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ABSTRACT 
Objective 
Management of diabetic foot ulcers is a complex issue, sometimes requiring amputation; the 

optimal level of amputation is debated. The objective of this study was to compare medium-term 

outcomes between comparable minor and major amputation subjects.  

Research Design and Methods 
We used data from the 2016 to 2017 National Readmissions Database to construct a 

representative cohort of 15,581 adults with diabetes who had lower extremity amputations. 

Patients were categorized based on the level of their index amputation (major or minor) and 

matched by propensity score to compare outcomes for patients who were candidates for either 

level of amputation. Outcomes, including readmission or reamputations, were assessed at 1, 3, 

and 6 months following the index amputation. 

Results 
In the 6 months following index amputation, large proportions of patients were readmitted (n = 

7597, 48.8%) or had reamputations (n = 1990, 12.8%). Patients treated with minor amputations 

had greater odds of readmission (OR = 1.25; 95% CI 1.18–1.31), reamputation (OR = 3.71; 95% 

CI 3.34–4.12), and more proximal major reamputation (OR = 2.61; 95% 2.33–2.93) (all P 

<.001). During this same time period, minor amputation patients had higher odds of readmission 

for postoperative infection (OR = 4.45; 95% CI 3.27–6.05), and lower odds for readmission for 

sepsis (OR = 0.79; 95% CI 0.68–0.93). 

Conclusion 
Understandably, many patients desire to save as much limb as possible and should be counseled 

on the higher risk for reamputation, readmission, and infection with minor amputations during 

discussion of their care.  



Management of lower extremity ulcerations in patients with diabetes is a complex, multifaceted 

issue, and sometimes requires amputation of the affected limb. Foot ulcers are a common 

problem in diabetes, afflicting 5% to 7% of patients at any given time and carrying a lifetime risk 

of 15% (1–3). It is estimated that foot ulcers have an annual incidence of 2% among patients 

with diabetes (3), although some estimates range as high as 6% (4). Definitive healing of these 

ulcers can prove challenging; 1 in 3 patients will have re-ulceration within 1 year, and 61% 

within 3 years (5,6). Care for foot ulcers comprises an estimated 25% of healthcare costs (7) and 

increased hospitals days, home health, emergency department visits, and outpatient visits for 

ulcer patients (8). 

Lower extremity amputations (LEA) are also common in the diabetic population, in part due to 

the high prevalence and frequent recurrence of foot ulcers (9,10). An estimated 85% of 

amputations in diabetic patients are preceded by ulcers (10). The incidence of amputations is 

approximately 10 times higher in diabetic patients than in patients without diabetes (11,12), and 

epidemiological surveillance demonstrated a 2% prevalence of amputations among diabetic 

patients in the United States from 2006 to 2008 (13). National trends of diabetes-related 

amputations have shown an increase in the incidence of LEAs from 2009 to 2015, after a period 

of declining rates from 2000 to 2009 (14). This decline and rebound has primarily been driven by 

patients younger than age 65 and increasing rates of minor amputations (LEAs involving the foot 

or toes). The increase in the incidence of minor amputations relative to major amputations (LEAs 

occurring more proximally) has also been observed in European countries and other populations, 

perhaps reflecting a shift in clinical practice toward limb-preserving amputations (15,16).  

While many providers and most patients may prefer minor amputations (17), the choice of 

optimal amputation level is difficult. Consideration of the effect of ulceration (18–20) and 

amputation (17,21) on a patient’s well-being and quality of life requires balancing the desire to 

amputate as distally as possible with the hope that no more amputations will be needed, as 

multiple hospitalizations or surgeries can result in declines in health, functional status, and 

mental wellbeing (22,23). Some previous studies have shown rates of reamputation to vary by 

initial amputation level (24,25), while others have suggested that these differences may be due to 

baseline patient characteristics prior to amputation (26,27). A recent paper comparing short-term 

outcomes of minor and major amputations demonstrated that minor amputations were more 

likely to require follow-up irrigation and debridement. Our study expands on this work by 

examining both mid- and short-term outcomes in minor and major amputation in diabetic 

patients. Careful matching between amputation groups allows clinically meaningful comparisons 

between amputation types, both from a patient perspective, and in terms of resource utilization. 

