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Abstract

Background: Lower extremity amputations are common and post-operative neuropathic pain
(phantom limb pain or symptomatic neuroma) is frequently reported. The use of active treatment
of the nerve end has shown to reduce pain but requires additional resources and should therefore
be performed primarily in high-risk patients. The aim of this study is to identify the factors
associated with the development of neuropathic pain following above the knee amputation (AKA),
knee disarticulation (KD) or below the knee amputation (BKA).

Methods: Retrospectively, 1,565 patients with an average follow-up of 4.3 years who underwent
a primary AKA, KD or BKA were identified. Amputation levels AKA and KD were combined as
proximal amputation level, with BKAs being performed in 61% of patients. The primary outcome
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was neuropathic pain (phantom limb pain or symptomatic neuroma) based on medical chart
review. Multivariable logistic regression was performed to identify independent factors associated
with neuropathic pain.

Results: Post-operative neuropathic pain was present in 584 (37%) of patients, with phantom
limb pain occurring in 34% of patients and symptomatic neuromas occurring in 3.8% of patients.
Proximal amputation level, normal creatinine levels and a history of psychiatric disease were
associated with neuropathic pain. Diabetes, hypothyroidism and older age were associated with a
lower odds of developing neuropathic pain.

Conclusions: Neuropathic pain following lower extremity amputation is common. Factors
influencing nerve regeneration, either increasing (proximal amputations and younger age) or
decreasing (diabetes, hypothyroidism, chronic kidney disease) it, play a role in the development of
post-amputation neuropathic pain.

Level of Evidence: IV

Introduction

Lower extremity amputations are prevalent, with 623,000 Americans living with a major
lower extremity amputation in 2005, and this number is expected to increase in the
coming decades.! The most commonly performed major amputations are above the knee
amputations (AKA) and below the knee amputations (BKA).2

A recent meta-analysis reported that phantom limb pain occurs in 27-86% of patients
following amputation, with this wide range being attributed to the heterogeneity in study
design and outcome definition.3 Symptomatic neuromas often correlate with phantom limb
pain as they can contribute to post-amputation neuropathic pain.#® As a consequence,
rehabilitation and prosthesis use is negatively impacted which contributes to the residual
limb patient experiencing an inferior overall quality of life and decreased survival.5/

Since 2014, the application of “active” surgical treatments to address the nerve ends
transected following amputation has gained popularity.8: Targeted muscle reinnervation
(TMR) and regenerative peripheral nerve interfaces (RPNI) are surgical techniques that
provide terminal nerve axons a path along which they can regrow as well as provide a
functional task once the target muscle has been re-innervated. When applied at the time of
amputation and/or after the development of neuropathic pain, both of these techniques have
proven to reduce pain, decrease opioid use, and increase prosthesis use.10

Offering patients “active” management of the nerve endings with TMR or RPNI at the

time of amputation involves a multidisciplinary team of orthopaedic, general, and peripheral
nerve surgeons which requires additional resources during the initial amputation surgery.

It is therefore important to identify patients most at risk for the development of post-
amputation neuropathic pain so that they can receive optimal surgical care with appropriate
allocation of required resources. The aim of this study is to identify those factors associated
with the development of neuropathic pain following lower extremity amputation in an effort
to aid in appropriate resource application and utilization.
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Following Institutional Review Board approval, Current Procedural Terminology (CPT)
codes, International Classification of Diseases (ICD), 91" and 10" Revision procedural and
diagnosis codes were used to identify patients that underwent primary amputation of the
lower extremity at one of five urban hospitals in the Northeastern United States, which
included two level | trauma centers (n=4,253) (See Table, Supplemental Digital Content

1, which presents codes to identify patients with lower extremity amputation, INSERT
HYPERLINK HERE).

