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Abstract

Background: Although comorbid neurological conditions
are not uncommon for individuals undergoing lower-ex-
tremity (LE) amputation, short- and long-term prognosis is
unclear. Methods: This cohort study on the survival of Unit-
ed States veterans with LE amputations examined the asso-
ciation between different preexisting neurological condi-
tions and short-and long-term (in-hospital and within 1-year
of surgical amputation) mortality. 2 and t test statistics com-
pared baseline characteristics for patients with and without
neurological disorders. Multiple logistic regression and Cox
proportional hazard models were used to examine short-
and long-term survival and identify predictors limited to the
subset of those with neurological conditions adjusting for
age, amputation level and etiology, and co-morbidities. Re-
sults: Of 4,720 patients, 43.3% had neurological disorders
documented. Most prevalent were stroke or hemiparesis
(18.3%) and peripheral nervous system (PNS) disorders
(20.3%). Among patients with neurological conditions, those
with a PNS disorder or spinal cord injury (or paralysis) were
significantly less likely to die in hospital and within 1 year
(p < 0.05) when compared to the other types of neurological

condition groups including stroke (or hemiparesis), cerebral
degenerative diseases, movement disorders and autonomic
disorders. Conclusions: The high prevalence of preexisting
neurological disorders among LE amputees and the varying
effect of different conditions on risk of mortality highlights
the need to further characterize the diverseness of this un-
derstudied subpopulation. While preexisting spinal cord in-
jury and PNS disorders appear to carry a decreased risk
among amputees, those with central nervous system disor-
ders have comparatively greater mortalities.

Copyright © 2008 S. Karger AG, Basel

Introduction

Neurological disorders can be quite diverse, challeng-
ing to treat and often disabling. Conditions that involve
the central nervous system (CNS), peripheral nervous
system (PNS) and autonomic nervous system (ANS) are
not uncommon in patients who undergo lower-extremity
(LE) amputation, and the impact of these conditions on
prognosis has not been examined. Understanding the
prevalence of neurological disorders that are present as
comorbidities prior to LE amputation and the effect on
patient outcomes may aid in assessing resource use and
quality of care.
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Studies of patients with LE amputations in the United
States Veterans Health Administration (VHA) found
unadjusted 1-year survival rates of approximately 70%
with poorer rates for older patients and those with a
more proximal amputation, renal, cardiovascular or ce-
rebral vascular diseases [1-3]. Those patients catego-
rized as having ‘other neurological conditions’ had a
threefold increased likelihood of in-hospital mortality,
second highest only to those with systemic sepsis [3]. Al-
though LE amputees with preexisting neurological con-
ditions have been shown to be at risk for poorer out-
comes, work to date using data from the VHA, US pri-
vate sector, or abroad has not explored the full range of
neurological disorders, and neither the prevalence of
different types nor their effect on survival is known. The
aim of this study was to expand on previous research
and determine the prevalence of neurological disorders
present as preexisting comorbidities among veterans
with LE amputations in order to investigate different
conditions as independent predictors of short- (in-hos-
pital) and long-term (1-year) mortality. Recognizing that
the vascular system is generally severely compromised
in patients with preexisting stroke or hemiparesis, it was
hypothesized that this group would be at increased odds
of death within 1 year compared to those with other
types of neurological conditions. We further hypothe-
sized that patients with spinal cord injury (SCI) or pa-
ralysis would be at increased odds of survival to 1 year
following the amputation. Those with SCI or paralysis
may have already adapted to life with reduced limb use
and would logically have a lower incidence of vascular
compromise. We were unable to identify any studies of
individuals with SCI or paralysis and subsequent ampu-
tation and, thus, propose this scenario based on clinical
plausibility.

Materials and Methods

This retrospective longitudinal study was approved by Insti-
tutional Review Boards at the University of Pennsylvania and the
Veterans Affairs Medical Centers in Albany, New York and Kan-
sas City, Mo, USA.

