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Is there a survival benefit to limb salvage?
• One goal of CLTI treatment is amputation prevention.
• When the limb is not salvageable, a secondary goal is to 
proceed to major amputation expeditiously to prevent systemic 
infection and assist the patient in becoming as physically 
functional as possible without the limb.
• The loss of the limb has significant repercussions on the 
patient’s health, mobility, independence, financial status, and 
almost always impacts the patient’s family.
• CLTI management requires the significant expenditure of 
time, energy and resources by the patient, family, healthcare 
team, and healthcare system.

CLTI has a higher mortality rate 
than many cancers

health impact. The disparity is even greater when com-
pared to cancer research [9].
In 2007, we reported a summary of data comparing

diabetic foot complications to cancer [10]. We thought
that it might be appropriate to refresh this with the best
available data as they currently exist. Since that time,
more reports have emerged both on cancer mortality
[11] and mortality associated with DFU, [12–14] Charcot
arthropathy, [15–17] and diabetes-associated lower ex-
tremity amputation [18–27]. We collected data containing
5-year mortality from studies published after the previous
publication in 2007 and calculated a pooled mean.
The mortality rate for people who undergo lower extremity

amputation due to a DFU remains alarming: more than half
of people with a major amputation will be dead in 5 years
[21–25]. (Fig. 1). 5 year mortality for Charcot, DFU, minor
and major amputations were 29.0, 30.5, 46.2 and 56.6%, re-
spectively. This is even higher in people with concomitant
chronic kidney disease and other comorbidities [25].
Certainly, an important component of mortality in

people with lower extremity complications of diabetes
can be attributed to the severity of comorbidities with
these patients often present - namely cardiovascular and
renal disease worsened by reduced mobility [7]. This
most certainly further reduces the attribution of cause
away from lower extremity morbidity and toward a more
familiar cardiovascular etiology. Indeed, people with a
history of DFU have a life expectancy fully 5 years lower
than age and disease-matched controls. The primary
cause of death in these patients was listed as ischemic
heart disease [30]. It is important to note, however, that,

DFU and LEA appear to be more than just a marker of
poor health. They are independent risk factors associ-
ated with premature death [31].
It is for these reasons that we have argued for a change

in the syntax surrounding DFUs and other associated
complications. Considering patients with healed DFUs as
patients “in remission” rather than formally “healed”
makes it easier for the patient, other clinicians, and pol-
icymakers to understand the possibility, or as the data
suggest, probability, of a recurrence and to better com-
municate overall risk [1, 32]. It also indicates the need
for regular follow-up and helps to prepare the patient
for a lifetime of preventative management and mobility
training [32]. With this mindset, patients can be properly
educated about the dangers of diabetic foot disease and
work towards maximizing ulcer-free, hospital-free, and
activity-rich days, the same way a cancer survivor works
to maximize cancer-free days [33, 34].

The economic cost of DFUs
DFUs place a great economic burden on society, both to
our healthcare system and due to lost productivity. In
2017, diabetes directly cost $237 billion in the USA, a
26% increase from 2012. On the order of one-third of
these direct costs were attributable to care for diabetic
foot disease [1, 35, 36]. In remarkable contrast, the 2015
direct costs for cancer in the USA were $80.2 billion -
nearly equal to the attributable cost of diabetic foot
disease [37]. As the number of people with diabetes is
expected to rise over the coming decades we do not
expect this cost or the rate at which it spirals out of

Fig. 1 Five Year Mortality of Diabetic Foot Complications and Cancer. Diabetic foot complications compared to cancer. DFU = diabetic foot ulcers
[11] = 30.5%. Charcot = Charcot neuroarthropathy of the foot [14]. All Cancer = pooled 5 year survival of all cancers [11]. CLTI = chronic limb
threatening ischemia [28, 29]. Major Amputation = above foot amputation [20–22, 26, 27]. Minor Amputation = foot level amputation [17, 27]
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CLTI: Long-term Mortality

Additionally, patients with CLI often suffer from one or
more comorbidities such as coronary artery disease, demen-
tia, cerebrovascular disease, and diabetes.15,34 All of these
factors severely impair a patient’s quality of life.

Most of the studies published in the past twelve years
assessing quality of life in CLI patients have examined the
change in quality of life (ie, improvement) after an interven-
tion (ie, endovascular procedures, surgical revascularization,
etc.) in comparison to baseline quality of life scores. Only a
few contemporary studies have directly assessed the quality
of life burden of CLI in a non-interventional setting.14,35

Although these intervention studies were not designed to
compare baseline quality of life scores in CLI patients to
healthy people in the community, they may provide useful

information on the magnitude of quality of life burden in CLI
patients who are candidates for medical intervention. To
determine the quality of life burden in CLI patients, this
review primarily focused on comparing the baseline quality
of life scores of CLI patients reported from interventional
studies to the quality of life scores of healthy people reported
from studies of community-based norms.

