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Long-term Outcome after Thrombolysis for Acute Lower Limb Ischaemia
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WHAT THIS STUDY ADDS

Reporting on the long-term outcome in a large cohort of patients treated with intra-arterial thrombolysis for
acute lower limb ischaemia makes it possible to analyse the four main aetiological subgroups. Patients treated
for occluded grafts, stents, or stent grafts had a higher risk of amputation and a lower amputation free survival,
indicating the need for better treatment and follow-up. Re-interventions were most common after occluded
grafts/stents/stent grafts, followed by occluded popliteal aneurysms, and native artery thrombosis, and least
common after embolus. Overall, thrombolytic therapy achieved good medium and long-term clinical outcome
and transformed an emergent into an elective situation.
Objectives: The purpose was to study long-term outcome after thrombolysis for acute arterial lower limb
ischaemia, and to evaluate the results depending on the underlying aetiology of arterial occlusion.
Methods: This was a retrospective study of patients entered into a prospective database. Patients were identified
in prospective databases from two vascular centres, including a large number of variables. Case records were
analysed retrospectively. Through cross linkage with the Population Registry 100% accurate survival data were
obtained. Between January 2001 and December 2013, 689 procedures were included. The aetiology of ischaemia
was graft/stent/stent graft occlusion in 39.8%, arterial thrombosis in 27.7%, embolus in 25.1% and popliteal
aneurysm in 7.4%.
Results: The mean follow-up was 59.4 months (95% CI, 56.1e62.7), during which 32.9% needed further re-
interventions, 16.4% underwent amputation without re-intervention, and 50.7% had no re-intervention. The
need for re-intervention during follow-up was 48.0% in the graft/stent occlusions group, 34.0% of the popliteal
aneurysm group, 25.4% in the thrombosis group, and 16.3% in the embolus group (p < .001). The overall primary
patency rates were 69.1% and 55.9% at 1 and 5 years, respectively. Primary patency at 5 years was higher for the
embolus group (83.3%, p ¼ .002) and lower for the occluded graft/stent group (43.3%, p < .001). Secondary
patency rates were 80.1% and 75.2% at 1 and 5 years, respectively, without difference between the subgroups.
The amputation rate was lower in the embolic group at 1 and 5 years (8.1% and 11.1%, respectively, p ¼ .001).
Survival was higher in the group with occluded popliteal aneurysms at 5 years (83.3%, p ¼ 0.004). Amputation
free survival was 72.1% and 45.2% at 1 and 5 years; lower in the occluded graft/stent group at five years (37.9%,
p ¼ .007).
Conclusion: Intra-arterial thrombolytic therapy achieves good medium and long-term clinical outcome, reducing
the need of open surgical treatment in most patients.
� 2017 The Author(s). Published by Elsevier Ltd on behalf of European Society for Vascular Surgery. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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INTRODUCTION

The use of catheter directed thrombolysis as treatment of
acute lower limb ischaemia (ALI) has become routine
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clinical care in the past three decades, following the
publication of three randomised controlled trials that
demonstrated similar efficacy compared with open sur-
gery.1e3 Since the publication of these trials, however, the
treatment has evolved so that current thrombolytic therapy
and technique differ significantly from those studied in the
trials, different lytic agents are currently used, and the
technique of administration has changed.4 The main
advantage with intra-arterial thrombolysis is the possibility
of avoiding general anaesthesia, making the treatment of
older patients and those with comorbidities safer.5,6
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Thrombolysis has also been shown to locally dissolve the
clot even in the branches of the main occluded artery, with
less endothelial injury and reduced risk of rethrombosis.7

Furthermore, underlying stenoses may be discovered,
simplifying subsequent treatment decisions, and potentially
improving long-term results.8

Recent systematic reviews have focused on developing a
technique that produces the best immediate or short-term
patency, instead of comparing thrombolysis with open
surgery.9 Some studies have investigated the optimal infu-
sion technique10,11 and others have focused on which
fibrinolytic agent to use.12

Although there has been much focus on the immediate
efficacy of intra-arterial thrombolysis compared with sur-
gery and different thrombolytic techniques, the long-term
outcomes after thrombolysis are less well documented.
Most studies include a follow-up time of 12e18
months.7,13,14 A few small single centre reports have
included a longer follow-up for patients with critical limb
ischaemia treated with intra-arterial thrombolysis.15e17

The aim of this investigation was to study long-term
outcomes in patients with ALI treated with thrombolysis,
in particular re-interventions, amputations, and survival, as
well as factors associated with outcomes.

