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Abstract

Objective. To define clinical phenotypes of postam-
putation pain and identify markers of risk for the
development of chronic pain.

Design. Cross-sectional study of military service
members enrolled 3-18 months after traumatic
amputation injury.

Setting. Military Medical Center

Subjects. 124 recent active duty military service
members

Methods. Study subjects completed multiple pain
and psychometric questionnaires to assess the
qualities of phantom and residual limb pain.
Medical records were reviewed to determine the
presence/absence of a regional catheter near the
time of injury. Subtypes of residual limb pain
(somatic, neuroma, and complex regional pain syn-
drome) were additionally analyzed and associated
with clinical risk factors.

Results. A majority of enrolled patients (64.5%)
reported clinically significant pain (pain score �3
averaged over previous week). 61% experienced
residual limb pain and 58% experienced phantom
pain. When analysis of pain subtypes was per-
formed in those with residual limb pain, we found
evidence of a sensitized neuroma in 48.7%, somatic
pain in 40.8%, and complex regional pain syndrome
in 19.7% of individuals. The presence of clinically
significant neuropathic residual limb pain was
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associated with symptoms of PTSD and depres-
sion. Neuropathic pain of any severity was associ-
ated with symptoms of all four assessed clinical
risk factors: depression, PTSD, catastrophizing,
and the absence of regional analgesia catheter.

Conclusions. Most military service members in this
cohort suffered both phantom and residual limb
pain following amputation. Neuroma was a common
cause of neuropathic pain in this group. Associated
risk factors for significant neuropathic pain
included PTSD and depression. PTSD, depression,
catastrophizing, and the absence of a regional anal-
gesia catheter were associated with neuropathic
pain of any severity.

Key Words. Amputation; Nerve Injury; Residual
Limb Pain; Phantom Pain; Neuroma; Regional
Catheter; Depression; Catastrophizing; Post-trau-
matic Stress Disorder

Introduction

Chronic pain after trauma and surgery has a direct and
lasting impact on the quality of life of thousands of
injured military service members, including the over
1,573 individuals suffering battlefield amputation injury
since 2001 [1]. In addition, more than 100,000 patients
undergo amputation each year in the United States due
to trauma or medical conditions including diabetes and
peripheral vascular disease [2,3]. A significant percent-
age of these patients will suffer long-term morbidity
from chronic pain with an incidence ranging from 50 to
80% [4,5].

The treatment of persistent, residual limb or phantom
limb pain with existing analgesics has proven difficult [6]
as is true for most types of persistent neuropathic pain.
This failure has produced growing interest in identifying
strategies to prevent chronic postsurgical pain (CPSP)
of all types [7]. Unfortunately, most prospective, blinded
and randomized trials using regional analgesia or perio-
perative pharmacologic analgesics have failed to show
significant efficacy [8,9]. Promisingly, however, two
recent Cochrane systematic reviews concluded that,
when these trials are combined in a meta-analysis,
some types of perioperative regional analgesia and
pharmacologic analgesic therapy may indeed reduce
the risk of chronic pain after surgery. Nonetheless, the
overall efficacy was described as “modest” [10,11]. The
reasons behind the “modest” and equivocal ability of
these preventive strategies to reduce the incidence of
CPSP are unknown. Several contributing factors have
been considered including inadequate classification of
chronic pain syndromes and the inability to identify
patients most at risk of CPSP [12–14].

The importance of systematic evaluation of symptoms
and signs in pain medicine has been highlighted in

recent years [15]. Diagnostic enhancements have led to
improvements in the treatment of medical illness such
as leukemia and lymphoma [16], and granular analysis
of disease subtypes is increasingly believed to be pivotal
if we are to develop personalized pain therapies [17,18].
Though methods for clinical diagnosis in neuropathic
pain have improved [19,20], significant limitations con-
tinue to exist, especially in the diagnostic classification
of postamputation pain subtypes. Although neuroma is
frequently observed and complex regional pain
syndrome has been described after amputation, these
separate entities are often lumped together as one
diagnostic entity [21,22]. These separate subtypes likely
result from distinct pathophysiologic mechanisms,
may be associated with unique biomarkers and likely
require unique approaches to treatment and
prevention. For instance, a patient with a painful residual
limb secondary to infection, heterotopic ossification or a
poorly fitting prosthesis will require a significantly
different therapy than a patient with a sensitized
neuroma.

