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Abstract

Background—Traumatic finger/thumb amputations are some of the most prevalent traumatic 

injuries affecting Americans each year. Rates of replantation after traumatic finger/thumb 

amputation, however, have been steadily declining across U.S. hospitals, which may make these 

procedures less accessible to minorities and vulnerable populations. The specific aim of this study 

was to examine racial variation in finger replantation after traumatic finger/thumb amputation.

Methods—Using a two-level hierarchical model, we retrospectively compared replantation rates 

for African-American patients with those of Whites, adjusting for patient and hospital 

characteristics. Patients younger than 65 with traumatic finger/thumb amputation injuries who 

sought care at a U.S. trauma center between 2007 and 2012 were included in the study sample.

Results—We analyzed 13,129 patients under 65 years of age with traumatic finger/thumb 

amputation. Replantation rates declined over time from 19% to 14% (p = 0.004). Adjusting for 

patient and hospital characteristics, African-Americans (OR=0.81; CI: 0.66–0.99; p = 0.049) were 
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less likely to undergo replantation procedures than Whites, and uninsured patients (OR=0.73; CI: 

0.62–0.84; p < 0.0001) were less likely than those who were privately insured.

Conclusions—Despite advancements in microsurgical techniques and the increasing use of 

reconstructive surgery in other fields, finger/thumb replantation rates are declining in the U.S. and 

vulnerable populations are less likely to undergo replantation after amputation injuries. 

Regionalization of care for these injuries may not only provide a higher quality care but also 

reduce variations in treatment.
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INTRODUCTION

Every year, nearly 45,000 traumatic finger amputation injuries occur in the United States.1,2 

The impact of finger amputation on function, quality of life, and vocational choices is 

substantial.3 Finger-dexterity is integral to many jobs, and amputation may result in a loss of 

productivity and income.4 Victims of finger amputations are usually young and in their 

prime income earning years.5 Thus, choosing appropriate treatment in cases of finger 

amputation can have substantial economic effects, not only on trauma patients, but also on 

the lives of their families and society.

Since the introduction of microsurgical reconstruction in the 1960s, the versatility and 

availability of reconstructive procedures have expanded in application.6 Although revision 

amputation is a relatively inexpensive and uneventful procedure, persistent pain and loss of 

digit length are problematic. Replantation, although a costly and challenging procedure, 

offers substantial functional and aesthetic benefits, such as maintaining digit length. 

Previous studies reveal that the estimated cost of replantation per Quality Adjusted Life Year 

(QALY) varies substantially depending on the level and complexity of the injury. For 

example, replantation of single digit injuries has the highest incremental cost effective ratio 

(ICER) of $136,400/QALY.7 Replantation of three or four digit, and thumb amputation 

injuries, however, has relatively low ICER of $27,100 and $23,800 and $26,300/QALY, 

respectively.7

Finger replantation procedures have been steadily declining in the U.S., which may make 

these procedures less accessible to minorities and vulnerable populations.8 Racial and ethnic 

disparities in access to quality healthcare have been a challenge for the U.S. healthcare 

system. To partially address this inequity, the Emergency Medicine Treatment and Active 

Labor Act (EMTALA) was enacted in 1986 to ensure that all trauma patients, regardless of 

race, insurance, or socioeconomic status have timely and high-quality access to emergency 

care.9 Unfortunately, there are still substantial disparities in access to quality trauma care. 

For example, African-Americans and other minority trauma patients are more likely to be 

treated at hospitals with higher mortality rates and experience higher mortality rates 

compared with White trauma patients.10 Despite the high prevalence of finger amputation 

injuries and their effects on a patient’s vocation and quality of life, little is known about 

disparities in treatment of these injuries.
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Using 2007 to 2012 data from the National Trauma Data Bank (NTDB), the largest trauma 

database in the U.S., we examined variations in treatment between Whites and African-

Americans, using a two-level hierarchical model and adjusting for relevant patient and 

hospital characteristics. The three specific aims of this study were: (1) to examine the most 

recent trends in prevalence of replantation vs. revision amputation, (2) to examine whether 

racial variations in replantation exist, and (3) to examine contributing factors associated with 

replantation vs. revision amputation.

