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Abstract

Lower limb amputation (LLA) is a major surgical procedure with a significant impact on quality of life and
mortality rates as well. Previous studies have shown that mortality rates following LLA can range from 9-
17% within 30 days in the UK. This study systematically evaluates and reviews the published literature on
life expectancy, mortality, and survival rates following lower extremity amputation (LEA). We have
conducted a comprehensive search on Medline, CINAHL, and Cochrane Central databases resulting in 87
full-text articles. After a thorough review, only 45 (52.9%) articles met the minimum inclusion criteria for the
study. Our analysis indicated 30-day mortality rates following LEA ranged from 7.1% to 51.4%, with an
average mortality rate of 16.45% (SD 14.35) per study. Furthermore, 30-day mortality rates following below-
knee amputation (BKA) and above-knee amputation (AKA) were found to be between 6.2% to 51.4%, X=
17.16% *+ 19.46 SD and 12.7 to 21.7%, X=16.15% * 4.17 SD, respectively. Our review provides a
comprehensive insight into the life expectancy, mortality, and survival rates following LEA. These findings
highlight the importance of considering various factors, including patient age, presence of comorbidities
such as diabetes, heart failure, and renal failure, and lifestyle factors such as smoking, in determining
prognosis following LLA. Further research is necessary to determine strategies for improving outcomes and
reducing mortality in this patient population.

Categories: Cardiac/Thoracic/Vascular Surgery, Endocrinology/Diabetes/Metabolism, General Surgery
Keywords: vascular surgical procedures, comorbidity, mortality, surgical, amputation

Introduction And Background

The earliest documented use of lower-limb amputation (LLA) dates back to the Hammurabi era in Babylon,
where it was utilized as a form of punishment [1]. Subsequently, the renowned Greek physician, Hippocrates,
recommended LLA as a treatment for vascular gangrene [2]. Lower extremity amputation (LEA) has remained
a dominant surgical procedure [3]. Despite recent advancements in managing critical ischemia through open
revascularization and endovascular techniques, a substantial number of amputations continue to be
performed [4].

The primary determinants for the selection of amputation include surgeon preference, physician supply,
geographical factors, healthcare delivery systems, and socioeconomic factors [5,6]. The reasons for limb loss
can be classified into the following categories: patient-specific issues such as comorbidities, presence of foot
lesions, anatomical factors, and healthcare-related factors like access to healthcare and medical insurance

[7]-

The only absolute indication for this is irreversible ischemia, which can be due to traumatic or non-
traumatic etiologies. This ischemia can manifest as gangrene, wet gangrene, spreading cellulitis,
arteriovenous fistula, malignancy, severe rest pain with irreversible critical leg ischemia, and paralysis [8].
Factors such as coronary artery disease, nephropathy, and the type of vascular reconstruction surgery have
been identified as crucial predictors of the 30-day postoperative mortality rate [9].

Peripheral vascular disease (PVD) and diabetes mellitus (DM) have been identified as primary risk factors for
lower limb amputations [10]. Amputations can be classified as cone-bearing (e.g., above-knee and below-
knee amputation ) or end-bearing (e.g., grittie stoke, Syme's method) [11]. These procedures are associated
with high rates of postoperative mortality (7-23%) and morbidity (15-40%) [12]. Above-knee amputations
(AKA) and below-knee amputations (BKA) are commonly performed in patients with failed
revascularization, comorbidities, extensive tissue loss, or infection [3]. Following amputation, mortality
ranges from 13 to 40% in one year, 35 to 65% in three years, and 39 to 80% in five years [13].

Despite the development and wider availability of novel diagnostic procedures and peripheral vascular
interventions, the rates of amputation and subsequent survival have remained relatively unchanged over the
past few decades [14]. Ultimately, this highlights the need for continued advancement in this field and the
exploration of more efficacious methods to reduce the necessity for amputation and enhance patient

How to cite this article
Qaarie MY (May 12, 2023) Life Expectancy and Mortality After Lower Extremity Amputation: Overview and Analysis of Literature. Cureus 15(5):
e38944. DOI 10.7759/cureus.38944


https://www.cureus.com/users/483540-mohammed-y-qaarie
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

outcomes. In our review, we aim to collect almost all published literature and studies disregarding their
designs to interpret all the mortality data of patients who underwent amputation in the last hundred years.

Review
Materials & methods

To achieve a rigorous search for studies relating to Life Expectancy Score in LEA (Lower Extremity
Amputation), In February 2021, we searched Medline using OVID, CINAHL, and the Cochrane Central
database using a search strategy built on terms that include: "lower limb amputation (LEA), life expectancy,
above knee amputation (AKA), below knee amputation (BKA), survival, mortality".

Searching for the used keywords and MeSH terms has been done through Boolean combinations of keywords
based on our inclusion and exclusion criteria.

For the identification phase, extensive title and abstract screening were done to detect their relevance.
Abstracts that didn't have either mortality or survival rate data of amputees were excluded. Papers that were
cited by or used as references in the search set studies were collected and included in our review; after
acquiring full-text versions of included studies, deep and extensive reviewing was done. Studies were
excluded if they did not present quantitative data on mortality. Moreover, papers were evaluated to
determine which outcomes could be meaningfully extracted.

