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Incidence and Characterization of Major
Upper-Extremity Amputations in the

National Trauma Data Bank
Elizabeth Inkellis, MD, Eric Edison Low, MD, MPH, Christopher Langhammer, MD, PhD, and Saam Morshed, MD, PhD

Investigation performed at the University of California, San Francisco, San Francisco, California

Background: There are few recent data examining the epidemiology of severe upper-extremity trauma in non-military
patients. We used the National Trauma Data Bank (NTDB) to investigate the epidemiology and descriptive characteristics
of upper-extremity amputations in U.S. trauma centers.

Methods: We queried the 2009 to 2012 NTDB research datasets for patients undergoingmajor upper-extremity amputation
and extracted characteristics of the patient population, injury distribution, and treating facilities. In addition, multivariable
regression models were fit to identify correlates of reoperation, major in-hospital complications, duration of hospitalization,
and in-hospital mortality.

Results: A total of 1,386 patients underwent a major upper-extremity amputation secondary to a trauma-related upper-
extremity injury, representing 46 per 100,000 NTDB trauma admissions from 2009 to 2012. The most frequent definitive
procedures performed were amputations through the humerus (35%), forearm (30%), and hand (14%). The average
duration of hospitalization for all amputees was 17 days. Thirty-one percent of patients underwent at least 1 reoperation.
The rate of reoperation was significantly higher at university-associated hospitals compared with nonteaching or com-
munity hospitals (p < 0.0001). Patients who had at least 1 reoperation stayed in the hospital approximately 7 days longer
than patients who did not undergo reoperation. The Injury Severity Score, hospital teaching status, concomitant neuro-
vascular injury, and occurrence of a complication were significantly associated with reoperation.

Conclusions: The present study provides an updated report on the epidemiology and characteristics of trauma-related
major upper-extremity amputation in the U.S. civilian population. Additional work is necessary to assess the long-term
outcomes following attempted upper-extremity salvage. The population-level data provided by the present studymay help to
inform the design and implementation of future studies on the optimum treatment for this survivable but life-altering injury.

T
he expanded presence of U.S. forces in overseas military
theaters over the past decade has fueled important
research in extremity trauma after severe injury1. These

data have demonstrated that these injuries have a large impact
on the ability of troops to continue to serve; 4 of the 5 most
common conditions that rendered a service member unfit for
duty involved injury to an extremity2. Upper-extremity ampu-
tation results in the highest levels of impairment of all war-related
extremity injuries3.

Recent studies investigating severe extremity trauma,
including the Lower Extremity Assessment Project (LEAP)
and the Military Extremity Trauma Amputation/Limb Salvage
Study (METALS), have focused on epidemiology and outcomes

following lower-extremity trauma4-16. However, the disease
burden of trauma-related major upper-extremity amputation
has not been characterized in the U.S. within the last decade.
The purpose of the present study is to provide updated infor-
mation on the incidence and characteristics of severe upper-
extremity trauma in a civilian population as reflected in the
National Trauma Data Bank (NTDB). The NTDB dataset draws
from a large and geographically distributed network of U.S.
trauma centers, providing a cross-section of the U.S. trauma
population. This database facilitates analysis of thousands of
trauma-related major upper-extremity amputations without
the biasing effects inherent to other large government or private
insurer databases that can stratify patients on the basis of
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demographic characteristics. These data will improve our under-
standing of the disease burden of major upper-extremity ampu-
tation on society during the initial period of hospitalization.

