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Abstract

Objective. This study evaluated the association between pain outcomes and post-traumatic stress disorder (PTSD)
symptom trajectories after combat-related injury, while adjusting for receipt of regional anesthesia (RA) soon after
injury. Methods. The PTSD symptom trajectories of N¼ 288 combat-injured service members were examined from
within a month of injury up to two-years after. Linear mixed-effects models evaluated the association between PTSD
symptom trajectories and average pain and pain interference outcomes while adjusting for receipt of RA during
combat casualty care. Results. Four PTSD trajectories were characterized: resilient, recovering, worsening, and
chronic. Differential pain presentations were associated with PTSD symptom trajectories, even after adjusting for re-
ceipt of RA. Compared to those with a resilient PTSD symptom trajectory, individuals presenting with chronic PTSD
trajectories were estimated to experience average pain scores 2.61 points higher (95% CI: 1.71, 3.14). Participants
presenting with worsening (b¼ 1.42; 95% CI: 0.77, 1.78) and recovering PTSD trajectories (b¼0.65; 95% CI: 0.09,
1.08) were estimated to experience higher average pain scores than participants with resilient PTSD trajectories.
Significant differences in pain interference scores were observed across PTSD trajectories. Receiving RA was associ-
ated with improved pain up to two years after injury (b ¼ -0.31; 95% CI: -0.90, -0.04), however no statistically signifi-
cant association was detected between RA and PTSD trajectories. Conclusions. Chronic and worsening PTSD trajecto-
ries were associated with greater pain intensity and interference following combat injury even when accounting for
receipt of early RA for pain management. These findings underscore the need to jointly assess pain and PTSD symp-
toms across the trauma care continuum.
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Background

Significant advancements in combat casualty care have

increased survival rates of American service members

sustaining complex combat injuries during Operation

Enduring Freedom and Operation Iraqi Freedom (OEF/

OIF) [1]. The severity of many of these combat-related

injuries warranted early and sustained pain management

[2]. However, there is a dearth of research examining

how early multimodal pain management interventions,

delivered in the immediate aftermath of injury and

throughout the military evacuation chain, impact long-

term pain and mental health. Evidence suggests that

hyperstimulation of central neuronal pathways and unre-

lieved acute pain induces neural plasticity in the central

nervous system and leads to maladaptive neuropathologi-

cal remodeling after injury [3,4]. This rewiring may result

in chronic pain and elevate subsequent risk for mental

health conditions, such as post-traumatic stress disorder

(PTSD), for patients who have experienced unrelieved se-

vere pain after traumatic injury [5,6].

The mutual presence of PTSD and pain in OEF/OIF

veterans has been investigated since the onset of the con-

flicts. Estimates show 30%–60% of combat-injured vet-

erans are diagnosed with PTSD, compared to 11%–20%

in the general OEF/OIF veteran population [7,8]. PTSD

is a risk factor for transitioning from acute to chronic

pain [9]. To date, the relationship of pain and PTSD in

OEF/OIF combat-injured populations, and their subse-

quent care needs, has primarily been examined using

cross-sectional or retrospective studies conducted long af-

ter the initial injury without evaluating symptom severity

or symptom trajectories [10–12]. Longitudinal research

is needed to understand how the mutual maintenance of

conditions impacts changes in PTSD and pain symptom

severity over time. The few longitudinal investigations of

pain and PTSD symptom severity in OEF/OIF service

members and veterans are limited to one year follow up

periods, rarely report time since injury, and depend on

self-reported injury status rather than objective measures

[10].

