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Abstract: The present investigation was designed to determinate the nature, pattern, and extent
of cognitive deficits in a group of participants with subacute and chronic spinal cord injury (SCI).
Methods: A cross-sectional study was conducted in both patients with subacute and chronic SCI.
Different cognitive functions were evaluated through a neuropsychological protocol designed for this
purpose, taking into account the patient’s emotional state. Results: A total of 100 patients suffering a
spinal cord injury were evaluated. There were no differences between the two groups when age, sex,
level of education, and region of origin were studied. The chronic injured patients obtained lower
scores in the neuropsychological evaluation protocol respective to the subacute injured patients.
Conclusions: Subjects with chronic spinal cord injury presented a cognitive profile that differed
greatly in the number of altered cognitive functions as well as in their magnitude from the subacute
spinal cord injured patient profile. Moreover, cognitive dysfunction may be important beyond the
end of the first stage of rehabilitation as it can affect an individual’s quality of life and possible
integration in society.
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1. Introduction

Spinal cord injury (SCI) occurs when the spinal cord is severely bruised, compressed,
lacerated, or severed as a result of traumatic injury or disease. SCI is associated with
the development of secondary conditions such as chronic pain, infections, and chronic
fatigue, all of which contribute to lowered quality of life and potentially reduced social
participation [1-4].

Between 40% and 60% of patients with subacute spinal cord injury (SCI) have demon-
strated several types of cognitive deficits [5-7]. These deficits occur in areas of memory,
capacity of attention, processing speed, and executive function and are independent of
the level of SCI. Recent investigations in this issue show an association between cognitive
deficits and adverse changes in the cardiovascular and cerebral systems in spinal-cord-
injured patients [8]. Prospective and retrospective studies have examined or observed
cognitive problems or dysfunctions in patients with spinal cord injuries from various
perspectives [9,10] and suggest that these deficits affect in a negative way the rehabilitation
program and the social integration of people with SCI [8].

However, there are few studies that clarify the nature or etiology of the deficits in
individuals with SCI. Several factors can contribute to the occurrence of these deficits
such as alcoholism, substance abuse, previous learning problems, the use of psychoactive
medication, or emotional problems [6,11-14]. Although many of these are often transient,
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others like those related to problems in mental understanding and processing may persist
for the first months after SCI [12].

Regarding emotional problems, different studies carried out showed that anxiety and
depression levels in patients with spinal cord injury were between 19% and 30% in the
first years after spinal cord injury and approximately between 23% and 38% suffer from
depression. These data must be taken into account to rule out cognitive deficits associated
with these states, and thus be properly diagnosed in order to predict the success of the
rehabilitation treatment [14].

The recognition of the presence and nature of these deficits during the initial stage
after SCI is important because it is in this period when the maximum rehabilitation stage
takes place [15].

Rehabilitation of patients with SCI is an intense process that includes training in
personal care, mobility, community skills, as well as physical and psychosocial teaching
in adapting to disability. For this reason, any obstacle in learning and adaptation that
induce problems or deficits at cognitive level, can compromise the achievement of optimal
results in rehabilitation [15]. Previous studies stablished a relationship between cognitive
impairment and traumatic brain injury in SCI. However, further studies have underlined
the potential impact to other causes of cognitive impairment [8,16-18]. Regardless of the
cause, the main result of these deficits in the brain is the fact that they are potentially
harmful to the rehabilitation processes and that their effects are minor and remediable if
they are recognized early.

Neuropsychological assessments can identify these problems early as well as their sever-
ity.

The term mild cognitive impairment (MCI) was introduced to define the clinical situa-
tion of cognitive decline that does not reach the intensity of dementia and is estimated not
to be caused by aging but by an underlying pathology [19-21]. Therefore, it is characterized
by a cognitive defect, which generally involves memory but is not severe enough to satisfy
the necessary criteria for the diagnosis of dementia.

After the long-term follow-up of these patients, different types of MCI have been
evidenced. Currently three subtypes are recognized:

Amnestic MCI (aMCI), characterized by an isolated memory deficit.
Multiple-domain MCI (aMCI-MD), which implies a slight deficit of more than one
cognitive domain, may or may not include memory, but does not meet the criteria for
the diagnosis of dementia.

e  Single-domain MCI (aMCI-SD), which represents the effect of a single domain being
different from memory [22].

The neuropsychological pattern of each MCI, understood as those affected domains,
allows the sub-classification of the MCI into subtypes. Several groups have reported the
magnitude and nature of the abnormalities observed in neuropsychological tests in SCI
patients, using a wide range of assessments for cognitive function [6,11,12,23,24].

The present study was designed with the following objectives:

1.  To determine the nature, pattern, and extent of cognitive impairment in a group of
subacute SCI patients and to compare it with another group of chronic SCI patients,
using a comprehensive battery of reliable and validated neuropsychological assess-
ment to study a broad range of cognitive functions. A neuropsychological assessment
protocol designed for this purpose with validated tests was used, allowing evaluation
of the different cognitive functions.

2. To compare the cognitive deficits present in the subacute stage of SCI with those seen
in the chronic stage, matched for age, sex, and educational level.

Our main hypothesis is that some cognitive deficits directly or indirectly caused by
the SCI may improve with time, others can be stable over time, and others could worsen in
the chronic stage. So, from a clinical point of view, it is important to detect the presence of
cognitive disfunction as it may interfere with the first stage of the rehabilitation, which is
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the most intense and important one. Also, cognitive impairment can affect an individual 's
quality of life and possible full integration to society, something of vital importance in the
life of SCI patients.

2. Materials and Methods

A cross-sectional study was conducted.

2.1. Participants

One hundred SCI patients hospitalized at the Hospital Nacional de Parapléjicos in
Toledo, Spain, were recruited from February 2012 to December 2013.