Instruments for assessing quality of life in CLI patients
Studies examining the quality of life in CLI patients have used
a combination of generic quality of life questionnaires (ie, SF-
36) and disease-specific measures (ie, VascuQOL) (Table 5).
Generic instruments are applicable to CLI populations because
they address multidimensional domains of quality of life

Figure 2 Long-term CLI mortality rates.
Abbreviations: CLI, critical limb ischemia; OXVASC, Oxford Vascular Study.
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4 to 5 year mortality up to 68.5%

Mortality in BEST-CLI and BASIL-2
Mortality BASIL-2 Perioperative BEST-CLI Perioperative
Bypass 6% 1.7%
Endovascular 3% 1.3%

Mortality BASIL-2 at 40 months BEST-CLI at 2.7 years
Bypass 53% 33%
Endovascular 45% 38%

n engl j med   nejm.org 9

Surgery or Endovascular Ther apy for Limb Ischemia

surgical group than in the endovascular group 
(6 days vs. 3 days).

Cohort 2
Patients
In cohort 2, a total of 396 patients without a 
single segment of great saphenous vein under-
went randomization (197 to receive surgical 
treatment and 199 to receive endovascular ther-
apy) and were followed for a median of 1.6 years 

(interquartile range, 0.7 to 2.8) in the surgical 
group and 1.6 years (interquartile range, 0.7 to 
3.1) in the endovascular group. Excluded from 
the primary analysis were 3 patients (0.8%) — 
all in the surgical group — because of missing 
baseline data regarding diabetes, smoking sta-
tus, end-stage renal disease, or previous infrain-
guinal revascularization. The secondary efficacy 
and safety outcome analyses were adjusted for 
imputed covariates and did not exclude patients. 

Figure 2. Kaplan–Meier Curves of the Primary Outcome and Its Components in Cohort 1.

Shown is the primary outcome — a composite of major adverse limb events or death from any cause — among patients in the surgical 
group and the endovascular group in cohort 1 (which included patients who had a single segment of great saphenous vein) (Panel A). 
The components of the primary outcome were a major index-limb reintervention, including a new bypass graft or graft revision, throm-
bectomy, or thrombolysis (Panel B); above-ankle amputation of the index limb (Panel C); and death from any cause (Panel D). Shading 
indicates the 95% confidence interval.
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Comparisons: BASIL-2 and BEST CLI
BASIL-2 BEST CLI Cohort 1

Enrolled participants 345 1434
Age 73yrs 67yrs
Tissue loss 88% 80%
Tibial disease 100% 67%
Endo technical success 87% 85%
Crossover: endo to bypass 19% 23.5%

BASIL-2 patients are older, sicker, more tibial disease.

BEST-CLI BASIL-2
Aspirin usage 67-71% 76-80%*
Statin usage 70-79% 75-80%
Smoking 35-37% 19-22%

*any antiplatelet
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Introduction
Chronic limb-threatening ischaemia (CLTI) is a 

presentation of advanced lower-extremity atherosclerotic 
disease with threatened limb loss with an increased 
risk of cardiovascular mortality. Although advancement 

in surgical experience and development of endovascular 
devices for revascularization attribute to improved 
limb-based outcomes, mortality of patients with CLTI 
remains poor, ranging from 14 to 56% at 1-year1-6). 
Therefore, comprehensive management is important 
in achieving optimal patient-based outcomes. The 

Aims: This study aimed to investigate the long-term impact of guideline-directed medical therapy (GDMT) on 
10-year mortality in patients with chronic limb-threatening ischaemia (CLTI) after revascularization.

Methods: We performed a retrospective multicentre study enrolle 459 patients with CLTI who underwent 
revascularization (396 endovascular therapy [EVT] and 63 bypass surgery [BSX] cases) between January 2007 
and December 2011. The primary outcome measure was all-cause mortality. We additionally explored the 
predictors for all-cause mortality using Cox regression hazard models; the influence of GDMT, defined as 
prescription of antiplatelet agents, statins, and angiotensin converting enzyme (ACE) inhibitors or angiotensin 
receptor blockers (ARBs) in aggregate, on all-cause mortality, and the association between baseline characteristics 
using interaction effects.

Results: During the 10-year follow-up after revascularization, 234 patients died. In Kaplan-Meier analysis, 
10-year mortality was significantly lower in patients who received statins (p＜.001) and ACE inhibitors or ARBs 
(p=.010) than those who did not. However, there were no differences in 10-year mortality between patients who 
received anti-platelet agents and those who did not (p=.62). Interaction analysis revealed that GDMT had a 
significantly different hazard ratio in patients who were and were not on hemodialysis and in those treated with 
EVT or BSX (p for interaction =.002 and .044, respectively). In the multivariate analysis, age ＞75 years, non-
ambulatory status, hemodialysis, congestive heart failure, left ventricular ejection fraction ＜50%, and GDMT 
were significantly associated with all-cause mortality.

