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Abstract

Purpose Explore the application of endovascular covered

stent-graft (SG) placement in femoral pseudoaneurysms in

intravenous drug addicts.

Materials and Methods We evaluated a consecutive ser-

ies of pseudoaneurysm in intravenous drug addicts treated

with SGs from August 2010 to December 2013.

Results 15 patients with 16 arterial pseudoaneurysms were

enrolled in this study. All were males with a mean age of

36.9 years. Hemorrhage was the most common reason

(93.8 %) for seeking medical care, and 3 of these patients

were in hemorrhagic shock at admission. All patients

received broad-spectrum antibiotics, and debridement and

drainage were implemented after SG placement. 7 of the 13

cases which had microbiologic results showed mixed

infections, while gram-negative bacteria were the major

pathogens. Except for 2 patients, who were lost to follow-up,

two new pseudoaneurysms formed due to delayed debride-

ment, and one stent thrombosis occurred, none of the

remaining cases had SG infection or developed claudication.

Conclusions SG placement controls massive hemorrhage

rapidly, gives enough time for subsequent treatment for

pseudoaneurysms due to intravenous drug abuse, and reduces

the incidence of postoperative claudication. With appropriate

broad-spectrum antibiotics and early debridement, the inci-

dence of SG infection is relatively low. It is an effective alter-

native especially as temporary bridge measure for critical

patients.However, the high cost, uncertain long-termprospects,

high demand for medical adherence, and the risk of using the

conduits for re-puncture call for a cautious selection of patients.

More evidence is required for the application of this treatment.

Keywords Pseudoaneurysm � Covered stent-graft �
Intravenous drug abuse

Introduction

Intravascular injections with drugs are associated with

many dangerous and life threatening complications

including arterial pseudoaneurysms at the injection site.

Arterial pseudoaneurysms are most likely to occur in

femoral arteries as the inguinal area is easy to access.

The annual prevalence of arterial pseudoaneurysm in the

presenting population was estimated to be 0.03 % [1]. Since

pseudoaneurysms due to intravenous drug abuse are relatively

rare, the experiences of surgical management remain limited.

Ligation alone without revascularization, primary and

delayed vascular reconstruction, and revascularization in
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cases with limb ischemia have been reported. However, none

of these techniques have been proved to be safe in terms of

overall surgical complications and outcomes [2].

In this study, we present 15 patients with 16 femoral

pseudoaneurysms caused by intravascular drug abuse over

a 40-month period in a single institution. All had endo-

vascular stent-graft (SG) placement as the primary treat-

ment, although infection, which is always accompanied in

pseudoaneurysms under these circumstances, has been

considered a contraindication for use of SGs according to

traditional view. To the best of our knowledge, this is the

first reported series of SG placement in the management for

femoral pseudoaneurysms in drug abusers.

Materials and Methods

All patients who were admitted to our hospital from August

2010 to December 2013 and underwent endovascular SG

placement for inguinal area pseudoaneurysms due to intra-

venous drug abuse were enrolled in this retrospective study.

Diagnosis was made in regard to the previous history of local

injection and the existence of a pulsatile lump at the injection

site. Computed tomographic angiography (CTA), ultraso-

nography, or digital subtraction angiography (DSA) was

conducted in all these cases to confirm the diagnosis. Infor-

mation recorded for each patient included age, sex, presenting

signs and symptoms, microbiologic results, antibiotic therapy

details, operative details, outcome of surgery, length of stay,

and postoperative medication and complications.

All patients received broad-spectrum antibiotics due to

the high risk of infection once they were admitted. Secre-

tions from the pseudoaneurysms were obtained during

debridement and sent for culture. Blood culture was

ordered if the patient got a fever with body temperature

over 38.5 �C (101.3 K). Antibiotic regimen was adjusted

according to the microbiologic results.

The follow-up was kept on except reaching end points.