Fifty participants (30 male, age 46.82 & 15.77) were in the subacute stage and fifty
were in the chronic stage (31 male, age 47.80 & 13.75).

In the subacute stage, we included participants with a recent first-time admission to
our SCI unit with a time from injury ranging from four to six months. In the chronic stage,
we included participants with a time from injury of at least one year, that were attending
the hospital for normal annual follow-up.

The participants with SCI were recruited from the “National Hospital for Paraplegics”,
an SCI rehabilitation hospital. The individuals with subacute stage were recruited when
admitted to the hospital for rehabilitation. The group with chronic SCI was recruited from
individuals who were attending the hospital for annual follow-up.

Inclusion criteria for both groups consisted of (1) patients with spinal cord injury of
any etiology and of both sexes; (2) age at injury of 18 years or older; (3) age of 18-85 years at
the time of interview; (4) Spanish speaking; (5) score at the mini-mental state exam (MMSE)
of 22 or more (see neuropsychological assessment); (6) time since injury of more than four
months for subacute SCI patients and at least one year for chronic ones; (7) injury level
below C4, including ASIA C (motor function is preserved below neurologic level and more
than half of the key muscle groups below neurologic level have a muscle grade less than 3)
and ASIA D (motor function is preserved below neurologic level and at least half of the
key muscle groups below neurologic level have a muscle grade of 3) [25].

Exclusion criteria included: (1) no radiological evidence of SCI; (2) injury level above
C4 or depending on mechanical ventilation or diaphragmatic pacemaker; (3) critically ill
patients; (4) age of injury younger than 18 years; (5) the presence of clinically demonstrated
TBI ( Traumatic Brain Injury) (due to the known association of TBI with cognitive dys-
function); (6) severe psychiatric disorders; (7) history of central or peripheral neurological
problems prior to the SCI; (8) known history of alcohol and drug abuse; (9) aphasia or other
language disorders, as well as hearing and/or visual impairment; (10) time since injury
inferior to four months for subacute SCI patients and twelve months for chronic ones; (11)
score at the mini-mental state exam (MMSE) of under 22.

The study was approved by the local ethical committee and evaluated favorably by
the Research Commission of the Hospital Nacional de Parapléjicos. Patients were informed
about the study and all of them gave written, informed consent.

2.2. Research Protocol

Prior to initiating the study, the whole procedure was verbally explained to each
participant emphasizing the motivation and objectives of the study. In addition, they
were informed about the possibility of withdrawing from the study at any time, and data
protection, as well as privacy, were guaranteed. An information sheet explaining the
whole procedure was provided to the participants and all of them gave written, informed
consent. When the participant was unable to sign, an oral consent was collected and a
family member or legal guardian signed the written one.

All participants included in the study were assessed in the context of the same initial
assessment protocol, which included:
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e Ina first stage: collection of information on sociodemographic aspects, such as family
and personal history, toxic habits, factors related to the SCI, and its consequences.
Information on aspects or factors related to hospitalization was also collected.

e Inasecond stage: neuropsychological assessment protocol was carried out. The order
of administration of the tests, within each session, followed rules established by the
characteristics of each one of them. The protocol was applied following an order in all
cases. Average duration: 90 min.

This evaluation was performed when the patient was in an optimal condition—this
date was estimated to be four months after admission, for the group of subacute SCI
patients [26]. For the chronic group, the test was performed during their hospital stay
for annual follow-up, in a scheduled appointment, when the participant did not suffer
any complications.

2.3. Study Design

This is a cross-sectional study comparing participants with SCI in the subacute and
chronic stages matches for age, sex, and educational level (case control study design).
Clinical and demographic data:

e Demographic information was collected from each participant including: age, sex,
education (read /write, primary school, secondary school and university). Also, each
participant was questioned regarding a history of high-frequency alcohol and/or
substance use [27,28].

e  (linical information included: lesion level (cervical, dorsal, and lumbar), Ameri-
can Spinal Injury Association Impairment Scale (AIS) grading (A, B, C, D, E), and
time since injury (months). Participants were also categorized as to whether or
not they were taking at least one neuroactive drug at the moment of the cognitive
evaluation (Yes/No).

2.4. Neuropsychological Assessment

A comprehensive motor-free battery of neuropsychological assessments that were
considered reliable and reproducible measures of attention, concentration, memory, abstract
reasoning, and problem-solving ability was given to all participants. The total time required
to complete the battery was less than 90 min for all participants.

A first neuropsychological screening was done using an MMSE [29], and only in-
dividuals with a score of 22 or more underwent further evaluation. For the complete
neuropsychological evaluation, a battery of commonly used neuropsychological tests was
performed. All tests were administered and scored by a psychologist. The test battery
included the tests shown in Figure 1.

Figure 1 shows the tests used in the protocol for this investigation. Appendix A lists
the tests as well as their use and application.

2.5. Data Analysis

The statistical analysis was performed by using IBM SPSS for Windows, version 24.0.
The normality of the neuropsychological variables was checked using tests of normality
such as the Kolmogorov—Smirnov test. Depending if was normal distribution or not,
different analyses were carried out:

e  To compare the different variables between both groups, the Student’s T test (normal
distribution) or the Mann-Whitney U test was used if normality was not assumed.

e  The qualitative variables are presented in percentages and the quantitative variables
with measures of centralization and dispersion (mean and standard deviation).

The association between qualitative variables of both groups was analyzed using the
Chi-Square test or, if necessary, the Fisher test was used.

Next, analysis of covariance (ANCOVA) was carried out where both groups, subacute
and chronic spinal cord injuries, were compared using the neuropsychological assessment
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protocol, as well as the scores of the state anxiety and trait anxiety scale and the depres-
sion inventory, adjusting for level of injury and psychotropic use these variables were
statistically significant between the two groups compared: subacute and chronic). The
significance level was set at p < 0.05.

