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Abstract
Background No studies have examined the longterm benefits of regional anesthesia (RA) for pain
management after combat-related injury. The objective
of this prospective cohort study was to examine the
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administered RA within 7 days after sustaining a
combat-related injury, or not. Linear mixed effects
models examined the association between RA and
average pain intensity. Secondary outcomes included
pain relief, pain interference, neuropathic pain symptoms,
treatment outcomes related to pain management, and
mental health symptoms.
Results Receiving early RA was associated with
improved average pain over the first 6 months after
injury (β=−0.57; p=0.012) adjusting for injury severity
and length of stay at the primary treatment facility. This
difference was observed up to 24 months after injury
(β=−0.36; p=0.046). Individuals receiving early RA
reported greater pain relief, improved neuropathic pain
intensity, and higher satisfaction with pain outcomes;
however, by 24 months, mean scores did not significantly
differ between cohorts.
Conclusion Findings indicate that when administered
soon after traumatic injury, RA is a valuable pain
management intervention. Future longitudinal studies
investigating the timely delivery of RA for optimal pain
management in civilian trauma settings are needed.
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Introduction

Improving acute pain management after traumatic
injury remains a priority for policymakers and
clinicians as rates of injury and subsequent pain-related disability rise nationally.1 2 Yet, innovations
in trauma pain management remain understudied.
Advances in combat casualty care have contributed
toward historically high survival rates, creating an
unprecedented number of survivors living with once

fatal injuries from Operation Enduring Freedom
(OEF) and Operation Iraqi Freedom (OIF).3 Rates
of chronic pain among survivors of combat-related
injuries surpass 80%.4 5 Many who suffer from
chronic pain also experience post-traumatic stress
disorder (PTSD), traumatic brain injuries (TBI),
depression, and reduced physical function.6 Survivors require substantial and costly long-term treatment, rehabilitation, and pain management.
Adequately managing acute pain in the immediate postinjury period may reduce chronic pain
and thereby enhance rehabilitation and recovery
efforts. Battlefield pain management has been
associated with decreased acute pain intensity
and reduced psychological sequelae.7–9 Regional
anesthesia (RA) can block afferent painful stimuli,
decrease acute pain intensity, and possibly prevent
central sensitization and the subsequent development of chronic pain.10 Previous research examining RA for the prevention of chronic pain has been
limited to studies often with less than 12 months of
follow-up and conducted in postoperative civilian
populations.11
The mass mobilization of personnel at the onset
of OEF/OIF required the rapid development of an
infrastructure capable of caring for the combat-injured. As such, not all anesthesia providers were
trained in RA administration before being deployed
to military treatment facilities.12 We leveraged the
variability in the availability of RA administration
in the height of these armed conflicts as a natural
research opportunity to evaluate the potential benefits of receiving early RA for pain management. This
study evaluated patient-reported pain outcomes
in OEF/OIF service members and veterans with
combat-related extremity injuries. We hypothesized that individuals receiving early RA, defined
as a continuous peripheral nerve block (CPNB)
within 7 days of injury, would experience reduced
average pain intensity in the 24 months after injury
compared with those who did not. We designed our
study to characterize long-term secondary outcomes
of neuropathic pain, health-related quality of life
(HRQOL), and psychological symptoms, after
combat-related injury.

Methods
Study design

This was a prospective, observational, repeated
measures investigation of combat-injured service
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Prospective cohort study examining the use of
regional anesthesia for early pain management after
combat-related extremity injury
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members with or without exposure to early RA. Research nurses
recruited and consented patients during their acute hospitalization or inpatient rehabilitation from October 2007 to November
2013 at Walter Reed National Military Medical Center, formerly
Walter Reed Army Medical Center, Bethesda, Maryland, and
San Antonio Military Medical Center, formerly Brooke Army
Medical Center, San Antonio, Texas. Researchers collected
patient-reported outcomes using scripted telephone interviews.
Extensive efforts were needed to collect data due to the many
difficulties in follow-up for this population. Transitions in care
for OEF/OIF service members after injury entailed: (1) combat
support hospital trauma care in Iraq or Afghanistan; (2) evacuation to Landstuhl Regional Medical Center, Germany; (3)
transfer to stateside military hospitals (eg, mentioned recruitment sites); (4) discharge from initial acute care hospitalization;
(5) discharge to Medical Center Campus Housing; (6) outpatient
rehabilitation; and (7) returning home across the USA. Exhaustive attempts were made to collect outcomes as often as possible,
with attempts made monthly within the first 6 months after
injury and in 3-month intervals up to 24 months after injury
(online supplementary table S1). The complex trajectory of
transitions in care, in combination with the prospective observational nature of the study design, resulted in incomplete data
collection at the standardized collection points.

