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WHAT THIS PAPER ADDS

Current thrombolysis protocols for peripheral arterial occlusions are based on evidence from randomised
controlled trials performed >20 years ago. To this day, there is no consensus on the optimum fibrinolytic agent
or dose regimens to use. Numerous devices and techniques, such as mechanical thrombectomy and ultrasound
assisted thrombolysis, have been proposed and investigated to improve the results of thrombolysis. Major
bleeding complications remain a substantial clinical problem of thrombolytic therapy. The present systematic
review of the literature provides an update of all reported patient cohorts with peripheral arterial occlusions
treated by catheter directed thrombolysis.
Objective: Catheter directed thrombolysis (CDT) for peripheral arterial occlusions is a well established alternative
to thrombo-embolectomy in patients with (sub)acute limb ischaemia. However, protocols are heterogeneous and
need optimisation to improve results and lower bleeding risks. The objective was to review the results and
outcomes of different CDT protocols for patients with peripheral arterial occlusions.
Data sources: Electronic information sources (MEDLINE, Embase, Cochrane) and reference lists were searched to
identify studies reporting results of CDT of peripheral arterial occlusions.
Methods: Two independent observers performed study selection, quality assessment and data extraction.
Primary outcomes were treatment duration, success rates, and bleeding complications. Secondary outcomes
were mortality and amputation rates.
Results: One hundred and six studies were included: 19 randomised controlled trials (RCTs), 38 prospective
studies, 48 retrospective studies, and one mixed cohort study. The studies comprised a total number of
10,643 cases of which 9877 received CDT for lower extremity arterial occlusion, with a mean treatment
duration of 21.4 h (95% confidence interval [CI] 21.0e21.8), an angiographic patency of 75% (95% CI 74.6e
75.1), and freedom from amputation rate of 91% (95% CI 90.3e90.7). Pooled results showed a thrombolysis
duration with high dose protocols of 21.9 h (95% CI 21.4e22.5) and 32.7 h with low dose protocols, with
bleeding rates of 16.7% (95% CI 16.3e17.1) and 13.4% (95% CI 12.8e14.0), respectively. Weighted mean
results for all RCTs and prospective cohorts of >100 cases analysed separately, showed comparable results to
all observational cohorts pooled. Bleeding complications occurred in 18% (95% CI 17.8e18.3) of patients and
remain an important risk of CDT.
Conclusion: CDT is an effective treatment for peripheral arterial occlusions, the main concern is bleeding
complications. Although no formal meta-analysis could be performed, the pooled results suggest that lower
doses of fibrinolytics lead to similar success rates at a cost of longer treatment duration but with less
bleeding. There is large variation in treatment protocols and the available literature suffers from absence of
reporting standards and high heterogeneity.
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INTRODUCTION

Since its introduction as an alternative treatment to open
balloon thrombo-embolectomy in the 1990s, thrombolytic
treatment for acute arterial occlusive disease has matured in
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multiple directions. Urokinase and (recombinant) tissue plas-
minogen activator (rtPA) are the most effective agents, but
neither of these have been shown to be superior in terms of
efficacy and bleeding complications.1 Currently, catheter
directed thrombolysis (CDT) is still accompanied by treatment
failure with the need for surgery and/or limb loss and risk of
major bleeding in a significant number of patients. A consid-
erable literature on a wide variety of thrombolytic agents is
available, but few randomised controlled clinical trials have
been conducted, and the techniques and regimens are het-
erogeneous.The most selective, direct, in-thrombus approach
yields the highest efficacy and is accompanied by fewer
bleeding complications vs. non-selective, systemically admin-
istered alternatives.2 However, choice of dose regimen, as well
as the use of adjunctive mechanical devices, vary and the
optimum protocol is debatable to this day.

The aim of the present study was to present a systematic
review of the literature and review the results and reported
outcomes of different CDT protocols for patients with pe-
ripheral arterial occlusions.

METHODS

Statement of design and registration

The Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) guidelines were followed.3,4 The
aims of the study, eligibility criteria, and outcomes were
predefined in a protocol registered in the PROSPERO Inter-
national prospective register of systematic reviews
(2016:CRD42016039242). Ethical approval was not required.

Study eligibility

Included were studies reporting results of the thrombolytic
treatment of patients with lower limb native arterial and
bypass graft occlusions using different fibrinolytic agents
(among UK and [r]tPA) and devices (ultrasound assisted
thrombolysis, other device assisted thrombolysis) in pub-
lished in Dutch and English.

Excludedwerepatientswithvenousthrombosis,upper limb
occlusions,mesentericthrombosis,occlusionofarteriovenous
fistula, and patients treated with systemic thrombolysis,
thrombolysis with streptokinase, and treatment with me-
chanical thrombectomy devices as sole therapy. Review arti-
cles, technical descriptions, case reports, and small patient
series (n< 20 receiving CDT) were excluded.

Population, intervention, comparison, and outcome

Patients with peripheral arterial occlusions undergoing CDT
intervention were included. Different dose regimens, fibri-
nolytics, and techniques were compared focusing on the
outcomes of interest, which were treatment duration,
angiographic success rate, clinical success rate, bleeding
complications, mortality, and amputation rates.

Search strategy

A search was conducted in the MEDLINE, Cochrane, and
Embase databases. The search query was based on relevant
medical subject heading (MeSH) terms (Humans, Infusions,
Intra-Arterial, Arterial Occlusive Diseases, Peripheral Arterial
Disease, Thrombolytic Therapy) combined with additional
relevant terms (CDT, acute limb ischaemia, limb ischaemia,
arterial occlusion). The exact search queries for the different
databases can be found in Appendix S1 (see Supplementary
Material). The references of included studies and other
important publications were hand searched for additional
reports. The search was repeated on 17 June 2018 to
include recently published articles. If studies were eligible
but the minimum outcome data were missing, the authors
were contacted for additional sources.