Test Acronym Authors

Mini-Mental State Examination MMSE Folstein y cols 1975, Wingtield, Tun,
Gomez & Tun, 2003.

Digit Span subtest of the Wechsler Memory Scale Digit Span (WMS-III) Weschler 2004

Mental Control subtest of the Wechsler Memory = Mental Control (WMS-III) Weschler 2004.

Scale

Immediate visual memory subtest of the Visual memory (BT) Serra-Mayoral &Pefia Casanova 2006.

Barcelona Test.

Verbal Learning Test Spain-Complutense (Test ~ TAVEC Benedet &Alejandre 1998.

de Aprendizaje Verbal Espafia-Complutense).

State-Trait Anxiety Inventory, STAI STAIS/T Guilléné&Buela, 2013; Spielberg,
Gorsich &Lishene 1999.

Beck Depression Inventory BDI Sanz, Perdigon & Vazquez 2003

Figure 1. Tests used in the neuropsychological assessment protocol in patients with spinal cord injury. Source: Own

elaboration of the authors.

3. Results

Characteristics of the 100 participants with SCI (50 subacute and 50 chronic) are sum-
marized in Table 1, which shows the sociodemographic characteristics collected from the
sample of one hundred SCI patients, fifty in the subacute stage and fifty in the chronic one.
There were no significant differences between the two groups when age, sex, educational
level, or geographical location were studied.

The mean age of the subacute SCI participants’ group was 46.82 4= 15.77 and 47.80 £ 13.75
in the chronic group. A higher proportion of males (60% approximately) vs. females was
also observed.

Respective clinical characteristics and toxic habits are summarized in Table 2.

Regarding to toxic habits, 25-30% of participants were alcohol consumers when both
subacute and chronic participants were evaluated. Psychotropic use was found to be in the
range of 6-8% respectively, and the smoking habit was 25%.

Psychotropic use was found in 90% of participants in the subacute group, and a lower
value of 74% was observed in the chronic one.
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Table 1. Sociodemographic characteristics of spinal cord injury (SCI) patients.

Subacute Chronic
Sociodemographic Characteristics Categories N =50 N =50 Statistics
N (%) N (%)
t=0.331
Age 46.2 (15.77) 47.80 (13.75) p =074
Sex Male 30 (60%) 31 (62%) X% =042
Female 20 (40%) 19 (38%) p=0.83
Reading/Writing 3(6%) 5 (10%)
Basic. 21 (42%) 25 (50%) X2 =1033
Level of study Technical school. 9 (18%) 7 (14%) B 0 0 6
High school 10(20%) 5 (10%) p=1
University. 7 (14%) 8 (16%)
Abroad. 7 (14%) 1(2%)
Madrid. 9 (18%) 2 (4%)
Region of origin Castilla la Mancha. 6 (12%) 4 (8%) X2 =2526
& & Castilla Ledn. 9 (18%) 16 (32%) p=0.09
Andalucia. 9 (18%) 4 (8%)
Resto de Esparia. 10 (20%) 22 (44%)
N: Number of patients; %: percentage; t: Student’s T; X2: Chi-Square; p: significance.
Table 2. Clinical characteristics and toxic habits of SCI patients.
Clinical Characteristics . Subacute Chronic Stadistics
and Toxic Habits Categories N =50 N =50 X2/p
N (%) N (%)
Cervical 22 (44%) 15 (30%) X2=03.14
. Dorsal 23 (46%) 28 (56%) p=0.369
I Level
mury Leve Lumbar 3 (6%) 6 (12%)
Sacrum-—coccyx 2 (4%) 1(2%)
A 12 (24%) 25 (50.6%) X? =823
B 7 (14%) 7 (14%) P =0.041
ASIA C 16 (32%) 8 (16%)
D 15 (30%) 10 (20%
Causes of Injur Traumatic 32 (64%) 34 (68%) X2=0.17
Jury Non-traumatic 18 (36%) 16 (32%) p=0.0673
Traffic accidents 12 (37.5%) 19 (55.8%) X2=13.79
Casual fall 7 (21.8%) 5(14.7%) p=0.314
T i Precipitation 2 (6.2%) -
faumatic Dives 2 (6.2%) -
Work accidents 4 (12.5%) 4 (11.7%)
Others 3 (15.6%) 12 (35.2%)
Myelitis 5 (27.7%) 3 (18.7%) X% =454
Spinal infarction 2 (11.1%) 2 (12.5%) p=0.474
Non-Traumatic Surgical intervention 7 (38.8%) 8 (50%)
Arteriovenous malformation 1 (5.5%) 1(6.2%)
Others 3(16.6%) 2 (12.5%)
. Yes 14 (28%) 12 (24%) X% =0.877
Alcohol
cohol Consumption No 36 (72%) 40 (80%) p=0349
Drues Yes 4 (8%) 3 (6%) X2 =0.154
& No 46 (92%) 47(94%) p =0.695
. Yes 45 (90%) 37 (74%) X% =436
Psychotropic use No 5 (10%) 13 (26%) p=0.037

ASIA: American Spinal Injury Association Impairment Scale; N = Number of patients; % percentage; X2 Chi-Square; p: significance.
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MMSE

DIGIT SPAN

MENTAL COTROL

VISUAL MEMORY

The emotional state was collected using the Beck depression inventory (BDI) and
the state and trait anxiety questionnaire (STAI S/T). The results are presented in Table 3.
Comparisons of mean scores obtained on the depression and anxiety scales were carried
out using the BDI and STAI respectively. Adjustments were made, through regression
analysis of the variable’s injury level and psychotropic use. There were no significant
differences between any of the comparisons studied between the mean scores obtained,
showing that the groups do not differ regarding their levels of anxiety and depression. The
most important difference was the tendency to more depressive mood found in chronic
SCI in comparison with the subacute group, but no significant differences.

