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ARTICLE INFO ABSTRACT

The National Spinal Cord Injury Statistical Center estimates 294,000 people in the US live with a spinal cord in-
jury (SCID), with approximately 17,810 new cases each year. Although the physical outcomes associated with SCI
PTSD have been widely studied, the psychological consequences of sustaining a SCI remain largely unexplored. Scant
Eﬁ;’gﬁ:e?gg;::l;:;réz research has focused on posttraumatic stress disorder (PTSD) in this population, despite prevalence estimates

suggesting that up to 60% of individuals with SCI experience PTSD post-injury, compared to only 7% of the gen-
eral US population. Fortunately, prolonged exposure therapy (PE) is a well-researched and highly effective treat-
ment for PTSD. However, no trauma focused exposure-based therapy for PTSD (e.g. PE) has not yet been tested in
a SCI population. Thus, we aim to conduct the first test of an evidence-based intervention for PTSD among pa-
tients with SCI. Adults with SCI and PTSD (N = 60) will be randomly assigned to either: (1) 12-sessions of PE
(2-3 sessions per week) or (2) a treatment as usual (TAU) control group who will receive the standard inpatient
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rehabilitation care for SCI patients. Primary outcomes will be assessed at 0, 6, 10, and 32 weeks.

1. Introduction

The National Spinal Cord Injury Statistical Center estimates 294,000
people in the US live with a spinal cord injury (SCI), with approxi-
mately 17,810 new cases each year [1]. Acute hospitalization and ongo-
ing medical management are often required for those who survive a
SCIL. Additionally, individuals with SCIs are susceptible to multiple
chronic conditions that are both injury-related (e.g., musculoskeletal
injuries, pain) and non-injury related (e.g., obesity, hypertension, glu-
cose intolerance, cardiovascular disease) [2,3]. Medical costs associ-
ated with a SCI are estimated at $523,000 in the first year post-injury
with annual recurring costs estimated at nearly $80,000 [4], while the
lifetime costs are estimated at $2.1 to $5.4 million depending on age of
onset and neurologic level of injury [5].

Substantial improvement of clinical outcomes have occurred in the
medical and rehabilitative management of people who have sustained a
SCI. Notably, length of stay (LOS) in acute medical rehabilitation has
decreased from 98 days to 31 days from the 1970s to now, respectively

[1]. Although individuals with SCIs have lower life expectancies as
compared to the general population, many people with SCIs are living
20-40 years longer than previous figures. Additionally, recent innova-
tions in engineering and the widespread use of technology has allowed
individuals with considerable impairments following SCI increased lev-
els of autonomy and community involvement than in previous decades.
These advances have offered people with SCI new technologies that
may assist to restore and replace movement [6].

Although the physical outcomes associated with SCI have been
widely studied, the psychological consequences of sustaining a SCI re-
main largely unexplored. Prior literature that investigates psychologi-
cal functioning primarily addresses elevated rates of depression in indi-
viduals with SCI [7-11]. Scant research has focused on posttraumatic
stress disorder (PTSD), despite prevalence estimates suggesting that up
to 60% [12,13] of individuals with SCI experience PTSD post-injury,
compared to only 7% of the general US population [14]. PTSD may oc-
cur after direct exposure to actual or threatened death or serious injury,
by witnessing a traumatic event, or by being repeatedly exposed to de-
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tails of a traumatic event [15]. As three leading causes of SCI occur
from motor vehicle collisions, falls, and violence, which are all defined
as traumatic injuries [1], it is unsurprising that PTSD may present in
higher rates among people with SCI compared to the general popula-
tion.

Identifying PTSD symptoms early is imperative, as acute interven-
tion has been shown to be highly effective [16,17] and may prevent the
full development of the disorder, which may be diagnosed 30 days after
the traumatic event [17,18]. Untreated PTSD is associated with in-
creased risk for physical health problems, physician visits, and signifi-
cant functional impairment across physical and psychosocial domains
[19]. Further, PTSD is one of the most economically costly of all anxiety
and trauma-related disorders because of a particularly high rate of work
impairment, hospitalization, and physician visits [20,21].

