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Background and purpose — Re-amputation after lower
extremity amputation is frequent. The primary aim of our
study was to investigate cumulative re-amputation risk after
transtibial amputation (TTA), knee disarticulation (KD), and
transfemoral amputation (TFA) and secondarily to investi-
gate time to re-amputation, and risk factors.

Methods — This observational cohort study was based
on data from the Danish Nationwide Health registers. The
population included first-time major lower extremity ampu-
tations (MLEA) performed in patients = 50 years between
2010 and 2021. Both left and right sided MLEA from the
same patient were included as index procedures.

Results — 11,743 index MLEAs on 10,052 patients
were included. The overall cumulative risks for re-amputa-
tion were 29% (95% confidence interval [CI] 27-30), 30%
(CI 26-35), and 11% (CI 10-12) for TTA, KD, and TFA,
respectively. 58% of re-amputations were performed within
30 days after index MLEA. Risk factors for re-amputation
within 30 days were dyslipidemia (hazard ratio [HR] 1.2, CI
1.0-1.3), renal insufficiency (HR 1.2, CI 1.1-1.4), and prior
vascular surgery (HR 1.3, CI 1.2—-1.5).

Conclusion — The risk of re-amputation was more than
twice as high after TTA (29%) and KD (30%) compared with
TFA (11%). Most re-amputations were conducted within 30
days of the index MLEA. Dyslipidemia, renal insufficiency,
and prior vascular surgery were associated with higher risk
of re-amputation.

Major lower extremity amputation (MLEA) is defined as
amputation above the ankle, and is divided into hip disarticu-
lation, transfemoral amputation (TFA), knee disarticulation
(KD), and transtibial amputation (TTA). Deciding on the opti-
mal amputation level for the individual patient may be very
difficult, lack consensus and is influenced by many factors.
The paradigm for MLEAS has been to salvage as much of the
lower extremity as possible. Limb-preserving amputations
aim to gain the best functional outcome for the amputee, even
though the risk of re-amputation may be higher for below-
knee amputations [1-4]. Despite the paradigm of limb salvage,
the most common surgical strategy in Denmark for MLEAS is
TFA, with a decreasing trend in the performed number of KDs
and TTAs (personal communication, Brix ATH, 2023).

The risk of re-amputation after MLEA has been reported
as between 2% and 25%, depending on the index level and
postoperative period investigated [3,4,6,7]. Risk factors for
re-amputation after MLEA are smoking, high age, low trans-
cutaneous oximetry, diabetes, renal insufficiency, and prior
revascularization [1,3,4,6-8].

Insight into re-amputation risk is important in the shared
decision-making between patients and surgeons before choos-
ing the initial amputation level. Furthermore, it is important to
know current nationwide status and development over time to
improve future treatment pathways. Hence, the primary aim
of our study was to investigate re-amputation risk after TTA,
KD, and TFA, and secondarily to investigate time to re-ampu-
tation and risk factors for re-amputation.

Methods

This is an observational cohort study with data from the
Danish Nationwide Health registers. The RECORD guide-
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lines for reporting routinely collected observational data were
followed [9].

Data sources

Data on all first-time MLEAs from January 1,2010 to Decem-
ber 31, 2021 was obtained from the Danish National Patient
Register (DNPR). The data completeness of DNPR is > 99%,
and it holds data on all Danish hospitalizations, including
ICD-10 diagnoses and NOMESCO surgical procedures from
1977 to the present [10]. All Danish citizens are assigned a
unique social security number, which makes identification
and linkage of events in registers possible [11]. The Charl-
son Comorbidity Index (CCI) is calculated with data from the
DNPR in a 10-year timeframe, according to Quan et al. [12].

In Denmark, all reimbursed prescriptions for medication
from 1995 are collected in the Danish National Prescription
Database (DNPD) and classified by Anatomical Therapeu-
tic Chemical (ATC) codes [13]. For selected comorbidities,
data from the DNPD was used to ensure correct diagnosis, as
DNPR contains only diagnoses acquired in a hospital and not
from the patient’s general practitioner [13-15]. Data from the
Danish Civil Registration System was used to classify marital
status and registration of death [11].