Table 3. Regression analysis of the anxiety scores (state-trait) and depression, adjusted by level of
injury and psychotropic use.

Test Group N M (SD) CI (95%) pe p*
U e 0 8508 (s P00 70
s S B BEOW0EES s oo
e

Legend: BDI: Beck depression inventory; STAI-S: anxiety state; STAI-T: anxiety trait; CI: confidence interval;
p°: level of significance; p”: level of significance adjusted for level of injury and psychotropic use.

Therefore, differences that may appear in the cognitive state would not be due to
differences in their emotional state.

Results of the Neuropsychological Assessment Protocol Analysis

Comparison of the neuropsychological assessment between subacute and chronic
groups of people with SCI showed altered cognitive function (worsening with respect to
the subacute group, with a medium or large effect size between groups) in the attention,
processing speed, and visual memory. Data and statistics are reported in Figure 2.

5 10 15 20 25 30

SUBACUTE m CRONIC

Figure 2. MMSE, digit span (WMS-III), mental control (WMS-III), and visual memory (Barcelona test) scores in SCI patients.

Legend: MMSE: mini-mental State Examination; digit span (WMS-III): digit span subtest of the Wechsler memory scale;

mental control (WMS-III): mental control subtest of the Wechsler memory scale; BT: Barcelona test.
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DISCRIMINABILITY
FALSE POSITIVES
INTRUSIONS
PERSEVERATION
SEMLTM
SEMSTM

RCN

FLTM

FSTM

RAT

RAS5

RA1

With respect to other cognitive functions: the domain of memory, learning, and
recognition (discriminability), showed a worsening tendency in the chronic group. Data
and statistics are reported in Figure 3.

4.31

I

10 20 30 40 50 60 70 80 90 100
SUBACUTE m CRONIC

Figure 3. Test de aprendizaje verbal Espafia-Complutense (TAVEC) scores in SCI patients. Legend: RAj: hits in test 1 of the
A list; RAs: hits in test 5 of the A list; RAT: sum of the hits in the five trials; FSTM: free short-term memory; FLTM: free
long-term memory; RCN: recognition; SemSTM: semantic short-term memory; SemLTM: semantic long-term memory; FP:

false positives.

Comparison of the neuropsychological assessment between subacute and chronic SCI
showed altered cognitive function with a large or very large effect in the learning and
memory (RA1, RA5, RAT), executive functions (cued recall intrusions), and unrecognition
(false positive) areas. Data and statistics are reported in Figure 3. The comparison between
two groups proved to be worsening with respect to the subacute group.

Figure 2 shows the scores obtained in the mini-mental, digit span (WMS-III), mental
control (WMS-III), and visual memory (Barcelona) tests.

Figure 3 shows the scores obtained from the TAVEC test (Test de aprendizaje verbal
Espafia-Complutense).

4. Discussion

The present study describes significant differences in several tests studying cognitive
function in both subacute and chronic SCI participants.

More in detail, a worse performance was observed in short-term memory, long-term
memory, recoghition memory, free recall, and cued recall. These data show that chronic SCI
participants have an initial encoding information deficit more severe than those observed
in subacute SCI. In consequence, it affects the whole learning process.

Rehabilitation after SCI involves the acquisition of new skills and new knowledge.
This process requires attention span, ability to concentrate, understanding, information
processing, retrieval, integration, and utilization of this information. Achievement of goals
in rehabilitation includes maximum independence, emotional adjustment to disability, and
complete reinsertion into the community after discharge.

In this context, the big prevalence of cognitive impairment in SCI participants has
an important effect in their daily living. For this reason, the purpose of this research has
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been to analyze and to compare the differences between several cognitive functions in
two groups of spinal-cord-injured patients, both subacute and chronic. Therefore, the
different scores obtained in the neuropsychological protocol designed for this purpose
have been studied.

We must also consider that there is a worse performance in attentional capacity, pro-
cessing speed, working memory, and visual memory. All these indexes were extrapolated
from the neuropsychological tests carried out (digits and mental control in the Wechsler
memory scale and visual memory of the Barcelona test) and will directly affect the perfor-
mance of memory tasks and learning collected from TAVEC. This result is in line with the
data obtained from the degree of learning, measured by the number of hits given in the
five consecutive trials of the first part of the immediate recall test.

It has also been shown that chronic SCI participants use poorer semantic strategies
to those used by subacute SCI participants. This may indicate a difficulty in establishing
a prior work plan for both learning and retrieval of information, which results in a poor
performance in planning the activity to be performed. If we consider also the fact that
they present intrusions and perseverations more frequently, we can hypothesize that the
group of chronic participants presents an inadequate capacity of inhibition and a probable
disorganization of the semantic store when compared to the group of subacute ones.

Before the elaboration of this article, Molina et al., performed a similar study to
this investigation with sixty-six participants with a traumatic SCI. Comparison of the
neuropsychological assessment between the two groups of people with SCI showed altered
cognitive function (worsening with respect to the subacute group, with a medium or
large effect size between groups) in the domain of memory, learning, and recognition.
The prevalence of cognitive dysfunction in the chronic stage was also confirmed at the
individual level. Up to 50% of participants with chronic SCI presented more than three
abnormal tests, compared to approximately 20% of participants with subacute SCI (X? = 5.9;
p = 0.014) [30].

Other authors. In a similar study to this research, achieved with multiple sclerosis (MS)
patients, where intrusions and perseverations were used in the same sense of identification
with executive functions as those used in the work of Higueras and colleagues (2009).
There were no differences in the number of intrusions between the control group and the
MS group. It was concluded, therefore, that the memory problem could not be related to a
deficit in the executive functions, since a high number of intrusions could be reflecting a
smaller capacity of inhibition of the frontal lobe [31,32].

