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Abstract

Background: Traumatic upper extremity amputation in a child can be a life-altering injury, yet little is known about
the epidemiology or health care costs of these injuries. In this study, using the Healthcare Cost and Uctilization Project
(HCUP) Kids’ Inpatient Database (KID), we assess these trends to learn about the risk factors and health care costs of
these injuries. Methods: Using the HCUP KID from 1997 to 2012, patients aged 20 years old or younger with upper
extremity traumatic amputations were identified. National estimates of incidence, demographics, costs, hospital factors,
patient factors, and mechanisms of injury were assessed. Results: Between 1997 and 2012, 6130 cases of traumatic upper
extremity amputation occurred in children. This resulted in a $166 million cost to the health care system. Males are 3.4
times more likely to be affected by amputation than females. The most common age group to suffer amputation is in older
children, aged 15 to 19 years old. The frequency of amputation has declined 41% from 1997 to 2012. The overwhelming
majority of amputations (92.54%) involved digits. Conclusions: Pediatric traumatic amputations of the upper extremity
are a significant contribution to health care spending. Interventions and educational campaigns can be targeted based on
national trends to prevent these costly injuries.
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Introduction and revascularization can be successful in this patient
population compared with adults as described in several
case series.>?%%3 The incidence, temporal trends, and
patient characteristics of upper extremity traumatic amputa-
tions in children are largely unknown. Given the severity of
consequences and the lifetime impact of pediatric traumatic
upper extremity amputation, it is essential to determine the
incidence and predisposing risk factors of this injury to
improve preventative strategies and treatment.

The purpose of this study is to assess the incidence,
patient demographics, health system factors, and use of
health care resources in traumatic upper extremity amputa-
tion in patients younger than 20 years old in the United
States using a large nationwide inpatient database.

Traumatic amputations in children are relatively rare,
ranging from 1.32 to 18.8 per 100 000 in varying
reports.”'*'"* The costs from these injuries to the indi-
vidual and to society can be great. The average cost of a
traumatic pediatric amputation can be upward of $22 000
in hospital charges alone.*” In adult patients, the direct
health care costs of traumatic lower extremity amputa-
tions during the first 2 years is more than $90 000, with
lifetime costs surpassing $500 000, excluding indirect
costs of lost wages from loss of function.?’ In addition to
functional limitations, patients with amputations are at
higher risk for subsequent psychiatric disorders, and up
to 30% of adult amputees have depression.'”* In chil-
dren, specifically, amputation injuries can severely limit
psychosocial development, independence, and body
image.'*"!
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Patients and Methods

Data Source

Data were obtained from the Kids’ Inpatient Database
(KID) from January 1, 1997, to December 31, 2012. The
KID is a national, all-payer database of the Healthcare Cost
and Utilization Project (HCUP) maintained by the Agency
for Healthcare Research and Quality (AHRQ).”' The KID
database is available every 3 years, with the most recent
year including 44 states, for a total of more than 17 million
unweighted hospital encounters in patients 20 years old and
younger. These deidentified records are available from pub-
lic, private, and academic hospitals and all regions of the
country. These data include only inpatient records. The KID
is derived from a state-level sampling of hospital discharges.
Random sampling is used to select 80% of pediatric cases.
The records are stratified based on region, hospital location
and ownership, bed size, and teaching status to generate
weighted data to allow researchers to investigate national
trends.”'*! Due to the nature of deidentified data in the KID,
neither ethical approval nor informed consent were required.

Study Population

Patients were identified using International Classification
of Diseases, Ninth Revision (ICD-9) diagnosis codes. The
ICD-9 codes used were 885.0, 885.1, 886.0, 886.1, and
887.0 to 887.7 denoting complete and partial traumatic
amputations of the thumb, fingers, and arm below and
above the elbow. Only cases where these codes are primary
or secondary diagnoses were used in an effort to exclude
cases with concomitant major nonamputation injuries that
could confound results. Patients from 1997 were compared
with those from 2012 to assess for temporal changes in
these variables. Patients were then split into 4 cohorts based
on level of amputation to determine the difference in patient
and hospital characteristics and risk factors among these
varying injuries. Next, patients were categorized by age
group to determine factors affecting amputation trends by
age. The ICD-9 external cause of injury codes (E codes)
were used to analyze the mechanism of injury and assess
temporal trends, and associations between age, sex, and
level of amputation with mechanism of injury. These codes
were not available prior to 2003; therefore, mechanism-of-
injury data are reported from 2003 to 2012.

