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Abstract: Background and Objectives: Acute limb ischemia (ALI) is a life-threatening vascular
emergency that requires immediate intervention to restore perfusion and prevent limb loss
or mortality. Management strategies primarily include thrombolysis and surgical revascu-
larization, each with distinct risks and benefits. This review evaluates and compares the
outcomes of thrombolysis and surgical revascularization in ALI management, emphasizing
their efficacy, safety, and patient selection criteria. Materials and Methods: A systematic
review was conducted in adherence to PRISMA guidelines, analyzing data from 15 studies,
including randomized controlled trials and large retrospective analyses, encompassing
over 3500 patients with varying demographics and clinical presentations. Study quality
was assessed using the Cochrane risk of bias tool and the Newcastle–Ottawa Scale. Re-
sults: Thrombolysis, utilizing agents such as urokinase or recombinant tissue plasminogen
activator (rt-PA), demonstrated limb salvage rates up to 90% in acute cases, with 30-day
mortality rates of 4–6%. It was particularly effective in patients with embolic occlusions or
short symptom durations. However, bleeding complications associated with thrombolysis
were reported in up to 47% of cases. Conversely, surgical revascularization remains crucial
for those with advanced ischemia or contraindications to thrombolysis, offering reliable
perfusion restoration but with higher perioperative morbidity, especially in older patients
with significant comorbidities. Recent advancements, including hybrid approaches com-
bining catheter-directed thrombolysis with percutaneous mechanical thrombectomy, have
shown promise in improving outcomes by reducing procedure times and enhancing clot
resolution. Conclusions: While thrombolysis and surgical revascularization are effective,
optimizing patient selection remains a key challenge. Future research should focus on
refining treatment algorithms, investigating novel thrombolytic agents, and expanding the
role of minimally invasive techniques to improve long-term outcomes while mitigating
complications such as bleeding and reperfusion injuries.
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1. Introduction
Acute limb ischemia (ALI) is a critical vascular emergency defined by a rapid drop in

arterial blood flow, which can lead to limb loss or death without immediate intervention [1].
Embolism, thrombosis, or trauma typically causes this condition, manifesting with the
classic “6 Ps”: pain, pallor, pulselessness, paresthesia, paralysis, and poikilothermia [1,2]. It
necessitates immediate intervention to restore blood flow and reduce ischemic damage [3].
ALI often results from peripheral artery disease (PAD), a chronic condition marked by
progressive atherosclerotic narrowing of the peripheral arteries. This condition presents
a considerable challenge for vascular surgeons as the management of patients becomes
increasingly intricate [1,3].

Historically, surgical revascularization procedures, encompassing thrombectomy, em-
bolectomy, and bypass grafting, have constituted the foundation of ALI management [4,5].
Although these surgical techniques demonstrate effectiveness, they frequently present con-
siderable perioperative risks, including wound complications, infection, and a heightened
mortality rate, particularly among older individuals or those with comorbidities [6].

Over the past few decades, thrombolysis or endovascular treatment has emerged as a
less invasive alternative to surgery [7–10]. These techniques provide numerous advantages,
including the potential for clot dissolution in distal arterial beds and the identification and
treatment of underlying lesions, while contributing to a reduced prevalence of long-term
mortality and morbidity [9]. Several studies, such as the crucial TOPAS (Thrombolysis or
Peripheral Arterial Surgery) trials [11], have demonstrated that thrombolysis effectively
enhances limb salvage and decreases mortality rates in specific patient groups.

While thrombolysis offers several benefits, it carries certain risks, notably bleeding
complications such as intracranial hemorrhage [12]. Furthermore, Kwok et al. [13] show that
using percutaneous aspiration thrombectomy as a primary treatment reduces the need for
thrombolysis [11], thereby reducing the associated risk of bleeding. Nonetheless, although
non-surgical treatments benefit patients with ALI, the meta-analysis by Enezate et al. [14],
which examined five prospective randomized trials and one retrospective observational
study, showed no differences in short-term and one-year mortality and amputation rates
when comparing patients who underwent endovascular treatment to those who received
surgical intervention.

Recent advancements in endovascular techniques have significantly enhanced the man-
agement of ALI [15–18]. Hybrid approaches, which combine thrombolysis with mechanical
thrombectomy or surgical revascularization, demonstrate considerable potential for improv-
ing clinical outcomes by decreasing procedure duration and optimizing clot removal [16].
Incorporating these techniques into clinical practice has transitioned the paradigm of ALI
management towards more personalized and minimally invasive strategies [16–18].

