the added value of multimodal assessment, such as done in the study of Amiri et al. (2023)31 . However, they failed to prove the added value of the combination of EEG and fMRI data and using machine learning to predict 12-month outcome while EEG alone - as well as thorough repeated neurological assessment alone - were good models to predict outcome at that time point.
Mortality rates were not addressed systematically, but we found similar death rates for patients with CMD (33%) compared to non-CMD patients (30.5%). In a chronic setting, Thibaut et al.27 found no significant difference between MCS* and UWS/VS patients, with a 43% and 50% death rate, respectively. However, in this study, the reason for death was not available and should be considered in order to understand whether the clinical diagnosis impacted the decision on WLST. 
Regarding the pediatric population, no inferences can be made as the paper24 included in our review was, to our knowledge, the first report of acute CMD in a child (see 32 for two cases of chronic pediatric CMD) and showed a good clinical recovery.
Interestingly, outcome (and initial assessments) is based on behavior (as assessed with GOS-E or CRS-R) in all studies. However, there is now evidence in the literature that more behavioral signs could potentially be considered both for diagnosis and outcome11. On one hand, we have some authors depicting “subtle signs of consciousness,”33,34 while on the other hand, the appearance in the literature of potential “new” signs of consciousness11, meaning that the sole behavioral evaluation using CRS-R could lead to the misdiagnosis of patients. Indeed, if a patient showed only one of these “new” signs of consciousness, they potentially would be categorized in MCS rather than CMD (or UWS in the absence of paraclinical examination). For instance, Pignat et al., (2016) utilized the Motor Behavioral Tool - revised, comprising 10 clinical items exploring positive motor signs overlooked by the CRS-R, two medical conditions that may hide conscious signs and three reflex responses, demonstrating its increased predictability for outcomes of DoC patients34. Jöhr et al. (2020) replicated these findings in a large cohort study of 141 patients with severe acquired brain injury, highlighting that patients exhibiting a “clinical CMD” (based on their responses to the Motor Behavioral Tool – revised), showed better functional outcomes than other DoC patients, with no significant difference compared to non-DoC patients35.  Mat et al. (2022) showed that the literature depicts different behaviors susceptible to indicate the presence of consciousness, such as resistance to manual eye opening, spontaneous eye blink rate, auditory localization, habituation of auditory startle reflex, olfactory sniffing, efficacy of swallowing/oral feeding, leg crossing, facial expressions to noxious stimulation, and subtle motor behaviors11. These signs have shown a certain level of correlation between their presence and the diagnosis of MCS. For instance, van Ommen et al. (2018) showed that five of six VS/UWS patients displaying resistance to eye opening showed atypical neuroimaging findings (on PET or active fMRI), suggesting that these patients were MCS*/CMD36. However, the presence of resistance to eye opening was not predictive of a positive outcome at 6 months in this subsample of patients. Future studies should aim to validate these as signs of MCS and incorporate them in the diagnosis and outcome workup, such as was done by Vijiala et al., (2021), which used PET in addition to the use of the Motor Behavioral Tool – revised (to categorize patients in “clinical CMD”, while being diagnosed UWS/VS with the CRS-R)22.
This review has several limitations, the first being the limited number of studies addressing the specific topic of prognostication in acute CMD/covert awareness. This can be attributed to the nascent nature of the study of CMD, with the first reported case in 2006 and the oldest study included in our review published in 201717. In addition, the absence of a consensus on the terms used to define the entities encompassing patients with covert cognitive abilities could be a limiting factor. An expert consensus is required to avoid this variability so we can raise awareness on these conditions among researchers and clinicians12. Additionally, the term MCS* (read “MCS star”) challenges the exploration of databases. Indeed, in Pubmed, the asterisk (*) represents "any group of characters, including no character," hindering the search engine's ability to identify relevant articles related to the MCS* entity. However, to our knowledge no study has addressed the issue of prognostication of MCS* in the acute stage, nor for covert awareness or fLIS. Nevertheless, due to the lack of uniformity in the nomenclature, we cannot exclude the possibility that certain papers were not included in our review because they were not captured by our research equation. 
Regarding the nature of the studies, there is a lack of large multi-center studies19. Indeed, there is a limited number of centers that study the topic, and one of them23 accounts for 73% of the patients included in the review. In addition, there is a great heterogeneity in the techniques used, no comprehensive comparison between the characteristics (sensitivity, specificity, negative/positive predictive value) of the techniques used (EEG brain responses, fMRI, ERPs), and a lack of consensus about within-technique analysis methodology.  For instance, in a recent large monocentric retrospective study, Schnetzer et al.37 showed that the method used to analyze fMRI (e.g., region-of-interest vs. whole-brain-analysis) can sometimes lead to different results. A consensus should be reached between researchers in order to obtain comparable results. To serve this purpose, initiatives such as the publications of international guidelines10,38 and of common data elements, as is done by the Curing Coma Campaign, are of great importance39,40. 
