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Abstract

Purpose The purpose of this study is to accentuate the

efficacy of direct stenting (stent placement without predi-

latation of the lesion) in patients with acute lower limb

arterial ischemia (ALLI).

Materials and Methods Between January 2010 and

September 2015, 16 patients (11 men and 5 women)

underwent direct stenting of acute arterial occlusions. All

patients had contraindication for surgical revascularization

or catheter-directed thrombolysis. According to SVS/

ISCVS Classification, six patients had IIa and ten patients

IIb ALLI. The occlusions were located in CIA, EIA, SFA,

or popliteal artery. Mean follow-up time with clinical

examination and color Duplex ultrasonography was

37.6 months (range 1–72). We analyzed the technical and

clinical outcomes of the procedures, as well the compli-

cations and patency rates.

Results Technical success was achieved in all patients (16/

16) and there was significant clinical improvement in 15

patients. There was neither distal embolization nor proce-

dure-related complications. During the 6 years of follow-

up, four patients died due to non-procedure-related causes

and there were two minor and one major amputations. The

primary patency rates and the amputation-free survival

rates were 93.7 and 87% at 1 year, 75.2 and 71.2% at

3 years, and 75.2 and 62.3%, respectively, at 6 years.

Conclusions Direct stenting may be a valuable alternative

procedure for acute arterial occlusions in selected cases

with high technical success and significant clinical

improvement.

Level of Evidence Level 4, Case Series.

Keywords Acute Limb Ischemia � Direct stenting �
Embolism � Thrombosis � Iliac artery � Superficial
femoral artery � Popliteal artery � Recanalization �
Nitinol stent � Vascular intervention

Introduction

Acute lower limb ischemia (ALLI) represents a quickly

developing or sudden decrease in limb perfusion, resulting

in a potential threat to the viability of the extremity [1].

The hypoperfusion also impairs cardiopulmonary and renal

function due to systemic acid–base and electrolyte abnor-

malities [2]. Causes of ALLI include acute thrombosis of a

limb artery or bypass graft, embolism from the heart, dis-

section, and trauma [3]. A limb-threatening ischemic event

is characterized acute if the duration of symptoms is less

than 14 days, subacute between 15 days and 3 months, and

chronic after 3 months [4]. A patient with ALLI often

presents with the ‘‘5 P’s’’ of paresthesia, pain, pallor,

pulselessness, and paralysis, and the incidence is about 1.5

cases per 10,000 persons per year [5]. Patients with ALLI

have poor short-term outcomes, with a risk of amputation

between 10 and 30% and a mortality rate of approximately

15–20% in the first year, mainly in the peri-operative

period [1, 6].
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The management includes either surgical procedures

[7–10] or percutaneous endovascular procedures such us

catheter-directed thrombolysis, manual aspiration

thrombectomy, and mechanical thrombectomy [4, 11–14].

Surgical revascularization is the classic treatment and

includes procedures such us embolectomy with a Fogarty

catheter, bypass grafting, and endarterectomy [3]. Despite

there is no significant difference in limb salvage rate or

mortality between surgical procedures and catheter-di-

rected thrombolysis [8], surgical procedures are associ-

ated with higher incidence of infections, rethrombosis, or

fasciotomy [10]. Surgical procedures and administration

of anesthesia are associated with a complex stress

response. The American Society of Anesthesiologists

(ASA) grading system offers a simple description of the

physical state of a patient and is a component of the

overall procedural risk [15]. Despite improvements in

pre- and peri-operative management, arterial throm-

boembolectomy is characterized by high morbidity and

mortality in elderly patients with an ASA score C III

[16]. On the other hand, catheter-directed thrombolysis

may be effective for treating acute limb ischemia caused

by thrombotic or embolic occlusions but it is associated

with substantial risk of major hemorrhage and stroke

[9, 17, 18]. There are also absolute or relative con-

traindications for catheter-directed thrombolysis such us

ongoing bleeding, intracranial hemorrhage, compartment

syndrome, recent eye surgery, and recent gastrointestinal

bleeding. Moreover it cannot be used in patients with

severe limb ischemia that require immediate recanaliza-

tion due to the longer procedural time [14]. Percutaneous

aspiration thrombectomy and percutaneous mechanical

thrombectomy are efficient methods for transluminal

removal of thrombus but they are associated with high

risk for distal embolization (up to 28%), and they also

require larger sheaths, which can lead to puncture-site

complications (hematoma, dissection) [12].