Results

After a comprehensive database search was conducted, PRISMA guidelines for reporting the systematic
reviews were followed. Search results led to the identification of 87 full-text articles (as depicted in

Figure 7). Upon conducting a thorough review, two articles were found to be duplicates and were
subsequently removed, leaving 85 full-text articles. Following the screening process, 28 articles were
excluded, while 57 were deemed eligible for further assessment. After a thorough eligibility evaluation, 12
articles were excluded from the systematic review, yielding a final sample size of 45 articles meeting the
decided inclusion criteria. The remaining publications (listed in Table ) represent a total number of 419,149
patients who underwent amputation between the years 1948 to 2010.
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FIGURE 1: PRISMA flow diagram for included studies

30-Day Mortality
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Two studies investigated the 30-day mortality rates among individuals with Diabetes 1 and 2 who underwent
LEA, reported to be 785 (7.7%) and 729 (7.5%), respectively. The 30-day mortality rates among the 8 studies
that did not differentiate the type of amputation ranged from 7.1% to 51.4%, with an average mortality rate
of 16.45% (SD 14.35) per study. The studies that investigated the mortality rates following BKA reported a
range of 6.2% to 51.4%, with an average mortality rate of 17.16% (SD 19.46). Meanwhile, the studies
investigating the mortality rates following AKA reported a range of 12.7% to 21.7%, with an average
mortality rate of 16.15% (SD 4.17) per study. One study reported a 12% mortality rate following a
combination of BKA and AKA. In the three studies, the mortality rates following toe, Transtibial (TTA), and
Transfemoral (TFA) amputations were reported as 1.7%, 7%, and 11.1%, respectively. Four studies reported
the mortality rates following trans-metatarsal amputation (TMA) as 1.98%, 2.7%, 4%, and 7%, with an
average mortality rate of 3.92% (SD 2.22) per study.

One-year Mortality

The studies that investigated the one-year mortality rates among individuals who underwent LEA with a
specified operation reported a range of 9.2% to 64.3%, with an average mortality rate of 33.49% (SD 16.38)
per study. Two studies each reported the mortality rates following BKA (range 23-33%) and AKA (range 41-
58%) with average mortality rates of 28% (SD 7.07) and 49.5% (SD 12.02), respectively. One study reported a
40% mortality rate following TTA, and another reported a 15.8% mortality rate following both BKA/AKA.

Overall Mortality

Eight studies reported the overall mortality rates among individuals who underwent LEA with a range of
10.6% to 80% and an average mortality rate of 34.24% (SD 26.08) per study.

Discussion

In this systematic review, we have screened the extensive research yield of 85 full-text articles and selected
45 articles that contained representative information about survival and mortality rates in patients who
underwent LEA. Very few numbers of published articles explicitly explored the life expectancy of patients
after amputation, and it was often only a very small part of every article. Furthermore, only a few studies
classify outcomes of patients who underwent amputation depending on the surgical procedures and levels
specifically, making it difficult to focus on survival outcomes after either operation. Consequently, we had
to include studies where mortality or survival rates are mentioned disregarding than study design.

First, it showed that 30-day mortality has a very wide range of rates with highly variable SD; mortality rates
reached up to half of the cohort included. In their retrospective cohort study, the cause of early mortality
and low survival rates in the first month and first 1-year after amputation was investigated by Peter Gebuhr
et al. [15], where they considered age, pre-existing comorbidities, and re-amputation as causes of early
death.

Potential causes of 30-day mortality after amputation include cardiovascular disease, especially in case of
declined mobility after AKA, postoperative wound infection, which includes bacterial and fungal infection,
and thromboembolic events such as DVT and pulmonary embolism [16-19].

This highlights the importance of considering pre-and postoperative confounding factors that affect short-
term survival, which was concluded by P.U. Dijkstra et al., they demonstrated that factors significantly
associated with 30-day mortality were age, location admission from the previous peripheral vascular
procedure and cerebrovascular disease [20]. It is crucial for healthcare providers to monitor patients
following amputation closely and to promptly treat any complications that arise to minimize the risk of 30-
day mortality.

Several factors contribute to 1-year mortality after amputation, including medical comorbidities, surgical
factors, and rehabilitation outcomes [21]. The authors suggest that this difference may be due to the higher
burden of comorbidities in patients undergoing above-knee amputations and the greater rehabilitation
challenges associated with this procedure. Previous studies found that amputees who received a prosthesis
and participated in a rehabilitation program had lower 1-year mortality than those who did not receive these
interventions [22]. Further research is needed to determine the best strategies for improving survival and
quality of life in amputees.

Although both BKAs and AKAs result in improved quality of life and survival outcomes compared to limb-
saving procedures, it was documented in the literature that there is a difference in postoperative functional
outcomes of mobility between the two surgical procedures [23]. Our review also revealed a difference in 1-
year mortality between the two major limb amputation types, where AKA patients have a higher mortality
rate than BKA patients. This finding goes along with published literature confirming that people who
undergo BKA have a higher survival rate than those who undergo AKA [24]. This can be interpreted because
BKAs are generally considered less invasive and result in fewer postoperative complications compared to
AKAs. On the other hand, BKAs result in improved cardiovascular health; this is believed to be due to the
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preservation of more of the limb, which allows for a more natural gait and greater mobility, leading to
improved physical activity and cardiovascular health [23].

Our review has some limitations. Firstly, the inclusion of studies from different years of publication
generalizes our results harder and is not fair because of the variability of healthcare availability,
improvement in surgical methodology, and advancement of postoperative follow-up through the years as
well as increased incidence of metabolic burden and atherosclerotic changes which not only control the type
of operation but also affect post-amputation outcomes.

Secondly, due to the lack of homogeneity of the included cohort, extensive analysis of extracted data had
not been done; therefore, we can't conclude solid results of the mortality score of all involved patients.