Statistical Analysis

The KID uses hospital-level sampling weights to account for
error in random sampling methods and provide national esti-
mates of hospitalizations.”’ Categorical variables were
assessed with a chi-square test, and continuous variables were
assessed with a ¢ test. Rates of hospitalizations per 100000

were generated using the US 2000 Census data.** A P value of
less than .05 was used as a threshold for significance.

Results

A total of 6130 weighted discharges for any traumatic upper
extremity amputation were identified. The mean age of the
amputation group was 12.11 £ 0.12 years old. The upper
extremity amputation group was 77.33% male. Further
demographic information is presented in Table 1. Average
length of stay was 3.41 + 0.08 days, resulting in mean hos-
pital charges of $28 961.72 + $945.36. In the period from
1997 to 2012, these injuries resulted in combined total hos-
pital charges over $166 million. These patients were more
likely to be treated at large, government, urban, or teaching
hospitals (Table 1). In nearly half the patients affected by
traumatic amputation, no mechanism of injury was speci-
fied. In those with a listed mechanism, machinery injuries,
the extremity being caught between objects, and power
tools were the most common causes of injury (Table 1).
Rates of admission for amputation showed a significant
increase in July and August (Figure 1), a trend which was
driven largely by explosives, fireworks, and firearms inju-
ries in males (P <.0001).

Traumatic amputation was most common in children
aged 15 to 19 years old, followed by those who were 0 to 4
years old, a trend that has remained consistent in all years of
the database (Figure 2). Mean length of stay increased with
increasing age, from 2.55 + 3.57 days to 3.76 = 5.22 days (P
<.0001), with a corresponding increase in hospital charge
from $20 748.92 + $37 416.99, for the youngest age group,
to $33 758.54 = $70 343.37 (P < .0001). The disparity in
sex increased with older patient age, with females compris-
ing 39.62% of patients affected by amputation in the 0 to 4
age group, but only 14.61% of the group aged 15to 19 (P <
.0001) (Table 2). Rates of alcohol abuse, drug abuse, depres-
sion, and psychoses in patients with traumatic upper extrem-
ity amputation were significantly increased in older patients
(Table 2). In children aged 0 to 4 and 5 to 9, having the
extremity caught between objects was the most common
mechanism of injury, while in patients aged 15 to 19, lawn
mowers and machinery were the most common cause of
injury (Supplemental Figure 1). In patients aged 15 to 19
years old, alcohol abuse, depression, and psychoses signifi-
cantly increased the odds of suffering above the elbow
amputation (Table 3).

Finger and thumb amputations comprised the vast major-
ity of pediatric traumatic amputations, accounting for a total
of 93.82% of total upper extremity amputation volume
(Table 4), which was persistent through all collected time
points (Supplemental Figure 2). Males made up an over-
whelming majority for each level of amputation (Table 4).
The mean age of patients with arm (14.20 &= 5.92 years) and
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Table 1. Demographic Information, Hospital Charges, Mechanism of Injury, and Hospital Characteristics for Pediatric Patients
Suffering Traumatic Upper Extremity Amputation From 1997 to 2012.

