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Abstract

:

Accurate estimation of the neurobehavioral progress of patients with unresponsive wakefulness syndrome (UWS) is essential to anticipate their most likely clinical course and guide clinical decision making. Although different studies have described this progress and possible predictors of neurobehavioral improvement in these patients, they have methodological limitations that could restrict the validity and generalization of the results. This study investigates the neurobehavioral progress of 100 patients with UWS consecutively admitted to a neurorehabilitation center using systematic weekly assessments based on standardized measures, and the prognostic factors of changes in their neurobehavioral condition. Our results showed that, during the analyzed period, 34% of the patients were able to progress from UWS to minimally conscious state (MCS), 12% of the total sample (near one third from those who progressed to MCS) were able to emerge from MCS, and 10% of the patients died. Transition to MCS was mostly denoted by visual signs, which appeared either alone or in combination with motor signs, and was predicted by etiology and the score on the Coma Recovery Scale-Revised at admission with an accuracy of 75%. Emergence from MCS was denoted in the same proportion by functional communication and object use. Predictive models of emergence from MCS and mortality were not valid and the identified predictors could not be accounted for.
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1. Introduction


Severe brain injuries can lead to prolonged periods of impaired consciousness, which are clinically referred to as disorders of consciousness (DOC). Currently, the term DOC encompasses the unresponsive wakefulness syndrome (UWS), formerly known as vegetative state (VS), which is characterized by the presence of wakefulness in absence of awareness [1], and the minimally conscious state (MCS), which is characterized by the presence of minimal or inconsistent awareness [2,3]. However, the clinical view of DOC has evolved significantly since the description of the VS by Jennet and Plum back in 1972 [4]. The theories of functional segregation that were believed to explain the nature of cerebral functionality until well into this century supported the prevailing dichotomist concept of consciousness. According to it, patients could be either conscious or unconscious/vegetative, based on the presence or absence of observable clinical signs of interaction with the environment, respectively. Consequently, and promoted by the mediatisation of some cases [5], recovery of consciousness was interpreted as a magical or miraculous event. The inconceivable chances for recovery of consciousness by that time could have turned diagnosis into a self-fulfilling prophecy. According to it, those patients with the worst clinical condition could have received less therapeutic attention, which entails serious clinical and ethical issues [6]. The consensus reached by the Aspen Neurobehavioral Conference Workgroup on describing the MCS as a distinguishable clinical condition from the VS at the end of the 1990s [7,8] and the definition of behavioral diagnostic criteria in 2002 [9] meant a revolution in the clinical interpretation of DOC. The delineation of the MCS began to shape the current conception of recovery of consciousness as a gradual process, which fitted better with the emerging theories of functional integration that were supported by the latest neuroimaging findings on brain connectivity by that time [10]. A few years later, the European Task Force on Disorders of Consciousness coined the term UWS to refer the VS avoiding the negative connotations of the term [11].



As our understanding of the neural basis of consciousness and the clinical management of the medical complications associated with patients with DOC improve, survival rates have more than doubled [12,13], and an increasing number of studies has documented recovery of consciousness even years after the onset [14,15,16,17,18,19,20,21,22]. Although the neurobehavioral progress of each patient with a DOC is highly distinctive [23], knowing the general prognosis of patients with a comparable neurologic condition is essential to anticipate the most likely clinical course in each case. Prognostic information is of major importance to guide clinical decision making [24], which can be particularly delicate in DOC as, in the most vulnerable cases, it can lead to end-of-life decisions [25]. Establishing accurate prognosis is, therefore, especially relevant for patients with UWS because they have shown to have worse outcome in comparison to patients in MCS [8,26,27,28,29].



A large part of the studies that described the clinical evolution of patients with UWS prior to the description of the MCS were included in the report that the Multi Society Task Force group published in 1994, which served as a prognostic reference for many years [1]. According to this report, the likelihood of neurobehavioral improvement in the first year after the injury was 52% for traumatic cases and 15% for non-traumatic cases. However, the reliability of these figures has been questioned because they include retrospective old series of patients that could not represent the current state of the clinical practice [13]. Since then, a large number of studies have described the neurobehavioral progress of patients with UWS, often showing large discrepancies between studies, which can be partially explained by differences in the methodologies and included samples [23,26,27,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51]. Some studies have also investigated demographic, clinical and neurophysiological predictors of the neurobehavioral progress in patients with DOC, with a particular emphasis on patients with UWS. Factors such as age, etiology, injury location and the baseline time since injury, neurobehavioral condition, and level of disability have been associated with neurobehavioral outcomes of patients with DOC [29,33,34,35,36,37,38,41,46,47,49]. Neurophysiological metrics as well as responses to neuroimaging active and passive paradigms, have been also shown to be associated with patients’ prognosis [23,34,39,40,49,50].



Although all the existing studies provide valuable information about the neurobehavioral progress of patients with UWS, they incorporate small samples [26,27,30,31,32,35,37,47,49,50], include infrequent assessments [23,29,33,34,37,38,40,41,42,50], do not use standardized neurobehavioral assessment measures [26,27,43] (contrary to updated recommendations [3,44]), focus on patients with specific etiologies [31,36,39,50], combine data with those from patients with MCS [23,33,34,35,36,37,38,39,41,46,47,49], and, except on rare occasions [37,42,45], provide information about behavioral signs. In addition, with regards to the studies on predictors, most of the existing studies described to date do not provide the parameters of the models [23,29,33,36,37,38,39,41,49], and more importantly, have an uncertain predictive value, probably optimistic, as performance is determined with the same data used to develop the predictive model [23,29,33,35,37,38,39,46,47,50]. Instead, a prognostic model should be validated with data not used in the development process and, preferably, extracted from different clinical settings [52]. While the medical records of patients with UWS are limited and clinical procedures differ across clinical facilities, models should be, at least, internally validated with resampling methods, such as cross validation or bootstrapping. A recent international multicenter collaboration by the International Brain Injury Association’s DOC Special Interest Group is noteworthy for overcoming this recurring methodological limitation [34]. However, the study include data from patients either with UWS or in MCS who may or may not be undergoing rehabilitation and are followed for less than six months.



These limitations might hinder accurate estimation and prognosis of the neurobehavioral progress of patients with UWS at admission of rehabilitation facilities, which might be essential to adjust expectations and improve decision-making. The objective of this study was, therefore, to investigate the neurobehavioral progress of a representative cohort of patients with UWS who were provided multidisciplinary rehabilitation through systematic weekly assessments based on standardized measures, and the prognostic factors of neurobehavioral improvement and mortality. The functional independence of this cohort of patients is described in an accompanying paper [53].




2. Materials and Methods


2.1. Participants


The demographic and clinical data of all the patients admitted from January 2004 to January 2020 to the inpatient neurorehabilitation program of a network of four hospitals were retrospectively analyzed. Patients were included if they had had a brain injury of any etiology between one and 12 months prior to admission, if they were diagnosed as with UWS according to the Coma Recovery Scale-Revised (CRS-R) at the moment of admission, and if their neurobehavioral condition was clinically monitored for a minimum of 12 months since the injury, or until emergence from MCS or decease. Patients were excluded if their neurobehavioral condition was not assessed in two consecutive weeks.



The study was approved by Comité Ético de Investigación Clínica del Hospital Clínic Universitari de València (2019002). Written informed consent to participate in the study was obtained from the legal representative of all patients.




