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WHAT DOES THIS STUDY/REVIEW ADD TO THE EXISTING LITERATURE AND HOW WILL IT INFLUENCE FUTURE
CLINICAL PRACTICE

In elderly patients with critical limb ischaemia (CLI), guidelines about the definition of quality of life and the in-
struments that measure quality of life are sparse. Often quality of life is confused with health status. This study
provides evidence that there is a discrepancy between quality of life and health status in elderly CLI patients un-
dergoingmajor amputation.This raises the question, which outcomemeasurement is themost relevant for elderly CLI
patients. We advocate the use of distinctive and subjective QoL questionnaires, like the WHOQOL-BREF, in future
research.
Objectives: A patient-oriented appraisal of treatment has become extremely important, particularly in elderly
patients with critical limb ischaemia (CLI). Quality of life (QoL) is an important patient-reported outcome in
vascular surgery. Frequently, the physical domain of QoL questionnaires represents an ‘objective’ evaluation of
performing activities, which is expected to be impaired after major limb amputation. However, an objective
appraisal of physical function is an assessment of health status (HS) and not of QoL. Little is known about the
subjective appraisal of physical health (QoL). The goal of this study was to evaluate, prospectively, QoL in relation
to HS in elderly CLI patients undergoing major limb amputation.
Methods: Patients suffering from CLI aged 70 years or older were included in a prospective observational cohort study
with a follow-up period of 1 year. Patients were divided according to having had an amputation or not.TheWorld Health
OrganizationQualityOf Life-BREF (WHOQOL-BREF)wasused toassesQoL.The12-ItemShort FormHealth Survey (SF-12)
was used to measure HS. These self-reported questionnaires were completed five times during follow-up.
Results: Two-hundred patients were included of whom 46 underwent a major limb amputation within one year.
Amputees had a statistically significant improvement of their physical QoL after six months (14.0 vs. 9.0 (95% CI
-7.84;-1.45),p ¼ 0.005) and after a one-year follow-up (14.0 vs. 9.0 (95% CI -9.58;-1.46),p ¼ 0.008). They did not
however show any statistically significant difference in HS. For non-amputees, both physical QoL and HS
improved. An instant statistically significant improvement of the physical QoL appeared 1 week after inclusion
(12.0 vs. 10.9 (95% CI -1.57;-0.63),p<0.001). Similarly, statistically significant improvement in the physical HS first
occurred at 1 week follow-up (29.0 vs. 28.9 (95% CI -5.78; �2.23),p ¼ 0.003).
Conclusions: There is a clear difference between patients’ functioning (HS) and the patients’ appraisal of
functioning (QoL). In elderly CLI patients, this study clearly suggests a discrepancy between the physical QoL
(WHOQOL-BREF) and HS (SF-12) measurements in vascular amputees. This raises the question, which outcome
measurement is the most relevant for elderly CLI patients. Individual treatment goals should be kept in mind
when assessing the HS or QoL outcome of patients undergoing hospital care. With respect to shared decision
making, distinctive and subjective QoL questionnaires, like the WHOQOL-BREF, provide a very important outcome
measurement and should be used in future research.
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INTRODUCTION

Critical limb ischaemia (CLI) is characterised by impaired
mobility, which can negatively affect quality of life (QoL).1

CLI, the end stage of peripheral arterial disease, is also
the most common cause of major limb amputation in
elderly patients.2,3 Because major limb amputation is usu-
ally associated with poor physical function, high mortality,
and assumed high revalidation costs, it is an outcome that
health care providers fear.3e6 However, in the elderly CLI
patients, revascularization is not always possible and major
limb amputation is often necessary, due to infection or
severe pain in selected patients.7

Due to a lack of randomized controlled trials, no
recommendation for therapy can be made in CLI patients.7,8

Consequently, a patient-oriented appraisal of treatment is
becoming increasingly important.9e11 The importance of
the patient-reported outcome measure, QoL, is broadly
recognized. Unfortunately, the term QoL is used inconsis-
tently and confusingly, possibly explaining some contradic-
tory results.11e14 Many studies claim to evaluate QoL but
their findings are based on health status (HS) in-
struments.9,15 HS is solely a patient’s assessment of objec-
tive functioning having to do with the patient’s functional
status, that is associated with a certain disease.16e20

