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OBJECTIVE

The objectives of this study were to 1) describe postoperative mortality after
lower-limb amputation in a national prevalent cohort of patients with diabetes, and 2) investigate whether postoperative mortality differs by demographic
subgroup, patient morbidity level, and health system factors related to the
facility in which the amputation occurred.
RESEARCH DESIGN AND METHODS

A national prevalent cohort of 302,339 individuals diagnosed with diabetes between
2005 and 2014 was followed until the end of 2014 for major and minor lower-limb
amputation and subsequent postoperative mortality by using national health data
collections. Kaplan-Meier survival analysis was used to determine postoperative
survival, whereas Cox proportional hazards models were used to describe the
relative hazard of postoperative mortality, adjusted for covariates.
RESULTS

A total of 6,352 lower-limb amputations occurred over the study period (2,570 major
amputations, 3,782 minor amputations). More than 11% of patients who underwent
major amputation died within 30 days, whereas nearly 18% died within 90 days.
Death was most common among older patients and indigenous Māori. Sex, deprivation, rurality, hospital volume, admission type, and patient comorbidity were not
consistently or substantially independently associated with risk of postoperative
mortality.
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CONCLUSIONS
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In a national prevalent cohort of patients with diabetes, there was high risk of
postoperative mortality as well as a differential risk of postoperative mortality by
demographic subgroup. Further work is required to investigate the drivers of
postoperative mortality among patients with diabetes who undergo amputation.
Although the exception rather than the norm, death in the days and weeks immediately
after a surgical procedure is not uncommon (1). In a U.S. study of .360,000 patients
who underwent procedures between 2005 and 2007, a 30-day mortality rate of 1.75%,
or 6,395 deaths, was observed (2). Nearly one-quarter of all postoperative deaths
occur after the patient has been discharged from the hospital (2).
When examining postoperative mortality, a threshold of 30 days after surgery is a
valid and meaningful measure (3–5) for two key reasons. First, a 30-day threshold is
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less inﬂuenced by events that take place
during or immediately after surgery and
will include the impact of postoperative
care in the weeks after the procedure
(3,4). Second, because postoperative infections typically occur within 28 days of
surgery, a 30-day threshold allows for the
life course of these infections (1).
Lower-limb amputation is one of the
most serious surgical procedures performed in patients with diabetes. Patients with diabetes are more likely to
require lower-limb amputation than
people without diabetes (6–9). For example, in a French study, the incidence of
amputation was 12 times higher among
patients with diabetes than among those
without diabetes (9).
Evidence shows that patients with diabetes who undergo lower-limb amputation have a high mortality rate (10–16).
However, most investigations since have
either focused on comparing rates between diabetic and nondiabetic populations (10,12,13,17–19), only investigated
long-term outcomes (12,20), or restricted
analyses to subgroups of the diabetic population (20) or to single hospitals (21). A
paucity of large studies have investigated
mortality immediately after amputation
in a well-deﬁned diabetic population, and
as such, gaps exist in our understanding
of the frequency of postoperative mortality in this population, how postoperative
mortality differs within this population,
and the factors that ultimately drive this
outcome.
The objectives of this article are to
describe postoperative mortality after
lower-limb amputation in a large cohort
of patients with diabetes and then to
investigate whether postoperative mortality differs by 1) population demographic
factors, 2) health system factors, and 3)
patient-level factors related to comorbidity.

RESEARCH DESIGN AND METHODS
Patients and Data Sources

The national prevalent cohort of New
Zealand patients with diabetes diagnosed
between 2005 and 2014 (N = 302,339),
determined from the Ministry of Health
Virtual Diabetes Register (VDR), was used
for this study. This register uses multiple
informant databases to deﬁne the presence
of diabetes in a given individual, including
hospital discharge, outpatient, national pharmaceutical, and laboratory data (Supplementary Material 1). The Ministry of
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Health uses the VDR to estimate annual
diabetes prevalence in New Zealand (22).
All cohort patients in the register were
assumed to have diabetes.
After the study cohort was deﬁned by
using the VDR, we linked individual patients to inpatient hospital discharge data,
starting from the year 2000 through to
2014 (the National Minimum Dataset
[NMDS]). The NMDS includes diagnosis
and procedure codes in ICD-10 format,
which were used to deﬁne patient comorbidity and the occurrence of amputation (see VARIABLES).
Finally, we linked the study cohort to
the national mortality data collection
from 2005 to 2014 to deﬁne the occurrence of death within the postoperative
period. We used 30-day mortality as our
primary outcome and included 90-day
mortality as a secondary outcome.
Variables