Materials and Methods
Subjects

The cohort in the present study consisted of patients who
sustained a traumatic limb-threatening injury and under-

went a major upper-extremity amputation during their sub-
sequent initial hospitalization. The ICD-9 (International
Classification of Diseases, Ninth Revision) procedure codes
that were screened within the 2009 to 2012 NTDB Research
Data Set (RDS) included 84 (upper-extremity amputation, not
otherwise specified), 84.01 (finger amputation and disarticu-
lation), 84.02 (thumb amputation and disarticulation), 84.03
(hand amputation), 84.04 (wrist disarticulation), 84.05 (fore-
arm amputation), 84.06 (elbow disarticulation), 84.07 (humerus
amputation), 84.08 (shoulder disarticulation), and 84.09 (in-
terthoracoscapular amputation). Subjects were additionally
screened for upper-extremity injuries with use of ICD-9
diagnostic codes 810 to 818.1, 831 to 834.12, 840 to 842.19, 880
to 887.7, 903 to 903.9, 927 to 927.9, 943 to 944.58, 953.4, 955 to
955.9, and 959.2 to 959.5. Finally, patients only undergoing
minor amputations, defined as digit-only or thumb-only
amputations, were excluded. The patient-selection process
is detailed in Figure 1.

Statistical Analysis
With use of statistical methods similar to those described
previously for the assessment of lower-extremity amputations
in the NTDB17, the dataset was queried for patients undergoing
major upper-extremity amputation; characteristics of the
patient population, injury distribution, and treating facility
were then extracted. Multivariable regression models were
fit to identify characteristics that correlate with major in-
hospital complications, reoperation, duration of hospitali-
zation, and in-hospital mortality, as described previously
(see Appendix)17. Statistical analysis was performed with use

of Statistical Analysis System (version 9.4; SAS Institute) for
Windows (Microsoft).

Major complications were selected to be consistent
with information in previous reports in the literature17 and
included graft/prosthesis/flap failure, deep surgical site infection,
decubitus ulcer, osteomyelitis, deep-vein thrombosis (DVT)/
thrombophlebitis, pulmonary embolism (PE), pneumonia, acute
kidney injury, acute lung injury/acute respiratory distress syn-
drome (ARDS), and severe sepsis. Reoperations were defined as all
repeat procedures that were performed following the initial
operative intervention, including irrigation and debridement,
delayed closure of a residual limb stump, and more proximal
amputation.

Results
Patient Characteristics

One thousand three hundred and eighty-six patients had a
major upper-extremity amputation following traumatic

injury to the upper extremity (Fig. 1), representing an inci-
dence rate of 46 cases per 100,000 admissions (or 0.05% of all

Fig. 1

Chart illustrating the patient-selection process.

TABLE I Demographic Characteristics

Characteristic
No. of Patients
(N = 1,386)

Sex

Male 1,049 (75.7%)

Female 337 (24.3%)

Ethnicity

Not Hispanic or Latino 840 (60.6%)

Hispanic or Latino 206 (14.9%)

Not known 340 (24.5%)

Race

White 931 (67.2%)

Other 187 (13.5%)

Black or African-American 162 (11.7%)

Asian 19 (1.4%)

Not known/other 87 (6.3%)

Mechanism of injury*

MVT (occupant) 459 (33.1%)

Machinery accident 287 (20.7%)

MVT (motorcyclist) 98 (7.1%)

Cutting/piercing accident 84 (6.1%)

Firearm accident 81 (5.8%)

Transportation (other) 62 (4.5%)

MVT (pedestrian) 60 (4.3%)

Other 255 (18.4%)

Associated upper-extremity injury

Neurovascular 317 (22.9%)

Crush injury 172 (12.4%)

Compartment syndrome 58 (4.2%)

*MVT = motor-vehicle trauma.
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NTDB trauma admissions from 2009 to 2012). Seventy-six percent
of the patients were male (average age, 42 years), and 24% were
female (average age, 41 years). Concurrent injuries of interest
included neurovascular injury prior to amputation (23%), com-
partment syndrome (4%), and crush injuries (12%) (Table I).

Amputation and Reoperation Characteristics
The 3 most frequent definitive amputations performed included
amputations through the humerus (35%), forearm (30%), and

hand (14%) (Table II and Fig. 2). The Injury Severity Score (ISS)
increased with more proximal levels of amputation. For example,
subjects with a definitive forequarter amputation had an average
ISS of 25, whereas those with a transhumeral or transradial
amputation had average ISSs of 19 and 13, respectively.