The end points were set as if (1) the patient died, (2)

complications appeared, which required secondary surgical

or interventional treatment. Data were collected from both

outpatient visits and telephone calls. For all patients

attended clinics, color Doppler ultrasound was used to

evaluate the SG patency. Frequency and prevalence of the

specified variables were then calculated.

Results

Clinical Presentation

15 patients with 16 arterial pseudoaneurysms of the

inguinal area due to injection drug abuse were admitted

(1 patient came back 24 months later with a new pseudo-

aneurysm in the contralateral limb for relapse). All patients

were male with ages ranging between 25 and 49 years

(mean age: 36.9 ± 8.7 years). The right and left lower

limbs were affected in 11(68.8 %) and 5 cases (31.2 %),

respectively (Table 1).

Hemorrhage on account of the ruptured pseudoaneu-

rysms was the most common reason for seeking medical

care (15/16, 93.8 %). 13 patients (81.3 %) had a history of

bleeding more than once. Three patients went into hem-

orrhagic shock when admitted to the emergency depart-

ment, and the lowest hemoglobin level was as low as 51 g/L.

Hemorrhage had been temporarily stopped in another 6 cases

when they were admitted (Fig. 1).

Fever was present in 31.3 % of the patients. Leucocytes

and/or neutrophils were increased in 10 cases (62.5 %).

Other symptoms or signs such as pain, pulsatile lump, and

purulent discharge are also presented in some patients

(Table 2).

Ultrasonography was used to diagnose 2 cases (12.5 %)

with supplementary non-enhanced CT. Because elastic

bandages and multilayer dressing which had been used for

compression hemostasia prevented ultrasonography, CTA

was performed in 11 cases(68.8 %). 3 patients(18.8 %),

who had been in hemorrhagic shock when admitted, had

diagnostic DSA directly, followed by SG placement.

These imaging examinations and intraoperative obser-

vation showed that 9 cases (56.3 %) had pseudoaneurysms

in the common femoral arteries (CFA); 6 cases (37.5 %)

were located in the superficial femoral arteries (SFA), and

1 case (6.2 %) was in the deep femoral artery (DFA)

(Table 1).

Microbiologic Results and Antibiotic Regimens

Cefuroxime (Zinacef�, GlaxoSmithKline, Brentford, Eng-

land) was given to the patients once they were admitted

during August 2010 to October 2011. Since we had noticed

that the antibacterial spectrum of cefuroxime could not

cover the pathogens we cultured, we changed initial anti-

biotic regimen to piperacillin–tazobactam (Tazocin�,

Wyeth, New Jersey, USA). Microbiologic studies were

done as described above, and the antibiotic regimens were

adjusted according to the results.

7 of the 13 patients who had microbiologic results

showed mixed infections (1 of the 4 blood-culture-positive

patients also had a mixed infection). Gram-negative bac-

teria were the major pathogens, and Pseudomonas

aeruginosa and Acinetobacter baumannii were separately

cultured in 5 and 3 cases. Staphylococcus aureus was the

most common gram-positive bacteria and present in 4

patients, with 3 of them being methicillin-resistant. Some

of the other bacteria cultured included Coagulase negative
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Table 1 Patient demographics, pseudoaneurysm features, details of treatment

Patient Sex Age

(year)

Pseudoaneurysm

Location

Method of

diagnosis

Interval between diagnosis

and treatment

Length of stay

(days)

Length of wound

care (days)