Strong evidence suggests that PTSD often co-occurs with depression
[22,23] and sleep disturbance in the general population [24-28]. Simi-
lar associations between PTSD and depression [10,23,29,30] and PTSD
and pain [29,31] have been observed in SCI samples. Given the in-
creased prevalence of depression, pain, and sleep problems among peo-
ple with SCI and the associated negative effects of these problems on
health and function [32,33], further investigation is warranted to ex-
amine whether treating PTSD can also reduce prevalence of these co-
morbid conditions.

Fortunately, highly effective treatments for PTSD exist. The most re-
searched and highly effective treatment for PTSD is prolonged exposure
therapy (PE) [16,34,35]. Previous research demonstrated that in 12 ses-
sions over a 6-week period, 85% of patients with PTSD respond to treat-
ment with the dropout rate similar to other non-exposure-based treat-
ments (20%). Although PE is effective in treating PTSD among various
populations (e.g., survivors of combat, rape, MVCs, natural disasters),
this treatment has not been researched specifically among individuals
with SCI diagnosed with PTSD. On the one hand, SCI inpatients (in a re-
habilitation facility) offer a unique opportunity to screen for PTSD and
offer evidence-based treatment for their PTSD symptoms while in the
facility. On the other hand, this population presents potential obstacles
to feasibility and efficacy. For example, these patients often have physi-
cal rehabilitation appointments from 8am to 4pm each day. It is not yet
known if such individuals will be willing and able to engage in difficult
psychological therapy in addition to their existing demanding schedule.
In addition, SCI patients all present as a group with significant physical
functioning changes as part of their medical sequela.

To our knowledge, there are no published studies on PTSD treat-
ment in a SCI population. Given the profound impact of PTSD on health
and functioning and the higher rate of symptoms compared to other
trauma populations, there is a critical need for evidence-based interven-
tions to address PTSD in those with SCI. Thus, we will conduct the first
test of a first-line evidence-based treatment for PTSD (PE) among pa-
tients with SCI.

2. Methods

The Institutional Review Board of Baylor University Medical Center
approved this study. This project is supported by the National Institute
on Disability, Independent Living, and Rehabilitation Research
(90IFRE0003) and is registered on clinicaltrials.gov (ID: NC-
T03624218). This study is currently in the recruitment phase. The
study is currently conducted at an inpatient rehabilitation hospital in
the South Central United States.

2.1. Specific aims & hypotheses
1. Evaluate the efficacy of the PE intervention on PTSD symptoms

among SCI survivors diagnosed with PTSD via a randomized
controlled trial (RCT).
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Hypothesis: Individuals with SCI and PTSD randomized to the PE
intervention for PTSD will show statistically significantly greater
improvements in PTSD symptoms as measured by the PTSD
Symptom Scale — Interview for DSM-5 (PSSI-5) compared to the
treatment as usual (TAU) control group [16,36-39].

2. Examine the efficacy of the PE intervention on secondary outcomes
including self-reported PTSD negative cognitions, depression, pain,
sleep, quality of life, posttraumatic growth, and substance use.

Hypothesis: Compared to the TAU control group, those randomized to
the PE will experience: a) significantly greater reduction in self-
reported PTSD negative cognitions as measured by the PTCI [16] b)
significantly greater reduction in depression as measured by the
Beck Depression Inventory II [16,40], c) significantly greater
reduction in pain as measured by the Numerical Rating Scale
[29,41], d) significantly greater improvement in sleep as measured
by the Pittsburg Sleep Quality Index Addendum [42], e)
significantly greater improvement in quality of life as measured by
the SCI-Quality Of Life [43,44]. f) significantly greater
posttraumatic growth as measured by the PTGI [45], and §g)
significantly greater reduction in substance use as measured by the
AUDIT-C and DAST [46-48].

3. To assess the feasibility and fidelity of delivering the PE
intervention to people with a SCI in an inpatient rehabilitation
setting who have screened positive for PTSD. Participant
adherence, duration of treatment, replication, and challenges
implementing the intervention in this patient population will be
assessed. Feasibility (acceptance and implementation) and fidelity
will both be assessed with standardized measures (see Table 1).

Hypothesis: PE will be feasible, acceptable, and fidelity will be high
(similar to other PE RCTs) in the SCI population of individuals with
PTSD [36].

