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Objectives: Upon completion of this article, the reader will be
able to identify the common iatrogenic vascular complica-
tions for percutaneous arterial and venous interventions.
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Interventional radiology (IR) encompasses a vast array of
procedures, many of which include percutaneous arterial and
venous access. Compared with analogous surgical proce-
dures, IR procedures are relatively safe, with overall major
complication rates of less than 1%.1Despite their rarity, major
vascular injuries occurring as a result of these proceduresmay

lead to significant morbidity and mortality. Therefore, it is
paramount that the interventional radiologist remains cog-
nizant of the etiology, clinical presentation, diagnosis, and
management of the various iatrogenic vascular
complications.

Arterial Complications

Arterial interventions are relatively safewith an overallminor
complication rate (e.g., bleeding or hematoma) of less than
10%, and major complications requiring transfusion or surgi-
cal intervention occurring at a rate of less than 1%.2 However,
the risk depends on the site of access, type of procedure,
sheath size, patient risk factors, and operator experience.

Arterial Access
The incidence of vascular access site–related complications
ranges from 0.8 to 1.8% for diagnostic arteriography, but has
been reported to be as high as 9% when intervention is
concomitantly performed.3 The overall risk of major compli-
cations associated with retrograde common femoral arterial
catheterization is less than 2%, regardless of a single wall or

Keywords

► iatrogenic vascular
injury

► endovascular
management of
vascular injury

► interventional
radiology

Abstract Vascular interventional radiology procedures are relatively safe compared with analo-
gous surgical procedures, with overall major complication rates of less than 1%.
However, major vascular injuries resulting from these proceduresmay lead to significant
morbidity and mortality. This review will discuss the etiology, clinical presentation,
diagnosis, and management of vascular complications related to percutaneous vascular
interventions. Early recognition of these complications and familiarity with treatment
options are essential skills for the interventional radiologist.
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double wall technique4;conversely, the risk of complications
from axillary or brachial artery catheterization varies widely,
from 2 to 24%.5,6 The smaller caliber of these upper extremity
vessels, which traditionally have been commonly punctured
with a double wall technique, and difficulty in compressing
these arteries due to suboptimal bony support result in an
increased risk of thrombosis and pseudoaneurysm formation
compared with the femoral approach. Radial artery catheter-
ization is increasingly utilized by interventional cardiologists
due to an associated major bleeding rate of 0.05%, which
compares favorably to femoral artery access.7 For themajority
of abdominal and lower extremity peripheral vascular inter-
ventions, however, femoral access remains the standard
approach.

The arteriotomy site for femoral arterial access should be at
the midpoint of the common femoral artery, which is usually
just inferior to the equator of the femoral head situated
between the inferior epigastric artery and the bifurcation of
the superficial and profunda branches.8,9 Over the past
several years, many operators have begun using ultrasound
(US) guidance for femoral artery punctures; thismay increase
the likelihood of appropriate femoral artery puncture sites. A
puncture that is too cephalad increases the risk for hematoma
and pseudoaneurysm formation, as there is no underlying
osseous structure to aid inmanual compression upon femoral
sheath removal. A puncture that is too distal increases the risk
of arteriovenous fistulas (AVFs), as the femoral vein courses
posterior to and directly underneath the artery at this loca-
tion.8,9 Overall, the predominant complications associated
with arterial access include hematoma and retroperitoneal
hemorrhage, pseudoaneurysm, and AVF.

Hematoma and Retroperitoneal Hemorrhage
Postprocedural bleeding or hematoma occurs at a rate of 2 to
12%, but those that are significant enough to require transfu-
sion occur in fewer than 1% of cases.10,11 Hematomas most
often occur at the arteriotomy site, resulting in induration and
discoloration. Treatment includes local compression to
achieve hemostasis and reversal of precipitating factors
(e.g., coagulopathy, hypertension).12 If the hematoma en-
larges or the patient becomes hypotensive, further manage-
ment should include serial hematocrit levels as well as
administration of intravenous fluids, blood transfusion, or
surgical consultation.

Retroperitoneal hemorrhage is a life-threatening compli-
cation of femoral arterial access, with an incidence of 0.15 to
0.5% but with an associated mortality rate of 6.6%.13–15 Risk
factors for significant bleeding include anticoagulation, hy-
pertension, high femoral arterial puncture (i.e., above the
inguinal ligament), and use of larger sheath sizes. Fluoroscopy
should be performed prior to obtaining femoral artery access
to identify the femoral head and thereby reduce the risk of
puncturing the artery in a more proximal location.