Regional anesthesia

Depending on the capabilities of the frontline anesthesia
providers, service members received a CPNB or not, in addition to routine systemic multimodal analgesia, either during
evacuation or within 7 days of initial hospitalization at military
treatment facilities. RA is best when administered immediately
after injury but the realities of the evacuation environment made
it difficult to know the exact timing of administration. Within
7 days was selected considering most casualties were medically
stabilized within this time frame as they processed through
combat support hospitals in Iraq or Afghanistan, then moved to
Landstuhl Regional Medical Center for definitive care, before
2

Study population

This sample was drawn from OEF/OIF service members transferred to the two stateside treatment facilities designated to
provide definitive postinjury care. Estimates show that half
of all wounds sustained during OEF/OIF were extremity injuries.14 Therefore, all service members with a combat-related
extremity injury severe enough to require hospitalization and
inpatient rehabilitation were eligible to be screened for this
study. Individuals with severe cognitive deficits or hearing loss
due to head trauma, and bilateral upper extremity amputation
with no alternate means to complete surveys, were excluded.
Nurses determined the cognitive capacity of participants during
recruitment, and those with obvious cognitive deficits due to
TBI were excluded. Other procedural issues limited participation, including participants being transferred to another facility
after eligibility screening but prior to obtaining consent. Among
individuals consented and enrolled, those with a known RA
exposure status and having at least two study observations were
included in the analysis (figure 1).
RA exposure, demographics, injury characteristics, and clinical data were collected from the Joint Theater Trauma Registry
(JTTR). Mechanism, injury location, and Injury Severity Scores
(ISS) in JTTR were verified with participants. Measured from 0
to 75, the ISS correlates with mortality and morbidity.15

Study outcomes

The primary outcome was the average pain intensity measured
using the Brief Pain Inventory (BPI). The BPI measures average,
worst, and least pain over the past week on a scale from 0, “no
pain,” to 10, “pain as bad as you can imagine.”16 Using this validated measure, participants rate the degree to which pain interfered with functioning, general activity, mood, walking, work,
relationships, sleep, and enjoyment of life on a scale from 0,
“does not interfere,” to 10, “completely interferes.” An average
of the interference questions was computed. Pain relief due to
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Figure 1 Screening and study enrollment.

being transferred to the USA. Causalities who received CPNB
within 7 days overwhelmingly received their intervention in
theater or at Landstuhl. The designation of “early RA,” in the
context of this manuscript, represents the acute nature of care
received within 1 week of the trauma.
The deployment of military anesthesia providers during OEF/
OIF was made without regard to their RA training, thereby
creating a non-differential likelihood of any trauma victim’s
exposure to RA treatment. Combat-injured patients received RA
whenever a trained provider was present at the facility to which
they were evacuated. This created an opportunity to compare
outcomes between reasonably equivalent groups of combat-injured personnel. In the combat theater, anesthesia providers used
a wide array of catheter placements, and medications, based on
their clinical expertise and their patients’ injuries. Variability
across providers’ clinical practices, in conjunction with the challenges of documenting medication used in the active war zone,
limited the availability of data on the specific medications and
dosing regimens.13
Both the early RA and usual care groups also received routine,
opioid-based, systemic analgesia. Combat-injured personnel
were routinely followed by acute pain service providers with
access to all classes of parenteral analgesics and other pain
interventions. Some participants also received RA later in their
care, independent of their early RA status, which was typically
provided when additional pain management was required (eg,
during wound debridement).
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Statistical analysis

Descriptive statistics were used to examine demographic and
injury characteristics. Univariate tests were used to assess
whether there were any systematic differences between the treatment groups. Linear mixed effects models were used to examine
if longitudinal changes in average pain and secondary outcomes
were associated with early RA administration. While participants
were enrolled at various stages of recovery and data collection
months varied within subjects, for the analysis, all individual
data points were lined up in a unified approach by using the time
from initial injury to data collection point. All models included
a random intercept and slope to account for correlations among
the observations within a subject. When examining treatment
effects, those who did not receive early RA served as the reference group. To account for the severity of the initial injury, we
included two covariates as possible confounders: ISS (ie, injury
severity) and length of acute care, in days, at the recruitment
facility (eg, length of stay). Both ISS and length of stay after
injury were included as potential confounders to account for
clinical variation and possible effect on pain outcomes. ISS was
included as a direct measure of injury, and length of stay as a
secondary measure of injury severity. Isolating the potential
benefits gained from RA can be difficult to discern among the
myriad of biological and psychosocial changes that can influence pain-related outcomes combat-injured service members
experience. Given the hypothesized benefits of RA, average pain
and other patient-reported pain-related outcomes were examined in the first 6 months postinjury and over the 24-month
period. Post hoc analyses indicated that the present sample size
achieved sufficient power to detect a medium effect size in the
observed differences between the slopes of the RA groups on
the repeated outcomes of interest (eg, average pain) both at 6
months, 0.82%, and at 24 months, 0.99%, with an alpha level
of 0.05 (PASS V.16, NCSS, LLC, Kaysville, Utah, USA). The
effect size was computed based on (1) the two slope means (eg,
rate of change between RA groups); (2) the average person level
SD across repeated measures; (3) a base correlation of 0.20
between time points; and (4) a compound symmetry pattern of
Gallagher RM, et al. Reg Anesth Pain Med 2019;0:1–8. doi:10.1136/rapm-2019-100773