Data were obtained from 7 VHA administrative databases
used to track health status and health care utilization of veterans.
The databases supporting our research included 4 Patient Treat-
ment File (PTF) inpatient data sets, 2 outpatient care files and the
Beneficiary Identification Record Locator System (BIRLS) death
file [4-6]. The PTF captured the International Classification of
Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes
relevant to the entire inpatient hospital stay and identified pa-
tients who died during the hospitalization. The outpatient care
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files have a record for each outpatient visit where a principal di-
agnosis intended to describe the reason for the visit is coded and
9 additional variables are available for secondary diagnostic in-
formation. The BIRLS database contained records of all benefi-
ciaries, including veterans whose survivors applied for death ben-
efits. Our methods of data abstraction, identification and exclu-
sion of patients have been described previously [3].

All veterans with new transtibial, transfemoral or hip disar-
ticulation amputations with discharge dates between October 1,
2002, and September 30, 2004, were included. There were 125 US
Veterans Affairs Medical Centers operating during this study pe-
riod but surgical amputation of the lower limbs occurred at only
101 of those facilities. Of the 4,727 patients in this sample popula-
tion, 7 (0.15%) were excluded from analyses because of lack of in-
formation (6 had an unspecified amputation level, and 1 was
missing living location prior to hospitalization).

Patient level characteristics included age, gender, marital sta-
tus (married vs. not married), prior living location (home vs. ex-
tended care and hospital) and several measures of clinical status.
Amputation level distinguished between transtibial and trans-
femoral limb loss. The latter group included patients with hip dis-
articulations because of low prevalence. Length of acute hospital
stay (in days) approximated patient complexity. Using the ICD-9-
CM codes from outpatient files 3 months prior to hospital admis-
sion and documented in the PTF between admission and surgical
dates, we differentiated among diagnoses likely to have contrib-
uted directly to the amputation as etiologies and concurrent con-
ditions less likely to be related but present as comorbidities. Co-
morbidities were expressed with the Elixhauser Comorbidity
Measure, which includes 30 categories [7]. Neurological comor-
bidities assessed with the Elixhauser Comorbidity Measure (oth-
er neurological comorbidities and paralysis) were not included in
analyses. Categories with insufficient prevalence were combined
where possible or excluded from analyses. These included obesity
(no cases had this condition documented), combined hyperten-
sion and hypertension with complications (low prevalence in the
latter), and combined cancer categories of solid tumor without
metastasis, metastatic cancer and lymphoma (low prevalence in
the latter two categories). Peripheral vascular disease, diabetes
mellitus and diabetes with complications are instead accounted
for as possible etiologies under peripheral circulation problems,
and type I and II diabetes mellitus rather than as comorbid condi-
tions. The categorization of the ICD-9-CM codes into 12 etio-
logical conditions, described previously, included congenital de-
formity, chronic osteomyelitis, device infection, type I and II dia-
betes mellitus, local significant infection, lower-limb cancer,
peripheral circulation problems, previous amputation complica-
tion, skin breakdown, systemic sepsis and trauma [3]. Etiologies
were viewed as multifactorial, meaning that an individual could
have more than one factor contributing to limb loss, just as more
than one comorbidity could be present at the time of the amputa-
tion.

Neurological Conditions

Using ICD-9-CM codes documented for each patient, we iden-
tified all neurological disorders. The 37 disorders were clinically
reviewed and categorized into 7 conditions including a group for
‘other” CNS conditions with low prevalence in this sample (ICD-
9-CM codes in parentheses):
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(1) stroke or hemiparesis as defined by the VHA (342, 430-
438.9);

(2) cerebral degenerative diseases, i.e. Alzheimer’s disease and
Reye’s syndrome (331);

(3) movement disorders, i.e. Parkinson’s disease and ataxias (332—
334);

(4) ANS disorders including peripheral autonomic neuropathies,
reflex sympathetic dystrophies and autonomic dysreflexia
(337);