Cases Study Mean Age Male 30 Day 1-Year Overall-
Study Year Comorbidity
(n) population (years) Gender mortality mortality mortality
1996-
(Vamos et al., 2010) [25] 84597 % England 67.9 0.634 DM 0.076
2002- 9336 5012
(Moxey et al., 2012) [26] 14168 England NHS 70 . .
2006 (65.9%) (35.4%)
2000-
(Jones et al., 2013) [27] 186338 — 77.4+8.2 0.495 Cancer, CHF  0.13 0.481 70.90%
1995- DM, HPT,
(Wong, 2006) [28] 142 Hong Kong 78.3+7.9 0.42 . . 0.106
1997 IHD

2002- Beersheva,

(Wiessman et al., 2015) [29] 565 68.2 0.6 HPT, IHD 37-39.5%
2009  Israel
(Canavan, Unwin, Kelly, & Connolly, 2008) 1995- South Tees,
454 70 0.663 DM
[30] 2000 England
184
(Patterson et al., 2012) [31] 306 . . 74 . 69 (22.7%)
(60%)
2004- Baskent, 299
(Beyaz, Giller, & Bagir, 2017) [32] 470 64.3 . 16% 36% 0.709
2014  Turkey (63%)
2003- 233
(Scott et al., 2014) [33] 339 Leicester, UK 73 (62-79) . 42 (12.4%) 64.30%
2010 (69%)
(Ikonen, Sund, Venermo, & Winell, 2010) 1997-
9481 Finland . 0.7435 DM . . 0.897
[34] 2007
1998- Andalusia, 10768
(Almaraz et al., 2012) [35] 16210 70.6+11.6 DM
2006  Spain (66%)
2005-
(Icks et al., 2011) [36] 444 2009 German 69.1 0.718 DM 245 (55%)
(Eskelinen, Eskelinen, Alback, & Lepantalo, 1990- Helsinki,
1094 74.2 0.47 DM
2006) [37] 2002  Finland
2004-
(Kolossvary et al., 2015) [38] 32084 2012 Hungary 63.9+11.5 0.65 DM
(J M P de Godoy, de Godoy, Batigalia, 1993- Sao Jose do 28
50 67.3 . . 22 (44%) 36 (72%)
Travolo, & Monteiro, 2005) [39] 1998  Rio, Brazil (56%)
(Lombardo, Maggini, De Bellis, Seghieri, & 2001-
11639 Italy 722145 . DM
Anichini, 2014) [40] 2010
2008- 62.7 (35- 45 DM, HTN,
(Pande, Kamal, Zaw, & Tin, 2019) [41] 70 Singapore . 15.87% 0.486
2016 88) (64%) IHD

1967- Queen Mary
(Robinson, 1976) [42] 148 . 70.25
1975  Hospital, UK

(Shah et al., 2013) [43] 391 5 5 67.3 0.63 DM, HPT o 36 (9.2%)

(Cruz, Eidt, Capps, Kirtley, & Moursi, 2003) 1994- 221 12% BKA &
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[44]

(Remes et al., 2008) [45]

(Carmona et al., 2005) [46]

(Mandrup-Poulsen & Jensen, 1982) [47]

(Rosen, Gigi, Haim, Salai, & Chechik, 2014)

[48]

(Hermodsson, Ekdahl, & Persson, 1998)
[49]

(Lim et al., 20086) [50]

(Johannesson et al., 2010)

(Feinglass et al., 2001

(Karam, Shepard, & Rubinfeld, 2013) [51]

(Nelson et al., 2012) [52]

(Bates et al., 2012) [53]

(Ciufo, Thirukumaran, Marchese, & Oh,
2019) [54]

(Sandnes, Sobel, & Flum, 2004) [55]

(Mayfield et al., 2001) [56]

(Kulkarni, Pande, & Morris, 2006) [57]

(Pohjolainen & Alaranta, 1998) [58]

(Thomas, Perkins, Magee, & Galland, 2001)

[59]

(Mwipatayi et al., 2005) [60]

(Pollard, Hamilton, Rush, & Ford, 2006) [61]

(Krause, deVries, Meakin, Kalla, & Younger,

2009) [62]

(O’Brien, Cox, & Shortell, 2013) [63]

(Terashi, Kitano, Tsuji, Hashikawa, &
Tahara, 2011) [64]

Ronald B. Kihn et. al. (1992) [65]

Tang et. al. (2009) [66]

229 2001

1998-
210

2002

1990-
209

1999

1971-
310

1979

2007-
188

2010
112

2000-
87

2002

1997-
217

2006

1991-
4061

1995

2005-
6839

2008

2005-
9368

2010

2003-
4153

2004

2012-
4631

2014

2004-
13807

2014
5180 1992

1994-
201

1995

1984-
705

1985

1991-

1998

1999-
43

2002

1993-
91

2004

1999-
60

2002

2005-
8878

2010
1
427 1967
84597
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Turku, Finland

Geneva,

Switzerland

Denmark

Tel Aviv, Israel

Sweden

Perth,

Australia
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Sweden

USA
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USA

Mid-West, USA

USA
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USA

Manchester,
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Helsinki,

Finland
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United
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South Africa

Oakland, USA

Tennessee,
USA
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Mountains,
USA