Data collection and analysis

After removal of duplicates, all abstracts and titles of arti-
cles located in the search strategy were independently
screened by two authors (H.E., V.J.), with any discrepancies
resolved by discussion. Subsequently, the selected full ci-
tations were reviewed by the same two authors to see if
they met the eligibility criteria. To avoid the inclusion of
duplicate publications the data and authors of studies were
examined for similarities. Studies were excluded if only
abstracts of studies were available after library inquiries.

A predefined standardised data extraction form was used
to extract data (by H.E.) from the included studies for
assessment of study quality and evidence synthesis based
on the Cochrane and PRISMA guidelines for systematic re-
views,3,5 and entered into a Google Spreadsheets Database
with audit trail option. Extracted information included study
characteristics, patients and indications, treatments char-
acteristics, outcomes with definitions, and times of mea-
surement and information for assessment of the risk of bias
and specification of missing data. Two authors (V.J., K.Y.)
independently checked the extracted data of all primary
and secondary outcomes for accuracy. Conflicts were dis-
cussed until consensus was reached.

Two review authors (H.E., V.J.) independently assessed
the quality and risk of bias in the included studies by using a
predefined standardised quality assessment form based on
the Cochrane and PRISMA review guidelines for assessment
of quality and risk of bias. This included the Cochrane tool
for bias assessment of randomised controlled trials (RCTs)
and the NewcastleeOttawa Scale for observational studies.
Discrepancies were identified and resolved through dis-
cussion with a third and senior author where necessary.

If results presented high clinical heterogeneity and/or lack
of appropriately described methods for randomisation, a
meta-analysis of outcome comparisons was not performed.

The assessments are summarised in Table S1 (see Sup-
plementary Material). Subgroup analyses of outcomes are
presented for low and high dose thrombolysis protocols,
type of fibrinolytic agent used for thrombolysis, and native
or bypass graft occlusions. To form high and low dose
groups, cut off values were created around the median. A
high dose was defined as � 75,000 IU/hour urokinase, �
0.8 mg/h rtPA or �1.0 U/hour rtPA; a low dose was defined
as < 75,000 IU/hour urokinase or <0.8 mg/h rtPA or <1.0
U/hour rtPA. Bleeding complications were recorded as
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Figure 1. PRISMA flow chart of the systematic literature search.
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major or minor, as reported by the author(s). If possible, the
definition of Mehran et al.6 was followed and type III/IV
bleedings were classified as major, i.e., when transfusion or
intervention was needed or when bleedings were either
intracranial or fatal. As the majority of included studies
reported no comparative data, the weighted means (using
descriptive statistics with a 95% confidence interval [CI],
weighted by number of relevant cases) were used to pre-
sent outcome data of the reviewed protocols. Pooled
weighted mean results for reported patient outcomes were
presented for all included studies and in addition for all
RCTs and prospective cohorts >100 cases separately. Data
were analysed using SPSS (IBM Statistics version 20; IBM,
Armonk, NY, USA).

RESULTS

Study selection

The search strategy yielded 1762 results, with 1597 articles
for title and abstract screening after removal of duplicates.
Of these, 159 articles were selected for consideration of full
text and 106 of these articles met the defined eligibility
criteria and were included in the present review (Fig. 1).
Study characteristics

Nineteen studies were RCTs; 38 were prospective, 48 were
retrospective, and one was a combined cohort study. The
studies comprised a total number of 10,643 cases of which
9877 received CDT for lower extremity arterial occlusion.
Seven percent of the studies were published in the period
1980e89, 51% in the period 1990e99, 20% in the period
2000e09, and 23% in the period of 2010 - present. Study
characteristics for individual studies are summarised in
Appendix S2 (see Supplementary Material).

From the 19 RCTs, comparative data were available for
fibrinolytic agents (rtPA vs. urokinase) in three studies,7e9

and high dose vs. low dose regimen in two studies.10,11

Patients and indications for treatment

The mean � SD age of the patients was 66 � 5 years and
the majority were male (64%). Studies that described
comorbidities and/or risk factors reported smoking in 62%,
hypertension in 56%, cardiac disease in 43%, diabetes in
30%, hypercholesterolaemia in 34%, chronic obstructive
pulmonary disease in 20%, and malignancy in 11% of pa-
tients. The majority of studies (78%) did not report the
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status of chronic vascular disease, but at least five studies
reported patients with necrosis or ulcerative wounds at
presentation. The degree of ischaemia (acute Rutherford
classification) at presentation was reported in only 30% of
studies. In the majority of these studies, patients with class
IIb ischaemia (moderate motor loss involved) were also
treated by CDT.12

Descriptive characteristics of patients and indications for
treatment for individual studies are summarised in
Appendix S3 (see Supplementary Material).

Treatment characteristics

Patients were treated with urokinase (50 studies), rtPA (27
studies), tPA (17 studies) urokinase/rtPA (six studies), uroki-
nase/tPA (one study), pro-urokinase (one study), tenecteplase
(one study), alfimeprase (one study), and plasmin (one study)
and in one study the fibrinolytic was not reported.

The potential use of bolus injections was reported in 82%
of studies (48% high dose, 10% low dose, 12% high and low
dose, 10% none). In 56% of studies a continuous high dose
protocol was used, in 11% a low dose protocol, and in 13%
both a low and high dose protocol were used (20% was not
reported).

Treatment characteristics of all reported protocols are
summarised in Appendix S4 (see Supplementary Material),
including catheters and infusion technique used, as well as
total cumulative doses, therapy duration, additional in-
terventions, peri- and post-procedural anticoagulation, peri-
procedural monitoring, level of care, and hospital type (if
reported).