Perceived health does not convey a patient’s subjective
wellbeing and QoL.9,15 Particularly for CLI patients this can
lead, for instance, to incorrect conclusions concerning what
should be an adequate treatment.9,21

Accordingly HS questionnaires, like the 12-Item Short
Form Health Survey (SF-12), measure a patient’s daily
activities and provide an arguably objective assessment.
HS questionnaires, take a functional approach by assessing
physical, psychological and social functioning (e.g.
whether a patient is able to adequately engage in specific
activities, such as climbing stairs or using a vacuum
cleaner). In contrast with HS, the WHOQOL (World Health
Organization Quality Of Life) definition of QoL assesses a
complete subjective appraisal or evaluation of physical,
psychological, and social functioning and therefore takes
into account a subjective evaluation of health.9,22 The
WHOQOL-BREF questionnaire asks patients if they are
satisfied with their ability to perform their daily living
activities. So in our opinion, the importance of HS mea-
sures in CLI patients is doubtful when approximately half
of the vascular amputees are not able to walk one year
after amputation.11

At the moment, prospective data related to suitable
patient-oriented outcomes is missing in elderly vascular
amputees.7,11 In clinical practice a subjective appraisal of
wellbeing would be more valuable to patients and health
care providers. As mentioned above, the WHOQOL-BREF
gives more insight into the patient’s opinion about QoL.
The goal of this study was to evaluate QoL (WHOQOL-BREF)
in relation to HS (SF-12) in elderly CLI patients who un-
derwent major limb amputation in comparison to elder CLI
patients who did not.
METHODS

Between January 2012 and February 2016, elderly patients
with CLI in two peripheral hospitals (Amphia hospital and
Bravis hospital, The Netherlands) were included in a pro-
spective observational cohort study, as published previ-
ously.23 Inclusion criteria were a diagnosis with CLI and an
age of 70 years or older. CLI was defined as chronic ischemic
rest pain with or without the presence of ulcers or
gangrene. The diagnosis was confirmed by the ankle-
brachial index or toe systolic pressure measurement when
appropriate. Patients with malignancy, lack of Dutch lan-
guage skills, or cognitive impairment were excluded from
the study. A formal written waiver for ethical approval was
not required according to the criteria of the Central Com-
mittee on Research Involving Human Subjects. This was
confirmed by the institutional review board (AMOA). All
patients included signed an informed consent.

A panel of experts at a weekly multidisciplinary vascular
conference determined patients’ inclusion. After inclusion,
patients received a treatment that consisted of either sur-
gical or endovascular revascularisation, conservative ther-
apy or primary amputation.23 Patients were selected for a
treatment while taking into account comorbidities and
TransAtlantic Inter-Society Consensus (TASC) lesion classifi-
cation. Methods of patient inclusion and treatment selec-
tion have previously been described by Steunenberg et al.23

Major limb amputation was defined as an amputation
proximal to the ankle joint. All additional treatment
received during follow-up was duly recorded.

QoL and HS were prospectively measured using the
WHOQOL-BREF and the SF-12, respectively. These self-
report questionnaires were completed at the moment of
inclusion, five to seven days after inclusion (mostly con-
ducted during hospitalisation), and at six weeks, six months
and 12 months.

The validated WHOQOL-BREF questionnaire is the
shortened version of the WHOQOL-100. Studies using the
WHOQOL-BREF have shown good validity in the elderly.24

This patient-completed measurement of health-related
QoL contains 26 items with a 5-point Likert type response
scale. The following broad domains are measured: physical
health, psychological health, social relationships, and envi-
ronment.11,25 In this study, the physical and psychological
domains are used, which together consist of 13 items. The
validated SF-12 was used to determine HS. 26,27 It is the
short version of the 36-Item Short Form Health Survey and
provides information about physical and mental func-
tioning.11 Patients who did not answer all questions of a
domain did not reach an overall score for that particular
questionnaire.