On the other hand, regarding the discrimination index, statistically significant dif-
ferences were observed between both groups, the group of chronic spinal-cord-injured
patients obtained lower scores, as they reached higher scores in both the number of false
positives and omissions, according to Molina et al. (2018) [30].

The optimal performance in episodic memory tests of the word list, such as those used
in this work, depends on whether processes such as coding, storage or consolidation, and
retrieval are intact. According to Chertkow et al. (2007), a poor performance in free recall
and cued recall would be indicative of a problem in coding, and this pattern is followed by
chronic SCI participants if compared to subacute SCI participants [33].

In conclusion, the present study shows differences in the learning capacity, memory
types, encoding indexes, recovery indexes, and discrimination indexes between both
groups. Concretely, chronic SCI obtained significant lower values that obtained by the
subacute SCI participants. Considering that different prefrontal regions are activated
during the encoding and recovery processes (over the left hemisphere for encoding and
right hemisphere for recovery), it could be inferred, in a very careful way, that it is possible
that an alteration of these structures could explain the differences observed between the
studied groups.

The possible alteration could be caused by the trauma itself [34-36] or due to compli-
cations raised in the subacute process and/or during hospitalization [37,38].
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Bearing in mind the results obtained, we demonstrate that chronic SCI participants,
have a mnesic and learning performance significantly lower than the subacute SCI participants.

5. Conclusions
We therefore can conclude that:

1. Chronic SCI participants obtained lower scores in the neuropsychological assessment
protocol than those obtained by subacute injured participants. Most of them obtained
significant scores.

2. These differences are not attributable to differences between groups in terms of sex,
age, level of education, region of origin, and mood (anxiety and depression). There
were also no differences in the presence of toxic habits.

3. Psychotropic use was a more prominent factor in the group of subacute participants
compared to the group of chronic participants.

We can conclude that chronic SCI participants presented significantly lower scores
in the neuropsychological assessment protocol than the subacute SCI participants” group,
and a clear attributable factor couldn’t be determinate, except for the years from injury.

6. Limitations of the Study

The analysis of the present study has been conditioned by the limitations and difficul-
ties of this type of research with participants suffering spinal cord injury.

One limitation of the present study was the small size of the studied cohort and its
heterogeneity. However, it should be considered that participants were recruited during
the hospitalization stage, considering relevant aspects such as age, sex, etiology, injury
level, and other sociodemographic factors.

Another important limitation was the lack of data about the cognitive status prior to
the spinal cord injury to disclose a change in cognition induced by the SCL

Further research based on other techniques such as neuroimaging and neurophys-
iological exploration, could offer more information about the brain function related to
these findings.

Finally, it should be noted that currently there are a few studies that have used TAVEC
to study cognitive performance in participants with SCI in any of its stages. So, we cannot
faithfully compare the results obtained in this research. There are studies applying other
batteries of tests and developed in different stages of the injury. Most of them compare
their data with a control group that in many cases is composed of subjects without spinal
cord injury. In addition, there is evidence that the existing studies on this subject are
composed in the great majority of cases of population with spinal cord injury and traumatic
brain injury.

With this study we would like to highlight that an early cognitive intervention in the
spinal cord injury would improve functional performance in people at risk of suffering from
cognitive impairment. Designing effective prevention programs from the first moments of
spinal cord injury and that their planning and evaluation are a constant throughout the
rehabilitation period.

All this would have as a consequence that rehabilitation periods would be more
optimal; reducing morbidity, mortality, and hospital stay times; and optimizing preven-
tive resources.
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Appendix A

Mini-mental state examination (MMSE). This is a brief global assessment of cognitive
status, which in practice is used as a standard screening for different types of cognitive
impairment. It gives us, quickly and globally, information about the subject’s cognitive
state [39,40].

Digit span subtest (WMS-III). This is related to the efficacy of sustained attention
and absence of distraction. In the case of reverse digits span, it is considered a working
memory test, involving the executive function, and therefore requiring the participation
of the control of attention or executive attention. Neuropsychological research has shown
that the direct form is relatively more resistant to the effects of brain disorders and tends
to be more vulnerable to lesions over the left hemisphere rather than those over the right
one. On the other hand, the reverse span is highly vulnerable to brain damage, particularly
when the frontal lobe is involved [41].

Mental control (WMS-III). In this test, the subject is asked to perform simple and
well-learned tasks although with different degrees of difficulty. The objective is to measure
the ability to retrieve well-known information and to manipulate them mentally quickly.
Scores reflect both accuracy and speed [41].

Immediate visual memory subtest (BT). This subtest was chosen to evaluate the visual
memory because it is a quick and short test to perform. Moreover, the SCI patient’s
disability wouldn't interfere with the test performance. This subtest requires adequate
visual perception, amnesic retention, and a multiple-choice task [42].

Verbal learning test Spain-Complutense (TAVEC). The TAVEC test allows us to obtain
a measure of the level of function of episodic memory and learning. This test consists of
three lists of words and is presented as “shopping lists”: (a) learning (list A), (b) interference
(list B), and (c) recognition. In the data analysis, the first level of interpretation of data
corresponds to the memory function quantification. This quantification is divided into two
parts, the first is focused on memory and the second on recognition. As a measure of verbal
episodic memory, the following subtests extracted from the TAVEC test were used:

e  Type of memory evaluation. Different types of memory were measured: short-term
memory, long-term memory, and recognition.

e  Executive functions (EF) evaluation. Intrusions and perseverations were used in the
same sense of identification in the EF.

e Coding processes evaluation. The factors of semantic and serial clustering from list A
were used. The first one indicates the frequency at which the subject appoints a correct
word of a semantic category immediately after another word of the same category.

