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Summary. Background and aim of the work: Functional activity may remain limited in patients affected by
critical limb ischemia, despite successful infrainguinal lower limb bypass surgery (ILLBS). The aim of the
work was to evaluate the impact of a rehabilitative intervention on postoperative ambulatory status and
pain. Methods: In an observational study, data were collected on 34 patients undergoing ILLBS for critical
limb ischemia or end-stage peripheral arterial disease. All patients underwent a postoperative rehabilitation
program aimed at recovering gait autonomy. Information was collected on pre-operative comorbidities, am-
bulatory status (on admission to and discharge from hospital) and pain in the affected lower limb (on the first
physiotherapy session and at discharge). Resu/zs: Before ILLBS, 61.8% of the patients walked independently
without aids or assistance. The rehabilitative program started on average 5.7 (SD: 2.1) days after surgery. At
discharge, 50% of the patients walked independently, 41.2% walked with aids and/or assistance and 8.8% were
not able to walk. Overall, 76.5% of the sample recovered their pre-operative ambulatory status. Although pain
tended to decrease, the difference at the first (1.5; SD: 2.6) and at the last treatment session (0.8; SD= 1.3) was
not statistically significant. Conclusion: Our exercise protocol resulted to be easy to perform during hospital
stay, with an overall favourable outcome for ambulatory status. Our results are in line with those reported in
literature about the rates of postoperative dependence in walking, but appear to be slightly better in regards to
the percentage of patients who recovered pre-operative ambulatory status. (www.actabiomedica.it)
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limb bypass surgery (ILLBS) is still the most common
choice for diffuse occlusive disease of the infrainguinal

Peripheral arterial disease (PAD) is a common
manifestation of systemic atherosclerotic disease. Exer-
cise is part of the lifestyle modification needed in PAD
and a supervised treadmill-training regime is consid-
ered effective in improving symptoms and increasing
walking distance (1). However, where no improvement
is seen with conservative management, a surgical ap-
proach is usually considered for disabling PAD. An
increasing number of surgeons favour endovascular
treatment as the initial therapy, but infrainguinal lower

segment or critical limb ischemia (CLI) (2). Patient’s
expectations are that postoperatively they will be pain
free and walk well, but functional activity may remain
limited as a consequence of multiple factors, includ-
ing hospitalization, despite successful surgical treat-
ment (3). Delay in the recovery of complete autonomy
in daily life activities implies an additional burden on
health care resources. Traditional outcome measures,
focusing only on technical “success”, are usually con-
sidered poor predictors of functional outcome (3),
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whereas from a rehabilitative point of view, general
mobility and ambulatory status, reflecting functional
performances, are considered basic measures of out-
come after surgery. The role of rehabilitation following
ILLBS has yet to be properly delineated.

We report a supervised early rehabilitative in-
tervention for the post-acute phase of ILLBS and
evaluate its impact on ambulatory status and pain in a
short-term assessment.

Methods
Population and study design

In an observational study, data were collected on
34 patients undergoing infrainguinal lower limb bypass
surgery followed by a rehabilitation program aimed at
recovering preoperative ambulatory status. Patients
were affected by critical limb ischemia (or severe disa-
bling end-stage PAD). All were treated at the Vascular
Surgery Unit of our hospital from February 2011 to
March 2014 and evaluated by a physiatrist as soon af-
ter ILLBS as they were considered clinically stable by
the surgeon. We considered ineligible for early post-
acute rehabilitation patients who were still clinically
unstable one week after surgery. Information was col-
lected from medical charts on basic demographics and
pre-operative comorbidities. The impact of pre-oper-
ative comorbidities was calculated using the Charlson

Comorbidity Index (4,5).
Outcome

For the aim of the present study, ambulatory sta-
tus was categorized into three groups: independent pa-
tients walking without aids or assistance; aided patients
who were ambulant with walking aids and/or assistance
and dependent patients (bed-bound or wheelchair-
bound). We recorded information about the walking
performance on admission to and discharge from hos-
pital and we calculated, as outcome of the study, the
percentage of patients who recovered pre-operative
ambulatory status. Pain in the affected lower limb was
recorded on the first and on the last physiotherapy ses-
sion, using the Numeric Rating Scale (6).