Given the ongoing debate and developing therapeutic options, there is an urgent
need to consolidate new research on the comparative efficacy and safety of thrombolysis
vs. surgical revascularization in ALI. This systematic review and pairwise meta-analysis
primarily aims to evaluate the comparative effectiveness of thrombolysis versus surgical
revascularization in treating ALI, focusing on outcomes such as limb salvage, mortality,
and complications. By reviewing data from fifteen crucial studies, this research intends
to gain a comprehensive understanding of the changing treatment landscape and to offer
insights into enhancing care for ALI patients.
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2. Materials and Methods
This systematic review evaluates the efficacy and safety of thrombolysis versus surgical

revascularization in the management of ALI. The study adheres to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [18]. We registered
our study in the PROSPERO database with the CRD420251019298 number.

2.1. Search Strategy

A comprehensive literature search was conducted in PubMed, Scopus, and Web of
Science for studies published from 1990 to 2024 (Figure 1). Keywords included “acute
limb ischemia”, “thrombolysis”, “surgical revascularization”, “limb salvage”, and “mortal-
ity”. The reference lists of the included studies were also reviewed to identify additional
relevant articles.
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2.2. Inclusion and Exclusion Criteria

Inclusion criteria:

- Studies comparing thrombolysis and surgical revascularization in ALI.
- Reported outcomes: limb salvage, mortality, complication rates.
- Randomized controlled trials (RCTs), observational studies, and meta-analyses.
- English language publications.

Exclusion criteria:

- Case reports, editorials, and conference abstracts.
- Studies with fewer than 20 patients.
- Studies not reporting relevant outcomes.

2.3. Data Extraction and Quality Assessment

Two independent reviewers screened titles and abstracts, followed by full-text reviews.
Discrepancies were resolved by consensus. Data were extracted on study design, sample
size, patient demographics, intervention details, and outcomes [19]. The quality of the
included studies was assessed using the Cochrane risk of bias tool [20] for RCTs and the
Newcastle–Ottawa Scale [21] for observational studies.

2.4. Statistical Analysis

Descriptive statistics summarized study characteristics and outcomes. Results are
presented as narrative syntheses with tabulated summaries. A quantitative meta-analysis
was undertaken to evaluate the pooled effect of thrombolysis in contrast to surgical revascu-
larization for managing ALI. For each study, odds ratios (ORs) and 95% confidence intervals
(CIs) were extracted or computed for significant outcomes, such as limb salvage, mortality,
and complication rates. Data were analyzed using a random-effects model, owing to the
anticipated clinical and methodological heterogeneity among the included studies. Forest
plots were generated to illustrate the distribution and precision of effect estimates. Sup-
plementary Material Table S1 offers a comprehensive statistical summary, encompassing
study-level effect sizes, standard errors, confidence intervals, and weight distribution.

3. Results
Table 1 below provides a comprehensive overview of 15 studies on managing ALI. Each

study examines critical patient demographics, clinical presentations, and treatment strategies.
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Table 1. Comprehensive overview of 15 studies on managing ALI.

Study Ref. Patients
(n=)

Age
Median Male (%) LOS

(Days) Symptoms Occlusion Site Left/
Right Treatment Results Mortality

Ouriel et al.
(1994) [22] 114 65.5 50.8 11 Rest pain, pallor

Brachial artery, brachial and
forearm arteries, sortoiliac
segment, femoro-popliteal

segment, sortoiliac and
femoro-popliteal,

femoro-popliteal and tibial

L: 30%
R: 27%

Infusion of 4000 IU
urokinase; the rate of

infusion was reduced to 2000
IV/min 2 h after the

institution of therapy and to
1000 IV/min 4 h after the

institution of therapy

57 patients were included in
the thrombolysis group, and
57 patients were included in
the operative therapy group
Dissolution of the occluding

thrombus occurred in 40
(70%) patients in the
thrombolysis group

The limb salvage rate was
similar in the two groups

(82% at 12 months)

49% in the
operative group
vs. 16% in the
thrombolysis

group (mainly
due to

cardiopulmonary
complications)