Thirty-one percent of upper-extremity amputees under-
went at least 1 reoperation. Patients in whom the initial ampu-
tation was performed between the levels of the forearm and
humerus underwent the greatest percentage of reoperations, with
the rates of reoperations through the humerus, elbow, and fore-
arm being 39%, 38%, and 36%, respectively (Table II). ISS,
hospital teaching status, the presence of a neurovascular injury,
and the occurrence of a major complication were significantly
associated with reoperation (Table III). While the average
duration of hospitalization for all amputees was 17 days, patients
who underwent a reoperation stayed for an average of 7 addi-
tional days.

Thirty-four percent of amputees at university hospitals
underwent 1 or more reoperations following the initial pro-
cedure during the initial hospitalization, compared with 22%
and 17% at community and nonteaching hospitals, respec-
tively. This finding represents a significant difference in the
proportion of patients undergoing reoperation at the 3 types of
hospitals (p < 0.0001). However, there were no facility-related
differences in terms of injury severity, associated injuries, the
time to the initial procedure, or the complication rate that may
easily explain this observed difference in the reoperation rate
(Table IV).

Hospitalization Characteristics
The majority of patients (69%) were treated at a level-I trauma
center, with only 17% being treated at a level-II center, and
<2% being treated at level-III and IV centers (Table V). Sixty-
six percent of amputations were performed at university centers,
with the remaining one-third being performed at community
or nonteaching hospitals (Table V).

Seventy-one patients died prior to discharge, for an
overall in-hospital mortality rate of 5%. Significant predictors

TABLE II Amputation Characteristics by Amputation Level

Amputation Level
(see Fig. 2)

Injury
Severity
Score‡

Historical Comparison
(no. of patients)

Initial
Procedure* Reoperation†

Definitive
Procedure*

Timing to
Procedure‡ (d)

Length of
Stay‡ (d)

Civilian
(1998-1996)
(N = 8,922)29

Military
(2001-2011)
(N = 228)30

(A) Forequarter amputation 11 (0.8%) 1 (9.1%) 14 (1.0%) 24.8 2.4 22.1 15 (0.2%)

(B) Shoulder disarticulation 43 (3.1%) 9 (20.9%) 53 (3.8%) 23.6 4.7 21.7 154 (1.7%) 8 (3.5%)

(C) Through humerus 461 (33.3%) 180 (39.0%) 481 (34.7%) 19.0 3.2 19.3 3,008 (33.7%) 81 (35.5%)

(D) Elbow disarticulation 110 (7.9%) 42 (38.2%) 99 (7.1%) 18.5 4.2 20.3 346 (3.9%) 2 (0.9%)

(E) Through forearm 424 (30.6%) 152 (35.8%) 414 (29.9%) 12.8 4.2 17.1 4,001 (44.8%) 110 (48.2%)

(F) Wrist disarticulation 128 (9.2%) 15 (11.7%) 125 (9.0%) 8.9 2.2 8.5 415 (4.7%) 27 (11.8%)

(G) Through hand 209 (15.1%) 32 (15.3%) 200 (14.4%) 10.1 3.7 12.8 983 (11.0%)

*The percentages are calculated as the proportion of the total study population (n = 1,386).†The percentages are calculated as the proportion of the total number of individuals undergoing a primary
procedure at each anatomical level. ‡The values are given as the mean and are calculated on the basis of the number of patients undergoing a definitive amputation at each anatomical level.

Fig. 2

Diagram illustrating the amputation levels described in Table II.
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of in-hospital mortality included ISS, age, and the presence
of compartment syndrome. Subjects with compartment syn-
drome had 3.4-times greater odds of mortality during hospital-
ization than subjects without compartment syndrome (Table III).