Quality assessment and risk of bias

The risk of bias was lowest in the RCTs, whereas the obser-
vational studies suffered from all forms of bias. However,
among RCTs that reported comparative data there was high
clinical heterogeneity. Also, in>30% of all RCTs it was unclear
how the randomisation process took place and thus selection
bias was likely; furthermore, as treatments in 84% of the RCTs
could not be blinded, performance and detection bias was
likely. In the cohort studies that compared interventions,
comparability was not sufficient as cases and controls were
not matched in the designs nor were confounders adjusted
for in the analyses. Only baseline characteristics were re-
ported with statements of no differences between groups.
Owing to clinical heterogeneity and/or lack of appropriately
described methods for randomisation, a meta-analysis of
outcome comparisons could not be performed.

The quality assessment and risk of bias of individual
studies is reported for individual studies in Appendix S5 (see
Supplementary Material).

Outcomes and grading of evidence

In consensus, it was concluded that it was not appropriate
to perform formal meta-analysis of data, owing to the lack
of control groups in cohort studies and the heterogeneous
inclusion criteria of patients and definition of outcomes in
the currently available literature in both cohort studies and
RCTs. As no appropriate comparative RCTs were available
for meta-analysis, grading of evidence of outcome com-
parisons could not be performed. Pooled outcome results
for the different subgroups and results for all individual
studies are presented in Table S1 and Appendix S6 (see
Supplementary Material), respectively. Data from the 19
RCTs and three prospective cohorts with �100 patients are
also presented separately in Table S1.

Treatment duration. Seventy-four studies (70%) reported a
treatment duration, of which 38 studies had a mean
treatment duration up to 24 h (of which 15 studies < 6 h),
20 studies a mean duration of 24e48 h, and four studies a
mean treatment duration of >48 h. Thirty-two (30%)
studies did not report exact treatment durations. The
overall mean treatment duration was 21.4 h (95% CI 21.0e
21.8), 21.9 h (95% CI 21.4e22.5) for high dose protocols
and 32.7 h (95% CI 31.4e34.0) for studies using low dose
protocols. Studies in which tPA or rtPA was used had mean
treatment durations of 17.3 h (95% CI 16.7e17.8) and
20.4 h (95% CI 19.7e21.1), respectively. Studies using uro-
kinase had a mean treatment duration of 27.4 h (95% CI
26.8e28.0).

The pooled means from RCTs and prospective cohorts
(�100 patients) showed similar treatment durations
(Table S1).

Angiographic success rates. Angiographic success rates
were reported in 95% of studies with a pooled mean suc-
cess rate of 74.9% (95% CI 74.6e75.1) and were 74.3% (95%
CI 74.0e74.6) for high dose and 76.6% (95% CI 76.2e76.9)
for low dose protocols. In addition, success rates were
comparable for type of fibrinolytic agent used and for
native arteries and bypasses (Table S1).

The pooled means from RCTs and prospective cohorts
(�100 patients) showed comparable rates around 70%
(range 66.6e79.3%) for different subgroups (Table S1).

Bleeding complications. Bleeding complications were re-
ported in 96% of studies, with pooled overall reported
bleeding complications in 18.0% (95% CI 17.8e18.3) of
cases among major bleeding complications in 8.4% (95% CI
8.3e8.6) and minor bleeding complications in 12.8% (95%
CI 12.6e13.0). Overall more major and minor bleeding
complications were reported in studies with high dose vs.
low dose protocols. In studies with high dose protocols the
pooled overall reported bleeding rates were 16.7% (95% CI
16.3e17.1) and 13.4% (95% CI 12.8e14.0) in low dose
protocols. Pooled rates of major bleeding complications
were 8.9% (95% CI 8.6e9.1) and 6.3% (95% CI 6.0e6.6).
Pooled overall bleeding complication rates among fibrino-
lytics were 15.1% (95% CI 14.8e15.4) for urokinase, 19.2%
(95% CI 18.7e19.6) for rtPA and 18.6% (95% CI 18.0e19.1)
for tPA (Table S1).

The pooled means from RCTs and prospective cohorts
(�100 patients) showed comparable pooled overall, major,
and minor bleeding rates, higher rates (�3%) for low dose,
high dose, and urokinase subgroups and lower rates (�3%)
for the rtPA subgroup (Table S1).
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Figure 2. In hospital treatment outcomes of catheter directed thrombolysis through the years. Bleeding complications were
recorded as major or minor as reported by the treating physician. If possible the definition by Mehran et al6 was followed:
type III/IV bleedings (need for transfusion or intervention, or intracranial or fatal bleeding) were classified major, and all
others minor. Angiographic patency was defined as the reported success of thrombolysis at final angiography, and ampu-
tations included all reported amputations.
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Mortality rates. In 91% of studies early (in hospital/30 days)
mortality rates were reported (0e44%) and in 30% of
studies late mortality rates up to one year of follow up were
reported (0e26%). Fifty-three percent of studies with re-
ported mortality rates also reported a bleeding related
cause of dead in 46% of cases. The pooled mean early
mortality rate during admission was 4.8% (95% CI 4.7e4.9)
and was equal in studies with low dose vs. high dose pro-
tocols: 3.5% (95% CI 3.4e3.7) vs. 4.5% (95% CI 4.3e4.6).
Pooled mean early mortality rates for urokinase, rtPA, and
tPA were 4.4% (95% CI 4.3e3.5), 4.5% (95% CI 4.3e4.7),
and 8.6% (95% CI 8.2e9.1), respectively.