1 M 43 Left SFA DUS/CT 4 days 23 32

2 M 29 Right SFA CTA 2 days 16 23

3 M 34 Right SFA CTA 1 day 15 N/A

4 M 47 Right CFA DSA 0 day (3 h) 16 26

5 M 29 Right CFA CTA 3 days 14 22

6 M 36 Right SFA DSA 0 days (5 h) 4a 32

7 M 31 Left CFA CTA 1 day 20 38

8 M 25 Left CFA CTA 1 day 12 56

9 M 32 Right CFA CTA 4 days 18 26

10 M 28 Right DFA CTA 2 days 24 N/A

11 M 26 Right SFA CTA 3 days 18 46

12 M 46 Right SFA CTA 2 days 16 44

13 M 49 Left CFA DSA 0 day (5 h) 12 112

14 M 40 Right CFA CTA 6 days 6a 89

15 M 46 Left CFA DUS/CT 4 days 44 40

16 M 49 Right CFA CTA 0 day (8 h) 2a 29

CTA computed tomographic angiography, DSA digital subtraction angiography, DUS duplex ultrasonography, CFA common femoral artery,

DFA deep femoral artery, SFA superficial femoral artery
a Patients who unauthorizedly left hospital without formal discharge

Fig. 1 A CTA-MIP

reconstruction showing a

pseudoaneurysm located in the

right DFA (arrow) near the CFA

bifurcation. B CTA transfer

scan showing thrombus filling

most of the pseudoaneurysm

cavity, which breaks through the

skin (arrow). C Non-subtracted

completion DSA image

demonstrating blood flow in the

pseudoaneurysm. There is no

reconstitution of the DFA distal

to the pseudoaneurysm. D Non-

subtracted completion DSA

image demonstrating

successfully excluded

pseudoaneurysm and sacrificed

DFA
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staphylococcus, Klebsiella pneumoniae, Enterococcus

faecalis, Enterobacter cloacae, Streptococcus, Steno-

trophomonas maltophilia, Morganella morganii, Candida

tropicalis, and Candida glabrada (Table 3).

Except three patients who left hospital without formal

discharge, all others received intravenous antibiotics for

12 days to 3 weeks. Oral long-term suppressive antibiotic

therapy was case-specific administrated according to the

clinical and laboratory parameters of the infection.

Surgical Management

Under local anesthesia, percutaneous accesses to the

opposite femoral arteries were achieved by Seldinger

technique in 15 cases. Brachial arterial puncture was per-

formed in one patient as a covered stent had been placed in

the opposite CFA 2 years earlier. Heparin was adminis-

tered 50 U/kg of body weight. Covered self-expanding

stents (Fluency�, Bard, New Jersey, USA) were delivered

via guiding wires to the pseudoaneurysms site and

deployed. Completion angiography demonstrated success-

ful exclusion of the pseudoaneurysms in all cases. DFA

was sacrificed in 2 cases as the pseudoaneurysms were

located very close to the CFA bifurcation (Fig. 1). There

were no procedure-related complications.

Debridement and drainage were implemented under

local anesthesia 1–2 days following SG placement in most

patients. However, there were 2 patients who had delayed

debridement and drainage. These two left the hospital

without permission after SG placement and came back for

medical care 7 days later and received debridement and

drainage. 100 mg aspirin per day was continued combining

with a 3-month course of 75 mg clopidogrel per day in all

cases who had formal discharge.

Follow-up Results

The median length of stay was 16.3 days (range

4–44 days). 3 of them unauthorizedly left hospital without

formal discharge. Wound care in the outpatient clinic was

still needed in most cases after discharge, and the longest

time noted after discharge was 3 months.

13 (81.3 %) of the 15 patients (14 (87.5 %) of the 16

cases) were enrolled in our follow-up. 10 (62.5 %) patients

attended our follow-up clinic at least once after discharge.

3 (18.8 %) of them only received telephone follow-up. The

rest 2 patients were lost (Table 4). The median follow-up

was 13.3 months (range 3–38 months). 8 of the 13 patients

were followed for at least 12 months, and 2 patients were

over 24 months.

There was no amputation in this series. But these two

patients who got delayed debridement and drainage came

back to hospital 3 and 4 months later for postoperative

rebleeding. CTA revealed no obvious leakage, but enor-

mous hematoma were shown (Fig. 2). Both received sur-

gical exploration during which nearly bare Fluency stents

were found with little vascular wall wrapping around them.