The assessment of the level of consciousness is also challenging in the acute stage, leading to a problem of heterogeneity but also of adequation regarding the clinical setting. Indeed, the GCS, widely used in the ICU to assess the level of consciousness, is not suitable for assessing DoC patients and leads to a high rate of misdiagnosis41. Indeed, a patient with a GCS total score = 11 could be MCS-, while a patient with a GCS total score = 5 might be MCS+. In addition, a patient can be MCS+ even with a motor response subscale score < 6, making the inclusion of patients with GCSm<6 a misleading criterion42. The use of the CRS-R in the acute setting, while adequate to assess DoC patients, is limited for use in the ICU because of its long duration. Therefore, alternatives should be suggested and used widely when considering designing a study on CMD in the acute stage. Indeed, shorter and validated scales are now available in this context, such as the SECONDs43,44 and the CRSR-FAST45.
Regarding the outcomes, a first limitation comes from the difficulty to follow up these severely brain-injured patients (especially if they remain in a DoC) given the difficulty to follow them in outpatient clinics. This is probably the main reason why a lot of the follow up assessments were made by phone interview. For this reason, and as this is a major limitation in the outcome studies in the field of DoC and neurorehabilitation in general, there is a need to develop a validated phone outcome questionnaire specific to DoC population. 
It is also interesting to note that the focus of prior studies was generally on prognostication of functional recovery (as suggested by the use of the GOS-E). However, while we acknowledge the importance of functional prognostication, the measures are quite rough and would benefit from a more fine-grained assessment, especially in the case of patients remaining in a DoC. The incorporation of neuroimaging data at different time points, such as PET or the systematic use of the CRS-R along with the reporting of any other potential behavioral signs of consciousness, should be considered in future studies. Despite the fundamental importance of functional prognosis for patients, having more subtle signs or neuroimaging data supporting the positive patient evolution might also be of importance for longer-term recovery (i.e., more than the two-year follow up of the present studies), or also in assessing the recovery trajectory of patients after therapeutical studies. Finally, the data available are limited to patients with natural trajectory pathway, in the absence of specific interventions related to the DoC itself. However, we have compelling data suggesting that MCS patients tend to respond better to therapeutic interventions compared to UWS/VS patients46,47. The question of the responsiveness profile of these patients with CMD still needs to be investigated in the future.
Conclusion
CMD definition is in its early stages, since its identification only appeared less than 20 years ago. Acute CMD patients seem to have a distinct trajectory of care compared to UWS/VS or MCS patients. Their diagnosis in an acute setting is of dramatic importance. Indeed, this is also a way to limit the self-fulfilling prophecy bias, in which patients in UWS/VS are thought to have a poor prognosis, leading to frequent and perhaps premature WLST. The diagnosis of patients with brain activity compatible with language-related processing should be a priority in the care of acute DoC patients in the ICU, as soon as possible, even those in an apparent comatose state. Indeed, our review showed that more than one out of six patients have CMD, and based on the current literature, those patients tend to have a better outcome. However, while the use of cutting-edge techniques such as active paradigm-based fMRI are useful in detecting CMD, their implementation in clinical practice is limited48. Therefore, recently, much effort has been placed in developing tools based on more easily accessible techniques such as EEG. Finally, while we acknowledge the importance of such techniques, we would like to draw the attention to the fact that the frequency of CMD diagnosis in the ICU (17% in our review) could also be impacted by the fact that the diagnosis of CMD (or related entities) is based on the CRS-R or the GCS. Thus, before having recourse to paraclinical examination, we suggest relying on repeated assessments using validated scales that are more suited to the ICU such as SECONDs or CRSR-FAST, but also identify so-called “subtle” or “new” signs of consciousness to diagnose patients in MCS from coma/UWS/VS. However, active paradigms using neuroimaging techniques such as EEG or fMRI probably remain the best candidates to identify the ability to process language-related behaviors for either clinically UWS/VS or MCS- patients. 
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Figure 1.  Real-life examples of two patients having the same behavioral diagnosis (UWS/VS) based on CRS-R assessments (A). Based on paraclinical examinations (B-C), Patient 1 keeps the same diagnosis, while Patient 2 presents a metabolic pattern at FDG-PET compatible with the diagnosis of MCS* and, subsequently, a response to the active fMRI paradigm congruent with a diagnosis of CMD (and MCS*). Figure adapted from 15
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Figure 2. Proportion (A) and number (B) of patients with CMD across diagnosis included in this review.
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Table 1 – Characteristics of the most commonly used nomenclatures related to “covert awareness”.
	Term
	Any evidence of covert cognitive ability (regardless of the technique used to assess it)
	Brain response to active task using neuroimaging techniques (EEG, fMRI, etc.)
	Brain response to passive task 
	Resting activity not compatible with the diagnosis of VS/UWS