68.6+0.6

(96%)
95
76.3
(45.2%)
116
78475
(55.5%)
181
70
(58%)
72
57
(50.8%)
701143
112
77
(52%)
68
0.62
67.8£135
4115
66.5:11.2
(99%)
3070
64.5
(66.3%)
67215 0.585
65.6 0.99
134
69
(67%)
323
(46%)
37
71 (40-91
(90%)
595(28- 23
72) (53%)
64.3(39- 78
86) (T7%)
39
57.9+15
(65%)
71 (56-88)

DM, HPT,
IHD

DM

DM

HPT,PAD,DM

DM

DM

DM, Renal,
CVS, CHD

PAD/DM

Vascular

disease, DM

DM, IHD

DM, CAD

DM

DM, PAD

DM

DM

AKA

55 (18%)

21.7% AKA,
14.7% BKA

0.101

13.2% AKA,
6.2% BKA

(6.5%) BKA

(12.7%) AKA

12.8%AKA,
26.6%BKA

238 (51.4%)

0.492

7 (17%)

0.0198

17 (28%)

626 (7.1%)

47 (11%)

0.75

109

168 (80%)
(52%)

0.324

0.431

86 (40%)

720
(17.34%)

0.555

0.43

0.18

3 (27%)

0.235
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1948- HPT, DM,
Modan et. al. (1998) [67] 101 Israel 58.6:54 . . . 0.214
1974 IHD, CVS

TABLE 1: Included studies

CHF: congestive heart failure, HPT: hyperparathyroidism, IHD: ischemic heart disease, PAD: peripheral artery disease, CAD: coronary artery disease

Conclusions

Our review summarizes the last hundred-year literature involving mortality data for almost half a million
amputees in approximately 17 countries worldwide. This gives a comprehensive overview of the life
expectancy of amputation survivors and encourages researchers, internal physicians, and surgeons to
collaborate to prevent amputation at first and eventually improve pre and postoperative comorbidities of
amputees.

Additional Information
Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Mavroforou A, Malizos K, Karachalios T, Chatzitheofilou K, Giannoukas AD: Punitive limb amputation. Clin
Orthop Relat Res. 2014, 472:3102-6. 10.1007/s11999-014-3480-6
2. Magee R: Amputation through the ages: the oldest major surgical operation. Aust N Z ] Surg. 1998, 68:675-8.
10.1111/j.1445-2197.1998.tb04843.x
3. Aulivola B, Hile CN, Hamdan AD, et al.: Major lower extremity amputation: outcome of a modern series .
Arch Surg. 2004, 139:395-9. 10.1001/archsurg.139.4.395
4. Feinglass ], Brown JL, LoSasso A, Sohn MW, Manheim LM, Shah SJ, Pearce WH: Rates of lower-extremity
amputation and arterial reconstruction in the United States, 1979 to 1996. Am ] Public Health. 1999,
89:1222-7. 10.2105/ajph.89.8.1222
5. HoV, Wirthlin D, Yun H, Allison J: Physician supply, treatment, and amputation rates for peripheral arterial
disease. ] Vasc Surg. 2005, 42:81-7. 10.1016/}.jvs.2005.03.023
6. Connelly ], Airey M, Chell S: Variation in clinical decision making is a partial explanation for geographical
variation in lower extremity amputation rates. Br | Surg. 2001, 88:529-35. 10.1046/j.1365-2168.2001.01738.x
7. Nehler MR, Coll JR, Hiatt WR, et al.: Functional outcome in a contemporary series of major lower extremity
amputations. ] Vasc Surg. 2003, 38:7-14. 10.1016/s0741-5214(03)00092-2
8. Hasson JE, Acher CW, Wojtowycz M, et al.: Lower extremity percutaneous transluminal angioplasty:
multifactorial analysis of morbidity and mortality. Surgery. 1990, 108:744-8. 10.1016/S0741-5214(03)00092-
2
9. Kantonen I, Lepdntalo M, Luther M, et al.: Factors affecting the results of surgery for chronic critical leg
ischemia--a nationwide survey. Finnvasc Study Group. | Vasc Surg. 1998, 27:940-7. 10.1016/s0741-
5214(98)70276-9
10. Belmont PJ Jr, Davey S, Orr JD, Ochoa LM, Bader JO, Schoenfeld AJ: Risk factors for 30-day postoperative
complications and mortality after below-knee amputation: a study of 2,911 patients from the national
surgical quality improvement program. ] Am Coll Surg. 2011, 213:370-8. 10.1016/j.jamcollsurg.2011.05.019
11. Marahanumaiah S, Govindaiah S: A five year retrospective study of factors influencing outcome of major
lower limb amputations. ] Vasc Surg. 2020, 7:2553-6. 10.1016/50741-5214(98)70276-9
12. Hasanadka R, McLafferty RB, Moore CJ, Hood DB, Ramsey DE, Hodgson K]J: Predictors of wound
complications following major amputation for critical limb ischemia. ] Vasc Surg. 2011, 54:1374-82.
10.1016/j.jvs.2011.04.048
13.  Singh N, Armstrong DG, Lipsky BA: Preventing foot ulcers in patients with diabetes . JAMA. 2005, 293:217-
28.10.1001/jama.293.2.217
14. Feinglass ], Pearce WH, Martin GJ, et al.: Postoperative and late survival outcomes after major amputation:
findings from the Department of Veterans Affairs National Surgical Quality Improvement Program. Surgery.
2001, 130:21-9. 10.1067/msy.2001.115359
15.  Kristensen MT, Holm G, Kirketerp-Mgller K, Krasheninnikoff M, Gebuhr P: Very low survival rates after non-
traumatic lower limb amputation in a consecutive series: what to do?. Interact Cardiovasc Thorac Surg.
2012, 14:543-7. 10.1093/icvts/ivr075
16. Bhatnagar V, Richard E, Melcer T, Walker J, Galarneau M: Retrospective study of cardiovascular disease risk
factors among a cohort of combat veterans with lower limb amputation. Vasc Health Risk Manag. 2019,
15:409-18. 10.2147/VHRM.S212729
17.  de Godoy JM, Ribeiro JV, Caracanhas LA, Godoy Mde F: Hospital infection after major amputations. Ann Clin