RESEARCH DESIGN AND METHODS 
Data source 
This study utilized the 2016 to 2017 Nationwide Readmissions Database (NRD). The NRD is 

part of the Healthcare Cost and Utilization Project, administered through the Agency for 

Healthcare Research and Quality (AHRQ), and is the only nationally representative readmissions 

database publicly available in the United States. The NRD captures roughly 50% of all 

hospitalizations and tracks patient readmissions across all hospitals within a state via deidentified 

patient linkage variables.  



 

 

 

Cohort selection 
We identified all elective hospital admission of adults 18 years or older with an International 

Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10) code indicating an 

associated diagnosis of diabetes. The presence of diabetes was defined using the Elixhauser 

comorbidity mapping software provided by the AHRQ (28). The first admission where a patient 

had both diabetes and a lower-extremity amputation, as defined by the ICD-10 codes listed in 

Supplemental Table S1, was considered to be their index admission. Patients with bilateral index 

amputations were excluded. 

 

Only admissions from January to June of 2016 and 2017 were eligible for inclusion in this study, 

allowing each patient to have at least 6 months of follow-up. Patients admitted to out-of-state 

hospitals (i.e., a patient whose primary residence was not within the same state as the hospital) 

were not included because possible readmissions would not be included in the NRD. 

 

Exposure and covariates 
Patients were categorized into either minor or major index amputations based on the highest (i.e., 

most proximal) level of amputation that occurred during index admission. Specifically, if a 

patient had a staged amputation within the first hospitalization, that hospitalization was 

associated with the highest level of amputation which occurred. Amputations at the level of the 

foot or ankle (including transmetatarsal amputations) were considered to be minor, and any 

amputation above the ankle was considered to be major (Supplemental Table S1). Comorbidities 

present on index admission were adapted from the AHRQ’s Elixhauser comorbidity mapping 

software (28) and the Quan/Charlson comorbidity mapping algorithms (29), with additional 

comorbidities added for smoking, neuropathy, and other comorbidities not provided by these 

mapping algorithms (Supplemental Table S2). Because ICD-10 codes specify laterality, limb-

specific comorbid conditions (osteomyelitis, Charcot’s foot, cellulitis, ulcers, open wounds, and 

stump complications) were counted as present on index admission if they occurred ipsilateral to 

the index amputation. Further, patients’ baseline demographics were also assessed, including 

age, sex, and primary expected payer. Patients who died on index admission were excluded. 

 

Outcomes 
The primary outcomes were readmissions or reamputations within a readmission window of 30, 

90, or 180 days of index discharge. Readmissions were defined as a second admission that 

occurred during the specified readmission period after discharge following the index procedure. 

Reamputations were defined as additional amputation(s), whether more proximal or not, 

occurring on the limb ipsilateral to the index amputation. Secondary outcomes included death, 

more proximal major ipsilateral reamputations, and cause-specific readmissions. Cause-specific 

readmissions were defined using diagnosis-related group (DRG) codes, which classifies 

admissions into groups of clinically similar reasons for hospitalization (Supplemental Table S3).  

 

Statistical Analysis 
Continuous variables are presented as mean and 95% confidence intervals, and categorical 

variables are presented as weighted frequencies and percentages. Bivariate calculations were 

conducted with t tests for continuous variables and chi-squared or Fisher’s exact tests for 



 

 

categorical variables. Because the NRD uses a stratified sampling strategy, all analysis was 

conducted using weighted estimates and design-based standard errors to account for the complex 

design. 

 

Patients with index major and minor amputations were matched by their propensity of receiving 

a minor amputation on index admission. The propensity score was calculated using the 

covariates/comorbidities listed in Table 1, incorporating the NRD’s weights. Balance was 

assessed using balance plots and standardized mean differences. All covariates demonstrated 

balance after matching, with standardized differences ≤0.05. Each patient treated with a minor 

amputation was matched with up to 2 patients treated with a major amputation on index 

admission. Variables included in the propensity score were selected a priori based on the current 

literature, but 1 covariate (ophthalmic complications) was excluded owing to the frequency with 

which this comorbidity occurred in the data. 