On the other hand: the serial clustering indicates the frequency at which words are
recalled in the same order in which they appeared in the input list. We also used the free
recall with short-delay cued recall, long-delay cued recall, which allowed us to know if the
problems stem from coding or recovery.

Recovery processes assessment. Short-term and long-term serial and semantic cluster-
ing indexes were used to verify how they were used throughout the test [43].

Anxiety questionnaire. STAI-S, STAI-T. The STAI questionnaire comprises separate
self-assessment scales that measure two independent concepts: anxiety as state (S) and
anxiety as trait (T). Originally it was designed as an instrument for investigating anxiety
phenomena in “normal” adults (without psychiatric disorders); however, the STAI test
has been shown to be useful in measuring both concepts in both middle and upper school
students as well as in patients from different clinical groups [44,45].
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Beck depression inventory (BDI). BDI seems to have acceptable psychometric prop-
erties as an instrument for the evaluation of depressive symptomatology in the Spanish
general adult population. For this reason, it has been recommended for that purpose in
this type of population [46].

References

1.  Wijesuriya, N.; Tran, Y.; Middleton, J.; Craig, A. Impact of Fatigue on the Health-Related Quality of Life in Persons with Spinal
Cord Injury. Arch. Phys. Med. Rehabil. 2012, 93, 319-324. [CrossRef]

2. Pollard, C.; Kennedy, P. A longitudinal analysis of emotional impact, coping strategies and post-traumatic psychological growth
following spinal cord injury: A 10-year review. Br. |. Health Psychol. 2007, 12, 347-362. [CrossRef] [PubMed]

3.  Craig, A,; Tran, Y,; Wijesuriya, N.; Middleton, J. Fatigue and tiredness in people with spinal cord injury. J. Psychosom. Res. 2012,
73,205-210. [CrossRef]

4. Craig, A,; Perry, KN.; Guest, R.; Tran, Y.; Middleton, ].W. Adjustment following chronic spinal cord injury: Determining factors
that contribute to social participation. Br. J. Health Psychol. 2015, 20, 807-823. [CrossRef] [PubMed]

5. Morris, J.C,; Storandt, M.; Miller, ].P.; McKeel, D.W.; Price, J.L.; Rubin, E.H.; Berg, L. Mild Cognitive Impairment Represents
Early-Stage Alzheimer Disease. Arch. Neurol. 2001, 58, 397-405. [CrossRef]

6.  Davidoff, G.N.; Roth, E.J.; Richards, ]J.S. Cognitive deficits in spinal cord injury: Epidemiology and outcome. Arch. Phys. Med.
Rehabil. 1992, 73, 275-284.

7. Sachdeva, R.; Gao, E; Chan, C.C.H.; Krassioukov, A.V. Cognitive function after spinal cord injury: A systematic review. Neurology
2018, 91, 611-621. [CrossRef]

8. Wecht, ].M.; Bauman, W.A. Decentralized cardiovascular autonomic control and cognitive deficits in persons with spinal cord
injury. J. Spinal Cord Med. 2013, 36, 74-81. [CrossRef]

9.  Dowler, RN.; O'Brien, S.A.; Haaland, K.Y.; Harrington, D.L.; Feel, E; Fiedler, K. Neuropsychological functioning following a
spinal cord injury. Appl. Neuropsychol. 1995, 2, 124-129. [CrossRef]

10. Silver, J.R.; Morris, W.R.; Otfinowski, J.S. Associated injuries in patients with spinal injury. Injury 1980, 12, 219-224. [CrossRef]

11.  Wilmot, C.B.; Cope, D.; Hall, K.M.; Acker, M. Occult head injury: Its incidence in spinal cord injury. Arch. Phys. Med. Rehabil.
1985, 66, 227-231. [CrossRef]

12.  Richards, J.S.; Brown, L.; Hagglund, K.; Bua, G.; Reeder, K. Spinal cord injury and concomitant traumatic brain injury. Results of
a longitudinal investigation. Am. J. Phys. Med. Rehabil. 1988, 67, 211-216. [CrossRef]

13. Ullrich, PM.; Smith, B.M.; Blow, EC.; Valenstein, M.; Weaver, EM. Depression, healthcare utilization, and comorbid psychiatric
disorders after spinal cord injury. J. Spinal Cord Med. 2013, 37, 40-45. [CrossRef]

14. Craig, A.; Guest, R; Tran, Y.; Middleton, J. Cognitive Impairment and Mood States after Spinal Cord Injury. J. Neurotrauma 2017,
34,1156-1163. [CrossRef]

15. Roth, E,; Davidoff, G.; Thomas, P.; Doljanac, R.; Dijkers, M.; Berent, S.; Morris, J.; Yarkony, G. A controlled study of neuropsycho-
logical deficits in acute spinal cord injury patients. Spinal Cord 1989, 27, 480-489. [CrossRef]

16. Jegede, A.B.; Rosado-Rivera, D.; Bauman, W.A.; Cardozo, C.P; Sano, M.; Moyer, ].M.; Brooks, M.; Wecht, ].M. Cognitive
performance in hypotensive persons with spinal cord injury. Clin. Auton. Res. 2009, 20, 3-9. [CrossRef] [PubMed]

17.  Petchkrua, W.; Burns, S.P; Stiens, S.A.; James, ].J.; Little, ].W. Prevalence of vitamin B12 deficiency in spinal cord injury11No
commercial party having a direct financial interest in the results of the research supporting this article has or will confer a benefit
on the author(s) or on any organization with which the author(s) is/are associated. Arch. Phys. Med. Rehabil. 2003, 84, 1675-1679.
[CrossRef]