correlation across time. Due to the hypothesis-generating nature
of this study, secondary outcomes and subgroup analyses are
exploratory and therefore, not adjusted for multiple comparisons. Analyses were conducted in SAS V.9.4 with a two-sided
significance level of 0.05.
As stated previously, subjects were recruited during either
inpatient hospitalization or inpatient physical rehabilitation
at the only two military treatment facilities in the continental
USA capable of managing the immediate care needs of military
personnel with combat-related extremity injuries. As such, the
study was designed to capture up to 12 observations per subject
if they were recruited within the first month since their initial
injury. However, the reality of enrolling subjects and capturing
their initial outcomes during this difficult and intensive care
period proved difficult. The team attempted to systematically
recruit all eligible subjects after their acute hospitalization
and control for the time between individual subject’s baseline
measures and their initial injury that might have confounded
outcomes. Individuals could enter the study at any time point
of their hospitalization or rehabilitation and provide data within
24 months of their initial injury. As such, participants’ baseline
measures varied. To mitigate potential biases, the models used
in this analysis estimated outcomes from the time since initial
injury so that all data points were adjusted to a common standardized time.
Several interaction terms were evaluated to assess for potential biases. We divided the cohort into subgroups based on the
time between participants’ entry into the study and their initial
injury. Interactions between the subgroups and RA were used
to determine whether any biases were due to different stages
of enrollment. The interactions were not statistically significant,
indicating that there were no detectable systematic biases due
to enrollment stages. We tested the treatment to year-of-injury
interaction to see whether the trends in RA receipt differed.
None of the treatment and time interactions were significant and
therefore, were excluded from the final model. Based on these
null results, intermittent missing data were treated as missing
at random. Sensitivity analyses were conducted to evaluate if
there were differences in treatment effects between the dropouts
and those who completed the study, by testing the interaction
between dropout indicator and treatment group, which was not
significant. We also stratified the cohort into subgroups based on
the number of observation points in the study and tested whether
the different durations introduced biases in the treatment effect
by testing the interaction of the duration and treatment interaction. This interaction was not significant either.

Results
Participant characteristics

The final sample included 358 participants, of which 126 received
early RA and 232 who did not. The mean age was 28 (±7.5) years
and participants were predominantly non-Hispanic Caucasian
males (table 1). On average, subjects had 6 (±3) observations
and there was no statistically significant difference in the number
of observations by RA cohort. Compared with the usual care
group, statistical differences were noted for the following: in the
proportion of college-educated service members who received
early RA, 25.4% vs 14.2% (p=0.032); the proportion of Marines
who received early RA, 11.1% vs 23.7% (p=0.015); individuals
with explosion inflicted injuries who received early RA, 82.5%
vs 72.4% (p=0.032); the proportion of individuals with a head
injury who received early RA, 61.9% vs 50.9% (p=0.046); the
proportion of individuals with arm injuries who received early
3
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pain treatment is measured from 0%, none, to 100%, complete
relief in the past week.
Measuring the multidimensional nature of complex combat
injury pain is improved by using several instruments, each
assessing unique theoretical domains. The 10-item Neuropathic
Pain Scale (NPS) assesses distinct qualities of neuropathic pain
and has been validated with multiple chronic pain populations.17
Responses range from 0, “no sensation,” to 10, “the most sensation imaginable.” Scores were averaged for an overall total score
and categorized into two subscales, pain intensity and pain
quality. The validated 120-item Treatment Outcomes of Pain
Survey (TOPS) captures participants’ pain characteristics and
treatment responses across 14 subscales.18 Scores range from 0,
“pain does not impact health,” to 100, “pain completely impacts
health.” All eight subscales of the Short Form 36-Item (SF-36),
an HRQOL measure, are in the TOPS. SF-36 subscale scores are
transformed to T-scores, and standardized to a general population, with a mean of 50 (±10).19 The SF-36 physical (PCS) and
mental health component scores (MCS) are each aggregated from
the subscales. The Patient Health Questionnaire 9-Item (PHQ-9)
assessed the Diagnostic and Statistical Manual of Mental Disorders IV (DSM-IV) criteria for depression.20 The PTSD Check
List (PCL) assessed the extent to which participants’ experienced
DSM-IV PTSD symptoms over the last month from 17 to 85.21