2023 Qaarie et al. Cureus 15(5): €38944. DOI 10.7759/cureus.38944 60f8


javascript:void(0)
https://dx.doi.org/10.1007/s11999-014-3480-6
https://dx.doi.org/10.1007/s11999-014-3480-6
https://dx.doi.org/10.1111/j.1445-2197.1998.tb04843.x
https://dx.doi.org/10.1111/j.1445-2197.1998.tb04843.x
https://dx.doi.org/10.1001/archsurg.139.4.395
https://dx.doi.org/10.1001/archsurg.139.4.395
https://dx.doi.org/10.2105/ajph.89.8.1222
https://dx.doi.org/10.2105/ajph.89.8.1222
https://dx.doi.org/10.1016/j.jvs.2005.03.023
https://dx.doi.org/10.1016/j.jvs.2005.03.023
https://dx.doi.org/10.1046/j.1365-2168.2001.01738.x
https://dx.doi.org/10.1046/j.1365-2168.2001.01738.x
https://dx.doi.org/10.1016/s0741-5214(03)00092-2
https://dx.doi.org/10.1016/s0741-5214(03)00092-2
https://dx.doi.org/10.1016/S0741-5214(03)00092-2
https://dx.doi.org/10.1016/S0741-5214(03)00092-2
https://dx.doi.org/10.1016/s0741-5214(98)70276-9
https://dx.doi.org/10.1016/s0741-5214(98)70276-9
https://dx.doi.org/10.1016/j.jamcollsurg.2011.05.019
https://dx.doi.org/10.1016/j.jamcollsurg.2011.05.019
https://dx.doi.org/10.1016/S0741-5214(98)70276-9
https://dx.doi.org/10.1016/S0741-5214(98)70276-9
https://dx.doi.org/10.1016/j.jvs.2011.04.048
https://dx.doi.org/10.1016/j.jvs.2011.04.048
https://dx.doi.org/10.1001/jama.293.2.217
https://dx.doi.org/10.1001/jama.293.2.217
https://dx.doi.org/10.1067/msy.2001.115359
https://dx.doi.org/10.1067/msy.2001.115359
https://dx.doi.org/10.1093/icvts/ivr075
https://dx.doi.org/10.1093/icvts/ivr075
https://dx.doi.org/10.2147/VHRM.S212729
https://dx.doi.org/10.2147/VHRM.S212729
https://dx.doi.org/10.1186/1476-0711-9-15

Cureus

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

45.

46.

Microbiol Antimicrob. 2010, 9:15. 10.1186/1476-0711-9-15

Dutronc H, Gobet A, Dauchy FA, et al.: Stump infections after major lower-limb amputation: a 10-year
retrospective study. Med Mal Infect. 2013, 43:456-60. 10.1016/j.medmal.2013.09.003

Struijk-Mulder MC, van Wijhe W, Sze Yk, et al.: Death and venous thromboembolism after lower extremity
amputation. ] Thromb Haemost. 2010, 8:2680-4.

Fortington LV, Geertzen JH, van Netten JJ, Postema K, Rommers GM, Dijkstra PU: Short and long term
mortality rates after a lower limb amputation. Eur | Vasc Endovasc Surg. 2013, 46:124-31.
10.1016/j.€jvs.2013.03.024

Cascini S, Agabiti N, Davoli M, et al.: Survival and factors predicting mortality after major and minor lower-
extremity amputations among patients with diabetes: a population-based study using health information
systems. BMJ Open Diabetes Res Care. 2020, 8: 10.1136/bmjdrc-2020-001355

Johannesson A, Larsson GU, Ramstrand N, Lauge-Pedersen H, Wagner P, Atroshi I: Outcomes of a
standardized surgical and rehabilitation program in transtibial amputation for peripheral vascular disease: a
prospective cohort study. Am J Phys Med Rehabil. 2010, 89:293-303. 10.1097/PHM.0b013e3181cflbee
Penn-Barwell JG: Outcomes in lower limb amputation following trauma: a systematic review and meta-
analysis. Injury. 2011, 42:1474-9. 10.1016/j.injury.2011.07.005

Subramaniam B, Pomposelli F, Talmor D, Park KW: Perioperative and long-term morbidity and mortality
after above-knee and below-knee amputations in diabetics and nondiabetics. Anesth Analg. 2005, 100:1241-
7.10.1213/01.ANE.0000147705.94738.31

Vamos EP, Bottle A, Edmonds ME, Valabhji ], Majeed A, Millett C: Changes in the incidence of lower
extremity amputations in individuals with and without diabetes in England between 2004 and 2008.
Diabetes Care. 2010, 33:2592-7. 10.2337/dc10-0989

Moxey PW, Hofman D, Hinchliffe R], Poloniecki ], Loftus IM, Thompson MM, Holt PJ: Delay influences
outcome after lower limb major amputation. Eur ] Vasc Endovasc Surg. 2012, 44:485-90.
10.1016/j.ejvs.2012.08.003

Jones WS, Patel MR, Dai D, Vemulapalli S, Subherwal S, Stafford J, Peterson ED: High mortality risks after
major lower extremity amputation in Medicare patients with peripheral artery disease. Am Heart J. 2013,
165:809-15, 815.e1. 10.1016/j.ahj.2012.12.002

Wong MW: Predictors for mortality after lower-extremity amputations in geriatric patients . Am J Surg.
2006, 191:443-7. 10.1016/j.amjsurg.2006.01.003

Wiessman MP, Liberty IF, Segev RW, Katz T, Abu Tailakh M, Novack V: Clinical characteristics and survival
of patients with diabetes mellitus following non-traumatic lower extremity amputation. Isr Med Assoc J.
2015, 17:145-9.