Previous studies have reported that patients with ALI
respond differently to the thrombolytic therapy depending
on the underlying disease that caused the ischaemia.9,13,18

Thus, a secondary aim was to compare the outcomes
depending on the underlying aetiology of the ALI.

METHODS

This study was a collaboration between Uppsala University
Hospital and the Vascular Centre, Malmö, two of Sweden’s
largest vascular centres. Both are tertiary referral centres
for vascular disease with a combined primary catchment
area of approximately 1.1 million, and a tertiary catchment
area of approximately 3.5 million inhabitants.
Study population

In a previous publication the short-term results after
thrombolysis of arterial occlusions with and without
continuous heparin infusions were analysed.18 Part of the
same cohort was analysed in the present study. Stricter
inclusion criteria were applied since only patients with ALI
with occlusions below the abdominal aorta were included.
The study period was prolonged, now including all throm-
bolytic procedures between January 1, 2001, and December
31, 2013. Patients were identified through the local Swed-
vasc registry (a national register for vascular procedures
with high validity)19e21 and local endovascular databases.
The data in the Swedvasc registry are entered prospectively
but the case records were analysed retrospectively. Patients
were followed from the day of admission until death or
June 30, 2015. Information on patient mortality is reported
automatically within 2 weeks from the Swedish Population
registry. Cross linking was based on the patient’s personal
identity number (PIN), a 10 digit unique number that is
given to each child at birth. Twenty-six patients (3.8%) had
moved to other parts of Sweden and were therefore lost to
follow-up regarding re-interventions. Information about
amputations for these patients, however, was retrieved
through contact with the local vascular surgeons, and sur-
vival was checked through the National Population registry.

The regional ethics review board in Lund approved the
study.

Local intra-arterial thrombolysis

Arterial access was normally achieved through puncture of
the common femoral artery in the non-diseased leg. A long
thrombolysis catheter equipped with multiple side holes
was advanced over the aortic bifurcation and through the
occlusion. The lytic agent used was recombinant tissue
plasminogen activator (rtPA) (Actilyse; Boehringer Ingel-
heim, Ingelheim, Germany). The total dose of rtPA was
decided individually based on the duration and extent of
the arterial occlusion, the degree of ischaemia, and the
patient’s age. The procedures were all performed under
local anaesthesia. The detailed technique used to deliver
thrombolysis has been described in a previous
publication.18

Definitions and study endpoints

Limb condition at presentation, including sensory and mo-
tor deficit, rest pain, ischaemic ulceration, and ankle
brachial index (ABI), was recorded and scored according to
the Rutherford classification.22 Distal runoff was evaluated
both at procedure initiation and at completion, using
angiographic images. Definitions of comorbidities are
shown in Table S1.22,23

The primary endpoint was amputation free survival.
Secondary endpoints were primary patency, secondary
patency, major amputation, and survival. Each limb was
analysed independently. If not otherwise stated, amputa-
tion refers to major amputation, defined as above foot
level. Patency was determined according to Rutherford’s
guidelines,22 and was evaluated by clinical examination as
documented in the case records, and by scrutinising
angiographic images (conventional, computed tomography,
or magnetic resonance). Primary patency applied to a vessel
or graft that remained patent after the initial procedure
without requiring additional intervention. Secondary
patency referred to revascularisation after a complete oc-
clusion of the vessel or graft. Patency was considered lost in
patients who needed a subsequent surgical bypass or
endovascular recanalisation. Re-intervention was defined as
restenosis or occlusion in the same arterial segment as
previously thrombolysed, leading to endovascular or surgi-
cal intervention.

For the purpose of this analysis the patients were further
divided into subgroups depending on the aetiology of the
occlusion: native artery thrombosis, embolus, occluded
popliteal artery aneurysm (PAA), and occluded grafts/
stents. The occluded graft/stent group included grafts
(venous and synthetic) stents (bare metal, self, and balloon
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expandable) and stent grafts. The distinctions between the
subgroups were made by studying the hospital charts, the
radiological images, and by using diagnosis codes from the
hospital stay. When classification was problematic two of
the authors (O.G. and M.B.) discussed the case until
consensus was achieved.