Original article
Demographic and injury characteristics
No early regional*
anesthesia (n=232)

Early regional*
anesthesia (n=126)

P value

28.0 (7.5)

28.2 (6.3)

0.751

 Female

3 (1.3)

0 (0.0)

 Male

229 (98.7)

126 (100.0)

 White

117 (76.3)

101 (80.2)

 Black

14 (6.0)

5 (4.0)

 Other

41 (17.7)

20 (15.9)

 Non-Hispanic

201 (86.6)

112 (88.9)

 Hispanic

31 (13.4)

14 (11.1)

 High school/GED

100 (43.1)

47 (37.3)

 Some college

99 (42.7)

47 (37.3)

 College graduate

33 (14.2)

32 (25.4)

 Single/never married

115 (49.6)

51 (40.5)

 Married/partnered

102 (44.0)

70 (55.6)

 Separated/divorced

15 (6.5)

5 (4.0)

 Army

165 (71.1)

105 (83.3)

 Marine

55 (23.7)

14 (11.1)

 Other

12 (5.2)

7 (5.6)

Number of deployments,
mean (SD)†

1.9 (1.2)

2.1 (1.3)

0.083

Length of last deployment, 4.5 (2.7)
mean (SD), m†

4.4 (2.9)

0.757

Injury Severity Score, mean 19.0 (11.8)
(SD)†

17.3 (8.5)

0.170

(n=232)
Age, mean (SD), y†
Sex

0.555

Race

0.616

Ethnicity

0.540

Education

0.032

Marital status

0.098

Military service

0.015

Mechanism of injury
 Explosion

168 (72.4)

104 (82.5)

0.032

 Gunshot

40 (17.2)

16 (12.7)

0.258

 Motor vehicle

13 (5.6)

4 (3.2)

0.302

 Other

17 (7.3)

4 (3.2)

0.110

Injury type
 Amputation

71 (31.0)

60 (47.6)

0.002

 Arm injuries

117 (51.1)

78 (61.9)

0.046

 Leg injuries

191 (83.4)

107 (84.9)

0.723

 Mangled limb

225 (98.3)

120 (95.2)

0.099

36 (28.6)

0.812

 More than one extremity 63 (27.5)
injury
 Head injury

117 (50.9)

78 (61.9)

0.046

PTSD Check List, mean
(SD)†

27.7 (11.9)

27.5 (12.5)

0.889

Length of stay at
recruitment site, mean
(SD), d

34.3 (34.1)

41.1 (30.5)

0.063

Current smoker

41 (17.7)

13 (10.3)

0.063

Previous head trauma

132 (57.1)

63 (50.0)

0.195

*Data are presented as number (percentage) of participants unless otherwise indicated.
†Refers to t-test, otherwise results refer to χ2 analyses.
d, days; GED, general education development; m, months;PTSD, post-traumatic stress
disorder; y, years.

RA, 61.9% vs 51.1% (p=0.046); and the proportion of individuals with sustained injuries resulting in an amputation, 47.6% vs
31.0% (p=0.002). Despite differences, none were statistically
significantly associated with the outcomes in the multivariable
analysis. Subsequent bivariate testing indicated that the inclusion
of ISS in the modeling accounted for the heterogeneity in injury
4

Figure 2 Despite the severity of injuries, Brief Pain Inventory average
pain scores improved over time for both groups. Individuals who
received early regional anesthesia (RA) had similar average pain scores
even though their average pain scores were elevated in the first few
months after injury.
types. Research indicates an association between not completing
a high-school education/general education development (GED)
and lower physical health among healthy populations of service
members.22 All participants in this sample had obtained a highschool education/GED and the inclusion of this variable in the
multivariable modeling showed no changes in outcomes. There
was no statistically significant difference in the mean ISS with
individuals in both RA groups presenting with moderate-to-verysevere injuries. The ISS and RA interaction was also not statistically significant indicating that there was no difference in the
pain outcomes among severely injured participants who did or
did not receive early RA compared with those with less severe
injuries. Injury types were not mutually exclusive due to the
polytrauma nature of the injuries. Cohorts were well-balanced
despite the nature and severity of their injuries.