 

Conditional logistic regression models were used to assess risk factors for each outcome (for 

each readmission period) using the weighted data matched by propensity score. A 2-sided value 

of P <0.05 was set for statistical significance. All analysis was conducted using the R Statistical 

Software (version 3.6.3) with the assistance of the icd and MatchIt packages. 

 

RESULTS 
Patients receiving major amputations were significantly more likely to die on index admission, 

with 1.8% (n = 193) of the 10,767 admissions for major amputations dying during their index 

admission, while only 0.9% (n = 46) of the 5,057 index admissions for minor amputations died 

(P < 0.001). After excluding patients who died on index admission, our final study population 

yielded 5,010 and 10,571 patients with minor and major amputations, respectively. When broken 

down by level of amputation, 4,340 (27.9%) had transmetatarsal amputations, 670 (4.3%) had 

other foot/ankle amputations, 6,134 (39.4%) had below the knee amputations, and 4,437 (28.5%) 

had amputations at or above the knee (Figure 1). 

 

Prior to matching, patients with minor amputations were more likely to be male and slightly 

younger. They were also significantly more likely to have neuropathy, osteomyelitis, cellulitis, 

and ulcers. Major amputation patients were significantly more likely to have Medicare, 

cardiovascular comorbidities, be on dialysis, have Charcot foot, and have stump complications 

on index admission (Table 1). 

 

Bivariate analysis before matching 
Two thousand, seven hundred and twenty-one (54.3%) patients with minor amputations had at 

least 1 readmission during the 6 months they were followed, compared to 4,876 (46.1%) of the 

major amputation group (P < 0.001).  Patients initially treated with minor amputations also had 

higher rates of reamputations, with 1,224 (24%) having ipsilateral reamputations during this 

time, compared to 766 (7%) of the major amputation group. Furthermore, 825 (16.5%) patients 

with minor amputations eventually received a major amputation during this time. 

 

Patients with minor amputations were significantly more likely to be readmitted for wound/skin 

debridement, postoperative infection, and osteomyelitis, whereas major amputation patients were 



 

 

significantly more likely to be readmitted for sepsis (Table 2). Patients with major amputations 

were more likely to die during readmissions versus minor amputation patients (3.8% versus 

3.0%), but this did not meet the threshold for significance (P = 0.057). 

 

Propensity score matching 
Owing to the underlying differences in baseline comorbidities, the 2 groups were matched by 

propensity score. Propensity-score matching achieved balance in all variables, as evidenced by 

standardized mean differences <0.05. Conditional logistic regression on the matched cohort 

demonstrated that in the 6 months following index discharge, minor amputations had 1.25 times 

(95% CI: 1.18–1.31) the odds of being readmitted, 3.7 times (95% CI: 3.34–4.12) the odds of 

having an ipsilateral reamputation, and 2.6 times (95% CI: 2.33–2.93) the odds of having a major 

ipsilateral reamputation (Table 3).  

 

Cause-specific readmissions at 6 months remained similar after matching, with minor amputation 

patients more likely to be readmitted for debridement, postoperative infections, and 

osteomyelitis, while major amputation patients were more likely to be readmitted for sepsis. 

However, the matched analysis additionally revealed that patients with major amputations were 

more likely to be admitted for procedures on the lower extremity bones/joints, which was not 

demonstrated on the unmatched analysis.  

 

When these outcomes were assessed at 30 and 90 days (Table 3), the results followed a similar 

pattern in direction, but with some changes in magnitude. Readmissions for sepsis and 

procedures on the bones/joints of the lower extremity were more common in patients with major 

amputations, but this difference was most pronounced within the first 30 days. Readmissions for 

cellulitis was initially higher for patients with minor amputations at 30 days, but, with time, the 

difference decreased and was no longer significant, beginning at 90 days. Conversely, with 

osteomyelitis, there was no significant difference between 2 groups for readmissions at 30 days, 

but by 90 days patients with minor amputations became more likely to be readmitted for 

osteomyelitis. At later time points, the likelihood of patients with minor amputations to be 

readmitted for debridement, relative to those with major amputations, was greater. 