Variable National estimate (n = 6130) %
Age (mean), years (SD) 12.11 (0.11)
Mean charge, dollars (SD) 28 961.72 (945.36)
Median, dollars 14 635.50
Estimated total charge, dollars 166 161 910.54
Race
White 2734 56.22
Black 609 12.53
Hispanic 1105 22.73
Asian or Pacific Islander 87 1.78
Native American 54 .11
Other 273 5.62
Sex (Female) 1372 22.67
Primary payment
Medicare 9 0.15
Medicaid 1595 26.13
Private, including health maintenance organization 2809 46.04
Self-pay 621 10.18
No charge 28 0.45
Other payment 1040 17.05
Mechanism of injury
Lawn mower/machinery 729 11.89
Caught between objects 640 10.44
Power tools/other cutting instruments 557 9.08
Motor vehicle accident 294 4.79
Explosives, fireworks, firearms 142 2.32
Struck accidentally by falling object 109 1.78
Striking against or struck accidentally by objects or persons 99 1.61
Bicycle 46 0.75
Other 688 11.23
Unspecified 2826 46.11
Bed size of hospital
Small 377 7.73
Medium 972 19.94
Large 3523 72.33
Ownership of hospital
Government/private collapsed category 3326 79.55
Government, nonfederal, public 106 2.53
Private, nonprofit, voluntary 437 10.46
Private, invest-own 204 4.89
Private, collapsed category 107 2.57
Hospital location setting
Rural 303 7.25
Urban 3879 92.75
Location/teaching status of hospital
Rural 328 6.74
Urban, nonteaching 974 19.99
Urban, teaching 3569 73.27
Region of hospital
Northeast 898 18.13
Midwest 980 19.78
South 1799 36.33
West 1276 25.76
Teaching status of hospital
Nonteaching 1123 26.86

Teaching 3058 73.14
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Figure |. Admissions for upper extremity pediatric amputation
per month, with contribution from firework and explosive
injuries.

forearm (14.64 + 5.58 years) amputations was higher than
those with thumb (13.53 + 5.99 years) and finger (11.49 +
6.64 years) amputations (Table 4). Length of stay was sig-
nificantly longer for above-elbow amputations (14.02 +
12.85 days) and below-elbow amputations (10.03 + 10.02
days) compared with children with finger (2.51 +2.96 days)
and thumb (3.86 + 4.20 days) (P < .0001). Consequently,
total charges followed a similar pattern with average above-
elbow amputation costs that were 7-fold higher than finger
amputation costs ($153 439.70 + $202 184.50 vs $20 513.16
+ 25 280.97, P < .0001) (Table 4). Children with higher
levels of amputation had increased loss of function,
increased risk of mortality, and increased discharge to nurs-
ing or rehabilitation facilities (P < .0001) (Table 4). There
was a higher rate of alcohol abuse, depression, drug abuse,
and psychoses with increasingly proximal amputation lev-
els (P < .02) (Table 4). Above-elbow amputations were
most commonly caused by motor vehicle accidents, while
digital amputations were most often associated with lawn
mowers and machinery, being caught between objects, and
cutting instruments (Supplemental Figure 3). Children with
below-elbow and above-elbow amputations were more
commonly treated at urban teaching hospitals than non-
teaching or rural hospitals when compared with patients
with digit amputations (P <.0001) (Table 4).

The overall incidence of traumatic upper extremity
amputation in children has declined 41.4% in the period
from 1997 to 2012 (Figure 3), and length of stay between
1997 and 2012 has decreased 28.4% (P = .02). Despite
decreased length of stay, mean costs increased from $14
913.39 +$21 326.09 in 1997 to $46 544.26 + $76 573.81 in
2012 (P <.001). When accounting for inflation, mean costs
more than doubled from 2003 to 2012 (P < .001).** The
average age of patients affected by traumatic amputation
increased from 10.62 + 6.03 years in 1997 to 11.09 + 6.83
years in 2012 (P = .02). The distribution of mechanisms of
injury causing amputation varied significantly from 2003 to

2012. Injuries from the extremity being caught between
objects, lawn mowers, and machinery decreased signifi-
cantly (P <.001, P =.001, P = .017, respectively), while
motor vehicle accidents as a cause of traumatic upper
extremity amputation nearly tripled (P < .001). Rates of
injury from power tools, bicycles, explosives, and firearms
did not significantly change over this time period (Supple-
mental Figure 4).