RA and average pain intensity

On average, pain scores decreased over time across the entire
cohort (figure 2). After adjusting for length of stay and ISS, there
was a significant association between receiving early RA and
reduced average pain intensity (figure 3). Average pain intensity
BPI scores were estimated to be over half a point lower in the early
RA group in the first 6 months after injury (β=−0.57; 95% CI
−1.02 to −0.13; p=0.012) (table 2). Individuals receiving
early RA were estimated to experience average pain scores of
2.5 compared with 3.1 in those who did not, when adjusted for
time, ISS, and length of stay. A slightly smaller difference in the
reduction of average pain intensity after receiving early RA was
observed up to 24 months (β=−0.36; 95% CI −0.72 to −0.01;
p=0.046). Average pain intensity significantly decreased per
month over the 24-month period (β=−0.03; 95% CI −0.04 to
−0.02; p<0.001) in both groups, but again with a larger difference in pain scores observed in the early RA group.

Secondary outcomes

Receiving early RA was associated with 6.36% increase in
patient-reported pain relief in the first 6 months after injury
(95% CI 0.40% to 12.31%; p=0.037) (table 2). This translates
to an estimated 72.48% pain relief response among individuals
Gallagher RM, et al. Reg Anesth Pain Med 2019;0:1–8. doi:10.1136/rapm-2019-100773
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Figure 3 Estimated marginal means and 95% CIs of average pain
scores from linear mixed effects model. Average pain intensity BPI
scores were estimated to be over half a point lower in the early regional
anesthesia group in the initial 6 months after injury (β=−0.57; 95% CI
−1.02 to −0.13; p=0.012) (see online supplementary table 2). When
the model is applied to the 24-month horizon, the significant difference
in average pain intensity remains (β=−0.36; 95% CI −0.72 to −0.01;
p=0.046). BPI, Brief Pain Inventory.
who received early RA compared with 66.12% for those who
did not. Pain relief did not significantly change by month after
6 months and no statistical difference between RA groups was
observed at 24 months. Both worst pain intensity and pain interference improve equally across RA groups. For both RA groups,
worst pain and pain interference BPI scores decreased monthly
over the 24-month period when adjusting for length of stay and
ISS with greater monthly differences seen in the initial 6-month
period.
Table 2

Discussion

The improvements in average pain and pain relief in the first
6 months after injury observed in our study indicate a strong
association between receiving early RA after combat injury in
the austere battlefield environment and improved long-term
pain outcomes. Despite the variability introduced to the study
by the difficulties inherent in data collection during a combat

Patient-reported pain outcomes estimated from linear mixed effects model from 1–6 to 1–24 months after combat injury
1–6 months
β