Conclusions: Appropriate GDMT use was independently associated with 10-year mortality in patients with 
CLTI after revascularization.

Key words:  Chronic limb-threatening ischemia, Endovascular therapy, Bypass surgery, 
Guideline-directed medical therapy, Long-term mortality
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459 CLTI patients 
underwent revascularization

Absolute mortality at 5 years
was 20% less among patients
taking 2 or more medications.
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revascularization, 234 patients had died. The cause of 
death was shown in Fig. 1. The main causes of death 
were cardiovascular disease (35.9%) and infection 
(27.8%). In the Kaplan-Meier analysis, 10-year 
mortality was significantly lower in patients taking 
statins (55.8 % vs. 77.3%, p＜.001, Fig. 2A) and ACE 
inhibitors or ARBs (70.8% vs. 74.5%, p=.010, 
Fig. 2B) than those who were not. Meanwhile, there 
were no differences in 10-year mortality between 
patients who were on anti-platelet agents and those 
who were not (73.1% vs. 74.9%, p=.62, Fig. 2C). 

prevalence of diabetes mellitus and hemodialysis was 
68% (n=313) and 47% (n=215), respectively. 
Rutherford classification 5 and 6 accounted for 61% 
and 24%, respectively. In BSX cases, autogenous veins 
were used in 78% (n=49) of patients, while ePTFE 
was used in 22% (n=14) of patients. Additionally, the 
baseline characteristics in each revascularization 
strategy are shown in Supplemental Table 1.

10-Year Mortality Rate according to GDMT
Dur ing  th e  10 -ye a r  f o l l ow-up  a f t e r 

Fig. 1. The causes of death
The main causes of death were cardiovascular disease (35.9%) and infection (27.8%).

Fig. 2. The 10-year mortality rate of patients who were and were not prescribed guideline-directed medical therapy
In the Kaplan-Meier analysis, 10-year mortality was significantly lower in patients taking statins (55.8 % vs. 77.3%, p＜.001, Fig. 2A) and 
ACE inhibitors or ARBs (70.8% vs. 74.5%, p= .010, Fig. 2B) than in those without. There were no differences in 10-year mortality between 
patients taking and not taking anti-platelet agents (73.1% vs. 74.9%, p= .62, Fig. 2C).
ACE=angiotensin-converting enzyme, ARBs=angiotensin receptor blockers.
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10-Year Mortality after GDMT for CLTI

Multivariate analysis revealed that age ＞75 years (HR 
1.96 [95% CI 1.49–2.59], p＜.001), non-ambulatory 
status (HR 2.18 [95% CI 1.66–2.87], p＜.001), 
hemodialysis (HR 2.18 [95% CI 1.65–2.88], p
＜.001), congestive heart failure (HR 1.51 [95% CI 
1.05–2.17], p=.028), left ventricular ejection fraction 
＜50% (HR 1.50 [95% CI 1.03–2.20], p=.035) and 
GDMT (HR 0.75 [95% CI 0.60–0.93], p=.009, per 
one medication increase) were significantly associated 

Moreover, 10-year mortality was 78.2%, 69.2%, and 
52.5% in patients taking no or one, two, and three 
medications of the GDMT, respectively (p＜.001, 
Fig. 3). 

Predictors for All-Cause Mortality after 
Revascularization

Table 2 shows the association between the 
baseline characteristics and all-cause mortality. 

Fig. 3. The 10-year mortality rate stratified by the number of medication of guideline-directed medical therapy
The 10-year mortality rates were 78.2%, 69.2%, and 52.5% in patients taking no or one, two, and three medications 
of GDMT, respectively (P＜0.001). GDMT=guideline-directed medical therapy.

Table 2. Association between baseline characteristics and mortality

Unadjusted model Adjusted model

HR [95%CI] p value HR [95%CI] p value

Male 1.01 [0.80-1.28] 0.91
Age ＞75 years 1.67 [1.29-2.16] ＜0.001 1.96 [1.49-2.59] ＜0.001
Body mass index ＜18.5 kg/m² 1.85 [1.38-2.47] ＜0.001 1.32 [0.97-1.80] 0.075
Non-ambulatory status 2.73 [2.09-3.56] ＜0.001 2.18 [1.66-2.87] ＜0.001
Diabetes mellitus 0.91 [0.70-1.20] 0.51
Hemodialysis 2.26 [1.74-2.94] ＜0.001 2.18 [1.65-2.88] ＜0.001
Coronary artery disease 1.37 [1.06-1.77] 0.16
Congestive heart failure 2.05 [1.50-2.80] ＜0.001 1.51 [1.05-2.17] 0.028
Cerebrovascular disease 1.00 [0.73-1.37] 0.98
Left ventricular ejection fraction ＜50% 2.43 [1.75-3.36] ＜0.001 1.50 [1.03-2.20] 0.035
Serum albumin ＜3.0 g/dL 1.16 [1.17-2.24] 0.004 1.37 [0.98-1.92] 0.065
Tissue loss 1.29 [0.93-1.78] 0.13
EVT (versus BSX) 1.12 [0.78-1.60] 0.55
GDMT, per 1 medication increase 0.67 [0.55-0.81] ＜0.001 0.75 [0.60-0.93] 0.009

Hazard ratios (HRs) were presented together with the 95% confidence intervals (CIs). 
GDMT=guideline-directed medical therapy.