MATERIALS AND METHODS

Data Source

Created by the American College of Surgeons (ACS) with the intent of providing high-

quality data about trauma cases nationwide,11 the NTDB is the largest repository of trauma 

case data reported by trauma centers across the U.S.12 In 2012, 805 trauma centers provided 

data to NTDB, including 235 Level I, 267 Level II, 240 Level III or IV trauma centers.13

We examined patients who suffered digit amputation injuries between 2007 and 2012 and 

whose injuries were captured by the NTDB. We used the International Classification of 
Diseases, Ninth Revision Codes (ICD-9-CM), included in the NTDB, for diagnosis of finger 

and thumb amputation injuries (885.0, 885.1, 886.0, 886.1) and ICD-9-CM procedure codes 

for treatment of amputated fingers and thumbs (finger and thumb reattachment: 84.21 and 

84.22; finger and thumb revision amputation: 84.01 and 84.02).

Patient Selection

We included all patients who underwent revision amputation or replantation after 

experiencing traumatic digit amputation. We identified a total of 15,175 cases of finger/

thumb revision amputation or replantation recorded between 2007 and 2012 in the NTDB. 

We excluded patients 65 years of age or older because of the confounding effects of age, 

health, and comorbid conditions among older individuals on treatment option. Our final 

sample size after excluding cases with missing values included 13,129 cases of finger/thumb 

revision amputation or replantation (Figure 1).

Explanatory and Outcome Variables

Our primary outcome of interest was the probability of undergoing replantation after 

traumatic finger or thumb amputation. At the patient level, we included age, sex, race, injury 

severity score (ISS), having multiple-digit amputation injuries (vs. one), thumb amputation 

injury (vs. finger), and insurance status. Age was reported as the patient’s age at the time of 

injury. We categorized age into three exclusive categories: less than 18, between 18 and 44, 

and between 45 and 65. Race was reported according to the patient’s self-reported 

information. We measured race by creating four distinct categories: Whites, African-

Americans, other races, and unspecified. Seven percent of patients did not specify their race. 

To be able to include them in our analysis, we created a separate category for patients for 

whom race was not known. Additionally, we did not include ethnicity as one of our variables 

because the percentage of missing values was higher than the threshold of 30%. Insurance 

was measured using five distinct categories: private (including commercial, Blue Cross Blue 
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Shield, and worker’s compensation), public (including Medicaid and Medicare), other 

(including no fault and other insurance), self-pay (no insurance), and unspecified (about 

10%), with private insurance serving as the reference category. Thumb replantation was 

identified via the ICD-9 procedure codes. We used the Injury Severity Score (ISS) to control 

for the overall severity of the injury.14

At the hospital level, we controlled for being public vs. for-profit, teaching status, trauma 

center level, and region of the hospital. Teaching status was measured using three distinct 

categorical variables of community, non-teaching, and teaching hospitals. Trauma level was 

measured using four mutually exclusive categories: level I, level II, level III, and other 

hospitals. The ACS verifies the level of care and resources at each trauma center.15 Level I 

trauma centers are considered regional centers of care for any type of injury. Level II trauma 

centers should have enough resources to initiate care for all types of injuries. Level III or 

higher trauma centers are those that are capable of treating non-complex emergency cases; 

these centers should transfer patients who may need more comprehensive care to Level I or 

II trauma centers.15 Additionally, there are hospitals that are not officially trauma centers but 

do provide emergent care; we included them as ‘other hospitals’ in our model. Finally, we 

included each hospital’s geographic region.

Analysis

We used three logistic models to examine the association between race and replantation after 

traumatic finger/thumb amputation. In our first model, we included age, sex, and race as 

explanatory variables. We added injury characteristics and patient insurance status to the 

second model. In models 1 and 2, to obtain the robust cluster estimators based on hospital 

identifier, we used the vce (cluster)16 option in Stata to adjust for potential intra-hospital 

correlation. Finally, in model 3, we used a two-level hierarchical model (meqrlogit) to 

include all relevant patient and hospital characteristics and adjust for intercept random 

effects for hospitals. We used Stata version 13.1 for all analyses.