1–24 months
95% CI

P value

β

95% CI

P value

Brief Pain Inventory*
Average pain
 Intercept

3.11

2.63 to 3.60

<0.001

2.76

2.38 to 3.13

<0.001

 Month since initial injury

−0.18

−0.23 to −0.12

<0.001

−0.03

−0.04 to −0.02

<0.001

 Regional anesthesia

−0.57

−1.02 to −0.13

0.012

−0.36

−0.72 to −0.01

0.046

<0.001

66.24

60.60 to 71.89

<0.001

0.389

−0.50

−0.78 to −0.21

0.001

0.40 to 12.31

0.037

3.82

−1.23 to 8.88

0.137

Pain relief
 Intercept

66.12

59.00 to 73.24

 Month since initial injury

0.48

−0.61 to 1.56

 Regional anesthesia

6.36

Worst pain
 Intercept

5.70

5.02 to 6.37

<0.001

5.14

4.61 to 5.67

<0.001

 Month since initial injury

−0.28

−0.36 to −0.21

<0.001

−0.05

−0.06 to −0.03

<0.001

 Regional anesthesia

−0.32

−0.94 to 0.31

0.324

−0.27

−0.78 to 0.24

0.296

Pain interference
 Intercept

2.39

1.82 to 2.97

<0.001

2.30

1.87 to 2.73

<0.001

 Month since initial injury

−0.16

−0.22 to −0.09

<0.001

−0.04

−0.05 to −0.02

<0.001

 Regional anesthesia

−0.24

−0.77 to 0.29

0.371

−0.15

−0.56 to 0.26

0.479

All models included a covariate for ISS and length of hospitalization. See online supplementary table 2 for more detail.
*Brief Pain Inventory outcomes worst, average, and pain interference range from 0, no pain, to 10, pain as bad as you can imagine. The Brief Pain Inventory pain relief is on a
scale from 0%, no pain relief, to 100%, complete pain relief.
ISS, Injury Severity Scores.
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Overall, and at each time point, neuropathic pain intensity and
total pain decrease equally across RA groups when adjusting for
length of stay and ISS. Neuropathic pain intensity is estimated
to decrease an average of 1 point by 24 months (β=−0.04;
95% CI −0.06 to −0.03; p<0.001) (table 3). Similarly, total
neuropathic pain scores (β=−0.03; 95% CI −0.04 to −0.02;
p<0.001) are estimated to improve with each month. In regard
to the TOPS domains, fear-avoidance symptoms decreased
(β=−0.58; 95% CI −0.78 to −0.38; p<0.001), as did pain
symptoms (β=−0.35; 95% CI −0.53 to −0.17; p<0.001)
and solicitous responses (β=−1.12; 95% CI −1.45 to −0.80;
p<0.001) at each time point across both RA groups. Individuals in both groups reported high satisfaction with pain treatment after their combat injuries, on average (β=61.59; 95% CI
56.77 to 66.40; p<0.001). Early RA participants experienced
improved secondary outcomes, on average, but differences were
not statistically significant at 24 months after injury (table 3).
Mental health outcomes did not significantly change over the
study period in either RA group. Average MCS scores were 5
points above mean mental health scores of the general American population to which the SF-36 is normed to (β=54.95;
95% CI 52.30 to 57.59; p<0.001). PCS scores in this sample
were over a SD below the general population’s average physical
health (β=38.36; 95% CI 35.78 to 40.94; p<0.001). PCS scores
improved less than 1 point, on average each month after injury,
for both RA groups (95% CI 0.43 to 0.63; p<0.001). PHQ-9
and PCL scores did not significantly change per month in either
RA group when adjusting for length of stay and ISS.

Original article

β
Neuropathic Pain Scale*
 Pain intensity
  Intercept
  Month since initial injury
  Regional anesthesia
 Overall pain quality
  Intercept
  Month since initial injury
  Regional anesthesia
 Total pain score
  Intercept
  Month since initial injury
  Regional anesthesia
Treatment Outcomes of Pain Survey†
 Fear avoidance
  Intercept
  Month since initial injury
  Regional anesthesia
 Healthcare satisfaction
  Intercept
  Month since initial injury
  Regional anesthesia
 Life control

95% CI

P value

3.37
−0.04
−0.23

2.92 to 3.81
−0.06 to −0.03
−0.66 to 0.20

<0.001
<0.001
0.297

2.78
−0.20
−0.12

0.00 to 2.36
0.00 to −0.25
0.56 to −0.51

0.207
0.157
0.277

2.55
−0.03
−0.04

2.22 to 2.88
−0.04 to −0.02
−0.36 to 0.28

<0.001
<0.001
0.810

49.83

44.18 to 55.49

<0.001

−0.58
1.73

−0.78 to −0.38
−3.62 to 7.09

<0.001
0.525

61.59

56.77 to 66.40

<0.001

−0.34
3.83

−0.55 to −0.14
−0.70 to 8.35

0.001
0.097

75.43

70.05 to 80.81

<0.001

−0.06
4.12

−0.27 to 0.16
−0.91 to 9.15

0.604
0.108

 Objective family social disability
48.26
  Intercept
  Month since initial injury
−0.20
−1.20
  Regional anesthesia
 Patient satisfaction with outcomes
64.45
  Intercept

42.63 to 53.89

<0.001

−0.42 to 0.02
−6.54 to 4.14

0.075
0.659

59.70 to 69.19

<0.001

−0.01 to 0.36
−2.13 to 6.85

0.065
0.301

  Intercept
  Month since initial injury
  Regional anesthesia

  Month since initial injury
  Regional anesthesia
Pain symptom

0.18
2.36

 Intercept
 Month since initial injury
 Regional anesthesia
Solicitous response

40.18

35.02 to 45.34

<0.001

−0.35
−1.45

−0.53 to −0.17
−6.34 to 3.44

<0.001
0.560

 Intercept
 Month since initial injury
 Regional anesthesia
Mental component summary‡

55.32

47.45 to 63.19

<0.001

−1.12
3.22

−1.45 to −0.80
−4.13 to 10.58

<0.001
0.389

54.95

 
52.30 to 57.59

<0.001

−0.26
0.73

−0.36 to −0.17
−1.75 to 3.21

<0.001
0.564

 Intercept
 Month since initial injury
 Regional anesthesia
Physical component summary‡

38.36
 Intercept
 Month since initial injury
0.52
−0.07
 Regional anesthesia
Patient Health Questionnaire 9-Item§
4.32
 Intercept