Retroperitoneal hemorrhage should be suspected when
there is serial decline of hemoglobin and clinical findings
associated with blood loss such as dizziness, orthostatic
hypotension, or ipsilateral flank/abdominal pain. Doppler
ultrasound (DUS) is less sensitive than computed tomography

(CT) in the detection of retroperitoneal hemorrhage. If there
is concern for active bleeding, CT angiography (CTA) of the
abdomen and pelvis may identify the source.

Although the majority of cases respond to conservative
management, including cessation of anticoagulation/anti-
platelet agents, aggressive hydration, and potential blood
transfusion, active bleeding may necessitate intervention.
Contralateral femoral artery access with angiography to
localize the site of bleeding with subsequent balloon tampo-
nade or selective embolization utilizing coils, polyvinyl alco-
hol, or Gelfoam of the affected artery may be necessary.16

When abdominal compartment syndrome results from a
large retroperitoneal hemorrhage, immediate surgical inter-
vention is mandated.15

Pseudoaneurysm
Access site pseudoaneurysms represent a contained rupture
at the arteriotomy site and are relatively uncommon with
proper technique. This complication occurs following 0.1 to
0.2% of diagnostic angiograms and 3.5 to 5.5% of interven-
tional procedures.17 Large sheath size (>7 French), difficult
arterial access, inadequate postprocedural compression after
sheath removal, and longer procedure times are risk factors
for the development of pseudoaneurysms.

Most small (<2 cm) pseudoaneurysms are asymptomatic
and thrombose spontaneously. However, large (>2 cm),
symptomatic, or persistent lesions typically require treat-
ment. Disproportionate and persistent pain, swelling, a pal-
pable pulsatile mass, and a bruit on auscultation are
indications to perform a targeted US evaluation.18–20

DUS has a high sensitivity (94%) and specificity (97%) for
the detection of pseudoaneurysms and may demonstrate the
classic “yin-yang” pattern of flow, representing to-and-fro
flow signal, as well as a tract (“neck”) to the native artery.21

Additionally, simultaneous evaluation of the adjacent vein
can be performed to assess for extrinsic compression and
thrombosis, as well as the presence of a concomitant AVF. CTA
may be beneficial in patients in whom there is high clinical
suspicion but DUS fails to demonstrate a pseudoaneurysm,
especially if there is concern for concomitant retroperitoneal
hemorrhage.

Historically, US-guided compression, in which the trans-
ducer is used to compress the neck of the pseudoaneurysm
whilemaintainingflow to the distal artery, served as thefirst-
line treatment, with successful pseudoaneurysm obliteration
in 75 to 85% of cases.22–24 However, this method is painful,
time-consuming, and sometimes ineffective, particularly in
anticoagulated patients (►Fig. 1). Therefore, percutaneous
US-guided thrombin injection has become thefirst-line treat-
ment for iatrogenic pseudoaneurysms at many
institutions.24–27

Real-time US guidance is used and a 21- to 22-gauge
needle is inserted into the pseudoaneurysm sac, directed
away from the neck. US-guided aspiration into a saline-filled
syringe with subsequent flushing to demonstrate aliasing
under US can confirm the needle’s position within the
pseudoaneurysm sac. Bovine thrombin (100–1,000 units/
mL) is then slowly injected into the lesion over 5 to
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10 seconds and clot formation is monitoredwith color Dopp-
ler. It is important to recognize that injection is ceased once
thrombus begins to form. Once coagulation is initiated, it can
often be completed spontaneously without further thrombin
injection. The success rate is greater than 90%, even in the face
of anticoagulation,24–27 although treatment is more prob-
lematic with complex pseudoaneurysms. A second attempt
should be made following a failed first attempt; however, the
patient and operator should be aware that prior exposure to
thrombin (topical or otherwise) may lead to antibody forma-
tion resulting in a small risk of an anaphylactic reaction.
Although complications are rare, limb-threatening emboliza-
tion and downstream thrombosis have been reported
(►Fig. 2).28–30

Arteriovenous Fistula
AVFs are much less common than pseudoaneurysms follow-
ing arterial catheterization, with a reported incidence of
0.017 to 0.86%.31,32 Approximately 33% of AVFs resolve spon-
taneously within 1 year.32 The clinical signs and symptoms
are often similar to pseudoaneurysm, and include persistent
pain and a pulsatile mass. Therefore, diagnosis typically
requires imaging, and is usually confirmed with DUS.

