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Background and purpose — Historically, high 30-day and 1-year
mortality post-amputation rates (> 30% and 50%, respectively)
have been reported in patients with a transtibial or higher
non-traumatic lower extremity amputation (LEA). We evalu-
ated whether allocating experienced staff and implementing an
enhanced, multidisciplinary recovery program would reduce the
mortality rates. We also determined factors that influenced mor-
tality rates.

Patients and methods — 129 patients with a LEA were consec-
utively included over a 2-year period, and followed after admis-
sion to an acute orthopedic ward. Mortality was compared with
historical and concurrent national controls in Denmark.

Results — The 30-day and 1-year mortality rates were 16%
and 37 %, respectively, in the intervention group, as compared to
35% and 59% in the historical control group treated in the same
orthopedic ward. Cox proportional harzards models adjusted for
age, sex, residential and health status, the disease that caused the
amputation, and the index amputation level showed that 30-day
and 1-year mortality risk was reduced by 52% (HR = 0.48, 95%
CI: 0.25-0.91) and by 46% (HR = 0.54, 95% CI: 0.35-0.86),
respectively, in the intervention group. The risk of death was
increased for patients living in a nursing home, for patients with a
bilateral LEA, and for patients with low health status.

Interpretation — With similarly frail patient groups and insti-
tuting an enhanced program for patients after LEA, the risks of
death by 30 days and by 1 year after LEA were markedly reduced
after allocating staff with expertise.

We previously reported 30-day and 1-year mortality rates of
more than 30% and 50%, respectively, in a consecutive series

of patients (assessed in 2009) with a transtibial or higher non-
traumatic lower extremity amputation (LEA) (Kristensen
et al. 2012). To our knowledge, these high mortality rates
exceed those in all other reports, although short- and long-
term mortality rates in general are high in this frail patient
group (Johannesson et al. 2004, Lim et al. 2006, Dillingham
and Pezzin 2008, Remes et al. 2008, Johannesson et al. 2010,
Fortington et al. 2013, Wiessman et al. 2015).

We therefore implemented an enhanced, multidisciplinary
treatment and rehabilitation program (Kehlet 2011) for
patients admitted to an acute orthopedic ward who underwent
a LEA due to complications from vascular disease or diabetes.

The main aim of this study was to compare the mortality
data obtained in 2009 with data from a new 2-year series of
consecutive patients, and to determine whether the new pro-
gram would reduce the mortality rates. Secondary aims were
to determine factors that influenced mortality rates in the new
series of patients with LEAs and to compare the comorbidity
and mortality rates in both cohorts with rates from national
registry data.

Patients and methods
Patients

From June 1, 2010 through May 31, 2012, 144 consecutive
patients who underwent a major non-traumatic LEA at Copen-
hagen University Hospital Hvidovre, Copenhagen, Denmark,
were available for the study. We included only those patients
who underwent amputation at the study hospital and who fol-
lowed a pre- and postoperative program at the same orthopedic
ward as the historic control group, which resulted in exclusion
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144 patients with a major
lower extremity amputation
at Hvidovre Hospital
between June 2010 and May 2012

amputation or afterward. Physiotherapy was
started on postoperative day 1 (weekends
included) and continued for 2-5 days during
weekdays (for most patients, on a daily basis)
until discharge. The program concentrated

5 patients underwent
amputation at Hvidovre
hospital, but followed
programs in other wards.

129 patients were admitted to
the orthopedic ward and
followed the program before
and after amputation.

Died:

on admittance, n =3
within 30 days, n =3
within 1 year,n=5

Died:

on admittance, n =19 (15%)
within 30 days, n = 20 (16%)
within 1 year, n = 48 (37%)

Died:

10 patients were referred
to the orthopedic ward
from other regional
hospitals following
amputation.

on admittance, n =1
within 30 days, n =1
within 1 year, n = 4

on patients regaining their independence
in basic amputee activities and improving
their balance (Kristensen at al. 2014). The
weekly multidisciplinary meeting included
an amputation surgeon, nurses from the
amputation unit, physiotherapists and occu-
pational therapists from the amputation unit,

Figure 1. Flow chart of amputee patients at Hvidovre Hospital, from 2010 to 2012.