 

CONCLUSIONS 
Readmissions following lower extremity amputations are common, with reamputations and 

infections presenting substantial challenges to patients’ recovery (26). We found markedly high 

rates of readmissions at 6 months for minor amputations (54.3% of patients). Among patients 

with minor amputations who were readmitted, nearly half had reamputations (24%) during their 

readmissions, two-thirds of which were major amputations. Conversely, 6-month readmission 

rates were also high (46.1% of major amputation patients), but less than a tenth of readmissions 

following a major amputation had reamputations (7.2%); this implies that patients initially 

treated with major amputations are requiring readmissions for reasons other than new 

amputation. As observed in an earlier study comparing major and minor complications and short-

term outcomes, major amputations were more likely to be followed by greater blood loss; this 

systemic stress may have longer-term impacts as well (30). In any case, although a detailed 

examination of these causes is beyond the scope of this paper, they are a concern. First, they 

extend treatment for patients, and second, they place an increased burden on the healthcare 



 

 

system. Indeed, recent literature has demonstrated that costs of diabetes-related hospitalizations 

have been increasing nationally, at least in part due to long-term complications and LEA (31).  

 

The relatively high rates of reamputations observed in the minor amputation group corroborate 

the existing literature and add clarity to the emerging picture of decreasing major and increasing 

minor amputation rates (14). For example, a study of 277 diabetic patients in the mid-1990s 

found minor amputations had a reamputation rate of around 20% at 1 year, as did a smaller study 

conducted in in the early 2000s (24,32). However, a recent study of 7,187 Veterans Affairs 

patients with diabetic foot ulcers found much higher rates of reamputations, with 40% of 

transmetatarsal amputations (TMA) requiring ipsilateral reamputation by 1 year (33). We found 

that 24.4% of minor amputations required ipsilateral reamputations at 6 months, and 24.0% of 

TMAs required ipsilateral reamputation (Supplemental Table S4). While our observed rate is 

slightly above what was observed in the earlier studies (perhaps due to changes in amputation 

trends) (14), it is well below the observation in the Veterans Affairs study. Further, our results 

substantiate the findings in a meta-analysis that found 28% of patients received reamputations 

following a TMA (27).  

 

Several studies have suggested that receiving a minor amputation does not increase the risk of a 

subsequent major amputation (10,34), and those that do show such increased risk focused on toe, 

rather than TMA, amputations (25,32). The reasons for the high rates of major reamputation after 

minor amputation demonstrated in our study remain unclear, though it is known that loss of 

metatarsal heads changes gait and may lead to increased pressure and ulceration (35). Prior 

studies were conducted largely before the increase in the national incidence of minor LEAs 

observed in recent years (14–16), indicating that patients who would have received major 

amputations in years past are now being treated with minor amputations. This shift may reflect 

change in practice, change in acuity of patients, or improvements in techniques. While leading to 

earlier, more distal, amputations, this shift may not obviate the need for later, more proximal, 

amputations, which appear in this setting as reamputation, rather than the index amputation they 

might have been in earlier years. Thus, the appearance in the literature that rates of minor 

amputations are increasing relative to major may be slightly exaggerated; this may not be the 

best metric for judging success in limb salvage. 

 

While it is possible that some of the reamputations in the minor group could be staged 

amputations (36), given our inclusion of staged amputation within first hospitalization as the 

most proximal amputation during that amputation, this not likely the case. 

 

Cause-specific readmissions 
In keeping with prior literature, readmission rates for infectious complications were high in this 

cohort, with a total of 14% of patients being admitted for an infectious reason (Table 2). Most of 

these admissions were either for debridement (4.2%) or sepsis (6.5%), with minor amputation 

patients readmitted more frequently for the former and major amputations more frequently for 

the latter.  