Study population

The population includes first-time MLEA performed in patients
= 50 years old in Denmark from January 1, 2010, to December
31,2021. The index procedure was defined as the first MLEA
on right or left leg as both sides from the same patients could be
included as index procedures. Patients with a sarcoma diagno-
sis related to the index procedure were excluded. If more than
1 MLEA was conducted on the same day on the same extrem-
ity, the most distal level was registered as index level, and the
next procedure as the first re-amputation. To follow the events,
all procedures must have a site registered, and only complete
courses with the site registered on all procedures were included
in the main analysis (Figure 1). Patients with revisions or hip
disarticulation as the only index procedure were excluded.

The progression of events should follow the logical consis-
tency of amputation. For a complete overview of data man-
agement, see Supplementary data.

To ensure that only first-time MLEAs performed between
2010 and 2021 were included in the study population, a wash-
out was conducted. All patients with procedure codes for
amputation on thigh/hip (KNFQ*) and amputation on lower
leg/knee (KNGQ*) from 1996-2009 were excluded from the
dataset before analysis. The procedure codes for MLEA pro-
cedures in the DNPR are not yet validated [10]. Due to applied
data protection rules, the Danish Health Data Authority con-
ducted the washout.

Definition of re-amputation

We defined a “re-amputation” as the next amputation-related
surgery on the same extremity. The re-amputation could there-

fore be a soft tissue revision at the same level, either with or
without bone shortening, or an amputation at a higher level.
The specific procedure codes for re-amputations are listed in
Supplementary data.

Definition of comorbidities

The definition of the comorbidity variables diabetes, periph-
eral arterial disease (PAD), cardiovascular disease (CVD),
hypertension, dyslipidemia, and renal insufficiency was based
on ICD10 codes from the DNPR. For some of the comor-
bidity variables (diabetes, hypertension, dyslipidemia) ATC
codes from DNPD were also applied, e.g., a patient is cat-
egorized with hypertension if 1 of the following ICD10 codes
[10*-I15* is registered or the patient has redeemed 2 or more
prescriptions in the same ATC group (antihypertensives, C02—
C03, C07-C09) 5 years before the index date.

A complete overview of the definition of comorbidity vari-
ables, logical consistency classification, and procedures is
provided in the Supplementary data.

Statistics

Non-normally distributed data was reported as median with
interquartile range (IQR).

Risk of re-amputation is stated as cumulative risk, consider-
ing death as a competing event to re-amputation. To estimate
the time to first re-amputation, the cumulative incidence was
assessed using the Aalen—Johansen method, stratified by index
level.

Potential risk factors associated with re-amputation were
analyzed using Cox regression. Due to multiple observations
for some of the included subjects, the data was clustered at
patient ID using clustered robust standard errors. Hazard
ratios (HR) were reported for < 30 and > 30 days with 95%
confidence intervals (CI). The risk factors investigated were
age, sex, index level, diabetes, dyslipidemia, PAD, CVD,
prior vascular surgery, and prior minor amputation. Model
assumptions were checked with a proportional hazard test
using Schoenfeld residuals and were for most variables not
statistically significant when time was split into < 30 days
and > 30 days. For the variables that were significant (prior
minor amputation and sex) after the time-split, the Schoenfeld
residuals were plotted graphically and found to be acceptable.
Sensitivity analyses for Cox regression were conducted as a
competing risk regression model, taking the competing risk
of death into account. All analysis were conducted in STATA
v17.0 (Stata Statistical Software: Release 17.0, 2021, Stata-
Corp. College Station, TX, USA).

Ethics, data sharing, funding, and disclosures

The Danish Data Protection Agency in the Region of South-
ern Denmark approved this study (no. 21/27110). Ethi-
cal approval was not relevant due to the study design. The
Region of Southern Denmark and Odense University Hos-
pital funded this study. Sharing of raw data is not available
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Patients with first time major lower extremity amputation
(KNFQ* KNFG*) registered in DNPR from 2010-2021
n=12,858

Excluded (n = 2,806):

- age < 50 years at index operation, 511

— missing site code, 2,027

- hip disarticulation at index operation, 95

- revision or osseointegration at index
operation, 113

— sarcoma diagnosis, 60

Included patients
n =10,052
with index operation in
11,743 extremities

Figure 1. Overview of the study population. DNPR = Danish National
Patient Register.

