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Objective: This study aimed to establish and validate a prediction model for clinical

outcomes in patients with prolonged disorders of consciousness (pDOC).

Methods: A total of 170 patients with pDOC enrolled in our rehabilitation unit

were included and divided into training (n = 119) and validation sets (n = 51).

Independent predictors for improved clinical outcomes were identified by univariate

andmultivariate logistic regression analyses, and a nomogrammodel was established.

The nomogramperformancewas quantified using receiver operating curve (ROC) and

calibration curves in the training and validated sets. A decision curve analysis (DCA)

was performed to evaluate the clinical usefulness of this nomogram model.

Results: Univariate and multivariate logistic regression analyses indicated that age,

diagnosis at entry, serum albumin (g/L), and pupillary reflex were the independent

prognostic factors that were used to construct the nomogram. The area under the

curve in the training and validation sets was 0.845 and 0.801, respectively. This

nomogram model showed good calibration with good consistency between the

actual and predicted probabilities of improved outcomes. The DCA demonstrated a

higher net benefit in clinical decision-making compared to treating all or none.

Conclusion: Several feasible, cost-e�ective prognostic variables that are widely

available in hospitals can provide an e�cient and accurate prediction model for

improved clinical outcomes and support clinicians to o�er suitable clinical care and

decision-making to patients with pDOC and their family members.
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1. Introduction

Disorders of consciousness (DOC) is a state in which an individual’s consciousness

has been severely affected due to massive brain injury. There are two essential elements

of consciousness: arousal and content. Disruption of one or both of these elements

may result in DOC. Prolonged disorder of consciousness (pDOC) is defined as a coma

condition usually lasting more than 4 weeks (Giacino et al., 2018b). Approximately

10–15% of individuals (Andriessen et al., 2011) develop pDOC after acquiring brain

injuries or experiencing nervous system dysfunction and remain in the vegetative

state/unresponsive wakefulness syndrome (VS/UWS—patients open their eyes but show

no clinical evidence of consciousness; Laureys et al., 2010) or in a minimally conscious

state (MCS—patients showing minimal, inconsistent but clearly discernible intentional and

non-reflexive behaviors such as fixation, visual pursuit, localization to noxious stimuli,

reproducible movements to command, and automatic motor responses; Giacino et al., 2002).
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In the United States, ∼100,000–300,000 patients are diagnosed with

pDOC (Giacino et al., 2018a), whereas in Europe the prevalence

ranges from 0.2 to 6.1 patients per 100,000 (van Erp et al., 2014).

There are at least 300,000 to 500,000 patients with disorders

of consciousness in China, with more than 70,000 new patients

diagnosed every year and an annual cumulative medical expenditure

of RMB U30 to 50 billion (Chen et al., 2020). Within a year

after disorders of consciousness, 35% of the affected population

faced mortality and only 40% had an improved consciousness

(Nekrasova et al., 2021). With high morbidity and mortality,

heavy economic burden, and uncertain clinical effects, disorders

of consciousness bring many social and economic problems to

clinical decision-making and heavy economic and spiritual burden

to patients’ families.

To the best of our knowledge, there are a few prognostic

prediction models for patients with pDOC (Kang et al., 2022). Many

previous studies aimed at identifying the risk factors affecting the

prognosis of pDOC. Previous studies using functional connectivity

analysis showed that the number and strength of cortical functional

connections between EEG segments (Fingelkurts et al., 2013) and

high frontoparietal theta and alpha coherence (Schorr et al., 2016)

were associated with favorable outcomes in DOC patients. Bai

et al. (2019) demonstrated that lower frontal quadratic phase

self-coupling at the theta band indicated a higher probability of

consciousness recovery. A study on sleep EEG indicated that the

occurrence of sleep spindles was related to clinical improvement

within 6 months (Cologan et al., 2013). The predictive value of

the presence of mismatch negative (MMN; Kotchoubey et al.,

2005), N400 (Steppacher et al., 2013), and P300 latency (Cavinato

et al., 2011) on event-related potentials were found in patients with

DOC. Moreover, low thalamocortical connectivity during functional

magnetic resonance imaging (fMRI) (Chen et al., 2018) and low

gray matter/white matter (GM/WM) ratio (Scarpino et al., 2018)

are associated with poor neurological deficit in patients with pDOC.

Although a number of studies identified several neurophysiologic

or neuroimaging risk factors for patients with DOC, the above

examinations are difficult to perform, relatively expensive, and time-

consuming, which limits their wide applications.

Several previous studies showed that age, MCS diagnosis

(Estraneo et al., 2019), and the presence of pupil reflex (Lee

et al., 2010) were associated with better clinical outcomes. Young

individuals have better neuroplasticity after brain injury, which may

affect the development of DOC. In addition, patients diagnosed

with MCS and pupil reflex have relatively mild brain damage

after a traumatic or non-traumatic brain injury compared to those

diagnosed with VS and absence of pupil reflex. Hypoalbuminemia

is common in patients with DOC after severe brain injury (Morotti

et al., 2017). Albumin, synthesized in the liver, plays important roles

in maintaining normal metabolism functions, such as detoxification

and maintaining plasma colloid osmotic pressure, which could avoid

much accumulation of fluid in tissue spaces and can act as a carrier

of drugs and hormones (Montalcini et al., 2015). Albumin is an

indicator of protein nutrition status, and a low concentration of

serum albumin is a sign of unstable clinical states (Montalcini et al.,

2015). Serum albumin has been found to be a good predictor of

the prognostication of cancer (Wang et al., 2022) and cognitive

decline in Parkinson’s disease (Shen et al., 2022). A cohort study of

multiple sclerosis found that cerebrospinal fluid/serum albumin is

an independent variable for the prognostication of multiple sclerosis

(Berek et al., 2022). Low levels of serum albumin could aggravate

the degree of brain edema and affect drug efficacy in patients after

traumatic brain injury (Jungner et al., 2010). Albumin has been found

to be associated with clinical outcomes in patients with traumatic

brain injury (Wang et al., 2020) and ischemic stroke (Lu et al., 2022),

but its predictive value of short-term clinical outcomes in patients

with pDOC remains uncertain.