All adult (>18 years) patients who underwent an AKA, knee disarticulation (KD) or BKA
with a minimum post-operative survival of 12 months between January 15t, 2000 and August
15t, 2018 were included (n=2,266). A medical chart review was performed to confirm if a
patient met inclusion criteria. Further exclusions included miscoding (i.e. the patient did not
have an amputation n=219) or miscoded for an amputation level different than AKA, BKA
or KD (n=83), TMR or RPNI at the time of amputation (n=16) or inaccessible operative
notes (n=2). Amputations at the level of or distal to the tibiotalar joint were excluded due

to the small nerve size at that level and the limitation identifying target neuromuscular
junctions in this area. Additionally, patients with a follow-up of less than 6 months were
excluded (n=381). After application of the exclusions noted previously, a total of 1,565
patients were included for analysis. Only initial amputations at one of the aforementioned
levels were included. In cases where a BKA or KD was converted to an AKA, the final
amputation level was included and conversion of amputation was included as an explanatory
variable.

A combination of a medical chart review and a centralized clinical data registry for research
(Research Patient Data Registry (RPDR)) was used to obtain patient characteristics, lab
values, injury characteristics and outcome variables. Demographic characteristics such as
age, sex, race, insurance status was extracted directly from RPDR. Median household
income was calculated based on the median income by zip code from 2006-2010 reported
by the United States Census Bureau.1! Using ICD-9 and ICD-10 codes, the Elixhauser
comorbidity score was calculated, which takes into account 30 comorbidities.12:13
Additionally, several specific comorbidities including hypertension, diabetes mellitus,
history of cardiac disease, chronic pulmonary disease, rheumatoid arthritis/collagen vascular
disease, paralysis, neurodegenerative disorders, hypothyroidism, liver disease, alcohol abuse,
drug abuse and a history of psychiatric disease were determined using the Elixhauser
comorbidity score ICD9/10 codes and included as an explanatory variable. Tobacco use

was determined using ICD-9 diagnosis codes (305.1, V15.82) and ICD-10 diagnosis codes
(F17.20, F17.21, F17.22, F17.29, Z71.6, Z72.0, Z77.22, Z87.891, T65.2). In all instances
where diagnosis codes were used, the comorbidity was considered to be present if it was
coded for three months before or after the amputation.

The amputation level was determined based on CPT along with ICD9/10 codes, and
patients who received a code for amputation twice were reviewed manually to determine
the final amputation level or if conversion from BKA to AKA was performed. Bilateral
amputations were defined as a bilateral amputation at the time of initial amputation
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surgery. The indication for amputation was based on medical chart review and grouped

as peripheral vascular disease, infection, trauma, oncology and other indications (which
included fracture nonunion, chronic pain, nerve palsy, deformity, dysfunctional limb,
untreatable arthritis/Charcot deformity amongst others). Albumin level, calcium level,
creatinine level, hemoglobin level and platelet count within three months prior to amputation
were included as explanatory variables. Follow-up was defined as the time from surgery to
the last visit at one of the hospitals within our health system.

Primary Outcome

Neuropathic pain was defined as the presence of phantom limb pain or a symptomatic
neuroma, as based upon the patients’ reported history and clinical examination, that
developed following amputation. This pain data was obtained based on the reports by
treating physicians in the medical charts. Sub-categories included (1) phantom limb

pain alone, (2) phantom limb pain in combination with a symptomatic neuroma, or

(3) a symptomatic neuroma alone. To identify patients with neuropathic pain, CPT

codes, ICD-9/10 diagnosis and procedure codes were used to flag patients (See Table,
Supplemental Digital Content 2, which shows diagnosis and procedure codes used to

flag patients with potential neuropathic stump pain, INSERT HYPERLINK HERE).
Additionally, using data processing software (Stata, StataCorp, College Station, USA) the
medical charts were reviewed and patients with “neurom” or “phantom” mentioned in their
charts were flagged. A medical chart review was performed to confirm the presence of
neuropathic pain in all flagged patients.