of 15 patients (Figure 1). During the 2-year study period, the
patients were treated in an amputation unit with multidisci-
plinary staff that had expertise concerning frail patients (Kris-
tensen et al. 2010). All the patients were from the same catch-
ment population as the previous series, and all the patients
were admitted to the new amputation unit. The pre- and post-
operative program included standards for fluid administration,
transfusion, pain management, oxygen supplementation, early
mobilization, physiotherapy, and a weekly multidisciplinary
conference. No changes were made to the process of admis-
sion to the orthopedic ward during the study years, whereas
none of the treatment standards instigated (except oxygen
supplementation and physiotherapy to some extent) were used
for the control group. The fulfillment of standards was audited
by a research nurse on a monthly basis.

Treatment standards

Oral intake of fluids was supplemented with 1,000 mL stan-
dard isotonic Na-K-glucose or isotonic NaCl administered
intravenously on postoperative days 1 and 2; fluid balance
was measured from daily body weight, while hemoglobin
and blood electrolytes were measured preoperatively and
until the fourth postoperative day. Preoperative, perioperative,
and postoperative transfusion with erythrocytes was given if
hemoglobin levels were below 6.0 mmol/L; patients who were
hypovolemic were treated with volume replacement fluid
(500 mL expansion fluid). Spinal or full anesthesia was used.
An ischiadicus catheter with continues infusion of 2 mg/mL
Naropin at a rate of 4 mL/h with a possible “bolus” of 5 mL
and 30 min lockout time was placed during amputation, to
provide extended analgesia for the first 4 postoperative days.
Additional postoperative analgesia consisted of paracetamol
(4 g per day) and gabapentin (Pregabalin; 600-900 mg a day
depending on hepatic function and/or side effects); morphine
(10 mg) was used as rescue analgesia. Supplementary oxygen
at 2 L/min was given during the first postoperative days,
whenever the patient was supine.

The patients were mobilized out of bed as soon as possible
after surgery during each 8-hour daytime shift, on the day of

and a nurse coordinator who liaised between
the hospital and the community.

National registry data from Hvidovre Hospital and
other hospitals in Denmark

The Charlson comorbidity index (Charlson et al. 1994), clas-
sified as 0, 1, 2 or 3, and the mortality in Denmark for those
admitted to Danish hospitals from January 1, 2009 through
December 31, 2009, and from June 1, 2010 through May
31, 2011 were collected from National Statistics Denmark.
We included patients registered with 1 of the following “first
amputation” surgical procedures (with NOMESCO procedure
codes in brackets): transtibial (TTA) [KNGQO09, KNGQI19,
KNGQ99]; and transfemoral (TFA) [KNFQO09, KNFQI19,
KNFQ99]. Patients with a traumatic amputation, those without
a Danish personal identification number, and those younger
than 18 years of age were excluded. To identify the first TTA
or TFA amputation, we defined the first amputation procedure
as the index amputation. Each patient was linked to the regis-
try by their unique personal identification number.

Study hospital variables

The primary outcome, time to death in days from the index
amputation, was obtained from the Danish Civil Registra-
tion System between January 1, 2009 and May 31, 2012.
Explanatory variables were: (1) age, (2) sex, (3) residential
status (dichotomized as own home or nursing home), (4) pre-
amputation ambulatory status (outdoor walking ability (with
assistive devices allowed) vs. 24-hour wheelchair use or com-
bined with indoor walking ability), (5) amputation related to
diabetes or vascular disease (the latter included 3 amputations
caused by an infection), (6) American Society of Anesthesiol-
ogists score (ASA 1-4), (7) the index amputation level (TTA,
TFA, or bilateral transtibial or higher level), (8) revision or re-
amputation within 30 days, and (9) the amputation level after
the second operation.