In this study, patients were classified into two groups at
one-year follow-up: patients who had undergone major
limb amputation and patients who had not, during the first
year after inclusion. Results of the questionnaires were
recoded to ensure that for each patient the first completed
questionnaire, after major limb amputation, was considered



Table 1. Patient characteristics

Non-
amputees
(n [ 154)

Amputees
(n [ 46)

Sex (male) 82 (53) 30 (65)
Age; median (IQR) 79.5 (9) 82 (10)
Rutherford-class 4 58 (38) 6 (13)*
Rutherford-class 5/6 96 (62) 40 (87)*
Comorbidities

Cardiac comorbidity 101 (66) 38 (83)*
Neurologic
comorbidity

49 (32) 16 (35)

Pulmonary
comorbidity

80 (52) 33 (72)*

Vascular risk factors
Renal impairment 86 (56) 28 (61)
Diabetes mellitus 69 (45) 27 (59)
Hypertension 106 (69) 28 (61)
Current smoking 37 (24) 9 (20)

Type of amputation
Above knee
amputation

14 (30)

Below knee amputation 32 (70)

Data are presented as n and (%), unless otherwise specified.
IQR ¼ interquartile range.
*: Statistically significant difference compared to the other treatment
group, p < .05.

Table 2. WHOQOL-BREF vs. SF12 according to received
amputation as intention to treat

n Non-amputees n Amputees

WHOQOL-BREF physical
Baseline 192 10.9 (2.8) 5 9.0 (2.8)
5-7 days 169 12.0 (2.8)* 3 8.3 (2.3)
6 weeks 160 12.7 (3.2)* 5 9.8 (2.5)
6 months 131 13.9 (2.7)* 4 14.0 (2.0)*
12 months 115 14.2 (2.7)* 2 14.0 (0.4)*

SF-physical
Baseline 190 28.9 (8.7) 5 23.9 (7.0)
5-7 days 166 29.0 (8.7)* 3 23.5 (12.0)
6 weeks 160 31.9 (9.8)* 5 25.1 (8.7)
6 months 131 35.7 (9.6)* 4 33.2 (7.2)
12 months 115 35.7 (10.2)* 2 33.2 (3.9)

WHOQOL-BREF Psychological
Baseline 195 14.1 (2.5) 5 14.4 (3.5)
5-7 days 169 14.6 (2.0) 3 12.0 (4.0)
6 weeks 160 14.6 (2.3)* 5 12.7 (4.1)
6 months 131 14.9 (1.9)* 4 14.8 (2.9)
12 months 115 14.9 (2.1)* 2 15.3 (2.8)

SF-mental
Baseline 190 37.4 (11.1) 5 36.7 (13.5)
5-7 days 166 40.4 (8.4)* 3 33.8 (9.2)
6 weeks 160 40.8 (8.4)* 5 34.8 (8.8)
6 months 131 42.2 (7.7)* 4 38.7 (8.4)
12 months 115 42.7 (8.6)* 2 35.2 (5.0)

Data is presented as mean and standard deviation. n ¼ number of
patients; WHOQOL-BREF ¼ World Health Organization Quality Of
Life-BREF; SF12 ¼ 12-ItemShort Form Health Survey.
*Significant difference in the treatment group between this
measurement and baseline, p<.05.
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the first measurement after baseline and so forth. Patients
who did not get an amputation were considered the control
group.

As reported previously,23 a sample size calculation was
performed for an ANOVA. Given a power of 0.80, an alpha
of 0.05, and an effect size of 0.25, the total sample should
be at least 159 persons. Statistical analyses were performed
through a computerized software package, using IBM SPSS
23.0. Linear mixed models were used to assess the change
of QoL and HS for both treatment groups at four specified
times. Within mixed modeling, custom hypothesis tests
were used to assess differences between baseline and
follow-up measurements within each treatment group. An
advantage of mixed modeling is that it analyzes all available
data for each participant when some of the measurements
are missing. Additionally, mixed models can take into ac-
count the fact that the time intervals separating the mea-
surements differed across participants. Computing Pearson
correlations assessed the association between QoL and HS.
Common variance of the two questionnaires was deter-
mined using the scores of these correlations. Significance
was evaluated at p< 0.05.