Statistical analysis

The SPSS software package version 22.0 (IBM, Armonk, NY,
USA) was used for data management and statistical analysis.
Variables associated with outcome were tested in univariate
analysis, cross tabulation with the chi-square test for
dichotomous variables and one way ANOVA for continuous
variables. Variables associated with outcome (p < .05) were
further tested in a multivariate analysis with binary logistic
regression, with all variables entered into the model. When
the severity of ischaemia was classified, patients with
Rutherford classification type III were excluded, since there
were only two (0.3%), and patients with classification IIb
were compared with those having classification I or IIa.
Significant associations were expressed in terms of odds
ratio (OR) with 99% confidence intervals (CI); p < .01 was
considered significant, adjusting for multiple comparisons.

RESULTS

Patients’ characteristics

During this 13 year study, 689 limbs were treated for acute
limb ischaemia in 590 patients. Baseline demographics and
comorbidities are shown in Table 1. Of the procedures, 316
(45.9%) were performed in women. The mean age of the
Table 1. Baseline demographics and characteristics.

Variable Total Thrombosis Em

Number of patients (%) 689 191 (27.7%) 17
Age 72.0 (71.1e72.9) 72.6 (70.9e74.2) 76
Sex

Female 45.9 (41.6e50.2) 47.1 (40.2e54.0) 56
Comorbidity

Hypertension 65.7 (62.0e69.4) 63.9 (57.2e70.6) 64
Diabetes mellitus 17.7 (14.8e20.6) 23.0 (17.4e28.6) 13
Ischaemic heart disease 33.4 (30.2e36.6) 23.6 (16.9e30.3)* 35
Atrial fibrillation 29.4 (25.7e33.1) 15.7 (10.2e21.2) 63
Cerebrovascular disease 13.9 (11.0e16.8) 15.7 (10.0e21.4) 16
Renal insufficiency 33.5 (29.7e37.3) 30.2 (23.6e36.8) 43
Anaemia 29.3 (26.0e32.6) 31.0 (24.0e38.0) 29

Infra-inguinal occlusion 77.0 (74.0e80.0) 84.1 (78.0e89.2) 93
Duration of symptoms (h) 104 (94.3e114) 146 (123e268)* 71
Ankle brachial index 0.10 (0.09e0.12) 0.13 (0.10e0.15) 0.
Degree of ischaemia

I 16.5 (13.7e19.3) 14.1 (9.15e19.1) 14
IIa 58.9 (55.2e62.6) 56.0 (48.9e63.1) 60
IIb 24.3 (21.1e27.6) 29.3 (22.8e35.8) 24
III 0.29 (0.00e0.71) 0.52 (0.00e1.48) 0

Numbers correspond to per cent (95% CI) or mean (95% CI).
*P < .010 versus other groups. Statistically significant findings were h
yComparisons of all groups (cross tabulation with the chi-square tes
variables).
patients was 72.0 (95% CI, 71.1e72.9) years; men were
younger than women (70.3 vs. 74.1 years, respectively,
p < .001).

The distribution of thrombolytic procedures between the
aetiological groups was graft/stent occlusions 39.8%, native
arterial thrombosis 27.7%, native arterial emboli 25.1%, and
occluded PAA 7.4% (Table 1). In the graft/stent occlusion
group the distribution was as follows: 126 occluded syn-
thetic grafts (46.0%), 109 stent/stent grafts (39.8%), and 39
venous grafts (14.2%). The majority of the occlusions were
infra-inguinal, with the proportion varying between 58%
and 100% (Table 1). At presentation 16.5% of patients had a
viable extremity (Rutherford class I), 58.9% of the patients
suffered a marginally threatened extremity (class IIa), 24.3%
had an immediately threatened extremity (class IIb), and
0.3% of patients had irreversible ischaemia (class III). The
distribution of different degrees of ischaemia was similar
comparing the aetiological groups (Table 1). Adjuvant
endovascular or open surgical procedures were common
after thrombolysis (77.6%), less so when the occlusion was
embolic (67.1%, p ¼ .002). After PAA occlusion most of
these procedures were open (Table 2).