Table 1. Baseline characteristics for the 11,743 included lower
extremities based on index level. Values are count (%) unless oth-
erwise specified

Baseline Index level
characteristics TTA KD TFA Total
Procedures 3,726 (32) 489 (4.2) 7,528 (64) 11,743
Age, median 71.7 75.6 771 75.4
IQR 64-80 67-84 70-84 68-83
Age group
50-70 1,631 (44) 162 (33) 1,919 (26) 3,712 (32)
71-80 1,227 (33) 132 (27) 2,613 (35) 3,972 (34)
81-90 727 (20) 145 (30) 2,334 (31) 3,206 (27)
>90 141 (3.8) 50 (10) 662(8.8) 853 (7.3)
Male sex 2,645 (71) 315 (64) 4,158 (65) 7,118 (61)
Married 2,210 (59) 272 (56) 4,214 (56) 6,696 (57)
Comorbidity
Diabetes 2,278 (61) 217 (44) 2,862 (38) 5,357 (46)
PAD 3,054 (82) 405 (83) 6,364 (85) 9,823 (84)
CVD 1,534 (41) 203 (42) 2,999 (40) 4,736 (40)
Hypertension 3,269 (88) 417 (85) 6,669 (89) 10,355 (88)
Dyslipidemia 2,561 (69) 284 (58) 4,676 (62) 7,521 (64)
Renal insufficiency 722 (19) 57 (12) 1139 (15) 1,918 (16)
Prior surgery
Minor amputation 1,424 (38) 102 (21) 1,017 (14) 2,543 (22)
Revascularization 1,681 (45) 163 (33) 2,904 (39) 4,748 (40)
Charlson Comorbidity Index group
0 705 (19) 153 (31) 2,137 (28) 2,995 (26)
1-2 1,786 (48) 173 (35) 3,015 (40) 4,974 (42)
=3 1,235 (33) 163 (33) 2,376 (32) 3,774 (32)

TTA = transtibial amputation, KD = knee disarticulation,
TFA = transfemoral amputation, PAD = peripheral arterial disease,
CVD = cardiovascular disease.

Table 3. Final amputation level. Values are count (%)

Index level
TTA KD TFA
End level 3,726 (32) 489 (4.2) 7,528 (64)
TTA 2,944 (79) - -
KD 16 (0.4) 353 (72) -
TFA 766 (21) 136 (28) 7,493 (100)
Hip disarticulation 2 2 35 (0.5)

2 Exact value < 5. Due to Danish Law regulation, the exact value
is censored. The number is added to the row above (TFA)

due to Danish law. No artificial intelligence tools were used
to prepare this manuscript. The authors have no competing
interests to declare. Complete disclosure of interest forms
according to ICMIJE are available on the article page, doi:
10.2340/17453674.2024.39963

Results

Our study included 11,743 MLEAs performed on 10,052
patients (Figure 1, Table 1). Of these, 3,726 were TTAs, 489
KDs, and 7,528 TFAs. 1,691 patients (14%) became bilater-
ally amputated during the study period. The overall median
follow-up time was 17 months (IQR 1-43).

Re-amputation risk
The 1-year cumulative re-amputation risk between 2010 and

2021 ranged from 13-18% with an overall cumulative re-
amputation risk of 15% (CI 15-16) (Figure 2).

Transtibial amputation (TTA)

3,726 had TTA as index procedure and 1,048 (28%) were re-
amputated. The cumulative < 30 days re-amputation risk was
17% (CI 16-18) and the cumulative 1-year re-amputation risk
was 25% (CI24-27) (Table 2). 79% ended on the same ampu-
tation level, while 21% ended with a higher amputation level,
the majority a TFA (Table 3). Of the 1,048 re-amputated, 276
(7.2%) underwent more than 1 re-amputation. The median
follow-up time for index TTAs was 29 months (IQR 8-58),
and 2,627 (71%) had at least 1-year of follow-up.