2.2. Procedure


The admitting diagnosis of all the patients was made considering the score on the Spanish version CRS-R [47,54] in a minimum of five assessments during the first week after admission and the cut-off scores proposed for this scale [47].



Patients were administered daily sessions of physical therapy and multimodal stimulation customized to their particular needs. The medical monitoring of the patients focused on avoiding and treating possible medical complications that could be caused by their physical condition and prolonged immobility (i.e., passive range-of-motion exercises, postural care, daily sitting, etc.), reducing agitation by using beta blockers (i.e., propanolol, atenolol, etc.) or neuroleptics (i.e., quetiapine, olanzapine, etc), relieving pain by using analgesics (i.e., acetaminophen, nonsteroidal anti-inflammatory drugs, etc.), as well as promoting the recovery of consciousness by using drugs (i.e., amantadine, zolpidem, etc.), multisensory stimulation (i.e., interactive projections, aroma therapy, musical selections, tactile stimulation, etc.), and non-invasive brain stimulation (i.e., transcranial direct current stimulation or transcutaneous auricular vagus nerve stimulation).



The neurobehavioral condition of all the patients was assessed weekly with the CRS-R until they were discharged, died, or emerged from MCS. Assessments were conducted during the morning, from 10 a.m. to 12 a.m., by a trained neuropsychologist. In case of decease, the causes of the death were collected.




2.3. Data Analysis


Comparisons of continuous demographic and clinical variables were performed using Student t-tests. Chi-square were used to compare categorical variables.



Multivariable binary logistic regressions were performed to examine possible predictors of neurobehavioral progress, evidenced as either a transition from UWS to MCS or an emergence from MCS, and death. A stratified k-fold cross-validation methodology was used to identify potential predictors of the final models and determine their performance. This methodology is especially interesting in cases of limited sample, as it enables testing and validating the models using all the available data by means of repeated resampling, which maximizes the total number of cases used for testing and, potentially, helps to protect against overfitting. In summary, cross-validation randomly regroups the available dataset in “k” subsets or folds. All the subsets but one are used to build or train a model and the remaining subset is used to validate the trained model. This way it is possible to estimate how well the model will generalize to new data, which have not been used to train the model. The training and validation subsets change “k” times iteratively so, eventually, all subsets are used for training and validation. However, the important thing is that for each iteration, the validation subset is never used to train the model and, therefore, represents new data for the trained model.



For each of the three predictive models of interest (transition from UWS to MCS, emergence from MCS and mortality) the procedure was as follows. First, the available data (100 patients) were divided into 5 subsets (20 patients each) with equal distribution of the dependent variable. In each of five iterations, 4 subsets (80 patients) were used to train a model and the remaining subset (20 patients) were used to validate it. Univariate logistic regressions were conducted for each demographic (age, sex, education) and clinical variables (etiology, time since injury, and total score on the CRS-R) at admission to detect potential predictors. All the variables that showed a p < 0.1 in the univariate analyses were considered potential candidates and were introduced as independent variables in stepwise, backward selection, multivariable logistic regressions. It should be noted that these regressions did not represent the final model but were performed to estimate its performance. The multivariable regressions were performed with a threshold of p = 0.1 for removal and with a maximum iterations set at 20. The multivariable regression models were evaluated using both the training and validation subsets. The classifier cutoff were selected using the optimal threshold of the Receiver Operating Characteristic (ROC) curves. These thresholds were defined as the first interaction between the ROC curve and a straight line whose slope was the cost of misclassifying a positive class as a negative one, and vice versa. The same classifier cutoff was used for the validation of the model. Accuracy, precision, sensitivity (or recall), specificity and the area under the ROC curve (AUC) were used to evaluate the performance of the models in both the training and validation subsets.



The final models were also computed using stepwise, backward selection, multivariable logistic regression with a threshold of 0.10 for removal and a maximum of 20 iterations. However, unlike the cross-validation, all the available data (100 patients) were considered to train the model. All the variables that emerged as potential candidates (p < 0.1) in any univariate analysis of any iteration of the cross-validation were introduced as independent variables or predictors. The evaluation metrics of the final model were computed as the average of the evaluation metrics of the 5 models obtained during the cross-validation, for both the training and validation subsets.



Comparisons between variables were performed using IBM SPSS Statistics version 22 (IBM, New York, NY, USA). Regressions and cross-validation were performed using MATLAB (MathWorks, Natick, MA, USA). Statistical significance was set at p < 0.05 for all analyses.





3. Results


3.1. Participants


A total of 100 patients (29 women and 71 men,) met the inclusion criteria and were, consequently, included for analysis. Patients had a mean age and standard deviation of 37.7 ± 18.0 years. Fourteen patients from the total were less than 18 years old. Patients were admitted with UWS due to a traumatic (n = 40) or non-traumatic brain injury (n = 60) that occurred a mean of 132.8 ± 85.5 days prior to admission. At admission, 77 patients had a time since injury of less than 6 months, 40 of whom had a time since injury of less than 3 months.



Over the course of the analyzed period, 34% of the patients progressed to MCS, 12% of the patients emerged from MCS and 10% of the patients died (Figure 1). Changes of the neurobehavioral condition are described in detail below.



The same group of participants was included for analysis in an accompanying paper about the functional independence of patients with UWS [53].




3.2. Transition to Minimally Conscious State


Thirty-four patients (9 women and 25 men) with a mean age and standard deviation of 33.6 ± 14.9 years progressed from UWS to MCS after a mean time since onset of 178.3 ± 107.3 days, and showed a mean score on the CRS-R of 9.8 ± 2.3 (Table 1). Transition to MCS occurred in the first 3 months post-injury in 6 patients, from 3 to 6 months post-injury in 19 patients, from 6 to 9 months in 5 patients, from 9 to 12 months in one patient, and after 12 months in 3 patients.



Patients who transitioned from UWS to MCS were more likely to have suffered a traumatic injury (Χ2 (1, N = 100) = 10.168, p = 0.001), had shorter time since injury (t(98) = 2.421, p = 0.017), and had higher scores on the CRS-R at admission (t(98) = −3.536, p = 0.001). No differences in age, sex or education at admission were detected.



Transition to MCS was denoted by behavioral changes in a single domain of the CRS-R in 23 patients (67.6%), in two domains in 10 patients (29.4%), and in three domains in one patient (2.9%) (Figure 2 and Figure 3). Among all the patients who transitioned to MCS by showing signs in a single domain, 17 (73.9%) showed a visual sign, 5 (21.7%) showed a motor sign, one (4.3%) showed an auditory sign, and the remaining patient (4.3%) showed a communication sign. Visual signs, either fixation or visual pursuit, were the most common behavioral signs that denoted MCS and were exhibited by 28 of the 34 patients (82.3%). The most frequent combination of signs that denoted MCS involved visual and motor responses.



The univariate logistic regressions of the cross-validation featured age as a potential predictor in two iterations, and etiology, time since injury and total score on the CRS-R in all five iterations. All these variables were consequently included in the multivariable logistic regression of the final model but only etiology, time since injury and total score on the CRS-R proved to be significant predictors. The p-value of the likelihood-ratio test of all the regression models was <0.001. Etiology was the most important variable contributing to predict the transition to MCS, followed by the score on the CRS-R (Table 2). Specifically, patients with traumatic injuries were almost five times more likely to transition to MCS than patients with non-traumatic injuries, and one-point increase in the CRS-S at admission doubled the likelihood of transition to MCS. Although the influence of time since injury on the final model was significant, the odds ratio of this factor showed that either it was not actually associated with transition to MCS or the association was weak.