30 day outcomes

Short-term (30 day) outcomes are given in Table 2. In
summary, the success rate after thrombolysis for native
artery thrombosis was lower than other groups. Amputa-
tion was most common after a thrombosed PAA, and least
common after embolus (p < .001). Survival was not
different between the groups; however, amputation free
survival was lower after occlusion of a PAA (p ¼ .005).
bolus Occluded popliteal
aneurysm

Occluded
stent/graft

py

3 (25.1%) 51 (7.4%) 274 (39.8%)
.6 (74.8e78.4)* 70.1 (67.7e72.5) 69.1 (67.8e70.4)* <.001

.6 (48.7e64.5)* 7.8 (0.0e15.4)* 45.3 (39.2e51.4) <.001

.2 (57.0e71.4) 51.0 (37.4e64.6) 70.8 (65.2e76.4) .036

.9 (9.13e18.7) 3.9 (0.0e8.87)* 19.0 (14.3e23.7) .006

.3 (28.3e42.3) 27.5 (15.1e39.6) 40.1 (33.9e46.3)* .002

.6 (56.1e71.1)* 14.0 (4.08e23.9) 20.1 (15.0e25.2) <.001

.2 (10.5e21.9) 13.7 (4.22e23.2) 11.3 (8.02e14.6) .423

.9 (36.4e51.4)* 21.6 (10.4e32.8) 31.5 (25.8e37.4) .004

.4 (22.4e36.4) 22.0 (9.82e34.2) 29.3 (23.8e34.8) .669

.3 (89.0e97.6) 100.0* 58.2 (52.2e64.2)* <.001

.6 (55.1e88.1) 80.7 (48.5e113) 102 (86.5e118) <.001
10 (0.07e0.13) 0.09 (0.02e0.15) 0.10 (0.07e0.12) .375

.5 (9.16e19.7) 9.8 (1.36e18.3) 20.7 (15.8e25.5) .094

.7 (53.3e68.0) 62.7 (49.0e76.5) 59.0 (53.1e64.9) .754

.9 (18.4e31.4) 27.5 (14.8e40.1) 19.9 (15.1e24.7) .125
0 0.36 (0.00e1.12) e

ighlighted with bold numbers.
t for dichotomous variables and one way ANOVA for continuous



Table 2. Thirty day outcomes.

Variable Total Thrombosis Embolus Occluded popliteal
aneurysm

Occluded
stent/graft

py

Number of patients 689 191 (27.7%) 173 (25.1%) 51 (7.4%) 274 (39.8%)
Successful thrombolysis 82.3 (79.2e85.4) 73.4 (67.5e81.3)* 86.7 (82.2e91.2) 78.4 (67.0e89.8) 85.8 (82.0e89.6) .004
Duration of thrombolysis (h) 25.4 (24.4e26.4) 24.8 (22.6e27.0) 23.4 (21.9e25.3) 28.7 (24.3e33.1) 26.6 (24.8e28.4) .015
Amount of t-PA (mg) 21.2 (20.3e22.0) 20.0 (17.8e22.2) 18.4 (17.0e19.8)* 25.1 (21.2e29.0) 23.0 (21.7e24.3) <.001
Continuous heparin infusiona 61.1 (57.3e64.9) 60.2 (53.0e67.4) 46.2 (38.6e54.8)* 49.0 (35.4e62.6) 73.4 (68.1e78.7)* <.001
Adjuvant revascularisation
procedure

77.6 (74.6e80.6) 80.6 (74.7e86.5) 67.1 (60.4e73.8)* 82.4 (72.2e92.6) 81.4 (76.9e85.9) .002

Endovascular 77.9 (74.3e81.4) 84.4 (79.0e89.8) 87.1 (81.1e93.1) 33.3 (18.1e48.5)* 77.1 (71.5e83.2) <.001
Open 11.0 (8.41e13.6) 7.14 (3.21e11.1) 4.34 (2.04e6.60)* 54.8 (31.5e78.1)* 9.03 (6.20e11.8) <.001
Hybrid 11.0 (8.41e13.6) 8.44 (5.20e12.6) 8.60 (5.90e11.4) 11.9 (3.44e20.5) 13.9 (8.61e19.2) .157