At the proximal end of the Fluency stent, there was a new

pseudoaneurysm filled with thrombus, and there was blood

leaking, although this was not demonstrated on the CTA.

One of them had common femoral artery ligation then, and

Table 3 Bacteriology of mycotic pseudoaneurysms

Patient Culture data Specimen site

1 N/A N/A

2 K. pneumonia, P. aeruginosa Intraluminal secretion

3 P. aeruginosa, M. morganii Intraluminal secretion

4 N/A N/A

5 P. aeruginosa Intraluminal secretion

Negtive Blood

6 MRSA, E. cloacae Intraluminal secretion

7 A. baumannii, C. glabrada Intraluminal secretion

A. baumannii, Streptococcus,

C. tropicalis, C. glabrada

Blood

8 A. baumannii, Coagulase

negative staphylococcus

Intraluminal secretion

9 A. baumannii Intraluminal secretion

A. baumannii Blood

10 Coagulase negative

staphylococcus

Intraluminal secretion

11 A. baumannii, E. faecalis Intraluminal secretion

Negtive Blood

12 MRSA, P. aeruginosa Intraluminal secretion

13 P. aeruginosa Intraluminal secretion

14 P. aeruginosa Intraluminal secretion

15 MSSA Intraluminal secretion

MSSA Blood

16 MRSA Intraluminal secretion

The same serial number is used for patients as in Table 1

MRSA methicillin-resistant S. aureus, MSSA methicillin-sensitive

S. aureus, N/A not available

Table 2 Symptoms and signs

Characteristic No. of patients

Hemorrhage 15 (93.8 %)

Recurrent hemorrhage 13 (81.3 %)

Hemorrhagic shock 3 (20.0 %)

Pain 9 (56.3 %)

Pulsatile lump 12 (75.0 %)

Fever 5 (31.3 %)

Purulent discharge 6 (37.5 %)

Leukocytosis 10 (62.5 %)

Anemia 10 (55.6 %)
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the other received open-surgical reconstruction using an

18-cm-long small saphenous vein as an implant.

For the remaining 11 cases who received SG placement,

only one patient developed claudication 3 months after the

procedure because of stent thrombosis. The other 7 cases

which had color doppler ultrasound examinations displayed

satisfactory primary SG patency.

Discussion

Femoral artery pseudoaneurysm due to intravascular self-

injection is quite rare, but the incidence is higher in the

sub-group of patients with a long history of intravenous

drug abuse. Due to the fact that pseudoaneurysms in drug

addicts are always accompanied by infection, it represents

a serious challenge for surgeons to manage them.

Recent advances have made endovascular SG placement

as an effective and minimally invasive alternative technique

for the treatment of aneurysms. However, placing an endo-

prosthesis in an infected field is debatable. Semba et al.

reported the first cases in which endovascular SGs were used

to repair mycotic aneurysms of the thoracic aorta [3]. Since

then SGs have been placed to exclude mycotic aneurysms

located in carotid artery, coronary artery, and femoral artery

[4–8]. Combining with antibiotic therapy, it provided a new

Table 4 Follow-up data

Patient Length of follow-up (months) Means of follow-up Drug abuse relapse Result of follow-up Result of DUS

1 N/A N/A N/A Lost N/A

2 38 Telephone Deny Asymptomatic N/A

3 N/A N/A N/A Lost N/A

4 30 Clinic Yes Asymptomatic Patent

5 20 Clinic Deny Asymptomatic Patent

6 18 Clinic Deny Asymptomatic Patent

7 14 Clinic Yes Asymptomatic Patent

8 12 Clinic Deny Asymptomatic Patent

9 12 Telephone Deny Asymptomatic N/A

10 5 Clinic Deny Asymptomatic Patent

11 12 Clinic Deny Claudication Stent thrombosis

12 8 Clinic Deny Asymptomatic Patent

13 6 Clinic Yes Asymptomatic Patent

14 4 Clinic Deny Postoperative

rebleeding

Patent but new pseudoaneurysm formed

15 6 Telephone Deny Asymptomatic N/A

16 3 Clinic Deny Postoperative

rebleeding

Patent but new pseudoaneurysm formed

The same serial number is used for patients as in Table 1. No.4 and No.13 were the same patient who came back 24 months later with a new

pseudoaneurysm in the contralateral limb for relapse while denied relapse at the next 6 months’ follow-up