	
	
	Command-following
	Functional Communication
	
	

	Covert awareness
	Required
	Possible
	Possible
	Not relevant
	Not relevant

	Functional Locked-In (fLIS)
	Required
	Required
	Required¥
	Not Relevant
	Not Relevant

	MCS* / non-behavioral MCS
	Required
	Possible
	Not relevant
	Possible
	Possible

	Cognitive motor dissociation (CMD)
	Required
	Required
	Not relevant
	Not relevant
	Not relevant

	Higher-order cortex motor dissociation (HMD)
	Possible
	No
	Not relevant
	Required
	Not relevant


¥: means this item is subject to debate within the scientific community (see Box 1 for detailed explanation)

Table 2 – Findings of the literature review (demographics, scales, techniques, and paradigms)

	
Study reference
	Study design
	Patients (n) & Diagnosis
	Scale used for clinical diagnosis
	Etiology
	Time since onset
(mean in days ± SD)
	Technique
	Paradigm
	Type of command

	Edlow et al. (2017)
	Prospective
	n=16 (F=4)
Coma (n=2) 
UWS/VS (n=3)
MCS- (n=3)
MCS+ (n=4)
PTCS (n=4)
	CRS-R
	TBI 
	a. 9.8 ± 4.6
b. 9.2 ± 5.0
	a. EEG
b. fMRI
	Active: Motor imagery (command following)
Passive: Language & Music stimuli (association cortex response)
	1. Right-hand squeeze

	Claassen et al. (2019)
	Prospective
	n=104 (F=46)
Coma (n=56)
UWS/VS (n=23)
MCS- (n=25)
	CRS-R
	Anoxia (n=33)
TBI (n=15)
ICH (n=26)
SAH (n=13)
Other (n=17)
	6d (IQR: 3-10d)
	EEG
	Active
Command following
	1. "Keep opening and closing your right hand"
2. "Stop opening and closing your right hand”


	Sokoliuk et al. (2021)
	Prospective
	n=17 (F=3) 
GCSm < 6
	GCS
	TBI
	11 ± 4.68d
	EEG
	Passive 
Cortical tracking to increased level of linguistic complexity
	N/A

	Vijiala et al. (2021)
	Case series
	n=2 (M=2)
UWS/VS (n=1)
MCS- (n=1)
	CRS-R (+MBT-r)
	SARS-CoV-2
	Few days following sedation withdrawal (no more details)
	PET
	Resting
	N/A