For each patient, we searched the NMDS
for amputation procedures that occurred
between 2005 and 2014 by using ICD-10
procedure codes (Supplementary Material
3). Amputations were categorized as either major (above or through the ankle)
or minor (below the ankle) (23). If a given
amputation event included both a major
and a minor amputation, only the major
amputation was retained (n = 358 occurrences [i.e., 14% of all major amputations
were accompanied by a minor amputation on the same day]). It was possible for
patients to appear more than once in our
data set if they had more than one amputation event during the follow-up period
(e.g., a minor amputation in 2005 and a
major amputation in 2010).
We scanned the list of amputations for
those that had an accompanying trauma
code during the given hospitalization event,
indicating that the amputation may have
been related to a trauma event (ICD-10
codes S78, S88, S98, T053–6, T136). Of all
the amputation events that occurred over
the follow-up period, only seven were
ﬂagged as related to trauma (0.1% of
events). Given this small number of events
and the possibility that these trauma-related
amputations were at least partially related
to the patient’s diabetes, these amputations were retained in the analysis.
Patient sex, ethnicity, deprivation, and
rurality were determined from the VDR
data set. Patient ethnicity was categorized
as either Māori (the indigenous population of New Zealand), Paciﬁc (Samoan,

Cook Island Māori, Tongan, Niuean,
Tokelauan, Fijian, or other Paciﬁc), Asian
(Southeast Asian, Chinese, Indian, or
other Asian) or non-Māori/non-Paciﬁc/
non-Asian (referred to as European/other)
(24). Patient deprivation was deﬁned by
using the 2013 New Zealand Index of
Deprivation (NZDep) quintiles. NZDep
uses multiple informant variables to deﬁne the level of deprivation for a given
area (25). Missing data prevented the
attribution of deprivation for 2,584 patients (0.8% of the total cohort). We
classiﬁed patient rurality by using a modiﬁed version of the Urban/Rural Proﬁle
Classiﬁcation (URPC) (26) to deﬁne census areas as either urban, independent
urban, or rural. Missing data prevented
the attribution of rurality for 2,763 patients (0.9% of the cohort). Patient age
was determined separately for each amputation event and was deﬁned by subtracting the patient’s date of birth from
the date of amputation. Patient age was
categorized as either ,25, 25–49, 50–64,
65–74, or $75 years.
Hospital volume was deﬁned by using
NMDS data. We looked for all amputations that occurred over the study period
and cross-tabulated the number of amputations performedper year byeach hospital. On the basis of this cross-tabulation,
we were able to establish that hospitals largely clustered into three groups:
those that performed .500 amputations
per year (high volume), those that performed 100–499 amputations per year
(medium volume), and those that performed ,100 amputations per year (low
volume).
Admission type was deﬁned by using
NMDS data. This variable is recorded in
hospitalization discharge records as either
acute, arranged/privately funded elective,
or waiting list admission. For the purposes
of this study, we deﬁned admission type
as either acute or nonacute (i.e., elective).
Risk of mortality associated with patient comorbidity was deﬁned by using
the M3 index of multimorbidity (27), which
includes 61 long-term conditions that are
based on ICD-10 coding (two conditions
were not included in our scoring for this
analysis: diabetes with complications and
diabetes without complications). A full
list of conditions is included in Supplementary Material 2 along with the prevalence of each of these conditions within
the study cohort. Level of patient comorbidity was determined at each individual
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amputation event. We examined the NMDS
data in the 5-year period before every
amputation to code the presence of each
relevant M3 index condition. Each identiﬁed
condition was then weighted on the basis
of the condition’s previously determined
independent impact on mortality in the
general population (described elsewhere
[27]), with these weights then summed
to arrive at the ﬁnal M3 index score for a
patient at each amputation event. M3
index was then categorized into the following ﬁve categories for the purposes of
descriptive analysis: 0, .0–1, .1–2, .2–
3, and $3. For the purposes of Cox proportional hazards modeling, M3 index
score was included as a splined linear
variable (27), with knots placed at the
10th, 50th, and 90th percentiles (28).
After the ﬁnal data set was created, we
used mortality data to search for deaths
that occurred within a 30- and 90-day
period after each amputation event.
Death date was used to determine survival time for patients who died within
this postoperative period.
Statistical Analysis
Descriptive Analysis

