
Diabetes mellitus is a chronic condition that can lead to se-
vere disabilities and burden. It is estimated that 1 in 11 

adults, representing a total of more than 463 million people, 
are treated for diabetes mellitus worldwide [1]. This number is 
expected to grow during the next 20 years, reaching over 700 
million by 2045 [1]. Foot ulcers related to diabetic neuropathy 
and/or peripheral vascular disease are common complications 
among diabetic patients with reported annual incidence of 2.2–
6.3% of the population [2-4] and an estimated lifetime incidence 
of 15-25% [5]. The devastating outcome of some of these ulcers 

can be a major lower extremity amputation (LEA), including 
mainly below knee amputations (BKA) or above knee amputa-
tions (AKA). Despite advances in medical treatment, the rate of 
major limb amputations among diabetic patients is high, with 
different rates around the world [6].

In this study, we described a population that had LEAs at 
the Shamir Medical Center in Israel and analyzed their 1- and 
2-year survival rates as well as their functional status following 
the amputation to better understand the contributing factors to 
the relatively high amputation rates reported in Israel.

A retrospective assessment was conducted of all major amputa-
tions in our medium-sized medical center between 1 September 
2017 and 30 September 2018. Trauma and tumor patients were 
excluded.

Patients were identified based on the codes for AKA and BKA. 
We do not perform knee or ankle disarticulations in these pa-
tients. Data collected from patient medical files included demo-
graphics and pre-amputation functional status, type of primary 
intervention (first, in the time frame, as a patient could have 
undergone several procedures, revision surgery or contralateral 
amputation), all-cause mortality, survival, and complications.

We used the updated version of the Age-Adjusted Charlson Co-
morbidity Index (ACCI), consisting of 12 co-morbidities, giv-
ing the various co-morbidities values 1 or 2, and each decade of 
age between 50 and 80 an additional increment of 1. The final 
score could vary between 0 and 22 [7].

Statistical analyses were performed using SAS 9.4 T5 M6 
software (SAS Institute Inc., Cary, NC, USA). Patient char-
acteristics were described as mean ± standard deviation and 
95% confidence interval (95%CI) or median and interquartile 



range (IQR) or frequencies and percentages (%) asappropriate, 
based on visualization of data histograms. Univariate analysis 
was performed using chi-square, Student’s -test or Wilcoxon 
Mann–Whitney, as appropriate. Hazard ratio (HR) for possible 
predictors of early death were calculated with Cox proportional 
hazards models using PROC PHREG in a stepwise manner, and 
as level of amputation was highly significant on univariate anal-
ysis but not in the Cox proportional hazards model, separately 
for AKA and BKA. Females were found to be at higher risk only 
in the Cox proportional hazards model (and not by univariate 
analysis). This finding was verified by stratification of the chi-
square of the variables death and sex by age groups. Cumulative 
mortality curves were presented as Kaplan-Meier plots.

The institutional review board approved this study as a retro-
spective chart study (approval ASF-0089-18).

We identified 85 major limb amputations in 77 patients (includ-
ing 1 bilateral AKA and repeated operations: 2 BKA to AKA 
revisions, 4 AKA following contralateral AKA and 1 BKA 
following contralateral BKA). Three amputations for trauma 
and two for surgical complications were excluded, leaving 72 
patients amputated for infection or ischemia (53 diabetic and 
ischemic, 9 diabetic, and 10 ischemic). All but five of the isch-
emic patients were amputated for infection, 31 BKAs and 41 
AKAs were recorded and followed. Mean and median age of 
the 72 patients was 72 ± 10 years (range 33–96, IQR 66–80) 
with a male predominance of 73.6%. Type 2 diabetes was pres-
ent in 93% of the patients. The most prevalent co-morbidities 
were peripheral vascular disease (87%), ischemic heart disease 
(53%), and chronic renal disease (44%) with 26% of the patients 
on dialysis. Mean ACCI was 8.2 ± 2.1 with 90% (65 patients) 
presenting with a score of 6 or higher. Laboratory values and 
co-morbidities on admission are presented in Table 1. The mean 
interval from diagnosis of diabetes to amputation was 20.1 ± 9.7 
years, with a median of 20 (n=37). Other patient characteristics 
and co-morbidities are detailed in Table 1.