The pooled mean late mortality rate was 14.6% (95% CI
14.3e15.0) and was 10.9% (95% CI 10.6e11.3) for low dose
and 13.2% (95% CI 12.9e13.5) for high dose protocols.
Pooled mean late mortality rates for urokinase, rtPA, and tPA
were 16.6% (95% CI 15.9e17.3), 14.9% (95% CI 14.3e15.4)
and 15.2% (95% CI 14.9e15.6), respectively (Table S1).

The pooled means from RCTs and prospective cohorts
(�100 patients) showed comparable rates for early mor-
tality and slightly higher rates (�3%) for late mortality.

Amputation rates. In 83% of studies amputation rates during
admission were reported (0e28%) and in 24% of studies
during follow up as well (0e32%). The pooled mean ampu-
tation rate during admission was 9.4% (95% CI 9.3e9.6) and
at the one year follow up the pooled mean amputation rate
was 14.8% (95% CI 14.3e15.3) (Table S1). The pooled means
from RCTs and prospective cohorts (�100 patients) showed
comparable amputation rates during admission for overall
and high and low dose subgroups. After one year follow up
the pooled rate was higher overall (19.5%), and there were
no or too few data for subgroup pooling. Only 10% of studies
specified the level of amputation.
Treatment outcomes over the years

When stratified for time period the results remain compa-
rable over the years (Fig. 2).
DISCUSSION

CDT for peripheral arterial occlusions is a widespread treat-
ment modality performed and reported since the 1980s. The
main advantages of thrombolytic therapy over surgical
revascularisation of peripheral arterial occlusions include a
lower morbidity, shorter length of hospital stay, and less
patient discomfort.13,14 However, to date there has been
little consensus on the optimal treatment protocol regarding
fibrinolytic agent and dose regimen. This systematic litera-
ture review provides an extensive overview of different
protocols and fibrinolytic agents with clinically relevant
outcome parameters, i.e., treatment duration, patency rates,
bleeding complications, mortality, and amputation rates.

In this systematic review, data on > 10,000 patients were
gathered, showing real world outcomes of CDT for peripheral
arterial occlusions. Acute peripheral arterial occlusion is a
treacherous pathology with short-term mortality and
amputation rates after thrombolytic therapy of 4.8% and
9.4%, respectively. Amputation rates increase over time and
reach 15% at one year. Nevertheless, CDT is effective, with an
angiographic success rate of 75%, with a mean treatment
duration of only 21 h. This includes patients with Rutherford
class IIa and IIb ischaemia. Interestingly, according to the
recently published European Society of Cardiology/European
Society for Vascular Surgery guideline on peripheral arterial
disease, Rutherford class II ischaemia should not be treated
by thrombolysis but by open surgery.15 Bleeding complica-
tions are the main problems of CDT, occurring in 18% of
patients. Major bleeding complications affect 8.9% of all
patients, contributing to an in hospital mortality of 4.8%.

When evaluating treatment outcomes, angiographic
success and freedom from amputation, mortality, and
bleeding complications are most important. Treatment
duration is a secondary outcome. No patient reported
outcome or experience measures were reported in the
included studies.

Angiographic patency was achieved in 75% (95% CI
74.6e75.1) of all patients. Although no formal meta-
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analysis was performed, the pooled results for subgroups
suggest comparable results for low and high dose pro-
tocols, independent of type of fibrinolytic agent and
vascular conduit type. The separately pooled results of
RCTs and large prospective cohorts show �5% lower
angiographic patency rates, mainly based on lower success
in the high dose groups. Bypass graft subgroups showed
higher pooled success rates for prosthetic bypass grafts
(82.3%; 95% CI 81.2e83.1) than for venous bypass grafts
(61.4%; 95% CI 59.8e63.1).

With respect to amputation rates, pooled mean rates
�10% were reported during admission, comparable among
all subgroups. Pooled results from RCTs and large pro-
spective cohorts also show similar rates, although higher for
UK (12.4%, 95% CI 12.0e12.8) and lower for rtPA (5.2%,
95% CI 4.9e5.4). At the one year follow up, the pooled
mean amputation rate was �15%, showing a lower rate for
low dose protocols (12.4%, 95% CI 11.3e13.4) than for high
dose protocols (19.9%, 95% CI 19.0e20.8). However,
amputation rates during follow up were only reported in
24% of studies. Only three RCTs/large prospective cohorts
reported amputation rates after the one year follow up,
with a pooled mean of 19.5% (95% CI 18.2e20.8). Ampu-
tation rates are an important determinant of short and
long-term treatment success, as they reflect progression of
disease and can have a major impact on quality of life.
However, the level of amputation has to be taken into ac-
count in the interpretation of these rates as the impact on
quality of life is mostly caused by social isolation and
emotional distress due to loss of mobility after major
amputation.16 Nevertheless, only 10% of studies specified
amputation levels.