Canavan RJ, Unwin NC, Kelly WF, Connolly VM: Diabetes- and nondiabetes-related lower extremity
amputation incidence before and after the introduction of better organized diabetes foot care: continuous
longitudinal monitoring using a standard method. Diabetes Care. 2008, 31:459-63. 10.2337/dc07-1159
Patterson AJ, Degnan AJ, Walsh SR, et al.: Efficacy of VBHOM to predict outcome following major lower
limb amputation. Vasc Endovascular Surg. 2012, 46:369-73. 10.1177/1538574412445600

Beyaz S, Giiler UO, Bagir GS: Factors affecting lifespan following below-knee amputation in diabetic
patients. Acta Orthop Traumatol Turc. 2017, 51:393-7. 10.1016/j.a0tt.2017.07.001

Scott SW, Bowrey S, Clarke D, Choke E, Bown MJ, Thompson JP: Factors influencing short- and long-term
mortality after lower limb amputation. Anaesthesia. 2014, 69:249-58. 10.1111/anae.12532

Ikonen TS, Sund R, Venermo M, Winell K: Fewer major amputations among individuals with diabetes in
Finland in 1997-2007: a population-based study. Diabetes Care. 2010, 33:2598-603. 10.2337/dc10-0462
Almaraz MC, Gonzdlez-Romero S, Bravo M, et al.: Incidence of lower limb amputations in individuals with
and without diabetes mellitus in Andalusia (Spain) from 1998 to 2006. Diabetes Res Clin Pract. 2012, 95:399-
405. 10.1016/j.diabres.2011.10.035

Icks A, Scheer M, Morbach S, et al.: Time-dependent impact of diabetes on mortality in patients after major
lower extremity amputation: survival in a population-based 5-year cohort in Germany. Diabetes Care. 2011,
34:1350-4. 10.2337/dc10-2341

Eskelinen E, Eskelinen A, Albdck A, Lepdntalo M: Major amputation incidence decreases both in non-
diabetic and in diabetic patients in Helsinki. Scand ] Surg. 2006, 95:185-9. 10.1177/145749690609500311
Kolossvary E, Ferenci T, Kovats T, Kovacs L, Jarai Z, Menyhei G, Farkas K: Trends in major lower limb
amputation related to peripheral arterial disease in Hungary: a nationwide study (2004-2012). Eur ] Vasc
Endovasc Surg. 2015, 50:78-85. 10.1016/j.ejvs.2015.02.019

de Godoy JM, de Godoy MF, Batigalia F, Travolo AR, Monteiro EH: Lower-extremity amputation: a 6-year
follow-up study in Brazil. ] Orthop Surg (Hong Kong). 2005, 13:164-6. 10.1177/230949900501300210
Lombardo FL, Maggini M, De Bellis A, et al.: Lower extremity amputations in persons with and without
diabetes in Italy: 2001-2010. PLoS One. 2014, 9:86405. 10.1371/journal.pone.0086405

Pande SD, Kamal A, Zaw E, Tin AE : Patients following lower limb amputation: a retrospective cohort study
showing how to improve survival and rehabilitation outcomes. Int | Surg Open. 2019, 20:24-8.

Robinson KP: Long posterior flap amputation in geriatric patients with ischaemic disease . Ann R Coll Surg
Engl. 1976, 58:440-51.

Shah SK, Bena JF, Allemang MT, Kelso R, Clair DG, Vargas L, Kashyap VS: Lower extremity amputations:
factors associated with mortality or contralateral amputation. Vasc Endovascular Surg. 2013, 47:608-13.
10.1177/1538574413503715

Cruz CP, Eidt JF, Capps C, Kirtley L, Moursi MM: Major lower extremity amputations at a Veterans Affairs
hospital. Am J Surg. 2003, 186:449-54. 10.1016/j.amjsurg.2003.07.027

Remes L, Isoaho R, Vahlberg T, Hiekkanen H, Korhonen K, Viitanen M, Rautava P: Major lower extremity
amputation in elderly patients with peripheral arterial disease: incidence and survival rates. Aging Clin Exp
Res. 2008, 20:385-93. 10.1007/BF03325142

Carmona GA, Hoffmeyer P, Herrmann FR, et al.: Major lower limb amputations in the elderly observed over
ten years: the role of diabetes and peripheral arterial disease. Diabetes Metab. 2005, 31:449-54.
10.1016/s1262-3636(07)70215-x