2.2. Power analysis

As our proposed sample size of 60, this application is not powered to
detect small differences between treatment conditions. However, con-
sistent with the aims of a Stage IB study, our primary goal is determin-
ing 1) the feasibility of the new intervention and 2) whether a Stage II
study is warranted. Here we estimate the effect sizes that we will be
able to detect as statistically significant with 80% power for Aim 1.

Optimal Design Plus Empirical Evidence software was used to conduct
the power analysis for this hierarchial linear model (HLM). For 0.80
power at a = 0.05, a total of 60 participants would be sufficient to de-
tect a significant treatment effect size of 0.8. Thus, given that previous
meta-analyses have indicated a large effect size (g = 1.08) for RCTs
comparing PE to control conditions including treatment as usual for
PTSD outcomes [16], we will have sufficient power to detect a signifi-
cant effect.

2.3. Overview

A total of 60 adults with SCI and PTSD will be randomized to either
a PE intervention or the TAU control group. Participants in the PE inter-
vention will meet with a trained study therapist 2-3 times a week for
4-6 weeks. All participants will complete assessments at weeks 0, 6, 10,
and 32.

2.4. Participants

Participants will be individuals with PTSD, who have been diag-
nosed with either a traumatic or nontraumatic SCI for greater than or
equal to 30 days, and who are currently admitted to an inpatient reha-
bilitation hospital. Each individual will be screened with a PSSI-5 to de-
termine that they meet criteria for PTSD. It is not required that the in-
dex trauma is related to the SCI. In addition, participants must be will-
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Table 1
Schedule of measures for PTSD intervention.

Instrument (Outcome/Aim) Measurement Schedule

Baseline Treatment 6- 10- 32-
week week week

Primary Outcome Measure

PSSI-5 (1) X X X X

Secondary Outcome Measures

MINI (Screening)

PDS-5 (2) X

BDI-II (2)

PTCI (2)

NRS (2)

PSQI-A (2)

SCI-QOL (2)

PTGI (2)

AUDIT-C (2)

DAST-10 (2)

Therapy and Medication X X X
Questionnaire (2)

Therapist Adherence and Competence X
Rating Scale (3)

Participant Satisfaction Survey; X
Provider

Satisfaction Survey (3) X

Adherence to Conditions (3) X

Other Measures

Demographic Data X

Injury-related Data X

C-SSRS X X X X X

Note. AUDIT-C: Alcohol Use Disorder Identification Test-Consumption; BDI-
II: Beck Depression Inventory; C-SSRS: The Columbia Suicide Severity Rating
Scale; DAST-10: Drug Abuse Screening Test; MINI: MINI International Neu-
ropsychiatric Interview; NRS: Numerical Rating Scale for pain; PDS-5: Post-
traumatic Diagnostic Scale — Self-Report for DSM-5; PSQI-A: Pittsburgh Sleep
Quality Index Addendum for PTSD; PSSI-5: PTSD Symptom Scale — Inter-
view for DSM-5; PTCI: Post-Traumatic Cognitions Inventory; PTGI: Posttrau-
matic Growth Inventory; SCI-QOL: Spinal Cord Injury — Quality of Life. In-
jury-related Data will be pulled from patients EMR at the end of study pro-
cedures. The C-SSRS will be administered if a participant indicates any sui-
cidality on any measure during any interview or contact.

>

PO X K
PO XK

e
<

Il
Il
PP K X X X XX

ing and able to provide informed consent, understand inclusion and ex-
clusion criteria, and accept the randomized group assignment.

To ensure quality data and limit any possible adverse events, partici-
pants will be excluded for the following criteria: (1) patients in police
custody; (2) less than 18 years of age; (3) non-English speaking; (4) pa-
tients with severe cognitive impairment (assessed through chart review,
contact with speech therapy and/or licensed rehabilitation psycholo-
gist, and/or with the Cognistat); (5) patients who are acutely suicidal
and/or have been admitted for a suicide attempt; (6) patients who are
actively psychotic.

