
https://doi.org/10.1177/1558944719873150

HAND
2021, Vol. 16(5) 612 –618
© The Author(s) 2019
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/1558944719873150
journals.sagepub.com/home/HAN

Surgery Article

Introduction

Traumatic amputation to digits of the hand can result in psy-
chosocial, body image, and functional difficulties that can 
be magnified in a pediatric population.1-3 Treatment options 
under such circumstances may involve revision amputation 
or replantation of the affected digit. The decision to replant 
a digit is often complex.4 With a lack of medical comor-
bidities, stable social circumstances, and psychological 
benefit, replantation has been a more liberal and aggressive 
treatment option in the pediatric population.5-8 In addition, 
the healing potential of nerves, skin, and tendons, with 
enhanced skin elasticity and vascularity in this young age 
group, decreases pain and stiffness and improves functional 
outcomes.9

Nonetheless, the frequency of microsurgery and replan-
tation procedures has decreased in the United States over 
the past 2 decades as a result of multiple factors, including 
declining reimbursements, availability of microsurgery ser-
vices, inconsistency of outcomes, and time commitment.10-12 
Between 2000 and 2011, the proportion of pediatric patients 
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Background: Indications for replantation following traumatic digit amputations are more liberal in the pediatric population 
than in adults, but delineation of patient selection within pediatrics and their outcomes have yet to be elucidated. This 
study uses a national pediatric database to evaluate patient characteristics and injury patterns involved in replantation 
and their outcomes. Methods: The Healthcare Cost and Utilization Project Kid’s Inpatient Database was queried for 
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requiring revision amputation and/or microvascular revision. Patient age, sex, insurance, digit(s) affected, charges, length of 
stay, and complications were extracted for each patient. Results: Traumatic digit amputations occurred in 3090 patients, 
with 1950 (63.1%) undergoing revision amputation and 1140 (36.9%) undergoing replantation. Younger patients, those with 
thumb injuries, females, and those covered under private insurance were significantly more likely to undergo replantation. 
Cost, length of stay, and in-hospital complications were significantly greater in replantation patients than in those who 
had undergone amputation. Following replantation, 237 patients (20.8%) underwent revision amputation and 209 (18.3%) 
underwent vascular revision, after which 58 required revision amputation. Risk of revision following replantation involved 
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who underwent replantation has varied between 16% and 
40%.4,10 Conversely, revision amputation offers the benefits 
of a quicker healing course, shortened or lack of hospital-
ization, decreased need for postoperative therapy, and lower 
cost.13,14

Despite the abundance of literature demonstrating replan-
tation outcomes in the pediatric population as a whole, few 
studies have investigated patient and injury characteristics 
that tend to undergo replantation compared with revision 
amputation. The purpose of this study was to conduct a ret-
rospective cohort review using a large national pediatric 
database to identify patient factors associated with undergo-
ing pediatric replantation as opposed to revision amputation. 
We then sought to compare outcomes between procedures 
through length of stay, charges, and complications including 
risk factors for revision procedures following replantation.

Materials and Methods

Data Source

The Healthcare Cost and Utilization Project (HCUP) Kid’s 
Inpatient Database (KID) was used to examine traumatic 
digit amputations in the United States from 2000 to 2012. 
The KID is sponsored by the Agency for Healthcare Research 
and Quality and is used to track and analyze national trends 
in pediatric health care. Every 3 years, deidentified data from 
inpatient discharges are released for patients aged 20 years or 
younger and include all payers (private, Medicaid, uninsured, 
and others). Data compiled from 2 to 3 million annual hospi-
tal stays are used to generate national estimates of pediatric 
admissions by using weight-based averages. Data released in 
2000, 2003, 2006, 2009, and 2012 were used for this study. 
Due to the deidentified nature of the data, the study was 
exempt from institutional review board oversight.

Patient Cohorts

Pediatric patients with traumatic amputation of the thumb 
or finger were identified using International Classification 
of Diseases, Ninth Revision (ICD-9) diagnosis codes (885.0, 
885.1, 886.0, 886.1). International Classification of Dis-
eases, Ninth Revision, Clinical Modification (ICD-9-CM) 
procedure codes were then used to identify the pediatric 
patients who were treated with either digit revision amputa-
tion (84.01, 84.02) or digit replantation (84.21, 84.22). 
Patients receiving neither revision amputation nor digit 
replantation were excluded. In addition, patients with more 
than 1 associated amputation code were excluded, given the 
inability to determine the procedure each digit underwent.

