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Summary: Background: Lower limb bypass occlusion in patients with chronic limb threating ischemia remains a challenge.

We can choose between different treatment options: open surgery, local thrombolysis, thrombectomy/atherectomy devices. In
this pilot study, we compare clinical outcomes and treatment costs between open surgery (OS) and percutaneous mechanical

thrombectomy (pMTH). Patients and methods: This pilot study represents a retrospective analysis of hospital data of 48

occluded bypasses admitted from 2013 to 2018. Only patients presenting with severe ischemia and recrudescence of
symptoms (Rutherford 4–6) were included in the current analysis. Two cohorts of patients were analysed: patients who

underwent OS and patients that underwent pMTH. Primary clinical outcomes were one-year cumulative patency and limb

salvage rates. Total cost was calculated as a sum of intra- and post-operative costs. To weigh clinical benefits against the
economic consequences of OS versus pMTH a cost-effectiveness framework was adopted. Results: We analysed a series of 48

occluded bypasses 17 treated with open surgery and 31 with pMTH. Procedural success was 100% in both groups. When
comparing one-year death rates (p-value = .22) and re-occlusion rates (p-value = .43), no statistically significant differences

were observed between the two cohorts. Mean patency duration in the surgery cohort was significantly shorter (p-value < .05).

Primary patency (OS 41.2% vs. pMTH 48.4%) and limb salvage rate (OS 88.2% vs. pMTH 90.3%) at one year are similar in both
groups. The total cost of surgery was substantially higher (OS 10,159€ vs. pMTH 8,401€) Conclusions: This pilot study,

although limited to 48 occluded bypasses, demonstrates that endovascular treatment with pMTH is less invasive, less time

consuming and less expensive, and produces greater health benefits than traditional OS.

Keywords: lower limb bypass occlusion, chronic limb threating ischemia, open surgery, Thombolysis, atherectomy plus
thrombectomy, treatment cost

Introduction

In the last decade, endovascular therapy has emerged as a
first-choice treatment in patients with chronic limb threat-
ening ischemia (CLTI). Open surgical revascularization
using autogenous veins or prosthetic grafts is still consid-
ered an effective treatment with acceptable immediate
and late results [1].

In most cases, bypass occlusion (BO) can be related to
recrudescence of symptoms of equal or greater severity
than when the index bypass graft was performed [2, 3].
Moreover, in some patients with chronic BO it is manda-
tory to recanalize the bypass to establish sufficient and

adequate arterial flow into the foot, due to recurrence of
ulcer or gangrene. The risk of major amputation in these
patients is more than 50% [4, 5].

There are two main treatment options available for
patients with BO: open surgery and endovascular proce-
dures (local thrombolysis and percutaneous atherectomy/
thrombectomy) [3–7].

Open surgery (OS) usually involves thromboembolectomy
or redo-bypass. Excluding thromboembolectomy due to
unacceptable results, redo surgery is invasive and very com-
plex, particularly in patients with previous revasculariza-
tions, and related to high morbidity and poor long-term
results when autologous veins are not available [7, 8].
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Local thrombolysis, based on the results of ‘90s trials [9–
12], can be regarded as a better and less invasive choice
than OS for the treatment of BO. However, thrombolysis
has many limitations due to the risk of major haemorrhagic
complications, too slow restoration of distal flow in acute
ischemia and it is less effective in the case of chronic
occlusions.

Percutaneous mechanical thrombectomy (pMTH)
devices in patients with BO are also a possibility. The speci-
fic features of Rotarex�S and Aspirex�S (Straub Medical
AG, Wangs CH) allow the aspiration of thrombotic material,
avoiding the use of lytic agents and reducing the risk of dis-
tal embolization, due to the powerful aspiration [7, 13].

The purpose of this pilot study was to compare clinical
outcomes and treatment costs between OS and Percuta-
neous mechanical thrombectomy in an Italian clinical set-
ting in patients with acute, sub-acute and chronic bypass
failure causing CLTI.