Few longitudinal studies examining PTSD symptom

trajectories after combat account for the potential effects

of pain management interventions. Regional anesthesia

(RA) has been shown to provide adequate acute pain

management for modern combat casualties in the austere

environment and throughout evacuation [2]. Benefits of

RA over systemic analgesics and anesthetics include the

avoidance of intubation for mechanical ventilation,

lower risk of hemorrhage, and better postoperative anal-

gesia [13–15]. Metanalyses have consistently shown that

RA may reduce the development of chronic pain postop-

eratively, however less is known on how the use of RA

may impact long-term pain outcomes after combat-re-

lated injury [16]. Moreover, observational studies have

suggested early opioid based pain management after

combat-injury is protective against the development of

PTSD [17]. This indicates that early pain management

approaches, such as RA, delivered soon after being in-

jured in combat could potentially influence not only pain

outcomes but also PTSD symptoms. Therefore, the objec-

tive of this secondary analysis was to evaluate the associ-

ation between pain outcomes across PTSD symptom

trajectories while adjusting for the administration of RA

for early pain management after combat injury. We hy-

pothesized that participants with chronic or worsening

PTSD symptom trajectories would experience higher

pain intensity and interference, even after adjusting for

receipt of early RA. An exploratory aim of this study was

to examine if early RA moderated the relationship be-

tween PTSD trajectories and pain outcomes. This study’s

longitudinal nature, ability to capture patient-reported

outcomes from within a time frame that was close in

proximity to injury causing events, and the incorporation

of pain interference measures, rather than pain intensity

alone, provides a unique opportunity to study the long-

term relationships between RA, PTSD trajectories, and

pain outcomes in combat-injured populations.

Methods

Study Design
This was a secondary analysis of a prospective observa-

tional cohort study that investigated the benefits of early

RA following combat-related limb injuries sustained in

the OEF/OIF conflicts by United States (U.S.) service

members and the subsequent patient-reported pain out-

comes (NCT00431847) [18]. Enrollment began in 2007

and data collection concluded in 2015. The research

team at Corporal Michael J. Crescenz Veterans Affairs

Medical Center (Philadelphia, PA) collected participants’

patient-reported outcomes via telephone. Attempts were

made to collect patient-reported outcomes monthly for

individuals joining the study within the first 6 months af-

ter injury and every 3 months thereafter, for up to

24 months after combat injury. Individuals could join the

study at any time within 24 months of injury, resulting in

variation in the number of follow-up interviews. Data on

pain intensity and interference, and mental health symp-

tom severities, including PTSD were collected at each

time point. Medical record review from The Department

of Defense’s (DoD) Joint Theater Trauma Registry, now

known as the DoD Trauma Registry, provided clinical

and military career information, including date of injury,

pain management and treatment status, and Injury

Severity Score (ISS). IRB approval was provided by both

the Department of Veterans Affairs Medical Center

Research & Development Committee and the University

of Pennsylvania. This study adheres to the STROBE

guidelines.
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Participants
Participants were recruited from the former Walter Reed

Army Medical Center (Washington, DC), the current

Walter Reed National Military Medical Center

(Bethesda, MD), and the U.S. Army Institute of Surgical

Research at Brooke Army Medical Center (San Antonio,

TX). Service members with a combat-related extremity

injury requiring hospitalization were eligible for enroll-

ment. Those with a moderate or severe traumatic brain

injury (TBI) were excluded. For this analysis all individu-

als with 2 or more pain and Post-Traumatic Stress

Disorder Checklist (PCL) scores were included

(Supplementary Data 1).

Measures
The PCL is a 17-item validated PTSD assessment instru-

ment [19]. Respondents rate the extent to which they

have experienced each of the diagnostic symptoms for

PTSD outlined in the Diagnostic and Statistical Manual

of Mental Disorders IV (DSM-IV) since the time of their

combat injury. Total scores are computed by adding the

17 items, with each item scored based on the degree to

which participants experienced symptoms over the past

month from 1, “not at all,” to 5, “extremely.” PCL

scores range from 17 to 85. The VA National Center for

PTSD recommends a minimum threshold of 30 for total

symptom severity score on the PCL be considered meet-

ing PTSD diagnostic criteria [20]. PTSD trajectories were

utilized as the independent variables in this analysis.

The validated Brief Pain Inventory (BPI) measures

pain intensity and pain interference [21]. The BPI meas-

ures the multiple dimensions of pain, including asking

respondents to reflect on their pain experience to better

contextualize the pain they are reporting at time of as-

sessment. Respondents rate their average pain intensity

over the past week on a scale of 0–10, with 0 being “no

pain,” and 10 being “pain as bad as you could imag-

ine.” Participants rate the degree to which pain inter-

feres with general activity, mood, walking, work,

relationships, sleep, and enjoyment of life from 0, “pain

does not interfere,” to 10, “interferes completely,” col-

lectively known as pain interference. BPI average pain

and pain interference scores were the primary outcomes

of this analysis.

Early RA is a unique definition used for the purposes

of this study to reflect the use of continuous peripheral

nerve blocks placed early on in transitions in care

combat-injured services members typically experienced

prior to arriving in a continental U.S. military facility.