 
35.78 to 40.94

<0.001

0.43 to 0.61
−2.51 to 2.36

<0.001
0.954

3.40 to 5.25

<0.001

 Month since initial injury

0.00

−0.03 to 0.04

0.997

 Regional anesthesia

0.40

−0.47 to 1.26

0.364
Continued
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Continued

PTSD Check List (continuous)¶
 Intercept
 Month since initial injury
 Regional anesthesia

β

95% CI

P value

28.39
0.07
0.35

25.71 to 31.07
−0.02 to 0.16
−2.19 to 2.89

<0.001
0.126
0.788

All models included a covariate for ISS and length of hospitalization. See
online supplementary table for more detail.
*Neuropathic Pain Scale outcomes measure sensations of neuropathic pain
from 0, no pain, to 10, the wrost pain imaginable.
†Treatment Outcomes of Pain Survey outcomes fear avoidance, objective
family social disability, pain symptom, and solicitous response are measured
from 100, the greatest possible amount of that concept (worst score), to 0,
none of that concept (best score). For outcomes of patient satisfaction with
care, patient satisfaction with outcomes, and life control, a score of 100
indicates the best health or greatest satisfaction (best score) and 0 indicates
worst health or worst satisfaction (worst score).
‡Embedded in the Treatment Outcomes of Pain Survey for this study,
the Short Form Health Survey 36-Item component summary scores are
aggregates of individual domains measured from 1, poor health, to 5, very
good health that have been transformed to weighted z-scores, multiplied
by 10 and added to 50 to linearly transform the summary scores on the
T-score metric, which has a mean of 50 and a SD of 10 for the US general
population. Higher T-scores indicate a positive improvement in a domain.
§Patient Health Questionnaire scores are a sum of the nine depressionspecific questions scores from 0, no depressive symptoms at all, to 3, with
depressive symptoms experienced nearly every day, allowing for scores to
range from 0 to 27.
¶PTSD Check List measures the frequency of 17 symptoms of PTSD in the
past month on a scale of 1, not at all, to 5, extremely, for a summary score
ranging from 17 to 85. Previously, a score of 30 has been suggested as a
cut-point for estimating PTSD in active duty military personnel serving in
OEF/OIF (https://www.ptsd.va.gov/professional/assessment/documents/
PCL_handoutDSM4.pdf).
**Non-linear mixed effects model fit.
95% CI, 95% CI of fixed effect beta coefficient; ISS, Injury Severity Scores;
OEF, Operation Enduring Freedom; OIF, Operation Iraqi Freedom; PTSD, posttraumatic stress disorder.

and postcombat situation, significant differences in average pain
were observed between RA groups in the first 6 months after
injury and remained up to 24 months. Although not statistically significant, similar decreases in worst pain and neuropathic
pain intensity were observed in the early RA group. Overall,
patient-reported pain outcomes generally improved for all
participants despite the severity of their injuries.
Our findings expand on the utility of RA for acute pain
management. For context, meta-analyses of surgical populations
have shown that CPNBs provide superior analgesia postoperatively compared with general opioid-based analgesia.11 23 Despite
CPNBs being recommended for postoperative pain management
by multidisciplinary experts, there are few studies examining RA
use during trauma care.24 An earlier retrospective study of 126
combat-injured military personnel found that receiving RA was
associated with a 1.5-point decrease in pain intensity over 7 days
postoperatively.25 Our longitudinal study, with a defined control
group, builds on previous cross-sectional and shorter duration
observational studies, which identified RA to be associated with
improvements in pain intensity and relief throughout evacuation
to acute care following combat injury.8 25 Despite the combat-related mechanisms of injury experienced by our participants,
average pain scores at 24 months were similar to those reported
in samples of civilians with moderate and severe injuries.26
This underscores the therapeutic benefits participants received
from early pain management after injury. The difference in pain
Gallagher RM, et al. Reg Anesth Pain Med 2019;0:1–8. doi:10.1136/rapm-2019-100773
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Table 3 Secondary outcomes estimated from linear mixed effects
model from 1 to 24 months after combat injury