We described the crude number of amputation events over the follow-up period
by major/minor amputation type, with
results stratiﬁed by covariates (sex, age,
ethnicity, deprivation, rurality, hospital volume, admission type, and comorbidity).
We also described the crude number of
deaths that occurred within 30 and 90 days
of the amputation events.
Survival Analysis

To determine the crude proportion of
deaths that occurred within 30 and
90 days of amputation, we used KaplanMeier survival analysis. We censored
events when either 1) no death occurred
after 30 (or 90) days of follow-up, in
which case patients were censored at the
end of the respective periods, or 2) a subsequent amputation occurred within a
30- (or 90-) day period from the date
of the original amputation. The latter censoring was performed to ensure that
death was only attributed to the amputation that occurred closest in time to the
date of death. A total of 280 amputations
occurred within 30 days of a previous amputation (4% of all amputations), whereas
797 amputations occurred within 90 days
of a previous amputation (13% of all amputations). However, the impact of this
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censoring was minimal. For example,
only seven individuals who died within
30 days of an amputation had had another amputation within the prior 30-day
period. In addition to determining the
crude proportion of deaths that occurred
postamputation, we created Kaplan-Meier
curves to compare survival probability
over the 90-day period between amputation types.
Cox Proportional Hazards Modeling

We used Cox proportional hazards modeling to compare the instantaneous risk of
postoperative mortality within covariate
groups. Adjusted models that included sex
(reference: female), age (reference: 50–64
years), ethnicity (reference: European/
other), deprivation (reference: NZDep
quintiles 1–2 [least deprived]), rurality (reference: urban), hospital volume (reference: .500 amputations/year), admission
type (reference: elective), and comorbidity (reference: M3 index score 0)
were ﬁtted for both amputation types.
Final adjusted hazard ratios (HRs) were
thus the independent association between
the given covariate and risk of postoperative death, adjusted for all other covariates.
HRs were only calculated for 30-day mortality to avoid modeling two proportional
hazards models that included the same
time period with the highest risk of mortality (i.e., the ﬁrst 30 days after surgery).
Finally, after assessing the results of
the crude and adjusted HRs, we selected
two key exposure groups (age and ethnicity) and assessed the iterative impact
of including each covariate into the Cox
models. To do this, we ﬁtted crude models
that compared risk of postoperative mortality between 1) older ($75 years) versus
younger (50–64 years) patients, and 2)
Māori versus European patients. We then
added covariates to the model in a stepby-step fashion to assess the impact of
each set of factors on relative differences
in outcomes. Variables were conceptualized
as demographic factors (age, sex, ethnicity,
deprivation, rurality), health system factors
(hospital volume, admission type), or
patient-level factors (comorbidity). Data
management and analysis was performed with SAS 9.3 statistical software
(SAS Institute) and Microsoft Excel 2010
(Microsoft Corporation).
RESULTS