 

More interesting were the increased rates of readmission for debridement in patients with minor 

amputations. Unlike the other outcomes assessed in this study, the difference between these 



 

 

groups in readmission rates for debridement increased with longer follow-up periods, suggesting 

that many of these admissions occurred months after the original amputation. 

 

Limitations 
Although this study uses nationally representative data, it has several limitations. First, despite 

accounting for many of numerous baseline comorbidities that are likely to influence a patient’s 

index amputation level, there are additional clinical factors, such as tissue perfusion, HbA1c, and 

locations of infections that are not captured in the NRD. This could result in residual 

confounding or selection bias. Second, we categorized cause-specific readmission using DRG 

codes, which may not completely capture all reasons a patient was hospitalized. Since DRG 

codes only capture the main reason a patient was admitted, it is possible that lower-acuity DRG 

codes (e.g., wound debridement or cellulitis) may be masked if a higher-acuity reason for 

admission was also present (e.g., postoperative infection or osteomyelitis). Therefore, cause-

specific readmissions should be interpreted cautiously, as they are likely underestimates of the 

true rates. Third, the time intervals we used were time from discharge after index amputation to 

readmission. Although we feel this is the most appropriate measure, it’s possible the minor 

amputation patients are discharged from the hospital more quickly following their surgery, while 

major amputation patients are kept in the hospital for longer periods of postoperative care and 

observation. Finally, as with any study with secondary data, the quality of results depends on the 

quality of initial recording of data. 

 

Strengths 
Our study uses nationally representative data, allowing us to better understand trends in rates of 

amputation and reamputations at various levels. The nature of the data ensure that minor and 

subsequent major amputations are counted within 1 patient, rather than being viewed as separate 

incidents, as could have been the case in other studies (14). In this regard, prior work has 

demonstrated that the incidence of hospitalizations for minor amputations has been increasing in 

recent years (14), and our results highlight that a change in the incidence of hospitalizations for 

amputations may not reflect the same increase in the number of individual patients receiving 

amputations. In fact, 12.8% of all patients with amputations required reamputations within 6 

months. In other words, index amputations may be decreasing, while overall amputation rates are 

increasing. Our study has a slightly longer short-term follow-up period than other studies; this is 

important, since most reamputations occur within 6 months following index amputation, even in 

studies with many years of follow-up (24,27,32,33). Finally, the use of propensity-score 

matching allows us to compare situations where either major or minor amputations could have 

been used (37). 

 

The choice between major and minor amputations remains a difficult one, for both patient and 

clinician. Both may prefer more distal amputations to preserve as much of the limb as possible, 

given that quality of life does not greatly differ (38). However, patients should be informed that 

minor amputations can be associated with increased rates of short-term complications. Major 

amputations may be more definitive if systemic/hemodynamic short-term stability can be 

achieved, but have increased risk of sepsis. The optimal level of amputation depends on a 

complex array of factors, and in addition to physiologic considerations (e.g., hemodynamic 

stability and vascular status of the extremity), the patient’s preference plays an important role. A 



 

 

patient’s desire to preserve as much limb as possible must be balanced with their tolerance for 

potential readmissions, infections, and reamputations. 
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Table 1. Covariate balance before matching  
Overall 

(N = 15,581) 

Major 

(n = 10,571) 

Minor 

(n = 5,010) 

P value 

Age on index admission (SD) 63.93 (12.58) 64.37 (12.52) 63 (12.68) <0.001 

Female (%) 4,777 (30.7%) 3,467 (32.8%) 1,310 (26.2%) <0.001 

Primary payer (%) 
   

<0.001 

    Medicare 10,511 (67.5%) 7,318 (69.2%) 3,193 (63.7%) 
 

    Private insurance 2,738 (17.6%) 1,737 (16.4%) 1,001 (20%) 
 

    Medicaid 1,775 (11.4%) 1,170 (11.1%) 605 (12.1%) 
 

    Other Gov / Work Compensation 332 (2.1%) 219 (2.1%) 113 (2.3%) 
 

    Self-pay 182 (1.2%) 99 (0.9%) 83 (1.7%) 
 