2.4.1. Participant screening

Potential participants will be prescreened using Electronic Medical
Records (EMR) to determine SCI status and possible cognitive deficits.
After prescreen, potential participants will be approached in their inpa-
tient rehabilitation hospital rooms by trained clinical research assis-
tants (CRAs) who will provide an overview of study procedures. Poten-
tial participants who express interest in participating in the study will
review the informed consent form with a CRA and have the opportunity
to ask questions. Participants who consent to participate in the study
will be assessed for posttraumatic stress symptoms using the PSSI-5. If
participants meet the symptom criteria according to the PSSI-5 and
other inclusion/exclusion criteria, they will be enrolled in the study and
complete a baseline interview with a CRA. CRAs will be the assessors
for all subsequent interviews.
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2.4.2. Baseline and randomization

After meeting inclusion criteria, participants will complete all base-
line procedures (outlined in Table 1). Participants will then be allocated
1:1 via randomization into the PE intervention or the TAU control
group. To reduce bias, assessors will be kept blinded to treatment con-
ditions until after the completion of baseline assessment; randomiza-
tion will be completed with pre-filled envelopes labeled 1-60 generated
by a third party not involved in assessing or treating participants. Ran-
domization will be computer generated and concealed by using a per-
mutated block randomization scheme with a block size of 6.

2.5. Interventions

2.5.1. Prolonged exposure therapy (PE)

Participants randomized to the PE intervention will receive 2-3, 60-
min sessions each week for 4-6 weeks (12 total sessions). We selected
the 60-min format (over the 90-min format) for three reasons: (1) to
meet the limited time demands of an inpatient rehabilitation facility;
(2) one randomized [49] and one non-randomized [50] trial showed
that 60-min PE was as effective as 90-min PE sessions in the treatment
of PTSD; and (3) this format is feasible and has been completed under
similar conditions (i.e. Emergency Department) [18,49]. The treatment
is manualized [37,51] and includes: education about common reactions
to trauma, breathing retraining, prolonged (repeated) imaginal expo-
sure to trauma memories, repeated in vivo exposure to situations that
participants are avoiding due to trauma-related fear, and discussion of
thoughts and feelings related to the trauma. This processing discussion
addresses participants' unrealistic beliefs about themselves and the
world and helps them make sense of the trauma. Therapy will be per-
formed in the participant's room to ease burden on those with limited
mobility. Any missed PE session will be made up by scheduling multiple
sessions in subsequent weeks. In the event a participant does not com-
plete all 12 sessions within 6 weeks, the remaining sessions will be com-
pleted after the 6-week assessment in person or via phone contact if
needed and noted to file for differential analysis. Virtual Sessions will
also be offered if preferred by patients. The intervention will be super-
vised weekly and delivered by trained therapists, who attended a two-
day PE workshop training. The weekly supervision format was devel-
oped by the authors of the treatment manual (Dr. Edna Foa and col-
leagues) and includes: a) review of participant symptoms, b) review of
session content, c) review the session video, and review of plan for fu-
ture sessions. Fidelity will be assessed using the Therapist Adherence
and Competence Rating Scale.

2.5.2. Treatment as usual (TAU)

Participants in the control arm will only receive the standard clini-
cal treatment administered to all SCI patients at the inpatient rehabili-
tation hospital. This includes an evaluation by a licensed clinical psy-
chologist and continued follow-up psychotherapy, as needed (which
does not include PE).

2.6. Post-treatment follow-up

CRAs will collect participants’ contact information (i.e., telephone
number, email, mailing address) during baseline procedures. Partici-
pants will be contacted to complete follow-up assessments at 6-, 10-,
32-weeks (See Table 1).

2.7. Assessment

Clinical Research Assistants (CRAs) are the independent evaluators/
assessors who will administer the assessments. The post-
baccalaureate/graduate level CRAs completed training including: a) a
2-day intensive PTSD workshop, b) training in the specific measures in-
cluding mock administrations, and c) certification on the suicide mea-
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sure/protocol (C-SSRS/Safety Plan). Also, the CRAs will attend regular
fidelity/reliability meetings. These meetings will include listening to
the assessment audio along with meeting attendees independently rat-
ing the symptoms. This will provide the opportunity for reliability as-
sessments and prevent observer drift. Table 1 provides an overview of
the frequency and timing of administration for the primary assessment
instruments used for screening, to measure PTSD severity, pain, depres-
sion, sleep, and quality of life.