As hypothesized, the performance of the model in the training subsets was better than in validation subsets, while differences were not significant (Table 2). The AUC values, greater than 0.8 in both the training and validation subsets supported the good performance of the final model. Regarding performance on new data, the model showed an accuracy to identify patients who did and did not transitioned to MCS of 75%. Transition to MCS occurred in 67% of the patients who were predicted to transition. From all the patients who actually transitioned to MCS, the model only predicted 56% of them correctly. In contrast, the model properly detected 85% of the patients who remained in UWS.




3.3. Emergence from Minimally Conscious State


Twelve patients with UWS at admission, 11 men and one woman, progressed to MCS and emerged from this state during the analyzed period (Table 3). At emergence, patients had a mean age of 24.2 ± 6.9 years, a mean time since injury of 251.1 ± 160.6 days, and a mean score on the CRS-R of 19.1 ± 2.9. Patients emerged from MCS after a mean time in MCS of 91.8 ± 60.6 days. Only two of them (16.7%) were in MCS for less than one month before emerging from this state. Five patients (41.7%) emerged from MCS in the first 6 months after the injury, 4 patients (33.3%) emerged from 6 to 9 months after the injury, one patient (8.3%) emerged from 9 to 12 months after the injury, and the remaining 2 patients (16.7%) emerged after one year from the injury (Figure 1).



Patients who emerged from MCS were younger than those who did not (t(98) = 2.805, p = 0.006), were more likely to have suffered a traumatic injury (Χ2 (1, N = 100) = 10.669, p = 0.001), and had higher scores on the CRS-R at admission (t(98) = −2.504, p = 0.014) (Table 4). No differences in sex, education or time post-injury at admission were detected.



Nine of the 12 patients who emerged from MCS (75%) showed one single behavioral sign, either functional communication or functional object use (Figure 4). The remaining three patients showed both signs.



The univariate logistic regressions of the cross-validation featured the score on the CRS-R at admission as a potential predictor in four iterations, and age and etiology in all five iterations. The three variables were consequently included in the multivariable logistic regression of the final model. Both etiology and score on the CRS-R emerged as significant predictors of emergence from MCS, while age showed a borderline significance (Table 5). The p-value of the likelihood-ratio test of all the regression models was <0.001.



However, although the model had an AUC of 0.78 and an accuracy of 88% to predict emergence from MCS in new datasets, which would indicate a good performance of the model, these results were misleading. The precision and sensitivity of the model showed that only 10% of the patients who were predicted to emerge from MCS, actually did and, additionally, the model only detected 10% of the patients who did emerge. The model, conversely, detected 99% of the patients who did not emerge. These performance metrics evidenced that the model underrepresented the likelihood of emergence and turned out to predict that almost all patients would not emerge, which explains the high sensitivity and poor precision and sensitivity. Although the accuracy of the model was remarkable, as most patients did not emerge from MCS, and both the model and the identified predictors were found to be statistically significant, this model could not be accounted for.




3.4. Mortality


Ten patients died over the period analyzed, either from complicated infectious processes that led to septic conditions, as registered in eight cases (80%), or cardiorespiratory arrest, as registered in the remaining two cases (20%). No deaths were caused by withdrawal of nutritional or hydration support. Mean time from injury to death was 376.7 ± 291.5 days. Seven patients (70%) died during the first year after the injury and the remaining three patients (30%) died after this period. At the time of death, two patients (20%) had progressed to the MCS and had a mean score on the CRS-R of 12.5 ± 0.7. The remaining patients (80%) were in UWS and had a mean score on the CRS-R of 6.1 ± 1.4 at the time of death.



Deceased patients were older than those who survived (t(98) = −3.846, p < 0.001)(Table 6). No other significant differences were found between these groups in either sex (Χ2(1, N = 100) = 0.653, p = 0.419), etiology (Χ2(6, N = 100) = 1.780, p = 0.939), time since injury at admission (t(98) = −0.112, p = 0.911), CRS-R at admission (t(98) = 1.764, p = 0.081), or education (t(98) = 98, p = 0.295).



The univariate logistic regressions of the cross-validation featured the score on the CRS-R at admission as a potential predictor in two iterations, and age in all five iterations. Both variables were consequently considered in the final model, which only identified age as a significant predictor for death (Table 7). The p-value of the likelihood-ratio test of all the regression models was <0.001.



Analogously to the prediction of emergence from MCS, although the resulting predictive model of death had an AUC of 0.78 and an accuracy of 90% in new data, the precision and sensitivity of the model evidenced that only 20% of the patients who were predicted to die actually did, and the model only predicted correctly 10% of the patients who died during the analyzed period. According to its specificity, the model underrepresented the likelihood of death and predicted that almost all the patients survived, which, unfortunately, was not the case. Again, although the model and the identified predictor were statistically significant and the accuracy of the model was remarkable, this model could not be accounted for.





4. Discussion


The present study describes the neurobehavioral course of a cohort of 100 patients with UWS consecutively admitted to a multidisciplinary rehabilitation unit and investigates predictors of transition to and emergence from MCS and mortality using a cross-validation methodology. According to our results, during the analyzed period, one tenth of the patients with UWS died, near one third of the patients were able to progress from UWS to MCS, and near one tenth of the total sample (near one third from those who progressed to MCS) were able to emerge from MCS. Transition to MCS was mostly denoted by visual signs, either fixation or visual pursuit, which commonly appeared alone or in combination with motor signs, and was predicted by etiology and the score on the CRS-R at admission with an accuracy of 75%. Emergence from MCS was denoted likewise by functional communication and object use. Predictive models of emergence from MCS and mortality were not valid and the identified predictors could not be accounted for. The functional independence of this cohort of patients is described in an accompanying paper [53].



Since the description of the diagnostic criteria of the MCS in 2002 enabled identifying this neurobehavioral condition, a series of studies have documented the neurobehavioral progress of patients with the current understanding of UWS. However, differences in the methodology and included samples among studies challenge comparison of their findings. The results of the latest studies with representative samples seem to evidence that around half of the patients who are admitted in a UWS, remain in this condition 6 months after the injury [23,34]. The higher proportion of patients in UWS at admission in our study by that time could be explained by the fact that patients were admitted to our facilities, and our study, with up to one year post-injury, while only patients with less than three months of evolution were included in the other studies [23,34]. However, transition to MCS at 6 months since injury was detected, as in our study, in almost one third of patients [23,34]. The higher likelihood of transition to MCS by the identification of one single sign detected in our study is supported by previous reports [42,45]. Furthermore, in accordance with our findings, visual signs, either visual pursuit and fixation, have been detected in the great majority of patients who transition to MCS, with a very similar proportion to our results, followed by motor responses [42]. In line with this, improvement in the CRS-R at 6 months post-injury has been reported to be mainly promoted by visual and motor responses [37]. The concurrent presence of visual and motor signs at transition to MCS has been also reported to be the most common combination of neurobehavioral signs [42]. The probability of emergence from MCS detected in our study is supported by previous results, which describe recovery of consciousness in a variable range of patients that range from almost 10% [34] to 18% [23]. Information about signs denoting emergence from consciousness is, however, scant and describes the appearance of functional object use in three patients [45] and the combination of both functional communication and object use in one patient [42]. Although our study provides the most comprehensive description of the neurobehavioral signs of emergence from MCS to date, the limited number of patients might restrict extrapolation of the results. The neurobehavioral improvement detected in our study is supported by a previous study, which reported an improvement in 38.9% of the patients who were admitted in UWS [29]. However, the mortality detected in our study, which is in accordance with previous studies [34,38], is dramatically lower. The higher incidence of death reported by this study could be partially explained by the lower time post-injury at admission and, to a greater extent, the high percentage of patients with vascular and anoxic etiology [29].