N/A not available, DUS duplex ultrasonography

Fig. 2 CTA images in a patient who presented with post-stent-graft

placement re-bleeding after 3 months. A 3D reconstruction & B MIP

Showing the patency of the stent-graft without conspicuous leakage.

C Transverse CTA scan showing thrombus surrounding the patent

stent-graft without any apparent contrast extravasation
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treatment modality in critically ill patients at high surgical

risk [7] and in emergency situations such as ruptured infected

anastomotic femoral artery pseudoaneurysms [9].

The first SG placing in pseudoaneurysm caused by drug

abuse was published in 2009 [10]. It was in fact a remedial

measure rather than primary intervention. The pseudoaneu-

rysm was first treated by surgical resection followed by

vessel reconstruction with autologous material. But a sudden

leakage from the vein graft anastomosis with massive

bleeding made endovascular SG placement used as bailout.

The first time we used SG for femoral artery pseudo-

aneurysm in drug user was also for emergency hemostasis.

Ligation without arterial revascularization, which is the

traditional management, can also achieve fast hemostasis.

However, even though the collateral circulations are well

opened after ligation, the mean arterial pressure levels of

back-flow from the DFA and the SFA are still significantly

decreased [11]. It results in a high percentage of claudi-

cation and disability (54.4 % in early stage and 44.3 % in

late stage [2]), whereas the amputation rate ranges from 5

to 33 % [12–14]. Especially, for pseudoaneurysms

involving the common femoral bifurcation, ligation and

debridement lead to a much greater risk for limb loss [12,

15]. Thus, arterial reconstruction may be important to

improve long-term outcomes [16].

However, immediate revascularization in situ is associ-

ated with high complication rates, and the risk of graft

infection is still as high as 21.1–32.4 % in spite of using

extra-anatomic bypass, which occurs through non-infected

tissue planes [2]. Considering the enormous cavity as what

has been shown in Fig. 1, surgical arterial reconstruction

would be extremely cumbersome.

Exclusion of a ruptured pseudoaneurysm due to drug

abuse with SG was therefore considered an appropriate

alternative therapeutic option for rapid control of a massive

hemorrhage. In addition, effective hemostasis using SG

could give enough time for subsequent treatment, espe-

cially in these critically ill patients who had been in

hemorrhagic shock as shown in our series.

The main concern is the risk of infection in such sce-

nario. Infection that always goes with pseudoaneurysms in

drug addicts could be local and systemic. Systemic infection

like sepsis also occurred in our series. Staphylococcus 1,

either sensitive or resistant to methicillin, is said to be the

most commonly cultured organism detected in these patients

[17, 18]. But we report a much complicated bacteriologic

result. This is probably due to inappropriate antibiotic usage

before these patients received formal medical care in China.

Mixed and antibiotic-resistant bacterial infection makes it

more difficult to manage.

However, it seems that suitable antibiotics for the

pathogens are not so important when compared with

debridement and drainage. Based on what we learned from

our series, early debridement and drainage could greatly

reduce the risk of graft infection and lead a favorable

result, while delayed debridement with similar antibiotic

regimens still leads to continuous damage to the arterial

wall, which gives rise to serious postoperative complica-

tions, as we described above. Femoral artery is relatively

superficial, and this anatomic feature provides a great

opportunity for radical debridement and other local mea-

sures such as sartorius flaps, antibiotic-loaded polymeth-

ylmethacrylate beads, which might further benefit the

management of infection [19].