    Other 43 (0.3%) 28 (0.3%) 15 (0.3%) 
 

Smoker (%) 2,620 (16.8%) 1,797 (17.0%) 823 (16.4%) 0.559 

Obesity (%) 3,652 (23.4%) 2,510 (23.7%) 1,142 (22.8%) 0.383 

CKD/ESRD (%) 6,727 (43.2%) 4,576 (43.3%) 2,151 (42.9%) 0.787 

Dialysis (%) 2,270 (14.6%) 1,620 (15.3%) 650 (13.0%) 0.016 

Hypertension (%) 13,389 (85.9%) 9,158 (86.6%) 4,231 (84.5%) 0.024 

Peripheral vascular disease (%) 7,654 (49.1%) 5,518 (52.2%) 2,136 (42.6%) <0.001 

Neuropathy (%) 6,294 (40.4%) 3,929 (37.2%) 2,365 (47.2%) <0.001 

Cerebrovascular disease (%) 1,071 (6.9%) 844 (8.0%) 227 (4.5%) <0.001 

Congestive heart failure (%) 4,188 (26.9%) 2,990 (28.3%) 1,198 (23.9%) <0.001 

Myocardial infarction (%) 2,180 (14.0%) 1,584 (15.0%) 596 (11.9%) 0.001 

Other heart disease (%) 7,664 (49.2%) 5,373 (50.8%) 2,291 (45.7%) <0.001 

Charcot foot (%) 153 (1.0%) 136 (1.3%) 17 (0.3%) <0.001 

Open wounds (%) 127 (0.8%) 80 (0.8%) 47 (0.9%) 0.415 

Osteomyelitis (%) 3,253 (20.9%) 1,744 (16.5%) 1,509 (30.1%) <0.001 

Cellulitis (%) 2,555 (16.4%) 1,178 (11.1%) 1,377 (27.5%) <0.001 

Stump complications (%) 2,517 (16.2%) 2,018 (19.1%) 499 (10.0%) <0.001 

Ulcers (%) 6,901 (44.3%) 3,871 (36.6%) 3,030 (60.5%) <0.001 

Abbreviations: SD = standard deviation, Other Gov = other government programs, CKD/ESRD = chronic kidney disease/end-stage 

renal disease 



 

 

 

Table 2. Primary and secondary outcomes at 6 months before matching  
Overall  

(N = 15,581) 

Major  

(n = 10,571) 

Minor  

(n = 5,010) 

P value 

Readmitted (%) 7,597 (48.8%) 4,876 (46.1%) 2,721 (54.3%) <0.001 

Reamputation (%) 1,990 (12.8%) 766 (7.2%) 1,224 (24.4%) <0.001 

Major reamputation (%) 1,591 (10.2%) 766 (7.2%) 825 (16.5%) <0.001 

Died (%) 550 (3.5%) 402 (3.8%) 148 (3.0%) 0.057 

Wound/skin debridement (%) 658 (4.2%) 404 (3.8%) 254 (5.1%) 0.014 

Soft-tissue procedure (%) 344 (2.2%) 256 (2.4%) 88 (1.8%) 0.098 

Procedures on bones/joints of lower extremity (%) 132 (0.8%) 106 (1%) 26 (0.5%) 0.066 

Osteomyelitis (%) 67 (0.4%) 26 (0.2%) 41 (0.8%) 0.001 

Cellulitis (%) 185 (1.2%) 111 (1.0%) 74 (1.5%) 0.178 

Postoperative infection (%) 268 (1.7%) 94 (0.9%) 174 (3.5%) <0.001 

Sepsis (%) 1,013 (6.5%) 747 (7.1%) 266 (5.3%) 0.003 

 



 

 

Table 3. Conditional logistic regression for outcomes at 1, 3, and 6 months  
Rate: Major Rate: Minor OR 95% CI P value 