Etiology, in favor of patients with a traumatic brain injury, and the score on the CRS-R at admission, with higher scores being associated with better outcome, have been identified as significant factors in the neurobehavioral recovery. Since the work of the Multi Society Task Force [1], almost all existing studies have reported more favorable clinical course in patients with DOC of traumatic origin compared to other etiologies [8,27,28,30,35,47]. The recommendations of the American and European Academy of Neurology, highlighting the sensitivity of the CRS-R to detect signs of consciousness have contributed to its widespread use [3,44]. A remarkable number of studies have reported its usefulness to predict an improvement of the neurobehavioral condition [29,33,34,41], including an emergence from the MCS [35,38,47]. Our results supported the predictive value of both etiology and baseline score on the CRS-R to identify those patients with UWS with higher change to transition to MCS. However, performance of the predictive model was moderate. Contrary to previous studies, which evaluate the performance of the predictive models with the same data that was used to create the model [23,29,33,35,37,38,39,46,47,50], we used a cross-validation methodology to have a realistic estimation of the performance of the model on new data; it is, to determine the performance of the model on new patients admitted to our facilities. As hypothesized, our models had worse performance when new data were considered, which supports the possibility that results of other studies might be somewhat optimistic. However, and more importantly, studies rarely provide a reasonable choice of metrics that allow interpretation of the performance of the model [23,29,33,34,35,38,41,47]. Rather, most studies provide accuracy as the most relevant, if not the only, performance metric. While this measure can be self-explanatory, relying on a single measure like accuracy can be misleading. The limited patient records with the current definition of UWS, and systematic assessments with standardized instruments, as the CRS-R, lead to highly unbalanced data. The performance of classification methods on these data should rely on several measures, such as precision, sensitivity and specificity, in addition to accuracy [55]. Particularly in our study, although the predictive models of emergence from MCS and mortality were nearly 90% accurate and the model and the identified predictors were statistically significant, the precision, sensitivity and specificity of the models evidenced that these models were not correct. Specifically, the models were underrepresenting the likelihood of emergence from MCS and death; it is, they were predicting that almost no patient would emerge or die, which turned out to be nearly 90% accurate, as only around 10% of patients actually emerged from MCS or died, but useless in terms of prediction. Increasing the data through multicenter studies would not presumably solve the data imbalance, but would certainly enable addressing imbalance problems with increased robustness, improve the validity of the results and allow for investigating the classification problem with other techniques and classifiers. The joint effort of Estraneo and colleagues from the International Brain Injury Association’s DOC Special Interest Group should be highlighted and could be the way forward [34].



All our findings should be interpreted taking into account the characteristics of our sample. First, all patients included in our study were provided multidisciplinary rehabilitation in a specialized neurorehabilitation center, which could restrict the generalization of our results to other populations without access to rehabilitation resources. Second, it should be considered that time since injury to admission was variable and was higher than three months in half of our patients. Although these values of time since injury may be representative of patients with UWS at admission to neurorehabilitation centers, it should be taken into account that time post-injury may influence both the percentage of patients who emerge from MCS or die [3,29,44,56]. Third, the assessment of the neurobehavioral condition was exclusively done with the CRS-R, which might have limited sensitivity to detect the ability of patients with impaired motor output to show some degree of consciousness [57]. Although the addition of neurophysiological or neuroimaging examinations in the assessment protocol could have improved the detection of command following [58,59], the restricted access to instrumented tests in comparison to bedside instruments, could have limited the extrapolation of the findings. It is important to highlight that the CRS-R is considered the reference standard (in the absence of a gold standard) of the clinical bedside evaluation for signs of consciousness [3,44]. Further, in line with these recommendations, we considered that the identification of visual fixation in patients with UWS denoted transition to MCS. However, the reliability of visual fixation to reflect consciousness and higher order cortical brain function is controversial [60]. Fourth, the neuropathological characteristics of the brain injuries, such as the localization and side of the lesion, were not considered in the models, as different etiologies with different neuroanatomical bases were included. This information could be especially relevant and worthy to be explored when investigating the neurobehavioral progress of a specific etiology of brain injury. Finally, we assume linear relationships between the potential predictors and the neurobehavioral changes, which might not be the case. Investigating the neurobehavioral progress of patients with UWS with other machine learning techniques could yield different results. However, the systematic weekly assessments of the neurobehavioral condition conducted in our study using the CRS-R and the validation and reasonable interpretation of the predictive models support the reliability of the clinical course detected during the analyzed period and the validity of the identified predictors.




5. Conclusions


Systematic assessment of the clinical course of 100 patients with UWS and a time since injury of 132.8 ± 85.5 days using standardized and specific measures showed that near one third of the patients admitted with UWS were able to progress to MCS, near one tenth of them were able to emerge from MCS, and one tenth of the total sample died. Transition to MCS was mostly denoted by visual signs, either fixation or visual pursuit, which appeared alone or in combination with motor signs, and was predicted by etiology and the score on the CRS-R at admission with an accuracy of 75%. Emergence from MCS was denoted by functional communication and object use in the same proportion. Predictive models of emergence from MCS and mortality were not valid and the identified predictors could not be accounted for.







Author Contributions


Conceptualization, E.N. and R.L.; methodology, E.N., J.F., J.O., M.D.N., M.O., C.C., B.M., C.I., A.M., and R.L.; data collection, J.O. and C.I.; formal analysis, A.M., E.N., and R.L.; writing, E.N., A.M., and R.L.; funding acquisition, E.N., J.F., and R.L. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the program RISE-Marie-Slodowska-Curie of the European Commission (Grant agreement 778234), by Conselleria de Educación, Investigación, Cultura y Deporte of Generalitat Valenciana (SEJI/2019/017), and by Vicerrectorado de Investigación, Innovación y transferencia of Universitat Politècnica de València (PAID-06-18).




Institutional Review Board Statement


The study was approved by Comité Ético de Investigación Clínica del Hospital Clínic Universitari de València (2019002).




Informed Consent Statement


Written informed consent to participate in the study was obtained from the legal representative of all patients.




Data Availability Statement


The data presented in this study are available on request from the corresponding author. The data are not publicly available due to privacy and ethical restrictions.




Acknowledgments


The authors wish to thank all the clinical staff of NEURORHB for their participation in the data collection.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Multi-Society Task Force on PVS. Medical Aspects of the Persistent Vegetative State. N. Engl. J. Med. 1994, 330, 1572–1579. [Google Scholar] [CrossRef] [PubMed]

	



Giacino, J.T.; Ashwal, S.; Childs, N.; Cranford, R.; Jennett, B.; Katz, D.I.; Kelly, J.P.; Rosenberg, J.H.; Whyte, J.; Zafonte, R.D.; et al. The minimally conscious state. Neurology 2002, 58, 349–353. [Google Scholar] [CrossRef] [PubMed]

	



Kondziella, D.; Bender, A.; Diserens, K.; Van Erp, W.; Estraneo, A.; Formisano, R.; Laureys, S.; Naccache, L.; Ozturk, S.; Rohaut, B.; et al. European Academy of Neurology guideline on the diagnosis of coma and other disorders of consciousness. Eur. J. Neurol. 2020, 27, 741–756. [Google Scholar] [CrossRef]

	



Jennett, B.; Plum, F. Persistent vegetative state after brain damage. RN 1972, 35, 734–737. [Google Scholar] [CrossRef]

	



Casarett, D.; Fishman, J.M.; MacMoran, H.J.; Pickard, A.; Asch, D.A. Epidemiology and prognosis of coma in daytime television dramas. Br. Med. J. 2005, 331, 1537–1539. [Google Scholar] [CrossRef]

	



Septien, S.; Rubin, M.A. Disorders of Consciousness: Ethical Issues of Diagnosis, Treatment, and Prognostication. Semin. Neurol. 2018, 38, 548–554. [Google Scholar] [CrossRef]

	



Aspen Consensus Conference Workgroup on the Vegetative and Minimally Conscious States Draft Consensus Statement; Aspen: Hoboken, NJ, USA, 1996.