It is much safer to treat SG placement as bridge therapy,

particularly given that SG placement reserves the autolo-

gous graft resource for subsequent treatment. Second-stage

revascularization reduces the risk of complications what

occur in immediate revascularization using autologous

graft. But there is no published literature providing us

experiences in when comes to the end of the bridge ther-

apy. Since there were no signs of graft infection or other

complications in most patients, the SG placement was

subsequently considered a definitive solution. This policy

has been supported by other reports on use of SGs for

mycotic pseudoaneurysms [5, 8, 20–22].

However, the patency rate of SG comes to the next

focus. Although our series showed comparatively lower

rate of postoperative claudication and high short-term

patency rate, stent thrombosis did occur in one of our

patients. Lupattelli et al. reported one case with acute

arterial thrombosis after covered stent exclusion of bleed-

ing mycotic pseudoaneurysm which was treated by cathe-

ter-directed thrombolysis later [23]. However,

thrombolysis was not suitable for our patient in the settings

of old thrombus. The limited follow-up time makes the

long-term patency rate unknown. The longest follow-up

lasted for 38 months in our series, which is the longest

follow-up reported in literature. Hence, reports of long-

term success in treating mycotic aneurysms with SGs are

not available yet, more evidences especially large pro-

spective trials with long-term follow-up are needed.

The SG type should be taken into account too. We

applied nitinol self-expanding stent (Fluency�) in all cases

because it was the only SG we had, but it may not be the

most preferred option when using proximally to the

inguinal ligament or even across the hip joint, as it is rel-

atively prone to kinking and fracture. Other SGs such as the

Viabahn� may provide a better option [24].

Although SG placement preserves the opportunity for a

secondary arterial reconstruction if complications occur,

the unknown long-term patency rate proposes a more

careful selection of patients. The DFA was covered in 2

cases for emergency hemostasis. Considering DFA keeps

the limb alive when SFA is occluded, it raises the risk of

above knee amputation if the SG occludes.
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Another aspect is to be mentioned is that intravenous

drug abuse is not only a health problem but also a social

problem. Except medical factors like infection and long-

term patency of the SG, some non-medical factors play

important roles in the decision-making process. The

obviously higher expense is one of the limitations for SG

implantation. Given that this group tends to be notori-

ously non-compliant with follow-up [2], the possibilities

of withdrawing standard treatment midway, not following

medical instructions or attending follow-up clinic, give

rise to higher risk of postoperative complications. All

these are relevant to the fate of the SG. Another vital

issue that never can be ignored is recurrent drug depen-

dence which did happen in our series. It may be lethal if

using the SG for drug re-injection. Therefore, a more

comprehensive assessment, including these non-medical

factors, should be made before usage of SG placement,

and systemic rehabilitation and appropriate surveillance

protocols should be added to the postoperative

management.

The limitations of this study include its retrospective and

cross-sectional nature, the small number of patients, and

the single reconstructive technique as stent placement.

Further research is still required for better understanding

and management of pseudoaneurysms in drug addicts.

Conclusions

With the ability to conveniently and rapidly control

massive hemorrhage, SG placement gives enough time for

subsequent treatment of pseudoaneurysms due to intra-

venous drug abuse. With appropriate broad-spectrum

antibiotics and early debridement, the incidence of SG

infection is relatively low. It also preserves patency of the

affected vessels and therefore reduces the incidence of

postoperative claudication. However, considering the high

cost, uncertain long-term prospects, strong demand for

compliance, and the risk of using the conduits for

re-puncture, we suggest that covered SG placement

should only be used in selected cases. It is an effective

alternative especially as temporary bridge measure for

critical patients. But more evidence is required for the

application of SG placement as definitive solution.

Heightened awareness must be emphasized for early

detection of any associated complications, which have yet

to be fully understood.
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