Baumgartner
et al. (2018) [23] 1738 71

(68–75) 71.7 N/A Intermittent
claudication

Iliac artery, superficial
femoral artery, popliteal
artery, common femoral

artery, tibial artery

N/A

Clopidogrel, ticagrelor,
aorto-bifemoral bypass,

axillary bifemoral bypass,
femoropopliteal bypass

(above and below the knee),
endarterectomy of the
common/superficial

femoral artery

Cardiac and limb events
were higher in patients

undergoing surgical
procedures, but surgical
patients had fewer LERs;

patients with a prior history
of LER had higher event

rates of the primary
endpoint (8.1%) and ALI

(5.0%); patients enrolled on
ABI/TBI had lower rates for
the primary endpoint (5.6%)

and ALI (2.6%) following
their LER

88 (6.7%)
patients in the
endovascular

group; 52
(11.8%) in the
surgical group

Nilsson et al.
(1992) [4] 20 74

(45–91) 65 14
Rest pain,

intermittent
claudication

Femoro-popliteal–distal
segment

Left only
with no
right oc-
clusions
observed

Thrombectomy patients
received epidural anesthesia

Thrombolysis patients
received 30 mg rt-PA during

a 3 h period through a
catheter placed into the

thrombus and advanced as
lysis was achieved

9 patients included in the
thrombectomy group, and
11 patients included in the

thrombolysis group
30-day patency was slightly

better for those patients
treated with thrombolysis;
around 90% of patients in

both groups needed a
secondary surgical

procedure, most commonly a
revision of the distal graft

anastomosis

0
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Table 1. Cont.

Study Ref. Patients
(n=)

Age
Median Male (%) LOS

(Days) Symptoms Occlusion Site Left/
Right Treatment Results Mortality

STILE, (1994) [8] 393 65.2 68.4 14.3
Rest pain,

intermittent
claudication

Aortoiliac segment,
femoro-popliteal segment

L: 31%
R: 26%

Surgical and thrombolysis
(catheter placement into the
occlusion before infusion of
rt-PA at 0.05 mg/kg/h or UK
of 250,000 units bolus with
4000 units/min × 4 h, then

2000 units/min)

144 patients in the Surgery
group, 249 in the

thrombolysis group
30-day outcomes showed

significant benefit to surgical
therapy vs. thrombolysis,

due to a reduction in
ischemia; patients with
ischemia < 14 days had

lower amputation rates with
thrombolysis

and shorter hospital stays;
patients with ischemic

deterioration of >14 days
who were treated surgically
had less ongoing/recurrent
ischemia and trends toward

lower morbidity; at
6 months, there was

improved amputation-free
survival in thrombolysis
acutely ischemic patients
treated with thrombolysis,
while chronically ischemic

surgical patients had
significantly lower major

amputation rates

7 deaths in the
durgery group,

and 10 deaths in
the thrombolysis

group

Swischuk et al.
(2001) [24] 74 66.4

(40–100) 50 11.9
Rest pain,

intermittent
claudication

Aortoiliac segment,
femoro-popliteal segment,

tibial artery, multilevel
N/A

Infusion of rt-PA with a
mean total dose of 38.7 mg;

initial infusion rates of
3–6 mg/h were lowered to a
preferred rate of 1.5 mg/h

Thrombolytic success was
achieved in 64 limbs (86%);

major bleeding
complications occurred in 33

(47%) patients; 30-day
amputation-free survival

rate was 93%

1 patient died
(1.35%)
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Table 1. Cont.

Study Ref. Patients
(n=)

Age
Median Male (%) LOS

(Days) Symptoms Occlusion Site Left/
Right Treatment Results Mortality

Koraen et al.
(2011) [25] 123 69

(27–91) 62 14 Acute critical leg
ischemia

Aortoiliac segment,
femoro-popliteal segment N/A

A dose of 1 to 2 mg/h
(volume of infusate between
10 and 20 mL/h with 0.1 mg
alteplase/mL) was initially