Discussion

From 1997 to 2012, there were an estimated 6130 traumatic
upper extremity amputations in pediatric patients in the
United States. These injuries place a $21 million annual
financial burden on the health care system." In our study,
traumatic upper extremity amputations occurred at rate of
0.85 to 1.70 per 100 000 persons below 20 years old.** Our
rate is lower than some published rates in the literature that
are upward of 10 per 100 000.'*'® However, our study only
accounts for patients treated in the inpatient setting, as the
KID excludes patients treated solely in the emergency
department. When compared with other studies that use the
KID, this incidence is consistent.'*"!

Pediatric patients suffering from amputations of the
upper extremity were most commonly teenagers, aged 15 to
19 years old, with the second most common age group
being 0 to 4 years old, consistent with previously published
studies.*'®?” Machinery and power tools were the most
common mechanisms of injury in children aged 15 to 19
years. This is in contrast with younger children aged 0 to 4
and 5 to 9, for whom amputations were most frequently
caused by the extremity being caught between objects. The
former was likely due to teenagers participating in shop
class, beginning occupations that may require power tool
use, or simply using a power tool without proper supervi-
sion or education.**

Young children are highly inquisitive and less fearful,
potentially leading to their increased rate of injury. Males
were far more likely to suffer from a traumatic amputation
requiring hospital admission than females, especially with
increasing age, a trend seen in most publications describing
amputation in both children and adults.®'*'*'8273! Rates of
admission for amputation were much higher in July and
August when children have summer vacations, due to the
increased rate of explosive injuries during these months.
Prevention measures addressing machinery safety and fire-
work regulation may potentially significantly decrease the
rate of these injuries in children and adolescents.

In upper extremity amputation, the overwhelming major-
ity affected fingers and thumbs while a small minority was
of the forearm or above the elbow, consistent with previ-
ously published reports.'® Motor vehicle accidents caused
the majority of above-elbow amputations, while digital
amputations were most frequently caused by digits being
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Figure 2. Pediatric amputations by age group per year.

Table 2. Demographic Information, Hospital Charges, and Comorbidities for Pediatric Patients Suffering Traumatic Upper Extremity
Amputations per Age Group.

Age 0-4 Age 5-9 Age 10-14 Age 15-19
(n =1003) (n = 665) (n=797) (n =1973)
Mean SD Mean SD Mean SD Mean SD P value
Length of stay (days) 2.55 3.57 297 4.16 3.65 4.93 3.76 5.22 <.0001
Total charge (dollars) 20748.92 3741699 24283.86 3333272 27801.32 45448.60 3375854 7034337 <.0001
Frequency % Frequency % Frequency % Frequency %

Sex (Female) 503 39.62 268 31.29 199 19.04 351 14.61 <.0001
Race <.0001

White 489 45.48 361 51.78 565 68.86 1139 59.56

Black 177 16.43 138 19.74 99 12.05 156 8.14

Hispanic 289 26.86 127 18.14 108 13.18 474 24.78

Asian or Pacific Islander 37 3.47 16 231 3 0.35 26 1.35

Native American 13 1.2 8 .16 13 1.61 19 0.97

Other 71 6.56 48 6.86 32 3.95 99 5.2
Comorbidities

Alcohol abuse 0 0 0 0 0 0 26 1.88  <.0001

Depression 0 0 0 0 0 0 26 .83  <.0001

Drug abuse 0 0 0 0 0 0 15 1.09 <.0001

Psychoses 0 0 0 0 5 0.78 17 1.23 .032
Mechanism <.0001

Lawn mower/machinery 72 7.14 58 8.79 98 12.26 390 19.76

Caught between objects 242 24.11 152 2281 108 13.54 112 5.68

Cutting instruments 90 8.93 67 10.13 80 10.00 260 13.17

Motor vehicle accident 58 5.79 35 5.26 34 4.27 126 6.37

Explosives and firearms 3 0.29 4 0.67 51 6.42 68 3.46

Other 189 18.81 130 19.49 156 19.57 340 17.21

Unspecified 350 34.94 218 32.86 270 33.95 677 34.35
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Table 3. Odds Ratio by Level of Amputation and Comorbidity in Children Aged 15 to 19 Years Old.