	



Giacino, J.T.; Kalmar, K. The vegetative and minimally conscious states: A comparison of clinical features and functional outcome. J. Head Trauma Rehabil. 1997, 12, 36–51. [Google Scholar] [CrossRef]

	



Burke, W.J. The minimally conscious state: Definition and diagnostic criteria [1] (multiple letters). Neurology 2002, 59, 1473–1474. [Google Scholar] [CrossRef]

	



Farisco, M.; Laureys, S.; Evers, K. The Intrinsic Activity of the Brain and its Relation to Levels and Disorders of Consciousness. Mind Matter 2017, 15, 197–219. [Google Scholar]

	



Laureys, S.; Celesia, G.G.; Cohadon, F.; Lavrijsen, J.; León-Carrión, J.; Sannita, W.G.; Sazbon, L.; Schmutzhard, E.; Von Wild, K.R.; Zeman, A.; et al. Unresponsive wakefulness syndrome: A new name for the vegetative state or apallic syndrome. BMC Med. 2010, 8, 68. [Google Scholar] [CrossRef]

	



Sazbon, L.; Groswasser, Z. Outcome in 134 patients with prolonged posttraumatic unawareness. Part 1: Parameters determining late recovery of consciousness. J. Neurosurg. 1990, 72, 75–80. [Google Scholar] [CrossRef] [PubMed]

	



Giacino, J.T.; Katz, D.I.; Schiff, N.D.; Whyte, J.; Ashman, E.J.; Ashwal, S.; Barbano, R.; Hammond, F.M.; Laureys, S.; Ling, G.S.F.; et al. Comprehensive systematic review update summary: Disorders of consciousness: Report of the Guideline Development, Dissemination, and Implementation Subcommittee of the American Academy of Neurology; The American Congress of Rehabilitation Medicine; And the. Neurology 2018, 91, 461–470. [Google Scholar] [CrossRef] [PubMed]

	



Sarà, M.; Sacco, S.; Cipolla, F.; Onorati, P.; Scoppetta, C.; Albertini, G.; Carolei, A. An unexpected recovery from permanent vegetative state. Brain Inj. 2007, 21, 101–103. [Google Scholar] [CrossRef] [PubMed]

	



Dhamapurkar, S.K.; Rose, A.; Florschutz, G.; Wilson, B.A. The natural history of continuing improvement in an individual after a long period of impaired consciousness: The story of I.J. Brain Inj. 2016, 30, 230–236. [Google Scholar] [CrossRef]

	



Faran, S.; Vatine, J.J.; Lazary, A.; Ohry, A.; Birbaumer, N.; Kotchoubey, B. Late recovery from permanent traumatic vegetative state heralded by event-related potentials. J. Neurol. Neurosurg. Psychiatry 2006, 77, 998–1000. [Google Scholar] [CrossRef]

	



Childs, N.L.; Mercer, W.N. Late Improvement in Consciousness after Post-Traumatic Vegetative State. N. Engl. J. Med. 1996, 334, 24–25. [Google Scholar] [CrossRef]

	



McMillan, T.M.; Herbert, C.M. Further recovery in a potential treatment withdrawal case 10 years after brain injury. Brain Inj. 2004. [Google Scholar] [CrossRef]

	



Sancisi, E.; Battistini, A.; Stefano, C.D.; Simoncini, L.; Simoncini, L.; Montagna, P.; Piperno, R. Late recovery from post-traumatic vegetative state. Brain Inj. 2009, 23, 163–166. [Google Scholar] [CrossRef]

	



Illman, N.A.; Crawford, S. Late-recovery from “permanent” vegetative state in the context of severe traumatic brain injury: A case report exploring objective and subjective aspects of recovery and rehabilitation. Neuropsychol. Rehabil. 2018. [Google Scholar] [CrossRef]

	



De Tanti, A.; Saviola, D.; Basagni, B.; Cavatorta, S.; Chiari, M.; Casalino, S.; De Bernardi, D.; Galvani, R. Recovery of consciousness after 7 years in vegetative state of non-traumatic origin: A single case study. Brain Inj. 2016. [Google Scholar] [CrossRef]

	



Naro, A.; Calabrò, R.S.; Pollicino, P.; Lombardo, C.; Bramanti, P. Unexpected recovery from a vegetative state or misdiagnosis? Lesson learned from a case report. NeuroRehabilitation 2017. [Google Scholar] [CrossRef] [PubMed]

	



Scarpino, M.; Lolli, F.; Hakiki, B.; Atzori, T.; Lanzo, G.; Sterpu, R.; Portaccio, E.; Romoli, A.M.; Morrocchesi, A.; Amantini, A.; et al. Prognostic value of post-acute EEG in severe disorders of consciousness, using American Clinical Neurophysiology Society terminology. Neurophysiol. Clin. 2019, 49, 317–327. [Google Scholar] [CrossRef] [PubMed]

	



Gill, T.M. The central role of prognosis in clinical decision making. JAMA J. Am. Med. Assoc. 2012, 307, 199–200. [Google Scholar] [CrossRef] [PubMed]

	



Demertzi, A.; Ledoux, D.; Bruno, M.A.; Vanhaudenhuyse, A.; Gosseries, O.; Soddu, A.; Schnakers, C.; Moonen, G.; Laureys, S. Attitudes towards end-of-life issues in disorders of consciousness: A European survey. J. Neurol. 2011, 258, 1058–1065. [Google Scholar] [CrossRef]

	



Katz, D.I.; Polyak, M.; Coughlan, D.; Nichols, M.; Roche, A. Natural history of recovery from brain injury after prolonged disorders of consciousness: Outcome of patients admitted to inpatient rehabilitation with 1–4 year follow-up. Prog. Brain Res. 2009, 177, 73–88. [Google Scholar] [CrossRef]

	



Luauté, J.; Maucort-Boulch, D.; Tell, L.; Quelard, F.; Sarraf, T.; Iwaz, J.; Boisson, D.; Fischer, C. Long-term outcomes of chronic minimally conscious and vegetative states. Neurology 2010, 75, 246–252. [Google Scholar] [CrossRef]

	



Steppacher, I.; Kaps, M.; Kissler, J. Will time heal? A long-term follow-up of severe disorders of consciousness. Ann. Clin. Transl. Neurol. 2014, 1, 401–408. [Google Scholar] [CrossRef]

	



Estraneo, A.; De Bellis, F.; Masotta, O.; Loreto, V.; Fiorenza, S.; Lo Sapio, M.; Trojano, L. Demographical and clinical indices for long-term evolution of patients in vegetative or in minimally conscious state. Brain Inj. 2019, 33, 1633–1639. [Google Scholar] [CrossRef]