Readmitted 

1 month 189.7 240.7 1.33 (1.23 - 1.45) <.001 

3 months 343 433.6 1.30 (1.23 - 1.38) <.001 

6 months 451.5 547.9 1.25 (1.18 - 1.31) <.001 

Reamputation 

1 month 27.7 94.1 3.57 (3.01 - 4.23) <.001 

3 months 60.6 197.7 3.49 (3.11 - 3.92) <.001 

6 months 71.7 251 3.71 (3.34 - 4.12) <.001 

Reamputation: Major only 

1 month 27.7 65.1 2.44 (2.04 - 2.93) <.001 

3 months 60.4 141.1 2.52 (2.22 - 2.85) <.001 

6 months 71.3 171 2.61 (2.33 - 2.93) <.001 

Died 

1 month 8.3 6.8 0.86 (0.56 - 1.33) 0.501 

3 months 21.1 18.4 0.93 (0.71 - 1.22) 0.614 

6 months 35.8 30.4 0.89 (0.72 - 1.10) 0.273 

DRG: Wound skin debridement 

1 month 13.1 14.7 1.18 (0.86 - 1.63) 0.311 

3 months 30.4 35.9 1.31 (1.06 - 1.61) 0.012 

6 months 37.1 52.2 1.52 (1.27 - 1.82) <.001 

DRG: Soft-tissue procedure 

1 month 9.1 7.9 0.99 (0.65 - 1.50) 0.964 

3 months 17.9 15.4 0.93 (0.69 - 1.25) 0.616 

6 months 22.4 18.5 0.91 (0.70 - 1.19) 0.506 

DRG: Procedure on bones/joints of the lower extremity 

1 month 1.9 0.4 0.20 (0.04 - 0.98) 0.047 

3 months 5.7 3.2 0.53 (0.29 - 0.98) 0.043 

6 months 8.3 5.5 0.55 (0.34 - 0.89) 0.015 

DRG: Osteomyelitis 

1 month 0 1.3 4 x 109 (0.00 - Inf) 0.999 

3 months 1.6 7 3.15 (1.58 - 6.26) 0.001 

6 months 2.3 8.1 2.67 (1.48 - 4.83) 0.001 

DRG: Cellulitis 

1 month 0.6 4.7 5.25 (1.86 - 14.83) 0.002 

3 months 5.1 9 1.56 (0.99 - 2.48) 0.058 

6 months 10.9 14.1 1.34 (0.96 - 1.89) 0.088 

DRG: Postoperative infection 

1 month 2.8 16.7 6.09 (3.71 - 9.98) <.001 

3 months 6.2 29.9 4.56 (3.23 - 6.43) <.001 

6 months 7.9 36.3 4.45 (3.27 - 6.05) <.001 

DRG: Sepsis 

1 month 22.6 12.8 0.66 (0.49 - 0.89) 0.007 

3 months 45.5 31.6 0.72 (0.59 - 0.88) 0.001 

6 months 68.4 52.6 0.79 (0.68 - 0.93) 0.004 



 

 

 

Odds ratios (OR) and 95% confidence intervals (CI) are presented for the minor amputation 

group, as compared to the major amputation group. Rate: Major and Rate: Minor are the rates per 

1,000 patients that each outcome occurred, stratified by index amputation group, in the matched 

cohort. DRG (diagnosis-related group) indicates the outcome is cause-specific readmission, as 

assessed by DRG codes. 

 

 

 

 

   



 

 

FIGURE LEGENDS 

 
Figure 1. Study flow diagram. The counts for the first 3 boxes are numbers of admissions 

(indicated by the bracket to the left), while the numbers in the lower four boxes are numbers of 

patients. Abbreviations: TMA = transmetatarsal amputation, BKA = below the knee amputation, 

AKA = above the knee amputation.