Statistical analysis

Continuous variables were reported as means and standard deviations or medians and
interquartile ranges (IQR) depending on normality, and dichotomous and categorical
variables were reported as frequencies and percentages. Normality was determined using
the Shapiro-Wilk test. Bivariate analysis was performed using the Student’s t-test for

age and label values, and the Mann-Whitney U test was used for median income and
Elixhauser comorbidity score. For dichotomous and categorical variables the Fisher’s exact
test was used to identify the factors associated with the development of neuropathic pain.
The amputation levels AKA and KD were combined in analysis. Multivariable logistic
regression was performed including all explanatory variables with a p<0.1 in bivariate
analysis. Age, race, indication for amputation, amputation level, Elixhauser comorbidity
score, diabetes, hypertension, history of cardiac disease, tobacco use, drug abuse, history
of psychiatric disease, hypothyroidism, creatinine level were included in the multivariable
analysis. Albumin level was not included in the multivariable analysis because this was
missing in 27%. Additionally, a Locally Weighted Scatterplot Smoothing (LOWESS) curve
was plotted for age using the probability of developing neuropathic based on the logistic
regression coefficient for age. A p-value of <0.05 was deemed statistically significant.
Analyses were performed using Stata 13.0 (Stata Corp. College Station, USA).

Study population

The patients in this cohort had an average age of 60.4+16.2 years with a median age of
61.4 years (interquartile range: 50.2-72.1), with 65% (n=1,021) being male (Table 1). BKA
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patients were more common (61%) than AKA patients (38%), and peripheral vascular
disease (41%) was the most common indication for amputation followed by infection

(40%). The median follow-up was 37 months (IQR: 19.0-67.9). According to the Elixhauser
comorbidity score, 79% (n=1,233) of patients had three or more comorbidities.

A total of 584 (37%) patients in the study group (n=1565) developed neuropathic pain
following amputation, with the majority reporting phantom limb pain alone (34% of all
patients) (Table 2). Additionally, 39 (2.5%) patients had phantom limb pain concurring with
a symptomatic neuroma and 20 patients (1.3%) only had a symptomatic neuroma (Table 2).

After including explanatory variables with a p<0.1 in bivariate analysis (Tables 3-5),
multivariable analysis showed that more proximal amputation level (AKA/KD) (OR: 1.5,
95% Cl: 1.2-1.9, p=0.001); normal thyroid function (OR: 1.5, 95% CI: 1.1-2.0, p=0.019),
normal creatine levels (OR: 1.3, 95% CI: 1.0-1.7, p=0.045) and a history psychiatric disease
(OR: 1.6, 95% CI: 1.2-2.1, p<0.001) were independently associated with higher levels of
neuropathic pain (Table 6). Additionally, older age (OR: 0.99, 95% CI: 0.98-0.99, p<0.001)
and diabetes (OR: 0.70, 95% CI: 0.52, 0.93, p=0.015) were independently associated with a
lower odds of neuropathic pain (Figure 1).

Discussion

This study evaluated post-amputation neuropathic pain in 1,565 patients that underwent
AKA, KD or BKA. In a mean follow-up period of 4.3 years, 584 of the patients (37%)
developed neuropathic pain following their amputation, with phantom limb pain (36%)
reported in the majority of patients. AKA, younger age and a history of psychiatric

disease were associated with the development of neuropathic pain following amputation.
Furthermore, patients with diabetes, elevated creatinine levels and hypothyroidism had lower
odds of developing neuropathic stump pain.

There are several limitations to this study that need to be considered. First, the outcome

of interest, “neuropathic pain”, was determined by retrospective medical chart review. This
information was extracted from the descriptions and reports by the treating physicians.