	Egbebike et al. (2022)
	Prospective
(initial cohort of 100 published in Claassen et al. 2019)
	n=193 (F=88)
Coma (n=80)
UWS/VS (n=48)
MCS- (n=65)
	CRS-R
	TBI (n=25)
Non-TBI (n=108)
Anoxic BI, meningitis, etc.) (n=55)
Other (n=5)
	a. 1d [0-3] first assessment
b. 5d [3-10] for CMD diagnosis
	EEG 

	Active
Command following 
	1. "Keep opening and closing your right hand"
2. "Stop opening and closing your right hand”


	Boerwinkle et al. (2023)
	Case series – pediatric 
	Included (n=1; M=1)
Coma (n=1)
	Pediatric GCS
	TBI
	10d
	fMRI
	Active
Command following 
	1. 1st run: “Move your arms”
2. 2nd run: “Continuously repeat “cat, dog, mouse’”

	Morlet et al. (2023)
	Retrospective
	n = 68 (F=27)
Coma (n=37) 

	GCS
	Anoxia (n=9)
TBI (n=8)
Vascular (n=19)
Other (n=1)
	12± 8d

	ERPs (EEG)
	Active
Focused attention
Passive
(Auditory oddball paradigm)

	Oddball paradigm with frequency deviants.
Three conditions: passive, diverted and focused attention

	SUMMARY OF FINDINGS
	4 Prospective
1 Retrospective
2 Case Series

	n = 266 (+)
Coma (n=120)
UWS/VS (n=52)
MCS- (n=69)
MCS+ (n=4)
PTCS (n=4)
GCSm<6 (n=17)
	CRS-R (n=4)
GCS (n=1)
Pediatric GCS (n=1)

	Non-TBI (n=127)
TBI (n=67)
Anoxic (+other non-structural BI) (n=64)
Other (n=6)
	Mean= 3.75d
	EEG (n=5)
fMRI (n=2)
Both (n=1)
	Active (n=5)   
· Command- following (n=5)
· Focused attention (n=1)
Passive (n=3)
Both active & passive (n=2)
Resting (n=1)

	


(+) In the total were excluded from the count the patients of Egbebike et al. (2022) previously included in Claassen et al. (2019)
CMD = Cognitive motor dissociation; CRS-R = Coma Recovery Scale – Revised; d = days;  EEG = Electroencephalography;  ERPs = Event-related potentials; F = Female; fMRI = functional Magnetic Resonance Imaging; GCS : Glasgow Coma Scale; GCSm = Glasgow Coma Scale motor subscale score; ICH = Intracranial hemorrhage; IQR = Interquartile range; M = Male; MBT-r = Motor Behavioral Tool – revised; MCS- = Minimally conscious state minus; MCS+ = Minimally conscious state plus; N/A = Not applicable; PET = Positron Emission Tomography; PTCS = post-traumatic confusional state; SAH = Subarachnoid hemorrhage; SD = Standard deviation; TBI = Traumatic Brain Injury; TSO = Time since onset; UWS/VS: Unresponsive Wakefulness Syndrome / Vegetative State. Note: all studies include only adult patients except when “pediatric” is explicitly mentioned. 




Table 3 – Findings of the literature review (proportion of dissociation, outcome assessment, main findings on outcome)
	
Study reference
	Proportion of dissociation
	Outcome scale & time
	Comparison group
	Main findings on outcome

	Edlow et al. (2017)
	Total:  6/8 (4 CMD (50%), 2 HMD (25%))
Coma: 0/2 CMD
VS/UWS: 3/3 CMD
MCS-: 1/3 CMD & 2/3 HMD
	GOS-E at 6.2 ± 0.9m post-injury; in person (n=11) or by phone interview (n=3)
	CMD vs. Non-CMD

Control group made of MCS+ (n=4) / PTCS (n=4) patients 
	Sensitivity to detect evolution beyond PTCS at 6m: 64% using CRS-R; adding CMD and HMD improves it to 93%