Reperfusion injury is a common complication after

revascularization which can lead to rapid development of

compartment syndrome. In this case, surgical fasciotomy

is necessary to prevent irreversible neurologic and mus-

cular damage [3]. ALLI despite recent advancements in

treatment strategies continues to confer significant risks

for patients’ limb and life, and since currently available

surgical or endovascular strategies are not without

adverse events and contraindications, there is an obvious

necessity for new techniques to be developed.

In this study, we present long-term results in patients

with acute arterial occlusions who were treated with direct

stenting (stent placement without predilatation of the

lesion).

Materials and Methods

Study Design and Patient Selection

This is an observational, retrospective, single-center study

aiming to examine efficacy of direct stenting to treat

patients presenting with ALLI. Approval was obtained

from our institutional review board to conduct this retro-

spective study. According to local treatment protocols and

in accordance to international guidelines, patients pre-

senting with SVS/ISCVS III ALLI (irreversible ischemia)

were subjected to primary amputation. Those with SVS/

ISCVS I, IIa, and IIb (viable, marginally, and immediately

threatened limbs, respectively) were initially subjected to

computed tomography (CT) imaging, and the subsequent

management was determined on a consensus between

vascular surgeons and interventional radiologists. 24-hour

availability of the interventional radiology unit allowed for

the alternative of the endovascular treatment to be avail-

able even for patients with immediately threatened limbs.

Patients were allocated to treatment with direct stenting

technique according to the following selection criteria:

1. Compromised patients with ASA score class III or IV

who are not ideal candidates for surgery

2. Native artery occlusion (ALLI due to graft thrombosis

excluded)

3. Contraindication for administration of thrombolytic

agents

4. At least one tibial vessel runoff in the CTA

Patient Data: Clinical Information (Table 1)

From January 2010 to September 2015, 120 patients were

diagnosed with ALLI at our institution. Among those, 16

patients (11menand5women), agedbetween52and93 years

(median age 72.5 years), underwent direct stenting of acute

arterial occlusions. In all patients, the duration of symptoms

was less than 2 weeks with a mean duration of 2 days. Cate-

gorized in SVS/ISCVS Classification of ALLI, six patients

were allocated to class IIa with minimal sensory deficit but no

motor deficit and ten patients were allocated to class IIb with

sensory deficit and mild to moderate motor deficit. Arterial

doppler signal at the level of themalleolus was not detected in

the affected limbs of all patients. The affected limbs could be

salvageable if immediate revascularization took place.

The main risk factors were hypertension (n = 10),

hyperlipidemia (n = 8), diabetes mellitus (n = 9), atrial

fibrillation (n = 4), smoking (n = 6), previous acute

myocardial infarction or ischemic stroke (n = 4), and

previous endovascular or surgical procedure (n = 5).
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All patients underwent lower extremity CT angiogra-

phy (CTA) which revealed occlusions in CIA (n = 5),

EIA (n = 7), SFA (n = 6), or POPA (n = 4) taking into

consideration that some patients had more than one

occlusion. In 12 patients, the cause of ALLI was assumed

acute in situ thrombosis in a pre-existing atherosclerotic

occlusion while in four patients embolism from the heart.

The patients were considered as high risk for surgery due

to multiple comorbidities so they were transferred to the

interventional radiology suite for endovascular recanal-

ization. Catheter-directed thrombolysis was not consid-

ered as a treatment option either because it was

contraindicated (history of previous intracranial hemor-

rhage, recent eye surgery, recent intracranial trauma,

diabetic hemorrhagic retinopathy, recent gastrointestinal

bleeding) or the severity of limb ischemic symptoms was

such that prompted immediate revascularization. Avail-

ability of percutaneous mechanical thrombectomy cathe-

ters is intermittent in our institute, and there was lack of

these devices during treatment of the patients included in

our study.

Procedural Details

Percutaneous common femoral arterial access was per-

formed under real time U/S guidance. Depending on ipsi-

lateral antegrade or contralateral retrograde approach, 5–6F

vascular sheaths of variable lengths were inserted with

their tip close to the occluded segment.

Our typical treatment strategy is to initially attempt

crossing the occluded segment intraluminally using a 0.035

in. straight or curved hydrophilic guide wire (Terumo,

Japan) supported by a standard 5F straight or curved

catheter. In all patients, the occlusions were easily tra-

versed intraluminally with straight type hydrophilic guide

wires, a sign strongly predicting the presence of soft

thrombus. Subsequently, self-expanding nitinol stents

(Complete, Medtronic), (Luminexx, Bard), (Maris, Med-

tronic), (Sinus-SuperFlex, OptiMed), (Zeus SX, Rontis

Medical) (Protege Everflex, Covidien) were deployed

across the lesions. The selection of the self-expanding

nitinol stent was based on the availability of the desired

stent (diameter and length) in our department at that time.