RESULTS

During the study period (January 2012 through February
2016), 387 elderly patients were diagnosed with CLI. One
hundred and eighty-seven CLI patients were excluded from
our study because of cognitive impairment or refusal to
participate, resulting in 200 included CLI patients. Of those
patients, five were treated with a primary major limb
amputation. One hundred and ninety-five CLI patients did
not undergo major limb amputation as a primary treatment,
but instead were treated with endovascular revascularisa-
tion (n ¼ 82), surgical revascularisation (n ¼ 67), or
received conservative therapy (n ¼ 46).

Baseline characteristics

At one-year follow-up, all patients were reclassified as non-
amputees and amputees. An additional 41 patients had
received major limb amputation during the follow-up
period. Hence, a total of 46 patients were amputees and
154 patients had not undergone major limb amputation.
The patients’ characteristics are presented in Table 1. In the
amputee group, there were more patients with Rutherford
5 or 6, e.g. minor tissue loss or gangrene. Additionally, there
were no statistically significant differences between the
characteristics of patients that had a major amputation af-
ter a revascularization attempt or conservative therapy and
the ones that had a primary major amputation done.

Non-amputees

In Table 2, patients were grouped according to whoever
received amputation as primary treatment and those who
did not. Of those patients, 195 were treated without a
primary major limb amputation. There was an instant sta-
tistically significant improvement in the physical QoL
domain scores after five to seven days (12.0 vs. 10.9 (95% CI
-1.57; �0.63), p<0.001). This statistically significant



Table 3. WHOQOL-BREF vs. SF12 according to received major limb amputation during one year follow-up

n Non-amputees n Amputees

WHOQOL-BREF physical WHOQOL-BREF physical
Baseline 151 10.7 (2.8) Baseline 46 11.3 (2.7)
5-7 days 133 12.1 (2.8)* Measurement 1 27 12.1 (3.1)
6 weeks 125 13.1 (3.2)* Measurement 2 23 13.0 (3.1)*
6 months 106 14.0 (2.7)* Measurement 3 14 14.7 (1.6)*
12 months 97 14.2 (2.8)* Measurement 4 4 14.4 (1.1)*

SF-physical SF-physical
Baseline 150 28.3 (8.5) Baseline 45 30.2 (9.5)
5-7 days 131 29.4 (8.7) Measurement 1 26 31.1 (8.6)
6 weeks 125 32.8 (10.0)* Measurement 2 23 31.8 (8.0)
6 months 106 36.3 (10.1)* Measurement 3 14 35.2 (5.7)
12 months 97 35.9 (10.7)* Measurement 4 4 33.7 (3.4)

WHOQOL-BREF Psychological WHOQOL-BREF Psychological
Baseline 154 14.1 (2.5) Baseline 46 14.0 (2.4)
5-7 days 133 14.7 (2.2)* Measurement 1 27 13.5 (2.5)
6 weeks 125 14.8 (2.2)* Measurement 2 23 13.8 (2.7)
6 months 106 14.9 (1.9)* Measurement 3 14 15.2 (2.1)
12 months 97 14.9 (2.2)* Measurement 4 4 14.8 (1.8)

SF-mental SF-mental
Baseline 150 37.1 (11.1) Baseline 45 38.5 (11.6)
5-7 days 131 40.7 (8.7)* Measurement 1 26 39.6 (7.9)
6 weeks 125 41.2 (8.3)* Measurement 2 23 39.6 (8.2)
6 months 106 42.3 (7.7)* Measurement 3 14 43.0 (10.1)
12 months 97 42.3 (8.8)* Measurement 4 4 38.3 (6.3)