 

 

Supplemental Table S 1: ICD-10 codes used to identify levels of lower extremity amputations 

TMA (minor LEA) 0Y6N0Z9, 0Y6M0ZB, 0Y6M0ZC, 0Y6M0ZD, 0Y6M0ZF, 0Y6N0ZB, 0Y6N0ZC, 0Y6N0ZD, 

0Y6N0ZF, 0Y6M0Z9 

Foot/ankle (minor LEA) 0Y6M0Z0, 0Y6N0Z0, 0Y6N0Z4, 0Y6M0Z5, 0Y6M0Z6, 0Y6M0Z7, 0Y6M0Z8, 0Y6N0Z5, 

0Y6N0Z6, 0Y6N0Z7, 0Y6N0Z8, 0Y6M0Z4 

BKA (major LEA) 0Y6H0Z1, 0Y6H0Z2, 0Y6H0Z3, 0Y6J0Z1, 0Y6J0Z2, 0Y6J0Z3 

Knee/AKA (major LEA) 0Y6F0ZZ, 0Y6G0ZZ, 0Y670ZZ, 0Y680ZZ, 0Y6C0Z1, 0Y6C0Z2, 0Y6C0Z3, 0Y6D0Z1, 

0Y6D0Z2, 0Y6D0Z3, 0Y620ZZ, 0Y630ZZ 

TMA = transmetatarsal amputation, LEA = Lower extremity amputation, BKA = below the knee amputation, AKA = above the knee 

amputation 



 

 

 

Supplemental Table S2: ICD-10 codes used to identify comorbidities 

 

Comorbidity ICD-10 codes 

Smoking F17.2x 

Obesity AHRQ: Obesity 

CKD/ESRD AHRQ: Renal Failure 

E13.2x 

Dialysis N25.0x, Z49.x, Z99.2x 

Hypertension AHRQ: Hypertension (both uncomplicated and complicated 

Peripheral vascular disease AHRQ: Peripheral vascular disorders 

Z95.9, E13.51, E13.59 

Neuropathy G90.09, G90.8, G90.9, G99.0, G90.01, I95.1, K31.84, N31.9, E11.4x, 

G57.x, M14.6x 

Cerebrovascular disease Charlson: Cerebrovascular disease 

Congestive heart failure Charlson: Congestive heart failure 

Myocardial infarction Charlson: Myocardial infarction 

Other heart disease I20.x, I25.x, I47.x, I48.x, I49.x 

Osteomyelitis* M86.16x, M86.17x, M86.26x, M86.27x, M86.66x, M86.67x 

Charcot’s foot* M14.67x, M14.69 

Cellulitis* L03.03x, L03.115, L03.116, L03.04x, L03.125, L03.126 

Ulcers* E11.621, L97.3x, L97.4x, L97.5x 

Open wounds* S91.x 

Stump complications* T87.3x, T87.4x, T87.5x, T87.8x 



 

 

*Denotes patients who were matched only if comorbidity was present ipsilateral to the index 

amputation. AHRQ = Agency for Healthcare Research and Quality, CKD/ESRD = chronic kidney 

disease/end-stage renal disease. AHRQ: ICD-10 codes from the Elixhauser comorbidity mapping 

software provided by AHRQ (29). Charlson: ICD-10 codes from Quan adaptation of Charlson 

comorbidities (30). 

 



 

 

Supplemental Table S3: DRG codes used for cause-specific readmissions 

Cause for readmission DRG codes 

Cellulitis 602, 603 

Osteomyelitis 539 – 541  

Postoperative infection 862, 863, 856 – 858  

Procedure on bones/joint of lower extremity 492 – 494  

Sepsis 870 – 872  

Soft-tissue procedures 477 – 479, 500 – 502  

Wound/skin debridement 570 – 572, 622 – 624, 463 – 465   

 

DRG = diagnosis-related group 



 

 

Supplementary Table S4: Primary outcomes, stratified by level of index amputation  

 
TMA 

(n = 4,340) 

Foot 

(n = 670) 

BKA 

(n = 6,134) 

Knee/AKA 

(n = 4,437) 

P value 

Readmitted (%) 2,360 (54.4%) 361 (54.0%) 2,756 (44.9%) 2,120 (47.8%) <0.001 

Reamputation (%) 1,042 (24.0%) 182 (27.2%) 567 (9.2%) 199 (4.5%) <0.001 

Major reamputation (%) 674 (15.5%) 151 (22.5%) 567 (9.2%) 199 (4.5%) <0.001 

TMA = transmetatarsal amputation, BKA = below the knee amputation, AKA = above the knee amputation 
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