Identifying effective preventive therapies for amputation
and surgical nerve injury requires an understanding of
predisposing clinical factors [2,23,24]. Studies
attempting to identify psychosocial variables as risk fac-
tors or correlates of pain have become more numerous
in the past decade, but results have been inconsis-
tent [25]. Nonetheless, there have been studies associ-
ating psychological conditions such as post-traumatic
stress disorder (PTSD), depression, and pain cata-
strophizing with chronic pain [26–28]. The identification
of clinical factors that predispose patients to CPSP is
critical for adequate patient risk stratification and will
increase the power of future trials to identify preventive
therapies.

We report here results from VIPER (Veterans Integrated
Pain Evaluation Research), a study of 124 recent active
military traumatic amputees designed to discriminate
pain phenotypes, evaluate clinical risk factors, discover
biomarkers of chronic pain, and identify novel pain path-
ways. Subjects were enrolled three to 18 months after
amputation, and extensive questionnaires were com-
pleted, assessing demographic data, surgical proce-
dure, and screening for post-traumatic stress disorder
(PTSD), depression, and pain catastrophizing. In order
to more precisely categorize the distinct pain
conditions occurring after amputation we used a diag-
nostic algorithm, the Duke postamputation pain algo-
rithm (DUKE-PAPA), modified from our original algorithm
[29], to differentiate the subtypes of postamputation
pain. Using this phenotypic data and algorithm-based
grouping of patients into diagnostic subgroups, we
attempted to determine whether PTSD, depression, and
pain catastrophizing were associated with chronic pain
or the predetermined pain subtypes following amputation.

Given the equivocal literature on pain prevention with
peripheral nerve catheters [30,31], we additionally eval-
uated the incidence of chronic pain after amputation in
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patients with and without peripheral nerve catheters
placed soon after the time of injury.

Methods

Study Design

The Defense and Veterans Center for Integrative Pain
Management (DVCIPM – DVCIPM.org) obtained
Institutional Review Board approval at Walter Reed
National Military Medical Center (WRNMMC) to enroll
124 recent active duty military post-traumatic amputees
receiving care 3–18 months after amputation. We imple-
mented a 3-month minimum given that chronic pain is
usually defined as lasting 3 months or greater in most
study populations. An 18-month cutoff was employed
as the time-course of recovery/rehabilitation at
WRNMMC is usually complete by this point in time, and
few military service members would be present and eli-
gible for enrollment after this period. Multiple pain and
psychometric questionnaires were administered to each
individual and completed with minimal guidance by a
DVCIPM healthcare provider.

Subjects were included if they were a military health
care system beneficiary aged 18 years or older and
undergoing treatment at WRNMMC with a diagnosis of
postinjury amputation of all or part of one limb.
Amputation injury must also have occurred between 3
and 18 months prior to enrollment.

Patients were excluded if they were afflicted with severe
traumatic brain injury, significant cognitive deficits, sub-
stantial hearing loss, spinal cord injury with permanent
or persistent deficits, ongoing tissue damage that might
cause pain, infection, heterotrophic ossification, poorly
fitting prosthesis, or hip disarticulation.

Data Collection

From November 2011 to July 2013, demographic data
were collected and multiple previously validated ques-
tionnaires were administered to quantify and qualitatively
stratify each subject’s pain. We utilized the Brief Pain
Inventory (BPI) Short Form for assessment of pain and
function [32], the Defense Veterans Pain Rating Scale
(DVPRS) for additional symptomatic evaluation given its
validity in this patient population [33], the Self-Report
Leeds Assessment of Neuropathic Symptoms and
Signs (S-LANSS) to discriminate between nociceptive
and neuropathic pain [34], Post Traumatic Stress
Disorder Checklist-Military (PCL-M) normalized for a mili-
tary population to screen for PTSD [35], Pain
Catastrophizing Scale (PCS) to assess catastrophizing
and its subscales of rumination, magnification and help-
lessness [36], Pain Health Questionnaire-9 (PHQ-9) to
detect symptoms of depression [37], and Complex
Regional Pain Syndrome (CRPS) Questionnaire using
the Budapest Clinical Criteria. In the absence of a vali-
dated assessment tool for the detection of CRPS in an
amputation population, we chose to apply the

“Budapest Criteria” that is commonly used in existing-
limb populations. Given that physical exam findings and
therefore sensitivity of detection of CRPS in a missing-
limb population might be diminished, we utilized the
more sensitive “clinical” criteria as our detection tool [38].
Phantom sensation, phantom pain, residual limb pain
and the presence of a sensitized neuroma were assessed
through questions from the Groningen Questionnaire
Problems After Arm/Leg Amputation [4] (Table 1).