Regarding bleeding complications, the pooled results of
all studies showed a worrying 18% major bleeding incidence
in 8% of patients. The pooled results suggest a lower dose is
accompanied by a lower incidence of bleeding complica-
tions: pooled mean rates in low dose protocols (13.4%; 95%
CI 12.8e14.0) are lower than high dose protocols (16.7%;
95% CI 16.3e17.1), based on both minor and major
bleeding rates. Also, protocols with urokinase (15.1%; 95%
CI 14.8e15.4) showed fewer bleeding complications than
rtPA (18.6%; 95% CI 18.0e19.1) or tPA (18.5%; 95% CI
17.9e19.0). However, differences between groups were
small and pooled results from RCTs and large prospective
cohorts showed higher bleeding rates in the majority of
groups. Some fibrinolytics may increase bleeding compli-
cations in a dose dependent manner, while others might
not.17 In addition, other factors significantly increase the
bleeding risk independent of fibrinolytic dose such as
concomitant systemic heparinisation.14 Following the re-
sults of the TOPAS trial, it is justified to refrain from sys-
temic heparinisation and only give heparin through the
arterial sheath. Of the 106 studies included in this review,
only 52 reported (partial) details of the use of heparin,
using varying protocols in terms of mode of administration
(intravenous, over the sheath, or not specified), the use of
boluses (different doses, different per fibrinolytic used, or
not specified) and/or administration only in selected cases.
Regarding mortality, the pooled rates of all studies
showed a mean early mortality of 4.8% and comparable
rates among low dose/high dose and fibrinolytic subgroups,
with the exception of a higher rate of 8.6% in the tPA
subgroup. Pooled results from RCTs and large prospective
cohorts showed comparable results, although subgroup
results could not always be pooled owing to single study
results. Late mortality results during follow up were only
reported in the minority of studies (30%) at different in-
tervals during follow up, but if pooled, late mortality was
around 15% and comparable between subgroups, although
the rate was lower in low dose protocols. Of all studies
reporting mortality rates, only 53% reported causes of
death. This is an important determinant in interpreting
mortality rates after CDT in order to assess its impact and
relatedness to a potential fatal outcome, as the patient
population undergoing thrombolysis already has multiple
comorbidities and a limited life expectancy due to cardio-
vascular risk.17

With regard to duration of treatment, the pooled mean
treatment durations of all reported studies (70%) demon-
strated a trend of shorter treatment duration when high
doses of fibrinolytics were administered (defined
as � 75,000 IU urokinase, � 0.8 mg rtPA or � 1.0 U rtPA) or
rtPA was used as the fibrinolytic of choice.

The clinical relevance of a shorter thrombolytic treatment
duration depends on the effect size of the difference and
the concomitance of bleeding complications, as a more
aggressive fibrinolytic regimen could implicate a higher risk
of bleeding. In this perspective, faster lysis with higher
doses of fibrinolytics comes at a cost of higher (overall,
major, and minor) bleeding rates, as demonstrated in the
bleeding complications section. In addition, the difference
in the pooled mean treatment durations is relatively small
(21.9 h for high dose vs. 32.7 h for low dose protocols), i.e.,
approximately 1.0 vs. 1.5 days of treatment. When only the
pooled means of RCTs and large prospective cohorts (>100
patients) are considered, these mean treatment durations
are even shorter; 13.6 h for high dose vs. 17.3 h for low
dose protocols. However, this could be partially explained
by predefined treatment duration limits as part of short
interventional protocols in some of these studies.8,9,18e21

tPA/rtPA as the fibrinolytic of choice for a shorter treat-
ment duration compared with urokinase has been reported
previously,7,22 and could be attributed to a higher fibrin
specificity and affinity, resulting in more significant throm-
bolytic activity.22 However, there is a lack of large pro-
spective comparative studies evaluating therapy duration as
an outcome variable rather than as a predefined parameter
as part of the treatment protocol as, for example, is the
case in the STILE trial.13

In the past four decades, the results of CDT have not
changed greatly (Fig. 2). Improvement in catheter tech-
niques and handling have not led to higher patency rates or
lower amputation rates. Selection bias may be a possible
explanation. Improvements in technique could be
compensated for by the inclusion of patients with more
complex lesions, more profound ischaemia, and/or longer
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duration of symptoms. The current data are insufficient to
confirm this suspicion. Nevertheless, it is worrying that the
incidence of bleeding complications has not been lowered
and that efficacy has not increased over the years.

There was high clinical heterogeneity among all studies:
indications for treatment of pre-existent chronic vascular
disease were reported in only 22% of studies. When re-
ported, the presence of ulcerative wounds or necrosis at
presentation could have overestimated amputation rates as
an amputation would be necessary anyway. Furthermore,
acute Rutherford classification at presentation was only
reported in 29% of studies. Although the current consensus
is that CDT is only indicated in patients with viable limb
ischaemia (i.e., Rutherford grade I or IIa), a lot of patients
with Rutherford IIb ischaemia were included and treated by
CDT in some studies. The inclusion of patients with non-
viable ischaemia could underestimate success and ampu-
tation rates.23 As there are no data from RCTs comparing
these two groups of patients directly, conclusions should be
drawn carefully. However, as there is a lack of reporting on
these data, large prospective series with stratification of
these groups is advised.

In addition, the duration of symptoms is likely to influ-
ence the efficacy of thrombolysis: the STILE trial demon-
strated that patients with acute ischaemia (0e14 days) who
were treated with thrombolysis had improved amputation
free survival and shorter hospital stays, and that for patients
with chronic ischaemia (>14 days), surgical revascularisa-
tion was more effective and safer than thrombolysis.13

Although the duration of symptoms was reported in 70%
of studies in this review, many studies included sub-
populations (e.g., <14 days of symptoms) or reported large
ranges of duration of symptoms but without stratifying
results for ischaemia time.

Many studies also included patients with post-
intervention occlusions/emboli that were treated by CDT.
As the nature of disease in these cases is different and CDT
as initial treatment for emboli is controversial, these results
should be analysed separately. The present authors tried
exclude these as far as possible.

The majority of studies reported the inclusion of bypass
grafts, as well as native arteries, but did not specify the
conduit type and did not stratify treatment results for these
subgroups. This should be done as the efficacy of CDT for
bypass grafts seems to differ between conduit types
(Table S1).

Clinical heterogeneity between studies was also large due
to several factors influencing treatment results (i.e., efficacy
and treatment duration). For example, level of care was
only reported in 37% of studies. Treatment duration could
be highly influenced by local logistics and intervals between
check angiograms, which could potentially be quicker in
patients treated in a higher level of care ward. Furthermore,
hospital type could also influence this and varied between
studies (49% university medical hospitals, 51% general/
private hospitals).