(5) SCI or paralysis including fracture of the vertebral column
with SCI (806), injuries to the nerves and spinal cord (952-
957), other paralytic syndromes (344) and other diseases of the
spinal cord (336);

(6) PNS disorders including nerve root and plexus disorders,
mononeuritis, peripheral, inflammatory and toxic neuropa-
thies, myoneural disorders, muscular dystrophies, other my-
opathies and disorders of the cranial nerves (but excluding
facial nerves) (352-359);

(7) ‘other’ CNS conditions including brain injury as defined by
the VHA (800-801, 803-804, 850-854.19, 950-951, 959.01),
inflammatory or infectious diseases such as meningitis (320-
326), other conditions of the brain (348), anterior horn cell
disease (335), multiple sclerosis and other demyelinating dis-
eases of the CNS (340-341). (No patients had ICD-9 codes
345-347 to indicate epilepsy, migraines, cataplexy or narco-

lepsy.)

Outcome

Patients were followed from the surgical date through the 1-
year anniversary of their surgical amputation. Death during the
acute hospitalization (short-term prognosis), death within 1 year
of the amputation (long-term prognosis) and number of days be-
tween surgery and death were examined. Mortality information
was acquired from the PTF and BIRLS databases. Combining the
BIRLS with the PTF provides a thorough list of the veterans with
LE amputations who died. Neither the PTF nor the BIRLS provide
specific cause of death information as indicated by an ICD-9-CM
code.

The main PTF database was accessed first, since it identifies
patients who died in a VHA hospital. If a death date was docu-
mented on or prior to discharge, that date was used. The BIRLS
database, documented to have a sensitivity of 70-96.5% [8], was
then examined for the remaining patients who did not die in a
VHA hospital to determine if the death date followed the dis-
charge date. If no death date was found in either database, it was
assumed that the veteran was still alive 1 year following the am-
putation.

Statistical Analysis

The distribution of neurological disorders was examined to
identify the proportion of patients with evidence of each type.
Patients who had 2 or more neurological disorders were reported
in multiple categories, but the number of patients with neuro-
logical conditions was determined independently of the number
of coexisting disorders. Baseline patient characteristics were
compared for patients with and without neurological disorders
using x? and t test statistics. The mortality rate for patients with
neurological disorders was calculated and reported as the unad-
justed rate. To address the relative associations between each type
of condition and mortality, three regression models were created
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in the subsample of patients with neurological conditions. Mul-
tiple logistic regression with forward selection was used to iden-
tify the patient characteristics predictive of short- and longer-
term mortality (dichotomous dependent variables for death dur-
ing the hospital stay and within 1 year of the amputation,
respectively). All patient characteristics were eligible and were al-
lowed to enter each model when p < 0.05. A Cox proportional
hazards model using backward selection (removing variables
when p > 0.05) was then used to determine the hazard ratio for
the likelihood of amputees with a neurological disorder surviving
1 year after their amputation. This highly saturated model in-
cluded all patient characteristics in order to examine the simulta-
neous effects of multiple variables that could be influencing prog-
nosis. A Kaplan-Meier survival plot was created to present cumu-
lative survival by the number of days from surgery, adjusting for
statistically significant patient characteristics that were identified
in the Cox regression model.

Results

Of this primarily male sample of veterans ranging in
age from 26 to 107 years (mean age 67.4, SD = 10.7), 43.3%
had a neurological disorder documented prior to the am-
putation. It was significantly more common for patients
with neurological disorders, compared to those without,
to be married and have a longer length of hospital stay.
Fewer lived at home prior to the hospitalization or had
the amputation due to a device infection, yet more had an
etiology of local significant infection, type I or II diabetes
mellitus, or skin breakdown. Several comorbid condi-
tions were significantly more prevalent in amputees with
neurological disorders including congestive heart failure,
deficiency anemias, depression, fluid and electrolyte dis-
turbances, hypertension and psychoses; yet, it was less
common to have comorbid cancer or rheumatoid arthri-
tis. There was no difference between the groups in age,
gender or amputation level (table 1).