The supplying artery typically demonstrates high-fre-
quency, low-resistance flow and the vein shows a high-
velocity, arterialized waveform pattern. The majority of ac-
cess site AVFs can be managed conservatively; however,
intervention is recommended for those AVFs persisting be-
yond 2 months, significantly increasing in size, or that
become symptomatic (e.g., limb ischemia, arterial insufficien-
cy, or congestive heart failure).19

Acute AVFs can be treated with US compression, but this
method may be painful and is associated with high failure
rates particularly in cases of short, broadfistulous tracts; AVFs
more than 1 month old; AVFs with high flow rates; and large
fistula sizes.

Coil embolization is an effective option for complex AVFs
with easily accessible feeding and draining vessels. To prevent
coil migration, the distal end of the coil may be anchored
within a nonvital side branch.33 Contraindications to coil
embolization includes high potential for nontarget emboliza-

tion, the risk of end-organ ischemia, and the inability to reach
the target site by an endovascular approach.

Vascular plugs provide another treatment option. A single
vascular plug may suffice for the occlusion of large vessels.
Vascular plugs also produce a greater cross-sectional cover-
age of the vessel lumen than do coils.

Endovascular covered stents are a popular choice as their
use is associated with a high technical success rate and a low
1-year complication rate.34However, subacute occlusionmay
occur as a result of increased thrombogenicity secondary to
delayed endothelialization of the stent graft. Also, if the stent
graft is placed near a joint involved with frequent flexion
motion, kinking and compression of the stent graft mayoccur.
Precise placement of the stent graft is crucial when adjacent
to a vascular bifurcation so as to not occlude one of the
branches.

Complications of Endovascular Interventions—
Angioplasty and Stenting
Peripheral arterial disease (PAD) most commonly affects
the lower extremities. Endovascular techniques such as
angioplasty, stenting, and atherectomy are widely em-
ployed to treat patients with symptomatic PAD. Athero-
sclerosis is the predominant cause of lower extremity
ischemia with smoking, diabetes, hypertension, and hyper-
lipidemia being the principal risk factors for development
of atherosclerosis.

Revascularization is indicated in cases of limb-threatening
ischemia or lifestyle-limiting claudication. Vascular access to
the lower extremities is typically via retrograde contralateral
common femoral artery access, although the retrograde high
brachial artery may be preferred in patients with a history of
cholesterol embolization during prior femoral artery ac-
cess.35 Antegrade access is generally avoided due to a higher
risk of dissection. It is paramount for the interventional
radiologist to be familiar with both normal and variant
anatomy of the peripheral arteries; preprocedural CT or MR
angiography may help guide the intervention and limit
complications.

Balloon angioplasty and stenting have demonstrated ef-
fectiveness in treating arterial stenoses. The iliac arteries are
the most widely studied with complication rates ranging
from 4 to 20%, but these rates are difficult to assess due to
variations in reporting and grading classifications.36–38Vessel
size appears to be amajor determinant of complication risk as
the external iliac arteries have a higher complication rate than
the common iliac arteries and women are at higher risk than
men.39

Percutaneous transluminal angioplasty (PTA) of peripher-
al arteries is relatively safe, with the reported overall compli-
cation rate being less than 10%. Approximately 4% of patients
will experience arteriotomy sitebleeding or pseudoaneurysm
formation, the majority of which are self-limited. Vasospasm
is frequently encountered but the prophylactic local admin-
istration of vasodilators, such as 100 to 200 μg nitroglycerin,
can often prevent spasms.35 If vasospasm persists or limits
flow, a heparin bolus is recommended to prevent super-
imposed thrombosis.