Data is presented as mean and standard deviation. n ¼ number of patients; WHOQOL-BREF = World Health Organization Quality Of Life-BREF;
SF12 = 12-Item Short Form Health Survey.
*Significant difference in the treatment group between this measurement and baseline, p<.05.
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improvement persisted during the one-year follow-up (14.2
vs. 10.9 (95% CI -3.70; �2.50), p<0.001). As presented in
Table 3, these results remained the same for patients who
did not underwent major limb amputation within the first
year. Non-amputees showed an immediate increase of the
physical QoL domain scores occurred after five to seven
days (12.1 vs. 10.7 (95% CI -1.95; �0.90), p<0.001) and
persisted after one-year follow-up (14.2 vs. 10.7 (95% CI
-3.98; �2.65), p<0.001). However, statistically significant
improvement in the physical HS domain only occurred after
one week of follow up for primarily non-amputee CLI pa-
tients (29.0 vs. 28.9 (95% CI -0.80; �0.17), p ¼ 0.003) and
after six weeks for patients who did not undergo secondary
amputation (32.8 vs. 28.3 (95% CI -5.78; �2.23), p�0.001),
as presented respectively in Tables 2 and 3. These results
remained statistically significant over time for both groups.

As presented in Table 2, statistically significant changes
were present in both the psychological QoL domain (14.6
vs. 14.1 (95% CI -4.14; �0.89), p ¼ 0.003) as well as the
psychological HS domain (40.4 vs. 37.4 (95% CI
-4.37; �1.16), p ¼ 0.001) in the primarily non-amputee
group. These results did not differ for patients who
remained non-amputees during follow-up (Table 3). Also, all
measurements remained statistically significant over time.
Amputees

Patients who underwent a primary major limb amputation
showed statistically significant improvements in their
physical QoL domain scores after six months (14.0 vs. 9.0
(95% CI -7.84; �1.45), p ¼ 0.005) and after one year (14.0
vs. 9.0 (95% CI -9.58; �1.46), p ¼ 0.008) follow-up (Table 2).
No other domains showed a statistically significant change
over time. Table 3 presents the results of the physical and
psychological QoL and HS domains after reclassifying the
groups at one-year follow-up. Amputees showed statisti-
cally significant improvement of the physical QoL domain
after a median follow-up time of 182 days (measurement 2;
13.0 vs. 11.3 (95% CI -7.84; �1.45), p ¼ 0.005) and these
results stayed statistically significant in the following mea-
surements. Again, no other domains showed any statisti-
cally significant changes for these amputees.

Overall, our results indicated a discrepancy for the
physical QoL and HS domains of the WHOQOL-BREF and SF-
12 questionnaires. The Pearson correlation was used to
measure the strength and direction of association that ex-
ists between the WHOQOL-BREF and SF-12 questionnaires.
There was a strong positive relationship between the
physical and psychological domains of both questionnaires
for non-amputees as well as amputees. These results were
statistically significant after one year in the non-amputee
group, respectively r(95)¼.78, p<0.001 and r(95)¼.73,
p<0.001. After six months, there was a strong statistically
significant positive relationship between the physical and
psychological domains of both questionnaires in the
amputee group, r(12) ¼ .60, p ¼ 0.023 and r(12)¼.81,
p<0.001. However these results did not stay statistically
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significant after one year, r(2) ¼ -.42, p ¼ 0.58 and r(2)¼.13,
p ¼ 0.868. However, the sample size was so low that no
conclusions can be drawn.
DISCUSSION

The goal of this prospective observational cohort study was
to evaluate QoL in relation to HS in 200 CLI patients aged 70
years and older undergoing major limb amputation. QoL is
an important outcome in vascular surgery. The data shows
that non-amputees had statistically significant improvement
of both physical domains of QoL and HS. Amputees only
had statistically significant improvement of the physical
domain of the QoL and did not show any statistically sig-
nificant difference in HS. Although, health care providers
presume that disability in physical functioning, such as
walking and climbing chairs, equals impaired QoL, we found
something different. Instead, QoL (measured by WHOQOL-
BREF) improved whereas HS did not. In our opinion, the
explanation for this difference should be found in the
questionnaire design.

HS is an assessment that measures objective functioning
(e.g. whether a patient is able to adequately engage in
specific activities). HS is an objective indicator of functional
outcome, but does not measure a patient’s subjective
wellbeing.16e20 The WHOQOL-BREF questionnaire pro-
vides the opportunity to assess the patient’s evaluation of
physical, psychological, and social functioning.9,22 In
contrast to HS questionnaires, the WHOQOL-BREF ques-
tionnaire does not express the level of functioning, but
evaluates the patient’s perception thereof. Rather than
asking a patient whether he is able to perform daily ac-
tivities, the WHOQOL-BREF questionnaire asks patients if
they are satisfied with their ability to perform certain daily
living activities.