infused for 4 h followed by a
reduced dose of 0.5 to
1 mg/h; 5000 units of

unfractionated
heparin at the start of

thrombolysis

21% of patients with open
surgery, 39% with

endovascular, and 11% with
a hybrid procedure

Amputation-free survival
rate was 89% and 75% at 1

and 12 months, respectively,
following thrombolysis

treatment; technical failure of
thrombolysis occurred in

18 patients

8 deaths in the
durgery group

(6.5%), and
16 deaths in the

thrombolysis
group

Conrad et al.
(2003) [26] 67 68

(22–90) 64.1 14

Rest pain,
extreme

short-distance
claudication

Vein grafts and prosthetic
grafts N/A

Initial pulse-spray of
urokinase followed by

continuous infusion of 1000
to 2000 IU/min, with the
progression of clot lysis
monitored with serial

arteriography

Successful lysis was
achieved in 49 patients

(71%)—33 vein grafts and
16 prosthetic grafts
Thrombolysis was

unsuccessful in restoring
graft patency in 13 patients

(19%), and therapy was
terminated

after arteriograms showed
no progression of lysis

10 patients required
amputation within 10 weeks
of unsuccessful lytic therapy

No patient died
as a direct result

of catheter-
directed

thrombolysis,
1 patient died of

congestive
heart failure

Vakhitov et al.
(2014) [27] 149 70

(32–93) 53 N/A
Rest pain,

intermittent
claudication

N/A N/A

Alteplase was administered
as an initial 4 mg bolus,

followed by a continuous
0.5-mg/h infusion for 48 h;

simultaneously, the patients
were administered LMWHs,

either enoxaparin sodium
40 mg twice per day

subcutaneously,
or dalteparin sodium
5000 IU twice per day

subcutaneously

Thrombolysis was successful
in 77% of patients; it was

sufficient as a monotherapy
in 24% of cases; in 40% of

cases, an additional
endovascular procedure was

required to achieve distal
perfusion; in 16 cases,

additional minor surgical
operations were needed after

effective thrombolysis

4 patients died
during

treatment with
alteplase, 2 died

from sepsis, 1
from acute
myocardial

infarction, and 1
from

complications
after massive

thromboembolism
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Table 1. Cont.

Study Ref. Patients
(n=)

Age
Median Male (%) LOS

(Days) Symptoms Occlusion Site Left/
Right Treatment Results Mortality

Løkse Nilssen
et al. (2010) [28] 212 72

(30–95) 65 N/A
Rest pain, cold
leg, paresthesia,
ischemic ulcer

Popliteal artery, tibial
artery N/A

5 mg alteplase and 5000 IU
heparin were injected at the
start of the procedure, then
alteplase 0.01 mg kg/h and

UFH 300 IU kg/24 h

At 1-year follow-up, 158
patients (75%) were alive

without amputation, and 14
(7%) were alive with

amputation

9% (20) dead
without

amputation and
9% (20) dead

with amputation

Schrijver et al.
(2016) [29] 159 65

(57–73) 72 N/A
Rest pain,

intermittent
claudication

Iliac arteries, femoral artery,
femoro-popliteal arteries,

bypass grafts
N/A

Infusion with
urokinase (100,000 IU/h),

and heparin given at a dose
of 10,000 IU/24 h

Complete lysis in 69% of
native arteries and bypass

grafts
Major hemorrhages in 12%
of native arteries and 7% of

bypass grafts
The 30-day amputation rate
was 10% in native arteries
and 13% in bypass grafts

Amputation-free survival at
1 year was 76% for

native arteries and 78% for
bypass grafts, and at 5 years
65% for native arteries and

51% for
bypass grafts

28 died (17,6%)

Abraham-Igwe
et al. (2011) [30] 23 65.5 64 6.56

Rest pain,
intermittent
claudication

Femoro-popliteal grafts N/A

A bolus dose of 5 mg rt-PA
was given via the catheter
over 5 min and maintained
with an infusion of rt-PA at

1 mg/h

80% of grafts were
successfully reopened

immediately; 80% of the
unsuccessful

catheter-directed
thrombolysis (CDT) cases

required amputation within
a few weeks; 60% of
successful CDT cases

required angioplasty; the
limb salvage rate was 72% at

12 months; there was no
CDT-related mortality

2 patients died
(8%) within
12 months
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Table 1. Cont.