GOS-E scores not associated to acute fMRI or EEG results

[bookmark: _Hlk150979580]1/2 coma patients with no HMD or CMD recovered from PTCS  prognosis should not be based upon negative findings at fMRI/EEG

2/14 (14%) died from WLST at 2 and 5 days after assessment

	Claassen et al. (2019)
	Total: 16/104 CMD (15.3%)
Coma: 8/58 (13.8%)
VS/UWS: 3/23 (13.0%)
MCS-: 5/25 (20.0%)
	GOS-E at 12m post-injury via phone interview
	CMD vs. Non-CMD 
	[bookmark: _Hlk150979141]At discharge, 50% (8/16) of CMD vs. 26% (23/88) of non-CMD showed command following

At 12m, 44% (7/16) of CMD and 14% (12/84) of non-CMD had GOS-E ≥ 4 (odds ratio 4.6)

Death at 12m: 38% (6/16) of CMD vs. 60% (50/88) of non-CMD; 4 of the CMD and 22 of non-CMD had WLST

	Sokoliuk et al. (2021)
	N/A (only correlation between responses to linguistic stimulations and outcome)
	GOS-E at 3 and 6m post-assessment via phone interview
	Correlations, no comparison
	Cortical tracking of higher-level linguistic structures correlated with outcome at both 3 and 6m (GOS-E at 3m: rho = 0.638, p = 0.006; GOS-E at 6m: rho = 0.751, p = 0.001)

	Vijalia et al. (2021)
	Total: 2/2 MCS*
VS/UWS: 1/1 MCS*
MCS-: 1/1 MCS*
	GOS-E at 1.5 & 2m (patient 1) and at 3 & 6m (patient 2) via clinical examination
	N/A
	Patient 1: GOS-E = 3 at 1.5m; GOS-E = 4 at 2m
Patient 2: GOS-E = 3 at 3m; GOS-E = 4 at 6m
Note: both patients were initially labeled as “clinical CMD” by MBT-r assessment

	Egbebike et al. (2022)
	Total: 27/193 CMD (14%)
(No data per diagnosis published)
	Functional recovery as per GOS-E ≥ 4; assessed at 3, 6, 12m post-injury by phone interview
	CMD vs. non-CMD
	CMD is a predictor of earlier time to recovery (HR5.6), as are TBI etiology (HR4.4), GCS at admission ≥ 8 (HR2.2), and younger age (HR1.0)

At 3 and 12m, GOS-E scores of CMD > non-CMD (1 point), with no difference at hospital discharge

	Boerwinkle et al. (2023)
	Coma: 1/1 CMD (100%)
	No standardized outcome scale; clinical assessment 2 years post-injury
	N/A
	Two years post-injury, “at 8 years of age, the patient is attending grade-appropriate academic classes, able to communicate orally, and has intermittent recovery of urinary continence. However, there has been only mild improvement in quadriplegia”

	Morlet et al. (2023)
	Coma: 9/37 CMD (24%)
	Positive outcome at 6m (post-assessment): eMCS as per CRS-R or GOS-E ≥ 3. Method of assessment (phone or in-person) not described
	CMD vs. non-CMD
	At 6m, 8/9 (89%) coma-CMD had positive outcome (eMCS) compared to 19/28 (68%) coma non-CMD patients
Results to the task showed poor sensitivity (30%) and poor negative predictive value (32%)


CMD = Cognitive motor dissociation; CRS-R = Coma Recovery Scale – Revised; eMCS= emergence from the minimally conscious state; GOS-E = Glasgow Outcome Scale – Extended;  HMD = Higher-order cortex motor dissociation; HR = Hazard ratio; m = months; MBT-r = Motor Behavioral Tool – revised; MCS- = Minimally conscious state minus; MCS+ = Minimally conscious state plus; N/A = Not applicable; PTCS = post-traumatic confusional state; VS/UWS : Vegetative State / Unresponsive Wakefulness Syndrome; WLST = Withdrawal of life sustaining treatment
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