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1) Identify factors that drive the decision process 
to select limb salvage or amputation

2) List the pros and cons of limb salvage and 
amputation

3) Identify the deficits in the published peer-
reviewed literature regarding both 
approaches

Learning Objectives



Subtitle

Amputation:
Yes, Please

• Paul J. Kim, DPM, MS, 
FACFAS



The Drivers of Care

Efficacy/Effectiveness

Efficiency

Economics



AKA

The Faulty Premise

BKA

Chopart’s

TMA

Digital

– 875 Oklahoma Indians with type 2 
diabetes mellitus

– Mortality rates after 8 years
• 39% à who had toe or foot amp
• 44% à who had below knee amp
• 67% à who had above knee amp

AKA = above knee amputation; BKA = below knee 
amputation; TMA = transmetatarsal amputation.
Lee JS, et al. Diabetes. 1993;42(6):876-882.



A Driver

Organization for Economic Co-Operation and Development (OECD) [website]. 
http://dx.doi.org/10.1787/health_glance-2011-en. Accessed July 18, 2017. 



A Driver

The Commonwealth Fund [website]. www.commonwealthfund.org/publications/fund-reports/2014/jun/mirror-mirror. 
Accessed July 18, 2017.



A Driver

Agency for Healthcare Research and Quality (AHRQ), Center for Delivery, Organization, and Markets, Healthcare Cost and Utilization (HCUP), 
National Inpatient Sample (NIS). https://www.hcup-us.ahrq.gov/reports/statbriefs/sb186-Operating-Room-Procedures-United-States-2012.jsp. 
Accessed July 18, 2017.



Cost of Care

Barshes NR, et al. Diabet Foot Ankle. 2013;4(1):21847.



A Driver

Hicks CW, et al. J Vasc Surg. 2014;60(5):1247-1254.



Complex Problems: Vascular



Complex Problems: Bone Architecture



Complex Problems



“We are born with two feet… and one is not a spare”
-B. Kalman (Amputee)



Lee CS, et al. BMC Cardiovasc Disord. 2014;14:73.

Complex Problems: Host

for patients fitting the renal profile were 1.26 days longer,
and hospitalizations for patients fitting the neurovascular
profile were 1.57 days longer on average than HF dis-
charges fitting the common profile (all p < 1×10−7). Rela-
tive to the common comorbidity profile, discharges within
the lifestyle profile were associated with 11.9% greater in-
patient costs, those fitting the renal profile were associ-
ated with 23.5% greater inpatient costs, and those
within the neurovascular profile were associated with
36.7% greater inpatient costs (all p < 1×10−7). In raw
2009 US dollars, hospitalizations for patients fitting the
lifestyle profile cost $1,422.36 more, hospitalizations for
patients fitting the renal profile cost $2,199.26 more,
and hospitalizations for patients fitting the neurovascu-
lar profile cost $2,809.39 more on average compared
with HF discharges fitting the common profile.

Discussion
Management of HF is complicated by prevalent cardiovas-
cular and non-cardiovascular comorbidities [25]. In this
nationally-representative inpatient sample of 192,327 adult
hospitalizations with a principal diagnosis of HF, there was
an average of 7.5 comorbidities and the vast majority of
hospitalizations (82.4%) were categorized as having a high
Charlson comorbid burden. The main finding of this study
is the identification of four distinct and naturally occurring

Table 1 Characteristics of the sample (n = 192,327*)
Discharge and hospital
characteristics

Estimate
(mean or proportion)

95% CI

Age (in years) 72.88 (72.82-72.95)

Gender (% female) 50.77% (50.55%-51.00%)

Race/Ethnicity†

White 68.02% (67.79%-68.24%)

Black 18.98% (18.79%-19.17%)

Hispanic 7.73% (7.61%-7.86%)

Asian or Pacific Islander 1.79% (1.72%-1.85%)

Native American 0.54% (0.51%-0.58%)

Other 0.30% (0.29%-0.30%)

Median zip code income
national quartile

First 31.60% (31.39%-31.81%)

Second 27.00% (26.80%-27.21%)