Patients and methods

This study represents a retrospective analysis of hospital
data of 48 patients with BO admitted to our Department
from 2013 to 2018. Only patients presenting with severe
ischemia and recrudescence of symptoms (Rutherford
class 4–6) were included in the current analysis. Patients
with intermittent claudication or planned for life-saving
major amputation due to advanced gangrene and sepsis
were excluded from the analysis.

Hospital-level patient data were extracted from patients’
medical histories. Two cohorts of patients were analysed:
patients who underwent open surgical intervention and
patients that underwent pMTH. This study was approved
by the Ethics committee of Verona and Rovigo, protocol
number: 21067 (Prog 1734CESC) on April 4th, 2018.

Baseline data collected included demographics, diagnos-
tic information and clinical characteristics, including
comorbidities and smoking status. Clinical characteristics
included: duration of BO, acute (<14 days), sub-acute (14
to 90 days) and chronic (>90 days); severity of peripheral
artery disease (PAD), defined by the Rutherford classifica-
tion (from 4 to 6); anatomic site of distal bypass anastomo-
sis, considering above the knee (ATK, when the distal
anastomosis is at the level of the distal superficial femoral
artery or the proximal popliteal artery) and below the knee
(BTK, when the distal anastomosis is at the level of the dis-
tal popliteal artery or tibial arteries); number of previous
revascularizations.

Procedural interventions

Surgery
In the surgery cohort, redo-surgery with bypass reconstruc-
tion was performed in most cases. Thromboembolectomy
was performed in only two cases, as the intervention is
associated with a high risk of residual thrombus (38–85%)
and very poor long-term patency [3, 12].

Bypass reconstruction was usually performed under gen-
eral anaesthesia, with minimal arterial dissection and using
intraluminal bleeding control with occlusive balloons [3].

Autologous veins were used whenever possible, with the
first choice being “in situ”, with coiling of side branches, or
“ex-situ” great saphenous vein (GSV), followed then by
“reversed” GSV, small saphenous vein or arm veins. How-
ever, homologous, composite, biosynthetic or prosthetic
bypasses were used for patients without autologous veins.
In case of the use of prosthetic bypass, we also placed a dis-
tal vein cuff to improve patency.

Percutaneous mechanical thrombectomy (pMTH)
pMTH was performed using the Rotarex�S device from
Straub Medical AG (Wangs, CH). This device has a steel
helix rotating between 40,000 and 60,000 revolutions
per minute, based on Archimedes’ endless screw principle
allowing for the aspiration and transportation of thrombotic
material outside of the body. Rotarex�S, in addition, has a
rotating head that allows detachment and fragmentation of
acute and/or chronic material. We used the Aspirex�S
device in in case of acute occlusion of a vein bypass,
because this device is only able to remove acute thrombus
and is more delicate on the wall of the bypass than
Rotarex�S. The choice of Aspirex� S or Rotarex� S in this
study was dependant on the bypass material and the nature
of the occlusive material.

We performed an antegrade ultrasound-guided common
femoral artery puncture in every patient; we prefer this to a
contralateral access because in many of these patients a
distal tibial artery PTA is also needed, and it is easier to
treat any accidental embolization in the foot arteries. The
procedure consists of two phases. Intraluminal guidewire
passage of BO to the true distal lumen is the first. Then
pMTH is performed with slow forward and backward
movements to obtain maximum detachment and removal
of thrombotic material and to avoid distal embolization at
the moment of flow restoration. In cases where it is not pos-
sible to cross the occlusion antegradely, we perform a distal
approach from the tibial arteries. Thrombolysis in order to
complete thrombotic material removal was not used in any
case. Usually, we prefer to use 8F devices in proximal
bypasses and 6F devices in distal bypasses. After bypass
revascularization, in all cases, we performed anastomotic
PTA with a drug-eluting balloon to reduce the risk of
restenosis. In case of residual anastomotic stenosis, we
placed an anastomotic bare metal stent; in some patients
we also associated PTA of the tibial arteries. In 12 cases
(38.7%), it was also necessary to stent significant residual
anastomotic stenosis using a bare metal stent. 21 cases
(67.7%) needed distal PTA to obtain an effective flow into
the tibial and foot arteries. Due to the powerful aspiration
of this device, we never had to use distal protection.