Fig. 1 Left common femoral artery pseudoaneurysm (open black
arrow) after antegrade common femoral artery puncture. Note the
extraperitoneal hematoma (arrowhead). Also visible is the metallic
streak artifact from failed closure device (open white arrow), likely
secondary to the presence of heavily calcified atherosclerotic disease.
This pseudoaneurysm resolved on its own on short-term follow-up.
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PTA has demonstrated technical success rates of greater
than 95% in revascularizing the superficial femoral artery
(SFA), with a low risk of complications.40However, Schillinger
et al41 demonstrated primary stenting decreased the inci-
dence of restenosis compared to balloon angioplasty with
optional secondary stenting at both 6 and 12 months (24 vs.
43% and 37 vs. 63%, respectively) in the management of SFA
stenosis. Endovascular stenting may be utilized in long,
complex lesions as it evades some of the problems associated
with balloon angioplasty, including flow-limiting dissection,
residual stenosis, and elastic recoil. Late failure remains an
important clinical problem following PTA with restenosis
occurring in 40 to 60% of treated segments after 1 year.40,42

Restenosis
Restenosis is the most common complication following en-
dovascular peripheral arterial interventions, particularly for
long segments, occurring at a rate of up to 50% per year.43

Femoropopliteal angioplasty has a 5-year primary patency
rate of 25 to 55% compared with up to 80% for surgical bypass
grafting. Despite this, angioplasty continues to be commonly

utilized because of its lower cost and complication rates
relative to surgery, as well as the ability to retreat recurrent
lesions.44

While drug-eluting stents have shown a reduction in
restenosis of the coronary arteries, clinical trials have failed
to demonstrate such a correlation within the lower extremi-
ties45. Self-expanding nitinol stents have yielded better re-
sults than those obtained with standard balloons at the
femoropopliteal level.41 The use of paclitaxel-coated angio-
plasty balloons in the management of femoropopliteal dis-
ease has exhibited significant reductions in late lumen loss
and target-lesion revascularization rates.46

Thrombosis
Up to 3% of patients will experience angioplasty-site throm-
bosis. PTA induces a prothrombotic state as it disrupts
atherosclerotic plaques, leading to platelet aggregation. This
prothrombotic state ultimately favors early (30 days) throm-
botic occlusion.

DUS has demonstrated success in predicting early (30
days) and midterm (6 months) arterial thrombosis after

Fig. 2 (a) Left upper arm dialysis fistulogram showing a multilobulated outpouching (arrow) arising from an arteriovenous dialysis access graft
and representing a pseudoaneurysm. Clinically, this patient presented with an expansile, palpable, and painful mass. (b) Color Doppler ultrasound
examination demonstrates the characteristic “yin-yang” of turbulent flow within the pseudoaneurysm. (c) A different obliquity shows a narrow
neck (arrow) of the partially thrombosed pseudoaneurysm after injection of 100 units of thrombin. (d) Color Doppler image demonstrates
completely thrombosed pseudoaneurysm after a total of 200 units of thrombin. (e) Postthrombin injection fistulogram demonstrates complete
resolution of flow within the pseudoaneurysm.
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femoropopliteal interventions. Specifically, a popliteal artery
volumeflowof less than 100mL/min following angioplasty of
a more proximal segment has proven to be a powerful
predictor of subsequent arterial thrombosis.47

With regard to the treatment of arterial thrombosis,
streptokinase, urokinase, recombinant tissue plasminogen
activator alteplase (t-PA), and reteplase (r-PA) can all be
utilized as thrombolytic agents. The duration of thrombolytic
therapy is typically 12 to 36 hours. These agents are most
effective in the treatment of acute or subacute thrombosis
and can be delivered via drip infusion or pulse-spray techni-
ques. In drip infusion, a catheter with multiple side holes
spans the entire length of the thrombus and delivery of the
thrombolytic agent is relatively slow. In pulse-spray throm-
bolysis, however, small aliquots of concentrated thrombolytic
agent are forcibly injected through the catheter at short
intervals, resulting in a more rapid lysis. Pharmacomechan-
ical thrombolysis using one of multiple commercially avail-
able devices is also an option.

Contraindications to thrombolysis include irreversible
limb ischemia, active hemorrhage, recent major surgery,
stroke within the past 6 months, craniotomy or eye surgery
within the past 2months, and brain tumors. The vastmajority
of complications of thrombolysis arehemorrhagic and involve
the access site.