RA refers to analgesics delivered under ultrasound imag-

ing to a specific body region via a catheter, thereby

allowing for the localized delivery of pain management

to an injured extremity. Early RA was only possible

based on an injured service member’s proximity to a for-

ward operating base with a trained military anesthesia

provider and acute pain service deployed at time of

injury, and the availability of these services upon arrival

in a U.S. military hospital. RA receipt was confirmed in

the medical and surgical records upon enrollment.

Participants not receiving early RA still received standard

pain management including systemic multimodal analge-

sia throughout transportation and acute care at U.S. mili-

tary medical facilities or received RA beyond 7 days if

clinicians and patients determined additional pain man-

agement approaches were warranted (e.g., during wound

debridement). Data on battlefield medication adminis-

tered using regional anesthesia and discharge medication

were not available.

At baseline, research nurses collected participants’

sociodemographic characteristics (e.g., age, gender, race,

ethnicity, education, marital status). The length of hospi-

talization (in days), number of deployments, and Injury

Severity Score (ISS) were obtained from the health re-

cord. The ISS is a scale used to evaluate anatomic injury

severity that ranges from 0 to 75, with 75 indicating the

greatest severity and incompatible with life [22]. The ISS

is based on the Abbreviated Injury Scale (AIS) score allo-

cated to the six body regions (i.e., Head, Face, Chest,

Abdomen, Extremities, and External). The highest AIS

score in each body region was used. The three most se-

verely injured body regions scores were squared and

summed to produce the ISS.

Statistical Analysis
Univariate descriptive statistics (e.g., mean, standard de-

viation (6)) for both cohorts were calculated to charac-

terize the sample. Differences in demographics and

clinical characteristics between PTSD symptom trajec-

tory groups were compared using ANOVA and chi-

square tests. For this analysis, PTSD symptom severity

was examined using PCL total scores. Trajectories were

identified using an exploratory k-means algorithm inter-

polating PCL scores over each time point [23]. Average

PCL scores per trajectory were examined with an

ANOVA and post hoc pairwise comparisons were com-

puted using a Tukey’s Test. After characterizing trajecto-

ries, PTSD symptom trajectories were transformed from

a continuous variable into an indicator term: (1) individ-

uals with a resilient trajectory, or low stable scores; (2)

individuals with a recovering trajectory (e.g., PTSD

symptoms decrease over time); (3) individuals with wors-

ening trajectory (e.g., PTSD symptoms increase over

time); and (4) individuals with chronic trajectories (e.g.,

consistently high, unremitting scores) (Figure 1). These

groupings reflect four symptom trajectories commonly

reported in the literature [24–26].

Time was defined as the number of months since in-

jury that a pain outcome measure was observed (i.e.,

months 1 to 24). When used as a continuous random-

effect in the model, time accounts for both within and be-

tween subject variability in point estimates. Therefore, a

random intercept unique to each individual was used in

2640 Giordano et al.



the model parameter estimates. Indicator variable for

time since injury and time to first observation in the

study, known as the study entry cohort, were included in

the model to account for potential selection bias. The

study entry cohorts were categorized as �6 months of in-

jury or >6 months after injury.

Linear mixed effects models examined whether longitu-

dinal progression of the outcomes, pain intensity and pain

interference, were associated with a participant’s PTSD

symptom trajectory, while adjusting for receipt of RA.

First, bivariate models were fit to assess the association of

each fixed effect (e.g., RA receipt, ISS, length of hospitali-

zation) to pain outcomes, using a forward stepwise vari-

able selection process. Goodness of fit for each model was

assessed using Akaike information criterion (AIC). Each

model included a random intercept and slope to account

for individual differences in the time between injury to ob-

servation (i.e., the number of months after injury that the

outcome measure was recorded per person). Both a model

with random intercept only, and a model with random

slope only were assessed for goodness of fit and compared

to the combined random intercept and slope model. The

combined intercept and slope model were determined to be

best fitting based on AIC to account for time since injury

and time of observation per person.

Mixed effects models were constructed to evaluate the

association between PTSD trajectories and pain intensity

and interference, separately. Sensitivity analyses included

generating models after controlling for baseline pain in-

tensity and interference but did not improve overall fit.

Interaction terms between RA and time (month since in-

jury) were not significant and did not improve model fits

compared to models without interaction terms, based on

AIC. Similarly, interaction terms between RA and PTSD

trajectory were not significant, thus indicating RA did

not moderate the association between PTSD trajectories

and pain outcomes (Supplementary Data 2). Model

parameters were estimated using maximum likelihood

with degrees of freedom derived using the Satterthwaite

method, after comparing against full restricted maximum

likelihood estimation (REML) for parameters [27,28].