Clinical and cost analysis

The primary clinical outcomes were one-year cumulative
patency and limb salvage rates. Cumulative patency was
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defined as the proportion of patients without re-occlusion
at the specified time point. We evaluated bypass patency
using Doppler ultrasound (DUS), discerning between
open/closed bypass and without taking into account bypass
restenosis in this study. Patency duration was measured
as the period between the initial intervention and
re-intervention for treatment of re-occlusion. Limb salvage
is the proportion of patients without above the ankle ampu-
tation (major amputation) at the specified time point.

Cost was calculated as a sum of intra- and post-operative
costs. Intra-operative costs included those related to the
duration of the procedure and materials used during the
intervention such as the number of units of blood required
during procedure, bypass material, sutures, pMTH devices,
guidewires, sheaths, balloons, stents, and others. Post-
operative costs were those related to the length of hospital-
ization, the number of days spent in the Intensive Care Unit
(ICU) and the number of units of blood required post-
operatively. The consumption of each type of healthcare
resource, at patient level, was multiplied by the respective
unit cost provided by the Administrative Management
and Purchasing Department (Euro (€), 2016).

To weigh clinical benefits against the economic con-
sequences of surgery versus pMTH, a cost-effectiveness
framework was adopted. The incremental cost-effectiveness
ratio was defined as a difference in the clinical benefits
between OS and pMTH divided by the difference in the cost
of both treatments.

Statistical analyses

Descriptive statistical analyses were employed to summa-
rize and describe procedural and study population charac-
teristics. Categorical data were summarized as numbers
(percentages) and continuous variables as the mean ± stan-
dard deviation. The chi-square test of independence was
used to compare categorical data distribution between
groups, while independent sample t-test was used to com-
pare means of normally distributed continuous variables
(otherwise Mann-Whitney test was employed). Survival
analysis (Kaplan–Meier curve) was used to analyse the
time-dependent outcomes (primary patency and limb sal-
vage). The time to event was measured from the date of
intervention until the date of the event, reported in days.

The number of days of averted re-occlusion events was
calculated by subtracting the mean patency duration in
the surgery cohort from the patency duration in the pMTH
cohort, expressed in days. The follow-up period was one
year. Patients were right-censored if lost to follow-up, died
before re-occlusion or amputation, or at the end of the fol-
low up.

The Breslow test was used to assess differences between
the compared cohorts, as it tends to result in the most pre-
cise estimates on the left side of the survival curves, where
the probability of events is the highest. p-values less than
.05 were considered statistically significant. Censorship is
a unique characteristic of survival analyses, as it is used
to calculate an exact number of patients at risk at each time

point. One of the main assumptions of survival analysis is a
non-informative and random distribution of censored
events among compared groups. Thus, the assumption of
equal distribution of censored events between the groups
was confirmed before conducting each survival analysis.

Results

A total of 48 occluded bypasses were included in this retro-
spective study. Mean age was 71.25 (±7.85) years old, and
the majority were male (41 males – 7 females). No statisti-
cally significant difference was found between the groups
in terms of demographics or lesion characteristics; except-
ing for gender distribution. The surgery group consisted of
males only (Table I).

Severity of clinical symptoms was similar across both
groups. There was no statistically significant difference in
any aspects specific to bypass occlusion: time of occlusion,
Rutherford class, site of distal bypass anastomosis, outflow
vessels, bypass material and number of previous revascu-
larizations. The majority of patients (58.8% in OS, 58.1%
in pMTH) were classified in Rutherford class 5 (Tables I
and II).

The majority of open surgical procedures were redo-
bypasses (88.2%), only 2/17 (11.8%) treated with throm-
bombolectomy (in case of acute occlusion), while the
majority of pMTH interventions were performed with
Rotarex�S (93.5%), only 2/31 (6.5%) with Aspirex�S. In
12 cases of pMTH (38.7%), it was also necessary to stent
significant residual anastomotic stenosis using a bare metal
stent. 21 cases (67.7%) needed distal PTA to obtain an
effective flow into the tibial and foot arteries.