18.  Sajkov, D.; Marshall, R.; Walker, P.; Mykytyn, I.; McEvoy, R.D.; Wale, J.; Flavell, H.; Thornton, A.T.; Antic, R. Sleep apnoea related
hypoxia is associated with cognitive disturbances in patients with tetraplegia. Spinal Cord 1998, 36, 231-239. [CrossRef] [PubMed]

19. Petersen, R.C.; Roberts, R.O.; Knopman, D.S.; Boeve, B.F,; Geda, Y.E.; Ivnik, R.J.; Smith, G.E.; Jack, C.R,, Jr. Mild cognitive
impairment: Ten years later. Arch. Neurol. 2009, 66, 1447-1455. [CrossRef]

20. Petersen, R.C. Mild cognitive impairment as a diagnostic entity. J. Intern. Med. 2004, 256, 183-194. [CrossRef]

21. Petersen, R.C. Mild cognitive impairment clinical trials. Nat. Rev. Drug Discov. 2003, 2, 646-653. [CrossRef] [PubMed]

22. Leis, A.; Taragano, FE.; Allegri, R.F. Deterioro cognitivo leve: Riesgo de demencia segtn subtipos. Actas Esp Psiquiatr 2013, 41,
330-339.

23. Chiaravalloti, N.D.; Weber, E.; Wylie, G.; Dyson-Hudson, T.; Wecht, ]. M. The impact of level of injury on patterns of cognitive
dysfunction in individuals with spinal cord injury. J. Spinal Cord Med. 2019, 43, 633-641. [CrossRef]

24. Chiaravalloti, N.D.; Weber, E.; Wylie, G.; Dyson-Hudson, T.; Wecht, ]. M. Patterns of cognitive deficits in persons with spinal cord
injury as compared with both age-matched and older individuals without spinal cord injury. J. Spinal Cord Med. 2018, 43, 88-97.
[CrossRef]

25. Van Middendorp, J.J.; Hosman, A.].; Pouw, M.H.; Van de Meent, H. ASIA impairment scale conversion in traumatic SCI: Is it
related with the ability to walk? A descriptive comparison with functional ambulation outcome measures in 273 patients. Spinal
Cord 2009, 47, 555-560. [CrossRef] [PubMed]

26. Fawcett, ]JW,; Curt, A,; Steeves, ].D.; Coleman, W.P,; Tuszynski, M.H.; Lammertse, D.; Bartlett, P.F; Blight, A.R.; Dietz, V.; Ditunno,

J.; et al. Guidelines for the conduct of clinical trials for spinal cord injury as developed by the ICCP panel: Spontaneous recovery


http://doi.org/10.1016/j.apmr.2011.09.008
http://doi.org/10.1348/135910707X197046
http://www.ncbi.nlm.nih.gov/pubmed/17640451
http://doi.org/10.1016/j.jpsychores.2012.07.005
http://doi.org/10.1111/bjhp.12143
http://www.ncbi.nlm.nih.gov/pubmed/26037456
http://doi.org/10.1001/archneur.58.3.397
http://doi.org/10.1212/WNL.0000000000006244
http://doi.org/10.1179/2045772312Y.0000000056
http://doi.org/10.1080/09084282.1995.9645349
http://doi.org/10.1016/0020-1383(80)90011-X
http://doi.org/10.1016/0003-9993(85)90148-0
http://doi.org/10.1097/00002060-198810000-00005
http://doi.org/10.1179/2045772313Y.0000000137
http://doi.org/10.1089/neu.2016.4632
http://doi.org/10.1038/sc.1989.75
http://doi.org/10.1007/s10286-009-0036-z
http://www.ncbi.nlm.nih.gov/pubmed/19842013
http://doi.org/10.1053/s0003-9993(03)00318-6
http://doi.org/10.1038/sj.sc.3100563
http://www.ncbi.nlm.nih.gov/pubmed/9589522
http://doi.org/10.1001/archneurol.2009.266
http://doi.org/10.1111/j.1365-2796.2004.01388.x
http://doi.org/10.1038/nrd1155
http://www.ncbi.nlm.nih.gov/pubmed/12904814
http://doi.org/10.1080/10790268.2019.1696076
http://doi.org/10.1080/10790268.2018.1543103
http://doi.org/10.1038/sc.2008.162
http://www.ncbi.nlm.nih.gov/pubmed/19104512

Healthcare 2021, 9, 241 13 of 13

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44.

45.

46.

after spinal cord injury and statistical power needed for therapeutic clinical trials. Spinal Cord 2006, 45, 190-205. [CrossRef]
[PubMed]

Young, M.E; Rintala, D.H.; Rossi, C.D.; Hart, K.A.; Fuhrer, M.]. Alcohol and marijuana use in a community-based sample of
persons with spinal cord injury. Arch. Phys. Med. Rehabil. 1995, 76, 525-532. [CrossRef]

Heinemann, A.W.; Keen, M.; Donohue, R.; Schnoll, S. Alcohol use by persons with recent spinal cord injury. Arch. Phys. Med.
Rehabil. 1988, 69, 619-624. [PubMed]

Wingfield, A.; Tun, C.G.; Gomez, P.T,; Tun, P.A. Preservation of Cognitive Function after Long-Term Tetraplegia. Am. J. Phys. Med.
Rehabil. 2003, 82, 547-555. [CrossRef]

Molina, B.; Segura, A.; Serrano, J.P.; Alonso, FJ.; Molina, L.; Pérez-Borrego, Y.A.; Ugarte, M.I; Oliviero, A. Cognitive performance
of people with traumatic spinal cord injury: A cross-sectional study comparing people with subacute and chronic injuries. Spinal
Cord 2018, 56, 796-805. [CrossRef] [PubMed]

Higueras, Y.; Jiménez-Martin, I.; Mufioz, L.; Mateo, D.; De Andrés, C. Caracteristicas clinicas del deterioro cognitivo en la
demencia por esclerosis multiple: Estudio transversal. Rev. Espafiola Escler. Muiltiple 2009, 1, 5-15.