Table 1 Clinical data of patients with ALLI

Pt

no.

Sex Age Risk factors

for ALLI

SVS/ISCVS

classification

Lesion

location

Lesion

length

(mm)

Duration of

symptoms

(days)

Contraindications to

percutaneous

catheter-directed thrombolysis

1 M 63 HT, DM, HL IIb (R) SFA 80 2 Severe limb ischemia

2 F 83 HT IIa (R) SFA 60 1 Recent eye surgery

3 M 57 HT, HL IIb (L) CIA 60 1 Severe limb ischemia

4 M 78 HT, DM, HL, AS IIb (L) POPA 100 2 Recent hemorrhagic stroke

5 M 79 DM, HL, AS,

AMI

IIb (R) SFA 120 2 Severe limb ischemia

6 M 55 HL IIa (L) EIA 40 6 Severe limb ischemia

7 M 87 HT, SM, CRF IIb (R) SFA,

(R) POPA

130 3 Severe limb ischemia

8 F 93 DM, HL IIb (R) EIA 100 2 Severe limb ischemia

9 M 55 DM, SM IIb (R) SFA 40 1 Severe limb ischemia

10 M 52 HT, DM, SM,

AMI

IIa (L) CIA, (L) EIA 100 1 Intracranial trauma 2 months

ago

11 F 80 HT, DM, HL, AF IIa (L) CIA, (L) EIA 160 1 Diabetic hemorrhagic

retinopathy

12 M 79 HT, SM IIa (L) CIA 60 4 Severe limb ischemia

13 F 67 DM, AF IIb (R) CIA, (R)EIA 80 2 Severe limb ischemia

14 M 66 HL, SM, AF IIb (L) EIA, (R) EIA (L) 80

(R) 100

1 Severe limb ischemia

15 F 61 HT, SM IIa (R) SFA

(R) POPA

60 1 Recent gastrointestinal

bleeding

16 M 90 HT, DM, AF IIb (R) POPA 50 2 Severe limb ischemia

M male, F female, HT hypertension, DM diabetes mellitus, HL hyperlipidemia, SM smoking, AF atrial fibrillation, AMI acute myocardial

infarction, AS acute stroke, CRF chronic renal failure, CIA common iliac artery, EIA external iliac artery, SFA superficial femoral artery, POPA

popliteal artery

194 N. Galanakis et al.: Direct Stenting in ALLI

123



Deployment of a single long stent was preferred over

implantation of multiple overlapping stents. Routinely,

self-expanding nitinol stents should be 1–2 mm greater

than the artery diameter. In our cases, the stent diameter

was selected to be similar to the vessel diameter as it was

measured before and after the occluded segment to prevent

clot prolapse. As far as the stent length, it was about

20 mm longer than the lesion (10 mm proximal and

10 mm distal to the occlusion) to avoid thrombus reloca-

tion through both stent ends. Post-dilatation was performed

only if there was more than 30% residual stenosis using

slightly undersized angioplasty balloons at low pressures to

avoid laceration and dislodgement of thrombus which

could cause distal embolization. Apart from that the ther-

mal memory of self-expanding nitinol stents would allow

them to expand at the beneficial size.

The patients received a bolus of 5000 IU of heparin

intra-arterially during the procedure. After the endovascu-

lar procedure, anticoagulant and antiplatelet therapy was

important not only to obtain patency but to prevent recur-

rence. Patients with emboli of cardiac origin were placed

on long-term anticoagulation with warfarin (INR: 2–3).

Patients with non-embolic local arterial thrombosis

received dual antiplatelet therapy including clopidogrel

(75 mg once daily) and aspirin (100 mg once daily) for

1 month and then aspirin (100 mg once daily) indefinitely.

Endpoints

Primary endpoints of the analysis were efficacy measures

of 30-day and long-term survival as well as 30-day and

long-term limb salvage rate. Secondary outcomes that were

assessed included procedural details like technical success,

contrast administration, as well as safety measures like

complication rate and distal embolization during the pro-

cedure. Reperfusion injury and need for fasciotomy were

recorded. Patients were followed up with clinical exami-

nation at 1, 3, 6, and 12 months and color Doppler ultra-

sound combined with clinical examination on an annual

basis. Patency and reintervention rates were also

calculated.