The procedural success rate, defined in OS as pulsatile
bypass and in pMTH as angiographic effective flow, with-
out stenosis > 30% or flow-limiting dissection, at the end
of the operation, was 100% in both groups. On average,
the duration of intervention in the OS group was approxi-
mately two times longer than in the pMTH group
(223 ± 81.3 minutes vs. 119 ± 60.1 minutes, p < .05). Fewer
blood units were used in the pMTH group compared with
surgery in both the intra- and post-operative settings which
was statistically significant (intra-operative 0.94 ± 1.14
units vs. 0.00 ± 0.00 units, p < .01; post-operative
2.29 ± 3.75 units vs. 0.68 ± 1.54 units, p < .01). No differ-
ences were observed between the study groups concerning
the number of days spent in ICU post-operatively
(0.35 ± 0.86 days vs. 0.06 ± 0.36 days, p = .203). However,
there was a statistically significant difference in the length
of hospitalization, it was longer in the OS group
(10.88 ± 8.34 days vs. 3.87 ± 2.84 days, p < .01) (Table III).

In the OS cohort, we had 2 deaths related to the opera-
tion (11.8%) and 9 minor post-operative complications
(52.9%): 6 wound infections in the site of surgical re-inci-
sion or vein harvesting and 3 lymphatic leakages. In most
cases new bypasses were prosthetic or biosynthetic, due
to the unavailable veins for a new bypass. We performed
a vein bypass in only 4 patients (23.5%).
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In the pMTH cohort, we had three minor intra-operative
complications (9.7%) and no deaths related to the opera-
tion. These minor complications were: one distal tibial
artery perforation, treated with prolonged balloon inflation;
one vein bypass perforation, treated with a covered stent;
one distal embolization, solved with manual thromboaspi-
ration. All these minor complications were solved during
the same procedure.

When comparing one-year death rates [OS 6/17 (35.3%)
vs. pMTH 6/31 (19.3%), p = .22] and re-occlusion rates [OS
10/17 (58.8%) vs. pMTH 16/31 (51.6%), p = .43], no
statistically significant differences were observed between

the groups. The mean patency duration, excluding
censored patients, in the OS cohort was statistically signif-
icantly shorter than in the pMTH cohort (p < 0.05)
(Table IV).

There was no statistically significant difference in the
patency and the limb salvage rates over the one-year per-
iod, as presented in Figure 1. In the pMTH group, three
patients experienced major amputation while only two in
the OS group (OS 11.8% vs. pMTH 9.7%, p = .832).

There was a significant improvement in Ankle-Brachial-
Index (ABI) before the operation (OS .38 ± .11 vs. pMTH
.35 ± .19, p > .05), at 1 month (OS .85 ± .21 vs. pMTH

Table I. Demographic/clinical characteristics

OS N = 17 pMTH N = 31 p-value*

Demographics

Age 70.6 ± 6.57 71.6 ± 8.56 .698

Male 17 (100.0%) 24 (77.4%) .034

Female 0 (0%) 7 (22.6%) .034

Smoker 8 (47.1%) 12 (38.7%) .585

Comorbidities

End stage renal disease 3 (17.6%) 8 (25.8%) .520

Hypertension 17 (100.0%) 28 (90.3%) .185

Hypercholesterolemia 15 (88.2%) 23 (74.2%) .252

Coronary artery disease 8 (47.1%) 14 (45.2%) .615

Diabetes mellitus 7 (41.2%) 15 (48.4%) .632

Rutherford classification

Class 4 4 (23.5%) 8 (25.8%) .981

Class 5 10 (58.8%) 18 (58.1%) .981

Class 6 3 (17.6%) 5 (16.1%) .981

Ankle brachial index

ABI baseline .38 ± .11 .35 ± .18 >.05

OS: Open Surgery; pMTH: Percutaneous Mechanical Thrombectomy.
*Independent t-test was conducted for continuous variables, while chi-square test of independence was conducted for categorical variables.