40%

60%

Impact of Chronic Kidney Disease

P ¼ .87) (Fig 5). Regardless of CKD status, there was no
difference in amputation for LEB vs PVI (sHR: 1.03, 95%
CI: 0.89-1.20, P ¼ .69). In addition, we did not observe a
significant interaction between CKD and LEB vs PVI for

amputation (nonsevere CKD interaction P ¼ .82 and se-
vere CKD interaction P ¼ .91).
HRs for the association of 5-year mortality and 5-year

amputation and CKD stage (using no CKD as reference),

Fig 3. Cumulative incidence functions for 30-day amputation for lower extremity bypass (LEB) vs peripheral
vascular intervention (PVI) in (A) patients without CKD, (B) patients with nonsevere CKD (CKD stage 3), and (C)
patients with severe CKD (CKD stage 5 or 6). CKD, Chronic kidney disease.

Fig 4. Kaplan-Meier survival curves for 5-year all-cause mortality for lower extremity bypass (LEB) vs peripheral
vascular intervention (PVI) in (A) patients without CKD, (B) patients with nonsevere CKD (CKD stage 3), and (C)
patients with severe CKD (CKD stage 5 or 6). CKD, Chronic kidney disease.

Fig 5. Cumulative incidence functions for 5-year amputation for lower extremity bypass (LEB) vs peripheral
vascular intervention (PVI) in (A) patients without CKD, (B) patients with nonsevere CKD (CKD stage 3), and (C)
patients with severe CKD (CKD stage 5 or 6). CKD, Chronic kidney disease.
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No/mild CKD Stage 3 Stage 4/5

VQI patients underwent bypass or intervention
5-year survival in 4084 Propensity matched CLTI patients
No/mild CKD: 42-49%
Stage 3: 63-64%
Stage 4/5: 82-87%

(Table I). The largest cohort included over 180,000
subjects22 and the smallest included just 117.18

Table II summarizes baseline characteristics of the
cohorts: average ages ranged from53.8 to 78.5 years,
48.9%weremen, and 60.6% of the participants had
diabetes. The methodologies and style of reporting
varied among studies, but overall mortality rates at
1, 2, 3, and 5 years were 47.9%, 61.3%, 70.6%,
and 62.2%, respectively. The overall, cumulative
reported mortality rate was 70.1% (Table III).

For pooled data analysis, risk factors for all-cause
mortality after lower extremity amputation were
limited toonly thosewithhazard ratio (HR)or odds ra-
tio (OR)>2.0, to limit findings to themost consistently
influential. These data are summarized in Table IV.
Clinical risk factors associated with higher mortality,
with HR or OR in parentheses, included diabetes
(2.02e2.20),11,19 peripheral artery disease (2.34),20

coronary artery disease (2.01e3.33),11,14,20 cerebro-
vascular disease (2.50e2.55),15,20 end-stage renal dis-
ease and dialysis dependence (2.12e5.35),13e15,20

American Society of Anesthesiologists class ! 4
(2.04),26 dementia (2.02e2.77),13,25 and nonambula-
tory status (2.28).25 Surgical factors, including higher
amputation level (2.4e3.2)14,16,27 and need for staged
surgery with up-front guillotine amputation (2.49),27

were also correlated with increased mortality.

Table II. Baseline characteristics of patients in included studies

Author n # Major # Minor Male % Age (years) Non-White (%) PAD DM

Abola 1160 650 510 70.9 68.1 e 100% 63.4%
Barnes 148 148 0 e 68 e 100% 44.6%
Carmona 209 209 0 55.5 78 e 94.3% 48%
Chin 176 e e 67.4 55.6 e 100% 67.4%
Fortington 299 299 0 60.0 74.1 e 100% 50%
Hambleton 205 82 123 44.9 70.5 e 100% 100%
Heikkinen 1371 1034 337 53.5 71.3 e 93% 36.3%
Hershkovitz 117 117 0 61.5 74.7 e 94.9% 80.3%
Icks 444 192 e 71.8 69.1 e 100% 58.3%
Izumi 277 64 213 67.9 53.8 87.7 100% 100%
Jindeel 847 253 594 72.8 55.1 85.6 100% 88.3%
Jones 186,338 186,338 0 48.1 78.5 33.0 100% 60.3%
Jordan 122 122 0 59.2 73.0 36.9 100% 46.8%
Kalbaugh 434 388 e 57.8 65.8 e 100% 61%
Rosen 188 188 0 71.0 72.0 e 100% 72.0%
Scott 339 339 0 68.7 (73)* e 100% 38.6%
Shah 391 391 0 63 67.3 39.1 100% 63%
Sheahan 670 0 670 69.9 e e 100% 91.9%
Stone 411 357 53 62.0 67 e 100% 71%
Taylor 309 309 0 66.3 61.3 39.81 100% 79.9%
Tseng 358 273 85 53.4 66.6 e 100% 100%