Third 22.63% (22.44%-22.82%)

Fourth 18.77% (18.59%-18.95%)

Primary healthcare payer

Medicare 74.31% (74.11%-74.51%)

Medicaid 7.99% (7.87%-8.11%)

Private insurance 12.24% (12.09%-12.39%)

Self-pay 3.54% (3.46%-3.63%)

No charge 0.32% (0.30%-0.36%)

Other 1.59% (1.54%-1.65%)

Admission on a weekend 23.42% (23.23%-23.60%)

Hospital bed size

Small 13.28% (13.12%-13.43%)

Medium 23.88% (23.68%-24.07%)

Large 62.85% (62.63%-63.07%)

Control

Government or private 59.53% (59.31%-59.75%)

Government, nonfederal 7.18% (7.07%-7.30%)

Private, non-profit 18.37% (18.20%-18.55%)

Private, investor owned 10.72% (10.58%-10.86%)

Private 4.19% (4.10%-4.28%)

Location

Rural 14.92% (14.76%-15.08%)

Urban 85.08% (84.92%-85.23%)

Region

Northeast 22.35% (22.16%-22.54%)

Midwest 23.40% (23.21%-23.59%)

South 39.37% (39.15%-39.59%)

West 14.87% (14.72%-15.03%)

Table 1 Characteristics of the sample (n = 192,327*)
(Continued)

Teaching status

Non-teaching 58.78% (58.56%-59.00%)

Teaching 41.22% (41.00%-41.44%)
*Estimates generated using discharge weights (population estimate n = 976,664).
†data missing for 14.3% of discharges. CI, confidence interval.

Table 2 Comorbidities and outcome characteristics
(n = 192,327*)
Comorbidities
and outcomes

Estimate
(mean or proportion)

95% CI

Number of
comorbidities

7.54 (7.53-7.55)

Charlson comorbidity
category

Low (1–2) 0.29% (0.26%-0.31%)

Medium (3–4) 17.29% (17.12%-17.46%)

High (5+) 82.42% (82.25%-82.60%)

Inpatient death 3.15% (3.08%-3.23%)

Inpatient length
of stay (days)

5.22 (5.20-5.25)

Inpatient cost
(2009 $US)

$11,313.28 ($11,233.77-$11,329.80)

*Estimates generated using discharge weights (population estimate n = 976,664).
Abbreviations: CI, confidence interval.
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comorbidity profiles that were associated with significant
differences in the all-cause inpatient outcomes of death,
length-of-stay and cost. Relative to the 46.7% of hospitali-
zations with a “common” comorbidity profile, the 19.6% of
HF hospitalizations fitting a “lifestyle” profile had longer
length-of-stay and greater costs, and the 29.6% of HF hos-
pitalizations within a “renal” comorbidity profile and the
4.1% of HF hospitalizations with a “neurovascular” comor-
bidity profile were associated with higher risk of inpatient
death, longer length-of-stay and greater costs.
Similar to the findings of other studies, we observed a

direct relationship between the number of comorbidities
[26-28] as well as categories of Charlson comorbid burden
[29] and clinical outcomes among adults with HF. Specif-
ically, we observed an adjusted 3%-5% increase in the risk
of death, extension in length-of-stay and accrual of in-
patient costs for additional comorbidities. The number of
comorbidities and the proportion of discharges associated
with 5 or more comorbidities in this sample are greater
than prior reports in HF [4,28], which can be explained, at
least in part, by our inclusion of 32 comorbidities that
were of both cardiovascular and non-cardiovascular ori-
gin. An extreme minority of hospitalizations in this sample
involved patients with a low comorbid burden; thus, we
compared hospitalizations fitting a moderate and high
Charlson comorbid risk. High Charlson comorbid burden
was associated with 12%-16% increase in the risk of death,
extension in length-of-stay and accrual of inpatient costs
compared with hospitalizations for adults with a moderate
comorbid burden. In sum, our findings provide further
evidence in support of both the number of comorbidities
and categorization of comorbid burden as having a signifi-
cant influence on inpatient outcomes in HF.
There is elegance in the simplicity of counting comor-