Table II. Bypass characteristics

OS N = 17 pMTH N = 31 p-value*

Timing of occlusion

Acute 5 (29.4%) 5 (16.1%) .295

Sub-acute 4 (23.5%) 11 (35.5%) .521

Chronic 8 (47.1%) 15 (48.4%) .930

Site of distal anastomosis

Above the knee 6 (35.3%) 15 (48.4%) .382

Below the knee 11 (64.7%) 16 (51.6%) .382

Outflow vessels

1 artery 3 (17.6%) 6 (19.4%) 1

2 arteries 9 (52.9%) 14 (45.2%) .606

3 arteries 5 (29.4%) 11 (35.4%) .757

Material

Vein 3 (17.6%) 7 (22.6%) 1

Composite 5 (29.4%) 5 (16.1%) .295

Prosthetic 8 (47.1%) 17 (54.8%) .606

Biosynthetic 1 (5.9%) 2 (6.5%) 1

Previous treatments 3.0 ± 1.6 2.6 ± 1.3 .366

*Chi square was performed. If the number of patients in a cell (OS or pMTH) is � 5, Fisher exact test was reported.
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.83 ± .19, p > .05) and at 12 months (OS .79 ± .13 vs. pMTH

.77 ± .18, p > .05) and this improvement was similar in both
cohorts of patients.

In the studied cohorts of patients, the pMTH was slightly
more expensive compared with OS in the intra-operative
category (pMTH 6,722€ vs. OS 5,437€) while being consid-
erably less costly in the post-operative setting (pMTH 1,679
€ vs. OS 4,722€) (Table V). Overall the total cost of OS was
higher by 1,758€ than the total cost of pMTH (OS 10,159€
vs. pMTH 8,401€) (Table V).

Discussion

Bypass failure in patients with CLTI is a very distressing
and challenging issue for every vascular surgeon. The
selection of the best treatment option is yet to come [2, 4,
6, 14–17].

In this particular study, we compare open surgery and
endovascular treatment with percutaneous thrombectomy
devices (Rotarex�S and Aspirex�S by Straub Medical
AG). The objective is to evaluate the clinical outcomes
and cost-effectiveness among patients with BO and severe
ischemia.

Among different endovascular devices used to treat
occluded bypasses, we chose pMTH systems, because
these can treat acute or sub-acute but also chronic occlu-
sions, without the use of lytic agents [13].

To date, there has been no publication that compares OS
and pMTH in the treatment of BO solely in patients with
advanced PAD, Rutherford 4 to 6. The use of rotational

mechanical systems in failed bypasses was assessed in sev-
eral studies; the most relevant from Zeller [17, 18], Wissgott
[13, 19], and Lichtenberg [7, 20]. It was difficult to compare
the results of our study with the previously published find-
ings due to the major differences observed in study popula-
tions and follow-up periods. However, similarly to the
current study, these studies reported that Rotarex�S has:
a high procedural success rate (78–100%); an acceptable
rate of minor complications (4.8–18%); good immediate
and late (12 months) results with a significant ankle-
brachial index improvement; an acceptable patency and
limb salvage rate [7, 13, 17, 18, 20]. Moreover, Wissgott
[19] showed a significantly shorter procedural time with
Rotarex�S in comparison to EKOSe (BTG International
Ltd., London UK) system in BO.

In our study, the treatment choice is not randomized,
however the two groups have no differences in demo-
graphic characteristics and comorbidities, the only differ-
ence is gender distribution, with no females in the OS
cohort. There are no differences in the Rutherford class
presentation, most were in Rutherford class 5, with minor
tissue loss (Table I).