Studies are arranged alphabetically by last name of first author. Major amputations refer to those above the ankle, minor amputations

are those below. Unreported data are indicated by e.
DM, diabetes mellitus; PAD, peripheral arterial disease.

Table III. Weighted mortality rates

Author 1 year 2 years 3 years 5 years Total

Abola e e 21.8 e 21.8
Barnes 24.1 29.8 e e 29.8
Carmona 38.3 52.1 e 77.4 86.3
Chin e e e e 18.8
Fortington 44 e e 77 77
Hambleton 31 e e 56 56
Heikkinen 43.9 54 e 80.2 80.2
Hershkovitz 46.2 e e e 46.2
Icks 34.8 e e 64.3 55.2
Izumi e e e e 34.3
Jindeel 9.1 e e 25.6 25.6
Jones 48.3 61.4 70.9 e 70.9
Jordan e e e e 75.4
Kalbaugh 23.3 37.4 51.9 64.2 64.2
Rosen 44 e e e 44
Scott 35.7 e e e 35.7
Shah 30 40 e e 40
Sheahan 16.1 e e 56.5 56.5
Stone 53 e e 77 77
Taylor e e e e 13.6
Tseng 21.5 e e 59.8 59.8
Total (weighted) 48.0 61.3 70.6 62.2 70.1

Available data for 1-, 2-, 3-, and 5-year morality following lower

extremity amputation. Aggregate data are weighted by sample
size for calculation of overall mortality rate (bottom row).

Unreported data are indicated by e.
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A Meta-analysis of Long-term Mortality and
Associated Risk Factors following Lower
Extremity Amputation

Jordan R. Stern,1 Christopher K. Wong,2 Marina Yerovinkina,3 Stephanie J. Spindler,3

Ashley S. See,3 Samira Panjaki,3 Sarah L. Loven,3 Rick F. D’Andrea Jr,3

and Roman Nowygrod,1 New York, New York

Background: A majority of patients undergoing lower limb amputations have diabetes or
peripheral artery disease. Despite improvements in care, there remains a substantial perioper-
ative mortality associated with these procedures. Less well-defined is the mortality risk to these
patients going forward, once outside the perioperative period. The aim of this systematic review
is to summarize and pool the available data to determine the long-term mortality associated with
amputation in the diabetic and peripheral vascular patient, as well as to define specific factors
associated with increased mortality risk.
Methods: Four databases were searched from January 2005 through July 2015 using the Med-
ical Subject Headings terms ‘‘amputation,’’ ‘‘lower extremity,’’ and ‘‘mortality.’’ Inclusion criteria
were observational and cohort studies where !50% of amputations were attributable to diabetic
or vascular etiologies. Final article inclusion was approved by reviewer consensus. Bias was
assessed with the Joanna Briggs Institute Critical Appraisal Tool for cohort studies.
Results: Of the 365 unique records screened, 43 abstracts and 21 full articles were reviewed and
16 studies ultimately included. The overall mortality rate was 47.9%, 61.3%, 70.6%, and 62.2% at 1-,
2-, 3- and 5-year follow-up, respectively. In addition to diabetes and peripheral vascular disease, co-
morbid factors associated with at least a 2-fold increased mortality were coronary artery disease,
cerebrovascular disease, renal dysfunction, American Society of Anesthesiologists class !4, de-
mentia, and nonambulatory status. Surgical factors, including higher amputation level and need
for staged surgery with up-front guillotine amputation, were also correlated with increased mortality.
Conclusions: The overall mortality rate after primary lower limb amputation in the diabetic and
peripheral vascular population is substantial, and should not be underestimated when making de-
cisions regarding limb salvage. Similar to patients undergoing revascularization, comorbid condi-
tions associated with higher mortality should be optimized before surgery whenever possible.