Visonà et al48determined that aspirin (75–100mg/d), with
or without dipyridamole, started prior to femoropopliteal
endovascular treatment and continued lifelong, reduced the
incidence of reocclusion at 6 and 12 months when compared
with no therapy or vitamin K antagonists. Additionally, the
use of low molecular weight heparin may be superior to
unfractionated heparin in the prevention of early and mid-
term reocclusion after femoropopliteal angioplasty.48

Distal Embolization
Distal embolization occurs in �25% of patients undergoing
angioplasty (with or without stenting) and up to 90% of
patients undergoing atherectomy.49 However, only 2% of
angioplasty patients and 4% of atherectomy patients expe-
rience clinically significant embolization.50 Embolic par-
ticles are mainly composed of thrombus and patients may
benefit from thrombolytic therapy.37,51,52 Primary treat-
ment strategies include mechanical aspiration, administra-
tion of antiplatelet agents, or catheter-directed
thrombolysis with TPA (►Fig. 3). Surgical consultation is
warranted if endovascular methods fail.53,54 Embolic ath-
erosclerotic plaque or cholesterol may require other tech-
niques such as percutaneous or surgical embolectomy for
definitive treatment.55

Dissection
The incidence of dissection secondary to endovascular inter-
vention is uncertain as many cases are asymptomatic. During
initial access, coiling of the wire under fluoroscopy or resis-
tance to passage may indicate subintimal passage with re-
sulting retrograde arterial dissection. In such instances,
careful withdrawal of the wire, repositioning of the access
needle, or a new puncture is recommended. The anterograde

flow of blood is usually sufficient to tack down these small
dissection flaps without further complication.

When angioplasty is performed in significantly diseased
arteries or with oversized balloons, hemodynamically signif-
icant dissection may occur. The external iliac artery is partic-
ularly prone to such dissection. Subintimal angioplasty
techniques, most often performed in the iliac or SFA, carry
a risk of inadvertent dissection. In this technique, a dissection
is intentionally created utilizing awire and catheter to cross a
total occlusion. The true lumen is reentered at the distal end
of the occlusion; however, extension of the dissection further
distally than originally intended may be necessary in compli-
cated cases.

The majority of non–flow-limiting dissections can be
clinically observed and will spontaneously resolve. Flow-
limiting dissections, or those associated with limb ischemia,
typically mandate intervention. If there is a localized femoral
artery dissection, patch angioplasty and endarterectomy are
treatment options. In proximal common or external iliac
artery dissection, a self-expanding stent can be placed from
a contralateral femoral approach (►Fig. 4).

Rupture
The incidence of arterial rupture during aortoiliac angioplasty
and stenting is extremely rare (less than 0.1%), but it is among
the most dreaded complications.51,56 Risk factors include
variables that influence the strength and integrity of the
arterial wall such as chronic steroid use, overinflation during
angioplasty, calcified plaque that penetrates the arterial wall,
fibromuscular dysplasia, and vasculitis/arteritis.36,37 Once
the rupture is recognized, it is critical to maintain wire access
across the angioplasty site so that bleeding can be controlled
with balloon tamponade.57 Definitive therapy, such as endo-
vascular stent grafting, can be performed after the patient is
hemodynamically stable (►Fig. 5).

Venous Complications

Venous Access
Central venous catheters (CVCs) are commonly placed for the
administration of drugs, fluids, parenteral nutrition, proce-
dures of dialysis/apheresis, monitoring of central venous
pressures, and cardiac pacing. CVCs include both peripherally
inserted (PICC) and centrally inserted (CICC) CVCs.58 Specific
CVC types are often indicated based on a given
medication’s pH, rates of infusion, and estimated length of
use.58

Approximately 5 million CVCs are placed annually, and
complications have substantial impact on the health care
system.59 Various factors influence the incidence of CVC
complications, which can be separated into administrative
policies (routine training of health care providers in
aseptic technique), insertion techniques (blind vs. US-guid-
ed), stabilization (with or without sutures), type of lumen
(single or multiple), tip position, device lumen-to-vein ratio,
site of insertion, device selection, and care of the venous
access device after placement (dressing type, access tech-
nique, flushing/locking, replacement time).58 Randomized
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controlled trials designed to determine the relationship
between various sites of insertion (femoral, internal
jugular, or subclavian) and complications have been
inconclusive.60