In contrast to other studies reported in literature [19, 20],
we analysed a group of patients affected by CLTI (Ruther-
ford Class 4–6), ruling out occluded bypasses in patients
with intermittent claudication. Thus, this evaluation is
more specific than others that considered patients with
completely different situations all together, like intermit-
tent claudication and CLTI. The results of any type of
bypass re-occlusion intervention in the case of patients with
intermittent claudication is usually better than in the case

Table III. Procedural characteristics

OS N = 17 pMTH N = 31 p-value*

Intraoperative procedural characteristics

The rate of successful procedures 17 (100%) 31 (100%)

Duration of operation (in minutes) 223 ± 81.3 119 ± 60.1 < .05

Intraoperative blood unit transfusions 0.94 ± 1.14 0.00 ± 0.00 < .01

Postoperative procedural characteristics

Length of hospitalization (in days) 10.88 (±8.34) 3.87 (±2.84) < .01

Days in ICU 0.35 (±0.86) 0.06 (±0.36) .203

Postoperative blood unit transfusions 2.29 (±3.75) 0.68 (±1.54) < .01

*Independent t-test was conducted for continuous variables, while chi-square test of independence was conducted for categorical variables. Results are
considered statistically significant when p < .05.

Table IV. Re-occlusion and death rates in OS vs. pMTH

OS N = 17 pMTH N = 31 p-value

Death rates 6/17 (35.3%) 6/31 (19.3%) .22*

Major amputation rate 2/17 (11.8%) 3/31 (9.7%) .832*

Re-occlusion rates (%) 10/17 (58.8%) 16/31 (51.6%) .43*

Primary patency duration (in days) 116.38 ± 190.64 210.63 ± 173.34 < .05**

*Chi-square test of independence was conducted for categorical variables.
**Mann-Whitney test was conducted for continuous variables.
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of CLTI, due to the less advanced PAD [13, 20]. Our cohort
of patients was very challenging, also because they had an
average of 3.0 (±1.6) previous revascularizations of the
same limb in the OS group and 2.6 (±1.3) in the pMTH
group.

Furthermore, these two cohorts of patients are homoge-
neous considering the distal anastomosis site, outflow ves-
sels and bypass material (Table II). About half of the
bypasses were below-the-knee (BTK), with the distal anas-
tomosis at the level of the distal popliteal artery (P3) or tib-
ial arteries. This is completely different from other studies
on the use of the Rotarex�S device in failed bypasses, both
Wissgott and Lichtenberg [13, 20] in their studies only anal-
ysed above-the-knee (ATK) bypasses, which of course are
easier to treat [2, 3]. This is one of the reasons why in our
study, the length of operation was on average, longer than
in the other studies. Another reason is that our patients pre-
sented with severe PAD, and in these cases, it is often
mandatory to perform supplemental angioplasty in BTK
and below-the-ankle (BTA) arteries.

Considering pMTH treatment success, we were able to
restore an effective distal flow without residual steno-
sis > 30% or flow-limiting dissection in all patients, with
a 100% procedural success rate. This is similarly reported
in other publications using Rotarex�S [7, 13, 19, 20].

We did not compare OS and pMTH to local thrombolysis
because we stopped using lytic agents as a first-line treat-
ment in bypass failure after the introduction of pMTH
devices in our endovascular armamentarium.

Analysing treatment and hospitalization, the first and
most significant difference between OS and pMTH is, of
course, the length of the operation that is approximately
two times longer in the surgical cohort. This is a known fact,
because the re-exposure of previously dissected arteries is
challenging and time-consuming. In many cases, the ipsi-
lateral greater saphenous vein (GSV) is unavailable to per-
form the bypass; conversely, we have to expose and to
harvest other veins, like the contralateral GVS or arm veins
[3].

The mean blood units transfused during the operation
and in the post-operative period is higher in the OS cohort,
whichmay be related to the bleeding complications that are
more frequent when we perform open surgery. (Table III).

The length of hospital stay is about three times longer in
the OS group. Longer hospitalization in the OS cohort
(10.88 ± 8.34) is justified because redo-surgery and, possi-
bly, harvesting of contralateral leg or arm veins are very
invasive with extensive tissue exposure and high risk of
wound complications.