bidities, considering thresholds that represent complex

comorbidity (i.e. 5 or more), and weighing counts of co-
morbidities based on established associations with 1-year
mortality (i.e. Charlson). A major limitation to these ap-
proaches to comorbidities in HF, however, is the inability
to consider how some comorbidities are naturally inde-
pendent, others have common risk factors and/or patho-
genic pathways, and others still have direct causation [8].
Moreover, single comorbidity inventories often omit key
conditions that are highly-prevalent in HF (e.g. the
Charlson excludes hypertension, and the AHRQ comor-
bidities do not include myocardial infarction), and inef-
fectively capture condition severity (e.g. the Charlson does
not differentiate diabetes with and without complications,
and the AHRQ comorbidities do not differentiate mild
from moderate to severe liver disease). Thus, our finding
of four distinct, naturally-occurring profiles among co-
morbidities in adult HF hospitalizations builds upon prior
research that has involved single comorbidity inventories
or considered all comorbidities as being etiologically and
statistically independent.
The largest comorbidity profile we observed involved

the fewest and common comorbidities. In fact, the only
differentiating factors to identity patients fitting this pro-
file were prevalent HF comorbidities (e.g. hypertension,
chronic pulmonary disease, and uncomplicated diabetes)
and the absence of renal disease, which had an overall
prevalence of 39% but only affected 0.5% of discharges in
this profile. Based on this sample, there is an estimated
455,851 hospitalizations in the U.S. for HF patients fitting
this comorbidity profile annually, and they experience the
most favorable inpatient outcomes. The next hazardous
profile we observed was differentiated by comorbidities
that are linked to lifestyle, including 100% prevalence of
uncomplicated diabetes, 84% prevalence of hypertension,
40% prevalence of chronic pulmonary disease, and 27%

Figure 1 Prevalence of comorbidities in adult hospitalizations with a principal diagnosis of heart failure. Prevalence estimates were
generated using discharge weights (n = 192,327; population estimate n = 976,664). Only conditions with a prevalence of 5% or greater are
displayed for economy of presentation.
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Metrics of Success

Paradigm Shift 
Quality of Life = Quality of Care

– Hard to quantify
• PROM (Patient-Reported Outcome Measures)

– Most important thing?



Metrics of Success

Ribu et al. J Diabetes Complications. 2008;22(6):400-407. Ribu et al. Qual Life Res. 2007;16(2):179-189.



LIMB FUNCTION PRESERVATION

LIMB SALVAGE

Paradigm Shift



Limb Function Preservation

• Patient’s expectations
• Patient’s realistic functional capacity

• Amputation is not
- A serious adverse event
- A complication
- A failure



Limb Function Preservation



Goals of Wound Treatment

• Perfusion
• Wound Conversion

– Dirty à Clean
– Chronic à Acute

• Coverage & Function
– Close/cover defect
– Maintain function



The Whittle Effect



The Whittle Effect

Author Result
Nehler, et al. (1999) JVS 39% healed rate at 13 weeks s/p digital 

amputation
Chu, et al. (2016) IWJ Reamputation rate after digital amputation: 

12.5% (year 1), 22.3% (year 3), 47.1% (year 5)
Izumi, et al. (2006) 
Diabetes Care

Reamputation rate after digital amputation: 
26.7% (year 1), 48.3% (year 3), 60.7% (year 5)

Kono, et al. (2012) AVS Ipsilateral amputation rate 49.1% within 3 years
Curran, et al. (2014) JVS Hospital readmission rates after amputation 

49%

Nehler MR, et al. J Vasc Surg. 1999;30(3):509-517. Chu YJ, et al. Int Wound J. 2016;13(2):175-181. 
Izumi Y, et al. Diabetes Care. 2006;29(3):566-570. Kono Y, et al. Annals Vasc Surg. 
2012;26(8):1120-1126. Curran T, et al. J Vasc Surg. 2014;60(5):1315-1324.



Armstrong DG, et al. J Diabetes Sci Technol. 2011;5(6):1591-1595.