A physical exam was also performed at the time of
assessment, documenting allodynia/hyperalgesia, pres-
ence/absence of a sensitized neuroma (Tinel’s sign),
temperature/color asymmetry, wound status, edema
and skin/hair changes outside of the injury. The use of
regional anesthesia catheter infusion was determined
through a comprehensive review of each patient’s chart
from the time of traumatic injury and through the period
of subsequent care. Although we were able to confirm
catheter placement through review of records, many of
these catheters were placed under battlefield condi-
tions, and we were not able to always confirm the exact
location of catheter placement. We therefore do not
report on this finding.

Pain and Assessment Tool Interpretation

We defined clinically significant pain (cases) as an aver-
age pain score over the past week of greater than or
equal to 3/10 on a numeric rating scale (NRS). This cut-
off value has been used in previous pain literature to
distinguish “mild” pain from “moderate/severe” pain,
and has been used in prior studies of postamputation
pain [8,38,39]. Those patients with clinically significant
pain were further adjudicated into pain subtypes. Those
subjects with pain less than 3/10 but greater than 0/10
completed all the data collection questionnaires, but
subtypes were not analyzed. This case/control method-
ology was chosen to facilitate our parallel analyses
where we are using case status to correlate with genetic
polymorphisms and biomarkers of risk in susceptible
individuals.

To examine potential, associated psychological comor-
bidities we defined diagnostic cutoff values for the
assessment instruments that we utilized. Pain cata-
strophizing was defined as a PCS score of 15 or greater
based on the work of Sullivan et al. [3], and consistent
with other studies of risk factors for chronic postsurgical
pain [40]. We defined possible depression as a PHQ-9
score of 10 or greater based on a meta-analysis by
Manea et al. who found PHQ-9 scores between 8 and
11 were able to detect depression with reasonable sen-
sitivity and specificity [41]. The presence of possible
PTSD was defined by a PCL-M score of 50 or greater,
normalized for a military population [42].

Pain Subtype Adjudication

Between May 15 2012 and June 16 2014, three or
more members of the VIPER Adjudication Committee
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(composed of Drs. Buchheit, Vandeven, Buckenmaier,
Hsia, Macleod, and Shaw) met on six occasions to
review data and adjudicate the study subjects into pain
subtype using the previously described Duke-PAPA
algorithm (Figure 1). This algorithm systematically char-
acterizes postamputation pain into multiple discrete
phenototypes that include phantom pain and subtypes
of residual limb pain such as somatic, neuroma, com-
plex regional pain syndrome, and mosaic (not otherwise
specified) [29].

The adjudication process started with classifying study
subjects into cases and controls. At the time of assess-
ment, if the patient experienced an average pain score
over the past week of greater than or equal to 3/10 on
a numeric rating scale, they were considered a “case”
and were therefore adjudicated into pain subtypes. The
presence/absence of phantom and residual limb pain
were then assessed using a subset of questions from
the Groningen assessment [4]. Phantom pain was dis-
tinguished from nonpainful phantom sensation, and
defined by a positive response to the following question:
“do you experience pain in any part of the amputated
arm and/or leg?”. Residual limb pain was defined by a
positive response to the question: “do you have any
pain in the stump?”. If residual limb pain was present, it
was then classified as “somatic” or “neuropathic” using
the S-LANSS questionnaire with a cutoff value of 12 or
greater defining pain as neuropathic. Those with neuro-
pathic pain were then further characterized as having
either neuroma or complex regional pain syndrome
(CRPS) using both questionnaire and physical exam
data. Pain elicited by tapping pressure applied at a spe-
cific point (Tinel’s sign) or patient reported pain with
focal point pressure was defined as neuroma. Budapest
Clinical Criteria were used to define CRPS, requiring
three out of four clinical symptoms and two out of four
physical exam findings. If patients had an SLANSS
score of 12 or greater but did not meet diagnostic criteria
for CRPS or neuroma, the patient was classified as expe-
riencing a not otherwise specified “mosaic neuralgia.”