Post hoc power analyses indicated that the present sam-

ple size achieved sufficient power, 81%, to detect a dif-

ference as small as -0.25 in the observed differences of

the repeated outcomes of interest (e.g., average pain) be-

tween the slopes of the PTSD trajectories at an alpha

level of 0.05 (PASS V.16, NCSS, LLC, Kaysville, Utah,

USA). Statistical significance was set to P< 0.05. All

analyses were conducted with R Studio.

Results

This sample of 288 combat-injured service members was

predominately young, with a mean age of 28 years (67),

White (77%), and almost exclusively male (99%) (Table

1). There was an average of 7 (62.6) study visits per

participant. Over a third of participants (36%) received

RA within seven days of injury. The mean ISS score was

18.2 (10.5), with blast-related injuries being the most

frequent mechanism of injury (75%). The majority of
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Figure 1. PTSD symptom trajectories estimated from average PTSD checklist scores over 2 years after injury, with 95% confidence
intervals.
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the sample sustained leg (84%) or arm injuries (56%),

with approximately 38% of participants requiring am-

putation. The median length of initial hospitalization

was 26 days.

PTSD Trajectories
ANOVA results indicated that the average PCL scores dif-

fered across trajectories (P < 0.001). Participants’ with resil-

ient trajectories had the lowest average PCL score over the

duration of the study, 19.3 (63.2), followed by the recovery

trajectory, 27.9 (65.8), the worsening trajectory, 37.3

(610.3), and the individuals experiencing a chronic trajec-

tory, 59.8 (69.2). Post hoc pairwise comparisons indicated

that the mean difference in PCL scores between resilient and

chronic trajectories significantly differed by 33.0 points (95%

CI: 30.7, 35.3). Additionally, individuals with the worsening

trajectory were estimated to have a mean PCL score 7.1

points higher than the recovery trajectory (95% CI: 5.1, 9.0).

There were no significant differences in the mean PCL score

based on time of entry into the study (�6 vs.>6months after

injury). Neither mean PCL scores nor the proportion of par-

ticipants in each PTSD trajectory statistically significantly dif-

fered based on receipt of early RA (Table 1).

Mixed-Effects Models: Association between PTSD

Trajectories and Pain Outcomes
There was a statistically significant difference in pain

outcomes based on PTSD symptom trajectories

Table 1. Sample characteristics at baseline

Total Resilient Recovery Worsening Chronic
PN¼288 N¼152 N¼57 N¼53 N¼26

Age, mean (SD)† 28.0 (7.0) 28.1 (6.6) 27.7 (7.2) 28.7 (8.8) 29.1 (6.7) 0.807

Male, n (%)* 285 (99.0) 151 (99.3) 56 (98.2) 53 (100.0) 25 (96.2) 0.386

Marital status, n (%)* 0.882

Single, Never Married 136 (47.2) 75 (49.3) 28 (49.1) 21 (39.6) 12 (46.2)

Married/Partnered 139 (48.3) 71 (46.7) 27 (47.4) 29 (54.7) 12 (46.2)

Separated/Divorced 13 (4.5) 6 (3.9) 2 (3.5) 3 (5.7) 2 (7.7)

Race, n (%)* 0.343

Caucasian/White 223 (77.4) 123 (80.9) 44 (77.2) 39 (73.6) 17 (65.4)

African American/Black 14 (4.9) 4 (2.6) 5 (8.8) 3 (5.7) 2 (7.7)

Asian American/Pacific Islander/

Native

American/Other

51 (17.7) 25 (16.4) 8 (14.0) 11 (20.8) 7 (26.9)

Non-Caucasian Hispanic, n (%)* 40 (13.9) 21 (13.8) 5 (8.8) 9 (17.0) 5 (19.2) 0.514

Education, n (%)* 0.327

High School/GED 113 (39.2) 54 (35.5) 24 (42.1) 26 (49.1) 9 (34.6)

Any College 175 (60.8) 98 (64.5) 33 (57.9) 27 (50.9) 17 (65.4)

Military Service, n (%)* 0.851

Army 216 (75.0) 117 (77.0) 39 (68.4) 40 (75.5) 20 (76.9)

Marine Corps 55 (19.1) 28 (18.4) 13 (22.8) 9 (17.0) 5 (19.2)