Characteristics of the cohort are presented in Table 1. Among the 302,339

patients included in the VDR cohort,
6,352 lower-limb amputations were performed over the study period (2,570 major
amputations and 3,782 minor amputations) in 4,164 unique individuals.
Numbers and proportions of deaths
(the latter determined by using KaplanMeier survival analysis) are presented in
Table 2, whereas a crude Kaplan-Meier
survival curve is presented in Supplementary Material 4. Of the 2,570 major
amputations that occurred over the followup period, 11.1% (95% CI 10–12.4%) were
followed by death within 30 days, and
17.6% (95% CI 16.1–19.1%) were followed by death within 90 days.
Adjusted HRs showing the instantaneous risk of death within 30 days for
each covariate by amputation type are
presented in Table 3. Male patients had a
marginally lower risk of dying after a
major amputation than female patients,
although the CI included the null (adjusted HR 0.87 [95% CI 0.68–1.11]). In
terms of age, the greatest risk of postoperative death was observed among
those .75 years of age. Compared with
patients 50–64 years of age, this group
had a 59% greater risk of death after a
major amputation (1.58 [95% CI 1.15–
2.18]) and four times the risk after a minor
amputation (4.15 [95% CI 2.45–7.03]).
Māori were consistently more likely to
die during the postoperative period. Compared with the European/other population,
Māori had a nearly 50% greater risk of dying
immediately after a major amputation (HR
1.46 [95% CI 1.08–1.98]) as well as a 74%
greater risk of dying after a minor amputation (1.73 [95% CI 1.02–2.94]).
No clear evidence showed that level of
deprivation independently affected the
likelihood of postoperative death. Although patients in the poorest deprivation quintiles appeared to have a greater
risk of dying after a minor amputation
than those living in the least-deprived
quintiles, CIs were wide and included
the null (e.g., HR for quintile 1 relative
to quintile 5, 1.79 [95% CI 0.81–3.92]).
Similarly, although our best estimate was
that patients residing in rural areas had a
24% greater risk of dying after a major
amputation (1.24 [95% CI 0.82–1.87])
and a 54% greater risk after a minor amputation (1.43 [95% CI 0.84–2.8]) than those
living in urban areas, the CIs around these
estimates included the null, so we cannot
rule out the possibility of no difference in
survival by rural status (Table 3).
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Table 1—Characteristics of the cohort, by amputation type
Major amputation

Minor amputation

n

%

n

%

Total cohort1

2,570

d

3,782

d

Sex2
Female
Male

891
1,672

34.8
65.2

1,147
2,615

30.5
69.5

Age-group (years)
0–24
25–49
50–64
65–74
$75

10
236
706
708
910

0.4
9.2
27.5
27.5
35.4

24
456
1,166
999
1,137

0.6
12.1
30.8
26.4
30.1

Age (years)3

68.7

13

66.6

13.3

Ethnicity
Māori
Paciﬁc
Asian
European/other

665
195
62
1,648

25.9
7.6
2.4
64.1

632
356
103
2,691

16.7
9.4
2.7
71.2

173
293
454
645
984

6.8
11.5
17.8
25.3
38.6

365
457
662
1,024
1,239

9.7
12.2
17.7
27.3
33.1

Rurality (URPC)
Urban
Independent urban
Rural

1,860
480
195

73.4
18.9
7.7

2,681
660
352

72.6
17.9
9.5

Hospital volume (amputations/year)
.500
100–499
,100

1,525
830
191

59.9
32.6
7.5

2,252
1,103
352

60.7
29.8
9.5

Admission type
Acute
Elective

1,875
695

73
27

2,647
1,135

70
30

280
864
883
421
122

10.9
33.6
34.4
16.4
4.7

425
1,255
1,227
668
207

11.2
33.2
32.4
17.7
5.5

Deprivation (NZDep)
1–2 (least deprived)
3–4
5–6
7–8
9–10 (most deprived)

Comorbidity (M3 index)
0
.0–1
.1–2
.2–3
$3

1
All amputation events occurred between 2005 and 2014. If an event included both a major and
a minor amputation, only the major amputation was counted. 2Sex data were missing for
27 patients (0.4% of amputation events). 3Age data are mean and SD.

Acute admission independently conferred a 44% increased risk of mortality
after a major amputation (HR 1.44 [95%
CI 1.07–1.93]) and a 43% increased risk of
mortality after a minor amputation (1.43
[95% CI 0.92–2.22]). However, no consistent evidence shows that the number of
amputations performed at a given hospital
is related to risk of postoperative mortality.
For example, patients who underwent a
major amputation seemed to have a similar
risk of dying within 30 days whether their
hospital performed .500 amputations
a year (reference group) or ,100 a year
(0.86 [95% CI 0.52–1.40]).