Finger amputation

Thumb amputation

Below-elbow amputation

Above-elbow amputation

Comorbidity Odds ratio P value Odds ratio P value Odds ratio P value Odds ratio P value
Alcohol abuse 0.703 470 0.423 254 2.179 .308 5.626 .009
Drug abuse 0.296 061 5.265 011 1.000 1.000 1.000 1.000
Depression 0.638 .366 294 2327 271 6.035 .007
Psychoses 0.899 .864 1.000 1.000 1.562 672 9.44| .001

Table 4. Demographic Information, Hospital Charges, Comorbidities, Hospital Characteristics, Patient Characteristics for Pediatric
Patients Suffering Traumatic Upper Extremity Amputations per Level of Amputation.

Finger (n = 4573)

Thumb (n = 1178)

Below elbow (n = 298)

Above elbow (n = 142)

Mean SD Mean SD Mean SD Mean SD P value
Age 11.49 6.64 13.53 5.99 14.64 5.58 14.20 5.92 <.0001
Length of stay (days) 251 2.96 3.86 4.20 10.03 10.02 14.02 12.85 <.0001
Total charge (dollars) 20513.16 25280.97 28591.09 3203440 9451032 13156020 153439.70 202 184.50 <.0001

Frequency Percentage

Frequency Percentage

Frequency Percentage

Frequency Percentage

Sex (Female) 1064
Race
White 1968
Black 480
Hispanic 843
Asian or Pacific Islander 63
Native American 29
Other 200
Comorbidities
Alcohol abuse 19
Depression 16
Drug abuse 13
Psychoses 16

Severity of illness
No class specified

Minor loss of function 1609
Moderate loss of function 883
Major loss of function 130
Extreme loss of function 6
Risk of mortality
Minor likelihood of dying 2604
Moderate likelihood of dying 15
Major likelihood of dying 5
Extreme likelihood of dying 4
Primary payment
Medicare 6
Medicaid 1207
Private, including health 2060
maintenance organization
Self-pay 448
No charge 18
Other payment 745
Disposition of patient
Routine 3506
Transfer to short-term hospital 36
Other transfers (nursing, 10
intermediate)
Home health care 82
Against medical advice 7
Died in hospital 3

23.98

54.93
13.41
23.53
1.75
0.82
5.57

0.74
0.59
0.5

0.61

61.22
33.61
4.96
0.21

99.09
0.57
0.17
0.17

0.14
2691
45.95

10
0.39
16.61

96.24
0.98
0.26

2.25
0.19
0.08

193

539
101
200
I
15
49

367
252

274
509

134

238

892

16.63

58.86
11.07
21.84
1.24
1.62
5.36

0.65
0.44
1.55
0.43

54.26
37.25
825
0.24

99.08
0.92

0.26
23.48
43.69

11.51
0.6
20.46

95.98
0.97
0.15

2.75
0.15

70

148
21
27

8
7
20

wW NN

43
70
37
24

147
14

73
140

23.75

63.98
9.19

1.6
3.57
3.05
8.6l

2.48
3.24
3.75
1.64

24.99
40.17
21.14
13.7

84.82
827
5.12
1.79

24.83
47.63

10.45
0.45
16.64

79.5
2.68
3.86

13.96

38

71
5
30
5
3
5

6
4
|
4

18
35
35

4?2
12
21
14

37
90

27

60.14
4.09

25.58
38
2.45
3.95

6.39
4.8

1.59
4.57

0
20.68
39.66
39.67

47.32
13.05
23.49
16.14

26.69
64.31
2.11
1.25
5.64
59.11
491
21.85
10.4

3.73

.001
.05

<.0001

<.0001
014
.004

<.0001

<.0001

.02

<.0001

(continued)
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Table 4. (continued)