Other 17 (5.9) 7 (4.6) 5 (8.8) 4 (7.5) 1 (3.8)

Number of study visits, mean (SD) † 7.1 (2.6) 7.2 (2.6) 7.4 (2.3) 6.7 (2.9) 6.2 (2.4) 0.795

Months from injury to enrollment, n

(%)*

0.370

� 6 months 228 (79.2) 120 (78.9) 48 (84.2) 38 (71.7) 22 (84.6)

> 6 months 60 (20.8) 32 (21.1) 9 (15.8) 15 (28.3) 4 (15.4)

Number of deployments, median

[IQR]‡

2 [1, 3] 2 [1, 3] 2.00 [1, 2] 1 [1, 3] 2 [1, 3] 0.652

Baseline PTSD Checklist, mean (SD) † 28.7 (13.8) 19.3 (3.2) 27.9 (5.8) 37.3 (10.3) 59.8 (9.2) <0.001

Early regional anesthesia, n (%)* 104 (36.1) 51 (33.6) 21 (36.8) 20 (37.7) 12 (46.2) 0.650

Length of Stay, Days, median, [IQR]‡ 26 [13, 49] 28 [15, 50] 31 [10, 50] 21 [10, 52] 23 [17, 34] 0.370

Injury Severity Score, mean (SD) † 18.2 (10.5) 18.9 (10.8) 18.1 (11.6) 17.0 (9.6) 16.9 (7.5) 0.603

Injury resulting in amputation, n

(%)*

108 (37.6) 65 (42.8) 22 (39.3) 16 (30.2) 5 (19.2) 0.081

Arm injury, n (%)* 160 (55.7) 86 (56.6) 32 (57.1) 29 (54.7) 13 (50.0) 0.063

Leg injury, n (%)* 241 (84.0) 132 (86.8) 46 (82.1) 40 (75.5) 23 (88.5) 0.999

Head injury, n (%)* 113 (39.4) 57 (37.5) 22 (39.3) 22 (41.5) 12 (46.2) 0.910

Chest injury, n (%)* 129 (44.9) 66 (43.4) 23 (41.1) 27 (50.9) 13 (50.0) 0.123

Explosive/Blast-related injury, n (%)* 216 (75.0) 117 (77.0) 38 (66.7) 43 (81.1) 18 (69.2) 0.066

Gunshot injury, n (%)* 46 (16.0) 20 (13.2) 13 (22.8) 7 (13.2) 6 (23.1) 0.297

Other mechanism of injury, n (%)* 16 (5.6) 12 (7.9) 2 (3.5) 1 (1.9) 1 (3.8) 0.494

*Chi-square test.
†ANOVA.
‡Kruskal-Wallis.

PTSD ¼ posttraumatic stress disorder; IQR ¼ interquartile range.
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(Table 2). Compared to individuals experiencing resilient

trajectories, those with recovering, worsening, and

chronic PTSD symptoms were associated with average

higher pain scores. For example, individuals presenting

with recovering (b¼ 0.65; 95% CI: 0.09, 1.08) or wors-

ening PTSD symptom trajectories (b¼ 1.42; 95% CI:

0.77, 1.78) were estimated to experience higher average

pain scores compared to those with resilient trajectories,

controlling for all other covariates and accounting for

RA receipt (Figure 2). Similarly, participants experienc-

ing chronic PTSD were found to report average pain

scores over 2 points higher compared to participants

experiencing resilient PTSD trajectories (b¼ 2.61; 95%

CI: 1.71, 3.14).

This differential response in pain experiences by PTSD

symptom trajectory was also observed for pain interfer-

ence scores. Participants’ presenting with recovering tra-

jectories reported interference scores nearly a point

higher than that of individuals with resilient trajectories

(b¼ 0.85; 95% CI: 0.43, 1.24). Similarly, participants

experiencing worsening trajectories were estimated to

have interference scores nearly 2-points higher compared

to individuals reporting resilient trajectories (b¼ 1.85;

95% CI: 1.43, 2.27). Chronic PTSD symptom trajecto-

ries were associated with experiencing pain interference

scores over 3-points higher than participants’ presenting

with resilient PTSD trajectories (b¼ 3.35; 95% CI: 2.80,

3.89). The difference in interference scores observed be-

tween participants experiencing resilient compared to

chronic trajectories were double that of the difference ob-

served between other PTSD trajectory groups.

Additionally, participants receiving early pain man-

agement interventions were observed reporting improved

pain outcomes over the 24-month study period.