Statistical Analysis

Statistical analysis was performed with GraphPad Prism

5.0 (GraphPad Software, Inc., San Diego, CA). Amputa-

tion-free survival and overall survival were evaluated using

Kaplan–Meier statistics. Amputation-free survival is a

composite metric which incorporates the hard endpoints of

mortality and major amputation. Toe and distal foot

amputations were considered minor amputations.

Results

Procedural Details: Outcome Measures (Table 2)

Recanalization was technically successful in all patients.

There were no significant residual stenoses in the stented

segments and there was neither distal embolization nor

acute in-stent thrombosis, as it confirmed with the final

angiography (Figs. 1, 2). There were no complications

related to femoral arterial catheterizations such as hema-

tomas, pseudoaneurysms, or arteriovenous fistulas. In 15 of

16 patients, there was a significant clinical improvement

with immediate relief of symptoms. After the procedure,

14/16 patients restored palpable pedal pulses, while median

post-procedural ABI was 0.8 (range 0.2–1.1). During the

first week after the procedure, there was one case of in-

stent thrombosis followed by above-knee amputation. The

patients were followed up with clinical examination and

color Duplex ultrasonography for a mean duration period

of 37.6 months (SD 24.9 months, range 1–72). During

follow-up, four patients died due to non-procedure-related

causes (colon cancer, breast cancer, myocardial infarction,

ischemic stroke) and there were two minor (toe) amputa-

tions and one major (above-knee) amputation. The ampu-

tations took place during the first year after the procedure.

The 1-, 3- and 6-year survival rates, estimated by Kaplan–

Meier analysis, were 93.3% [95% confidence interval (CI)

61.2–99%], 77.8% (95% CI 45.5–92.3%), and 69.1% (95%

CI 36.7–87.3%), respectively, and the 1-, 3- and 6-year

Amputation-free survival rates were 87% (95% CI

57.3–96.6%), 71.2% (95% CI 39.8–88.2%), and 62.3%

(95% CI 31–82.6%), respectively (Fig. 3). The primary

patency rate (defined as exempt from in-stent-restenosis

greater than 50%) was 93.7% (95% CI 63.2–99.1%) at

1 year, 85.9% (95% CI 54–96.3%) at 2 years, and 75.2%

(95% CI 39.4–91.6%) at 3 to 6 years (Fig. 4). No reper-

fusion injury was observed in this series and fasciotomy

was not necessary in any of the patients treated.

Discussion

Acute limb ischemia is a sudden decrease in limb perfusion

that threatens the viability of the extremity and requires

immediate revascularization.

Stenting has been used successfully in acute myocardial

infarction after failed thrombolysis [19] or after unsuc-

cessful emergency angioplasty [20] but is also an effective

primary revascularization strategy with many advantages

compared with PTCA [21]. Primary intracranial stenting is

also a safe and feasible approach for patients with acute

ischemic stroke [22, 23]. Moreover, primary or direct
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stenting is an acceptable revascularization treatment for

peripheral artery disease [1]. It is effective both for iliac

artery occlusive disease [24] and femoropopliteal disease

[25]. Direct stenting is not considered as a standard treat-

ment option for ALLI due to a risk of distal embolization,

which worsens the ischemia. So far there are only a few

reports of patients with ALLI treated with stenting. Yilmaz

et al. treated six patients with embolic occlusions in the

common or external iliac arteries with primary stenting

without complications [26]. Berczi et al. reported seven

patients with acute thrombotic occlusions in the iliac

arteries, who underwent stent implantation with no

Fig. 1 A 80-year-old patient

with atrial fibrillation. A DSA

showed total occlusion of left

CIA and left EIA. B Through

percutaneous crossover

approach from the right

common femoral artery, the

acute occlusion was traversed

with a hydrophilic guide wire.

Note the left CIA filling defect

in the proximal end of the

occlusion (arrow), typical for

acute thrombus. C A self-

expanding 7 9 200 mm nitinol

stent was deployed across the

lesion and D flow restoration

was immediately achieved

without distal embolization or

other complications. E,
F 4 years later the patient was

asymptomatic. On color Duplex

follow-up, the stented segment

and distal runoff arteries

remained patent with no

significant restenosis
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significant embolic complications [27]. Raja et al. reviewed

4 patients with acute thrombotic or embolic occlusions in

iliac or femoropopliteal arteries who were treated with

stenting [28]. Finally Kim et al. treated fifteen patients with

ALLI with stent implantation with significant technical and

clinical success [29].