	



Estraneo, A.; Moretta, P.; Loreto, V.; Lanzillo, B.; Santoro, L.; Trojano, L. Late recovery after traumatic, anoxic, or hemorrhagic long-lasting vegetative state. Neurology 2010, 75, 239–245. [Google Scholar] [CrossRef]

	



Estraneo, A.; Moretta, P.; Loreto, V.; Lanzillo, B.; Cozzolino, A.; Saltalamacchia, A.; Lullo, F.; Santoro, L.; Trojano, L. Predictors of recovery of responsiveness in prolonged anoxic vegetative state. Neurology 2013, 80, 464–470. [Google Scholar] [CrossRef]

	



Estraneo, A.; Moretta, P.; Loreto, V.; Santoro, L.; Trojano, L. Clinical and neuropsychological long-term outcomes after late recovery of responsiveness: A case series. Arch. Phys. Med. Rehabil. 2014, 95, 711–716. [Google Scholar] [CrossRef] [PubMed]

	



Portaccio, E.; Morrocchesi, A.; Romoli, A.M.; Hakiki, B.; Taglioli, M.P.; Lippi, E.; Di Renzone, M.; Grippo, A.; Macchi, C. Score on Coma Recovery Scale-Revised at admission predicts outcome at discharge in intensive rehabilitation after severe brain injury. Brain Inj. 2018, 32, 730–734. [Google Scholar] [CrossRef] [PubMed]

	



Estraneo, A.; Fiorenza, S.; Magliacano, A.; Formisano, R.; Mattia, D.; Grippo, A.; Romoli, A.M.; Angelakis, E.; Cassol, H.; Thibaut, A.; et al. Multicenter prospective study on predictors of short-term outcome in disorders of consciousness. Neurology 2020, 95, e1488–e1499. [Google Scholar] [CrossRef] [PubMed]

	



Noé, E.; Olaya, J.; Colomer, C.; Moliner, B.; Ugart, P.; Rodriguez, C.; Llorens, R.; Ferri, J. Current validity of diagnosis of permanent vegetative state: A longitudinal study in a sample of patients with altered states of consciousness. Neurologia 2017. [Google Scholar] [CrossRef]

	



Whyte, J.; Katz, D.; Long, D.; DiPasquale, M.C.; Polansky, M.; Kalmar, K.; Giacino, J.; Childs, N.; Mercer, W.; Novak, P.; et al. Predictors of outcome in prolonged posttraumatic disorders of consciousness and assessment of medication effects: A multicenter study. Arch. Phys. Med. Rehabil. 2005, 86, 453–462. [Google Scholar] [CrossRef]

	



Lee, H.Y.; Park, J.H.; Kim, A.R.; Park, M.; Kim, T.W. Neurobehavioral recovery in patients who emerged from prolonged disorder of consciousness: A retrospective study. BMC Neurol. 2020, 20. [Google Scholar] [CrossRef]

	



Chen, W.G.; Li, R.; Zhang, Y.; Hao, J.H.; Du, J.B.; Guo, A.S.; Song, W.Q. Recovery from prolonged disorders of consciousness: A dual-center prospective cohort study in China. World J. Clin. Cases 2020, 8, 2520–2529. [Google Scholar] [CrossRef]

	



Cavinato, M.; Freo, U.; Ori, C.; Zorzi, M.; Tonin, P.; Piccione, F.; Merico, A. Post-acute P300 predicts recovery of consciousness from traumatic vegetative state. Brain Inj. 2009, 23, 973–980. [Google Scholar] [CrossRef]

	



Sarà, M.; Pistoia, F.; Pasqualetti, P.; Sebastiano, F.; Onorati, P.; Rossini, P.M. Functional isolation within the cerebral cortex in the vegetative state: A nonlinear method to predict clinical outcomes. Neurorehabil. Neural Repair 2011, 25, 35–42. [Google Scholar] [CrossRef]

	



Lucca, L.F.; Lofaro, D.; Pignolo, L.; Leto, E.; Ursino, M.; Cortese, M.D.; Conforti, D.; Tonin, P.; Cerasa, A. Outcome prediction in disorders of consciousness: The role of coma recovery scale revised. BMC Neurol. 2019, 19. [Google Scholar] [CrossRef]

	



Bagnato, S.; Boccagni, C.; Sant’Angelo, A.; Fingelkurts, A.A.; Fingelkurts, A.A.; Galardi, G. Longitudinal Assessment of Clinical Signs of Recovery in Patients with Unresponsive Wakefulness Syndrome after Traumatic or Nontraumatic Brain Injury. J. Neurotrauma 2017, 34, 535–539. [Google Scholar] [CrossRef] [PubMed]

	



Aidinoff, E.; Elkayam, K.; Oximitny, A.; Groswasser, Z.; Gelernter, I.; Catz, A. Consciousness recovery after various periods in vegetative state. Brain Inj. 2020, 34, 1253–1256. [Google Scholar] [CrossRef] [PubMed]

	



Giacino, J.T.; Katz, D.I.; Schiff, N.D.; Whyte, J.; Ashman, E.J.; Ashwal, S.; Barbano, R.; Hammond, F.M.; Laureys, S.; Ling, G.S.F.; et al. Practice guideline update recommendations summary: Disorders of consciousness. Neurology 2018, 91, 450–460. [Google Scholar] [CrossRef]

	



Martens, G.; Bodien, Y.; Sheau, K.; Christoforou, A.; Giacino, J.T. Which behaviours are first to emerge during recovery of consciousness after severe brain injury? Ann. Phys. Rehabil. Med. 2020, 63, 263–269. [Google Scholar] [CrossRef] [PubMed]

	



Pape, T.L.B.; Tang, C.; Guernon, A.; Lundgren, S.; Blahnik, M.; Wei, Y.; Querubin, M.; Zollman, F.; Soneru, I. Predictive Value of the Disorders of Consciousness Scale (DOCS). PM R 2009, 1, 152–161. [Google Scholar] [CrossRef]

	



Noé, E.; Olaya, J.; Navarro, M.D.; Noguera, P.; Colomer, C.; García-Panach, J.; Rivero, S.; Moliner, B.; Ferri, J. Behavioral recovery in disorders of consciousness: A prospective study with the Spanish version of the coma recovery scale-revised. Arch. Phys. Med. Rehabil. 2012, 93. [Google Scholar] [CrossRef]

	



Bagnato, S.; Minafra, L.; Bravatà, V.; Boccagni, C.; Sant’Angelo, A.; Castiglione, A.; Andriolo, M.; Lucca, L.F.; De Tanti, A.; Pistarini, C.; et al. Brain-derived neurotrophic factor (Val66Met) polymorphism does not influence recovery from a post-traumatic vegetative state: A blinded retrospective multi-centric study. J. Neurotrauma 2012, 29, 2050–2059. [Google Scholar] [CrossRef]

	



Arnaldi, D.; Terzaghi, M.; Cremascoli, R.; De Carli, F.; Maggioni, G.; Pistarini, C.; Nobili, F.; Moglia, A.; Manni, R. The prognostic value of sleep patterns in disorders of consciousness in the sub-acute phase. Clin. Neurophysiol. 2016, 127, 1445–1451. [Google Scholar] [CrossRef]

	



Wang, F.; Di, H.; Hu, X.; Jing, S.; Thibaut, A.; Di Perri, C.; Huang, W.; Nie, Y.; Schnakers, C.; Laureys, S. Cerebral response to subject’s own name showed high prognostic value in traumatic vegetative state. BMC Med. 2015. [Google Scholar] [CrossRef]