Procedures-Post acute rebabilitation

The early post-acute rehabilitation project had
two objectives: maintenance (or recovery) of the range
of motion and of the strength in the affected limb; and
recovery of standing position and gait. The program
involved daily 30 minute sessions, each consisting of
15 minutes of exercise in bed and 15 minutes of gait
training assisted by a physiotherapist, until the dis-
charge from hospital.

Table 1 reports the stages of the rehabilitation
program we carried out.

The program usually started with cautious passive
mobilization of the joints in the limb that had under-
gone ILLBS, with the patient lying supine. Once the
ankle joint had been mobilized, the physiotherapist fo-
cused on the knee and hip, often kept in a flexed atti-
tude because of the pain. The physiotherapist then as-
sisted active flexion and extension of the limb (includ-
ing hip, knee and ankle) and stretched the hamstrings
to gain complete knee extension. This was followed by
easy isometric reinforcement of the gluteus muscles.
From the supine position, the patient was brought into
lateral decubitus and then into a sitting position. From
the 2™ session of treatment, the program focused on
recovery of the upright position and gait. Exercises
included bilateral hip abduction and marching on the
spot. Upright position and gait training were usually
aided (cane or walker), but only transitorily if the pa-
tient had not required them previously. At the begin-
ning of gait training, the therapist asked the patient to
walk for a 10 meter distance. The patient performed
progressively longer distances and the physiotherapist
corrected the gait pattern if necessary.

Table 1. Early postoperative Rehabilitation Program

From the 1st session of physiotherapy

* Passive mobilization of hip, knee and ankle

* Active-assisted exercise in flexion & extension of hip, knee
and ankle

* Sitting & standing position recovery

From the 2nd session of physiotherapy
* Standing position recovery

* Assisted exercises in upright position
* Gait training

* Gait pattern control
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In addition to anamnestic data, we collected the
following: length of treatment (expressed as number
of sessions of physiotherapy); the start dates of the
program, of upright positioning and of assisted gait
training (expressed as number of days after surgery).
Patients signed their consent in accordance with the
indications of the local ethical committee.

Statistical Elaboration

Categorical variables are expressed in numbers
and percentages; quantitative variables are shown with
mean and standard deviation. The Paired T-test was
used to analyze pre-post therapy differences. A signifi-
cance level of P<0.05 was adopted. MedCalc for Win-

dows Version 9 software was used to analyze the data.

Results

34 infrainguinal lower limb bypass procedures, 18
(52.9%) on the right lower limb, were performed on
34 patients (79% males), aged 71.1 years (SD: 13.9). A
high preoperative comorbidity burden (Charlson Co-
morbidity Index >5) was recorded in 12 (35.3%) of the
patients. All patients started the early rehabilitative
program an average of 5.7 (SD: 2.1) days after surgery.
Three patients were not able to start gait training: the

first because of a previous leg amputation, the second
because of a haematoma at the surgical site and the
third because affected by dizziness. None of the pa-
tients died before hospital discharge, on average 12.74
(SD: 5.96) days after ILLBS. The mean number of
treatment sessions before discharge was 5,6 (SD:3.9).
On average, patients needed 2 sessions of physiothera-
py (SD: 2.1) to recover standing and walking function.

Outcome

Data on ambulatory status are reported in Figure 1.

Despite claudication, 32 (94.1%) of the patients
were still able to walk at least short distances on ad-
mission to the hospital. Before ILLBS, 21 (61.8%) of
the patients walked independently, 11 (32.4%) walked
with aids and/or assistance and 2 (5.9%) were wheel-
chair or bed-bound. At discharge, 17 (50%) of the pa-
tients walked independently, 14 (41.2%) walked with
aids and/or assistance and 3 (8.8%) were not able to
walk. On the whole, 26 (76.5%) of the sample recov-
ered their pre-operative ambulatory status after the
early rehabilitation program, the other 8 (23.5%) pre-
senting a worse ambulatory status than before hospi-
talization. Although pain tended to decrease, the dif-
ference between pain in the affected limb at the first
(1.5; SD: 2.6) and at the last treatment session (0.8;
SD=1.3) was not statistically significant.