Heterogeneity in reporting of outcomes is also high in
large prospective cohorts and RCTs: often only major
bleeding complications are stated without mention of mi-
nor bleeding, introducing attrition bias and underestimating
the total rate of bleeding complications. In addition, only
the total incidence of bleeding complications was
mentioned and severity was not specified. This is highly
relevant as minor local bleeding at the catheter insertion
site is common with CDT and can be treated conservatively,
whereas distant bleeding can be a detrimental complica-
tion. Also, consecutive interventions following bleeding are
seldom reported.

Finally, widely varying definitions introduce heterogene-
ity between studies: treatment success is defined differently
in many studies complicating comparability. Several defini-
tions of treatment success are complete dissolution, > 95%
or >50% thrombus dissolution, recanalisation with or
without outflow, combined definitions like positive throm-
bolytic outcome, including angiographic success, relief of
clinical symptoms and 30 day patency, angiographic success
with and without adjunctive percutaneous treatments, and
Thrombolysis in Myocardial Infarction score.

Adjunctive techniques and devices

CDT with adjunctive mechanical thrombectomy and ultra-
sound assisted thrombolysis have the theoretical potential
to reduce treatment duration and/or thrombolytic agent
dosage, thereby potentially reducing bleeding complica-
tions. Unfortunately, experience is limited to a small num-
ber of (mostly retrospective cohort) studies using different
fibrinolytics, dose regimens, and techniques with varying
results.24e27 Techniques and devices as sole treatment
modality (without the use of thrombolysis) were not
included in this review.

Significance of results for practice

This systematic review yielded a wide variety of literature
on CDT for peripheral arterial occlusion, mainly consisting of
cohort studies published in the 1990s. There is high clinical
heterogeneity in the reported studies and a lack of
comparative data from large prospective cohorts and RCTs
that prevents formal meta-analysis. However, the pooled
results suggest faster thrombolysis with higher doses of fi-
brinolytics and with rtPA protocols than with urokinase but
potentially at the cost of higher bleeding rates. Further-
more, outcomes (i.e., angiographic patency, mortality, and
amputation rates during admission) were comparable be-
tween low and high dose protocols and type of fibrinolytic
agent (urokinase, tPA, rtPA). Nevertheless, there is lack of
follow up data regarding long-term outcomes.

Study strength and limitations

This is the first systematic review of the literature to date to
report a complete data series of RCTs, as well as observa-
tional cohorts about CDT for peripheral arterial occlusions
over the years. Previous reports on this topic included only a
limited number of RCTs with mainly small patient numbers
and a general paucity of results focused on infusion tech-
niques,2 or included outdated techniques (intravenous
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administration) and fibrinolytics (streptokinase), not relevant
to current daily practice.1

Owing to the lack of control groups and the heteroge-
neous inclusion criteria of patients and definition of out-
comes in the studies, it was not appropriate to perform
formal meta-analysis. However, in addition to the summar-
ised results of individual studies, the pooled weighted mean
results for reported patient outcomes are presented for all
studies, as well as for RCTs and prospective cohorts of >100
cases, separately. Nevertheless, these results should be
interpreted with caution owing to their high heterogeneity.

The results of this review suggest further research on CDT
is required, with a focus on lowering bleeding complications,
increasing efficacy, and adjunctive techniques/devices in a
large prospective or even randomised controlled setting.

CONCLUSIONS

CDT is an effective treatment for peripheral arterial occlu-
sion with an angiographic patency rate of 75% and freedom
from amputation rate of 91%. The main concern is bleeding
complications, which occur in 18% of patients. Although no
formal meta-analysis could be performed, the pooled re-
sults suggest lower doses of fibrinolytics lead to similar
success rates at the cost of longer treatment duration but
with fewer bleeding complications. There is a large variety
in treatment protocols and the available literature suffers
from the absence of reporting standards and from high
heterogeneity; therefore, there is a need for prospective
data from large series.

ACKNOWLEDGEMENTS

We thank C. Rink for her assistance with the data collection.
CONFLICT OF INTEREST

None.
FUNDING

None.
APPENDIX A. SUPPLEMENTARY DATA

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.ejvs.2018.11.018.
REFERENCES

1 Robertson I, Kessel DO, Berridge DC. Fibrinolytic agents for pe-
ripheral arterial occlusion. Cochrane Database Syst Rev 2013;12:
CD001099.

2 Berridge DC, Gregson RH, Hopkinson BR, Makin GS. Randomized
trial of intra-arterial recombinant tissue plasminogen activator,
intravenous recombinant tissue plasminogen activator and intra-
arterial streptokinase in peripheral arterial thrombolysis. Br J
Surg 1991;78:988e95.

3 Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA
statement. Int J Surg 2010;8:336e41.

4 Koelemay MJW, Vermeulen H. Quick guide to systematic reviews
and meta-analysis. Eur J Vasc Endovasc Surg 2016;51:309.
5 Higgins JP, Green S, Collaboration C. Cochrane handbook for sys-
tematic reviews of interventions Version 5.1.0. Cochrane Collabora-
tion; 2011. Available at: training.cochrane.org/handbook.

6 Mehran R, Rao SV, Bhatt DL, Gibson CM, Caixeta A, Eikelboom J,
et al. Standardized bleeding definitions for cardiovascular clinical
trials: a consensus report from the bleeding academic research
consortium. Circulation 2011;123:2736e47.

7 Meyerovitz MF, Goldhaber SZ, Reagan K, Polak JF, Kandarpa K,
Grassi CJ, et al. Recombinant tissue-type plasminogen activator
versus urokinase in peripheral arterial and graft occlusions: a
randomized trial. Radiology 1990;175:75e8.

8 Schweizer J, Altmann E, St6blein F, Florek H-J, Kaulen R. Com-
parison of tissue plasminogen activator and urokinase in the local
infiltration thrombolysis of peripheral arterial occlusions. Eur J
Radiol 1996;22:129e32.