2023 Qaarie et al. Cureus 15(5): €38944. DOI 10.7759/cureus.38944

70f8


https://dx.doi.org/10.1186/1476-0711-9-15
https://dx.doi.org/10.1016/j.medmal.2013.09.003
https://dx.doi.org/10.1016/j.medmal.2013.09.003
https://www.jthjournal.org/article/S1538-7836(22)06645-4/fulltext
https://dx.doi.org/10.1016/j.ejvs.2013.03.024
https://dx.doi.org/10.1016/j.ejvs.2013.03.024
https://dx.doi.org/10.1136/bmjdrc-2020-001355
https://dx.doi.org/10.1136/bmjdrc-2020-001355
https://dx.doi.org/10.1097/PHM.0b013e3181cf1bee
https://dx.doi.org/10.1097/PHM.0b013e3181cf1bee
https://dx.doi.org/10.1016/j.injury.2011.07.005
https://dx.doi.org/10.1016/j.injury.2011.07.005
https://dx.doi.org/10.1213/01.ANE.0000147705.94738.31
https://dx.doi.org/10.1213/01.ANE.0000147705.94738.31
https://dx.doi.org/10.2337/dc10-0989
https://dx.doi.org/10.2337/dc10-0989
https://dx.doi.org/10.1016/j.ejvs.2012.08.003
https://dx.doi.org/10.1016/j.ejvs.2012.08.003
https://dx.doi.org/10.1016/j.ahj.2012.12.002
https://dx.doi.org/10.1016/j.ahj.2012.12.002
https://dx.doi.org/10.1016/j.amjsurg.2006.01.003
https://dx.doi.org/10.1016/j.amjsurg.2006.01.003
https://pubmed.ncbi.nlm.nih.gov/25946764/
https://dx.doi.org/10.2337/dc07-1159
https://dx.doi.org/10.2337/dc07-1159
https://dx.doi.org/10.1177/1538574412445600
https://dx.doi.org/10.1177/1538574412445600
https://dx.doi.org/10.1016/j.aott.2017.07.001
https://dx.doi.org/10.1016/j.aott.2017.07.001
https://dx.doi.org/10.1111/anae.12532
https://dx.doi.org/10.1111/anae.12532
https://dx.doi.org/10.2337/dc10-0462
https://dx.doi.org/10.2337/dc10-0462
https://dx.doi.org/10.1016/j.diabres.2011.10.035
https://dx.doi.org/10.1016/j.diabres.2011.10.035
https://dx.doi.org/10.2337/dc10-2341
https://dx.doi.org/10.2337/dc10-2341
https://dx.doi.org/10.1177/145749690609500311
https://dx.doi.org/10.1177/145749690609500311
https://dx.doi.org/10.1016/j.ejvs.2015.02.019
https://dx.doi.org/10.1016/j.ejvs.2015.02.019
https://dx.doi.org/10.1177/230949900501300210
https://dx.doi.org/10.1177/230949900501300210
https://dx.doi.org/10.1371/journal.pone.0086405
https://dx.doi.org/10.1371/journal.pone.0086405
https://www.sciencedirect.com/science/article/pii/S2405857219300488
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2491869/
https://dx.doi.org/10.1177/1538574413503715
https://dx.doi.org/10.1177/1538574413503715
https://dx.doi.org/10.1016/j.amjsurg.2003.07.027
https://dx.doi.org/10.1016/j.amjsurg.2003.07.027
https://dx.doi.org/10.1007/BF03325142
https://dx.doi.org/10.1007/BF03325142
https://dx.doi.org/10.1016/s1262-3636(07)70215-x
https://dx.doi.org/10.1016/s1262-3636(07)70215-x

Cureus

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Mandrup-Poulsen T, Jensen JS: Mortality after major amputation following gangrene of the lower limb . Acta
Orthop Scand. 1982, 53:879-84. 10.3109/17453678208992842

Rosen N, Gigi R, Haim A, Salai M, Chechik O: Mortality and reoperations following lower limb amputations .
Isr Med Assoc J. 2014, 16:83-7.

Hermodsson Y, Ekdahl C, Persson BM: Outcome after trans-tibial amputation for vascular disease. a follow-
up after eight years. Scand J Caring Sci. 1998, 12:73-80. 10.1111/j.1471-6712.1998.th00479.x

Lim TS, Finlayson A, Thorpe JM, et al.: Outcomes of a contemporary amputation series. ANZ ] Surg. 2006,
76:300-5. 10.1111/j.1445-2197.2006.03715.x

Karam J, Shepard A, Rubinfeld I: Predictors of operative mortality following major lower extremity
amputations using the National Surgical Quality Improvement Program public use data. ] Vasc Surg. 2013,
58:1276-82. 10.1016/j.jvs.2013.05.026

Nelson MT, Greenblatt DY, Soma G, Rajimanickam V, Greenberg CC, Kent KC: Preoperative factors predict
mortality after major lower-extremity amputation. Surgery. 2012, 152:685-94. 10.1016/j.surg.2012.07.017
Bates BE, Xie D, Kurichi JE, Cowper Ripley D, Kwong PL, Stineman MG: Revisiting risks associated with
mortality following initial transtibial or transfemoral amputation. ] Rehabil Res Dev. 2012, 49:1479-92.
10.1682/jrrd.2012.02.0030

Ciufo DJ, Thirukumaran CP, Marchese R, Oh I: Risk factors for reoperation, readmission, and early
complications after below knee amputation. Injury. 2019, 50:462-6. 10.1016/j.injury.2018.10.031

Sandnes DK, Sobel M, Flum DR: Survival after lower-extremity amputation. ] Am Coll Surg. 2004, 199:394-
402. 10.1016/j.jamcollsurg.2004.05.270

Mayfield JA, Reiber GE, Maynard C, et al.: Survival following lower-limb amputation in a veteran
population. ] Rehabil Res Dev. 2001, 38:341-5.