	



Noé, E.; Olaya, J.; Colomer, C.; Moliner, B.; Ugart, P.; Rodriguez, C.; Llorens, R.; Ferri, J. Validez actual del diagnóstico de «estado vegetativo permanente»: Estudio longitudinal en una muestra clínica de pacientes en estados alterados de conciencia. Neurología 2019. [Google Scholar] [CrossRef]

	



Steyerberg, E.W.; Moons, K.G.M.; Van der Windt, D.A.; Hayden, J.A.; Perel, P.; Schroter, S.; Riley, R.D.; Hemingway, H.; Altman, D.G. Prognosis Research Strategy (PROGRESS) 3: Prognostic Model Research. PLoS Med. 2013. [Google Scholar] [CrossRef] [PubMed]

	



Olaya, J.; Noé, E.; Navarro, M.D.; O’Valle, M.; Colomer, C.; Moliner, B.; Ippoliti, C.; Ferri, J.; Maza, A.; Llorens, R. When, How, and to What Extent Are Individuals with Unresponsive Wakefulness Syndrome Able to Progress? Functional Independence. Brain Sci. 2020, 10, 990. [Google Scholar] [CrossRef] [PubMed]

	



Ferri, J.; Noé, E.; Lloréns, R. The Spanish version of the coma recovery scale-revised: Events on a correct timeline. Brain Inj. 2015, 29. [Google Scholar] [CrossRef] [PubMed]

	



Kotu, V.; Deshpande, B. Model Evaluation. In Predictive Analytics and Data Mining; Kotu, V., Deshpande, B., Eds.; Morgan Kaufmann: Boston, MA, USA, 2015; pp. 257–273. ISBN 978-0-12-801460-8. [Google Scholar]

	



Greenwald, B.D.; Hammond, F.M.; Harrison-Felix, C.; Nakase-Richardson, R.; Howe, L.L.S.; Kreider, S. Mortality following Traumatic Brain Injury among Individuals Unable to Follow Commands at the Time of Rehabilitation Admission: A National Institute on Disability and Rehabilitation Research Traumatic Brain Injury Model Systems Study. J. Neurotrauma 2015, 32, 1883–1892. [Google Scholar] [CrossRef]

	



Pincherle, A.; Rossi, F.; Jöhr, J.; Dunet, V.; Ryvlin, P.; Oddo, M.; Schiff, N.; Diserens, K. Early discrimination of cognitive motor dissociation from disorders of consciousness: Pitfalls and clues. J. Neurol. 2020. [Google Scholar] [CrossRef]

	



Cruse, D.; Chennu, S.; Chatelle, C.; Bekinschtein, T.A.; Fernández-Espejo, D.; Pickard, J.D.; Laureys, S.; Owen, A.M. Bedside detection of awareness in the vegetative state: A cohort study. Lancet 2011, 378, 2088–2094. [Google Scholar] [CrossRef]

	



Monti, M.M.; Vanhaudenhuyse, A.; Coleman, M.R.; Boly, M.; Pickard, J.D.; Tshibanda, L.; Owen, A.M.; Laureys, S. Willful Modulation of Brain Activity in Disorders of Consciousness. N. Engl. J. Med. 2010, 362, 579–589. [Google Scholar] [CrossRef]

	



Bruno, M.A.; Vanhaudenhuyse, A.; Schnakers, C.; Boly, M.; Gosseries, O.; Demertzi, A.; Majerus, S.; Moonen, G.; Hustinx, R.; Laureys, S. Visual fixation in the vegetative state: An observational case series PET study. BMC Neurol. 2010. [Google Scholar] [CrossRef]








[image: Brainsci 11 00126 g001 550] 





Figure 1. Clinical and neurobehavioral progress of the included cohort. 
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Figure 2. Distribution of patients per domains of the Coma Recovery Scale that denoted Minimally Conscious State. 
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Figure 3. Distribution of patients per items of the Coma Recovery Scale that denoted Minimally Conscious State. 
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Figure 4. Distribution of patients per items of the Coma Recovery Scale that denoted emergence from Minimally Conscious State. 
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Table 1. Baseline demographic and clinical characteristics of the patients who did and did not transition to Minimally Conscious State.
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	Patients Who Transitioned to MCS

(n = 34)
	Patients Who Remained in UWS

(n = 66)
	Significance





	Age (years)
	33.6 ± 15.0
	39.8 ± 19.2
	NS (p = 0.100)



	Sex (n, %)

Women

Men
	

9 (26.5%)

25 (73.5%)
	

20 (30.3%)

46 (69.7%)
	NS (p = 0.689)



	Education (years)
	10.9 ± 4.4
	10.8 ± 5.4
	NS (p = 0.908)



	Etiology (n, %)

Traumatic

Non-traumatic
	

21 (61.8%)

13 (38.2%)
	

19 (28.8%)

47 (71.2%)
	p = 0.001



	Time since injury (days)
	104.6 ± 64.0
	147.3 ± 91.9
	p = 0.017



	Coma Recovery Scale-Revised
	6.3 ± 1.4
	5.4 ± 1.2
	p = 0.001







Age, time since injury and score on the Coma Recovery Scale refer to values at admission. Age, education, time since injury and score on the Coma Recovery Scale-revised are expressed in terms of mean ± standard deviation. NS: not significant.
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Table 2. Parameters and validation metrics of the predictive model of transition to Minimally Conscious State.
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Multivariable Logistic Regression Model

	
Cross-Validation Evaluation Metrics






	

	
B (SE)

	
OR (95% CI)

	
p

	

	
Training

	
Validation




	

	

	

	

	
Accuracy (95% CI)

	
0.79 (0.77–0.80)

	
0.75 (0.67–0.83)




	
Constant

	
−4.27 (1.30)

	
0.01 (0.00–0.18)

	
0.001

	
Precision (95% CI)

	
0.73 (0.70–0.76)

	
0.67 (0.54–0.79)




	
Etiology 1

	
1.57 (0.51)

	
4.78 (1.77–12.90)

	
0.002

	
Sensitivity (95% CI)

	
0.60 (0.53–0.68)

	
0.56 (0.36–0.76)




	
Time since injury

	
−0.01 (0.01)

	
0.99 (0.98–1.00)

	
0.007

	
Specificity (95% CI)

	
0.88 (0.86–0.91)

	
0.85 (0.76–0.94)




	
Coma Recovery Scale-Revised

	
0.70 (0.22)

	
2.01 (1.32–3.08)

	
0.001

	
AUC (95% CI)

	
0.82 (0.80–0.84)

	
0.80 (0.76–0.84)








1 Traumatic vs non-traumatic. AUC: Area under de ROC curve. B: beta. SE: standard error. OR: odds ratio. CI: confidence interval.
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Table 3. Individual characteristics and neurobehavioral progress until emergence from the minimally conscious state.
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Patients

	
Characteristics

	
Admission

	
Progression from UWS to MCS

	
Emergence from MCS




	