As a result, the rates of reported neuropathic pain likely may be an under-representation,
but we suspect that the patients identified are those with clinically relevant neuropathic
pain. Additionally, the size of the current cohort enables identification of clinically relevant
associations. Second, we did not assess how neuropathic pain impacted the patient’s
psychologic or overall well-being nor did we evaluate longitudinal changes in neuropathic
pain over time nor the presence of pre-operative pain. It was noted that the patients who
underwent amputation for chronic pain (n=14), eight (57%) developed neuropathic pain.
Third, prosthesis use amongst the patients in this study was not assessed, but based on
other studies it is known that neuropathic pain results in reduced prosthetic use.1* Fourth,
gradual changes in phantom pain over time could not be accounted for as standardized
follow-up was lacking, but phantom limb pain had to be present at an post-operative follow
up visit. Although the nature of phantom pain may change over time, with our current
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knowledge regarding TMR/RPNI any neuropathic pain is clinically relevant. Lastly, some of
the variables (i.e. Elixhauser comorbidity score, cardiac disease, diabetes, hypothyroidism,
history of psychiatric disease) were based on ICD coding and therefore relies on adequate
and accurate coding.

Over a third of the patients with an AKA, KD or BKA developed neuropathic pain in this
study. Phantom limb pain is thought to result from maladaptive cortical, subcortical and
spinal reorganization following nerve injury.1-17 Neuromas were specifically reported in
only 3.8% of patients, which is likely an under-representation because not all healthcare
providers typically document neuroma and/or are aware of their close relationship with
neuropathic amputation pain. It is known that all transected nerves without a distal nerve
target develop a neuroma as axonal regeneration takes place outside the epineurium in an
unorganized manner.18-20 |t remains unknown why some patients develop a symptomatic
neuroma while others do not. However, an imbalance between the degenerative and
regenerative processes and (over)expression of neurotrophic factors in the regenerative
process may be causative.21-23

The incidence of phantom limb pain following lower extremity amputations ranges from
32% to 80% as reported in the literature.2:6:24-26 |n a cross-sectional survey study Morgan

et al. included 1,296 amputees, distal to the hip and proximal to the ankle, of which 48%
developed phantom limb pain and 35% developed residual limb pain, which is similar to

our findings.8 Ephraim et al. studied 914 patients who underwent upper or lower extremity
amputation using surveys and reported phantom limb pain 80% of patients, which is almost
twice the rate as in our series.?> Their reported findings of higher phantom limb pain

may be explained by the higher percentage of proximal amputations and the survey nature
of their study design. Interestingly, only 39% of patients reported severe phantom limb

pain. Similarly, a higher rate of phantom limb pain (73%) and residual limb pain (70%)
amongst 727 upper and lower extremity amputees was reported by Mioton et al., with

23% reporting moderate pain and 29% reporting severe pain.2 When interpreting studies
using questionnaires one must be aware of responder bias, as it has been shown that
responders report higher pain scores compared to non-responders.2’ In the future it would be
interesting to determine what degree of neuropathic pain and/or amputation pain is clinically
relevant, as it seems that phantom limb pain only impacts physical or emotional function in
roughly a quarter of those affected.26 Following lower extremity amputation the incidence
of symptomatic neuroma, despite the association with phantom limb pain, has not been
thoroughly studied and has been reported to range 4.2—-14%.45:28

Patients with proximal amputations (44%) had a higher rate of neuropathic pain compared
to more distal amputations (33%). Other studies have supported such findings of phantom
limb pain being more prevalent in proximal amputations.22% This finding may be explained
by the larger nerve caliber and concentration of affected axons proximally; however,
experimental studies are needed to confirm the exact pathophysiology. Higher rates of
neuropathic pain seen in younger age patients is likely due to the fact that the nerve
regenerative potential decreases with age, and therefore younger patients’ nerves tend to
regenerate more rapidly.30 This interesting finding is one that we have anecdotally noticed
clinically in our residual limb patient population.3!
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Depression and anxiety have frequently been shown to be predictive for the development of
neuropathic pain or phantom limb pain.2532 Thirty-six percent of the patients in this study
had a history of psychiatric disease and its presence was associated with higher odds of
developing neuropathic pain (OR: 1.6 95% CI: 1.2-2.1). The interaction between pain and
depression is known as the depression-pain syndrome, as both pain and depression have
similar biological pathways and neurotransmitters, exacerbating each other.33-35 Clinically
it is important to identify these patients prior to amputation because preventative measures
such as pre-operative psychosocial counseling or pharmacologic treatment, including certain
neuromodulating medications such as gabapentin, can decrease patient’s anxiety and pain-
catastrophizing in an attempt to mitigate post-operative neuropathic pain.36