Overall comorbidity burden did not
appear to substantially increase the risk
of postoperative mortality. Although increasing M3 index scores seemed to be
associated with increasing risk of postoperative mortality after a major amputation, the CIs were wide and included
the null. Comorbidity did not appear to
affect risk of mortality after a minor
amputation (Table 3).
Results of the two step-by-step regression analyses for age and ethnicity are
shown in Table 4. When iteratively introducing covariates into a model comparing the risk of mortality between

patients in the oldest age-group ($75
years) with those in the 50–64-year agegroup, we observed that only ethnicity
had a discernible impact on this disparity
(e.g., major amputation: sex-adjusted HR
1.33, sex- and ethnicity-adjusted HR 1.62,
fully adjusted HR 1.59). Similarly, when
comparing the risk of postamputation
mortality between Māori and European/
other patients, we observed that age had
the most discernible impact on the disparity (e.g., major amputation: crude HR
1.30, age-adjusted HR 1.58, fully adjusted
HR 1.46).
CONCLUSIONS

We observed that .1 of every 10 patients
(11%) who underwent a major amputation died within 30 days of their procedure, and .1 in 6 (18%) died within
90 days. Death was less frequent among
those who underwent a minor amputation but not insubstantially, with 3% having died within 30 days and 6% within
90 days. Although this rate of postoperative mortality is substantial, it is consistent with other diabetes literature
(3,10,12,15–17), including a systematic
review of mortality after lower-limb
amputation (18).
Although male patients were more
likely to require an amputation in the
ﬁrst place, little difference existed between the sexes in terms of adjusted
risk of postoperative mortality, consistent with other research (11). This ﬁnding
suggests that female patients who undergo amputation are similar to their male
counterparts in terms of underlying risk
factors for postoperative mortality.
Patients in the oldest age-group were
at the greatest risk of death for both
amputation types and, in relative terms,
were at particularly high risk of mortality
after a minor amputation. Those $75
years of age had four times the risk of
dying within 30 days of a minor amputation than those 50–64 years of age. This
ﬁnding is consistent with other diabetes
studies that observed differences in postamputation mortality outcomes between
younger and older patients (11), indicating that risk of postoperative mortality
is the greatest among the elderly. Amputation procedures undertaken in this
group must be well justiﬁed on the basis
of health need or potential beneﬁt and
accompanied by high-quality postoperative care.
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Table 2—30- and 90-day mortality by amputation type and further stratiﬁed by covariates
Major amputation
30-day mortality

Minor amputation

90-day mortality

30-day mortality

90-day mortality

n1

% (95% CI)2

n1

% (95% CI)2

n1

% (95% CI)2

n1

% (95% CI)2

Total deaths

289

11.1 (10–12.4)

471

17.6 (16.1–19.1)

119

3 (2.5–3.6)

259

5.6 (4.9–6.4)

Sex
Female
Male

112
177

12.5 (10.5–14.8)
10.5 (9.1–12)

185
286

20.2 (17.7–22.9)
16.3 (14.6–18.1)

37
82

3.1 (2.3–4.3)
3 (2.4–3.8)

82
177

5.4 (4.3–6.9)
5.8 (4.9–6.7)

Age (years)
0–24
25–49
50–64
65–74
$75

0
23
74
66
126

0 (0–0)
9.7 (6.6–14.3)
10.3 (8.3–12.8)
9.2 (7.3–11.6)
13.7 (11.7–16.1)

0
31
113
123
204

0 (0–0)
13.1 (9.4–18.2)
14.9 (12.5–17.8)
16.4 (13.9–19.4)
21.8 (19.3–24.6)

0
5
23
30
61

0 (0–0)
1.1 (0.5–2.6)
1.8 (1.2–2.8)
2.8 (1.9–4)
5.4 (4.2–6.8)

0
15
55
62
127

0 (0–0)
1.3 (0.6–2.9)
3.5 (2.6–4.8)
5.4 (4.2–7)
9.8 (8.2–11.7)

Ethnicity
Māori
Paciﬁc
Asian
European/other

88
20
10
171

13.1 (10.8–15.9)
10.3 (6.7–15.4)
16.1 (9–27.9)
10.3 (8.9–11.8)

142
30
11
288

17.7 (10.2–29.7)
16.9 (15.2–18.8)
20 (17.1–23.2)
14.9 (10.6–20.7)