Thus, this prospective cohort study aimed to investigate a

prognostic model based on clinical factors (i.e., clinical indices,

repeated diagnosis, and serologic markers).

2. Methods

2.1. Participants and inclusion and exclusion
criteria

For this prospective study, we screened patients with DOC

who were consecutively admitted to a neurorehabilitation unit

from January 2021 to June 2022. The inclusion criteria were as

follows: (1) clinical diagnosis of VS/UWS or MCS according to

the standard criteria (Giacino et al., 2004; Wannez et al., 2017);

(2) age ≥ 18 years; (3) traumatic, vascular, or anoxic etiology;

and (4) duration of DOC ranging from 1 to 3 months (Estraneo

et al., 2020). The exclusion criteria were as follows: (1) nervous

system dysfunction or unstable clinical condition (e.g., severe heart

or respiratory failure); (2) previous history of brain injury or

neurodegenerative diseases; and (3) patients with motor impairment

and locked-in syndrome. Enrollment of the patients was carried out

by three doctors involved in the study who were also responsible

for patient management. During their hospital stay, comprehensive

multidisciplinary rehabilitation care was offered to all patients. We

divided the patients into two independent sets: 119 patients treated

between January 2021 and December 2021 constituted the training

set, whereas 51 patients treated between January 2022 and June 2022

constituted the validation set.

2.2. Sample size

We relied on an Events Per Variable criterion (EPV), notably

EPV≥10, to determine the minimal sample size required (van

Smeden et al., 2019). In our study, with four independent variables

selected and 40% of patients with clinical improvement (Nekrasova

et al., 2021), the minimal sample size calculated was 100. Allowing

for a 20% dropout rate during the study, a minimum total of 120

participants were needed in the training set.

2.3. Data collection and clinical assessment

Upon study entry, the prehospital information about patients’

clinical indices (CI), including demographic data (e.g., age, education,

and sex) and medical history (e.g., pupillary light reflex, etiology,

duration of DOC, hypertension, and diabetes), were collected.

Pupillary light reflex was classified into two categories based on the

presence or absence of bilateral light reflex. After study entry, the
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diagnoses were confirmed by repeated Coma Remission Scale-revised

assessment (CRS-R) (at least five times a week), which is standardized

by the clinical criteria for DOC. We also collected the serum albumin

and hemoglobin concentrations of the patients upon study entry.

Serum albumin and hemoglobin were measured from venous blood

within the first 24 h of admission. The patients were followed up at

6 months after brain injury using repeated CRS-R evaluations that

were performed by the same clinicians during their hospital stay.

At the time of assessing the level of consciousness of patients with

pDOC, drugs such as sedation, antiepileptics, and neuroexcitation

were excluded.

2.4. Outcome definition

The primary outcome was defined by an improvement in clinical

diagnosis, which was determined by repeated CRS-R assessment, the

golden standard for the diagnosis of pDOC (Giacino et al., 2004;

Wannez et al., 2017). While VS/UWS is a condition in which patients

open their eyes but show no clinical evidence of consciousness

(Laureys et al., 2010), the most frequent signs of consciousness in

MCS patients are fixation, visual pursuit, localization to noxious

stimuli, reproducible movements to command, and automatic motor

responses (Giacino et al., 2002). Emergence from MCS is defined

as the patient communicating with others (i.e., the family members

or the doctors) exactly or the ability to use objects (Machado et al.,

2010). The VS/UWS state is the lowest level of consciousness, while

emergence fromMCS is the highest level of consciousness in patients

with DOC. We classified the primary outcome as improved if there

was an improvement in clinical diagnosis upon follow-up compared

to that upon diagnosis after study entry (e.g., patient in VS/UWS

at study entry who improved to MCS or emergence from MCS and

patient inMCS at study entry who emerged fromMCS).We classified

the clinical outcome as not improved if the clinical diagnosis did not

improve (i.e., patient in VS/UWS at study entry who persisted or died

and patient in MCS at study entry who worsened to VS/UWS or died

or remains in MCS).

2.5. Statistical analysis

Continuous variables were expressed as mean ± standard

deviation, and categorical variables were expressed as counts

and/or frequencies. Continuous variables were subjected to the

Shapiro–Wilk test for normality tests. As scores of several variables

significantly varied from the norm, we compared the basic clinical

characteristics between the training and validation sets by the

nonparametric Mann–Whitney U-test for continuous variables (i.e.,

CRS-R and GCS total scores) and the Chi-square test for categorical

variables. A univariate logistic regression analysis was performed

to screen for statistically significant variables that were associated

with the clinical outcomes. A multivariate logistic regression analysis

was used to further analyze all statistically significant indicators in

the univariate analysis. The independent prognostic variables were

determined as significant if the p value was <0.05 in the multivariate

analysis. We integrated these four independent variables into the

nomogrammodel. The nomogram performance was quantified using

the area under the curve (AUC) of the receiver operating curve

FIGURE 1

Study flowchart.

(ROC) and the calibration curves in the training and validated sets. A

decision curve analysis (DCA) was performed to evaluate the clinical

usefulness of this nomogram model. The value of (true positive +

true negative)/total was evaluated for accuracy. All the analyses were

performed using the statistical package R (http://www.R-project.

org, The R Foundation) and Empower (R) (www.empowerstats.com;

X&Y Solutions, Inc). A two-sided p-value of <0.05 was considered to

be statistically significant.

2.6. Protocol approvals

The study was performed with the approval of the First Affiliated

Hospital of Nanchang University Ethics Committee (No. 2020-061-

3). Written informed consent was obtained from the relatives or legal

guardians of all patients.