The systematic review of Hawkins et al. showed that the
SF-12 questionnaire was extensively validated to measure
HS, including in vascular amputees. But then again HS is a
generic measurement tool that does not adequately iden-
tify the physical, psychological, and social functioning of CLI
patients.1,28,29 The SF-12 questionnaire is based on health
professionals’ definitions of QoL.13 Therefore, HS accesses
disabilities in life whereas QoL accesses if patients are
subjectively restricted in daily life. In CLI patients and
especially in vascular amputees living without pain is pri-
oritised over mobility. This results in a different perspective
on QoL, which is difficult to measure.1 Breek et al. stated an
important difference between HS and QoL in patients with
intermittent claudication (IC).9 Our results endorse these
findings in patients with CLI. Because of high amputation
rates (35%e67%)3,8,30 in CLI, a valid QoL outcome and HS is
important in vascular amputees. In our study, vascular
amputees (with a one-year mortality of 35%) showed sta-
tistically significant improvement in the physical QoL
domain at one-year follow-up (survey response 67%,
n ¼ 20).
Frans et al. analysed the QoL in 150 CLI patients using
the VascuQol questionnaire, of which 14 patients under-
went major limb amputation.18 After one-year follow up
the overall QoL improved. The disease-specific VascuQol
questionnaire is considered an accurate instrument to
measure QoL in IC patients.29 Nonetheless, the physical
domain of the VascuQol questionnaire represents an
‘objective’ evaluation of performing activities instead of
the patient’s perception of his overall functioning.31,32

Therefore the VascuQol questionnaire should be classi-
fied as a HS and not as a QoL measurement. Additionally,
the differentiating power in CLI patients is poor and
therefore it may not be generalizable to this specific pa-
tient group.1,31

Our study clearly suggests a discrepancy between the
physical QoL (WHOQOL-BREF) and HS (SF-12) measure-
ments. Currently, there is no consensus about which in-
struments are appropriate to measure QoL in elderly CLI
patients.9,33 We advocate the use of the validated
WHOQOL-BREF questionnaire because it is a more precise
method to describe QoL in CLI patients and it reveals
whether a patient is satisfied with his/her overall func-
tioning.22 With respect to shared decision making, distinc-
tive and subjective QoL questionnaires provide a very
important outcome measurement and should be used in
future research.

Clearly, this study has several limitations. HS and QoL are
measured with the use of self-report questionnaires. Inac-
curate reporting of patients can compromise self-reported
information. In order to limit this risk, we excluded cogni-
tively impaired patients. These patients combined with the
patients who refused to participate resulted in the exclusion
of 50% of the elderly CLI patients. This could cause a se-
lection bias. Nonresponse bias was also present. Eighty-two
included patients did not complete the questionnaires at
the one-year follow-up because of decease (n ¼ 59, 30%)
and loss to follow-up (n ¼ 13, 7%). The reason for loss to
follow-up was mostly due to cognitive impairment. All pa-
tients lost to follow-up did not receive major limb ampu-
tation during the first year. Finally, this study represents the
entire clinical course of CLI patients. Comorbid conditions
and treatment received during follow-up could have had an
influence on HS and QoL. Future studies could examine the
repercussion of comorbidities and repetitive treatment on
HS and QoL. Furthermore, a patient’s view on QoL can also
change over time. These changes can be a response to
treatment, but can also be a result of adaptation to a
chronic illness. Therefore, changes in QoL over time need
not necessarily reflect on changes in disease related QoL.

There is a clear difference between patients’ functioning
and the patients’ appraisal of functioning. In this study,
elderly CLI patients who underwent major limb amputation
showed an increase of QoL, but showed no changes in HS.
This raises the question of what do we want to achieve for
the elderly CLI patient population. Individual treatment
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goals should be kept in mind when assessing the HS or QoL
outcome of patients undergoing hospital care. With respect
to shared decision making, distinctive and subjective QoL
questionnaires, like the WHOQOL-BREF, provide a very
important outcome measurement and should be used in
future research.
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