Diabetes and chronic kidney disease were associated with lower odds of developing
neuropathic pain, and it seems likely that healing capacity — along with nerve regenerative
potential — influences the development of neuropathic pain. Stenberg and Dahlin assessed
axonal outgrowth along with activation transcription factor 3 (ATF-3) and cleaved caspase 3
staining in Schwann cells in diabetic and non-diabetic rats.3” Activation transcription factor
3 staining is a marker for Schwann cell activation and correlates with axonal outgrowth,
whereas cleaved caspase 3 is a marker for Schwann cell apoptosis. Their findings showed
decreased axonal outgrowth amongst diabetic rats and a larger number of cleaved caspase

3 Schwann cells in diabetic rats. These reported findings support the hypothesis that
diabetic patients have decreased nerve regenerative potential and are thus less prone to
develop neuropathic pain. Chronic kidney disease negatively impacts wound healing and the
increased uremic toxics can impair nerve regeneration.38:39

Albumin is a biochemical indicator for chronic malnutrition, and nutrients play a role

in many components of nerve regeneration.*%41 We did not include albumin level in the
multivariable analysis, but in bivariate analysis higher albumin levels were associated with
neuropathic pain. The average albumin level in patients who developed neuropathic pain was
3.3 g/dL compared to 3.1 g/dL in those that did not.

An interesting finding was that the rate of neuropathic pain was reduced in patients with
hypothyroidism (OR: 0.69), which may be related to the regulatory role of thyroid hormone
in nerve regeneration. Thyroid hormone regulates Schwann cell proliferation and stimulates
axonal regeneration, as neurons express triiodothyronine (T3) receptors.*2 In rats nerve
regeneration has shown to be enhanced when nerve conduits are injected with T3.43 Many
patients with hypothyroidism receive replacement therapy with levothyroxine but how this
synthetic T4 impacts nerve regeneration remains unknown.

Targeted muscle reinnervation and RPNI have gained popularity to prevent and treat
neuropathic pain and symptomatic neuroma formation following amputation.*44> Several
clinical studies have replicated significant reduction in phantom limb pain and residual limb
pain, along with a decrease in opioid use.1046-49 \When TMR is performed, the terminal
nerve branches of the amputation are redirected towards expendable motor nerve branches
in close proximity.#6 In some cases the neurorrhaphy is wrapped with a local vascularized
muscle flap so that axonal escape can grow into the muscle’s motor end plate.>? In RPNI

a non-vascularized muscle graft is wrapped around the terminal nerve ends so that the
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nerve can regenerate into and reinnervate the motor end plates.>! Both of these techniques
rely on (1) giving the nerve a functional denervated target to reinnervate and (2) giving

the nerve an endoneurial “runway” along which the regenerating axons can grow. These
surgical techniques have been shown to limit the formation of symptomatic neuroma, and
by recreating a functional neuromuscular unit, the central components of phantom limb pain
may be more effectively addressed.>2 Additionally, reducing nociceptive input towards the
nerve end interferes with the chronic neuropathic pain cycle.>3 While refractory neuropathic
pain following TMR/RPNI surgery can occur, it is thought to be the result of persistent
subcortical and peripheral changes that induce and maintain cortical changes, a situation
that is often apparent in patients with long-standing neuropathic pain. Another explanation
could be that central sensitization has taken place in patients with long-standing neuropathic
pain.>*