RESULTS

Table 1 displays the characteristics of patients who experienced traumatic finger/thumb 

amputation injuries. The average age of patients was 37 and 87% were male. White, 

African-American, and other races represented 70%, 8%, and 22% of the patients in our 

sample, respectively. Compared with those who underwent revision amputation, patients 

who underwent replantation were younger, had lower injury severity scores, had a higher 

rate of multiple digit or thumb amputation injuries, and were more likely to have private 

insurance. African-Americans and other races were younger than Whites in both treatment 

groups (p < 0.05). Regardless of race, a higher percentage of uninsured patients underwent 

revision amputation; however, the percentage of uninsured African-American patients who 

underwent revision amputation was 10 percentage points higher than Whites (26% vs. 16%; 

p < 0.001).

Number of participating hospitals that cared for patients with finger amputation injuries 

increased in NTDB from 204 hospitals in 2007 to 313 hospitals in 2012 (Figure 2). Despite 

an increase in the number of reported finger amputation injuries from 1,679 cases in 2007 to 
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2,530 cases in 2012, the replantation rate dropped from 19% to 14% (p = 0.004). In 2007, 

Whites had a replantation rate that was five percentage points higher than that of replantation 

for African-Americans; this dropped to a three percentage point difference in 2012 (not 

statistically significant).

We stratified hospitals by the annual number of finger/thumb replantations (Table 2). Nearly 

half of all finger/thumb amputation injuries (6,072 out of 13,337) were treated in hospitals 

with no or just one replantation procedure a year. About half of these hospitals were public, 

community hospitals with 200–400 beds. Only 12% of patients with finger amputation 

injuries presented to hospitals that performed more than 10 annual finger replantation 

procedures. More than 90% of high-volume (more than 10 annual replantations) hospitals 

were public, university hospitals with more than 400 beds; they were either Level I trauma 

centers (88%) or were not registered as an official trauma center (12%).

Figure 3 illustrates the rate of replantation in each category of hospitals. The rate of finger/

thumb replantation was about 5%, with no difference between Whites and African-

Americans or Whites and other races in hospitals with 0 to 1 replantations per year. The rate 

of finger/thumb replantation in hospitals with 2–5 replantation procedures a year jumped to 

about 20%. In hospitals with 6 to 10 replantation procedures a year, replantation rates among 

Whites, African-Americans, and other races were 23%, 17%, and 26%, respectively. There 

were only 17 hospitals that performed more than 10 finger replantation procedures annually; 

in these hospitals, the rate of replantation jumped to about 36%, with no significant 

difference between Whites and African-Americans or Whites and other races. However, only 

12% (or 1,590 patients out of 13,337 patients in our cohort) presented to these hospitals.

Table 3 presents the odds of undergoing finger replantation after a finger/thumb amputation 

injury. In our first model, we adjusted for patients’ age, sex, and race. African-Americans 

had lower odds of undergoing replantation after a finger amputation injury (OR=0.70; CI: 

0.58 – 0.85; p < 0.001). In our second model, we further adjusted for injury characteristics 

and type of health insurance. The odds of undergoing replantation increased for African-

Americans, but still remained significantly lower than the odds for Whites (OR=0.82; CI: 

0.68 – 0.99; p = 0.048). Finally, after adjusting for relevant and available patient and hospital 

characteristics in our third model, African-Americans showed lower odds of undergoing 

replantation procedures compared to their White counterparts (OR=0.81; CI: 0.66 – 0.99; p 

= 0.049). Other patient factors that were associated with the probability of undergoing 

replantation after finger/thumb amputation injury were age and injury characteristics. For 

example, being younger than 18 years of age increased the odds of replantation (OR=2.64; 

CI: 2.21 – 3.14; p < 0.001). A higher injury severity score decreased the odds of replantation 

(OR=0.92; CI: 0.91 – 0.94; p < 0.001). In contrast, having multiple digit amputations 

(OR=1.86; CI: 1.66 – 2.09; p < 0.001) and thumb amputations (OR=3.51; CI: 3.14 – 3.94; p 

< 0.001) increased the odds of replantation. Having public (OR=0.79; CI: 0.66 – 0.95; p = 

0.011) or no insurance (OR=0.73; CI: 0.62 – 0.84; p < 0.001) compared with having private 

insurance decreased the odds of undergoing replantation. At the hospital level, attending 

community (OR=0.59; CI: 0.45 – 0.79; p < 0.0001) and non-teaching hospitals (OR=0.57; 

CI: 0.38 – 0.85; p = 0.006), compared with teaching hospitals, and attending Level II 

(OR=0.65; CI: 0.47 – 0.90; p = 0.009) or higher (OR= 0.61; CI: 0.37 – 0.99; p = 0.045) 
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trauma centers, compared with Level I trauma centers, decreased the odds of undergoing 

replantation.