Improvement in ABI 0.67 (0.64e0.71) 0.62 (0.55e0.68) 0.75 (0.70e0.80) 0.68 (0.54e0.82) 0.66 (0.61e0.71) .016
Major bleeding complications 13.5 (11.2e15.8) 13.7 (8.75e18.6) 8.67 (4.44e12.9) 21.6 (9.90e33.3) 15.0 (11.2e18.8) .078
Fasciotomy 9.90 (8.01e11.8) 8.90 (5.00e12.8) 8.70 (4.02e13.4) 19.6 (8.01e31.2) 9.51 (6.01e13.0) .113
Minor amputation < 30 days 2.76 (1.53e3.98) 3.66 (0.98e6.95) 2.31 (0.05e4.57) 0.00 (0.00e0.00) 2.92 (0.91e4.93) .534
Major amputation < 30 days 11.0 (8.69e13.4) 13.6 (8.71e18.5) 4.05 (1.08e7.01)* 25.5 (13.1e37.9)* 10.9 (7.23e14.7) <.001
Survival < 30 days 95.5 (94.0e97.1) 93.7 (90.2e97.2) 93.6 (90.0e97.3) 98.0 (94.0e100) 97.4 (95.6e99.3) .113
Amputation free
Survival at 30 days

85.9 (83.3e88.5) 82.7 (77.3e88.1) 90.2 (85.7e94.7) 72.5 (59.9e85.2)* 88.0 (84.1e91.8) .005

Note. Numbers correspond to per cent (95% CI) or mean (95% CI). ABI ¼ ankle brachial index.
aPatients receiving continuous heparin infusion received heparin adjusted according to activated partial thromboplastin time values,
aiming for 2e3 times baseline.
*p < .010 versus other groups. Statistically significant findings were highlighted with bold numbers.
yComparisons of all groups (cross tabulation with chi-square test for dichotomous variables and one way ANOVA for continuous variables).
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The thrombolytic procedure was followed by fasciotomy
in 9.9% of the cases. Bleeding complication was noted in
29.8% of the procedures, but only 13.5% were classified as
major.23 Bleeding complication leading to early interruption
of ongoing thrombolysis occurred in 6.0%. Three patients
(0.4%) suffered from intracranial haemorrhage within 4
days of the thrombolysis.
Long-term outcome

Long-term outcomes are given in Table 3. The mean follow-
up was 59.4 months (95% CI, 56.1e62.7). The overall pri-
mary patency rates were 69.1% and 55.9% at 1 and 5 years,
respectively. During the first year there was no significant
difference between the aetiological groups, but at 3 years
and onwards the embolus group had better primary
patency. At 5 years, the primary patency was lower in the
graft/stent occlusion group and still better in the embolus
group (Fig. 1). The secondary patency rates were not
different between the groups.

The frequencies of re-interventions differed between the
subgroups; thrombosis 31.9% (p ¼ .036 compared with the
other groups), embolus 18.0% (p < .001), occluded PAA
45.7% (p ¼ .421), and graft/stent occlusion 57.1%
(p < .001). Re-intervention, when required, was performed
a mean of 17.9 months (95% CI, 14.5e21.3) after the initial
thrombolysis.

Among the 663 limbs treated by thrombolysis and fol-
lowed regarding re-interventions, 218 (32.9%) were reoc-
cluded and in the need of a new revascularisation
procedure; of those 128 (58.7%) were endovascular and 90
(41.3%) open surgical procedures. The need for revascular-
isation differed between the aetiological groups (p < .001),
and was 129 (48.0%) in the graft/stent occlusions group, 16
(34.0%) in the PAA group, 46 (25.4%) in the thrombosis
group, and 27 (16.3%) in the embolus group. The distribu-
tion of endovascular and open surgery also differed
(p ¼ .047); in the stent/graft occlusion group 65.1% of re-
interventions were endovascular compared with 59.3% in
the embolus group, 56.3% in the PAA group, and 41.3% in
the thrombosis group.

One hundred and nine (16.4%) limbs underwent primary
amputation, without any further attempt at revascularisa-
tion. Among the 663 limbs, 336 (50.7%) did not require any
surgical re-intervention in their lifetime or until end of
follow-up. Among the patients without re-intervention, 188
patients died without re-intervention at a mean of 38.2
months (95% CI, 33.0e43.4) after thrombolysis. The 148
patients who had a re-intervention free survival were fol-
lowed a mean of 74.1 months (95% CI, 67.5e80.6) after
thrombolysis.