In conclusion, development of neuropathic pain following lower extremity amputation is
common and seems to be related to those factors influencing nerve regeneration as well as
those influencing pain experience. Younger age and proximal amputations were associated
with post-amputation neuropathic pain, most likely due an increased nerve regenerative
potential in these situations. On the contrary, diabetes, hypothyroidism and chronic kidney
disease all decreased the odds of developing neuropathic pain, as such comorbidities impair
nerve regeneration. Using the findings reported in this study, the authors suggest a clinical
algorithm to aid decision making for TMR/RPNI in the setting of AKA, KD and BKA
(Figure 2). Application of such an algorithm permits adequate resource allocation for
patients at high risk of neuropathic pain and supports referral to a specialized center in
certain instances. This concept of multi-disciplinary and centralized care for neuropathic
pain needs to be further evaluated at the level of patient outcomes and cost-effectivity.
Furthermore, additional research into the underlying pathophysiologic mechanisms of the
factors identified in this study will allow for further advancement in treating post-amputation
neuropathic pain.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Factors Related to Neuropathic Pain following Lower
Extremity Amputation.
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Locally weighted scatterplot smoothing curve for the probability of developing neuropathic
pain depending on age.
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Algorithm for contemporary treatment of the nerve end following amputation. AKA,
above-the-knee amputation; BKA, below-the-knee amputation, TMR, targeted muscle
reinnervation; RPNI, regenerative peripheral nerve interfaces.
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Table 1:

Patient Characteristics (n=1565)

Characteristic

Value

Mean age (SD), yr
Male sex, (%)
Race, n(%)
White
NonWhite
Bilateral, n(%)

Conversion to above knee amputation 75 (4.8)

Indication for amputation, 72(%)

Peripheral vascular disease 643 (41)
Infection 625 (40)
Trauma 152 (9.7)
Oncology 97 (6.2)
Other 48 (3.1)
Amputation level, 7(%)
Above the knee 590 (38)
Knee disarticulation 19 (1.2)
Below the knee 956 (61)

60.4 (16.2)
1021 (65)

1229 (83)
261 (18)
42 (2.7)
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Table 2:

Postamputation Symptoms

Symptom

Value

Phantom limb pain, 7(%)

Phantom limb pain & symptomatic neuroma, 7(%) 39 (2.5)
Symptomatic neuroma, /(%) 20 (1.3)

No symptoms, /(%)

525 (34)

981 (63)
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Table 3:

Patient and Injury Characteristics Associated with Neuropathic Pain

Page 16

Neuropathic pain

Yes (n=584, 37%)

No (n=981, 63%)

Mean age (SD), yr

Male sex, (%)
Median income, $ (IQR)
Insurance type, (%)
Medicare + insurance
Medicare alone
Private insurance
Medicaid
Self-pay
Worker’s compensation insurance
Veterans insurance

Race

White
NonWhite
Bilateral, m(%)
Conversion to above-knee amputation

Indication for amputation, /(%)

Peripheral vascular disease
Infection
Trauma
Oncology
Other
Amputation level, 7(%)

Above the knee

Below the knee

57.0 (15.9)

376 (37)
67,118 (51,723-80,153)

349 (37)
9 (24)
181 (38)
27 (24)
10 (42)
3 (60)
2 (100)

487 (40)
80 (31)
17 (41)
33 (44)

227 (35)
213 (34)
77 (51)
50 (52)
17 (35)

267 (44)
317 (33)

62.5 (16.0)

645 (63)
66,023 (51,723-80,153)

586 (63)
29 (76)
298 (62)
47 (64)
14 (58)
2 (40)
0

742 (61)
181 (69)
25 (60)
42 (56)

416 (65)
412 (66)
75 (49)
47 (49)
31 (65)

342 (56)
639 (67)

<0.001 "
031
0.62
0.27

0.008 *

0.75
0.22

<0.001”

<0.001”

IQR, interquartile range.