The average duration of hospitalization for all ampu-
tees was 17 days. Increased length of hospitalization was
correlated with ISS, the time to the initial procedure, age,
hospital teaching status, and the presence of compartment
syndrome (Table III).

Despite the severity of their injuries and the morbidity of
their associated hospital courses, the majority of patients (68%)

ultimately were discharged to home, with only 26% requiring
an interfacility transfer or discharge to a subacute care facility
(Table V).

Discussion

The present study demonstrated an incidence of 347 trauma-
related major upper-extremity amputations per year within

the NTDB, or 46 cases per 100,000 trauma admissions, with the
most common levels of amputations being through the humerus
(35%), forearm (30%), and hand (14%). Of the 1,386 cases of
trauma-related upper-extremity amputations in the present

TABLE III Logistic Regression Predictors*

Major Complications Reoperation
Length of Hospitalization Death During

Hospitalization

Predictor Variable OR (95% CI) P Value OR (95% CI) P Value
Difference
(95% CI) P Value OR (95% CI) P Value

Injury Severity Score 1.08
(1.06, 1.09)

<0.0001 1.01
(1.00, 1.02)

0.038 0.52
(0.46, 0.58)

<0.0001 1.06
(1.04, 1.08)

<0.0001

Time to initial
procedure

1.07
(1.04, 1.09)

<0.0001 0.44
(0.31, 0.56)

<0.0001

Age 1.01
(1.00, 1.02)

0.005 0.04
(0.001, 0.07)

0.04 1.02
(1.01, 1.04)

0.003

Major complication
(yes versus no)

1.40
(1.03, 1.92)

0.034

Neurovascular injury
(yes versus no)

1.62
(1.16, 2.26)

0.005 1.34
(1.01, 1.76)

0.04

Compartment
syndrome (yes
versus no)

2.28
(1.18, 4.40)

0.018 4.41
(1.14, 7.68)

0.008 3.39
(1.50, 7.69)

0.004

Hospital teaching
status (community
versus university)

0.56
(0.42, 0.74)

<0.0001 22.44
(23.84, 21.05)

0.001

Hospital teaching
status (nonteaching
versus university)

0.38
(0.22, 0.66)

0.001 22.74
(25.10, 20.39)

0.004

*The predictor variables in the left column were tested independently for each dependent variable. The demographic, treating facility, and injury characteristics along
with outcome variable covariates were selected if they were associated with an outcome variable in a bivariable logistic model with a p value of <0.2. They were
retained if the p value did not exceed 0.25with the addition of other variables. Major complications were considered individually and as a composite outcome variable for
regression analyses. Model fit was assessed with use of the Hosmer-Lemeshow test17. OR = odds ratio, CI = confidence interval.

TABLE IV Amputation Characteristics by Hospital Teaching Status

Nonteaching Hospital Community Hospital University Hospital P Value

No. of patients treated 103 366 917

Injury Severity Score* 14.1 15.5 15.3 0.164

No. of days to procedure* 2.8 3.1 3.9 0.055

Reoperation (no. of patients) 17 (16.5%) 81 (22.1%) 313 (34.1%) <0.0001

Major complications (no. of patients) 10 (9.7%) 72 (19.7%) 175 (19.1%) 0.055

Compartment syndrome (no. of patients) 2 (1.9%) 12 (3.3%) 44 (4.8%) 0.235

Neurovascular injury (no. of patients) 25 (24.3%) 78 (21.3%) 214 (23.3%) 0.694

*The values are given as the mean.
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study, the largest percentage occurred in white males and were
treated at southern, level-I, university-associated trauma centers.
For these individuals, the loss of an upper extremity is a life-
altering event and causes a great degree of disability. A recent study
involving a military population indicated that patients with an
isolated upper-extremity amputation had a significantly greater
combined disability rating than those with an isolated lower-
extremity amputation (83% versus 62%; p < 0.0001) and that
none of the upper-extremity amputees were found fit for duty18.