23
12
3
81

3.5
3.4
2.9
2.9

(2.3–5.2)
(1.9–5.9)
(0.9–8.8)
(2.3–3.6)

50
21
6
182

5.8 (2.7–12.5)
5.7 (4.9–6.6)
5.6 (4–7.7)
5.4 (3.5–8.3)

Deprivation (NZDep)
1–2
3–4
5–6
7–8
9–10

22
28
51
75
112

12.7 (8.6–18.7)
9.6 (6.7–13.5)
11 (8.5–14.3)
11.6 (9.4–14.4)
11.2 (9.4–13.3)

30
48
85
117
190

17.3 (12.5–23.9)
15.7 (12–20.5)
17.7 (14.5–21.6)
17.3 (14.6–20.4)
18.6 (16.3–21.1)

9
7
19
37
47

2.2 (1.1–4.3)
1.5 (0.7–3.2)
2.9 (1.8–4.5)
3.6 (2.6–5)
3.6 (2.7–4.7)

31
17
42
78
91

6.9 (4.7–10.1)
2.6 (1.5–4.6)
5.5 (4–7.5)
6.6 (5.2–8.3)
5.9 (4.7–7.3)

Rurality (URPC)
Urban
Independent urban
Rural
Hospital volume (amputations/year)
.500
100–499
,100

211
48
28

11.3 (9.9–12.8)
9.8 (7.5–12.8)
13.9 (9.7–19.6)

336
91
42

17.3 (15.7–19.1)
18.6 (15.4–22.4)
19.7 (14.7–26)

78
27
14

2.9 (2.3–3.6)
3.8 (2.6–5.6)
3.7 (2.2–6.3)

176
53
30

5.4 (4.6–6.3)
6.7 (5–8.9)
7.2 (4.9–10.4)

174
95
18

11.3 (9.8–13)
11.3 (9.4–13.7)
9.4 (6–14.5)

279
155
35

17.6 (15.8–19.6)
17.8 (15.3–20.6)
17.3 (12.7–23.5)

68
40
11

3 (2.4–3.8)
3.4 (2.5–4.7)
2.6 (1.3–4.9)

148
94
17

5.6 (4.7–6.7)
6.8 (5.4–8.4)
3.4 (2–6)

Admission type
Acute
Elective

231
58

12.2 (10.8–13.8)
8.2 (6.4–10.5)

376
95

19.2 (17.5–21.1)
13.1 (10.8–15.9)

91
28

3.3 (2.7–4.1)
2.4 (1.6–3.5)

192
67

6 (5.2–7)
4.7 (3.6–6.1)

Comorbidity (M3 index)
0
.0–1
.1–2
.2–3
$3

31
91
102
50
15

11.1
10.3
11.6
11.6
12.3

54
145
168
77
27

18.6
15.5
18.7
17.4
22.1

12
47
34
22
4

2.6 (1.4–4.6)
3.7 (2.8–4.9)
2.8 (2–3.9)
3 (1.9–4.6)
1.9 (0.7–5.1)

21
96
83
45
14

4.5 (2.9–6.9)
6.2 (5–7.6)
5.7 (4.6–7.2)
5.7 (4.2–7.8)
3.9 (2–7.7)

(7.9–15.4)
(8.5–12.5)
(9.6–13.8)
(8.9–15.1)
(7.6–19.6)

(14.5–23.7)
(13.2–18.1)
(16.3–21.5)
(14.1–21.4)
(15.7–30.6)

1
Deaths within 30 (or 90) days of amputation. Deaths in the 90-day columns include those that occurred within 30 days. 2Determined by using
Kaplan-Meier survival analysis, with patients who did not die censored at 30 (or 90) days.