Subsample of LE Amputees with Preexisting

Neurological Disorders (n = 2,042)

Seven neurological condition categories were exam-
ined. Most prevalent were PNS disorders (n = 957; 42.3%)
and stroke/hemiparesis (864; 38.2%). A similar propor-
tion of patients had SCI/paralysis (197; 8.7%) or an ANS
disorder (166; 7.3%). Fewer patients had a cerebral degen-
erative disease (104;4.6%), movement disorder (102;4.5%)
or ‘other’ conditions (84; 3.7%). Patients who had 2 or
more neurological conditions documented are reported
in multiple categories. There were 393 patients (8.3% of
the full sample; 19.2% of the neurological condition sub-
sample) with 2 or more neurological conditions. Unad-
justed in-hospital survival for the 2,042 patients with
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Table 1. Unadjusted characteristics of veterans with amputations who did and did not have a neurological dis-

order
Patient characteristics With a neurological Without a neurological ~ p value
disorder (n = 2,042) disorder (n = 2,678)
Mean age, years 66.9X11.0 66.9+11.3 0.904
Male gender 2,025 (99.2) 2,654 (99.1) 0.815
Married 1,004 (49.2) 1,128 (42.1) <0.0001
Living at home prior to hospitalization 1,732 (84.8) 2,330 (87.0) 0.046
Transfemoral level of amputation 821 (40.2) 1,031 (38.5) 0.148
Mean length of hospital stay, days 33.7%£90.5 26.2%31.1 0.005
Etiology
Device infection 178 (8.7) 352 (13.1) <0.0001
Diabetes mellitus type I 365 (17.9) 375 (14.0) 0.0003
Diabetes mellitus type II 1,499 (73.4) 1,656 (61.8) <0.0001
Local significant infection 1,608 (78.8) 2,006 (74.9) 0.002
Skin breakdown 1,459 (71.5) 1,619 (60.5) <0.0001
Nonneurological comorbidities
Cancer 155 (7.6) 276 (10.3) 0.001
Congestive heart failure 526 (25.8) 598 (22.3) 0.006
Deficiency anemias 497 (24.3) 580 (21.7) 0.030
Depression 224 (11.0) 225(8.4) 0.003
Fluid and electrolyte disturbances 501 (24.5) 549 (20.5) 0.001
Hypertension 1,318 (64.5) 1,613 (60.2) 0.003
Psychoses 163 (8.0) 170 (6.4) 0.030
Rheumatoid arthritis 19 (0.9) 46 (1.7) 0.022

Data are expressed as numbers, with percentages in parentheses, or means * standard deviation. Patient
characteristics were compared for patients with and without neurological disorders using x* and t test statistics
for categorical and continuous variables, respectively. Only etiologies and comorbidities significantly different
between those with and without neurological disorders are presented in the table. Thus, descriptive statistics
for 4 etiologies and 16 comorbidities are not presented.

neurological disorders was 93.4%, and 1-year survival
was 76.3%.

Among those with neurological conditions, patients
with SCI/paralysis or PNS disorders were less likely to die
in hospital than patients in the remaining 5 categories of
neurological conditions (SCI/paralysis odds ratio, OR =
0.37, 95% confidence interval, CI = 0.15-0.87, p = 0.023;
PNS OR = 0.44, 95% CI = 0.25-0.78, p = 0.0005). The
same was true for death within 1 year (SCI/paralysis
OR =0.56, 95% CI = 0.35-0.90, p = 0.017; PNS OR = 0.58,
95% CI = 0.42-0.80, p = 0.0007), whereas patients with
‘other’ conditions were more likely to die within 1 year
(‘other’ OR = 1.86, 95% CI = 1.10-3.14, p = 0.021). Sig-
nificant predictors of both death in hospital and death at
1 year were older age, transfemoral amputation, systemic
sepsis etiology, and comorbid arrhythmia, renal failure,
and fluid and electrolyte disturbances. Unique predictors
of death in hospital included prior living location other
than home and the absence of chronic osteomyelitis as an

Neurological Disorders and Prognosis
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etiology. Unique predictors of death at 1 year were co-
morbid cancer, chronic pulmonary disease, congestive
heart failure, valvular disease and weight loss.