Of the 72 patients, 27 (37.5%) had had a previous ipsilateral am-
putation (12 toes, 5 single rays, 5 transmetatarsal amputations, 
and 5 BKAs) and 16 (22%) had had a previous contralateral am-
putation (any level). Ambulation status is presented in Table 2.

The 30-day, 3-month, 1-year, and 2-year mortality rates were 
15.3%, 27.8%, 43.1%, and 54.2% respectively. Median survival 



period was 20 (mean 19.3 ± 1.8) months. Survival after AKA was 
13.4 ± 2.0 months, significantly less than after BKA (25.4 ± 2.7, 

 = 0.097). High ACCI scores (over 8) were significantly asso-
ciated with both short-term and long-term mortality [Figure 1].

On Cox proportional hazard regression, AKA was found 
to have a considerably higher hazard of earlier death (HR 2.25, 
95%CI 1.21–4.19) but when age and sex were added to the model, 
the amputation level was removed from the model leaving only 
age (HR 1.08, 95%CI 1.04–1.10) and sex (HR 1.96, 95%CI 1.03–
3.72), which implicates an extra hazard of 1% per year of age and 
women at twice the hazard of men (even though women were not 
at greater hazard by univariate analysis without stratification).

For AKA, pulmonary disease was related to a considerably 

higher hazard of earlier death (HR 7.45, 95%CI 1.89–29.40). 
For BKA, dementia was related to a considerably higher hazard 
of earlier death (HR 20.02, 95%CI 1.72–233.53) and age (HR 
1.10, 95%CI 1.02–233.53).

Further data on functional outcomes are available on 
10.6084/m9.figshare.19474787

Diabetes mellitus is one of the most common causes of mor-
bidity and mortality in the world. LEA rates in diabetic patients 
(LEARD) are considered an important indicator of high-mor-
bidity and worse outcomes among diabetic patients. For this 



reason, the Organization of Economic Co-operation and De-
velopment (OECD) declared that reducing LEARD is a major 
health priority and considered a core indicator of the long-term 
quality of diabetes care worldwide [8,9]. 

During the last decade, a significant decline in LEARD has 
been demonstrated, attributed to diabetic foot ulcers prevention 
and early identification and intervention [8]. Israel is also on the 
way to improving the three aspects of LEARD reduction [10]. 
The OECD reported definition of major LEA rates is the number 
of discharges of people aged 15 years and over per 100,000 popu-
lation. As the OECD reports are based on data shared by govern-
mental ministries of health, different data definitions, coding, and 
acquisition methods were presented as limitations by the report 
authors themselves [8]. There is no doubt about the importance of 
lowering LEARD by introducing better treatment, reducing dia-
betes, and preventing complications with better surveillance and 
treatment of insensate feet, advanced vascular support including 
invasive radiology and vascular surgery, and advanced surgical 
management of diabetic foot infection, sometimes replacing ma-
jor amputations with minor ones [11-15]. There may be other fac-
tors effecting amputation rates that prevent simple inference from 
international comparisons. In response to the 2017 OECD report 
accrediting Austria third place in LEARD with 14.1 amputations 
per 100,000 population, Aziz et al. [16] published national data 
on the amputees and their co-morbidities, indicating that Austri-
an amputees are very moribund beyond the actual diabetes and 
its complications. In a select group of amputees (probably main-
ly vascular, mean age 66, Shutze and colleagues [17] reported 
18.8% one-year mortality and a 42.0% prosthesis referral rate. 
Kamrad and co-authors [18] reported on the SwedeAmp data-
base. They had 24% one-year mortality, mean age 74 years, and 
45% vascular without diabetes; 41% of their patients were as-
sessed as potential users of a functional prosthesis. The age of 
our patients was similar but our 1-year mortality was significantly 
higher (43.1%). Following Aziz et al [16] we measured and found 
the mean ACCI to be 8.2 ± 2.1 and over 90% with a score of 6 or 
higher. These data show considerably higher morbidity than those 
presented by Aziz et al. (6.1 ± 2.4,  < 0.0001). This result ac-
counts for our higher mortality and median survival of 20 months 
compared with 36 months in Austria. Indeed, this mortality is 
somewhat similar to that reported by Meyer et al. [19] in end-
stage renal disease: median survival following amputations was 
10 months and 22 months in chronic kidney failure and normal 
kidney patients, respectively.