All patients with pain greater than 0/10 were evaluated
with the assessment tools noted above. Those with
pain less than 3/10 were considered part of the

“control” cohort for future biomarker analysis. These
subjects were not adjudicated into pain subtypes but
were included along with the rest of the study sample in
an exploratory analysis examining risk factors for post-
amputation pain. Pain was considered “severe” if NRS
pain score >5.

Statistical Analysis

All questionnaire data were entered into the Research
Electronic Data Capture (REDCap)TM database and
adjudication data were entered into a spreadsheet that
was stored on the Duke secure servers only accessible
by research staff. Data analysis was performed using
SAS version 9.3 (SAS Institute Inc., Cary, NC) and R
(version 3.1.2) statistical software programs. For the
patient demographic data, the Wilcoxon rank sum test
was used for the analysis of continuous variables and
the Pearson’s chi-square test was used to analyze cate-
gorical variables. For the clinical risk factors and chronic
pain subtypes, odds ratios with 95% confidence inter-
vals were calculated for each categorical variable and
statistical significance was calculated with Fisher’s exact
test or the likelihood ratio chi-squared test. P values
from Fisher’s exact test are presented where appropri-
ate (any expected cell counts <5 in contingency tables).
A P value <0.05 was considered significant for all analy-
ses. No adjustments were made for multiple testing in
this exploratory investigation.

Results

Patient Demographics and Pain Incidence

The demographic characteristics of patients defined as
cases versus those defined as controls are reported in
Table 2. There were no significant differences in age,
body mass index, time as amputation, ethnicity, ampu-
tation site or presence of regional analgesia catheter
around the time of amputation between patients who
had clinically significant pain at the time of enrollment
compared to those who did not. When we analyzed the
demographic characteristics of those who received or
did not receive a regional analgesia catheter, we
observed no difference.

Table 1 Asssessment tools

Symptom Assessment Tool

Pain and function Brief Pain Inventory (BPI) Short Form

Pain and function Defense Veterans Pain Rating Scale (DVPRS),

Neuropathic symptoms Self-Report Leeds Assessment of Neuropathic Symptoms and Signs (S-LANSS),

Post-traumatic stress disorder Post-traumatic Stress Disorder Military Checklist (PCL-M)

Pain Catastrophizing Pain Catastrophizing Scale (PCS),

Depression Pain Health Questionnaire-9 (PHQ-9)

Complex Regional Pain Syndrome Budapest Complex Regional Pain Syndrome (CRPS) Questionnaire

Phantom sensation, phantom pain,

residual limb pain, neuroma

Questions from Groningen Questionnaire Problems After Leg Arm Amputation
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A majority of enrolled patients (80/124 or 64.5%)
reported clinically significant pain scores (pain score �3
averaged over the previous week, Table 3) while 17% of
patients reported experiencing severe pain (pain

score> 5). The distribution of patients noting clinically
significant pain and severe pain in this cohort is consis-
tent with previously published studies of chronic pain
after amputation [4,5].

Figure 1 Phenotype adjudication algorithm.
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Subtypes of Chronic Postamputation Pain

Of the 80 subjects who described significant postampu-
tation pain (NRS �3/10), the majority experienced both
residual limb pain (76/80) and phantom limb pain (72/
80) (Table 3). Analysis of significant residual limb pain
subtypes revealed that 37/76 (48.7%) demonstrated evi-
dence of a sensitized neuroma. Symptoms and exam

evidence of complex regional pain syndrome was
observed in 15/76 (19.7%). It was notable that all sub-
jects with CRPS also had evidence of a symptomatic
neuroma. Somatic pain was identified in 31/76 patients
(40.8%) with residual limb pain. Only eight patients
(10.5%) with neuropathic residual limb pain could not
be classified as having either neuroma or CRPS and
received the mosaic neuralgia classification.