Original article
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in CPNBs and block duration. It is important to note that utilization of RA by military providers was undergoing rapid evolution, in terms of technology and capability, during the execution
of this study.12 Throughout the study time period, there was a
substantial shift in anesthesiology resident training with a greater
emphasis placed on achieving competencies in a diversity of RA
techniques to address the needs of patients in pain.31 No provider-level data were collected for this study to know the training
backgrounds of providers who were placing CPNB in the combat
theater across time or to identify provider clustering. However,
the non-significant year by RA receipt interaction term indicates
CPNB were being placed over time consistently in this sample as
military anesthesia providers deployed or returned home. Due
to advancements in pain management and military anesthesia
training occurring during this study time period, Joint Trauma
System Clinical Practice Guidelines currently used in the combat
theater call for the use of RA to provide pain management in
casualty care whenever possible.32
This observational study could not control for the multitude
of variables that can influence pain outcomes across the clinical
milieu combat-injured service members transition through over
2 years. Rather, this investigation was about evaluating early care
interventions, specifically CPNB, being provided to combat-injured service members after integrating RA providers into health
systems within an active combat zone. Obtaining information
on the care provided, particularly in the combat theater, proved
extremely difficult. For example, while other investigations of
trauma patients receiving CPNB in civilian tertiary care settings
have reported mean catheter infusions of 9 days, our observational study was unable to accurately capture the average length
of placement due to limited documentation of day of initial
administration of CPNB prior to arriving at definitive care.25 33
There is evidence supporting the use of RA to prevent persistent
postsurgical pain, yet rarely is the duration of CPNBs reported in
studies conducted in definitive care settings.34 These limitations,
and the complex biopsychosocial presentation of pain, make it
difficult to isolate the benefits of any one therapeutic intervention for chronic pain intensity regardless of the number of extraneous variables and possible confounders not collected.
Patient-reported pain outcomes following combat-related
extremity injuries improve significantly in the first 6 months
after injury and remain stable up to 24 months. These findings
support our hypothesis that following combat-related extremity
injuries, early blockade of peripheral pain stimuli with CPNB
was associated with a larger reduction in average pain intensity 6
months postinjury and sustained up to 24 months. While seemingly marginal, modest reductions in pain intensity realized in
the first few months after injury can amount to important lifetime benefits for our injured veterans. Results indicate a need to
further evaluate the utility of RA for pain management in severely
injured military and civilian populations. When integrated into
combat casualty care, early use of RA is associated with sustained
pain benefits throughout rehabilitation and recovery.
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scores between groups over time poses a potentially meaningful
improvement. The observational nature of this investigation,
the length of follow-up, and the unique patient population
studied do not conform to the meaningful difference standards
commonly used in clinical trials of much shorter duration evaluating chronic pain intensity with civilian populations.27 Future
work will need to evaluate the role of secondary outcomes on
pain in combat-injured populations after receiving RA.
This research extends the current understanding of the longitudinal presentations of patient-reported outcomes following
combat-related extremity injuries. Few studies have routinely
captured health outcomes or examined the diverse nature of pain
experiences in the 24 months following combat-related injury.28
Uniquely, this study measured a range of pain-related symptoms
from the time of initial injury through recovery. While not statistically significant, individuals receiving early RA reported lower
mean neuropathic pain quality and intensity scores as well as
higher mean TOPS domain score, such as greater satisfaction
with outcomes, compared with those who did not receive early
RA. The improvements in secondary outcomes highlight the
progress made by resilient service members throughout recovery
and rehabilitation, as well as the limitations of detecting associations between RA treatment applied in the combat theater to
managing complex pain years later. Commensurate with civilian
literature, we found that changes in HRQOL measures were
not significantly associated with receiving CPNB.23 PHQ-9 and
PCL scores were below commonly used depression and PTSD
screening thresholds and remained stable. However, over a
third of study participants’ PCL scores met PTSD criteria, a rate
considerably higher than the general population.
These findings have implications for future military and civilian
trauma care research. These results suggest that effective, agile
pain interventions initiated close to the time of injury can play
an important role in reducing future pain. Any national agenda
committed to achieving zero preventable deaths after injury
and curtailing trauma-related disability requires a well-trained
workforce of providers capable of addressing the complex pain
of injured survivors.29 There is a continued need to adequately
disseminate decades of war-time generated knowledge into both
domestic military and civilian trauma care settings. The injuries
seen in civilian trauma centers after mass casualty events can be
akin to the combat injuries sustained by the participants in this
study. Future studies investigating the timely delivery of RA for
optimal pain management in civilian trauma settings are needed.
Studies conducted in more controlled environments, relative to
the combat theater,may be able to identify trauma populations
that derive greater benefits from RA and elucidate subsequent
long-term outcomes.
In addition to challenges with data collection, the other
limitations of this study are typical for prospective observational
studies. The lack of significant differences observed in other
pain outcomes may reflect the inherent variability in collecting
pain measurements over time without the context of any activity
participants undertook immediately prior to assessment.30
Follow-up was complicated by the dispersion of subjects across
the country following discharge from service. Thus, outcome
data were not available from all participants at all time points.
Concerns for unmeasured confounders in observational research
remain, despite our efforts to control for them in multivariable
modeling. For example, discharge from military service and
care facilities, as described previously, made it much harder to
collect all planned outcomes from all participants at each time
point. There were inherent difficulties obtaining health records
from an active war zone, including the specific analgesic used
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