INTRODUCTION

As of 2005, there were 1.6million amputees living in
the United States, with the prevalence of lower limb
amputations expected tomore than double by 2050.1

Approximately 185,000 amputations are performed
each year.2 Although amputations secondary to trau-
matic events and cancer are decreasing due to
improved treatment modalities, those related to dia-
betes and peripheral artery disease continue to
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36,037 Above ankle amputations

Total Weighted Mortality at 5 Years
Overall:  64.4%
Above-the-knee: 69.8%
Below-the-knee: 56.6% 

Long-term Mortality After Nontraumatic Major Lower Extremity
Amputation: A Systematic Review and Meta-analysis
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A R T I C L E I N F O A B S T R A C T

Chronic wounds that lead to major lower extremity amputation have immense consequences on quality of life,
and ultimately, mortality. However, mortality rates after lower extremity amputation for a chronic wound are
broad within the literature and have escaped precise definition. This systematic review aims to quantify long-
term mortality rates after major lower extremity amputation in the chronic wound population available in the
existing literature. Ovid MEDLINE was searched for publications which provided mortality data after major, non-
traumatic, primary lower extremity amputations. Lower extremity amputations were defined as below and above
the knee amputation. Data from included studies was analyzed to obtain pooled 1-, 2-, 3-, 5- and 10-year mortality
rates. Sixty-one studies satisfied inclusion criteria representing 36,037 patients who underwent nontraumatic
major lower extremity amputation. Pooled mortality rates were 33.7%, 51.5%, 53%, 64.4%, and 80% at 1-, 2-, 3-,
5- and 10-year follow-up, respectively. Within the 8184 diabetic patients (types 1 and 2), 1- and 5-year mor-
tality was 27.3% and 63.2%. Sources of mortality data were varied and included electronic medical records,
national health and insurance registries, and government databases. Mortality after nontraumatic major
lower extremity amputation is high, both in patients with diabetes as well as those without. Methods used
to measure and report mortality are inconsistent, lack reliability, and may underestimate true mortality
rates. These findings illustrate the need for a paradigm shift in wound management and improved outcomes
reporting. A focus on amputation prevention and care within a multidisciplinary team is critical for recalci-
trant ulcers.

© 2020 by the American College of Foot and Ankle Surgeons. All rights reserved.

Level of Clinical Evidence: 2
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meta-analysis
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With approximately 185,000 amputations occurring annually in the
United States, the sequalae of major lower extremity amputation (LEA)
represent an increasing burden for patients, caregivers and the health-
care system (1). Lower extremity amputation can be divided into trau-
matic and nontraumatic etiologies, the latter primarily a complication
of diabetes and peripheral vascular disease (PVD). With the prevalence
of these predominant forms of lower extremity disease increasing to as
many as 13.8% of all people with diabetes, lower extremity disease poses
a significant burden to the American health system (2-6). Approximately
25% to 33% of the total cost of diabetes care is spent on treatment of

lower extremity ulcers, totaling $38.3 billion in 2007 (7). Unfortunately,
as the prevalence of lower extremity disease has increased a parallel
resurgence in diabetes-related amputations has been seen (8).

The pathway from chronic wound to LEA has been extensively docu-
mented, and involves a combination of ischemia, infection, neuropathy,
and a preventable sentinel event in 86% of cases (9). The toll of underlying
vascular disease and nerve damage are pronounced on weight-bearing
areas such as the plantar foot surface, thereby prompting the development
of tissue damage and open wounds. The management of ulcers is then an
interplay between tissue healing and preservation, and the prevention of
serious infection, further ischemia or gangrene (10). In the setting of skin
lesions, vascular deficits and ischemia continue to limit perfusion where
the demand for blood flow has increased for healing facilitation, this cycle
then progressing as chronic nonhealing wounds ultimately requiring
amputation (11). Major amputation prevention is possible through use of
a multidisciplinary teammodel (12). When amputation is necessary, focus
on surgical technique and function restoration maximizes ambulation
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patients with underlying cardiovascular disease may consume an
already limited functional reserve and lower the threshold for fatigue
following activity. The inability to meet the energy demands associated
with ambulation may then increase the risk of obesity and, ultimately,
early mortality. Approximately one-third of patients may become non-
ambulatory following major amputation of any indication, whereas all
patients are prone to developing obesity and lowered baseline cogni-
tive function as the level of amputation moves proximally (25,100,110).
Furthermore, failure to undergo prosthesis-fitting has been shown to
be an independent risk factor for post-LEA mortality (111). Post-LEA

function is the link that explains the strong association of with
increased mortality (112). When amputations are necessary, a focus on
biomechanics with multidisciplinary care is critical for the patient’s sur-
vival.

While our review successfully captured 61 studies, this resulted in
notable heterogeneity in how outcomes were assessed and reported
between studies. One such limitation was variability in how studies
verified and reported patient mortality (Table 9). The majority of cita-
tions included in our study relied exclusively on EMR documentation of
patient follow-up, survival, or mortality. Unfortunately, EMR records
are unable to consistently capture accurate data on these variables. One
method for countering this limitation involves excluding patients with-
out clear documentation of vitality versus mortality. Few studies
included in our analysis performed this type of patient censoring. Ulti-
mately, this limitation results in underrepresentation of mortality out-
comes. Conversely, some studies relied on both EMR and information
from patient contacts to assess patient livelihood. The studies that used
this method contacted general practitioners and family members or
acquired death certificates when applicable, for patients who were lost
to follow-up. These additional steps resolve statistical drawbacks of
excluding patients with loss to follow-up from analysis. Unfortunately,
the resources necessary to maintain this standard for large cohorts or
less centralized systems pose additional barriers.