Table 2 Patient demographic data

Control (N¼44) Case (N¼ 80)

Demographic Mean (SD) Mean (SD) P value

Age 25.4 (5) 26.9 (6.8) 0.1562*

Body Mass Index 26.1 (3.6) 26.6 (3) 0.2345*

Time since amputation (months) 8.4 (3.9) 8.9 (5.2) 0.9457*

N (%) N (%)

Male 44 (100) 78(97.5) 0.9577ˆ

Regional catheter 22 (50) 31 (38.8) 0.2260ˆ

Ethnicity N (%) N (%) 0.5700ˆ

American Indian/Alaska Native 0 (0) 2 (2.5)

Asian 2 (4.5) 1 (1.3)

Native Hawaiian or Other Pacific Islander 0 (0) 1 (1.3)

Black or African American 3 (6.8) 5 (86.3

White 39 (88.6) 70 (88.6)

Amputation Site N (%) N (%) 0.8478ˆ

Left upper extremity 2 (4.5) 5 (6.3)

Right upper extremity 1 (2.3) 3 (3.8)

Left lower extremity 22 (50) 34 (42.5)

Right lower extremity 19 (43.2) 38 (47.5)

*P value generated from Wilcoxon Rank-Sum test. ˆP value generated from chi-squared test.

Table 3 Distribution of pain subtypes
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Association Between Clinical Risk Factors and
Subtypes of Chronic Postamputation Pain

Each enrolled patient completed PHQ-9, PCL-M, and
PCS questionnaires assessing the presence of depres-
sion, post-traumatic stress disorder (PTSD) and pain
catastrophizing, respectively. Odds ratios were calcu-
lated for these clinical risk factors in association with
chronic postamputation pain (see Table 4).

When we analyzed subjects with clinically significant
residual limb pain (RLP) (NRS �3/10, N¼ 76), without
regard to subtype, no associations with clinical risk fac-
tors were observed. However, when neuropathic RLP
was analyzed (N¼45), significant associations were
noted with PTSD and depression. When we further dis-
criminated subtypes of neuropathic RLP, we found that
the RLP subtypes of neuroma (N¼ 37) and CRPS
(N¼ 15) were additionally associated with PTSD and
depression. Non-neuropathic residual limb pain (somatic
RLP) was negatively associated with the presence of
PTSD only.

Exploratory Analysis of the Association Between
Clinical Risk Factors and Postamputation Pain

Because there were multiple patients with some degree
of neuropathic pain in the control group that we did not
want to completely exclude, we conducted an explora-
tory analysis examining risk factors for postamputation
pain in all subjects. When all patients (NRS>0/10) with
neuropathic symptoms (SLANSS �12) were included,

we found neuropathic pain to be significantly associated
with all four clinical risk factors (catastrophizing, PTSD,
depression, and regional analgesia catheter) (see right
hand column of Table 4). Thus, for the study sample as
a whole, patients who met criteria for PTSD, who
scored higher on depression or pain catastrophizing, or
had the absence of a regional analgesia catheter were
much more likely to report higher levels of neuropathic
pain.

Additional analysis of opioid pain medication (oxyco-
done, morphine, hydrocodone, methadone, and fen-
tanyl) use was performed. There were 30 study subjects
that were taking an opioid at the time of assessment.
As one might anticipate, patients who were cases (aver-
age pain �3) were more likely to use opioids (27/30,
90%) than those who were controls (3/30, 10%).

Discussion

The Veterans Integrated Pain Evaluation Research
(VIPER) study included young, active duty soldiers who
suffered traumatic battlefield amputation within 3–18
months of enrollment. The VIPER study was designed
to distinguish pain subtypes, analyze associations
between pain and a number of clinical risk factors, and
discover novel biomarkers unique to each pain subtype.
Relative youth and lack of medical comorbidity makes
this patient population unique. This relatively homogene-
ous patient population may also provide a less noisy
background when comparing genetic, epigenetic, and
proteomic signatures between patients with and without

Table 4 Clinical risk factors for development of postamputation chronic pain subtypes

Chronic

Pain

(cases)

N¼ 80

Phantom

Pain

(cases)

N¼ 72

RLP

(cases)

N¼ 76

RLP-

Somatic

(cases)

N¼ 31

RLP-Neuro

pathic

(cases)

N¼ 45

RLP-

Neuroma

(cases)

N¼ 37

RLP-

CRPS

(cases)