Kulkarni J, Pande S, Morris J: Survival rates in dysvascular lower limb amputees . Int ] Surg. 2006, 4:217-21.
10.1016/j.ijsu.2006.06.027

Pohjolainen T, Alaranta H: Ten-year survival of Finnish lower limb amputees . Prosthet Orthot Int. 1998,
22:10-6. 10.3109/03093649809164452

Thomas SR, Perkins JM, Magee TR, Galland RB: Transmetatarsal amputation: an 8-year experience . Ann R
Coll Surg Engl. 2001, 83:164-6.

Mwipatayi BP, Naidoo NG, Jeffery PC, Maraspini CD, Adams MZ, Cloete N: Transmetatarsal amputation:
three-year experience at Groote Schuur Hospital. World ] Surg. 2005, 29:245-8. 10.1007/s00268-004-7456-7
Pollard J, Hamilton GA, Rush SM, Ford LA: Mortality and morbidity after transmetatarsal amputation:
retrospective review of 101 cases. ] Foot Ankle Surg. 2006, 45:91-7. 10.1053/j.jfas.2005.12.011

Krause FG, deVries G, Meakin C, Kalla TP, Younger AS: Outcome of transmetatarsal amputations in
diabetics using antibiotic beads. Foot Ankle Int. 2009, 30:486-93. 10.3113/FA1.2009.0486

O’Brien PJ, Cox MW, Shortell CK: Risk factors for early failure of surgical amputations: an analysis of 8,878
isolated lower extremity amputation procedures. | Vasc Surg. 2013, 58:844-5.

Terashi H, Kitano I, Tsuji Y, Hashikawa K, Tahara S: A modified transmetatarsal amputation. ] Foot Ankle
Surg. 2011, 50:441-4. 10.1053/j.jfas.2011.03.018

Kihn RB, Warren R, Beebe GW: The "geriatric" amputee. Ann Surg. 1972, 176:305-14. 10.1097/00000658-
197209000-00006

Tang TY, Prytherch DR, Walsh SR, et al.: The development of a VBHOM-based outcome model for lower
limb amputation performed for critical ischaemia. Eur ] Vasc Endovasc Surg. 2009, 37:62-6.
10.1016/j.ejvs.2008.09.019

Michaela Modan, Einat Peles, Hillel Halkin, et al.: Increased cardiovascular disease mortality rates in
traumatic lower limb amputees. Am J Card. 1998, 82:P1242-1247. 10.1016/50002-9149(98)00601-8

2023 Qaarie et al. Cureus 15(5): €38944. DOI 10.7759/cureus.38944

8of8


https://dx.doi.org/10.3109/17453678208992842
https://dx.doi.org/10.3109/17453678208992842
https://pubmed.ncbi.nlm.nih.gov/24645225/
https://dx.doi.org/10.1111/j.1471-6712.1998.tb00479.x
https://dx.doi.org/10.1111/j.1471-6712.1998.tb00479.x
https://dx.doi.org/10.1111/j.1445-2197.2006.03715.x
https://dx.doi.org/10.1111/j.1445-2197.2006.03715.x
https://dx.doi.org/10.1016/j.jvs.2013.05.026
https://dx.doi.org/10.1016/j.jvs.2013.05.026
https://dx.doi.org/10.1016/j.surg.2012.07.017
https://dx.doi.org/10.1016/j.surg.2012.07.017
https://dx.doi.org/10.1682/jrrd.2012.02.0030
https://dx.doi.org/10.1682/jrrd.2012.02.0030
https://dx.doi.org/10.1016/j.injury.2018.10.031
https://dx.doi.org/10.1016/j.injury.2018.10.031
https://dx.doi.org/10.1016/j.jamcollsurg.2004.05.270
https://dx.doi.org/10.1016/j.jamcollsurg.2004.05.270
https://www.rehab.research.va.gov/jour/01/38/3/pdf/mayfield.pdf
https://dx.doi.org/10.1016/j.ijsu.2006.06.027
https://dx.doi.org/10.1016/j.ijsu.2006.06.027
https://dx.doi.org/10.3109/03093649809164452
https://dx.doi.org/10.3109/03093649809164452
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2503581/
https://dx.doi.org/10.1007/s00268-004-7456-7
https://dx.doi.org/10.1007/s00268-004-7456-7
https://dx.doi.org/10.1053/j.jfas.2005.12.011
https://dx.doi.org/10.1053/j.jfas.2005.12.011
https://dx.doi.org/10.3113/FAI.2009.0486
https://dx.doi.org/10.3113/FAI.2009.0486
https://pubmed.ncbi.nlm.nih.gov/23521969/
https://dx.doi.org/10.1053/j.jfas.2011.03.018
https://dx.doi.org/10.1053/j.jfas.2011.03.018
https://dx.doi.org/10.1097/00000658-197209000-00006
https://dx.doi.org/10.1097/00000658-197209000-00006
https://dx.doi.org/10.1016/j.ejvs.2008.09.019
https://dx.doi.org/10.1016/j.ejvs.2008.09.019
https://dx.doi.org/10.1016/S0002-9149(98)00601-8
https://dx.doi.org/10.1016/S0002-9149(98)00601-8

	Life Expectancy and Mortality After Lower Extremity Amputation: Overview and Analysis of Literature
	Abstract
	Introduction And Background
	Review
	Materials & methods
	Results
	FIGURE 1: PRISMA flow diagram for included studies

	Discussion
	TABLE 1: Included studies


	Conclusions
	Additional Information
	Disclosures

	References