Frequency Percentage

Frequency Percentage

Frequency Percentage Frequency Percentage

Hospital location setting

Rural 258 843 35

Urban 2801 91.57 766
Location/teaching status of hospital

Rural 279 776 39

Urban, nonteaching 783 21.8 152

Urban, teaching 2530 70.44 721
Region of hospital

Northeast 709 19.45 131

Midwest 710 19.48 178

South 1301 35.71 345

West 924 25.36 275
Teaching status of hospital

Nonteaching 905 29.59 173

Teaching 2153 70.41 628

.0I8
4.34 9 425 2 1.76
95.66 192 95.75 105 98.24
<.0001
43 9 3.66 2 1.58
16.68 27 11.56 9 7.34
79.02 198 84.77 108 91.08
.022
14.12 38 16.31 16 12.88
19.12 64 27.13 28 22.63
37.16 86 36.66 53 42.31
29.6 47 19.9 28 22.17
<.0001
21.62 33 16.31 9 8.69
78.38 168 83.69 97 91.31

1,600

1,400
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Figure 3. Temporal trend in incidence of traumatic upper
extremity amputation in children.

caught between objects, cutting instruments, or lawn mow-
ers and machinery. The rate of amputation has been declin-
ing, and by 2012, there were 41.4% fewer amputations than
in 1997. Fewer amputations were caused by lawn mower
injuries, machinery, and being caught between objects,
potentially due to automatic protections on power tools,
more widely available safeguards to childproof doors, and
increased awareness.' > However, motor vehicle accidents
became an increasingly common cause for amputation. It is
unclear in this database whether children in motor vehicle
accidents were passengers or adolescent drivers, and the
cause for this increase is unknown. Given the severity and
functional deficits of amputation at more proximal levels
because of motor vehicle accidents, prevention strategies
aimed at improving the safety of teenage drivers may
decrease the incidence of this devastating injury.
Depression, substance abuse, and psychoses were prom-
inent comorbidities associated with amputation, especially
with increasing age and more proximal levels of amputa-
tion. This database does not account for self-inflicted mech-
anisms of injury or if patients were intoxicated at the time

of injury. Addressing mental health and substance abuse,
especially in adolescents, may be vital in decreasing the rate
of injury particularly at more proximal levels.”

Hospital costs related to traumatic upper extremity ampu-
tations were very high, and in the 6 years analyzed, total
charges exceeded $166 million. Hospital charges were 62%
higher for patients aged 15 to 19 than for patients aged 0 to
4, while length of stay was 47% higher for older patients.
More proximal levels of amputation increased hospital costs,
with above-elbow amputations costing 7.4 times more than
finger amputations, and length of stay was 5.5 times longer
in above-elbow amputations than finger amputations. This is
likely because more complex surgeries and more intensive
rehabilitation were required. Through the study period, the
average costs nearly doubled despite accounting for infla-
tion, while general US inflation-adjusted health care spend-
ing rose by approximately 5.4% annually.'’

This study has several limitations inherent to a database
study. This is a retrospective observational review of a
national database searched by /CD-9 codes and is subject to
inaccuracies in coding and incomplete data, most notably
for mechanism of injury. The KID only includes inpatients,
so any revision amputation performed in an emergency
setting is not captured. Outcome data are limited and there
is no follow-up data to determine clinical results. Finally,
this database study allows us to draw only correlative asso-
ciations and we cannot conclude the reasons behind trends
in patterns. However, this study does provide valuable
information regarding national trends in pediatric upper
extremity amputations and can provide insight in preven-
tion. This is the largest cohort of pediatric patients assessed
using the KID which allows for evaluation of previously
underpowered trends.

In conclusion, though pediatric upper extremity ampu-
tations are decreasing in incidence, they are still a sizable
cause of morbidity in children. Males were affected nearly
3 times more often than females, and very young children
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and adolescents were disproportionately affected by trau-
matic amputation. These injuries were more common dur-
ing the summer months, though this increase was solely
due to explosive and firework use. In very young children,
fingers caught between objects was the most common
mechanism of injury and may be addressed with improved
child safety devices. Children should avoid heavy machin-
ery and lawn mowers, while teenagers using such equip-
ment should be carefully instructed and closely monitored.
To prevent proximal amputation levels related to car acci-
dents, children should be safely secured with a seat belt
and car seat if necessary, with hands kept in the vehicle. If
mental health concerns or substance abuse is suspected,
treatment should be sought expeditiously to mitigate the
risk of life-altering injuries.
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