3. Results

3.1. Description of the sample

The study flowchart is presented in Figure 1. The demographic

and clinical basic characteristics of the training and the validation

cohorts are presented (Table 1). Overall, 170 patients (mean age

54.32 ± 14.80 years, VS 90, and MCS 80) were included. In the

development set, we included 119 consecutive patients with pDOC,

of whom 60 (50.42%, mean CRS-R 7.3 ± 1.93) patients showed

improved clinical outcomes and 59 patients (49.58%, mean CRS-R

Frontiers inNeuroscience 03 frontiersin.org

https://doi.org/10.3389/fnins.2022.1076259
http://www.R-project.org
http://www.R-project.org
http://www.empowerstats.com
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org


Xiong et al. 10.3389/fnins.2022.1076259

TABLE 1 Demographic and clinical characteristics of patients with pDOC.

Total Validation set Training set P-value

N 170 119 51

Age (y) 54.32± 14.80 53.09± 15.23 57.18± 13.44 0.099

Serum albumin (g/L) 35.34± 5.63 35.65± 6.00 34.64± 4.61 0.285

Hemoglobin (g/L) 100.92± 15.70 102.18± 15.16 97.98± 16.66 0.110

GCS 7.81± 1.95 7.68± 1.98 8.10± 1.87 0.202

CRS-R 6.75± 2.48 6.52± 2.00 7.27± 3.32 0.070

DOC duration (d) 49.86± 31.88 49.24± 22.42 51.31±35.38 0.698

Diagnosis 0.180

MCS 80(47.05%) 60 (50.42%) 20 (39.22%)

VS/UWS 90(52.95%) 59 (49.58%) 31 (60.78%)

Improved outcome 0.441

Yes 81 (47.65%) 59 (49.58%) 22 (43.14%)

No 89 (52.35%) 60 (50.42%) 29 (56.86%)

Pupillary reflex 0.131

Absent 59 (34.71%) 37 (31.09%) 22 (43.14%)

Present 111 (65.29%) 82 (68.91%) 29 (56.86%)

Sex 0.404

Female 62 (36.47%) 41 (34.45%) 21 (41.18%)

Male 108 (63.53%) 78 (65.55%) 30 (58.82%)

Job 0.041

No 70 (41.18%) 55 (46.22%) 15 (29.41%)

Yes 100 (58.82%) 64 (53.78%) 36 (70.59%)

Married 0.109

No 16 (9.41%) 14 (11.76%) 2 (3.92%)

Yes 154 (90.59%) 105 (88.24%) 49 (96.08%)

Education 0.001

Primary 91 (53.53%) 53 (44.54%) 38 (74.51%)

Middle 58 (34.12%) 46 (38.66%) 12 (23.53%)

High 21 (12.35%) 20 (16.81%) 1 (1.96%)

Etiology 0.198

Traumatic 73 (42.94%) 49 (41.18%) 24 (47.06%)

Vascular 75 (44.12%) 51 (42.86%) 24 (47.06%)

Anoxic 22 (12.94%) 19 (15.97%) 3 (5.88%)

Diabetes 0.961

No 147 (86.47%) 103 (86.55%) 44 (86.27%)

Yes 23 (13.53%) 16 (13.45%) 7 (13.73%)

Hypertension 0.263

No 99 (58.24%) 66 (55.46%) 33 (64.71%)

Yes 71 (41.76%) 53 (44.54%) 18 (35.29%)

5.73 ± 1.74) showed poor clinical outcomes. While in the validation

set, 51 patients were screened, with 29 (56.86%, mean CRS-R 8.41 ±

3.78) patients showing improved outcomes and 22 patients (43.14%,

5.77± 1.73) presenting poor clinical outcomes compared to baseline

characteristics. There were no significant differences between the two

cohorts in terms of CRS-R, GCS, age, etiology, DOC duration, sex,
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TABLE 2 Univariate and multivariate logistic regression analyses.

Variable Univariable Multivariable

Ref OR (95%CI) P-value OR (95%CI) P-value

Age (y) – 0.96 (0.94, 0.99) 0.002 0.94 (0.90, 0.98) 0.005

DOC duration (d) – 1.01 (0.99, 1.02) 0.48

CRS-R – 1.61 (1.27, 2.04) 0.001 1.41 (0.90, 2.22) 0.134

GCS – 1.47 (1.19, 1.83) 0.000 1.02 (0.61, 1.70) 0.936

Sex (f/m) Female 0.95 (0.45, 2.03) 0.899

Job (y/n) No 1.91 (0.92, 3.96) 0.083

Married (y/n) No 1.41 (0.46, 4.35) 0.548

Education

Primary Primary 1.0

Middle 1.7 (0.8, 3.8) 0.184

High 1.0 (0.4, 2.8) 0.983

Etiology

Traumatic Traumatic 1.0

Vascular 1.27 (0.58, 2.79) 0.548

Anoxic 1.26 (0.43, 3.63) 0.673

Diagnosis (VS/MCS) MCS 0.09 (0.04, 0.22) 0.001 0.12 (0.04, 0.42) 0.000

Serum albumin (g/L) – 1.09 (1.02, 1.17) 0.012 1.13 (1.03, 1.25) 0.012

Hemoglobin (g/L) – 1.02 (0.99, 1.04) 0.146

Pupillary reflex Absent 4.22 (1.80, 9.88) 0.000 3.70 (1.00, 13.67) 0.049

Hypertension (y/n) No 1.19 (0.58, 2.45) 0.637

Diabetes (y/n) No 0.98 (0.34, 2.81) 0.971

FIGURE 2

A nomogram model to predict the clinical outcomes. The red arrows present the calculation of total points of a 70-year-old patient diagnosed with MCS,

absence of bilateral light reflex, and a serum albumin concentration of 40 g/L upon entry within 2 months of injury.
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FIGURE 3

Calibration curve. The black calibration curve shows the predicted proportion of clinical outcomes against the actual probability of outcomes. The red

line demonstrates the actual risk equal to the predicted risk. Calibration plots for estimating improved outcome probabilities are presented for the training

(A) and validation cohorts (B).

marital status, serum albumin level, hemoglobin level, hypertension,

and diabetes.