Statistics

Patient characteristics from the current 2-year study (interven-
tion group) were compared with those for a major LEA from
the 2009 study (Kristensen et al. 2012) using chi-square tests
for sex, ASA scores, residential status, cause of amputation,
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Table 1. Characteristics of control and intervention groups at Hvid-
ovre Hospital. Values are mean (SD) for age; otherwise, number (%)

Control group Intervention group

Year 2009 Years 2010-2012

n=>58 n=129
Age, years 77 (11) 74 (12)
Male 31 (53) 75 (58)
Female 27 (47) 54 (42)
Living in own home 40 (69) 103 (80)
Living in a nursing home 18 (31) 26 (20)
Diabetes 23 (40) 49 (38)
Vascular disease 35 (60) 80 (62)
ASA 1-2 17 (29) 40 (31)
ASA 3-5 41 (71) 89 (69)
Trans-tibial amputation 25 (43)2 71 (55)b
Transfemoral amputation 33 (57) 58 (45) ©

ASA: American Society of Anesthesiologists score.

a1 patient with a knee disarticulation;

b2 patients with a knee disarticulation;

¢ 1 patient with a hip disarticulation plus 5 patients with a bilateral
trans-tibial or higher index amputee status were included.

p > 0.06 for all comparisons between groups.

and index amputation level. Student’s t-test was used for age
(normal distribution, as indicated by inspection of Q-Q plots,
and with homogeneity of variances verified by Levene’s test
(p =0.6) for the 2 groups). Cox proportional harzards models
with 95% confidence intervals (Cls), adjusted for the above-
mentioned variables, were constructed to examine the relation-
ship between the 2 groups and the 30-day and 1-year mortality
post amputation. Examination of the graphs of log-minus-log
against log of survival time in the Cox models showed paral-
lel curves for the 2 groups, which indicated that the propor-
tional hazards assumption held. Corresponding Cox models
were made to examine factors associated with mortality for
the intervention group. Kaplan-Meier graphs, for illustrata-
tion of the 30-day and 1-year post-amputation survival rates,
were generated for the 2 groups. Corresponding graphs for
the intervention group 30 days post amputation for subgroups,
were derived for age groups, ASA score groups,
residential status groups, and the index amputa-
tion level groups. Differences between patient

Percent survival

Table 2. Charlson comorbidity index from the national registry in
Denmark. Values are number (%)

Year 2009 Years 2010-2011
Charlson HH  Other hospitals HH  Other hospitals
index n =65 n =986 n=70 n =923
0 2(3) 34 (4) 0 32 (4)
1 11 (17) 158 (16) 10 (14) 136 (15)
2 10 (15) 177 (18) 12 (17) 159 (17)
3 42 (65) 617 (63) 48 (69) 596 (65)

HH: Hvidovre Hospital..

protection agency (entry no. 01975 HVH-2012-053). The sci-
entific board of Statistics Denmark approved the collection
of mortality data and Charlson comorbidity index data from
National Statistics Denmark (project 704122).

Results

The patient characteristics in the intervention group were com-
parable to those in the study control group from 2009 (Table
1), and the Charlson comorbidity indices were similar to those
from other hospitals in Denmark (Table 2). Compared to the
control group, the 30-day and l-year post-amputation mor-
tality rates for the intervention group were reduced by 52%
(adjusted HR = 0.48, CI: 0.25-0.91) and by 46% (adjusted HR
=0.54, CI: 0.35-0.86), respectively (Figure 2). A Mantel-Cox
log-rank test also showed differences in the 30-day and 1-year
post-amputation survival distribution: x2(1) = 8.9 (p = 0.003)
and x2(1) = 10 (p = 0.002), respectively. Correspondingly, the
30-day and 1-year post-amputation survival times were longer
for the intervention group, with a mean of 27 (95% CI: 26-29)
days as opposed to 23 (CI: 20-26) days for 30-day survival
and a mean of 275 (CI: 246-295) days as opposed to 186
(95% CI: 144-229) days for 1-year survival. The reduction in

Percent survival

characteristics and deaths in the intervention 1001 100
group were analyzed using chi-square tests or 997 90+
Fisher’s exact test (if less than 5 cases). Data are 80 80
presented as mean (SD) if they were normally 701 70
distributed (based on Q-Q plots), as median 607 60
with (25-75% quartiles) if they were not nor- 501 50-
mally distributed, or as number (percentage) if 497 40+
CiltegOT(I)C(E)lls. gl’llfséevel Of Sllggn:)ﬁcarcllcé WalSIPSe(; zz. — 2010-2012, intervention group zz- — 2010-2012, intervention group
at p < 0.05. version 19.0 and GraphPa 1 005 control arou 1
software were used for the statistical analyses. 10- reontrelaroup 10- 2009, control group
0 r r r : . . 0 —
Ethics 0 5 10 15 20 Ti:fe . j:ys 0 50 100 150 200 250 ifr?lesi:od:;;