Table 2. Cumulative risk (%) of re-amputation with death as competing risk according to index
amputation level presented with 95% confidence interval

Re-amputation risk
All TTA

KD TFA

Overall
Within 30 days
Within 1 year

17.4 (16.7-18.2)
9.7 (9.2-10.2)
15.3 (14.7-16.0)

28.7 (27.2-30.3)
16.6 (15.5-17.9)
25.3 (23.9-26.7)

30.4 (26.3-34.5)
20.2 (16.8-23.9)
28.8 (24.9-32.9)

10.9 (10.2-11.7)
5.6 (5.1-6.1)
9.5 (8.8-10.2)
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Table 4. Crude hazard ratios (HR) of factors associated with
re-amputation in = 30 days and > 30 days presented with
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Figure 2. 1-year cumulative re-ampu-
tation risk from 2010-2021.

Johansen cumulated incidence plot.

Knee disarticulation (KD)

489 had KD as index procedure and 147 (30%) were re-ampu-
tated. The cumulative < 30 days re-amputation risk was 20%
(CI 17-24) and the cumulative 1-year re-amputation risk was
29% (CI 25-33). Of the KDs, 72% ended on the same amputa-
tion level, while 28% ended with a higher amputation level. 25
(5.1%) experienced more than 1 re-amputation. The median
follow-up time was 15 months (IQR 1-46) and 259 (53%) had
at least 1-year follow-up time.

Transfemoral amputation (TFA)

7,528 had TFA as index procedure and 815 (11%) were re-
amputated. The cumulative < 30 days re-amputation risk was
5.6% (CI 5.1-6.1) and the cumulative 1-year re-amputation
risk was 9.5% (CI 8.8-10.2). Re-amputation was in 99% of
cases at the same amputation level, but 0.5% were converted
to a hip disarticulation. Of the 815 re-amputated, 238 (3.2%)
underwent more than 1 re-amputation. The median follow-up
time was 13 months (IQR 1-34) and 3,901 (52%) had at least
1-year of follow-up.

Time to re-amputation

Among all re-amputations, 1,820 (91%) were conducted
within the first year, with the majority, 1,160 (58%), within
the first 30 days (Figure 3).

Risk factors

Crude HRs via Cox regression for re-amputation < 30 days
were dyslipidemia (HR 1.2, CI 1.0-1.3), renal insufficiency
(HR 1.2, CI 1.1-14), and prior vascular surgery (HR 1.3,
CI 1.2-1.5) (Table 4). Conversely, increasing age (HR 0.9,
CI 0.9-0.9) was associated with lower HR for re-amputation
within 30 days.

Analysis of crude HRs with death as competing risk was
also conducted (Table 5). Renal insufficiency does not sig-
nificantly increase the risk of re-amputation when death was
treated as a competing risk.

95% confidence interval (Cl)
304
< 30 days > 30 days
Factor crude HR (Cl) crude HR (CI)
20+
Age 0.9 (0.9-0.9)2 0.9(0.9-0.9)2
Male sex 1.0 (0.9-1.2) 1.1 (0.9-1.3)
KD (TTA reference) 1.3(1.1-1.6)2 1.1 (0.8-1.5)
101 TFA (TTA reference) 0.3(0.3-0.4)2  0.5(0.5-0.6) 2
TTA Diabetes 0.9 (0.8-1.3) 0.8 (0.7-0.9)2
;E’A PAD 1.1 (0.9-1.3) 2.0 (1.6-2.6)2
0 ‘ ‘ ‘ CVD 1.1 (0.9-1.3) 1.1 (0.9-1.3)
0 365 1,000 2,000 3,000 Hypertension 0.9 (0.8-1.1) 0.8 (0.7-0.9)2
Days from index amputation  Dyslipidemia 1.2(1.0-1.3)2 1.1 (0.9-1.3)
) ) . Renal insufficiency 1.2(1.1-1.4)2 1.0 (0.9-1.3)
Figure 3. Time to re-amputation after )" oo amoitation 1.0 (0.9-1.2) 1.0 (0.9-1.2)
TTA, KD, and TFA visualized with Aalen— Vascular surgery 1.3 (1.2-1.5)a 1.5 (1.3-1.6)2

a8 P < 0.05. For Abbreviations, see Table 1.