Sensitivity Analysis

Between 2007 and 2012, number of NTDB participating hospitals providing care for finger 

amputation injuries increased from 204 hospitals in 2007 to 313 hospitals in 2012. In 

addition to our open cohort analyses of hospitals, we repeated our analyses with the 97 

hospitals that participated in NTDB during all six years. Number of observations reduced to 

6,937, but our qualitative results were the same. Between 2007 and 2012, among the 97 

participating hospitals the overall rate of finger/thumb replantation reduced by five 

percentage points from 21% to 16%, and variations in replantation between Whites and 

African-Americans remained intact, with Whites having a higher rate of replantation (18% 

vs. 13%; p=0.003; CI=0.016–0.076).

COMMENT

In this study, we examined recent trends and racial variations in the treatment of traumatic 

finger/thumb amputation. Three findings emerged. First, for all races, the rate of finger/

thumb replantation has been steadily declining in the U.S. among trauma centers 

participating in the NTDB. Second, even after adjusting for relevant patient and hospital 

characteristics, compared with Whites, African-Americans had a lower probability of 

undergoing finger replantation. Third, factors such as having private insurance and 

presenting to a hospital with a higher volume of replantation procedures increased the 

probability of undergoing replantation compared with revision amputation.

Although in our sample number of hospitals and finger amputation injuries increased over 

time, rate of replantation declined. Research suggests that replantation surgery is performed 

less frequently today than it was 20 years ago.17,18 The decline in replantation procedures is 

likely attributable to the declining reimbursement and changing economic and surgical 

landscapes.17,18 A 2007 survey of members of the American Society for Surgery of the 

Hand (ASSH) found that 44% of their members opt not to perform microsurgeries. They cite 

busy elective schedules (51%), low microsurgical confidence (39%), and inadequate 

compensation (25%) as their primary motives for avoiding replantation surgery.17 Several 

authors have suggested that the declining number of replantation procedures may have 

diminished confidence among surgeons in their microsurgical skill set.17,19,20 This lack of 

confidence across hand surgeon groups is corroborated by the decreasing success rates of 

digit replantation over the last 20 years.21–24 Today, despite recent microsurgical 

advancements, evidence suggests that in contrast to other developed countries, replantation 

success rates in the U.S. have fallen to approximately 60%,25 Replantation remains 

uncommon in the U.S. compared with other developed countries.26–29 For example, in 2001, 

2004, and 2007 combined, only 27% of thumb and 12% of finger traumatic amputations 

were replanted.6 Surgeons who perform replantation staff only 15% of U.S. trauma 

centers,30–32 and microsurgical expertise remains a scarce resource.33,34 Additionally, 

previous studies have demonstrated that the distribution of surgeons with skills in 

Mahmoudi et al. Page 6

Plast Reconstr Surg. Author manuscript; available in PMC 2016 November 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



microsurgical techniques is not uniform, and replantation is most commonly performed in 

large public teaching hospitals.6,35

The existence of racial disparities in the surgical setting has been well-documented. For 

example, African-American patients are at greater risk of suffering lower limb amputation 

for advanced limb ischemia when compared with their White counterparts.36 In fact, 

African-Americans are less likely to undergo attempts at revascularization before their 

surgeons resort to amputation.37 The literature points to similar disparities in access to other 

surgical procedures, such as total knee and hip arthroplasty,38,39 kidney transplantation,40 

and coronary-artery bypass graft.41

Although our unadjusted data did not show statistically significant gap between Whites and 

African-Americans in replantation rate, our adjusted analytical models reveal lower odds of 

replantation for African-Americans compared to Whites. Research suggests that racial 

disparities in surgical settings are associated with system-level differences in access to care. 