Individuals receiving early RA were estimated to report

lower average pain scores than those who did not receive

early RA, across all study time points. For example,

when adjusting for PTSD trajectory, time since injury,

length of hospitalization, ISS, and entry to study, those

participants receiving early RA were estimated to experi-

ence lower average pain scores up to 24-months (b=-

0.31; 95% CI: -0.90, -0.04). However, no statistically

significant association was observed between receiving

early RA and pain interference scores (b ¼ -0.26; 95%

CI: -0.59, 0.05).

Time since injury, measured in months, remained

statistically significant in models for average pain and

pain interference, indicating that over the course of the

study, patient-reported pain intensity and inference de-

creased monthly. While statistically significant, the as-

sociation between longer initial length of

hospitalization after injury and increases in patient-

reported pain outcome scores was marginal. Time to

entry in the study and ISS were not statistically signifi-

cant in any model estimating pain outcomes, indicating

that there is no statistical difference in pain intensity

and interference estimates by injury severity or delayed

participation in the study. Both ISS and length of hospi-

talization were included in the multivariable model to

account for severity of injury and adjust for possible

confounding.

Discussion

In this study we observed that an association between

pain outcomes and PTSD symptom trajectories persists

up to two years following combat-related injury, even af-

ter adjusting for the administration of early pain manage-

ment interventions delivered as part of the combat

casualty care. A differential pain response was observed

across PTSD symptom trajectories in regard to average

pain and pain interference over the two years following

initial injury. Compared to individuals with resilient

PTSD symptom trajectories, participants experiencing

worsening, recovering, and chronic PTSD trajectories

reported poorer pain outcomes long after initial injury.

These differences in pain scores across PTSD trajectories

surpass clinically important differences typically seen in

chronic pain research [29]. Therefore, mitigating the de-

velopment of poor PTSD symptom trajectories after

combat-related injures may help mitigate the exacerba-

tion of pain. Despite receipt of RA not being associated

with any of the PTSD symptom trajectories, participants

who received RA experienced lower average pain across

all four PTSD symptom trajectories in this sample of

combat-injured service members. Improvements in pain

scores observed after receiving RA, while small, reflect

the incremental benefits active pain treatments delivered

as part of trauma care can have even years after injury

[18, 29].

Considering the significant impairment PTSD symp-

toms and pain can have on physical and social functioning,

ongoing joint evaluation of PTSD symptoms and pain in

combat injured populations is warranted, even for individ-

uals whose PTSD symptoms do not meet diagnostic crite-

ria. Changes in PTSD symptoms, even at early stages after

combat injury, have the potential to inform future care

planning and monitoring worsening symptom severity.

The observed association between PTSD symptoms and

pain outcomes supports previous findings that PTSD symp-

toms are significantly associated with worsening pain after

injury [30–32]. There is a well-established relationship be-

tween the mutual presentations and maintenance of PTSD

and pain after injury [33,34]. Civilian and military trauma

researchers have long posited that pain and PTSD influence

one another in a mutually maintaining way so that PTSD

exacerbates pain, and vice versa [9]. The present study

expands upon other investigations that have shown com-

bat exposure and PTSD to be among the strongest statisti-

cal predictors of chronic pain [35,36]. For example, our

study examined the link between PTSD symptom severity

and pain, utilizing a validated multi-item patient-reported
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pain scale, rather than the presence of pain and PTSD

alone. Furthermore, our study differs from other longitudi-

nal investigations examining PTSD symptoms and pain,

which were often limited to a one year follow up period or

not specific to OEF/OIF combat-injured American service

members.

The present study reflects findings from earlier investi-

gations of PTSD and pain conducted in injured civilian

patient populations. Both Stratton et al., as well as

Jenewein et al., identified that PTSD symptoms signifi-

cantly impacted pain intensity up to a year after enroll-

ment in their respective studies, but pain did not exert the

Table 2. Linear mixed effects models estimating pain outcomes on the Brief Pain Inventory

Average Pain Pain Interference

b (95% CI) P b (95% CI) P

Intercept 1.90 (1.57, 2.36) <0.001 1.15 (0.74, 1.55) <0.001

PTSD Trajectories

Resilient Reference

Recovery 0.65 (0.09, 1.08) <0.001 0.83 (0.43, 1.24) <0.001

Worsening 1.42 (0.77, 1.78) <0.001 1.85 (1.43, 2.27) <0.001

Chronic 2.61 (1.71, 3.14) <0.001 3.35 (2.80, 3.89) <0.001

Early Regional Anesthesia

No Reference

Yes �0.31 (-0.90, -0.04) 0.048 �0.26 (-0.59, 0.05) 0.102

Time Since Injury (Months) �0.03 (-0.04. –0.01) 0.001 �0.04 (-0.05, -0.02) <0.001