9 Mahler F, Schneider E, Hess H, Steering Committee. Study on
Local Thrombolysis. Recombinant tissue plasminogen activator
versus urokinase for local thrombolysis of femoropopliteal oc-
clusions: a prospective, randomized multicenter trial. J Endovasc
Ther 2001;8:638e47.

10 Cragg AH, Smith TP, Corson JD, Nakagawa N, Castaneda F,
Kresowik TF, et al. Two urokinase dose regimens in native arterial
and graft occlusions: initial results of a prospective, randomized
clinical trial. Radiology 1991;178:681e6.

11 Braithwaite BD. Prospective randomized trial of high-dose
bolus versus low-dose tissue plasminogen activator infusion
in the management of acute limb ischaemia. Br J Surg
1997;84:646e50.

12 Rutherford RB, Baker JD, Ernst C, Johnston KW, Porter JM, Ahn S,
et al. Recommended standards for reports dealing with lower
extremity ischemia: revised version. J Vasc Surg 1997;26:517e38.

13 Investigators STILE. Results of a prospective randomized trial
evaluating surgery versus thrombolysis for ischemia of the lower
extremity. The STILE trial. Ann Surg 1994;220:251e8.

14 Ouriel K, Veith FJ, Sasahara AA. A comparison of recombinant
urokinase with vascular surgery as initial treatment for acute
arterial occlusion of the legs. Thrombolysis or Peripheral Arterial
Surgery (TOPAS) Investigators. N Engl J Med 1998;338:1105e11.

15 Aboyans V, Ricco JB, Bartelink MEL, Björck M, Brodmann M,
Cohnert T, et al. Editor’s Choice e 2017 ESC Guidelines on the
Diagnosis and Treatment of Peripheral Arterial Diseases, in
collaboration with the European Society for Vascular Surgery
(ESVS). Eur J Vasc Endovasc Surg 2017;55:305e68.

16 Remes L, Isoaho R, Vahlberg T, Viitanen M, Rautava P. Quality of
life among lower extremity peripheral arterial disease patients
who have undergone endovascular or surgical revascularization: a
case-control study. Eur J Vasc Endovasc Surg 2010;40:618e25.

17 Stewart D, Kong M, Novokhatny V, Jesmok G, Marder VJ. Distinct
dose-dependent effects of plasmin and TPA on coagulation and
hemorrhage. Blood 2003;101:3002e7.

18 Duda SH, Tepe G, Luz O, Ouriel K, Dietz K, Hahn U, et al. Pe-
ripheral artery occlusion: treatment with abciximab plus uroki-
nase versus with urokinase aloneda randomized pilot trial (the
PROMPT Study). Platelet Receptor Antibodies in Order to Manage
Peripheral Artery Thrombosis. Radiology 2001;221:689e96.

19 Plate G, Jansson I, Forssell C, Weber P, Oredsson S. Thrombolysis
for acute lower limb ischaemiada prospective, randomised,
multicentre study comparing two strategies. Eur J Vasc Endovasc
Surg 2006;31:651e60.

20 Tepe G, Hopfenzitz C, Dietz K, Wiskirchen J, Heller S, Ouriel K,
et al. Peripheral arteries: treatment with antibodies of platelet
receptors and reteplase for thrombolysisdAPART 5rial. Radiology
2006;239:892e900.

21 Yuan B, Li T, Zhang Y, Zhang W, Ren T, Yang B. Effects of
delivering recombinant tissue plasminogen activator on a new
infusion system during endovascular intervention in patients with
lower limb ischemia. Thorac Cardiovasc Surg 2013;61:445e52.

22 Sugimoto K, Hofmann LV, Razavi MK, Kee ST, Sze DY, Dake MD,
et al. The safety, efficacy, and pharmacoeconomics of low-dose

https://doi.org/10.1016/j.ejvs.2018.11.018
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref1
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref1
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref1
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref2
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref2
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref2
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref2
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref2
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref2
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref3
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref3
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref3
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref3
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref4
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref4
http://training.cochrane.org/handbook
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref6
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref6
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref6
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref6
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref6
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref7
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref7
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref7
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref7
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref7
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref8
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref8
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref8
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref8
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref8
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref9
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref9
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref9
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref9
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref9
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref9
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref10
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref10
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref10
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref10
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref10
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref11
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref11
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref11
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref11
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref11
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref12
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref12
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref12
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref12
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref13
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref13
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref13
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref13
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref14
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref14
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref14
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref14
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref14
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref15
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref15
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref15
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref15
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref15
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref15
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref15
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref16
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref16
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref16
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref16
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref16
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref17
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref17
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref17
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref17
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref18
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref18
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref18
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref18
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref18
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref18
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref18
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref19
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref19
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref19
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref19
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref19
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref19
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref20
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref20
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref20
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref20
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref20
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref20
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref21
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref21
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref21
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref21
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref21
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref22
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref22


Systematic Review of Catheter Directed Thrombolysis for Acute Limb Ischaemia 675
alteplase compared with urokinase for catheter-directed throm-
bolysis of arterial and venous occlusions. J Vasc Surg 2003;37:
512e7.

23 Karnabatidis D, Spiliopoulos S. Quality improvement guidelines
for percutaneous catheter-directed intra-arterial thrombolysis and
mechanical thrombectomy for acute lower-limb ischemia. Car-
diovasc Interv Radiol 2011;34:1123e36.