For example, in their study of amputation frequency in patients with lower limb ischemia, 

Eslami et al. found that primary amputation was performed more frequently on non-White, 

low-income, uninsured patients.42 The authors postulated that lack of patients’ access to 

adequate primary care and surgery providers delayed diagnosis and ultimately created a 

greater need for limb amputation. Furthermore, Squitieri et al. found that pediatric patients 

with private insurance were more likely to receive replantation than uninsured patients.43 

Their results were extended by Shale et al., who found that private insurance and worker’s 

compensation were associated with the highest rates of replantation in patients of all ages.44

This study has a few important limitations. This study has a few important limitations. First, 

although the NTDB is the largest trauma registry in the U.S., it lacks granularity at the 

patient and hospital levels. For example, like most large datasets, patient/cultural preferences 

over treatment options or desire to return to work were not included in the NTDB. Patient 

and cultural preferences do differ across races and are important contributing factors to be 

included in analytical models, if available.40 Second, using the NTDB, we were unable to 

follow patients longitudinally to capture important information such as number of transfers 

prior to final treatment or success rates of replantation. Third, owing to a high percentage of 

missing values for certain variables such as ethnicity or mechanisms of injury, we were 

unable to examine their associations with treatment of finger amputation injuries. Despite 

these limitations, our study shows that even after adjusting for available confounding 

patient- and hospital-level variables, racial disparity between African-Americans and Whites 

in receiving replantation vs. revision amputation persists.

In 2006, the Institute of Medicine report entitled “Hospital-Based Emergency Care: At the 

Breaking Point” emphasized the need for an “efficient, accountable, and equitable” 

regionalized trauma care system in the U.S.45 Yet, numerous studies demonstrate multiple 

barriers to emergency care among economically vulnerable individuals who suffer traumatic 

injuries.46 For other traumatic conditions such as burn injuries or penetrating and blunt 

trauma, several policy initiatives have been developed to streamline access to care and 

improve quality.47 In 1976, the ACS developed specific guidelines to create designated 

trauma centers.48 These designations created great interest in the selective referral of 
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patients toward high-volume or high-performing centers, or the “regionalization” of care. 

There is growing empirical evidence that the integration of trauma care services into a 

regionalized system reduces mortality.49 Our findings are consistent with these studies. We 

show that receiving treatment in high-volume centers is not only associated with an 

increased probability of undergoing replantation versus revision amputation, but it is also 

associated with reduced racial disparities in the likelihood of undergoing such replantation 

procedures.

To date, despite many unresolved challenges, the regionalization and systematic 

coordination of trauma care have continued to become the standard of emergency care.50 

However, the extent to which regionalization and systematic coordination could be applied 

to finger/thumb amputation injuries remains uncertain. The complexity of replantation 

suggests that procedures performed at higher-volume centers could shorten operative times, 

improve outcomes, and decrease expenses.6,26

In conclusion, after controlling for relevant patient and hospital factors, our findings indicate 

that African-American patients are less likely to undergo a replantation procedure after 

experiencing a finger/thumb amputation injury. Given that finger/thumb amputation injuries 

constitute a substantial portion of all surgical trauma cases, and considering that these 

injuries may have a long and devastating effects on one’s career and life, and potentially on 

the public support system as well, reducing barriers to quality treatment, particularly for 

vulnerable populations, should be a priority for policy makers and surgeons.
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Figure 1. 
Study flow diagram detailing the selection of patients in the National Trauma Data Bank 

(NTDB).

Source: The 2007–2012 NTDB
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Figure 2. 
Unadjusted trends in finger/thumb replantation rate in the U.S. between 2007 and 2012, 

stratified by race.

Source: The 2007–2012 NTDB

Note: White/African-American differences in finger/thumb replantation rate were significant 

at 95% CI.
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Figure 3. 
Rate of finger/thumb replantation versus revision amputation, stratified by hospital 

replantation volume and race.

Source: The 2007–2012 NTDB

Note: White/African American differences in finger/thumb replantation rate were significant 

at 95% CI in hospitals with 2–5 and 6–10 replantations per year.
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