N¼ 15

RLP-

Mosaic

(cases)

N¼ 8

Neuropathic

Pain

(All)

N¼ 61

OR (CI) OR (CI) OR (CI) OR (CI) OR (CI) OR (CI) OR (CI) OR (CI) OR (CI)

[P] [P] [P] [P] [P] [P] [P] [P] [P]

Clinical Factor

PCS 13.39 (1.73�
103.87)

6.20 (0.34–

112.49)

3.05 (0.16–

59.29)

0.48 (0.15–

1.50)

2.71 (0.87–

8.45)

2.47 (0.85–

7.14)

1.82 (0.53–

6.20)

1.08 (0.20–

5.85)

3.78 (1.28–

11.18)

[P value] [0.0016]* [0.1876] [0.5676] [0.194] [0.0735] [0.0899] [0.3474] [1.0000] [0.0103]*

PCL-M 10.08 (1.28–

79.14)

1.72 (0.20–

15.14)

2.31 (0.12–

45.15)

0.19 (0.04–

0.89)

6.92 (1.44–

33.17)

6.67 (1.71–

26.04)

7.13 (1.98–

25.70)

0.58 (0.07–

5.12)

9.28 (2.01–

42.88)

[P value] [0.0099]* [1.0000] [1.0000] [0.0373]* [0.0088]* [0.0038]* [0.0029]* [1.0000] [0.0010]*

PHQ-9 2.40 (0.94–

6.13)

9.13 (0.51–

164.62)

4.46 (0.23–

86.00)

0.38 (0.13–

1.09)

3.53 (1.22–

10.19)

3.72 (1.36–

10.15)

4.59 (1.42–

14.91)

0.71 (0.13–

3.79)

4.46 (1.81–

10.99)

[P value] [0.055] [0.0520] [0.3036] [0.0624] [0.0142]* [0.0081]* [0.010]* [1.0000] [0.0006]*

Regional

Catheter

0.63 (0.30–

1.33)

5.00 (0.58–

42.80)

1.96 (0.19–

19.70)

1.24 (0.50–

3.12)

0.91 (0.37–

2.25)

1.42 (0.58–

3.51)

2.09 (0.67–

6.49)

0.20 (0.02–

1.71)

0.44 (0.21–

0.92)

[P value] [0.227] [0.142] [1.0000] [0.6423] [0.8397] [0.4443] [0.2034] [0.142] [0.0269]*

The odds-ratios for development of chronic pain (all types), neuropathic pain, phantom limb pain, all types of residual limb pain,

somatic residual limb pain, residual limb pain from presence of neuroma, complex regional pain syndrome, mosaic neuropathic

residual limb pain and all neuropathic residual limb pain are reported above with P values in brackets. Factors associated with

significant risk of a specific pain subtype (P value <0.05) are marked with an asterisk and italicized in bold. The data presented

in the final column include total patients with neuropathic pain regardless of case or control status.
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chronic residual limb pain as we attempt to identify bio-
markers of pain susceptibility in the future.

Data on pain characteristics were collected using four
distinct pain evaluation scales for each enrolled patient
including a visual analogue scale (VAS) score, S-LANSS
score for evaluation of neuropathic pain, BPI, and
DVPRS. DVPRS and VAS are well-validated pain meas-
urement tools which record pain.

Using the average pain score over the past week as our
method to categorize patients as either control (<3) or
case (�3), we found that the overall incidence of signifi-
cant chronic pain after amputation to be 65%, agreeing
well with previously published data [2,43–45]. We addi-
tionally observed that 90% of patients receiving opioid
analgesics at the time of study enrollment described sig-
nificant pain (�3), and therefore, were analyzed as
cases. Given that only 3/10 (10%) of those receiving
opioid medications were part of the control group (aver-
age pain <3), these medications appear to have mini-
mally affected the case/control status of study subjects.

Pain phenotype adjudication using the Duke-PAPA algo-
rithm [29] revealed that the majority of amputees with
significant chronic pain were experiencing both phantom
limb pain sensations and residual limb pain (68 out of
80). Almost 60% of patients with residual limb pain were
determined to have chronic neuropathic pain (45 out of
76) as defined by the S-LANSS scoring system while
the remaining 40% were found to have somatic pain in
the residual limb.