Before the amputation, only 18% of our patients left their 
homes at all and only 7% could do so without significant limita-
tions, about half were bed-ridden or transferred to a wheelchair by 
a caregiver. A quarter of our amputees had an official diagnosis 
of dementia. These data seem to correspond with other data pub-
lished in Israel regarding geriatric amputees admitted to a rehabil-
itation program (and therefore possibly a selected subgroup of our 
population [20]). In a study from Jerusalem on all admissions to a 

dedicated diabetic foot unit [21], the reported one-year mortality 
was 24.5% compared to our 27.8%, possibly indicating different 
population characteristics. Their mean age was 8 years young-
er, but their co-morbidity rates seem comparable. Paryente Wi-
essman and colleagues [22] reported 31.7% 1-year mortality for 
minor amputations, 39.8% for major amputations, with no statis-
tically significant difference between AKA and BKA. Other data, 
also from the south of Israel seemed to represent similar mortality 
during the index admission, but did not give 1-year mortality [23]. 

Salvaging an ischemic and infected limb in an elderly 
bed-ridden patient with multiple co-morbidities is challenging 
and consumes resources and can take months of isolation of the 
patient from their family and home [24]. Even if successful, this 
treatment will not change the function of the patients or their 
basic condition. In these patients, a major limb amputation may 
be the appropriate treatment and has some accepted indications. 
If the ischemic limb is painful, an amputation is a good pallia-
tive procedure to eliminate the pain [25]. Removal of a necrotic 
foot may ease nursing by eliminating the need for daily dress-
ings and wound care and eliminating possibly offensive smell. 
Removing the leg also removes the source for bacteremia and 
sepsis, possibly improving the overall condition of the patient 
and prolonging life. However, this indication is highly contro-
versial and strongly influenced by cultural and religious factors 
and thus may vary considerably across countries and cultures. 
Some may feel that amputation is a futile and unnecessary pro-
cedure, possibly lengthening suffering, preferring a non-opera-
tive approach in these elderly bedridden patients accepting the 
imminent death. Others believe that life should be lengthened at 
any cost. The approach to this dilemma may significantly influ-
ence the rate of amputations of different countries. Our medical 
team does not believe we have the right to dictate end-of-life 
decisions, and that if a patient or family requests an amputation 
or prefers not to have one, we follow their request, within rea-
sonable medical indications and legal restrictions.

The 2019 OECD report ranked Israel second from last in terms 
of major lower limb amputation rates in diabetics, suggesting low 
quality of medical management of these patients [9]. 

Our findings suggest that by addressing the numbers of ampu-
tation as conferring sub-optimal treatment of diabetes, we ignore 
several important factors. First and most important, the amputee 
population in Israel differs from other OECD countries in both 
age and medical condition. Our amputee population presented 
with a very high ACCI compared with available data on other 
OECD countries. Second, a large proportion of the Israeli popula-
tion follows religious practices that sanctify life, creating pressure 
to do anything that might, in their opinion, keep the patient alive 
longer. This category includes religious Jews and Muslims, and 
also many more secular citizens who tend to be more orthodox re-
garding end-of-life and mourning customs. This religious/cultural 
trend may also be coupled with a desire or need to do something 
active in their stressful situation. Only after these factors are con-



sidered, it might be reasonable to infer from crude amputation 
rates on the level of medical treatment in reducing LEARD.

This study assessed the amputee population of a single medi-
cal center, which may affect the validity of our results, but they 
seem to correspond with other data published from the center 
and south of Israel [20]. Beyond mortality, we presented no 
follow-up beyond discharge (functional results are presented in 
from 10.6084/m9.figshare.19474787). Other limitations include 
the short period of patient selection (less than most national reg-
istries). We would have liked to present some indication of dia-
betes control (namely hemoglobin A1c) but this is not routinely 
measured on inpatients, so these data are missing.

Amputees in Israel present a moribund population. Crude am-
putation rates may not represent a failure of treatment but rather 
end-of-life events and decisions. Therefore, direct comparisons 
between countries may not enable meaningful conclusions.