2.7.1. Primary outcome measure — standardized PTSD interview (PSSI-5)
2.7.1.1. Posttraumatic stress symptoms interview. We will use the PTSD
Symptom Scale-Interview Version (PSSI-5) to assess posttraumatic
stress symptoms [52]. This interviewer-administered 20-item scale
rates each of the DSM-5 symptom criteria on a 0-3 scale of frequency
and/or severity. To meet criteria for PTSD, individuals must endorse at
least one statement from each of the following symptom clusters: “Re-
experiencing” and “Avoidance”; and at least two statements from the
following symptom clusters: “Changes in Cognition and Mood” and “In-
crease Arousal and Reactivity”. The PSSI-5 is a reliable and valid scale;
it is sensitive to treatment effects and is highly correlated with the Clin-
ician Administered PTSD Scale, another widely used PTSD interview
assessment [53].

2.7.2. Secondary outcome measures — measures of PTSD (self-report),
mood, and anxiety symptoms and side effects

2.7.2.1. The MINI International Neuropsychiatric Interview (MINI)
[54]. This structured clinical interview will be used for screening of
inclusion/exclusion diagnoses and has been effectively validated using
the Structured Clinical Interview for DSM and the Composite Interna-
tional Diagnostic Interview with good concordance [54]. It assesses
multiple DSM diagnoses such as Generalized Anxiety Disorer, PTSD,
Bipolar Disorders, etc. These diagnoses will be used for analyses of co-
morbidity as a potential moderator of outcome and for descriptive sta-
tistics to characterize the sample.

2.7.2.2. The Posttraumatic Diagnostic Scale for DSM-5 (PDS-5) [55]. The
Posttraumatic Diagnostic Scale for DSM-5 (PDS-5) is a 20-item, self-
report measure that assesses PTSD symptom severity according to the
DSM-5 criteria. The symptom items are rated on a 5-point scale of fre-
quency and severity from 0 (“Not at all”) to 4 (“6 or more times a week/
severe”). Scores range from O to 80. Mean in veterans, community, and
student trauma exposed participants = 30.39. A PDS-5 cutoff score of
28 or higher allowed for the best sensitivity (true positives) and speci-
ficity (true negatives) AUC = 0.86 which is greater than 0.5.

2.7.2.3. The Beck Depression Inventory-II (BDI-I[) [56]. This widely
used 21-item, self-report inventory measures severity of depressive
symptoms. The internal consistency of the BDI-II is strong and it has
been found to have good concurrent validity [57,58]. Scores are inter-
preted as follows: 0-13, minimal; 14-19, mild; 20-28, moderate; and
29-68, severe [59].

2.7.2.4. The Post-Traumatic Cognitions Inventory (PTCI) [60]. The PTCI
is a 36-item instrument that assesses dysfunctional post-trauma cogni-
tions across self, world, and self-blame to yield a total score. The scale
has high internal consistencies and correlates with PTSD severity, anx-
iety, and depression [60].

2.7.2.5. The Numerical Rating Scale of pain intensity (NRS) [61]. The
NRS is a commonly used validated measure of pain intensity [62,63].
This 11-point rating scale ranges in pain severity from O being “no
pain” to 10 being “worst pain imaginable”. The NRS has been recom-
mended by the Initiative on Methods, Measurement, and Pain Assess-
ment in Clinical Trials [64] as a core outcome measure in clinical tri-
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als of chronic pain and is specifically recommended for SCI-related
pain [65,66].

2.7.2.6. The Pittsburgh Sleep Quality Index Addendum for PTSD (PSQI-A)
[67]. This 7-item, self-report instrument assesses the frequency of dis-
ruptive nocturnal behaviors, which are often associated with PTSD.
The PSQI-A has satisfactory internal consistency and good convergent
validity with two standard PTSD measures, and is considered a valid
instrument for PTSD in clinical and research settings [68].

2.7.2.7. SCI quality of life- positive affect & well-being — short form (SCI-
QOL) [69]. The SCI-QOL is a 10-item, self-report measure that assesses
positive affect and well-being (e.g., “I thought positively about my fu-
ture”) in the past seven days on a 1 (“never”) to 5 (“always™) Likert
scale. It has been demonstrated as a robust psychometric measurement
tool [69,70].

2.7.2.8. The Posttraumatic Growth Inventory (PTGI) [71]. This 21-item
scale assesses perceived positive outcomes following traumatic events,
which includes following subscales: New Possibilities, Relating to Oth-
ers, Personal Strength, Spiritual Change, and Appreciation of Life. The
PTGI is modestly related to optimism and extraversion, and may be
predictive of coping success and positively reconstructing perceptions
of self and others post-trauma [71].