	
Sex

	
Etiology

	
Age

	
Time Since Injury

	
CRS-R

	
Age

	
Time Since Injury

	
Time Since Admission

	
CRS-R

	
Signs

	
Age

	
Time Since Injury

	
Time Since Admission

	
CRS-R

	
Signs






	
Patient 1

	
M

	
Traumatic

	
25

	
86

	
5

	
25

	
110

	
24

	
6

	
V

	
26

	
271

	
185

	
20

	
C




	
Patient 2

	
M

	
Anoxia

	
14

	
38

	
7

	
14

	
76

	
38

	
10

	
V

	
14

	
104

	
66

	
22

	
C




	
Patient 3

	
M

	
Traumatic

	
26

	
38

	
6

	
26

	
76

	
38

	
18

	
M

	
26

	
132

	
94

	
23

	
C/FU




	
Patient 4

	
M

	
Traumatic

	
19

	
240

	
3

	
20

	
486

	
246

	
14

	
V/M

	
20

	
668

	
428

	
20

	
C




	
Patient 5

	
W

	
Traumatic

	
31

	
146

	
7

	
31

	
178

	
32

	
8

	
V

	
32

	
346

	
200

	
19

	
C/FU




	
Patient 6

	
M

	
Traumatic

	
31

	
62

	
8

	
31

	
89

	
27

	
10

	
M

	
31

	
172

	
110

	
18

	
C/FU




	
Patient 7

	
M

	
Traumatic

	
25

	
213

	
8

	
25

	
250

	
37

	
10

	
V/M

	
25

	
401

	
188

	
16

	
C




	
Patient 8

	
M

	
Traumatic

	
33

	
45

	
6

	
33

	
91

	
46

	
11

	
V/M

	
33

	
201

	
156

	
19

	
FU




	
Patient 9

	
M

	
Fat embolism

	
19

	
45

	
6

	
19

	
86

	
41

	
10

	
C

	
19

	
99

	
54

	
12

	
C




	
Patient 10

	
M

	
Traumatic

	
21

	
117

	
8

	
21

	
181

	
64

	
9

	
V

	
21

	
243

	
126

	
21

	
FU




	
Patient 11

	
M

	
Traumatic

	
13

	
126

	
8

	
13

	
158

	
32

	
12

	
V

	
13

	
222

	
96

	
21

	
FU




	
Patient 12

	
M

	
Traumatic

	
31

	
101

	
7

	
31

	
130

	
29

	
9

	
V

	
31

	
154

	
53

	
18

	
FU








Age is expressed in years. Time since injury and time since admission are expressed in days. M: man. W: woman. V: visual. C: communication. M: motor. FU: functional use.
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Table 4. Baseline demographic and clinical characteristics of the patients who did and did not emerge from Minimally Conscious State.
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	Patients Who Emerged from MCS

(n = 12)
	Patients Who Did not Emerge from MCS

(n = 88)
	Significance





	Age (years)
	24.5 ± 6.8
	39.5 ± 18.4
	p = 0.006



	Sex (n, %)

Women

Men
	

1 (8.3%)

11 (91.7%)
	

28 (31.8%)

60 (68.2%)
	NS (p = 0.093)



	Education (years)
	10.2 ± 2.6
	10.9 ± 5.3
	NS (p = 0.690)



	Etiology (n, %)

Traumatic

Non-traumatic
	

10 (83.3%)

2 (16.7%)
	

30 (34.1%)

58 (65.9%)
	p = 0.001



	Time since injury (days)
	105.2 ± 68.7
	136.6 ± 87.2
	NS (p = 0.236)



	Coma Recovery Scale-Revised
	6.6 ± 1.5
	5.6 ± 1.3
	p = 0.014







Age, time since injury and score on the Coma Recovery Scale refer to values at admission. Age, education, time since injury and score on the Coma Recovery Scale-revised are expressed in terms of mean ± standard deviation. NS: not significant.
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Table 5. Parameters and validation metrics of the predictive model of emergence from Minimally Conscious State.
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Multivariable Logistic Regression Model

	
Cross-Validation Evaluation Metrics






	

	
B (SE)

	
OR (95% CI)

	
p

	

	
Training

	
Validation




	

	

	

	

	
Accuracy (95% CI)

	
0.89 (0.87–0.90)

	
0.88 (0.86–0.90)




	
Constant

	
−4.76 (2.10)

	
0.01 (0.00–0.53)

	
0.024

	
Precision (95% CI)

	
0.50 (0.06–0.94)

	
0.10 (0.00 *−0.30)




	
Age

	
−0.07 (0.04)

	
0.93 (0.87–1.00)

	
0.050

	
Sensitivity (95% CI)

	
0.08 (0.00–0.16)

	
0.10 (0.00 *–0.30)




	
Etiology 1

	
2.04 (0.86)

	
7.68 (1.42–41.52)

	
0.018

	
Specificity (95% CI)

	
1.00 (0.99–1.00)

	
0.99 (0.97–1.00 *)




	
Coma Recovery Scale-Revised

	
0.58 (0.29)

	
1.79 (1.02–3.14)

	
0.041

	
AUC (95% CI)

	
0.86 (0.84–0.88)

	
0.78 (0.68–0.89)








1 Traumatic vs non-traumatic. AUC: Area under de ROC curve. B: beta. SE: standard error. OR: odds ratio. CI: confidence interval. * Corrected probability to be between (0–1) values.
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Table 6. Baseline demographic and clinical characteristics of the patients who did and did not emerge from Minimally Conscious State.
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	Patients Who Died

(n = 10)
	Patients Who Survive

(n = 90)
	Significance





	Age (years)
	57.2 ± 15.6
	35.5 ± 17.0
	p < 0.001



	Sex (n, %)

Women

Men
	

4 (40.0%)

6 (60.0%)
	

25 (27.8%)

65 (72.2%)
	NS (p = 0.419)



	Education (years)
	12.4 ± 5.9
	10.6 ± 5.0
	NS (p = 0.295)



	Etiology (n, %)

Traumatic

Non-traumatic
	

4 (40.0%)

6 (60.0%)
	

36 (40.0%)

54 (60.0%)
	NS (p = 1.000)



	Time since injury (years)
	135.7 ± 110.1
	132.5 ± 83.1
	NS (p = 0.911)



	Coma Recovery Scale-Revised
	5.8 ± 1.3
	5.0 ± 1.3
	NS (p = 0.081)







Age, time since injury and score on the Coma Recovery Scale refer to values at admission. Age, education, time since injury and score on the Coma Recovery Scale-revised are expressed in terms of mean ± standard deviation. NS: not significant.













[image: Table] 





Table 7. Parameters and validation metrics of the predictive model of death.
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Multivariable Logistic Regression Model

	
Cross-Validation Evaluation Metrics






	

	
B (SE)

	
OR (95% CI)

	
p

	

	
Training

	
Validation




	

	

	

	

	
Accuracy (95% CI)

	
0.91 (0.90–0.91)

	
0.90 (0.87–0.93)




	

	

	

	

	
Precision (95% CI)

	
0.60 (0.12–1.00 *)

	
0.20 (0.00 *–0.59)




	

	

	

	

	
Sensitivity (95% CI)

	
0.08 (0.02–0.14)

	
0.10 (0.00 *–0.30)




	
Constant

	
−5.78 (1.37)

	
0.00 (0.00–0.05)

	
<0.001

	
Specificity (95% CI)

	
1.00 (1.00–1.00)

	
0.99 (0.97–1.00 *)




	
Age

	
0.08 (0.02)

	
1.08 (1.03–1.10)

	
0.002

	
AUC (95% CI)

	
0.83 (0.79–0.87)

	
0.78 (0.61–0.94)








AUC: Area under de ROC curve. B: beta. SE: standard error. OR: odds ratio. CI: confidence interval. * Corrected probability to be between (0–1) values.
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