Thrombosis
Thrombosis is a commonly encountered CVC complication. A
recent study of over 7,000 CVC placements demonstrated a
2.1% incidence of catheter-associated deep venous thrombo-
sis. This rate was dramatically influenced by individual
patient factors. For example, the incidence of catheter-asso-
ciated deep venous thrombosis increased to 4.8% in the
elderly or malnourished, and up to 6.8% in patients with
inflammatory bowel disease.61 Current guidelines on the
prevention of catheter thrombosis recommend the use of

US-guided insertion.62 A prospective nonrandomized study
reported that US reduces intimal damage compared with
blind insertion, explaining the reduction in catheter-associ-
ated thrombosis.63 Thrombosis is also less frequently noted
with appropriate vein/catheter diameters and “central” po-
sitions of the catheter tip.64 Patients with hypercoagulable
states often have indications for CVC insertion, such as cancer
(requiring chemotherapy), renal failure (requiring dialysis),
infection (requiring IV antibiotics), or malnutrition (requir-
ing total parenteral nutrition). The activated partial throm-
boplastin time is an independent predictor of catheter-
associated thrombosis in cancer patients with hypercoagu-
lable states.65 An understanding of the variables that predis-
pose to catheter-associated thrombosis can aid in its
prevention.

Fig. 3 (a) Initial superficial femoral artery and popliteal runoff image from a 62-year-old man with lifestyle-limiting calf claudication. Note the
severe stenosis above the knee joint (arrow). (b and c) Two-vessel runoff with dominant supply by the anterior tibial artery (arrow). (d) After stent
placement in the distal SFA, the anterior tibial artery is occluded by distal embolization or in situ thrombosis (arrow). (e) A guidewire could not
cross the occlusion, so retrograde access through the dorsalis pedis artery was achieved. A 0.014-inch wire was placed in retrograde fashion
through the occlusion and snared from above (arrow). Once wire access was achieved, Angiojet (Boston Scientific, Marlborough, MA) was used for
thrombectomy. (f) Postthrombectomy digital subtraction angiography demonstrated a patent anterior tibial artery (arrow).
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Central Venous Catheter Misplacement
Insertion failure rates vary from 5.0 to 8.9% for nonimage-
guided placement but decrease to less than 2.0% when
radiologic guidance is used.66–69 Misplacement ranges in
severity from the common malpositioned tip to the rarer

canalization of adjacent vessels, mediastinal structures, or
pleura resulting in important complications such as hemato-
ma, unintentional arteriotomy, and pneumothorax.70 When
using real-time US guidance, however, randomized studies
report decreased risks of cannulation failure (RR of 0.18, 95%

Fig. 4 A 67-year-old woman presented with acute lower gastrointestinal bleeding and underwent visceral angiography via a right common
femoral artery approach. After multiple catheter exchanges, it was difficult to advance the wire at the level of right common iliac artery and the
left common femoral artery was accessed. (a) Abdominal aortogram demonstrates lack of flow distal to the right common iliac artery suggesting
dissection (arrow). (b) After angioplasty, flow was restored in the right common iliac artery. However, flow was relatively slow and a dissection flap
is visible involving right common iliac artery (arrow). (c) Bilateral common iliac artery 10-mm diameter self-expanding kissing stents were
deployed. Contrast injection revealed widely patent bilateral common iliac artery stents.

Fig. 5 A 68-year-old man presents for treatment of his longstanding right common and external iliac artery occlusions. (a) Digital subtraction
angiogram performed via right common femoral artery approach confirms occlusion of right common and external iliac arteries (arrow). (b) After
accessing the vessels from the right common femoral artery, the iliac artery was angioplastied to 8 mm. (c and d) Postangioplasty digital
subtraction angiography demonstrates extravasation of contrast due to external iliac artery rupture (arrow). The patient experienced immediate
hypotension and hemodynamic instability. (e) The angioplasty balloon was immediately reinflated and a 9-mm stent graft was placed to cover the
rupture. Poststent graft images demonstrated resolution of the extravasation. The patient regained hemodynamic stability immediately with the
help of IV fluid resuscitation. He was discharged uneventfully the following morning.
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CI: 0.10–0.32), arterial puncture (RR of 0.25, 95% CI: 0.15–
0.42), hematoma (RR of 0.30, 95% CI: 0.19–0.46), pneumo-
thorax (RR of 0.21, 95% CI: 0.06–0.73), and hemothorax (RR of
0.10, 95% CI: 0.02–0.54).71