Mestas, L.; Salvador, J.; Gordillo, F. Reserva cognitiva y déficit en la planificacion en pacientes con esclerosis multiple. Rev. Asoc.
Espariola Neuropsiquiatria 2012, 32, 55-65. [CrossRef]

Chertkow, H.; Nasreddine, Z.; Joanette, Y.; Drolet, V.; Kirk, J.; Massoud, F; Belleville, S.; Bergman, H. Mild cognitive impairment
and cognitive impairment, no dementia: Part A, concept and diagnosis. Alzheimer’s Dement. 2007, 3, 266-282. [CrossRef]
Macciocchi, S.N.; Seel, R.T.; Thompson, N. The Impact of Mild Traumatic Brain Injury on Cognitive Functioning Following
Co-occurring Spinal Cord Injury. Arch. Clin. Neuropsychol. 2013, 28, 684-691. [CrossRef] [PubMed]

Macciocchi, S.; Seel, R.T.; Warshowsky, A.; Thompson, N.; Barlow, K. Co-Occurring Traumatic Brain Injury and Acute Spinal
Cord Injury Rehabilitation Outcomes. Arch. Phys. Med. Rehabil. 2012, 93, 1788-1794. [CrossRef] [PubMed]

Macciocchi, S.; Seel, R.T.; Thompson, N.; Byams, R.; Bowman, B. Spinal Cord Injury and Co-Occurring Traumatic Brain Injury:
Assessment and Incidence. Arch. Phys. Med. Rehabil. 2008, 89, 1350-1357. [CrossRef]

Gehlbach, B.K,; Salamanca, V.R.; Levitt, ].E.; Sachs, G.A.; Sweeney, M.K.; Pohlman, A.S.; Charbeneau, ].T.; Krishnan, J.A.; Hall,
J.B. Patient-Related Factors Associated with Hospital Discharge to a Care Facility after Critical Illness. Am. J. Crit. Care 2011, 20,
378-386. [CrossRef] [PubMed]

Ehlenbach, W].; Hough, C.L.; Crane, PK.; Haneuse, S.]J.; Carson, S.S.; Curtis, ].R.; Larson, E.B. Association between acute care and
critical illness hospitalization and cognitive function in older adults. JAMA 2010, 24, 763-770. [CrossRef]

Davey, R.].; Jamieson, S. The validity of using the mini mental state examination in NICE dementia guidelines. J. Neurol. Neurosurg.
Psychiatry 2004, 75, 343-344.

Crum, R.M.; Anthony, ].C.; Bassett, S.S.; Folstein, M.E. Population-based norms for the Mini-Mental State Examination by age and
educational level. JAMA 1993, 12, 2386-2391.

Wechsler, D. (Ed.) Escala de Memoria de Wechsler-11I; TEA Ediciones, S.A.: Madrid, Spain, 2004.

Pefia-Casanova, J.; Bertran-Serra, I.; Manero, R.M.; Jane, A. Versién abreviada del Test de Barcelona (I): Subtest y perfiles normales.
Neurologia 1997, 12, 99-111. [PubMed]

Benedet, M.].; Alejandre, M.A. (Eds.) Test de Aprendizaje Verbal Espafia-Complutense (Manual); TEA Ediciones, S.A.: Madrid, Spain,
1998.

Spielberg, ].M.; Miller, G.A.; Warren, S.L.; Sutton, B.P,; Banich, M.; Heller, W. Transdiagnostic dimensions of anxiety and
depression moderate motivation-related brain networks during goal maintenance. Depress. Anxiety 2014, 31, 805-813. [CrossRef]
[PubMed]

Spielberg, C.D.; Gorsuch, R.L.; Lushene, R.E. (Eds.) STAI. Cuestionario de Ansiedad Estado-Rasgo; TEA Ediciones, S.A.: Madrid,
Spain, 1999.

Sanz, J.; Perdigon, A.L.; Vazquez, C. Adaptacion espaiiola del Inventario para la Depresion de Beck-II: Propiedades psicométricas
en poblacion general. Clinica Salud 2003, 14, 249-280.


http://doi.org/10.1038/sj.sc.3102007
http://www.ncbi.nlm.nih.gov/pubmed/17179973
http://doi.org/10.1016/S0003-9993(95)80506-0
http://www.ncbi.nlm.nih.gov/pubmed/3408333
http://doi.org/10.1097/01.PHM.0000073829.37568.8F
http://doi.org/10.1038/s41393-018-0076-0
http://www.ncbi.nlm.nih.gov/pubmed/29472608
http://doi.org/10.4321/S0211-57352012000100005
http://doi.org/10.1016/j.jalz.2007.07.013
http://doi.org/10.1093/arclin/act049
http://www.ncbi.nlm.nih.gov/pubmed/24055885
http://doi.org/10.1016/j.apmr.2012.01.022
http://www.ncbi.nlm.nih.gov/pubmed/22480549
http://doi.org/10.1016/j.apmr.2007.11.055
http://doi.org/10.4037/ajcc2011827
http://www.ncbi.nlm.nih.gov/pubmed/21885459
http://doi.org/10.1001/jama.2010.167
http://www.ncbi.nlm.nih.gov/pubmed/9198458
http://doi.org/10.1002/da.22271
http://www.ncbi.nlm.nih.gov/pubmed/24753242

	Introduction 
	Materials and Methods 
	Participants 
	Research Protocol 
	Study Design 
	Neuropsychological Assessment 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	Limitations of the Study 
	
	References