Although the coexistence of phantom and RLP has been
noted previously, it has not been reported to the degree
observed in this cohort [5,43]. Literature in recent deca-
des has increasingly supported central causes of phan-
tom pain as a dominant paradigm, with decreasing
emphasis on the role of peripheral neurologic input in
maintaining phantom limb pain [46,47]. However, the
peripheral contributions to phantom limb pain have again
been questioned with the publication of successful treat-
ment of phantom pain with intraforaminal blockade of the
dorsal root ganglion [48]. The strong diagnostic coexis-
tence of sensitized neuromas, residual limb pain, and
phantom pain in this study further supports a likely impor-
tant interplay between these pathologic processes.
However, we must also exercise caution, as causation
cannot be implied from this observational study.

It is also notable that there is a high prevalence of neu-
romas in this postamputation population (48.7% of
those with residual limb pain had evidence of a neu-
roma). This prevalence is higher than previously reported
incidences [5,49] and further strengthens the impor-
tance of neuroma in the comprehensive treatment of
the patient with postamputation pain.

Though previous epidemiological analysis of CRPS
patients showed that 24% of CRPS patients had sur-
gery as the inciting injury [50], and CRPS has been

observed after amputation [6,51] it is unclear how many
postsurgical patients develop CRPS after amputation or
other surgical procedures involving injury to a major
peripheral nerve. Using the Budapest Criteria, we found
15 out of 76 (19.7%) patients with chronic residual limb
pain were defined as having CRPS in this cohort.
Although significantly less common than neuroma in our
study, we believe it is important to distinguish this diag-
nostic group given the therapeutic treatment
implications.

In the past 10 years, multiple chronic postsurgical pain
studies have also collected data on patient psychosocial
variables as potential risk factors for development of
pain [25,52]. Many of these have shown a positive cor-
relation between the presence of CPSP and depression,
anxiety, PTSD, and pain catastrophizing [53,54]. In
patients experiencing chronic postmastectomy pain, for
example, anxiety and pain catastrophizing were signifi-
cantly associated with the presence of pain [55]. There
are very few studies, however, specifically looking at an
association between the presence of pain and PTSD,
depression or pain catastrophizing in amputees [44,56].
Additionally, it is unknown if there are stronger associa-
tions with any of the subtypes of postamputation pain.

In our study, we found a significant association between
symptoms of catastrophizing and PTSD and clinically
significant (NRS�3/10) chronic postamputation pain. It
is notable that when we analyzed risk factors for cases
of residual limb pain without regard to subtype discrimi-
nation, we found no significant associations. However,
when we examined the risk factor associations for the
defined subtypes of residual limb pain, we found signifi-
cant associations between PTSD and depression and
all three subtypes of neuropathic RLP (RLP neuropathic,
RLP neuroma, RLP CRPS). These findings imply that
risk factors (and therefore potentially treatments) do not
affect all pain conditions equally. Interestingly, in an
exploratory analysis that included all study patients
(including those with NRS<3) we found that all four risk
factors were related to neuropathic pain. Taken
together, these findings suggest that risk factors such
as psychosocial variables and regional analgesia cathe-
ter placement may play a role in postamputation pain.

As all data were collected at one time point months
after amputation, it is not possible to determine whether
these psychosocial factors were present before surgery
(acting as risk factors for development of pain) or if they
developed subsequent to injury as a result of the trau-
matic experience. There is some evidence that pre-
operative depression and anxiety are associated with a
higher incidence of pain after surgery. Brander et al.
assessed pre-operative depression and anxiety in
patients about to undergo total knee replacement and
found a significant increase in chronic pain incidence at
one year in patients with high Beck-Depression
Inventory and State-Trait Anxiety Index scores [57]. A
number of other studies have assessed psychosocial
variables as predictive risk factors but most have been
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in patients undergoing lumbar spine surgery [58,59].
Both total knee arthroplasty patients and lumbar spine
surgery patients often have a long history of chronic
pain before surgery so it is unclear whether these find-
ings can be applied to CPSP that occurs in patients
without pre-existing pain conditions.