3.2. Screening prognostic predictors

In the training cohort, univariate analysis showed that improved

clinical outcomes were associated with the total scores of CRS-R,

GCS, age, the concentration of serum albumin, entry diagnosis, and

pupillary reflex. Multivariate logistic regression analysis of improved

clinical outcomes indicated that age, pupillary reflex, entry diagnosis,

and the concentration of serum albumin (g/L) were the prognostic

predictors for patients with pDOC. A final logistic regression analysis

including the four predictors was conducted to demonstrate the odds

ratio (OR) of each predictor in the model (Table 2).

3.3. Development and validation of the
model

According to the results of the multivariate logistic regression

analysis, four predictive variables (age, entry diagnosis, serum

albumin level (g/L), and pupillary reflex) were used to establish a 6-

month outcome prediction nomogrammodel in patients with pDOC

(Figure 2). The total risk points were calculated by summing the

points of each predictor. The higher the total points, the higher the

likelihood of an improved clinical outcomes. For example, consider

a 70-year-old patient diagnosed with MCS showing the absence of

bilateral light reflex and a serum albumin concentration of 40 g/L

upon entry within 2 months after injury. The points for age, MCS

diagnosis, absence of pupil reflex, and level of serum albumin level

of 40 mg/L were 15, 77.5, 0, and 42.5, respectively. The total points

added up to 135, which demonstrated about a 58% likelihood of an

improved diagnosis 6 months after injury.

The validation was performed by using the other cohort of 51

patients with pDOC. In the validation cohort, the independent risk

factors integrated into the nomogram were examined. The accuracy

of the model is 0.745 [(true positive + true negative)/total]. The

AUC values were 0.845 and 0.801 in the training and validation

sets, respectively.

3.4. Calibration and decision curve

To evaluate the consistency of the actual and predicted risks by

the model, a calibration curve was drawn to measure calibration,

which is an important aspect of the prediction models. It is

demonstrated that the actual risk (red line) was consistent with

the predicted risk (black curve) in both the training and validation

cohorts (Figures 3A, B). From the decision curve, it can be seen

that the net benefit of the model (blue curve) was higher than

that with all treatment at the same threshold probability (red

curve) in both the training and validation sets (Figures 4A, B),

which indicates that clinicians could benefit from this model

for decision-making.

3.5. Comparison of age, pupil reflex, and
diagnosis with our model

Previous studies reported the predictive value of age, pupil

reflex, and diagnosis, but the value of serum albumin level
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FIGURE 4

Decision curve. The y-axis represents the net benefit. The x-axis is the threshold probability. The blue curve represents the nomogram. The red oblique

represents the hypothesis that all patients with pDOC have improved outcomes with all treatments. The green line represents the hypothesis that no

patients will have improved outcomes. The threshold probability is where the expected benefit of the treatment is equal to the expected benefit of no

treatment. For example, if the possibility of the improved outcome of a patient is over the threshold probability, then the patients with pDOC will not

benefit from all the treatment strategy. (A, B) Depict the decision curves of the training and validation cohorts, respectively. Net benefit means the clinical

e�cacy of the treatment.

has rarely been reported. We compared the performance of

our model by incorporating age, pupil reflex, diagnosis, and

serum albumin level with those of clinical index (CI) predictors

(age+pupil) and CI predictors plus diagnosis in predicting improved

clinical outcomes. The AUC of the receiver operating curve

was evaluated for CI predictors (age + pupil), CI + entry

diagnosis, and our final model (CI + entry diagnosis + serum

albumin). Our results demonstrated that the AUC of MODEL3

(CI + entry diagnosis + serum albumin) was the highest in

both the training and validation sets (AUC = 0.845 and 0.801,

respectively) (Figure 5). We adjusted the model by sex, marital

status, job, etiology, education level, hypertension, diabetes, and

DOC duration.

The formula for the final model in the validation set was

as follows: −0.97443 – 0.02752 ∗ age + 0.94099 ∗ (pupil reflex

= presence) – 2.19467 ∗ (diagnosis = VS) + 0.08060 ∗ serum

albumin in the training set. The formula for the final model in the

validation set was as follows: −3.84513 – 0.01792 ∗ age – 2.02802
∗ (diagnosis = VS) + 1.15271∗(pupilreflex = presence) + 0.10959
∗ serumablumin.

4. Discussion

Prolonged disorders of consciousness, which is often caused

by severe brain injury, always lead to severe complications (e.g.,

pneumonia, hemorrhage of the digestive tract, and dysfunction of the

liver), poor clinical outcomes, and high mortality. Predicting clinical

improvement in patients with pDOC is very helpful in supporting

clinicians to offer suitable clinical care and aiding in the decision-

making of patients and their family members (Scarpino et al., 2020).

Although several previous studies aimed at identifying the risk factors

that affect poor clinical outcomes, severe neurological deficit, or

awakening from coma, only one nomogram model was established

to predict the severe neurological deficit outcomes of pDOC (Kang

et al., 2022). Thus, our present study aimed to build and validate

a nomogram model for predicting improved clinical outcomes in

patients with pDOC.

Many factors are known to influence the prognosis of patients

with pDOC (Formisano et al., 2019). Our findings showed that

younger age, MCS diagnosis at entry, higher serum albumin level,

and the presence of pupillary reflex were associated with improved
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FIGURE 5

The ROC curves of age, pupil, diagnosis, albumin, and their combined models. MODEL 1 was constructed based on age and pupil reflex (black curve).