The study was approved by the local ethics
committee and registered with the regional data

Figure 2. Kaplan-Meier graphs of 30-day (left panel) and 1-year (right panel) post-ampu-
tation survival of the control and intervention groups.
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Table 3. Mortality at Hvidovre Hospital and other hospitals in Den-
mark (DK). Values are number (%)

30-day post- 1-year post-
amputation amputation
Year Setting n deaths deaths
2009
HH, orthopedic ward 58 20 (35) 34 (59)
HH, national registry 2 65 21 (32) 36 (55)
Other hospitals DK,
national registry 2 986 194 (20) 420 (43)
2010-2011
HH, orthopedic ward 74 13 (18) 28 (38)
HH, all wards 78 16 (21) 32 (41)
HH, national registry 2 70 16 (23) 29 (41)
Other hospitals DK,
national registry 2 923 177 (19) 394 (43)
2011-2012
HH, orthopedic ward 55) 7 (13) 20 (36)
HH, all wards 56 7 (13) 21 (38)

HH: Hvidovre Hospital.
2 |ncludes subjects with a first amputation only.

mortality rates was verified with the national registry data for
the study hospital and other national control groups (Table 3).

Table 4. Characteristics and mortality for the intervention group. Values are number (%)

Patients in the intervention group had their index amputation
at a median of 2 (1-4) days after admission and they were
discharged after a mean of 23 (SD 14) days after surgery, as
opposed to a median of 2 (1.0-4.5) days and a mean of 28 (SD
22) days after surgery in the control group.

Factors influencing mortality rates in the intervention
group

19 patients (15%) died in hospital; the 30-day and 1-year
post amputation mortality rates (Table 4) were 16% and 37%,
respectively, and were associated with age, residential status,
pre-amputation ambulatory status, ASA score, and the index
amputation level in univariable analysis. The 30-day post-
amputation survival rates can also be seen in Kaplan-Meier
survival graphs for age, residential status, ASA score, and
index amputation status (Figure 3).

Adjusted Cox regression analysis revealed that the 30-day
post-amputation mortality in the intervention group was asso-
ciated with nursing home status (HR = 2.9, CI: 1.1-7.6) and
an index bilateral transtibial or higher amputation status (HR
= 9.9, CI: 2.0-50). Correspondingly, a bilateral transtibial or
higher amputation (HR = 4.6, CI: 1.5-15) and an ASA score
of 4 (HR = 2.8, CI: 0.03-7.9) were statistically significantly
associated with deaths that
occurred within 1 year of the
amputation.