Study Ref. Patients
(n=)

Age
Median Male (%) LOS

(Days) Symptoms Occlusion Site Left/
Right Treatment Results Mortality

Falkowski et al.
(2013) [31] 97 67.3

(38–83) 71 N/A
Rest pain,

intermittent
claudication

Femoral artery,
femoro-popliteal artery,

popliteal artery,
popliteal–crural artery

N/A
An infusion of rt-PA 54.1 mg
(50–60 mg) was administered
for a mean of 2.51 h (2–4 h)

Thrombolytic success was
achieved in 83.5% of cases;
overall clinical success was

88.7%; the 30-day
amputation-free survival

rate was 93.8%; major
bleeding complications
occurred in 10 patients
(10.3%); 70% long-term

amputation-free survival

2 deaths (2.1%)

Kashyap et al.
(2011) [32] 119 63.7 59 N/A

rest pain,
intermittent
claudication

Aortoiliac artery,
femoropopliteal artery,

tibial artery,
multilevel

N/A rt-PA at a dose of
0.5–1.0 mg/h

30-day outcomes indicate
that 82% of patients were
alive and had their limb
intact after endovascular

treatment; access site
hematoma (11%), bleeding
requiring transfusion (8%),

and
compartment syndrome
(4%); 1 patient (0.76%)
developed intracranial

bleeding

7 patients died
(6%), 4 after
amputation

Plate et al. (2008)
[33] 121 72

(47–97) 52 N/A
Rest pain,

claudication,
tissue loss

Iliac arteries, femoral arteries,
popliteal or crural arteries N/A

Group 1 (n = 58) received a
pulse-spray infusion of

recombinant plasminogen
activator 15 mg/h for 2 h,

followed by low-dose
infusion as needed; Group 2

(n = 63) was only treated
with low-dose infusion

(0.5 mg/h) of rt-PA for 48 h

>75% of the thrombus
removed combined with

antegrade flow was
accomplished in 86 (72%)
patients; 17 (14%) patients
had partial thrombolysis,
and in 16 (13%) cases the
thrombolysis failed (as
defined by <25% lysis

without antegrade flow); 15
(12%) patients had

life-threatening
complications within one

month, of which 2 survived

26 (21%) within
1 year
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Table 1. Cont.

Study Ref. Patients
(n=)

Age
Median Male (%) LOS

(Days) Symptoms Occlusion Site Left/
Right Treatment Results Mortality

Weaver et al.
(1996) [34] 237 66 68 14 Sensory and

motor deficits

Aortic artery,
iliac artery,

femoral artery,
profunda femoris artery,

popliteal artery,
distal arteries

N/A 84 patients were randomized
to rt-PA and 66 to uokinase

150 patients in the
catheter-directed

thrombolysis group, 87 in
the surgical

revascularization group

13 (14.9%)
deaths in the

surgical group
16 (10.7%)

deaths in the
thrombolysis

group



Medicina 2025, 61, 828 11 of 18

Table 1 summarizes data from 15 studies, involving a total of 3646 patients, with
Table 2 presenting the risk factors from each study. Patient ages varied across studies, with
median values ranging from 63.7 to 74 years, indicating a predominantly older population,
reflective of the age group commonly affected by peripheral arterial disease and ALI. The
proportion of male participants ranged from 50% to 72%, with most studies showing a
slight male predominance. The largest cohort was reported by Baumgartner et al. [23] with
1738 patients, while Nilsson et al. [4] included only 20 patients.

Table 2. Risk factors for the 15 studies on managing ALI.

Study Ref. AH (%) DM (%) Smoking (%) HLD (%) CAD (%)