Georgetown University Hospital Treatment 
Algorithm for Inpatient Care of the Infected Wound

• Patients receive antibiotics per ID service at the time of admission
• Time elapsed between the first and second OR visit within 2-4 days
• Coverage or closure is dictated by the prior post-debridement culture results 

and clinical assessment

Admission OR Visit #1 OR Visit #2 OR Visit (PRN)

1. Pre-debridement Cultures
2. Debridement/Irrigation
3. Post-debridement Cultures

1. Pre-debridement Cultures
2. Debridement/Irrigation
3. Post-debridement Cultures
4. ± Closure/Coverage

Discharge

1. Pre-debridement Cultures
2. Debridement/Irrigation
3. Post-debridement Cultures
4. ± Closure/Coverage

NPWTi NPWTi NPWT

OR = operating room; PRN = pro re nata/when necessary; NPWTi = negative pressure wound 
therapy with instillation; NPWT = negative pressure wound therapy; ID = infectious disease.  



58-Year-Old Patient with Type 2 Diabetes 
Mellitus, Cellulitis, and Abscess



Immediately after second OR debridement



Final Debridement and TMA 



3 Weeks S/P Closure



• 52-year-old female
• Poorly controlled type 2 diabetes mellitus
• Hospital-to-hospital transfer with cellulitis, abscess, and 

exposed tendon
• Hospital course

• OR #1: initial irrigation and debridement (I&D), 2 days with 
NPWTi; OR #2: repeat I&D, 3 days of NPWTi; OR #3: fillet of 
hallux, Integra

• OR visit #1: postdebridement cultures, positive strep, 
pseudomonas

• OR visit #2: postdebridement cultures, positive strep
• OR visit #3: predebridement cultures, negative strep

Case Study



• Application of split-thickness skin graft (STSG)
• Final healed wounds

Case Study #4



The Evidence - TMA Durability

• 218 diabetic feet
• 92% required 

revascularization
• Outcomes at 1 year

• 81% living at home
• 77% ambulation 

outdoors

Functional outcomes of
transmetatarsal amputation in the
diabetic foot: timing of
revascularization, wound healing and
ambulatory status

Updates in Surgery
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Abstract

Transmetatarsal amputation (TMA) is an effective surgical approach to treat forefoot
infection and gangrene in diabetic patients. However, a high rate of complications
and failure to heal require reamputation in a large number of cases. We analysed the
outcomes of TMA to define the role of revascularization, wound healing and

Mandolfino T, et al. Updates Surg. 2016;68(4):401-405.



The Evidence - BKA Durability

• 192 patients with BKA
• 18.4 month mean follow up
• Outcomes

• 75% ambulating with a 
prosthetic

• 12% stump wounds
• 24% required revisions
• 2% required AKA

myodesis technique. A stepwise logistic regression analysis
was performed to evaluate the association between
independent variables and dependent outcome variables. A
total of 270 patients with 294 transtibial amputations were
identified. Ambulation data were available for 192 patients
with a mean follow-up 18.4 months. This cohort had an
overall ambulation rate of 75%, a 12% incidence of stump
wounds, 24% operative revision rate and only 2% required
conversion to a transfemoral amputation. The posterior
myocutaneous flap provides durable and reliable soft tissue
coverage in the setting of a transtibial amputation.

Vol 13, Issue 1, 2014
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Brown BJ, et al. Int J Low Extrem Wounds. 2014;13(1):33-40.



• The current approach is unsustainable
• We are currently incentivized to whittle

• We negatively impact the patient’s quality of life with 
our interventions

• GOAL: Function and Durability

Conclusions



Subtitle

Limb Salvage

• Peter A. Blume, DPM, 
FACFAS



• Soft tissue salvage
• Flaps/Grafts/Biologic therapy

• Biomechanical salvage
• Charcot

• Diabetic foot
• Tendon balance

• Ischemic salvage

• Revascularization

Limb Preservation: Advance by Podiatry
Limb Salvage vs Amputation

Yale vs Georgetown

Foster D, et al. Ostomy Wound Manage. 2014;60(11):16-22.