Step-by-step adjustment revealed that
ethnicity had the greatest impact on explaining differences in postamputation
mortality between these age-groups. Although the crude model showed that
patients $75 years of age were at 34%
greater risk of mortality within 30 days
of a major amputation than those 50–64
years of age (and after adjustment for
sex, had no impact [still 33%]), adjusting
for ethnicity caused this disparity to increase to 62% (Table 4). The explanation
is likely to be the difference in age structure between the Māori and European/
other populations, whereby the Māori
population has a younger age structure

(29) as well as a higher risk of postamputation mortality. Little (if any) change
was seen in the magnitude of this disparity when the other demographic,
health system, and patient-level factors were added to the model.
Māori patients were at a greater risk of
postoperative mortality than the European/
other patients. In the fully adjusted model,
Māori had a nearly 50% greater risk of
dying within 30 days of a major amputation and a nearly 75% greater risk of
dying after a minor amputation. This ﬁnding is consistent with other diabetes
studies that observed differences in postamputation mortality outcomes among

ethnic groups. For example, a U.S. study
observed that African Americans had
the highest mortality followed by nonHispanic whites and Hispanics (20). Some
evidence showed that Asian patients with
diabetes (and, to a lesser degree, Paciﬁc
patients) are at increased risk of postamputation mortality compared with
the European/other population; however,
Asian and Paciﬁc patients comprise a relatively small proportion of the total number of amputations, and thus, the conﬁdence
limits around respective estimates were
wide and included the null.
Adjustment for age increased the disparity in postamputation mortality between
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Table 3—Adjusted HRs for 30-day mortality by amputation type and further stratiﬁed
by covariates
Minor amputation
Major amputation
30-day mortality
30-day mortality
adjusted HR (95% CI)1
adjusted HR (95% CI)1
Sex
Female
Male

Reference
0.87 (0.68–1.11)

Reference
1.02 (0.68–1.52)

Age (years)
0–24
25–49
50–64
65–74
$75

d2
0.92 (0.58–1.48)
Reference
0.96 (0.68–1.34)
1.59 (1.15–2.18)

d2
0.58 (0.22–1.54)
Reference
1.94 (1.09–3.46)
4.15 (2.45–7.03)

Ethnicity
European/other
Māori
Paciﬁc
Asian

Reference
1.46 (1.08–1.98)
1.11 (0.68–1.83)
1.75 (0.88–3.49)

Reference
1.73 (1.02–2.94)
1.74 (0.89–3.42)
1.49 (0.46–4.81)

Deprivation (NZDep)
1–2
3–4
5–6
7–8
9–10

Reference
0.73 (0.42–1.28)
0.89 (0.54–1.48)
0.97 (0.6–1.56)
0.9 (0.56–1.46)

Reference
0.72 (0.26–1.98)
1.32 (0.58–3.04)
1.75 (0.81–3.81)
1.79 (0.81–3.92)

Rurality (URPC)
Urban
Independent urban
Rural

Reference
0.88 (0.63–1.23)
1.24 (0.82–1.87)

Reference
1.2 (0.75–1.93)
1.54 (0.84–2.83)

Hospital volume (amputations/year)
$500
100–499
,100

Reference
0.99 (0.77–1.29)
0.86 (0.52–1.4)

Reference
1.14 (0.75–1.72)
0.78 (0.38–1.58)

Admission type
Acute
Elective

1.44 (1.07–1.93)
Reference

1.43 (0.92–2.22)
Reference

Comorbidity (M3 index)3
0
1
2
3

Reference
1.03 (0.78–1.35)
1.1 (0.78–1.55)
1.21 (0.85–1.73)

Reference
0.99 (0.64–1.52)
0.91 (0.54–1.55)
0.8 (0.45–1.43)

1
Adjusted for all other covariates. 2Insufﬁcient data to calculate HRs. 3HR at the given splined M3
index score value (e.g., score of 1 vs. score of 0).

Māori and European/other ethnic groups,
but aside from a small reduction in disparity after the introduction of the admission
type variable (likely as a result of postamputation mortality being more common
among patients admitted acutely and
Māori being more likely to be admitted in
this way), the addition of other factors
had little discernible impact on the disparity. Therefore, the difference in postamputation mortality risk among ethnic groups
in New Zealand remains unexplained and
requires further investigation.
No consistent evidence indicated that
patient deprivation, rurality, or hospital
volume are strongly associated with risk of
postoperative mortality. Patients with an