Ouriel et al. (1994) [22] 58 30 51 30 51

Baumgartner et al. (2018) [23] 82.1 41.4 84.8 81.7 N/A

Nilsson et al. (1992) [4] N/A 27 40 N/A N/A

STILE (1994) [8] 53.8 41.1 80.6 N/A 36.7

Swischuk et al. (2001) [24] 60 26 69 37 33

Koraen et al. (2011) [25] 72 27 80 N/A 43

Conrad et al. (2003) [26] 88 49.2 74.6 N/A 56.7

Vakhitov et al. (2014) [27] 80.5 17.4 27.7 47 44.3

Løkse Nilssen et al. (2010) [28] 32 6.6 N/A N/A N/A

Schrijver et al. (2016) [29] 39 76 31 50 66

Abraham-Igwe et al. (2011) [30] 60 36 N/A N/A 28

Falkowski et al. (2013) [31] 56 28 56 32 46

Kashyap et al. (2011) [32] 71 24 69 50 55

Plate et al. (2008) [33] 36 17 36 13 63

Weaver et al. (1996) [34] 57 43 79 30 55

The table highlights various treatment approaches, including thrombolysis, surgical
revascularization, and hybrid procedures. Thrombolytic therapy utilizing agents such as
rt-PA, urokinase, and alteplase was prevalent among the studies, with success rates in
thrombus dissolution varying from 70% to 86%. Notably, Swischuk et al. [24] reported a
30-day amputation-free survival rate of 93%, whereas Conrad et al. [26] achieved successful
lysis in 71% of treated patients. Mortality rates varied significantly, with some studies like
Falkowski et al. [31] reporting a low mortality of 2.1%, while others such as Plate et al. [33]
observed 21% mortality within one year.

Complication rates, including major bleeding and amputation, were consistently
noted across studies. Swischuk et al. [24] reported major bleeding in 47% of patients,
emphasizing the risks associated with thrombolytic therapy. The duration of hospital stays
varied between 11 and 14 days in the studies that provided this metric, which underscores
the intensive care necessary for these critical cases. Additionally, the research recorded
comorbidities, indicating that hypertension (up to 88%) and diabetes (up to 49.2%) were
common, emphasizing the intricate clinical profiles of these patients.

Table 3 summarizes the key findings from the 15 studies. Overall, thrombolytic
therapy showed high success rates, with thrombus dissolution ranging from 70% to 86%, as
reported in studies like Ouriel et al. [22] and Swischuk et al. [24]. Amputation-free survival
rates were also notable, reaching up to 93.8% at 30 days in Falkowski et al. [31]. However,
complications such as major bleeding were significant in some studies, with rates up to
47% in Swischuk et al. [24]. Surgical interventions were often more effective in chronic
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ischemic cases, as seen in STILE [8], where they outperformed thrombolysis for ischemia
lasting more than 14 days. Mortality rates varied, with Weaver et al. [34] reporting 10.7%
mortality in the thrombolysis group compared to 14.9% in the surgical group, highlighting
comparable long-term outcomes between the two approaches.

Table 3. Key findings from each study.

Study Reference Key Findings

Ouriel et al. (1994) [22] The thrombolysis group had 70% thrombus dissolution; limb salvage rate was
82% at 12 months

Baumgartner et al. (2018) [23] The endovascular group had higher cardiac and limb events; surgical patients
had fewer reinterventions

Nilsson et al. (1992) [4] 30-day patency was better with thrombolysis; 90% required secondary surgical
procedures

STILE (1994) [8] Thrombolysis was better for ischemia < 14 days; surgical therapy was favored
for chronic ischemia > 14 days

Swischuk et al. (2001) [24] 86% thrombolytic success; 93% amputation-free survival at 30 days; 47% major
bleeding complications

Koraen et al. (2011) [25] Amputation-free survival: 89% at 1 month, 75% at 12 months; 16% mortality in
the thrombolysis group

Conrad et al. (2003) [26] Successful lysis in 71% of cases; thrombolysis failure led to higher
amputation rates

Vakhitov et al. (2014) [27] 77% thrombolysis success; additional endovascular/surgical procedures were
often required post-thrombolysis

Løkse Nilssen et al. (2010) [28] 75% alive without amputation at 1 year; 9% mortality with amputation; 9%
mortality without amputation

Schrijver et al. (2016) [29] Amputation-free survival: 76% native arteries, 78% bypass grafts at 1 year; 65%
native at 5 years

Abraham-Igwe et al. (2011) [30] 80% graft reopening success; 72% limb salvage at 12 months; no
thrombolysis-related mortality

Falkowski et al. (2013) [31] 83.5% thrombolytic success; 93.8% amputation-free survival at 30 days; 10.3%
major bleeding

Kashyap et al. (2011) [32] 82% alive with no amputation at 30 days; low intracranial bleeding rate (0.76%)

Plate et al. (2008) [33] >75% thrombus removal success in 72% of cases; 21% mortality within 1 year

Weaver et al. (1996) [34] 14.9% mortality in the surgical group; 10.7% in the thrombolysis group;
comparable long-term outcomes