Patient Variables

For each patient, age, sex, digit involved, insurance, 
charge, length of stay, complication, and year of procedure 

were queried. Complications were a composite of diagno-
ses assessed by ICD-9 codes that include wound dehis-
cence, infection, hemorrhage, venous thrombosis, and 
cardiac, respiratory, and urinary complications. Outcomes 
involving length of stay, in-hospital mortality, total hospi-
tal charges, and complications were stratified for compari-
son between patients treated with digit replantation and 
revision amputation.

Revision procedures following replantation were 
assessed using ICD-9-CM procedure codes for revision 
amputation (84.01, 84.02) and microvascular revision 
(39.3, 39.4, 39.5) procedures. Patients who underwent 
microvascular revision and subsequent revision amputation 
were isolated with combined vascular revision and revision 
amputation ICD-9-CM codes.

Statistical Methods

χ2 test and univariate logistic regression were used to assess the 
differences between digit replantation and revision amputation, 
as well as patient factors associated with each procedure. Mul-
tivariate logistic regression determined variables associated 
with greater length of stay, total hospital charges, in-hospital 
mortality, complications, and revision procedures. Per protocol, 
numbers for analysis were based on the national estimates of 
incidence calculated from discharge-weighting.

Results

Patient Characteristics

A total of 3090 patients who underwent surgical treatment for 
traumatic thumb or finger amputation were identified. Of 
these patients, 1950 were treated with revision amputation 
(63.1%) and 1140 with digit replantation (36.9%). Signifi-
cant differences were found in sex, age, digit amputated, and 
insurance status for patients undergoing replantation versus 
revision amputation (P < .05) (Table 1). The proportion of 
patients undergoing replantation by age group was found to 
decrease with age, with the highest being 0 to 4 years (n = 
278, 49.9%) and the lowest being 15 to 19 years (n = 504, 
31.0%) (Figure 1). There was no significant difference in the 
proportion of digit replantations over the years—from 38.3% 
in 2000 to 32.2% in 2012 (P = .55) (Figure 2).

Patient Factors

The χ2 analyses demonstrated that insurance status, digit 
amputated, age, and sex were significant factors for patients 
who underwent replantation (P < .05) (Table 2). Following 
multivariate regression analyses, those with thumb injuries, 
females, and patients with private insurance underwent sig-
nificantly more replantations (P < .05) (Table 3). Patients 
had a significantly decreased likelihood for replantation 
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with age (odds ratio = 0.955 with each additional year, 95% 
confidence interval = 0.935-0.975, P < .0001) (Table 3).

Charges, Complications, and Revision Procedures

The mean total hospital charges for replantation were 
$40 468, compared with $25 185 for amputation (P < .001). 
The average length of stay was 4.81 days for replantation 
and 2.76 days for amputation (P < .001). Complication 
rates were 13.3% following replantation and 3.22% follow-
ing amputation (P < .001) (Table 4).

Following replantation, 237 patients (20.8%) required 
revision amputation, and 209 (18.3%) required vascular revi-
sion. Of the 209 patients undergoing microvascular revision, 

58 patients (27.8%) required revision amputation. Multivari-
ate regression demonstrated that older age, male sex, non-
thumb replant, and procedures performed in more recent 
years were associated with an increased rate of revision pro-
cedures following replantation (P < .05) (Table 5). Overall, 
given the 295 patients captured as requiring an eventual revi-
sion amputation from a total of 1140 attempted replantations, 
the overall success rate of replantation was 74.1% (n = 845).

Discussion

Following a national analysis of 3090 pediatric patients 
with traumatic digit amputations, our study found that 
36.9% of them underwent replantation with little change in 

Table 1. Demographics and Digits Involved in Digit Replantation and Revision Amputation.

Demographics Replantation, No. (%) Revision amputation, No. (%) P value

Total Patients 1140 (36.9) 1950 (63.1)  
Male 828 (73.9) 1579 (82.4) <.001*
Mean age, y 11.6 13.6 <.001*
White 546 (47.9) 828 (42.5) .0524
Fingers 884 (77.5) 1681 (86.2) <.001*
Thumbs 281 (24.6) 342 (17.5)
Private insurance 577 (50.5) 816 (41.8) <.001*

*P < .05 indicates statistical significance.

Figure 1. Frequency of digit revision amputation and replantation following traumatic digit amputations by age group between 2000 
and 2012.



Li et al 615

this proportion over 13 years of analysis. Younger patients, 
females, thumb injuries, and private insurance were found 
to have an increased likelihood of replantation. The propor-
tion of patients undergoing replantation was also found to 
decline with age. In comparison with revision amputation, 
total charges, length of stay, and complication rates were 
significantly higher with replantation. Revision replantation 
or amputation procedures after replantation tended to occur 
in older, male patients and for replantation performed in 
more recent years.