The amputation rate was lower in the embolic group, at 1
and 5 years (Fig. 2). Survival was higher in the group with
occluded PAA at 5 years (Fig. 3). Amputation free survival
was similar between the groups at 1 year, but the occluded
graft/stent group had an inferior amputation free survival at
5 years (see Fig. 4).

Continuous heparin infusion during thrombolysis or not
(that was previously reported regarding short-term out-
comes18) was not associated with patency, amputation or
death during any time period.
Risk factor analyses

Multivariate analyses were performed to identify risk fac-
tors for amputation, death, and the combined variable



Table 3. Long-term outcomes.

Total Thrombosis Embolus Popliteal aneurysm Graft/stent occlusion p
Number of patients 689 191 (27.7%) 173 (25.1%) 51 (7.4%) 274 (39.8%)
1 year data

Primary patency 69.1 (65.2e73.0) 67.3 (59.7e74.9) 85.7 (79.7e91.7) 59.1 (44.0e74.2) 62.6 (56.3e69.9) .016
Secondary patency 80.1 (76.7e83.4) 77.3 (70.6e84.0) 94.0 (89.9e98.1) 61.4 (46.4e76.3) 77.4 (71.9e82.8) .045
Amputation 17.7 (14.9e20.6) 19.9 (14.2e25.6) 8.1 (3.99e12.2)* 27.1 (14.8e40.1) 20.4 (15.6e25.2) .001
Survival 84.8 (82.1e87.5) 83.2 (77.9e88.6) 81.5 (74.6e87.4) 96.1 (90.6e100) 85.8 (81.6e89.9) .071
Amputation free

survival
72.1 (69.1e75.2) 68.1 (61.3e75.4) 76.9 (71.1e82.7) 70.6 (57.5e83.7) 72.3 (67.0e77.6) 0.311

5 year data
Primary patency 55.9 (49.2e61.2) 55.1 (43.8e66.4) 83.3 (72.3e94.4)* 37.9 (19.2e56.7) 43.3 (32.3e54.3)* <.001
Secondary patency 75.2 (69.6e80.0) 74.4 (64.5e84.3) 93.9 (88.0e99.9) 58.6 (39.6e77.7) 68.0 (57.5e78.5) .031
Amputation 26.6 (22.8e30.4) 22.3 (15.7e28.9) 11.1 (5.74e16.5)* 30.6 (14.8e46.4) 40.1 (33.0e46.8)* <.001
Survival 54.4 (50.1e58.6) 54.1 (46.3e62.0) 49.6 (41.6e57.8) 83.3 (70.5e96.1)* 50.5 (43.3e57.5) .004
Amputation free

survival
45.2 (40.8e49.6) 45.9 (38.3e53.5) 50.4 (42.8e59.0) 63.8 (47.1e80.4) 37.9 (31.3e44.5)* .007

Numbers correspond to per cent (95% CI) or mean (95% CI).
*p < .01 versus other groups. Statistically significant findings were highlighted with bold numbers.

Thrombolysis for Acute Lower Limb Ischaemia 857
amputation and/or death for 5 years after thrombolysis. All
associated variables (p < .05) were added in to the model
for each adverse event. Variables associated with the events
after multivariate analyses are presented in Table 4, the
complete results of the multivariate analyses are given in
Tables S1eS3.

DISCUSSION

This study offered an opportunity to evaluate long-term
results after thrombolysis for ALI. Patients with ALI often
have multiple comorbid conditions that may affect their
long-term prognosis despite successful thrombolysis.24 This
study also presented an opportunity, for the first time, to
Figure 1. KaplaneMeier curve for primary patency after thrombolysi
investigate the long-term results for different subgroups,
depending on the underlying cause of ALI.

The primary success rate was 82.3%, similar to previous
publications.8,13 Patients with arterial thrombosis had a
lower primary success rate of 73.4% and a longer duration
of symptoms before intervention. Despite inferior short-
term results, they had similar results on long-term
follow-up.

A number of previous studies reported thrombolysis to
be a successful method for revascularisation in ALI, espe-
cially for occluded grafts and stents.25 This is in line with the
results of the present study, where this subgroup had a high
success rate at 30 days and at 1 year. After 5 years,
s comparing subgroups depending on aetiology of the occlusion.