Hematomas typically occur at the venotomy site, subcuta-
neous tunnel, or pocket, and are more common in patients
with bleeding diatheses. Most hematomas occur from minor
vein wall trauma during CVC placement and go unnoticed.
These hematomas resolve spontaneously because the low
venous pressures allow adjacent structures to tamponade the
bleed, and typically do not require treatment.72

Occasionally, inadvertent puncture of an adjacent artery
results in an enlarging hematoma. With right internal jugular
vein access, iatrogenic arterial puncture rates range from 1 to
11%.72,73 If arterial puncture is suspected, careful inspection
of the guidewire course should allow the operator to deter-
mine if the wire is following a venous or arterial course.73 If
arterial puncture is still uncertain, injection of contrast
through the puncture site needle or smallest catheter possible
(usually 3 French) will determine its position.74 In the event
an inadvertent arterial puncture is discovered, treatment
usually consists of removing the needle followed by local
pressure at the arteriotomy site. However, if the inadvertent
arteriotomy is dilated or the anatomy precludes local com-
pression, a closure device may be considered for hemosta-
sis.75–77 For this reason, it is essential that wire access be
maintained. Surgical consultation is recommended if bleed-
ing persists despite local pressure or application of a closure
device. It should be noted that the use of US guidance has
virtually eliminated significant unintentional arterial
punctures.

Finally, iatrogenic malposition into the pericardium or
pleural space can occur either from direct puncture at the
time of placement or from catheter tip erosion. The worst
outcome is the uncontrolled hemorrhage into the low pres-
sure pericardium or pleural space, both of which can rapidly
accumulate large volumes of blood resulting in major mor-
bidity and mortality.66,72,74 Additionally, infusion of fluid or
drugs into a malpositioned catheter may cause a rapidly
developing pericardial or pleural effusion.77 Pericardial

placement or erosion of the catheter tip may result in cardiac
tamponade physiology or hemopericardium, which can be
detected on imaging studies. The catheter should be left in
place and aspiration of the fluid attempted.72,78 Depending
on the stability of the patient, urgent pericardiocentesis with
endovascular stenting or thoracic surgical intervention may
be performed.

The pleural space is in close proximity to the upper
extremity central veins and pneumothoraces occur more
often with subclavian vein (2.2%) than with jugular vein
catheterization (0.6%).79 Placement of catheters directly
into the pleural space occurs far less frequently. Most pneu-
mothoraces resolve spontaneously with line removal but
some patients may require a chest tube (►Fig. 6).80 A surgical
consult is rarely needed.

Venous Perforation
A rare but serious complication of venous catheter placement
is venous perforation. This may occur when advancing a stiff
catheter, dilator, or peel-away sheath over a kinked wire. The
kink causes the wire and catheter to move in unison, which
results in a slice through the wall of the vein.74 Fluoroscopic
visualization and gentle back-tension on the guidewire will
help avoid kinking. If venous perforation does occur, it is
imperative to maintain wire access. A venogram can be
performed to assess and characterize the perforation. Treat-
ment options include balloon tamponade or covered stent
placement; a surgical consultation is required if endovascular
treatment methods fail.

Venous Angioplasty
Balloon angioplasty has demonstrated mixed results in the
treatment of central upper extremity venous and dialysis
access stenoses. The technical success rate for angioplasty of
central upper extremity venous stenosis is estimated at 75%,
with 6-month primary patency falling to less than 30% and
most treated stenosis failing within 2 years without reinter-
vention.81–83 Endovascular techniques such as thrombolysis
and angioplasty are preferred over surgery in the treatment of
dialysis graft/fistula stenosis, and primary patency rates of at

Fig. 6 (a) Postprocedure image from an uneventful right internal jugular vein chest port placement. Real-time ultrasound guidance was used. (b)
Asymptomatic moderate right hydropneumothorax noted on electively scheduled restaging CT 4 days later (solid arrow). Chest port is visible
within the right chest wall (open arrow).
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least 50% can be expected at 1 year.84–86 Restenosis often
occurs, but because balloon angioplasty is minimally invasive
and well tolerated, serial dilatations can often improve pa-
tency rates without the need for surgery. Venous angioplasty
complications are often minor (e.g., hematomas, postproce-
dural bleeding) and occur in fewer than 10% of cases.82