Length of Hospitalization (Days) 0.01 (0.01, 0.01) <0.001 0.01 (0.01, 0.01) <0.001

Injury Severity Score 0.01 (-0.01, 0.01) 0.374 0.01 (-0.01, -0.01) 0.644

Entry Cohort

�6 Months Reference

>6 Months 0.05 (-0.35, 0.44) 0.118 �0.04 (-0.44, 0.36) 0.847

b ¼ coefficient; 95% CI ¼ 95% confidence interval of coefficient.
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Figure 2. Plotted linear mixed effects model coefficients estimating Brief Pain Inventory Average Pain from 1 to 24 months after in-
jury. A differential pain response is observed based on PTSD symptom trajectories. Individuals presenting with chronic PTSD
symptom trajectories (red line) are estimated to experience average pain 2.61 points higher compared to those on a resilient trajec-
tory (green line) (95% CI: 1.71, 3.14). Individuals presenting with a worsening PTSD symptom trajectory (yellow line) are estimated
to experience average pain scores 1.42 points higher than participants presenting with resilient PTSD trajectories (95% CI: 0.77,
1.78). Individuals experiencing a recovering PTSD trajectory (blue line) were associated with average pain scores 0.65 points higher
than those with resilient trajectories (95% CI 0.09, 1.08).
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same strength on predicting the development of PTSD

[31, 37]. While the present investigation did not examine

the bidirectional nature of PTSD and pain as these earlier

researcher did, findings from our longitudinal study do

support that PTSD symptoms are correlated with pain

outcomes both in close proximity to severe injury and

out to years later. Vaughan and colleagues demonstrated

that pain intensity influences exacerbations of specific

PTSD symptoms while Alschuler et al. found that PTSD

symptom severity may cause variability in pain outcomes

[30, 38]. This juxtaposition in the literature warrants fur-

ther investigation examining the role of PTSD on not

only pain intensity, but also functional outcomes (e.g.,

pain interference), after combat injury given unidimen-

sional ratings of pain intensity can vary greatly depend-

ing upon contextual details of the assessment whereas

functional outcomes may not be as variable as pain tran-

sitions from acute to chronic [39, 40]. While the propor-

tion of participants seen in each trajectory was similar to

other investigators’ findings, the average PCL scores seen

in this study’s PTSD symptom trajectories were slightly

lower than those seen in larger cohorts reported by both

Bonanno et al.’s and Berntsen et al.’s studies of non-

combat injured OEF/OIF personnel [24,25].

This work builds upon observational research that

found RA to be an effective acute care pain management

intervention for controlling pain following combat-

related injuries. Other investigations report that RA

improves the pain experience after combat injury, how-

ever, these studies are often limited to showing the short-

term advantages of RA [2, 14, 41,42]. Often study peri-

ods fall short of capturing the lasting benefits of early ag-

gressive pain management delivered using RA, as

accomplished in this study [10]. As such, our study dem-

onstrates the potential long-term benefits of early RA de-

livered as part of combat casualty care, on subsequent

pain outcomes, but not PTSD symptom trajectories evi-

dent by the lack of significant interaction terms between

RA and PTSD. The lack of significance indicates that RA

receipt does not alter long-term pain outcomes by

influencing PTSD symptom trajectories. Future research

in more controlled environments than the combat theater

will need to evaluate which combination of multimodal

analgesics delivered using RA may influence PTSD symp-

tom trajectories and subsequently pain outcomes after se-

rious injury. For example, researchers have observed that

the administration of ketamine, a key component of mul-

timodal pain management, soon after combat-related in-

jury was associated with a lower prevalence of PTSD,

however pain outcomes were not examined [43].

Advancing current understanding of symptom trajec-

tories after serious injury will enable trauma researchers

and clinicians to better plan for the long-term health care

requirements of combat-injured service members.