The 1-year survival estimates were similar in the Cox
regression after adjusting for all patient characteristics
(table 2). Of the 7 neurological conditions examined, pa-
tients with SCI/paralysis were least likely to die within 1
year (hazard ratio = 0.54, p = 0.003), as were those with
PNS disorders (hazard ratio = 0.62, p = 0.0003), when
compared to patients in the remaining neurological con-
dition categories. There was no statistically significant
difference in survival for patients with stroke/hemipare-
sis, ANS disorders, cerebral degenerative diseases or
movement disorders (p > 0.05) when compared to the re-
maining neurological categories. Significant predictors
of 1-year mortality for this neurological-amputation pop-
ulation included older age, transfemoral amputation, sys-
temic sepsis etiology, and comorbid arrhythmia, cancer,
chronic pulmonary disease, fluid and electrolyte distur-
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Table 2. Cox proportional hazard analysis (n = 2,042)

Variable Percentdead  Hazard ratio 95% CI p value
at 1 year
Neurological conditions 23.7
Peripheral nervous system disorder 15.3 0.62 0.48-0.80 0.0003
Stroke or hemiparesis 30.2 1.14 0.89-1.46 0.315
SCI or paralysis 13.0 0.54 0.36-0.81 0.003
Autonomic disorder 21.5 1.07 0.75-1.54 0.708
Cerebral degenerative disease 37.3 1.02 0.71-1.47 0.922
Movement disorder 27.1 0.94 0.62-1.42 0.765
‘Other’ (including brain injury) 32.8 1.68 1.13-2.52 0.011
Significant covariates
Patient factors
Older age 1.21 1.15-1.27 <0.0001
Transfemoral amputation 1.46 1.21-1.76 <0.0001
Etiology: systemic sepsis 2.08 1.63-2.66 <0.0001
Comorbid conditions
Arrhythmia 1.42 1.16-1.74 0.0008
Cancer 1.46 1.10-1.93 0.009
Chronic pulmonary disease 1.28 1.04-1.58 0.019
Fluid and electrolyte disturbances 1.32 1.09-1.61 0.005
Renal failure 2.04 1.66-2.51 <0.0001
Valvular disease 1.51 1.09-2.09 0.013
Weight loss 1.75 1.27-2.41 0.0006

Reference group for each neurological condition category is the remaining sample with neurological disor-

ders.

bances, renal failure, valvular disease and weight loss.
The Kaplan-Meier survival plot presents cumulative
survival by the number of days from surgery, adjusting
for these statistically significant patient characteristics

(fig. 1).

Discussion

This study examined both short- and long-term mor-
tality in a 2-year cohort of veterans with preexisting neu-
rological disorders and subsequent LE amputation in a
large integrated US health system. Almost 50% of the am-
putees had a coexisting neurological disorder. Health sta-
tus prior to amputation was poorer for those with preex-
isting neurological conditions compared to those with-
out, but the unadjusted mortality rates for the population
with neurological conditions were not dissimilar to other
medically diverse samples [1-3]. Interestingly, although
there was no significant difference in in-hospital or 1-
year mortality between several of the grouped neurolog-
ical conditions, it appears that patients with SCI/paralysis
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and PNS disorders had comparatively lower risks and the
otherwise undefined group, which contained neurologi-
cal conditions that presented too infrequently to study,
appeared to have the most virulent neurological condi-
tions associated with the greatest risk.