Pediatric replantation rates have been demonstrated in 
other studies at similar rates. Berlin et al10 used the National 
Inpatient Sample to report a 27% replantation rate. Squitieri 
et al4 using earlier years of the KID, between 2000 and 
2006, found a replantation rate of 40%, which was consis-
tent with our analysis of 36.9%. These findings demonstrate 
that despite microsurgical advancements over the past 

Figure 2. Trend of digit replantation and revision amputation following traumatic digit amputations between 2000 and 2012.

Table 2. The χ2 Analyses of Factors Associated With Pediatric 
Digit Replantation.

Digit replantation

P valueFactors No. %

Insurance type
 Private 577 41.4 .0004*
 Other 563 33.2
Digit
 Finger 884 34.5 <.0001*
 Thumb 281 45.2
Age
 0-4 278 48.8 <.0001*
 5-9 199 45.5
 10-14 148 34.9
 15-19 504 30.9
 Missing 11  
Year
 2000 332 38.2 .5474
 2003 234 38.4
 2006 235 35.5
 2009 198 38.6
 2012 141 32.2
Sex
 Male 828 34.4 <.0001*
 Female 293 46.5
Race
 White 546 39.7 .0524
 Nonwhite 594 34.6

*P < .05 indicates statistical significance.

Table 3. Multivariate Logistic Regression of Factors Associated 
With Pediatric Digit Replantation.

Factors OR 95% CI P value

Thumb (vs finger) 1.82 1.39-2.38 <.0001*
Female (vs male) 1.39 1.08-1.80 .010*
Private insurance (vs other) 1.28 1.04-1.57 .019*
Age 0.95 0.93-0.97 <.0001*
Year of admission 0.98 0.95-1.01 .109
White (vs nonwhite) 1.21 0.96-1.52 .110

Note. OR = odds ratio; CI = confidence interval.
*P < .05 indicates statistical significance.
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decades, the indications for pediatric patients to undergo 
replantation have remained relatively consistent.

However, despite this consistency, a decreasing trend for 
replantation over the course of analysis, from 38.2% to 
32.2%, was recognized. Adult digit replantation has demon-
strated similar decreasing numbers in replantation as 
well.11,15 Studies have outlined stricter replantation indica-
tions, given increased experiences with poor outcome, as 
well as declining reimbursement rates, disruption of work 
schedule, and a lack of training as possible causes of decline 
and increased rates of revision procedures.16-19

In accordance with our findings of replantation occurring 
in privately insured patients and women, Squitieri et al4 also 
commented on treatment disparities in sex, race, and insur-
ance status. They found that black, Hispanic, and uninsured 
patients were significantly less likely to undergo replanta-
tion than white and privately insured patients. Using the 
National Inpatient Sample for adult patients, Cho et al20 
found that patients with private insurance were twice more 
likely to undergo replantation than those with Medicare or 
Medicaid. These trends have been demonstrated among 
other conditions as well, with decreased access to appropri-
ate treatment centers and worse trauma outcomes.21-23

Pediatric replantation success rates have been reported 
to be between 63% and 97%.10,24-26 In comparison, success 
rates for adult replantation have been reported to be 57% to 
90%.27-29 Studies on adult replantation have cited age, 
patients with more than 3 comorbidities, drug abuse, elec-
trolyte imbalances, and chronic obstructive pulmonary dis-
ease as significant risk factors for replantation failure.30-32 

Li et al33 found mechanism, platelet count, smoking, ampu-
tation preservation, and vein grafting to be risk factors for 
failure. Berlin et al10 elicited that children have significantly 
lower procedure-related complications and microvascular 
revisions compared with adults. This is in accordance with 
our investigation whereby older patients demonstrated 
increased risk for revision procedures following replanta-
tion, and younger patients were identified to be more likely 
to undergo replantation. These findings further support that 
younger patients demonstrate a more robust healing of soft 
tissues, nerve, and bone following replantation and are 
associated with fewer complications.34-38 In addition, this 
demographic of patients is less affected by stiffness, joint 
contractures, and pain syndromes.36