24 Hundt W, Kalinowski M, Stamm AC, Portig I, Swaid Z,
Dietz C, et al. Combined treatment of subacute and acute
synthetic and venous bypass-graft occlusions with percuta-
neous mechanical thrombectomy and thrombolysis. Eur J
Radiol 2013;82:e807e15.
An 83 year old female sustained a left femoral intertrochanteric fractu
two years previously. A pulsatile mass developed gradually in the left
were noted. Computed tomography angiography demonstrated a 15 � 8
compression of the left superficial femoral artery. The pseudoaneur
penetrated by the cortical screws (green arrows, panel B), was closed

* Corresponding author. Division of Cardiovascular Surgery, Department of Surge
114, Taipei, Taiwan, Republic of China.
E-mail address: m860630@mail.ndmctsgh.edu.tw (Yi-Chang Lin).
1078-5884/� 2018 European Society for Vascular Surgery. Published by Elsevier
https://doi.org/10.1016/j.ejvs.2018.12.027
25 Wissgott C, Richter A, Kamusella P, Steinkamp HJ. Treatment of
critical limb ischemia using ultrasound-enhanced thrombolysis
(PARES trial): final results. J Endovasc Ther 2007;14:438e43.

26 Shah PS, Hingorani A, Ascher E, Ballehaninna U, Shiferson A,
Marks N, et al. Comparison of ultrasound accelerated thrombol-
ysis versus simple infusion catheter directed thrombolysis for
acute arterial thrombosis. J Vasc Surg 2010;52:803.

27 Schrijver AM, van Leersum M, Fioole B, Reijnen MMPJ,
Hoksbergen AWJ, Vahl AC, et al. Dutch randomized trial
comparing standard catheter-directed thrombolysis and
ultrasound-accelerated thrombolysis for arterial thromboembolic
infrainguinal disease (DUET). J Endovasc Ther 2015;22:87e95.
Eur J Vasc Endovasc Surg (2019) 57, 675

COUP D’OEIL

Huge Iatrogenic Pseudoaneurysm of the Profunda Femoris Artery

Xu-Zhi Zheng, Yi-Chang Lin *
Division of Cardiovascular Surgery, Tri-Service General Hospital, National Defense Medical Centre, Taipei, Taiwan, Republic of China
re and underwent internal fixation with a dynamic hip screw plate
thigh. Pain, pallor, and poikilothermia in the distal left lower limb
cm pseudoaneurysm of the profunda femoris artery (panel A) with
ysm was excised and the section of the first perforating artery,
primarily. The patient was discharged with no complications.

ry,Tri-Service General Hospital, No. 325, Section 2, Cheng-KungRoad, Nei-Hu

B.V. All rights reserved.

http://refhub.elsevier.com/S1078-5884(18)30867-0/sref22
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref22
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref22
http://refhub.elsevier.com/S1078-5884(18)30867-0/sref22
http://refhub.elsevier.com/S1078-5884(18)30927-4/sref23
http://refhub.elsevier.com/S1078-5884(18)30927-4/sref23
http://refhub.elsevier.com/S1078-5884(18)30927-4/sref23
http://refhub.elsevier.com/S1078-5884(18)30927-4/sref23
http://refhub.elsevier.com/S1078-5884(18)30927-4/sref23
http://refhub.elsevier.com/S1078-5884(18)30927-4/sref24
http://refhub.elsevier.com/S1078-5884(18)30927-4/sref24
http://refhub.elsevier.com/S1078-5884(18)30927-4/sref24
http://refhub.elsevier.com/S1078-5884(18)30927-4/sref24
http://refhub.elsevier.com/S1078-5884(18)30927-4/sref24
http://refhub.elsevier.com/S1078-5884(18)30927-4/sref24
http://refhub.elsevier.com/S1078-5884(18)30927-4/sref25
http://refhub.elsevier.com/S1078-5884(18)30927-4/sref25
http://refhub.elsevier.com/S1078-5884(18)30927-4/sref25
http://refhub.elsevier.com/S1078-5884(18)30927-4/sref25
http://refhub.elsevier.com/S1078-5884(18)30927-4/sref26
http://refhub.elsevier.com/S1078-5884(18)30927-4/sref26
http://refhub.elsevier.com/S1078-5884(18)30927-4/sref26
http://refhub.elsevier.com/S1078-5884(18)30927-4/sref26
http://refhub.elsevier.com/S1078-5884(18)30927-4/sref27
http://refhub.elsevier.com/S1078-5884(18)30927-4/sref27
http://refhub.elsevier.com/S1078-5884(18)30927-4/sref27
http://refhub.elsevier.com/S1078-5884(18)30927-4/sref27
http://refhub.elsevier.com/S1078-5884(18)30927-4/sref27
http://refhub.elsevier.com/S1078-5884(18)30927-4/sref27
mailto:m860630@mail.ndmctsgh.edu.tw
https://doi.org/10.1016/j.ejvs.2018.12.027

	Catheter Directed Thrombolysis Protocols for Peripheral Arterial Occlusions: a Systematic Review
	Introduction
	Methods
	Statement of design and registration
	Study eligibility
	Population, intervention, comparison, and outcome
	Search strategy
	Data collection and analysis

	Results
	Study selection
	Study characteristics
	Patients and indications for treatment
	Treatment characteristics
	Quality assessment and risk of bias
	Outcomes and grading of evidence
	Treatment duration
	Angiographic success rates
	Bleeding complications
	Mortality rates
	Amputation rates

	Treatment outcomes over the years

	Discussion
	Adjunctive techniques and devices
	Significance of results for practice
	Study strength and limitations

	Conclusions
	Acknowledgements
	Conflict of interest
	Funding
	Appendix A Supplementary data
	References