2.7.3. Other measures

2.7.3.1. Alcohol Use Disorder Identification Test-Consumption (AUDIT-C)
[72]. This 3-item alcohol screen has been extensively validated to de-
tect problem drinking and has been a recommended screening tool for
alcohol screening. Items are scored from O to 4 and a score of greater
than or equal to 4 for males and 3 for females showed the greatest sen-
sitivity and specificity for the respective sexes [72].

2.7.3.2. Drug Abuse Screening Test (DAST). The DAST is a 10-item scale
that assesses consequences related to the abuse of illegal and prescrip-
tion drugs [73]. The DAST has established validity among substance
abusing inpatients. With one point added for every yes except question
3, which is reversed scored, a score of 1-2 is considered low level of
problems related to drug abuse, 3-4 is considered a moderate lever, 6-8
is a substantial level and 9-10 is a severe level [74-76].

2.7.3.3. Therapist Adherence and Competence Rating Scale [77]. This di-
chotomous scale requires the rater to assess the PE session facilitator on
therapy elements (e.g., discussed post-trauma reactions, instructed
client on breathing techniques) and therapist factors (e.g., engaged in
interactive exchange with client). The overall therapist competence is
then rated on a scale from 0 “very poor” to 5 “excellent.” This scale will
be completed for 15% of the sessions delivered per recommended
guidelines [77,78].

2.7.3.4. Therapy history. Participant therapy history is assessed via a 5-
item face valid questionnaire created for the study. Questions ask about
current and recent therapy and medication use to account for any out-
side therapy the TAU or PE participants might be getting.

2.7.3.5. Participant satisfaction survey (adapted from evidence-based prac-
tice attitude scale [77]. This survey asks about experience with the clini-
cal and study staff. Those randomized to the PE arm will receive an ad-
ditional assessment about their experience of PE.

2.7.3.6. Provider satisfaction survey (adapted from evidence-based practice
attitude scale) [77]. The first 15 items assess beliefs about evidence-
based practice, perceived barriers, and institutional requirements. The
next 8 items assess provider experiences with the training, supervision,
and deployment of the PE intervention over the course of the study.
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2.7.3.7. Adherence to conditions. Feasibility of implementation will be
assessed by tracking session attendance to determine relative adher-
ence in the PE vs. TAU groups. Both the PE and TAU sessions will be
measured as the number of psychology appointments each group at-
tended.

2.7.3.8. Demographic data. Participant demographic variables will be
obtained through a standard self-report form and the participant's
medical record. Information will include age, race, ethnicity, marital
status, education level, employment, income, insurance status, veteran
status, premorbid psychiatric history, and history of substance use.

2.7.3.9. Injury-related data. Participant injury-related variables from
the acute SCI will be obtained from the EMR and the hospital
trauma registry when available (TraumaBase CDM, Conifer, CO).
Supplementary clinical information will also be extracted from the
EMR provided by referring hospital upon admission to the inpatient
rehabilitation hospital regarding: loss of consciousness at time of in-
jury based on objective clinical assessments, Glasgow Coma Scale
score at time of acute admission; length of stay in intensive care,
number of days spent on ventilator, and positive alcohol and/or
drug screen at time of admission. In addition, outcome-related vari-
ables during the rehabilitation stay (i.e., ASIA score, functional in-
dependence, length of stay, etc.), will be collected.

2.7.3.10. Suicidality. The Columbia Suicide Severity Rating Scale (C-
SSRS) [79] will be administered to assess for current and past suicidal
ideation, intent, and behavior as well as self-injurious non-suicidal be-
haviors if individuals indicate any suicidality on any measure (e.g.
BDI-II item 9 at every visit and treatment session) or during contact
(e.g. MINI diagnostic interview at baseline or spontaneously reported
to a therapist/assessor). The C-SSRS demonstrates good reliability and
validity [79,80]. If participants are found to be at risk, assessors or
therapists will complete the empirically validated Safety Plan work-
sheet with the participant [81]. They will also report to the PI of the
study and medical staff will be made aware if they are inpatient. If
they are outpatient, first responders may be contacted to ensure par-
ticipant's safety.