MODEL 2 was established based on age, pupil reflex, and diagnosis (red curve). MODEL 3 was established based on age, pupil reflex, diagnosis, and serum

albumin (green curve). (A, B) Depict the three ROC curves of the training and validation cohorts, respectively.

outcomes at 6 months after brain injury. Several studies showed that

age, female sex (Estraneo et al., 2019), traumatic etiology (Whyte

et al., 2009), and higher CRS-R (Portaccio et al., 2018; Foo et al., 2019)

were related to better clinical outcomes.Whereas this predictive value

of age was in line with our findings on patients with DOC, the value of

female sex, traumatic etiology, and CRS-R were not. A study by Lucca

et al. (2019) found that pDOC patients with CRS-R values >12 upon

admission were associated with a favorable likelihood of emergence

from DOC. In the current study, a majority of patients with CRS-

R scores of <12 upon admission were presented, which may explain

why CRS-R was not associated with improved outcomes in our study.

Moreover, the results of the present study are consistent with those of

a study (Estraneo et al., 2018), showing that a VS/UWS diagnosis was

associated with a poor outcome and the total scores of CRS-R were

not. In addition, a previous study by Lee et al. (2010) demonstrated

that the presence of pupillary reflex had an effect on awakening from

coma, which is consistent with our findings. They found that the AUC

of pupil reflex in predicting severe neurological deficit in patients

with coma was 0.744. One cause of DOC is damage to the ascending

reticular activating system (ARAS) of the brainstem. The degree of

brainstem damage is related to the level of consciousness, which has

been known to clinicians. As pupillary light reflex is an important

aspect of brainstem reflex, the bilateral absence of pupillary reflex

indicates severe brainstem damage after injury. Therefore, we believe

that pupil reflex is a good indicator to predict the outcomes in patients

with pDOC.

Here, for the first time, we found that higher serum albumin level

was associated with clinical improvement in patients with pDOC. A

previous study (Chen et al., 2014) found that the concentration of

serum albumin was associated with favorable outcomes in patients

with traumatic brain injury. However, to the best of our knowledge,

no research concerning the predictive value of serum albumin on

clinical improvement in patients with pDOC has been reported until

now. There are several reasons for the decrease in serum albumin

levels in patients with DOC. First, the stress state leads to increased

consumption of albumin. Second, intracranial hemorrhage and lung

infection lead to albumin loss. In addition, the albumin from the

blood passes into the cerebrospinal fluid (CSF) with the compromised

blood–brain barrier (BBB) after severe brain injury (Kim et al., 2018).

Finally, liver dysfunction in patients with pDOC results in decreased

albumin synthesis. Therefore, a decrease in serum albumin implicates

severe organ dysfunction, clinical instability, or severe brain injury,

which may be the reason for poor clinical outcomes.

To the best of our knowledge, only one retrospective study

established a nomogram model for predicting severe neurological

deficit (including vegetate state and death) in patients with pDOC.

Our present study would be the first prediction model for detecting

the outcomes of patients with pDOC using a nomogram in a

prospective study. The present prospective cohort study evaluated

the prognostic value of clinical indices, entry diagnosis, and serologic

markers that are easy to collect in patients with DOC 6 months

after brain injury in grassroots hospitals. Therefore, we collected

data on patients with pDOC within 1–3 months and established

a simple, efficient, and accurate prediction model based on age,

pupillary reflex, repeated diagnosis, and concentration of serum

album. Considering the possible effect between clinical outcomes
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and the time of data collection, a covariate analysis of the time

of data collection was performed. It showed that the time of data

collection in our cohort study did not affect the clinical outcomes; OR

1.01 (95% CI 0.99–1.02; p = 0.48). Our cohort study demonstrated

that the AUC of Model 3 (age + pupil + diagnosis + albumin)

was the highest (AUC = 0.845) and was significantly higher than

those of Model 1 (age + pupil) and Model 2 (age + pupil +

diagnosis), the AUC values of which are 0.714 and 0.826, respectively.

A retrospective prognostic model study (Kang et al., 2022) using

age, diagnosis, GCS scores, and degree of brainstem auditory evoked

potential (BAEP) demonstrated an AUC value of 0.815(29). Our

final model (MODEL 3) showed an AUC value of 0.845. There

are two reasons for the difference between the two models. First,

GCS assessment is a good measure to evaluate the degree of brain

damage of patients in the acute phase after severe brain injury

rather than that of a patient in coma in the chronic phase (Bodien

et al., 2021). Second, pupillary light reflex and BAEP examination

are good indicators when evaluating brainstem injury, while the

AUC value of pupil reflex (0.744) is good in predicting severe

neurological deficits in patients with coma. Lee et al. (2010) stated

that the AUC value was better in predicting awakening from coma

(Fischer et al., 2004). Our study indicated that several feasible, cost-

effective prognostic variables can provide an efficient and accurate

prediction model for short-term clinical outcomes. However, the

prognosis of pDOC is affected by many factors and remains a major

clinical issue, especially as the prognostic values of the neuroimaging

markers in predicting DOC are becoming a consensus among

neurorehabilitation clinicians (Song et al., 2018; Yu et al., 2021). Thus,

the values of other neurophysiologic or neuroimaging markers will

be further investigated and integrated into the nomogram to improve

the accuracy of the prediction model.

There are several limitations to our study. First, due to a small

sample size, prognostic prediction was not allowed between the

different diagnostic groups, which could underestimate the value of

some predictors, such as CRS-R. Second, with the short follow-up

time, identifying long-term prognostic markers was not sufficient as

it has been found that prognostic markers may have different effects

on each marker.

5. Conclusion

A higher concentration of serum albumin, higher consciousness

level, young age, and presence of pupillary reflex could predict an

improvement in pDOC 6 months after injury. These predictors

are routinely measured in most hospitals, including grassroot

rehabilitation units, and are not expensive and time-consuming.

These feasible, cost-effective prognostic variables can provide an

efficient and accurate prediction model for improved clinical

outcomes and support clinicians by offering suitable clinical

care and supporting the decision-making of patients and their

family members.

Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and

approved by the First Affiliated Hospital of Nanchang University

Ethics Committee. The patients/participants provided their written

informed consent to participate in this study.

Author contributions

QX conducted the experiment properly and prepared the

manuscript. KL, YT, and XD are responsible for the management

of patients. YZhon and YZhou performed repeated diagnoses and

collected the data. YW performed the statistical analyses of the

data. ZF secured funding for the project. All authors have read and

approved the final manuscript.