Figure 2. KaplaneMeier curve for amputations after thrombolysis, comparing subgroups depending on aetiology of the occlusion.
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however, this subgroup had unfavourable primary patency,
amputation rate, and amputation free survival. In multi-
variate analysis graft/stent occlusions showed a trend as a
risk factor for amputation within 5 years (p ¼ .011). The
high amputation rate for failed bypass grafts may be
attributed to various factors, such as previous vascular
Figure 3. KaplaneMeier survival curve after thrombolysis, com
surgery, sacrificed collaterals, and a conduit with inferior
elasticity and compliance mismatch.26,27 It has also been
suggested that endothelial alterations in vein grafts, and the
development of a thin prothrombotic layer in synthetic
grafts, could explain failure after thrombolysis.17 Some
surgeons advocate that it is more appropriate to perform a
paring subgroups depending on aetiology of the occlusion.



Figure 4. KaplaneMeier curve for amputation free survival after thrombolysis, comparing subgroups depending on aetiology of the
occlusion.
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de novo bypass in patients with a thrombosed graft rather
than to perform thrombolysis.17

Occluded PAA had the lowest primary and secondary
patency. Between 20% and 40% of PAA cases are discovered
unexpectedly because of ALI.28,29 PAAs often generate
emboli that progressively occlude the distal arterial network,
making thrombolysis a valuable first line approach, which
later in elective settings can be followed by surgical repair of
the aneurysm.29,30 The poor patency rate after thrombolysis
for occluded PAA, might be explained by incomplete runoff
clearance of fresh and/or old embolic clots. This subgroup,
however, had the best amputation free survival at 5 years
and higher survival after 5 years. This is likely to be explained
by this group being younger, with low rate of diabetes, and
most of the thrombolytic procedures were followed by
Table 4. Multivariate analysis.

Variable
Amputation 5 years Graft/stent occlusion

Prolonged thrombolysis
Diabetes mellitus
Female sex

Death 5 years Age
Ischaemic heart disease
Pre-operative anaemia
Atrial fibrillation
Cerebrovascular disease

Death and/or
amputation 5 years

Rutherford classification IIb
compared with class I and IIa
Prolonged thrombolysis
Pre-operative anaemia
durable open surgical repair of the aneurysm. Thus, although
the short-term outcome in this subgroup was inferior, the
opposite was true for long-term outcome.

The patients with embolic occlusions had a higher im-
mediate success rate, 86.7%, as well as a better primary
patency at 3 and 5 years. Embolic patients who were alive
at 5 years follow-up had a lower amputation rate than the
other groups. The favourable outcome in the embolic group,
regarding the risk of amputation, is explained by them
having cardiac rather than vascular disease.31 Patients with
embolic occlusions were older, had more atrial fibrillation
and renal insufficiency, explaining the higher mortality.

At the end of thrombolysis, 77.6% of the procedures
needed an adjuvant revascularisation procedure. As ex-
pected, this was less common after embolic occlusions. Of
OR 99% CI p
3.05 0.98e9.51 .011
1.04/h 0.99e1.10 .034
2.70 0.76e9.06 .044
2.15 0.80e5.79 .047
1.07/year 1.03e1.11 < .001
2.22 1.29e3.80 < .001
2.33 1.14e4.77 .002
2.30 1.02e5.18 .008
1.74 0.62e3.51 .042
2.27 0.97e5.32 .013

1.04/h 1.01e1.07 .020
1.95 0.91e4.17 .023
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the adjuvant revascularisation procedures in the embolic
group, 41.4% were aspiration of thrombotic material, which
could even be regarded as a part of the thrombolytic pro-
cedure. Underlying stenoses needing PTA were also iden-
tified however, underlining the fact that emboli sometimes
lodge into atherosclerotic arteries. One study on throm-
bolysis for non-embolic occlusion reported that correction
of the underlying disease immediately after thrombolysis
made thrombolysis more cost effective and was associated
with better patency rate at 30 days.32

The TOPAS trial3 has been criticized regarding the trial
design, since the primary endpoint was amputation free
survival at 6 months, and they reported similar outcomes
for surgery and thrombolysis. The authors argued that with
similar outcomes thrombolysis should be the preferred
initial intervention because of its “less invasive” nature. Of
interest is the fact that two thirds of the patients in the
thrombolysis cohort in that study had a surgical interven-
tion within 6 months of randomisation, compared with the
present study where primary arterial patency at one year
was 69.1%. The TOPAS trial lacks information regarding
adjuvant revascularisation procedures in connection with
initial thrombolysis, making a direct comparison of the two
studies impossible.