Patients admitted from a nurs-

30-day post- 1-year post- .
amputation amputation ing home were generally older
n deaths p-value deaths p-value (p £ 0.009) than those living in
A - 20 (16) 48 (37) their own home (with a mean age
< 65 years 29(22) 2(7) 002 5(17) o002  ©°f 81(SD9.2) years vs. 72 (SD
65-74 years 35 (27) 7 (20) 16 (46) 12.0) years), were more likely to
75-84 years 35 (27) 2 (6) 11(31) use a wheelchair (69% vs. 18%),
> 85 years 30(23)  9(30) 16 (53) i tated at
Male 75 (58) 9(12) 02 23(31) 0.07 were more olten amputated at a
Female 54 (42) 11 (20) 25 (46) higher level (73% vs. 40%), and
L!v!ng !n own hgme 103 (80) 10 (10) < 0.001 34 (33) 0.05 stayed in the ward for less time
Living in a nursing home 26 (20) 10 (39) 14 (54) followine their ind tati
Pre-amputation unassisted walker 93(72) 8(9) <0.001 24(26) <0.001 otiowing their index amputation
Pre-amputation 24-hour wheelchair user or (median of 8 (5-19) days vs. 21
combined with indoor walking ability 36 (38) 12(33) 24 (67) (17-27) days).
Diabetes 49 (38) 6(12) 0.4 14 (29) 0.1
Vascular disease (n = 77) or infection (n = 3) 80 (62) 14 (18) 34 (43) .
ASA 2 (including 1 with ASA 1) 40(31) 4(10) 003 10(25 o008  Fulfillment of standards
ASA 3 77(60) 11 (14) 31 (40) Audits of the treatment standards
ASA 4 12 (9) 5 (42) 7 (58) ) .
Previous amputation that were implemented during
same limb 20 (16) 1 (5) 0.3 4(20) 0.1 the 2-year period revealed that
contralateral limb 15 (12) 2(13) 1.0 4((27) 04 not all standards were followed.
Index amputation E le. the standard fe
transtibial (including 2 knee disarticulations) 69 (53) 6 (9) 0.003 22(31) 0.1 or exampie, the standard ror
transfemoral (including 1 hip disarticulation) 55 (43) 11 (20) 22 (42) fluid supplementation stated that
bilateral transtibial or higher 5(4) 3 (60) 4 (80) 1,000 mL should be adminis-
Major revision or re-amputation within 30 days tered int | N
of index amputation 22 (5) 1 0.2 6(27) 0.3 ered intravenously on postop-
Level after reoperation erative days 1 and 2. However,
trans-tibial (ingluding1 knee dilsarti'culati.on) 51 (39) 6 (12) 0.002 15(29) 0.2 in some cases fluid supplemen-
transfemoral (including 2 hip disarticulations) 64 (50) 9(14) 26 (41) tati v oi t t
bilateral transtibial or higher 14 (11)  5(36) 7 (50) ation was only given at postop-

ASA: American Society of Anesthesiologists score.

erative day 1.



310

Acta Orthopaedica 2016; 87 (3): 306—311

Percent survival Percent survival

groups in the intervention group might explain

100+ 100+ why age was not an independent risk factor when
904 90+ entered as a continuous variable in the multivari-
80 80 able Cox models. That is, older age is commonly
704 704 associated with increased mortality rates follow-
60 60 ing LEA (Pohjolainen and Alaranta 1998, Fein-
50 50 glass et al. 2001, Kristensen et al. 2012, Shah et
404 — <65 years of age 40 al. 2013, Wiessman et al. 2015).
30+ — 65-T4 years of age 30+ — Own home The higher mortality rates associated with
20 _ ;:’::af::f ;;:?e 20 — Nursing home lower health (high ASA scores) in the interven-
10+ 10+ tion group were to be expected, and this was
0 . : . T T r 0 . . . v v T in agreement with our previous findings (Kris-
° 5 10 15 20 25 30 0 5 1 1520 25 30 tensen et al. 2012) and with the results of studies
A Time in days B Time in days
from the UK (Campbell et al. 2001, Scott et al.
Percent survival Percent survival 2014).
100+ 100 Also, the higher mortality rates observed for
90+ 90+ patients living in a nursing home were to be
80+ 80+ expected, because these patients are frail and
70+ 70 in poor health. Also, the higher rates in patients
60- 60 with a bilateral transtibial (or higher) amputa-
50+ 50+ tion following the index amputation suggest
40+ 40+ that these patients have severe illness, and there-
— ASA scoreof 2 . .
30+ . ASA scoreof 3 304 anstibial amputation fore higher mortgh.t}{ rates. However, we canpot
20+ — ASA scoreof 4 20{  _— Transtemoral amputation exclude the possibility that the shorter hospital
104 10{  — Bilateral transtibial or higher stay for patients from nursing homes (com-
0 . . . . . . 0 . . r . . r pared to patients living in their own home before
c o s 10 1520 Timzsin d:;s D o 5 10 1520 Ti mzesin d:::s admission) influenced their mortality rates.

Figure 3. Kaplan-Meier graphs of 30-day survival according to age group (panel A),
residential status (B), American Society of Anesthesiologists score (C), and index

amputation level (D).