3. Data analysis
3.1. Aim1

A HLM will be used to evaluate the efficacy of the PE intervention
on PTSD symptoms across time. PTSD symptoms will be assessed based
on the total score of the PSSI-5 at each study timepoint. The repeated
measures will be nested within individuals, who will be nested within
their treatment cohort, thereby accounting for correlation within co-
horts. This HLM will provide a tailored time effect for each patient and
has the added benefit of including data from participants who miss an
assessment. Our HLM analyses will employ a 2-phase piecewise growth
curve model to track improvement over the course of the 32-week
study, which will allow for different slopes in each phase. The first
phase of the growth model will include weeks 0-6 of the study (treat-
ment phase) and the second phase will include weeks 6-32 (post-
treatment phase). We will model a discontinuity in the growth curve
between the first and second phases to reflect a potential increase in
PTSD symptoms when treatment ends and the follow-up phase begins.
We will model change over time as curvilinear within each phase, but
drop curvilinear terms if they are not significant.

We will model the covariance matrix for the time component with a
first-order autoregressive structure. In addition to the PSSI-5 total
score, we will measure successful response to treatment using the Reli-
able Change Index (RCI) [82], which is calculated as the change in
score from baseline to each time point divided by the standard error of
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the difference of the test. An RCI less than —1.96 indicates a significant
decrease in symptoms. Participants who reach this mark will be labeled
responders. This outcome will be analyzed using HLM with a logistic
link function for the binary outcome of responders vs. non-responders.

Based on previous studies [31,83],we will examine whether other
factors affect treatment. These factors will include severity of injury, fe-
male gender, and pre-morbid mental health issues. As such, each vari-
able will be addressed in the HLM analysis as a covariate.

3.2. Aim2

HLM will be used to examine the efficacy of the PE intervention to
assess efficacy for secondary outcomes including depression, pain,
sleep, and quality of life across time. Consistent with Aim 1, these mod-
els will use a 2-phase growth model with discontinuity between the
treatment and follow-up phase, and covariate analysis will follow an
identical statistical plan. These models will address relevant control
variables (e.g., severity of injury, female gender, and pre-morbid men-
tal health issues, etc.). We will use the Benjamini-Hochberg correction
to account for the possible inflation of Type 1 error due to multiple sig-
nificance tests on secondary outcomes variables.

3.3. Aim 3

Analysis for Aim 3 will include the reporting of descriptive statistics
from the participant and provider satisfaction surveys, as well as the
summarization of the adherence data. An overall adherence/compe-
tence rating will be based on the total number of therapy elements with
a “yes” response and the total number of therapist factors with a “yes”
response on the PE Adherence Scales questionnaire in order to assess
for overall receipt of the intended intervention. An independent sam-
ples t-test will compare the overall adherence/competence rating be-
tween PE and TAU groups. Each score will then be categorized into
“very poor”, “barely adequate”, “good”, or “excellent” ratings as de-
scribed in the PE Adherence Manual. The ratings will be summarized
for each session.

3.4. Missing data

Following Hall et al. [84] and Enders [79], we will use pattern mix-
ture modeling to assess the effect of missing data. We will rerun our
analyses coding for various missing data patterns (no missing data, spo-
radic missing, dropouts, etc.) to determine both if missingness impacts
our findings and how the comparison between PE and TAU depends on
the missing data pattern.

4, Discussion

Despite prevalence estimates suggesting that up to 60% of individu-
als with SCI have PTSD, little attention has been given to mental health
interventions for this at-risk group in scientific literature [18,24,25,29].
Currently, no studies have examined the efficacy of PE for individuals
with SCI. Thus, the primary goal of the present study is to provide ini-
tial evidence for the efficacy of PE for PTSD symptoms among individu-
als with SCI diagnosed with PTSD. In addition, we will examine the effi-
cacy of PE for comorbid clinical problems including pain, depression,
sleep, and poor quality of life. Lastly, the current study will determine
the feasibility of conducting PE in an inpatient rehabilitation setting.
Overall, the expected findings should: (1) provide information on the
efficacy of PE in the reduction of PTSD symptoms in individuals with
SCI; and (2) provide evidence for the feasibility of accommodating
treatment to individuals with SCI in an inpatient rehabilitation setting.
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