Introduced more than two decades ago, multimodal anal-

gesia is currently recommended for managing both acute

and, to a lesser degree, chronic pain [44]. The synergy

created when multimodal regimens are used to target dis-

crete components of the peripheral and central pain path-

ways provides effective analgesia at lower opioid dosing,

reducing related risk and producing fewer adverse effects

[14,15]. Advanced training of anesthesiologists and certi-

fied registered nurse anesthetists with training in RA is

critical to ensuring that optimal pain management

approaches are available to aid in the recovery of all in-

jured persons beginning in the acute post-injury period.

Importantly, trauma providers do not exist in silos,

and combat-injured veterans depend on the support of in-

terdisciplinary care providers, including pain and mental

health providers. Patients, families, and clinicians recog-

nize the physical and behavioral health needs of individu-

als with serious injuries continue long after acute care

[45]. Therefore, engaging acute pain services, capable of

delivering RA, early on in trauma care may help improve

pain trajectories. Sustaining those positive trajectories in

a multimodal stepped model of chronic pain manage-

ment that incorporates both pain management and men-

tal health care, such as established in the Veterans Health

Administration in collaboration with the Department of

Defense, will be important to improving longer-term out-

comes of trauma survivors in their communities [46].

Given the significant longitudinal associations between

pain and PTSD symptom trajectories identified in this

analysis, clinicians caring for service members and veter-

ans during their prolonged rehabilitative care should con-

sider evaluating patient-reported pain outcomes and

PTSD symptoms jointly. Due to the co-occurring nature

of these conditions, and the potential for individuals to

underreport PTSD symptom severity, integrated pain and

mental health symptom assessments are key to connect-

ing patients to treatment for underlying psychological

contributions of pain.

Strengths and Limitations
Given the challenges of recruiting and retaining a sample

of combat-injured participants, there was a high degree

of variability as to when participants entered the study

and duration of participation. For recruitment, every ef-

fort was made to enroll participants at the time of dis-

charge from acute care at the only two military hospitals

in the US capable of providing acute post-injury care.

Extended follow-up of these patients was challenged by

the dispersion of subjects across the U.S. following dis-

charge. This created considerable challenges in finding

and following subjects, and thus, patient-reported out-

come data was available for an average of 7 time points

for each subject and data were not available on all sub-

jects at all-time points. Unlike other methods used to as-

sess the relationship between PTSD symptom severity

and pain, mixed-effects modeling approaches in this

analysis are not as sensitive to data missing at random

and can adjust for disparate data points in the analysis.

The small number of individuals entering the study six
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months after injury did not report higher pain intensity

or interference, on average, compared to those enrolled

closer to time of injury. While the inclusion of these par-

ticipants could introduce sample bias, this small number

of participants was evenly distributed between RA and

No RA cohorts and across PTSD trajectories.

Participants’ PTSD total symptom severity was measured

using the DSM-IV criteria, which has been found to iden-

tify similar prevalence rates of PTSD as the more recent

DSM-5 criteria in OEF/OIF veteran populations [47].

Both the PCL and the pain interference component of the

BPI capture similar domains related to sleep, enjoyment

of life, and relationships with other individuals, which

may partially account for the correlation observed be-

tween PTSD trajectories and pain interference scores.

The limited number of individuals presenting with

chronic PTSD trajectories indicates that these hypothesis

generating findings should be interpreted with caution

and be used to inform future larger cohort studies. For

example, the small number of participants in the chronic

PTSD trajectory may have limited our statistical power

to detect a moderating relationship between RA and

PTSD trajectories on pain outcomes. Strengths of the cur-

rent study include the ability to account for time since

traumatic combat injury to observation in order to pro-

vide longitudinal estimates of outcomes, and the model-

ing adjustment of both early pain management and

behavioral health symptom trajectories in an effort to

isolate the associations between either on pain outcomes

over time.

Conclusions

A differential pain response was observed across PTSD

symptom trajectories. Participants reporting chronic,

worsening, or recovering PTSD symptom trajectories

were observed experiencing greater pain intensity and in-

terference following combat injury, compared to individ-

uals presenting with resilient PTSD trajectories.

Continued evaluation of both pain and PTSD symptoms

have the potential to inform the development and imple-

mentation of comprehensive rehabilitative trauma serv-

ices to mitigate poor symptom trajectories. It is

imperative to integrate psychological assessment and

treatment throughout the continuum of trauma care.

Doing so can enable clinicians to stratify patients at risk

of experiencing poor symptom trajectories. This in turn

can inform the implementation of multimodal PTSD and

pain management interventions earlier on in the care con-

tinuum following serious injuries.
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