There is ongoing debate about whether lower-extremity
trauma-scoring scales are applicable to severe upper-extremity

trauma19. For example, conflicting data exist as to whether the
Mangled Extremity Severity Score (MESS) can be applied
accurately to the severely injured upper extremity20. A 2005
study examined outcomes following upper-extremity crush
injuries that would have fallen into the amputation category
under MESS but instead were treated with limb salvage and
were found to have good outcomes at the time of the latest
follow-up21. Outcomes following neural and vascular injury
historically have been better in patients with upper-extremity
injuries than in those with lower-extremity injuries as a result
of anatomical differences affecting the capacity for functional
recovery19,22,23.

Our study demonstrated concomitant neurovascular injury
in 23% of patients with a major upper-extremity amputation,
concomitant crush injury in 12%, and concomitant compart-
ment syndrome in 4%. It is important to note that these data
should be interpreted with extreme caution. Questions about
the specific roles that these concomitant injuries play in cases of
upper-extremity trauma are unanswerable with use of the
NTDB, which provides limited granularity of patient data. It
is possible that these represent injuries to neurovascular
structures that are distinct from other osseous and soft-tissue
injuries and may represent segmental or complex mixed injury
patterns. Similarly, the exact definition of crush injury is dif-
ficult to pin downwhenmany high-velocity injuries are mixed-
modality injuries with at least some element of crush. The
inability to rigorously differentiate these injury patterns rep-
resents one of the largest limitations of the present study.
Additional discussion of these concomitant injuries has been
included because the large size of this cohort allows us to
identify population-level correlates that help to describe the
recovery potential following these injuries.

Logistic regression analysis showed that the presence of a
neurovascular injury, which is a negative long-term prognostic
indicator in cases of lower-extremity injury, was associated
with both reoperation and complications but not with
short-term outcomes such as the duration of hospital stay or
in-hospital mortality. However, a concurrent compartment
syndrome was associated with both increased length of stay
and mortality. Surprisingly, the presence of crush injury,
which many regard as an indicator of a poor prognosis, was not
associated with reoperation, major complications, the duration
of hospitalization, or mortality. As previously stated, these data
are difficult to interpret because of the limited granularity in
the dataset. The mixed outcomes of neurovascular injury and
crush injury found in the present study are undoubtedly
multifactorial but may stem from differences in vascularity
affecting post-injury tissue perfusion that make this pattern
more survivable in the upper extremity relative to the lower
extremity. To answer this question more completely, a study
describing patient injury, care, and outcome to the level of
detail of the individual patient is required.

In the amputation arm of the LEAP study, 30% of
patients were rehospitalized because of complications within
the first 2 years and 14.5% required stump revision24. Similarly, a
retrospective analysis of upper-extremity amputations in a

TABLE V Hospital Characteristics*

No. of Patients

State trauma level

I 950 (68.5%)

II 237 (17.1%)

III 18 (1.3%)

IV 1 (0.1%)

Not known 180 (13.0%)

Teaching status

University 917 (66.2%)

Community 366 (26.4%)

Nonteaching 103 (7.4%)

Region

South 593 (42.8%)

Midwest 341 (24.6%)

West 259 (18.7%)

Northeast 161 (11.6%)

Not known 32 (2.3%)

Discharge location

Acute care transfer 92 (6.6%)

Subacute care 273 (19.7%)

Home 935 (67.5%)

Death 71 (5.1%)

Other/not known 15 (1.1%)

Total in-hospital complications 1,716 (100%)

Pneumonia 108 (6.3%)

ARDS 68 (4.0%)

DVT/thrombophlebitis 54 (3.2%)

Acute kidney injury 36 (2.9%)

Severe sepsis 47 (2.7%)

Decubitus ulcer 26 (1.5%)

Graft/flap/prosthesis failure 20 (1.2%)

Deep surgical site infection 18 (1.1%)

Pulmonary embolism 13 (0.8%)