Many studies included for analysis were able to take advantage of
nationwide healthcare networks, such as the National Health Service
(NHS) in the United Kingdom or the Veterans Health Administration
(VHA) in the United States to follow patient outcomes. This reduced
loss to follow-up, while simultaneously providing access to the large
sample sizes. Despite universal care, the mortality rates after chronic
wound LEA did not differ when comparing the United States to other
countries, suggesting current care algorithms do not adequately detect
foot ulcers and prevent amputation progression and recidivism through
reconstructive modalities, vascular modalities, and minor amputations.

Table 9
Methods used to report mortality or survival within cohorts within studies (N = 61 pub-
lished studies)

Methods for Outcome Assessment Number of Studies

EMR alone 24
EMR + additional sources 12
National Health or Insurance Registries* 12
Government Identification databasesy 13

Abbreviations: EMR, Electronic Medical Records shared within single or network health-
care facilities; EMR + additional sources, Electronic Medical Records in addition to con-
tacting family, general practitioners, or obtaining a death certificate.
* National Health or Insurance Registries Veterans Health Administration (VHA) data-

bases, West Midlands Cancer Intelligence Unit, Center for Medicare & Medicaid Services
(CMS), New Zealand Virtual Diabetes Register, National Health/Social Insurance
databases.

y Social Security Death Index, National Death Index, State and National Identification
Registries, Scottish Morbidity Record, Governmental Mortality Registration System.

Table 10
5-Year mortality rates specific to mortality data source (N = 36,037 lower extremity
amputations)

Methods for Outcome Assessment Studies Reporting 5 Years 5 Year Mortality (%)

EMR alone 12* 60.6
EMR + additional sources 6y 60.9
National Health or Insurance Registries 5z 62.8
Government Identification databases 8x 64.7

* Ref. (41,47,51,57,63,69,79,80,85,96,97,100).
y Ref. (25,32,45,75-77).
z Ref. (27,58,66,67,87).
x Ref. (28,43,50,52,61,65,84,95).

Table 7
Overall 1- and 5-year mortality rates in the United States, United Kingdom, Netherlands,
and Sweden (N = 36,037 lower extremity amputations)

Country 1 Year (%) 5 Years (%)

United States 31.6 63.1
United Kingdom 33.6 49.1
The Netherlands 32.5 69.7
Sweden 40.1 69.7

Table 8
Overall 1-, 3-, and 5-year mortality rates for United States studies and all others
(N = 36,037 lower extremity amputations)

Country 1 Year (%) 3 Years (%) 5 Years (%)

United States 31.6 45.5 63.1
All others 38.5 56.8 67.1

Fig. 3. Relative risk of mortality at 5 years post-LEA in diabetic patients.
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Is there a survival benefit to limb salvage?

• Historical therapeutic nihilism in the management of CLTI: 
asserts that many CLTI presentations are unsalvageable, little 
can be done, and patients would be better served by primary 
amputation and rehabilitation rather than complex efforts at 
limb preservation.

• Our decision-making process would be substantially improved 
by understanding whether amputation prevention extends 
life.
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Survival Decreased After Amputation

Discussion

In this study patients were enrolled consecutively. No
diabetic patient with TASC parameters of CLI were
excluded. The percentage of patients undergoing re-
vascularization was very high considering that PTA
and BPG were performed in a population enrolled
consecutively and not in selected patients with a pre-
sumed high success of revascularization.12

The high revascularization rate of our cases depends
on the use of both PTA and BPG. Many patients who
underwent PTA were not suitable for BPG because
their three leg arteries or pedal arteries were not patent
or because of the high surgical risk. A high percentage
of patients in whom PTA was not feasible were revas-
cularized with BPG. In our protocol PTA was the
first-choice procedure of revascularization allowing
outcomes similar to BPG.13 In our practice PTA is effec-
tive also in long obstructions of the infrapopliteal ar-
teries.14,15 The in-hospital mortality was very low in
PTA patients, and was also low in BPG patients in com-
parison with the literature data.16

Revascularization is the best therapy to eliminate
pain and heal foot lesion in patients with CLI.17,18

Revascularization is especially necessary when a foot
surgery is required.19,20 The extensive use of revas-
cularization, in association with a good surgical ap-
proach to the foot lesion, resulted in the short period
in a very high rate of limb salvage.2,21,22

However, major amputation were noted during
follow-up. In the PTA group most of the major ampu-
tations were performed for clinical restenosis without
further possibility of endoluminal or surgical revascu-
larisation. All the major amputations of BPG group
were performed because of graft closure. Although
some studies reported a higher rate of pedal by-pass
failure in the early period than in the follow-up,23,24

our data seem to be consistent with the fast progres-
sion of atherosclerosis and the predominantly crural
localization of the atherosclerotic obstructions, which
are typical features in diabetic patients.25,26