Amputation Trends

Goodney PP, et al. JAMA Surg. 2015;150(1):84-86.



Amputation Trends

Goodney PP, et al. JAMA Surg. 2015;150(1):84-86.



Goodney PP, et al. JAMA Surg. 2015;150(1):84-86.





• Decrease in total major amputations 
(47%) and elective major amputations 
(66%) (P<.001) in infected DFU

• Major elective lower-extremity 
amputation fell 60%, from 7.6 to 3.1 per 
100,000 (P<.001)

• Significant reductions in total and major 
amputations rates occurred over the 15-
year period following improvements in 
foot care services, including 
multidisciplinary teamwork (critical 
pathway and diabetic foot clinic)

Reduction in Diabetic Amputations over 15 Years in a 
Defined Population in Spain. Benefits of a Critical 

Pathway Approach and Multidisciplinary Teamwork

Martinez-Gomez DA, et al. Rev Esp Quimioter. 2014;27(3):170-179.



• After major LEA, patients with diabetes are 3 times 
more likely to die within 1 year of surgery compared to 
patients that have not undergone LEA

• Only two thirds of diabetic patients who undergo major 
LEA will ambulate with a prosthesis

• This increased risk of death is not fully explained by 
complications of diabetes mellitus such as heart 
attack, stroke, or kidney failure

• The energy costs of ambulation after LEA increase as 
the site of LEA becomes more proximal

• Major LEA is a devastating complication in patients 
with diabetes

•

What Role Does Function Play in Deciding on Limb 
Salvage vs Amputation in Patients with Diabetes?

LEA = lower extremity amputation.
Wukich DK, et al. Plast Reconstr Surg. 2016;138(3 suppl):S188-S195.



• One, 3, and 5 years after a 
lower extremity amputation, 
14%, 30%, and 49%, 
respectively, of surviving 
patients require a second 
amputation on the same or 
contralateral side

History of Prior Amputation

Larsson J, et al. Clin Orthop Relat Res. 1998;5(350):149-158. Petrakis I, et al. Expert Rev Pharmacoecon
Outcomes Res. 2017;17(2):165-180. Wang A, et al. Int J Low Extrem Wounds. 2014;13(1):17-21. Hoffmann F, et 
al. J Diabetes Complications. 2013;27(5):467-472.



ABI as Predictor of Mortality in PAD
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Humphries MD, et al. Ann Vasc Surg. 2016;30:123-131.



• 744 patients underwent infrapopliteal endovascular or 
surgical revascularization 

• Angiosome-targeted bypass surgery was associated 
with a significantly higher rate of wound healing than 
non-angiosome-targeted angioplasty (HR 2.27, 95%)

• Rates of wound healing and limb salvage in critical limb 
ischemia (CLI) were better after angiosome-targeted 
revascularization

Differential Impact of Bypass Surgery and Angioplasty 
on Angiosome-Targeted Infrapopliteal Revascularization

Outcomes for critical limb ischemia are driven by 
lower extremity revascularization volume, not 
distance to hospital. 

Spillerova K, et al. Eur J Vasc Endovasc Surg. 2015;49(4):412-419. Medhekar AN, et al. J Vasc Surg. 
2017;66(2):476-487. Attinger CE, et al. Plast Reconstr Surg. 2006;117(suppl 7):S261-S293. Driver VR, et 
al. J Vasc Surg. 2010;52(suppl 3):S17-S22. 



• 45 patients with Charcot 
arthropathy and osteomyelitis 
underwent debridement and 
attempted fusion with Ex Fix 

• 39/45 healed using emergent 
surgery to drain an acute infection 
while maintaining the fixation for 
an average of 25.7 weeks

• 2 patients had intramedullary nail 
in a subsequent surgical 
procedure

• 4 patients required major 
amputation due to uncontrolled 
infection 

• External fixation proved to be a 
reasonable alternative to BKA

Salvage in Charcot Foot and Ankle Osteomyelitis: 
Combined Use Single Stage/Double Stage of 

Arthrodesis and External Fixation

Dalla Paola L, et al. Foot Ankle Int. 
2009;30(11):1065-1070.