We are unable to compare the prevalence of these neu-
rological conditions to other samples (US or abroad) be-
cause research to date on this complex population has
focused on the presence of stroke, hemiparesis or SCI,
without attention to the growing population of people
with, for example, cerebral degenerative disorders or
movement disorders. This limitation in the literature
may be a result of requiring a large enough sample to cap-
ture patients with these less common preexisting condi-
tions that occur, on average, later in life. Even in our larg-
er sample we identified several disorders with too few pa-
tients to analyze independently and thus elected to
combine them in an ‘other’ condition group. Although
this group was found to be at increased risk of mortality,
the wide range in clinical characteristics defining the dis-
orders makes it difficult to hypothesize what led to this
finding.
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Fig. 1. Cumulative survival plots in days after surgery adjusting for significant patient characteristics; log-rank/
likelihood score test: p < 0.0001. Adjusted for patient characteristics significant in the Cox regression: age, am-
putation level, systemic sepsis etiology, and comorbid arrhythmia, cancer, chronic pulmonary disease, fluid and
electrolyte disturbances, renal failure, valvular disease and weight loss.

This study clearly supports that overall health status
affects the risk of mortality with neurological disorders
being one component of health status in veterans with LE
amputations. Age, among other factors, was in fact a
stronger predictor of mortality than any of the neuro-
logical conditions. Recognizing this, it was thought that
the patients with preexisting PNS disorders or SCI/pa-
ralysis who were found to have a comparatively lower risk
of 1-year mortality could be on average younger. Explor-
atory analyses of the distribution of age for each of the
neurological conditions found no significant differences.
Perhaps other clinical characteristics of these groups that
are not routinely captured in administrative databases
are affecting the mortality risk. Future studies may con-
sider prospectively investigating potential interactions
between these neurological conditions and the effects of
amputation on mortality, and including measures of se-
verity, disability and health service use both prior to and
after surgical amputation as alternate theories.

Neurological Disorders and Prognosis
after Amputation

As was expected, one of our largest patient groups in-
cluded those with stroke or hemiparesis. The literature to
date has identified 4-29% of LE amputees who have had
a stroke at some time [9, 10], and as was noted by Brunel-
lietal. [9], it has only been in the last 3 decades that stud-
ies have identified factors influencing outcomes for this
population. Younger versus older age and transtibial ver-
sus transfemoral amputation have been shown to predict
more positive rehabilitation outcomes for stroke patients
[9, 10]; the same was true in our study predicting 1-year
survival in a more diverse neurological population. In
comparison to work done by colleagues [3], this study of
patients with neurological disorders identified several
patient characteristics and medical comorbidities that
seemed to have a similar effect on 1-year mortality (in-
cluding older age, transfemoral amputation, systemic
sepsis etiology, comorbid cancer, fluid and electrolyte
disturbances, and renal failure). On the other hand, co-
morbid arrhythmia, valvular disease and weight loss
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were uniquely associated with 1-year mortality in this
neurological population.

There are many benefits to examining patient care in
the VHA, and there are important limitations to ac-
knowledge. A documentation of race was not available for
the entire sample and thus was not examined. Veterans
are predominately male, and it is unknown if findings
can be generalized to females. Studying outcomes follow-
ing VHA care may not be generalizable to private sector
studies. Future research of the VHA population would
benefit from including private sector data and exploring
the care provided to this complex population.

Conclusions

The high prevalence of preexisting neurological disor-
ders among LE amputees and the varying effect of differ-
ent conditions on risk of mortality highlights the diverse-
ness of this understudied population. Additional patient
characteristics such as level of disability prior to and fol-
lowing amputation should be considered for inclusion in
future studies to help explain the relationship of preexist-
ing neurological conditions with postsurgical outcomes.
Health system factors and processes of care should also
be considered for inclusion in future studies, particularly
as acute rehabilitation has recently been shown to in-
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