There have been multiple previous attempts to use peri-
operative regional and neuraxial analgesia to prevent
chronic postamputation pain. After some initial encour-
aging results [60–62] a number of small randomized tri-
als of short term regional anesthesia did not show any
effect on chronic phantom or residual pain incidence
after amputation [8,31,63]. It is unclear if this lack of
effect was due to underpowered studies, incomplete
clinical pain syndrome classification, or the technique
and duration of therapy. In our unique patient cohort,
consisting of young men and women experiencing limb
trauma and amputation, we found that patients who
had a documented placement of peripheral nerve cathe-
ters near the time of traumatic injury were less likely to
have neuropathic pain symptoms in the affected limb or
stump. The presence of a peripheral nerve catheter at
the time of injury or amputation was determined through
an extensive review of each patient’s military medical
record. It is also interesting to note that in this cohort,
the median duration of catheter treatment was 10 days
with a maximum catheter duration of 29 days, consider-
ably longer than many other studies of regional analge-
sia catheters [64]. This extended duration of catheter
infusion may have a beneficial effect as has been previ-
ously demonstrated by Borghi et al. [65]. As under-
standing of the extended inflammatory response leading
to nociceptor sensitization advances [66–71], and the
importance of preventing abnormal nociceptor signaling
throughout the course of this inflammatory response
becomes more clear [72–76], it is intriguing that patients
with a prolonged exposure to local anesthetics around a
peripheral nerve may have a decreased incidence of
neuropathic pain after amputation.

There are multiple limitations to this research. First of all,
our small sample size (124 subjects) limits the analysis
and conclusions, particularly in regards to the correla-
tions between neuropathic pain subtypes, clinical risk
factors, and the use of a regional analgesia catheter.
Answering these questions would require either a larger
study or a more focused clinical question. We also have
limitations with our regional analgesia catheter use given
the lack of more granular data on catheter location and
drug doses, although it is reasonable to assume that
the majority of these catheters were placed in proximity
to the target nerves under ultrasound guidance. These
are inherent challenges in the collection of information in
the setting of active military conflict. The undefined role
of traumatic brain injury (TBI) in this research cohort
might also be considered a limitation of this study.
Although severe TBI was an exclusion criterion, many of
the service members most likely experienced mild to
moderate TBI, affecting the experience of pain. A granu-
lar description of all comorbidities would have been

ideal to capture in this population. We were acutely
aware throughout the course of the study to avoid addi-
tional disruption in the lives of the service members and
the negative effects of questionnaire burden. We there-
fore gathered only the most critical data necessary to
accomplish the aims of this research. It is reasonable to
assume that the majority of those injured experienced a
mild to moderate TBI, maintaining a relatively homoge-
neous sample.

Additional limitations would include the lack of pre-injury
pain assessment and longitudinal follow-up of study
subjects. We do not know if any of the study subjects
had pre-existing chronic pain conditions that might
affect outcomes following traumatic injury. It is also
unclear if pain severity, quality, and phenotype might
evolve over the subsequent months in these military
service members, especially in those enrolled earlier in
their recovery (3–6 months).

Conclusions

In conclusion, the discrimination of pain subtypes in this
observational study of young, healthy traumatic ampu-
tees reveals a similar prevalence of postamputation pain
with current literature [21], but a significant phenotypic
overlap of both phantom and residual limb pain. There
is additionally a prominent representation of sensitized
neuromas as a cause of chronic residual limb pain,
identifying this condition as a potential target for future
therapies. Utilizing the Duke-PAPA diagnostic algorithm,
we were able to classify patients into known categories
of pain syndromes including phantom and residual limb
pain, and further into RLP subtypes such as somatic,
neuroma, complex regional pain syndrome, and mosaic
neuralgia. Furthermore, we were able to demonstrate a
significant association between symptoms of PTSD and
depression and all subtypes of neuropathic RLP.
Though presence of a peripheral nerve catheter did not
reduce the number of patients with significant neuro-
pathic RLP, it did reduce the incidence of neuropathic
pain of all severities. These risk factors did not associate
as strongly with somatic pain syndromes, consistent
with a distinct pathophysiology. From this work it is
unclear whether these clinical factors are predictive of
future chronic pain development. Future longitudinal
studies are needed to examine this question, and an
ideal intervention trial would simultaneously treat these
medical and psychological risk factors to determine if
the prevalence of chronic postinjury pain can be
reduced.
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