The major amputation rate of the non-revascularized
patients is very different. The early major amputation
rate of these patients is very high. The low percentage
during the follow-up can be explained by the very
low survival rate of these patients due the associated
serious comorbid conditions, cardiac especially. The

Table 5. Multiple logistic regression analysis between recorded
variables and above-the-ankle amputation

Variables Odds
ratio

p Confidence
interval

Absence of
revascularization (n)

35.9 <0.001 12.9e99.7

Occlusion of each of the crural
arteries (n)

8.20 0.022 1.35e49.6

Wound infection (n) 2.1 0.004 1.3e3.6
Dialysis (n) 4.7 0.001 1.9e11.7
TcPO2 increase (1 mmHg) 0.80 <0.001 0.74e0.87
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Fig. 2. Kaplan-Meier survival estimates of PTA, BPG and
non revascularized patients.
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Fig. 1. Kaplan-Meier above-the-ankle amputation estimates
in PTA, BPG and non revascularized patients.

Table 4. Number of above-the-ankle amputations performed in
the early and follow-up period in PTA, BPG and no revascular-
ized patients

Patients treatment Above-the-ankle amputation Total

At 30 days Follow-up

Angioplasty (N¼ 420) 6 (1.4%) 16 (3.8%) 22 (5.2%)
Bypass graft (N¼ 117) 3 (2.6%) 14 (12%) 17 (14.5%)
No revascularization
(N¼ 27)

14 (51.9%) 2 (7.4%) 16 (59.3%)

488 E. Faglia et al.

Eur J Vasc Endovasc Surg Vol 32, November 2006 Faglia et al. Eur J Vasc Endovasc Surg 2006;32:484

Above ankle amputation Survival

No revasc

No revasc
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Spreen et al. Diabetes Care 2016;39:2058

281 CLTI patients: pooled PADI Trial and JUVENTAS Trial subjects

toe systolic pressures, pulse volume re-
cordings, transcutaneous oxygen mea-
surements, or vascular imaging (e.g.,
duplex ultrasound), should be per-
formed to detect coexisting stenotic or
occlusive arterial disease (1,15). A high
or immeasurable ABI in a population
with DM with a clinical suspicion of CLI
requires a careful diagnostic process and
treatment strategy to avoid amputation.
Our study underscores the limited value
of the ABI in the assessment of PAD in
DM, because almost half of our patients
with DM and CLI had baseline ABI values
between 0.7 and 1.4 (25).
Amputation-free survival was lower in

patientswithDMthan in patientswithout
DM at all times at follow-up, but this

difference did not reach statistical signif-
icance. The difference in the amputation-
free survival rate is mostly attributable
to the higher amputation rate in patients
with DM, because the death rate in pa-
tients with DM is comparable with that in
patients without DM.

Survival was significantly lower in pa-
tients after a major amputation during
follow-up. This is analogous to a previously
conducted study that reported a survival
rate aftermajor amputation of only 55% at
3 years of follow-up (4) and illustrates the
poor prognosis of patients after major am-
putation. Thediminished survival afterma-
jor amputation did not differ between
patients with and without DM, but these
subgroups were considered too small for

further subanalysis. Two retrospective co-
hort studies didfind significantly lower sur-
vival rates in patients with DM than in
patients without DM during follow-up
afterminor andmajor lower extremity am-
putations (26,27). Because neither of these
studies analyzed the indications for ampu-
tation, whether these patients are compa-
rable with the current study population
with severe CLI cannot be determined.

Some limitations of this study need to
be considered. Subjects were classified
as having DMbased on the hospital elec-
tronic medical records. All of these sub-
jects were using blood glucose–lowering
medication (oral hypoglycemic med-
ications, insulin, and/or other noninject-
able therapies). It is possible that some

Figure 1—Kaplan-Meier curves representing the estimated cumulative incidence rates of major amputation (A) and amputation-free survival (B) per
patient for patients with and without DM, and survival in amputated and nonamputated patients (C).
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BEST-CLI: Patients with major amputation during the first year (n=233) 
  versus limb salvage (n=1547)

Survival Decreased After Amputation
Can The BEST-CLI Trial Tell Us Whether
Saving A Limb Also Prolongs Survival?

Conclusion
Limb salvage may extend life, but we have only indirect evidence.
Our decision-making process would be substantially improved by 
understanding whether amputation prevention improves survival.
No RCT of primary amputation will ever be performed.
BEST-CLI patients will be propensity matched to gain insight
into the survival question 

Can The BEST-CLI Trial Tell Us 
Whether Saving A Limb Also 

Prolongs Survival?
Peter A. Schneider, MD

University of California San Francisco