The forest plot presents the OR and CI for the studies included in this review (Figure 2).
Notably, studies such as Ouriel et al. [22] (OR: 4.85; CI: 2.39–9.81, p = 0.001) and Swischuk
et al. [24] (OR: 5.97; CI: 0.11–312.68, p = 0.38) show wide confidence intervals, suggesting a
high variability. Meanwhile, Nilsson et al. [4] have a narrower CI (0.26–0.86) and a statisti-
cally significant result (p = 0.01), indicating more precise estimates. The overall effect has an
OR of 1.33 (95% CI: 0.56–3.15), with a p-value of 0.52, indicating no statistically significant
impact at the group level. Study weights range from 3.60% to 13.74%, highlighting the
varying influence of each study on the overall analysis.
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Figure 2. The forest plot illustrates the odds ratio and predicts poor outcomes at follow-up for
patients undergoing thrombolytic therapy compared to those receiving open surgical interven-
tions [4,8,22,24–34]. Blue squares denote specific study estimates (size indicates study weight), while
horizontal black lines illustrate 95% confidence intervals. The burgundy diamond denotes the pooled
estimate, and the red dashed line indicates the summary risk ratio. The black horizontal line signifies
the prediction interval, which reflects the anticipated range of effects in future studies.

In Supplementary Material Table S1 the study provides a detailed statistical summary of
the effect sizes, standard errors, and confidence intervals for the aforementioned studies, along
with their respective weights in the analysis. Notably, studies like Ouriel et al. [22] report a
significant positive effect size (1.578, p < 0.001), indicating a strong intervention effect, with a
relatively narrow CI (0.873 to 2.283). Conversely, STILE [8] demonstrates a significant negative
effect size (−2.106, p < 0.001), having a poorer outcome in the context of the intervention.
Studies such as Swischuk et al. [24] and Koraen et al. [25] have wide CI, indicating variability
and less precision in their effect estimates, with non-significant p-values. The overall weights
vary, with higher weights assigned to studies like Nilsson et al. [4] and Weaver et al. [34]
(~13.4%), emphasizing their larger contribution to the meta-analysis.

4. Discussion
The comparative analysis of thrombolysis and surgical revascularization for acute limb

ischemia highlights distinct outcomes critical in guiding clinical decision-making. This study
evaluated over 3500 patients from 15 studies, revealing significant differences in limb salvage,
mortality, and complication rates. The findings align with previous reports emphasizing the
efficacy of thrombolysis in achieving superior limb salvage, particularly in patients presenting
with embolic occlusions or symptoms of short duration [35,36].

Thrombolysis demonstrated remarkable success, with limb salvage rates exceeding 90% in
several studies, as highlighted in Swischuk et al. [24], where the amputation-free survival at 30
days reached 93%. Similarly, Falkowski et al. [31] reported a thrombolytic success rate of 83.5%
and a low mortality of 2.1%. This corroborates findings from previous meta-analyses showing
that CDT significantly reduces the need for major amputations [37,38]. However, the risk of
bleeding complications remains a concern, as evidenced by a 47% rate of major bleeding as
reported by Swischuk et al. [24], consistent with literature citing bleeding as a major drawback
of thrombolytic therapy [39,40].
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On the other hand, surgical revascularization displayed higher perioperative risks but
remained the treatment of choice for patients with advanced ischemia or contraindications to
thrombolysis. For instance, the STILE trial [8] demonstrated that surgical intervention was more
effective for patients with ischemia duration exceeding 14 days, achieving superior long-term
outcomes in this setting. Mortality rates in surgical cohorts were generally higher, ranging from
10.7% in Weaver et al. [34] to 21% in Plate et al. [33]. This reflects the risks of open vascular
procedures, particularly in comorbid and elderly patients.

Recent hybrid approaches combining thrombolysis with surgical or mechanical thrombec-
tomy have emerged as promising alternatives [41,42]. These methods aim to leverage the
benefits of minimally invasive thrombolysis while addressing its limitations through adjunc-
tive mechanical interventions [43,44]. Studies such as Vakhitov et al. [27] feature the utility of
hybrid strategies, showing 77% thrombolysis success with additional endovascular or surgical
procedures in a significant proportion of cases. This aligns with emerging evidence suggesting
that hybrid interventions can improve clot resolution and reduce procedural time [45,46]. The
present analysis also revealed a trend of improved outcomes in studies employing newer throm-
bolytic agents and advanced catheter systems. The TOPAS trial [10] previously demonstrated
that rt-PA was superior to older agents like urokinase in terms of efficacy and safety.