acute (as opposed to elective) admission
were at an increased risk of postamputation mortality, an observation that is very
much in keeping with trends reported
across other surgical contexts (4,30).
Somewhat counterintuitively, the overall level of patient comorbidity (as measured with the M3 index) was not strongly
associated with risk of postamputation
mortality. By way of sensitivity analysis,
we modeled the impact of the individual
long-term conditions that comprise the
M3 index on postoperative mortality, adjusting for all other covariates with the
exception of the M3 index (data not
shown). We observed no strong independent association between any of

these conditions and the likelihood of
death within 30 days of amputation. For
example, risk of postoperative death after a
major amputation was not increased for
patients with peripheral vascular disease
(adjusted HR 1.01 [95% CI 0.79–1.30]),
chronic renal disease (0.98 [95% CI 0.77–
1.25]), cerebrovascular disease (1.14
[95% CI 0.82–1.59]), congestive heart
failure (1.05 [95% CI 0.80–1.38]), or previous myocardial infarction (1.15 [95% CI
0.86–1.53]).
Although surprising, our observations
reﬂect those observed by Hoffstad et al.
(11), who found that adjusting for both a
comorbidity index (Charlson) and several
individual comorbid conditions (including
renal disease) did not change the magnitude of the association between lowerlimb amputation and risk of death at any
time among patients with diabetes. These
observations could be explained by the fact
that patients with uncontrolled risk factors
may not qualify for amputation, meaning
that those who undergo amputation are
more likely to have stable comorbidity. As
stated by Meara et al. (3), patients who
are sickest and thus have the greatest risk
of mortality may not undergo amputation for fear of killing the patient. However, nearly two-thirds of the current
cohort had peripheral vascular disease,
nearly one-half had renal disease, and
more than one-quarter had congestive
heart failure (Supplementary Material 2).
Our cohort, therefore, was substantially
ill; perhaps less so than those who might
have been considered too unstable to
undergo amputation, but unwell nonetheless. Amputation is a last resort, undertaken in an effort to preserve life. We
do not know how long the patients in the
current cohort would have lived had they
not undergone amputation; however, we
might at least assume that those who
underwent a major amputation had a
poor prognosis in the absence of treatment.
The primary strength of this study is
that we used the entire prevalent cohort
of patients with diabetes in New Zealand
as the basis for our cohort deﬁnition and
then included all amputations that occurred during our follow-up period. The
use of a prevalent, well-deﬁned cohort
is a major strength because it improves
the generalizability of the results to other
contexts.
In terms of limitations, the study cohort was deﬁned by using the VDR, a
database that uses multiple variables
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Table 4—Step-by-step adjusted HRs for 30-day mortality by amputation type for age
(‡75 vs. 50–64 years) and ethnicity (Maori vs. European/other)
Minor amputation
Major amputation
30-day mortality
30-day mortality
adjusted HR (95% CI)1 adjusted HR (95% CI)1



Age: $75 vs. 50–64 years (reference)
Crude
Demographic factor
Sex
Ethnicity
Deprivation
Rurality
Health system factor
Hospital volume
Admission type
Patient-level factor
Comorbidity
Ethnicity: Māori vs. European/other (reference)
Crude
Demographic factor
Age
Sex
Deprivation
Rurality
Health system factor
Hospital volume
Admission type
Patient-level factors
Comorbidity

1.34 (1–1.79)

3.02 (1.84–4.96)

1.33 (1–1.78)
1.62 (1.18–2.22)
1.6 (1.16–2.19)
1.6 (1.16–2.2)

3.01 (1.84–4.95)
3.87 (2.29–6.55)
4 (2.36–6.77)
4 (2.37–6.75)

1.59 (1.16–2.19)
1.58 (1.14–2.17)

4.04 (2.39–6.83)
4.14 (2.45–7)

1.59 (1.15–2.18)

4.15 (2.45–7.03)

1.3 (1–1.68)

1.21 (0.75–1.94)

1.58 (1.19–2.11)
1.55 (1.17–2.07)
1.56 (1.15–2.1)
1.5 (1.11–2.04)

2.06 (1.24–3.4)
2.06 (1.24–3.4)
1.82 (1.08–3.06)
1.71 (1.01–2.9)

1.51 (1.11–2.04)
1.46 (1.08–1.98)

1.73 (1.02–2.93)
1.72 (1.02–2.93)

1.46 (1.08–1.98)

1.73 (1.02–2.94)

1
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