*
Statistically significant.
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Table 4:

Patient Comorbidities Associated with Neuropathic Pain

Page 17

Neuropathic pain

Yes (n=584, 37%)

No (n=981, 63%)

Elixhauser comorbidity score, median (IQR)
Diabetes mellitus, 7(%)

Hypertension, 7(%)

Cardiac disease, /(%)

Chronic pulmonary disease, /(%)

Obesity, m(%)

Tobacco use, /(%)

Alcohol abuse, (%)

Drug abuse, 7(%)

History of psychiatric disease, /(%)
Hypothyroidism, 7(%)

Rheumatoid arthritis/collagen vascular diseases, 7(%)
Paralysis, m(%)

Neurodegenerative disorders, /(%)

Liver disease, (%)

6 (4-10)
273 (31)
397 (36)
381 (35)
145 (40)
95 (40)
187 (42)
17 (34)
83 (49)
259 (46)
135 (33)
82 (37)
17 (30)
45 (34)
64 (40)

7 (4-10)
615 (69)
705 (64)
710 (65)
222 (61)
144 (60)
257 (58)
33 (66)
86 (51)
302 (54)
276 (67)
142 (63)
39 (70)
86 (66)
98 (61)

0.022%

<0.001 "
0.11

0.003*
0.32
0.42

0.015*
0.66

0.001%
<0.001 "
0.032"
0.88
0.33
051
055

IQR, interquartile range.

*
Statistically significant.
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Table 5:

Laboratory Values Associated with Neuropathic Pain

Page 18

Neuropathic pain

Yes (n=584, 37%)

No (n=981, 63%)

Albumin, mean (SD), g/dl 3.3(0.8)
Calcium, mean (SD), mg/dI” 8.8(0.8)
Creatinine, mean (SD), mg/dl t
>1.2 male, >1.1 female 197 (30)
< 1.2 male, < 1.1 female 367 (43)
Hemoglobin, mean (SD), g/dl” 10.6 (2.1)
Platelet count, mean (SD), count/jul 7 321 (163)

3.1(0.8)

8.7 (0.8)

451 (70)
492 (57)
10.5 (2.0)

323 (147)

<0.0017%
0.20

<0.001%

0.32

0.75

*
Twenty-seven percent missing data.

fLess than 10 percent missing data.

iStatisticaIIy significant.

Plast Reconstr Surg. Author manuscript; available in PMC 2023 July 28.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Lans et al.

Multivariable Logistic Regression Factors Associated with Neuropathic Pain (n=1435)

Table 6:

OR SE 95% ClI p

Age 099 0.004 [0.98,099] ggo1t
Race (reference: nonwhite) 13 0.21 [0.97, 1.8] 0.075
Indication

Peripheral vascular disease Ref  Ref Ref Ref

Infection 083 0.11 [0.64, 1.1] 0.15

Trauma 1.2 0.27 [0.76, 1.8] 0.46

Oncology 1.2 0.30 [0.71, 1.9] 0.53

Other 071 028 [0.33,15] 0.39
Amputation level (reference: above-the-knee amputation) 1.5 0.18 [1.2,1.9] 0.0017
Elixhauser comorbidity score 1.0 0.03 [0.99, 1.1] 0.13
Diabetes 070 010 [0.52,093] g5t
Cardiac disease 0.77 012 [0.58,1.05] 0.09
Tobacco use 1.2 0.15 [0.90, 1.5] 0.27
Drug abuse 1.3 024 [0.87,1.8] 0.22
History of psychiatric disease 16 021 [12,21] <9017
Hypothyroidism 069 011 [050,0.94] (o197
Creatinine, mean (SD), mg/dI

< 1.2 male, < 1.1 female Ref  Ref Ref Ref

>1.2 male, >1.1 female 077 010 [059,098] (o457

Ref, reference
*
Area under the curve, 0.67.

fStatisticaIIy significant.
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