Funding

The study was funded by the Major Research Development

Program of Jiangxi Province (Grant No. 20202BBG72002) and

the Science and Technology Department of Jiangxi Province

project (20212BAG70023).

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the reviewers.

Any product that may be evaluated in this article, or claim that may

be made by its manufacturer, is not guaranteed or endorsed by the

publisher.

References

Andriessen, T. M., Horn, J., Franschman, G., van der Naalt, J., Haitsma, I., Jacobs, B.,
et al. (2011). Epidemiology, severity classification, and outcome of moderate and severe
traumatic brain injury: a prospective multicenter study. J. Neurotrauma. 28, 2019–31.
doi: 10.1089/neu.2011.2034

Bai, Y., Xia, X., Wang, Y., He, J., and Li, X. (2019). Electroencephalography
quadratic phase self-coupling correlates with consciousness states and restoration
in patients with disorders of consciousness. Clin. Neurophysiol. 130, 1235–1242.
doi: 10.1016/j.clinph.2019.04.710

Frontiers inNeuroscience 09 frontiersin.org

https://doi.org/10.3389/fnins.2022.1076259
https://doi.org/10.1089/neu.2011.2034
https://doi.org/10.1016/j.clinph.2019.04.710
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org


Xiong et al. 10.3389/fnins.2022.1076259

Berek, K., Pauli, F. D., Auer, M., Zinganell, A., Walde, J., Deisenhammer, F., et al.
(2022). Chasing shadows: cytologically detected shadow cells in the cerebrospinal
fluid of patients with multiple sclerosis. Mult. Scler. Relat. Disord. 69, 104420.
doi: 10.1016/j.msard.2022.104420

Bodien, Y. G., Barra, A., Temkin, N. R., Barber, J., Foreman, B., Vassar, M., et al. (2021).
Diagnosing level of consciousness: the limits of the glasgow coma scale total score. J.
Neurotrauma. 38, 3295–3305. doi: 10.1089/neu.2021.0199

Cavinato, M., Volpato, C., Silvoni, S., Sacchetto, M., Merico, A., and Piccione, F. (2011).
Event-related brain potential modulation in patients with severe brain damage. Clin.
Neurophysiol. 122, 719–24. doi: 10.1016/j.clinph.2010.08.024

Chen, D., Bao, L., Lu, S. Q., and Xu, F. (2014). Serum albumin and prealbumin
predict the poor outcome of traumatic brain injury. PLoS ONE 9, e93167.
doi: 10.1371/journal.pone.0093167

Chen, P., Xie, Q., Wu, X., Huang, H., Lv, W., Chen, L., et al. (2018). Abnormal effective
connectivity of the anterior forebrain regions in disorders of consciousness. Neurosci.
Bull. 34, 647–658. doi: 10.1007/s12264-018-0250-6

Chen, W. G., Li, R., Zhang, Y., Hao, J. H., Du, J. B., Guo, A. S., et al. (2020). Recovery
from prolonged disorders of consciousness: a dual-center prospective cohort study in
China.World J. Clin. Cases 8, 2520–2529. doi: 10.12998/wjcc.v8.i12.2520

Cologan, V., Drouot, X., Parapatics, S., Delorme, A., Gruber, G., Moonen, G., et al.
(2013). Sleep in the unresponsive wakefulness syndrome and minimally conscious state.
J. Neurotrauma. 30, 339–46. doi: 10.1089/neu.2012.2654

Estraneo, A., De Bellis, F., Masotta, O., Loreto, V., Fiorenza, S., Lo Sapio,
M., et al. (2019). Demographical and clinical indices for long-term evolution of
patients in vegetative or in minimally conscious state. Brain INJ. 33, 1633–1639.
doi: 10.1080/02699052.2019.1658220

Estraneo, A., Fiorenza, S., Magliacano, A., Formisano, R., Mattia, D., Grippo, A.,
et al. (2020). Multicenter prospective study on predictors of short-term outcome in
disorders of consciousness. Neurology 95, e1488–e1499. doi: 10.1212/WNL.000000000
0010254

Estraneo, A., Loreto, V., Masotta, O., Pascarella, A., and Trojano, L. (2018). Do medical
complications impact long-term outcomes in prolonged disorders of consciousness?Arch
Phys. Med. Rehabil. 99, 2523–2531.e3. doi: 10.1016/j.apmr.2018.04.024

Fingelkurts, A. A., Fingelkurts, A. A., Bagnato, S., Boccagni, C., and Galardi, G. (2013).
Prognostic value of resting-state electroencephalography structure in disentangling
vegetative and minimally conscious states: a preliminary study. Neurorehabil. Neural
Repair. 27, 345–54. doi: 10.1177/1545968312469836

Fischer, C., Luauté, J., Adeleine, P., and Morlet, D. (2004). Predictive value of sensory
and cognitive evoked potentials for awakening from coma. Neurology 63, 669–73.
doi: 10.1212/01.WNL.0000134670.10384.E2

Foo, C. C., Loan, J. J. M., and Brennan, P. M. (2019). The relationship of the
FOUR score to patient outcome: a systematic review. J. Neurotrauma. 36, 2469–2483.
doi: 10.1089/neu.2018.6243

Formisano, R., Giustini, M., Aloisi, M., Contrada, M., Schnakers, C., Zasler, N., et al.
(2019). An International survey on diagnostic and prognostic protocols in patients with
disorder of consciousness. Brain INJ. 33, 974–984. doi: 10.1080/02699052.2019.1622785

Giacino, J. T., Ashwal, S., Childs, N., Cranford, R., Jennett, B., Katz, D. I., et al. (2002).
The minimally conscious state: definition and diagnostic criteria. Neurology 58, 349–53.
doi: 10.1212/WNL.58.3.349