In the pMTH cohort, we had three minor complications
(9.7%). This is in line with other studies on the use of
Rotarex�S (4.8–18%) [13, 17, 20], and these rates are lower
than those seen with thrombolysis and open surgery [3, 11,
12, 21–24].

The death-rates and re-occlusion events are similar
between the two groups during the one-year follow-up per-
iod, with no statistically significant differences in primary
patency (OS 41.2% and pMTH 48.4%). These results are
not exciting but are completely in line with data provided
by other Authors [4, 25].

However, the patency duration is longer in the pMTH
group (Table IV). These results are more conservative than
the results presented by Wissgott and Lichtenberg [13, 20],
but we have to keep in mind that our patients are more
complex.

No statistically significant differences were observed in
ABI improvement, patency and amputation rates between

Figure 1. Kaplan-Meyer curves of one-year primary patency and limb salvage rates after OS vs. pMTH.

Table . Unit costs of OS and pMTH procedures in bypass occlusion

OS pMTH

Intraoperative costs

Hybrid-room 3,345 € 1,785 €

Materials 2,092 € 4,937 €

Total cost 5,437 € 6,722 €

Perioperative costs

Intensive care unit stay 504 € 12 €

Blood transfusion 405 € 122 €

Ward bed stay 3,813 € 1,557 €

Total cost 4,722 € 1,679 €

Total admission costs

Total Admission 10,159 € 8,413 €
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procedural groups at 12months (Figure 1). The rates of limb
salvage are high in both cohorts at the end of the one-year
follow up.

Lastly, cost evaluation and comparison between OS and
pMTH in patients with BO provides some interesting
insights. While the devices used during pMTH do not come
for free, the reduction in operation length, bed days, ICU
stay and blood transfusions in the pMTH cohort, can lead
to the lower mean of total admission costs per patient.

No other publications estimated the burden of the treat-
ment in patients with BO. However, there is some research
on the economic burden of limb ischemia [26, 27]. Among
them, two recent publications indicate that endovascular
treatment is significantly less expensive compared with
surgery for acute and chronic limb ischemia [28, 29].

Considering that re-occlusion events occurred 94 days
later, and total admission costs are lower in the pMTH
than in the surgical cohort, applying the cost-effectiveness
analysis, our study indicates that pMTH is a dominate
therapy.

From the economic standpoint, the length of hospitaliza-
tion can be considered a key driver of the cost of the treat-
ment of severe limb ischemia; which is in line with other
published studies [28–30].

Limitations

There are several limitations that should be considered
when interpreting the results of the current study. Firstly,
the treatment choice is not randomized, but it is based on
skill and discretion of the surgeon; the number of patients
in the OS cohort is smaller than in the pMTH cohort. While
we tried to avoid any bias in the selection of patients for this
study, we have more records on patients treated with
pMTH, since we have been using MATH as our first-choice
treatment strategy in patients with BO since 2012.

Secondly, the baseline characteristics, although there are
no statistically significant differences between groups,
could have affected the decision as to which procedure
was undertaken. Thirdly, we performed a retrospective
analysis, which by its nature introduces the risk of selection
bias and potential measurement error. Last, the rate of
major amputation is lower than we expected, probably
due to the effectiveness of multiple treatments in the same
patient, which have not been specifically analysed in our
paper.

Moreover, we did not include costs associated with
repeated interventions or re-admissions, rehabilitation
and nursing homes. Finally, the patient’s perspective is
missing in the current study.

Conclusions

Management of patients with BO and advanced PAD,
remains unclear and poses a significant challenge. This ret-
rospective study, in spite of the reported limitations, shows

that the endovascular treatment of bypass failure with
pMTH devices is not inferior to OS regarding safety and
clinical effectiveness. Furthermore, pMTH is clearly less
invasive, less time-consuming and overall less expensive,
producing greater health benefits than OS.

These are results from a single centre experience, so we
advocate further prospective and randomized studies to
confirm these results, to better understand if pMTH could
be considered the first-line treatment in case of BO in
patients with CLTI.
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