Furthermore, beyond acute clinical results, it is critical to examine long-term quality of
life and functional recovery after revascularization. Kahn et al. [47] found that patients with
catheter-directed thrombolysis had superior walking distances and health-related quality of life
scores than those undergoing surgical bypass. Furthermore, sex-based and age-related outcome
discrepancies have been noted in recent investigations, with older females having lower limb
salvage and survival rates, indicating the necessity for individualized therapy regimens [48,49].

In terms of cost-effectiveness, thrombolysis is often associated with lower initial
hospitalization expenditures due to shorter ICU stays and fewer surgical procedures.
Health economics research by Vaidya et al. [50] found that while thrombolysis incurs
greater pharmacologic costs, it resulted in lower overall in-hospital expenditures than
surgery in selected individuals.

Managing ALI presents a complex clinical challenge, influenced by the variety of patient
presentations and comorbidities. Although the aforementioned studies thoroughly evalu-
ated thrombolysis against open surgery, recent findings indicate that a personalized approach,
tailored to each patient’s unique characteristics, might yield better results. For instance, im-
provements in pharmacomechanical devices and the use of lower-dose thrombolytic therapies
administered directly to lesions have allowed for more focused clot extraction, potentially
minimizing bleeding risks while maintaining limb viability [51,52]. Emerging technologies like
ultrasound-accelerated thrombolysis and microcatheter-guided delivery systems are promising
in shortening reperfusion times while minimizing systemic complications [53–55]. Clinical
insights from Schanzer et al. suggest that combining swift imaging protocols with prompt
catheter-directed therapy enhances outcomes for patients with embolic ALI, emphasizing the
importance of timely treatment [56]. Surgical revascularization is still critical, especially when
thrombotic involvement coincides with severe pre-existing PAD featuring advanced stenotic
lesions. Notably, hybrid approaches enable vascular surgeons to switch between endovascular
and open techniques within the same session, proving especially advantageous in anatomically
challenging or limb-threatening situations [57–60].

Strenghts and Limitations and Perspectives for Practical Application

This study provides a comprehensive review of thrombolysis and surgical revascularization
in the management of acute limb ischemia, drawing from 15 diverse studies. One of its key
strengths lies in its systematic approach, adhering to PRISMA guidelines to ensure robust study
selection and data synthesis. The inclusion of a wide range of studies, from small cohorts
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to large-scale analyses, enables a detailed comparison of outcomes across different treatment
modalities, including thrombolysis, surgical interventions, and hybrid approaches.

The detailed analysis of limb salvage, mortality, and complication rates strengthens the
validity of the findings. Furthermore, the exploration of hybrid strategies reflects the evolving
clinical landscape, emphasizing the need for personalized treatment approaches.

However, several limitations must be acknowledged. The included studies show hetero-
geneity in design, sample size, and outcome measures, which may introduce bias and limit
direct comparability. Additionally, the lack of standardized reporting across studies compli-
cates data synthesis, particularly for long-term outcomes such as re-intervention rates and
functional recovery.

Despite these limitations, this study provides valuable insights into ALI management, high-
lighting the strengths and weaknesses of current treatment strategies and laying the groundwork
for future research. Perspectives for practical application include the development of clinical
algorithms for patient stratification, the incorporation of hybrid strategies into standard practice,
and the further exploration of minimally invasive techniques. Tailoring treatment protocols
based on ischemia duration, etiology (thrombotic vs. embolic), and comorbid conditions may
enhance clinical outcomes and resource allocation.

5. Conclusions
This study points out the critical role of both thrombolysis and surgical revascularization

in managing ALI. Thrombolysis demonstrated superior outcomes in terms of limb salvage, with
success rates up to 90% in acute settings, as observed in multiple studies. Moreover, thrombolysis
was associated with lower short-term mortality rates, ranging from 1% to 6%, highlighting
its potential for minimizing systemic risks, particularly in patients with embolic occlusions or
short ischemia duration. Conversely, surgical revascularization remains essential for patients
with complex or chronic ischemic conditions. Although it presented higher perioperative
mortality, ranging from 11% to 21%, it offered durable outcomes in specific patient cohorts,
especially when ischemia extended beyond 14 days. These findings align with the existing
literature and reaffirm the need for personalized therapeutic strategies. Future research should
focus on refining patient selection criteria and leveraging advanced techniques to improve
outcomes further.
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