Table 5. Competing risk death: hazard ratios (HR) of prog-
nostic factors for re-amputation in < 30 days and > 30 days
presented with 95% confidence interval (Cl)

<30 days > 30 days

Factor crude HR (Cl)  crude HR (Cl)
Age 0.98 (0.97-0.99)2 0.96 (0.96-0.97)2
Male sex .1(0.9-1.2) 1.1 (0.9-1.3)
KD (TTA reference) 1.2(1.1-1.5)2 0.9 (0.7-1.3)
TFA (TTAreference) 0.3 (0.3-0.4)2 0.5 (0.4-0.5)2
Diabetes 0.9 (0.8-1.1) 0.8 (0.7-0.9)@
PAD 1.2 (0.9-1.4) 1.9 (1.5-2.4)2
CVD 1.0 (0.9-1.2) 0.9 (0.9-1.2)
Hypertension 0.9 (0.8-1.1) 0.7 (0.6-0.9)2
Dyslipidemia 1.2(1.1-1.4)2 1.2 (0.9-1.3)
Renal insufficiency 1.1 (0.9-1.3) 0.9 (0.7-1.1)
Prior minor amputation 1.1 (0.9-1.2) 1.1 (0.9-1.3)
Vascular surgery 1.4 (1.2-1.6)2 1.5(1.3-1.8)2

a8 P < 0.05. For Abbreviations, see Table 1.

Discussion

We investigated the risk of re-amputation and amputation
end level after TTA, KA, and TFA procedures, the time to
re-amputation, and factors associated with risk for re-ampu-
tation. The main finding was a more than twice as high risk of
re-amputation after TTA and KD compared with TFA, with no
change in 1-year re-amputation risk within the study period.

Re-amputation risk

The overall cumulative re-amputation risks were 29%, 30%,
and 11% for TTA, KD, and TFA respectively. These results
match the findings from other studies finding a higher re-ampu-
tation risk for below-knee amputations compared with above-
knee amputations [1-4]. Previously reported re-amputation risk
within 30 days ranges between 1.8% and 23% depending on
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index level, with a higher re-amputation risk for TTA than for
TFA [1,3,6,16-19]. The 1-year re-amputation risk is estimated
as between 23% and 25% for TTA and 9-14% for TFA, which
is similar to our results [4,20]. None of the studies specified the
30 days or 1-year re-amputation risk for KD.

Several attempts to improve the outcome after MLEA have
been investigated [21-23]. First, a single-center study observed
a decline in re-amputations (22% to 5%) after ceasing to
perform KD [23]. Another single-center study investigated
whether it was possible to reduce re-amputation rate by sched-
uling MLEA during the daytime and they found a reduction in
30 days re-amputations from 16% to 11% but without changes
in risk of re-amputations after 6 months [21].

Previous efforts to enhance the outcome after MLEA have
resulted in no improvements on a nationwide basis. Whether
this absence of improvement is due to limited attention to the
patient group in general or because the patient group is too frail
to optimize is uncertain. To investigate this, a national program
for the pre- and postoperative care of MLEA patients would
need to be initiated and the effect on mortality and re-amputa-
tion risk should be examined continuously using real-time data.

We found that the re-amputation risk for KD was 30%
higher compared with TTA, and almost 3 times higher than
TFA. This may be explained by low experience with the KD
procedure and the anatomic challenge with poor soft tissue
coverage. Our results contrast with global guidelines on man-
agement of chronic limb-threatening ischemia from 2019 [19],
which state that a well-performed KD would present healing
rates that are close to TFA.

In Denmark, the surgical strategy has changed in the last
decade, and the most common index procedure is TFA, while
TTA is declining (personal communication, Brix ATH, 2023).
This decline in TTA procedures was thought to be due to better
selection of patients for a TTA and we expected a resulting
lower risk of re-amputation. However, the 1-year cumulative
risk of re-amputation for TTAs did not change in the study
period and the selection of patients for TTA may not have been
improved. This calls for reflection: what mediates this trend
toward a higher proximal index level, and do the patients ben-
efit from the more proximal index amputation level when the
re-amputation risk is not changed?