Giacino, J. T., Kalmar, K., and Whyte, J. (2004). The JFK coma recovery scale-revised:
measurement characteristics and diagnostic utility. Arch. Phys. Med. Rehabil. 85, 2020–9.
doi: 10.1016/j.apmr.2004.02.033

Giacino, J. T., Katz, D. I., Schiff, N. D.,Whyte, J., Ashman, E. J., Ashwal, S., et al. (2018a).
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 national institute on disability, independent living, and rehabilitation research. Arch.
Phys. Med. Rehabil. 99, 1710–1719. doi: 10.1016/j.apmr.2018.07.002

Giacino, J. T., Katz, D. I., Schiff, N. D.,Whyte, J., Ashman, E. J., Ashwal, S., et al. (2018b).
Practice guideline update recommendations 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 national institute on disability, independent living, and rehabilitation research.
Neurology 91, 450–460. doi: 10.1212/WNL.0000000000005926

Jungner, M., Grände, P. O., Mattiasson, G., and Bentzer, P. (2010). Effects on brain
edema of crystalloid and albumin fluid resuscitation after brain trauma and hemorrhage
in the rat. Anesthesiology 112, 1194–203. doi: 10.1097/ALN.0b013e3181d94d6e

Kang, J., Huang, L., Tang, Y., Chen, G., Ye, W., Wang, J., et al. (2022). A dynamic model
to predict long-term outcomes in patients with prolonged disorders of consciousness.
Aging 14, 789–799. doi: 10.18632/aging.203840

Kim, H. J., Tsao, J. W., and Stanfill, A. G. (2018). The current state of biomarkers of
mild traumatic brain injury. JCI Insight 3, 1. doi: 10.1172/jci.insight.97105

Kotchoubey, B., Lang, S., Mezger, G., Schmalohr, D., Schneck, M., Semmler,
A., et al. (2005). Information processing in severe disorders of consciousness:
vegetative state and minimally conscious state. Clin. Neurophysiol. 116, 2441–53.
doi: 10.1016/j.clinph.2005.03.028

Laureys, S., Celesia, G. G., Cohadon, F., Lavrijsen, J., León-Carrión, J., Sannita, W. G.,
et al. (2010). Unresponsive wakefulness syndrome: a new name for the vegetative state or
apallic syndrome. BMCMed. 8, 68. doi: 10.1186/1741-7015-8-68

Lee, Y. C., Phan, T. G., Jolley, D. J., Castley, H. C., Ingram, D. A., and Reutens,
D. C. (2010). Accuracy of clinical signs, SEP, and EEG in predicting outcome of
hypoxic coma: a meta-analysis. Neurology 74, 572–80. doi: 10.1212/WNL.0b013e3181
cff761

Lu, Y., Ma, X., Zhou, X., and Wang, Y. (2022). The association between serum glucose
to potassium ratio on admission and short-termmortality in ischemic stroke patients. Sci.
Rep. 12, 8233. doi: 10.1038/s41598-022-12393-0

Lucca, L. F., Lofaro, D., Pignolo, L., Leto, E., Ursino, M., Cortese, M. D., et al. (2019).
Outcome prediction in disorders of consciousness: the role of coma recovery scale revised.
BMC Neurol. 19, 68. doi: 10.1186/s12883-019-1293-7

Machado, C., Perez-Nellar, J., Rodríguez, R., Scherle, C., and Korein, J. (2010).
Emergence from minimally conscious state: insights from evaluation of posttraumatic
confusion. Neurology 74, 1156. doi: 10.1212/WNL.0b013e3181d5df0d

Montalcini, T., Moraca, M., Ferro, Y., Romeo, S., Serra, S., Raso, M. G., et al. (2015).
Nutritional parameters predicting pressure ulcers and short-term mortality in patients
with minimal conscious state as a result of traumatic and non-traumatic acquired brain
injury. J. Transl. Med. 13, 305. doi: 10.1186/s12967-015-0660-4

Morotti, A., Marini, S., Lena, U. K., Crawford, K., Schwab, K., Kourkoulis, C., et al.
(2017). Significance of admission hypoalbuminemia in acute intracerebral hemorrhage. J.
Neurol. 264, 905–911. doi: 10.1007/s00415-017-8451-x

Nekrasova, J., Kanarskii, M., Borisov, I., Pradhan, P., Shunenkov, D., Vorobiev, A., et al.
(2021). One-year demographical and clinical indices of patients with chronic disorders of
consciousness. Brain Sci. 11, 651. doi: 10.3390/brainsci11050651

Portaccio, E., Morrocchesi, A., Romoli, A. M., Hakiki, B., Taglioli, M. P., Lippi, E.,
et al. (2018). Score on coma recovery scale-revised at admission predicts outcome at
discharge in intensive rehabilitation after severe brain injury. Brain INJ. 32, 730–734.
doi: 10.1080/02699052.2018.1440420

Scarpino, M., Lanzo, G., Lolli, F., Carrai, R., Moretti, M., Spalletti, M., et al.
(2018). Neurophysiological and neuroradiological multimodal approach for
early poor outcome prediction after cardiac arrest. Resuscitation 129, 114–120.
doi: 10.1016/j.resuscitation.2018.04.016

Scarpino, M., Lolli, F., Hakiki, B., Lanzo, G., Sterpu, R., Atzori, T., et al.
(2020). EEG and coma recovery scale-revised prediction of neurological outcome in
disorder of consciousness patients. Acta Neurol. Scand. 142, 221–228. doi: 10.1111/ane.
13247

Schorr, B., Schlee,W., Arndt,M., and Bender, A. (2016). Coherence in resting-state EEG
as a predictor for the recovery from unresponsive wakefulness syndrome. J. Neurol. 263,
937–953. doi: 10.1007/s00415-016-8084-5

Shen, J., Amari, N., Zack, R., Skrinak, R. T., Unger, T. L., Posavi, M., et al. (2022). Plasma
MIA, CRP, and albumin predict cognitive decline in Parkinson’s disease. Ann. Neurol. 92,
255–269. doi: 10.1002/ana.26410