• Retrospective study of 205 
surgical procedures for complex 
Charcot and/or chronic ulcers 
with Ex Fix 

• Average follow up: 21 months
• No primary amputations
• Recurrent ulcers: 48 patients
• 7 new recurrences of  Charcot 
• Secondary amputation: 15 

patients 
• 50% in customized orthopedic 

shoes 18 months after surgery
• Ex Fix can reduce amputations 

and patient's activity can be 
improved

Reconstructive Surgery for Charcot Foot: 
Long-Term 5-Year Outcome

Illgner U, et al. Orthopade. 
2009;38(12):1180-1186.



• Heel flap with broad pedicle
• 37 feet with LDHUs among 384 patients
• 29 patients (78.4%) had neuropathy, 6 (16.2%) had 

ischemic diabetic feet, 2 (5.4%) had neuropathy and 
ischemia

• 12 (32.4%) had septic diabetic feet
• 2 femoropopliteal bypasses, 2 infrapopliteal

bypasses, and 1 distal bypass (crural) for ischemic 
heel ulcers

• 33 of the 37 feet with heel lesions (89.2%) were 
salvaged using this multidisciplinary approach

• Healing: 4 to 7 months (median, 6 months)
• Below knee amputation (BKA) 4 feet (10.8%; 2 

ischemic and 2 neuropathic cases 

Management of Large and Deep Heel 
Ulcers (LDHUs) 

Shojaiefard A, et al. Foot Ankle Int. 2013;34(2):215-221.



• 68/71 patients (95.7%) with limb 
salvage, ambulate with therapeutic 
footwear

• 1 death, 3 amputations, 5 second 
debridement , 2 flaps, 2 chronic 
wounds

• A plantigrade noninfected foot can be 
achieved in patients with infected 
diabetic Charcot foot deformity with 
single-stage resection and Ex Fix

• 73/178 patients who underwent 
surgical correction of diabetic Charcot 
foot or ankle had evidence of OM at 
time of surgery

• Diagnosis of OM: an open wound 
overlying the deformity with exposed 
bone and chronic drainage or history of 
biopsy-diagnosed OM 

• 41 males, 32 females (avg. age 57.9) 

• Surgery: radical resection of infected 
bone with acute correction and a three-
level preconstructed static circular 
external fixator 

• IV culture-specific antibiotic therapy 
administered by ID service

Treatment of Osteomyelitis (OM) in Charcot Foot with 
Single-Stage Resection of Infection, Correction of 

Deformity, and Maintenance with Ring Fixation

Pinzur MS, et al. Foot Ankle Int. 2012;33(12):1069-1074.



• 76 patients with Charcot foot 
underwent circular external fixation, 
38 (50%) had osteomyelitis

• Control group : 17 diabetic patients 
with transtibial amputation/prosthetic 
fitting 

• 53 patients with limb salvage 
(69.7%) did not require inpatient 
rehabilitation

• Average cost of care was $56,712

• 14 patients with amputation (82.4%) 
required inpatient rehabilitation, with an 
average cost of $49,251

• Many surgeons now favor operative 
correction of Charcot foot deformity

• This investigation provides preliminary 
data on the relative cost of transtibial
amputation and prosthetic limb fitting 
compared with limb salvage

• The use of comparative effectiveness 
models such as this simple attempt may 
provide valuable information in planning 
resource allocation for similar complex 
groups of patients

Cost Comparison: Limb Salvage vs Amputation in 
Diabetic Patients with Charcot Foot

Gill J, et al. Foot Ankle Int. 2013;34(8):1097-1099.



Boffeli TJ, et al. J Foot Ankle Surg. 2013;52(1):107-112. Van Riet A, et 
al. Foot Ankle Surg. 2012;18(1):25-29. 



Limb Salvage vs Amputation

Petrakis I, et al. Expert Rev Pharmacoecon
Outcomes Res. 2017;17(2):165-180. 