Our study includes the largest number of patients with

ALLI, treated with primary or direct stenting (n = 16) and

the longest follow-up (mean duration of about 3 years),

which confirms a sustainable clinical improvement and low

risk for amputation. In our study, we applied direct stenting

as a primary endovascular treatment due to unavailability

of percutaneous mechanical thrombectomy catheters at the

time of cases presentation, while catheter-directed throm-

bolysis was either contraindicated or was considered too

time consuming for immediate limb revascularization. Our

Fig. 2 A 91-year-old patient

with right acute lower limb

ischemia. A DSA showed a

thrombotic occlusion of the

right popliteal artery with a

small intraluminal filling defect

in the distal end of the occlusion

(arrow) consistent with the

presence of fresh thrombus.

B The occlusion was

intraluminally traversed with a

hydrophilic guide wire.

C Following the implantation of

a 6 9 60 mm self-expanding

nitinol stent, DSA demonstrated

significant flow restoration.

D Conclusion DSA showed no

evidence of distal embolization

in the distal runoff arteries
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findings indicate that direct stenting is an attractive thera-

peutic alternative for the management of patients with

ALLI whenever feasible. The 100% technical success rate

recorded in our study cohort compares favorably with the

results of other reports employing the traditional and

widely accepted techniques of catheter-directed thrombol-

ysis and percutaneous mechanical thrombectomy. Fur-

thermore, we neither encountered puncture-site

complications nor distal embolization which confirms the

safety of this technique in patients with ALLI. From our

clinical experience, immediate recanalization of acute

arterial occlusions with direct stenting did not induce

compartment syndrome or systemic inflammatory response

triggered by reperfusion injury in any patients at least to an

extent that needed any further concomitant treatment. We

used only self-expanding nitinol stents to avoid laceration

and dislodgement of thrombus and reduce the traumatic

injury of the vessel. Drug-eluting stents (DES) improve

patency rates and reduce the risk of reintervention com-

pared with PTA or bare-metal stents (BMS) in

atherosclerotic disease of femoral, popliteal [30], and

infrapopliteal arteries [31]. However, there are no reported

cases of the use of DES in ALLI. Stents in the femor-

opopliteal system and especially if the lesions expanded in

the inguinal ligament or knee joint have historically been

associated with increased rate of stent fracture and

restenosis. Modern self-expanding nitinol stents with their

resistance to external deformation and their thermal

memory properties are sometimes indicated for placement

in areas of flexion (close to the inguinal ligament, in the

adductor canal and at the knee joint) [32]. Multiple studies

have reported the use of flexible self-expanding nitinol

stents in the popliteal artery and lesions which were

extended into the below-knee segment with good patency

rates [33]. In our study, we avoided stent placement when

the lesion crossing joints and there was only one patient

(Fig. 2) who underwent direct stenting of popliteal artery

occlusion crossing the knee joint. This patient was 90-year-

old, presenting multiple comorbidities and was partially

immobilized for 2 years. Therefore, he was a poor surgical

candidate presenting also contraindication for catheter-di-

rected thrombolysis. In this instance, direct stenting

seemed an appealing therapeutic option even if the stent

would be crossing the knee joint. Despite the fact that the

lesions observed in this series were relatively long, tech-

nical success was achieved in all patients. Other authors

who performed direct stenting for ALLI encountered sim-

ilar long arterial occlusions (up to 150 mm) [26–29]. All

stents deployed in the studied patients were commercially

available self-expanding nitinol ones with different strut

configuration and it would be interesting to analyze in

Fig. 3 The survival curves (±95% confidence interval) were calcu-

lated by Kaplan–Meier method. The x-axis shows months of follow-

up, the y-axis shows proportion of patients remaining alive (A) or

alive without major amputation (B). The number of patients at risk is

indicated for each time point during follow-up

Fig. 4 Kaplan–Meier curve of primary patency (±95% confidence

interval) after stent placement. The number of patients at risk for each

follow-up period is also indicated
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larger cohort studies the potential influence of strut design

to overall nitinol stent performance in the ALLI setting.

In conclusion, direct stenting appears to be a safe,

effective, and durable treatment for patients with ALLI

who require immediate recanalization and they have con-

traindications for catheter-directed thrombolysis or surgical

revascularization.
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