Song, M., Yang, Y., He, J., Yang, Z., Yu, S., Xie, Q., et al. (2018). Prognostication
of chronic disorders of consciousness using brain functional networks and clinical
characteristics. Elife 7:e36173. doi: 10.7554/eLife.36173.059

Steppacher, I., Eickhoff, S., Jordanov, T., Kaps, M., Witzke, W., and Kissler, J. (2013).
N400 predicts recovery from disorders of consciousness. Ann Neurol. 73, 594–602.
doi: 10.1002/ana.23835

van Erp, W. S., Lavrijsen, J. C., van de Laar, F. A., Vos, P. E., Laureys, S., and
Koopmans, R. T. (2014). The vegetative state/unresponsive wakefulness syndrome: a
systematic review of prevalence studies. Eur. J. Neurol. 21, 1361–8. doi: 10.1111/ene.
12483

van Smeden, M., Moons, K. G., Groot, d. e., Collins, J. A., Altman, G. S.,
Eijkemans, D. G., et al. M. J., et al. (2019). Sample size for binary logistic prediction
models: beyond events per variable criteria. Stat. Methods Med. Res. 28, 2455–2474.
doi: 10.1177/0962280218784726

Wang, J., Zhuang, Q., Tan, S., Xu, J., Zhang, Y., Yan, M., et al. (2022). Loss
of body weight and skeletal muscle negatively affect postoperative outcomes after
major abdominal surgery in geriatric patients with cancer. Nutrition 106, 111907.
doi: 10.1016/j.nut.2022.111907

Wang, R., He, M., Ou, X., Xie, X., and Kang, Y. (2020). CRP Albumin ratio is positively
associated with poor outcome in patients with traumatic brain injury. Clin. Neurol.
Neurosurg. 195, 106051. doi: 10.1016/j.clineuro.2020.106051

Wannez, S., Heine, L., Thonnard, M., and Gosseries, O. and Laureys, S. (2017). The
repetition of behavioral assessments in diagnosis of disorders of consciousness. Ann.
Neurol. 81, 883–889. doi: 10.1002/ana.24962

Whyte, J., Gosseries, O., Chervoneva, I., DiPasquale, M. C., Giacino, J., Kalmar,
K., et al. (2009). Predictors of short-term outcome in brain-injured patients with
disorders of consciousness. Prog. Brain Res. 177, 63–72. doi: 10.1016/S0079-6123(09)
17706-3

Yu, Y., Meng, F., Zhang, L., Liu, X., Wu, Y., Chen, S., et al. (2021). A multi-
domain prognostic model of disorder of consciousness using resting-state fMRI and
laboratory parameters. Brain Imag Behav. 15, 1966–1976. doi: 10.1007/s11682-020-00
390-8

Frontiers inNeuroscience 10 frontiersin.org

https://doi.org/10.3389/fnins.2022.1076259
https://doi.org/10.1016/j.msard.2022.104420
https://doi.org/10.1089/neu.2021.0199
https://doi.org/10.1016/j.clinph.2010.08.024
https://doi.org/10.1371/journal.pone.0093167
https://doi.org/10.1007/s12264-018-0250-6
https://doi.org/10.12998/wjcc.v8.i12.2520
https://doi.org/10.1089/neu.2012.2654
https://doi.org/10.1080/02699052.2019.1658220
https://doi.org/10.1212/WNL.0000000000010254
https://doi.org/10.1016/j.apmr.2018.04.024
https://doi.org/10.1177/1545968312469836
https://doi.org/10.1212/01.WNL.0000134670.10384.E2
https://doi.org/10.1089/neu.2018.6243
https://doi.org/10.1080/02699052.2019.1622785
https://doi.org/10.1212/WNL.58.3.349
https://doi.org/10.1016/j.apmr.2004.02.033
https://doi.org/10.1016/j.apmr.2018.07.002
https://doi.org/10.1212/WNL.0000000000005926
https://doi.org/10.1097/ALN.0b013e3181d94d6e
https://doi.org/10.18632/aging.203840
https://doi.org/10.1172/jci.insight.97105
https://doi.org/10.1016/j.clinph.2005.03.028
https://doi.org/10.1186/1741-7015-8-68
https://doi.org/10.1212/WNL.0b013e3181cff761
https://doi.org/10.1038/s41598-022-12393-0
https://doi.org/10.1186/s12883-019-1293-7
https://doi.org/10.1212/WNL.0b013e3181d5df0d
https://doi.org/10.1186/s12967-015-0660-4
https://doi.org/10.1007/s00415-017-8451-x
https://doi.org/10.3390/brainsci11050651
https://doi.org/10.1080/02699052.2018.1440420
https://doi.org/10.1016/j.resuscitation.2018.04.016
https://doi.org/10.1111/ane.13247
https://doi.org/10.1007/s00415-016-8084-5
https://doi.org/10.1002/ana.26410
https://doi.org/10.7554/eLife.36173.059
https://doi.org/10.1002/ana.23835
https://doi.org/10.1111/ene.12483
https://doi.org/10.1177/0962280218784726
https://doi.org/10.1016/j.nut.2022.111907
https://doi.org/10.1016/j.clineuro.2020.106051
https://doi.org/10.1002/ana.24962
https://doi.org/10.1016/S0079-6123(09)17706-3
https://doi.org/10.1007/s11682-020-00390-8
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org

	A prediction model of clinical outcomes in prolonged disorders of consciousness: A prospective cohort study
	1. Introduction
	2. Methods
	2.1. Participants and inclusion and exclusion criteria
	2.2. Sample size
	2.3. Data collection and clinical assessment
	2.4. Outcome definition
	2.5. Statistical analysis
	2.6. Protocol approvals

	3. Results
	3.1. Description of the sample
	3.2. Screening prognostic predictors
	3.3. Development and validation of the model
	3.4. Calibration and decision curve
	3.5. Comparison of age, pupil reflex, and diagnosis with our model

	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