Independent: 62%

Independent: 50%

Aided: 32%

Aided: 41%

Dependent: 6%

Dependent: 9%

Independent at admission 21 (62%) Aided at admission 11 (32%)

Dependent at admission 2 (6%)

Independent at discharge: 0 I

Aided at discharge: 6 I

Aided at discharge: 7

] Aided at discharge: 1 I

Dependent at discharge: 1 I

Independent at discharge: 14] E Independent at discharge: 3 ]

Dependent at discharge: 1 ]

Dependent at discharge: 1 I

Figure 1. Ambulatory status at admission and at discharge
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Discussion

Intermittent claudication, the symptomatic ex-
pression of the inability of the blood flow to supply the
oxygen required by lower limbs, is typical of PAD (1).
Consequently, the primary goal after ILLBS should
be rapid recovery of the walking function. Preopera-
tive non-ambulatory status as well as postoperative
non-ambulation have been found to significantly pre-
dict mortality (3). In spite of this, the small number
of studies detailing the ambulatory status of patients
prior to and after ILLBS, report a generally slow re-
covery of walking, with a significant number of pa-
tients failing to achieve independent mobility in the
postoperative period (3,7-18). Recent studies have also
shown that patients are often discharged from hospi-
tal with a worse post- than pre-operative functional
status, despite successful surgical treatments (3,19).
Ambler (2013) reported significantly impaired post-
operative mobility, in association with prolonged hos-
pital stay, with rates of dependence in walking of 7%
at discharge and of 21% at 12 month follow-up (17).
In 2012, Rollins et al. reviewed 10 previous studies as-
sessing mobility status of patients who had undergone
ILLBS; only three reported an improvement in ambu-
latory status at follow-up. The authors estimated that
ILLBS maintains ambulation in 75% of patients at a
follow-up period ranging from 30 days to 1 year, with
the rate of independence in walking prior to ILLBS
being 91% on average. In the present study, the major-
ity of our patients (94%) were still able to walk preop-
eratively (62% independent walking, 32% aided walk-
ing). At discharge from hospital, the overall percentage
of ambulant patients remained stable(91%) with 50%
of patients completely independent and 41% aided in
walking. Most of our patients (76.5%) recovered pre-
operative ambulatory status, the other 23.5% present-
ing a worse post than pre-hospital ambulatory status.
Odur results at post operative discharge are comparable
and in line with those reported by Ambler and Bal-
lotta (16,17) about the rates of dependence in walking
(< 10%), but appears to be slightly better in regards to
the percentage of patients who recovered pre-operative
ambulatory status (76.5% versus 59%) (17).

The lack of longer follow-up prevents further

comparisons with the previously published literature

and evaluation of the impact of our exercise program
in the medium and long-term period. This study pre-
sents other formal limitations, especially a small sam-
ple size and the absence of comparison with a control
group (not performing rehabilitation). Our exclusively
functional evaluation also does not take into account
the technical features of the bypass procedures. None
of the previously cited studies takes into account the
potential of postoperative rehabilitation in improving
the functional outcome of ILLBS. However, in our
opinion, a supervised exercise program, performed in
the first and second postoperative weeks, could play a
precious role in functional recovery.

In terms of the type of exercise, choosing the
best rehabilitation treatment after ILLBS can be chal-
lenging because the field has not been exhaustively
investigated so far. Lungren et al addressed the issue
in 1989 and found that performing exercise improves
the benefit conferred by surgery (19). In 2007, Badger
reported significant advantages (increase in maximum
walking distance) for a supervised treadmill exercise
program started 4 weeks after ILLBS, but 70% of pa-
tients did not take part in the training because of their
high comorbidity burden or refused to (1). Our early
rehabilitation program is not intended to substitute
supervised treadmill exercise, which improves exercise
tolerance and walking distance. Nevertheless it is easy
to perform during the hospital stay, without any ad-
ditional time burden for the patients.

Conclusions

The past years have witnessed a growing interest
in the role of early mobilization of surgical patients,
in keeping with the hypothesis that this might reduce
further physical and psychological sequelae. In this pa-
per, we present a patient—oriented supervised exercise
protocol, reflecting our real everyday practice. Our aim
was to focus the reader’s attention on the role of exer-
cise in the immediate postoperative period of ILLBS.
Further studied are needed to understand the efficacy
of rehabilitation in this context.
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