The finding of the increased cost and length of stay in 
replantation compared with revision amputation was sup-
ported within the adult population. Friedrich et al14 used the 
State Inpatient Database, part of HCUP, to find that the 
mean replantation charges were $42 561 compared with the 
revision amputation charges of $27 541. They noted a mean 
length of stay of 5.8 days for replantation compared with 
3.5 days for amputation. In a retrospective analysis from a 
single institution in China, the replantation cost of $2977 
was significantly greater than the revision amputation cost 
of $480.23.39 They also noted a significant increase in 
length of stay of 8.3 days after replantation, compared with 
0.21 days for revision amputation. In conjunction, our dem-
onstration of an increase in complications with replantation 
may also influence the cost and length of stay for such pro-
cedures. Overall, these studies and ours demonstrate that 
replantation carries a higher risk of complication with 
greater costs and length of stay compared with revision 
amputations. Despite these potential outcomes, the psycho-
logical and functional benefits from successful replantation 
have shown to hold a significant impact in the pediatric 
population.2

However, a critical view of our data demonstrating a 
74.1% success of replantation may be deemed a less than 
ideal result given the identified importance of replantation 
for childhood development and previously published suc-
cess rates of up to 90%.1,2,24 With the lower rate of pediatric 
replantation performed across the country as shown within 
our article and lower reported success of digit replantation 
in recent years, some researchers have proposed the need 

Table 4. Differences in Outcomes Between Revision Amputation and Digit Replantation.

Outcomes Revision amputation 95% CI Replantation 95% CI P value

Total charges, $ 25 185.00 22 793.64-27 576.36 40 468.00 36 096.18-44 839.82 .0001*
Length of stay, d 2.75 2.51-3.01  4.81 4.44-5.18 .0001*
Complication rate, % 3.22 2.04-4.40 13.3 10.8-15.7 .0001*

Note. CI = confidence interval.
*P < .05 indicates statistical significance.

Table 5. Factors Associated With Revision Following Digit 
Replantation.

Factors OR 95% CI P value

Age 1.06 1.02-1.09 <.001*
Thumb (vs finger) 0.566 0.351-0.912 .019*
Female (vs male) 0.517 0.308-0.868 .013*
Year 1.06 1.01-1.11 .030*
Private (vs other) 0.821 0.530-1.27 .38
White (vs nonwhite) 0.929 0.614-1.41 .73

Note. OR = odds ratio; CI = confidence interval.
*P < .05 indicates statistical significance.
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for regionalization of replant centers to be staffed by highly 
competent replantation surgeons to maximize the success of 
these difficult operations.1,11,12,27 A retrospective study by 
Brown et al15 using the 2008 and 2012 State Inpatient Data-
bases from the HCUP demonstrated increased odds of suc-
cess for replantation in hospitals with higher annual 
replantation volume. Overall, a continued evaluation of 
maximizing replantation success, especially in the pediatric 
population, should be addressed whether through increase 
in resources to training a subset of hand surgeons with 
strong microvascular skills for replantation and/or forming 
regionalization centers to specialize in replantation to estab-
lish a higher success rate of pediatric digit replantation.

This study benefits from a large sample size over the 
course of many years, but brings several limitations associ-
ated with administrative databases. Coding and billing 
errors in addition to variation from individual hospitals 
place data reliability at risk. The clinical depth that cannot 
be captured in coding data is not able to deliver details such 
as number of digits amputated, level of amputation, posi-
tion of digit amputated, or mechanism of injury, all of which 
play significant roles in decisions for replantation. In addi-
tion, with the inability to delineate specific procedures per-
formed for patients with multiple finger amputations, these 
patients were excluded. Another limitation is that the KID 
only captures inpatient admissions. As a result, we are 
unable to review patients discharged from a hospital emer-
gency department following digit amputation, including 
those who had primary revision amputation. In addition, we 
are unable to capture patients discharged from the hospital 
following replantation and admitted for a revision proce-
dure. Furthermore, this database does not capture the whole 
clinical episode, including the need for rehabilitation, return 
to school, subsequent outpatient-related procedures, or 
patient-reported outcomes.

Despite these limitations, we believe our study fittingly 
uses a national pediatric database to determine patient and 
injury factors that may influence management of traumatic 
pediatric digit amputations. By comparing pediatric patients 
undergoing replantation or revision amputation, our study 
demonstrates that females, younger age, thumb injury, and 
private insurance are significant characteristics for undergo-
ing replantation. Conversely, we identified that older age, 
males, finger injuries, and procedures performed in more 
recent years had a significantly increased risk of undergoing 
a revision procedure following replantation. These findings 
demonstrate that within a pediatric population, patient selec-
tion and counseling are paramount to forming agreed-upon 
outcomes with a firm understanding of the risk of failure or 
complication from replantation. With the current health care 
landscape driven by value and patient-reported outcome 
standards, providing efficient, timely, well-informed, trust-
worthy, and resourceful care in the face of injury is  paramount 

toward obtaining a successful treatment in a vulnerable pop-
ulation of patients and families.
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