Osteomyelitis 2 (0.1%)

Total Subjects with at
least one complication

257

*ARDS = acute respiratory distress syndrome, andDVT = deep-vein
thrombosis.
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military population showed a 42% rate of revision surgery
after a median duration of follow-up of 20 months25. In many
publications, such delayed reoperations are listed as complications.
In the context of the index hospitalization immediately following a
limb-threatening trauma, however, reoperation should be the
expectation. Current military protocols for severe extremity
trauma encourage early aggressive debridement with repeat trips
to the operating room every 48 to 72 hours until wounds are clean
and definitive orthopaedic treatment and wound closure can be
provided19,26,27. In the absence of definitive evidence that early
amputation yields superior results to attempted limb salvage,
damage-control procedures focused on tissue preservation
followed by later “second-look” finalization procedures are
becoming the norm in an attempt to improve outcomes27.

The present study demonstrated a 31% rate of acute
inpatient reoperation as well as significant variance between
the likelihood of reoperation at a university-associated center
compared with that at a community or nonacademic center.
While there was no significant difference between these types
of facilities with regard to injury severity or other patient or
injury-related characteristics, there is no way to exclude the
possibility that unknown or unmeasured differences in case
mix may have biased this association. Also, the low and var-
iable reoperation rate may be a reflection of surgeon prefer-
ence to proceed with definitive amputation at the time of
injury and therefore may be a function of practice environment
and potentially modifiable surgeon behaviors. The significant
difference in reoperation rates between academic and non-
academic settings may further indicate that there is a mean-
ingful difference in behaviors between these 2 practice
environments. Current behaviors in academic settings may
more closely follow current military treatment recommen-
dations of planned debridement and observation of wounds
as a part of a deliberately staged limb-salvage attempt26. It is
possible that patients managed in nonacademic settings may
benefit from similar management, although no studies have
been performed to date directed at answering this question.
However, it is important to note that our methodology does
not provide a way to determine whether these reoperations
were planned or unplanned and that the relative pros and
cons of early versus late amputation remain unclear.

The observation that the most frequent levels of defini-
tive amputation are transhumeral, transradial, and through the
hand is consistent with data from European countries28 as well as
historical data from the United States29 and from recent military
conflict30. A combination of factors, including the frequency of
distal versus proximal injuries, the procedural efficacy of treating
amputations at these levels, and surgeon knowledge of prosthetic
fitting options all may play a role in surgical decision-making.
Our observation that initial amputations performed between the

levels of the forearm and humerus are associatedwith the highest
rates of reoperation may indicate that surgeons working in these
regions of the upper-extremity area are willing to participate in
multiple surgical procedures in an effort to preserve limb length,
consistent with general recommendations that longer residual
limbs contribute to improved patient outcomes19.

The present study has limitations inherent in the study
design, including missing data and unmeasured confounding
factors. The NTDB provides data about a large population from a
representative cross-section of trauma patients in the U.S. How-
ever, the data are limited to the index hospitalization; there are no
data on complications or reoperations in upper-extremity ampu-
tees that occur after the initial hospital visit. While it is likely that
the NTDB accurately reflects the incidence and injury character-
istics for this injury pattern in the overall U.S. population, these
data cannot be used to improve our insight into the long-term-
care burden or functional outcomes for these patients. Similarly,
because the data are taken in aggregate, it is difficult to use this
dataset to make specific recommendations for patient care.

The present study is an important first step in under-
standing the magnitude of the care burden of major upper-
extremity amputations in the U.S. civilian population. Efforts
to provide decision support regarding early amputation versus
staged salvage of mangled upper extremities will be based on
research into both current surgeon behaviors and long-term
outcomes of early definitive amputation, planned staged
amputation, and attempted limb salvage.

Appendix
Descriptions of the regression models are available with
the online version of this article as a data supplement at

jbjs.org (http://links.lww.com/JBJSOA/A39). n
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