Time to re-amputation

We found that 91% of all re-amputations were conducted within
the first year, with 58% re-amputations in the first 30 days after
index procedure. Norvell et al. [4] reported a median time to
final level of re-amputation of 35 days for TTA and 38 days for
TFA. Even though data is not directly comparable as we ana-
lyzed time to first re-amputation and not final re-amputation,
data from both studies emphasizes that complications leading
to re-amputation occur in the early postoperative phase.

Risk factors
Dyslipidemia, renal insufficiency, and prior vascular sur-

gery were associated with increased risk of re-amputation
within 30 days. These factors may explain the severity of
the patient’s illness, which may impair the healing potential
[3-6]. However, comparison of risk factors with other studies
is a challenge, due to study heterogeneity in terms of selec-
tion of study population and design. Some studies focus on
a specific cohort, e.g., with diabetes [24], PAD, or previous
revascularization [8,14], while others include both minor and
major amputations [4,6,7], or differ in analysis, definition of
variables, and design [3,5,17].

Moreover, it is noteworthy that, among the factors exam-
ined, only a few demonstrated strong predictive power for
re-amputation. This limited evidence may offer minimal guid-
ance to the surgeon when making decisions regarding the opti-
mal amputation level.

Strengths and limitations

The study’s main strength is that we included the population
of interest through nationwide registers, thus minimizing the
risk of selection bias. The Danish health registers are known
for high-quality data and high completeness, which reduce the
overall risk of information bias in Danish registry studies [25].

A limitation is that our registers do not contain lifestyle data
and results of clinical procedures, e.g., smoking status, alco-
hol consumption, BMI, blood sample results, related imag-
ing, angiography results, and clinical testing such as perfu-
sion measures. Hence, it is not possible to detect any lifestyle
changes during the study period or changes in level of disease
over time. Another limitation is that the indication for ampu-
tation is not available through registry data. Furthermore, the
data is dependent on the surgeons to code the procedure cor-
rectly and to add the site (left/right) precisely [26]. The inac-
curate reporting of data, especially regarding site, may have
caused information bias in this study. The coding of site was
missing in 2,013 cases in this study and interpretation of out-
comes of these procedures is difficult. The coding of site is
not validated. We have no reason to believe that amputations
without site registration are different from those with. Site
registration is performed by the surgeons independently of
patient characteristics and hence may be missing at random.
However, if patients are re-amputated several times there may
be an increased risk of incomplete site registration due to more
procedures. This might result in an underestimation of the re-
amputation risk and especially an underestimation of the fre-
quency of patients having = 1 re-amputation.

Conclusion

The risk of re-amputation was more than twice as high after
TTA (29%) and KD (30%) compared with TFA (11 %). Most
re-amputations were conducted within 30 days after index
amputation. The 1-year risk for re-amputation after all types
of MLEA was stable from 2010-2021 even though an increas-
ing number of patients had a TFA as the first major ampu-
tation, calling for reflection on choice of surgical strategies.
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Dyslipidemia, renal insufficiency, and prior vascular surgery
were associated with higher risk of re-amputation.

Perspective

The results are of importance in decision-making and involv-
ing the patients on appropriate initial amputation level; knowl-
edge of expected outcomes is essential. The results illuminate
the paradox that the rate of TFAs is increasing, but the risk of
re-amputation is not decreasing. This controversy needs to be
explored further in more detailed prospective studies.

Supplementary data

Surgical and disease codes, definitions, and criteria used in the
study are available as supplementary data on the article page,
doi: 10.2340/17453674.2024.39963

ATHB, KHR, and MLL designed the study protocol, and had access to
the database. ATHB conducted the data management and analysis. ATHB
drafted the manuscript, first revised critically by MLL, then KHR, TN, and
HS thereafter. All authors approved the final manuscript.

The authors acknowledge OPEN Registry & Statistics for their insightful
data management and statistics advice.
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