In the entire cohort, 50.7% did not require any surgical
re-intervention or amputation in their lifetime or during the
often prolonged follow-up period. Thrombolysis transforms
an emergent into an elective situation, and is durable.

One factor affecting the long-term outcome is if the
outflow can be improved, by opening the crural and pedal
vessels that are difficult to address with open surgery. This
restoration of patency of the calf vessels is an advantage of
thrombolytic therapy over primary open surgery.15,33

The existing data on long-term follow-up after throm-
bolysis are scarce in the international literature. Hess
et al.16 reported a 5 year secondary patency rate of 89.5%
following 59 cases of thrombolysis because of embolic oc-
clusions. They also reported secondary patency of 58.8% at
5 years after 254 cases of thrombolysis for thrombotic oc-
clusions. This study also included patients with intermittent
claudication, however without reporting patients with ALI
and claudication separately. Conrad et al.17 showed a 5 year
secondary patency rate of 65%, including 49 cases of suc-
cessful thrombolysis for occluded vein grafts. Another study
reported the 5 year secondary patency rate for 20 cases of
native occlusion to be 70% and for 16 cases of graft/stent
occlusion to be 75%, including only cases with successful
thrombolysis because of critical ischaemia.15 In the present
study the secondary patency rate at 5 years was 75.2%. The
differences in study populations in these mentioned studies
make comparisons difficult.

The reported incidence of bleeding complications in the
present study is high, with an over all incidence of 29.8%.
Most of the reported bleeding however was minor and
could be controlled without interruption of thrombolysis.
The incidence of intracranial haemorrhage was 0.4% and is
lower than in previous studies. Berridge et al.7 reported
haemorrhagic complications in a meta-analysis of five
randomised controlled trials with a total of 1283 patients
comparing intra-arterial thrombolysis and surgery in the
initial management of acute limb ischaemia. They reported
a 1.2% incidence of stroke and 8.8% incidence of major
haemorrhage. Semba et al.8 reported an estimated major
adverse bleeding rate of 5.1% from 12 studies involving
1291 patients. The risk of intracranial haemorrhage was
0.54% in these patients.

In a previous study, the results of thrombolysis with and
without continuous heparin infusion were compared. The
continuous heparin infusion did not offer any short-term
advantages, and there were more bleeding complications
associated with its use.18 In this study it was found that
long-term results are also not influenced by the use of
continuous heparin infusion during thrombolysis. The
finding that prolonged thrombolysis was a risk factor for
both amputation and the combined variable amputation
and/or death was expected, since prolonged treatment is
often needed when the thromboembolic occlusions are
extensive, or if thrombolysis is less successful.

There are some limitations to this study. Although pa-
tients were registered prospectively, and international val-
idations of the Swedvasc registry have shown excellent
external validity19e21 (few missing cases), the chart review
was performed retrospectively. Some patients presented
with “acute on chronic” symptoms of the ischaemic leg
which made the classification of their disease difficult, and
may have led the inclusion of some patients with pre-
dominantly chronic ischaemia. The distinction between
thrombotic and embolic occlusion is sometimes difficult and
may have led to some degree of misclassification.

In conclusion, this study demonstrates that good imme-
diate vessel patency can be achieved with an acceptable
complication rate using intra-arterial thrombolysis in pa-
tients with ALI. Intra-arterial thrombolytic therapy achieves
good medium and long-term clinical outcome, thus
reducing the need for primary open surgical treatment in
most patients, although there were many adjuvant pre-
dominantly endovascular procedures in close proximity to
the initial thrombolysis. More than half of the patients in
this study did not require any surgical re-intervention or
amputation in their remaining lifetime or during a mean of
74.1 months follow-up. Intra-arterial thrombolysis provides
a safe, effective and durable alternative to open surgery in
patients with ALI.
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APPENDIX A. SUPPLEMENTARY DATA

Supplementary data related to this article can be found at
http://dx.doi.org/10.1016/j.ejvs.2017.02.003.
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