Discussion

We found that it is possible to reduce mortality rates follow-
ing major non-traumatic LEA by implementing an enhanced
treatment and recovery program in the same acute orthope-
dic ward. The national registry data confirmed this reduction,
although minor differences in mortality rates were seen. One
explanation for this observation is that the national registry
data only included patients with a “first” major amputation.
Our intervention and control groups had a national registry
Charlson comorbidity index comparable to concurrent national
groups, and they were approximately age-matched to a number
of other amputee series (Dillingham and Pezzin 2008, Remes
et al. 2008, Johannesson et al. 2010, Fortington et al. 2013).
As expected, those who were 85 years of age or older in our
intervention group had the highest death rate, which is con-
sistent with the results of an earlier Dutch study (Fortington
et al. 2013). In contrast, those in the 75- to 84-year age group
survived more often than those in the older group and those
aged 65—74 years in both studies. Thus, the 65- to 74-year age
group appears to be a high-risk group that may require spe-
cial attention in the perioperative period. Importantly, the dif-
ferences in mortality rates observed among the different age

Also, we did see a tendency of higher mortal-
ity rates in patients with an index TFA amputa-
tion, as reported in other studies ( Pohjolainen
and Alaranta 1998, Feinglass et al. 2001, Stone
et al. 2006, Remes et al. 2008, Moxey et al. 2010, Scott et
al. 2014,). This tendency remained for the 1-year mortality
following the high number of 30-day re-amputations in the
intervention group (the TTA/TFA ratio went from 1.3 to 0.80
(bilateral transtibial and higher amputations excluded)). How-
ever, a second amputation within 30 days was not associated
with increased mortality rates in the intervention group; nor
was a previous ipsilateral or contralateral amputation.

In summary, the increased focus on—and enhanced treat-
ment of—the intervention group reduced mortality within the
first year to the level seen concurrently in national hospitals
and other comparable cohorts (Remes et al. 2008, Fortington
et al. 2013). Further reduction in mortality rates in the last
year of the study (with 30-day mortality of 12.7%) was seen
in the intervention group. The latter mortality rate, compared
to 34.5% in the historical control group, was also comparable
to other cohorts with unusually low 30-day mortality rates fol-
lowing LEA in the UK, the USA, and Australia (Feinglass et
al. 2001, Lim et al. 2006, Scott et al. 2014). This rate is similar
to that reported for patients with hip fracture (Nordstrom et al.
2015). Still, the mortality rates following non-traumatic LEA
and hip fracture are still considerably higher than is seen in
older patients after knee replacement (Maempel et al. 2015).
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Strengths and weaknesses

One strength of the present study was that the patient char-
acteristics from the previous study (Kristensen et al. 2012)
and in the current intervention cohort from the same setting
were comparable. An additional strength was also that deaths
were verified by the national civil registry. One weakness of
our study was that we did not evaluate the influence of other
factors on mortality rates in the intervention group (e.g. the
cognitive status of patients (with no data available) and peri-
operative events). However, this was not the purpose of the
present study, as these data were not included in the previ-
ous study (Kristensen et al. 2012) or were not available from
the national registry. Another weakness was that the national
registry was not searched for the comorbidity and deaths that
occurred within the last year of this study. Thus, we cannot
be certain that the decrease in deaths in the last intervention
year was related to the enhanced treatment of patients in the
study unit, or whether there were fewer deaths overall that
year. Other weaknesses were the non-randomized design, that
the optimized program was not followed completely for all
patients, and that we were unable to identify the elements in
the program that reduced mortality. It is noteworthy that these
patients were treated in the same unit, which had dedicated
staff with expertise in treating similar frail patients. However,
a randomized design was considered unethical in view of the
very high mortality rates in the previous study, and this is sup-
ported by the convincing results of the present study.

To summarize, we found that treating patients in the same
acute orthopedic ward with increased attention and implemen-
tation of an enhanced multidisciplinary program markedly
reduced the 30-day and 1-year post-amputation mortality rates
of patients with a major non-traumatic LEA. We recommend
that the program should be evaluated further to assess the
influence of perioperative factors and to gain more knowledge
with a view to achieving optimal treatment of these high-risk
patients.

GH, MTK, and PSJ (national registry data only) collected the materials. MTK
analyzed data, wrote the first draft, and handled the revisions. GH, MK, PSJ,
and PG contributed to interpretation of the results and preparation of the
manuscript.

We thank the staff of the multidisciplinary team for participating in this proj-
ect, and for their contributions to implementation of the enhanced program for
amputee patients at the orthopedic ward.
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