Occasionally, vein rupture may occur during angioplasty
for which the significance depends on the extent of rupture.
Vascular rupture occurs in 2 to 6% of cases, more often in
fistulas than grafts, but complicated rupture requiring blood
transfusion or emergent surgery, and limb-threatening ische-
mia occur in fewer than 0.5% of cases.87,88 Small ruptures
present as mild irregularities of the vessel lumen during the
postangioplasty fistulogram and are often clinically insignifi-
cant, resolving without treatment. Large ruptures appear as
extravascular contrast pooling with a rapidly expanding
subcutaneous hematoma. Because the angioplasty balloon
should already be in place, reinflation of the balloon often

seals the leak. If the rupture persists despite prolonged
balloon inflation, a covered stent can be used. If stenting is
not an option, the graft may be embolized or compressed
until clotting occurs (►Fig. 7).89–91

Inferior Vena Cava Filters
Inferior vena cava (IVC) filters and their associated complica-
tions are a significant consideration when discussing vascular
complications of IR procedures. IVC filters are placed for the
prevention of life-threatening pulmonary emboli (PE). A ran-
domized controlled trial studying IVC filters (PREPIC trial)
reported an initial reduction of symptomatic PEwith IVC filters
compared with anticoagulation. However, after 8 years of
follow-up, a statistically significant difference between the
IVC filter and anticoagulation was no longer maintained and
IVC filters were found to increase symptomatic deep vein
thromboses (DVTs). It is important to note that patients in
the PREPIC trial received anticoagulation, so itsfindings are not

Fig. 7 (a) Initial venogram from a 51-year-old woman with mediastinal malignancy and acute SVC syndrome, demonstrating complete superior
vena cava (SVC) occlusion and likely superimposed thrombus (arrow). (b) After recanalizing and stenting of the SVC, the patient became acutely
hypotensive. Venography demonstrates contrast extravasation into the pericardium (open arrow). (c) Contrast injected after emergent
pericardiocentesis through a 10 French locking loop drainage catheter (arrow) confirms placement in pericardium. Eight hundred milliliter of
blood was withdrawn. (d) SVC rupture was repaired with a covered endograft and the patient stabilized.
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translatable to patients who cannot receive anticoagulation.92

Because IVC filters are increasingly utilized as a supplement to
anticoagulation for the prevention of PE, it is important to
consider their associated complications.93

Many recent trials separate IVC filter complications into
periprocedural or long term.94 As adapted from the SIR
practice guidelines, periprocedural complications include

death (0.12%), filter embolization (0.1%), malposition (1 to
9%) (►Figs. 8 and 9), filter migration >2 cm (1.3–4.5%), and
access site occlusive thrombosis (3–10%).95 Based on manu-
facturer experience (MAUDE database), most complications
are associated with retrievable filters.96 Symptomatic DVTs
are one of the most common types of periprocedural compli-
cation and could be related to a hypercoagulable patient

Fig. 8 A 65-year-old woman with a glioblastoma multiforme and acute pulmonary embolism with iliofemoral deep vein thrombosis was referred
for an emergent IVC filter placement. (a) Cavagram via the right internal jugular vein demonstrates the location of the renal veins (arrows). (b) A
VenaTech IVC filter was deployed, but failed to open. Repeat cavagram demonstrates the filter to have been deployed alongside the IVC (arrow),
suggestive of gonadal vein placement. No attempts were made to retrieve this filter. (c) Another VenaTech LP filter was placed appropriately below
the renal veins within the IVC (arrow).

Fig. 9 (a) Cavagram before filter placement on a 46-year-old woman with a right-sided iliofemoral DVT from pelvic malignancy. Access was gained
from the left common femoral vein. Note the sharp angle taken by the left iliac vein as it joins the IVC (arrow). (b) Retrievable filter was deployed
within the wall of the inferior vena cava (arrow). (c) This is demonstrated by contrast injection through the cava. (d) An 18-mm self-expanding
stent (Wallstent, Boston Scientific Inc., Marlborough, MA) was deployed (arrow) to secure the undeployed filter to the IVC wall. (e) Cone-beam CT
was performed to further confirm the position of the filter (arrow). (f) A second filter (Denali, Bard Inc., Tempe, AZ) (arrow) was placed lower in the
IVC within the stent.
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population compounded by preexisting IVC stenosis or
thrombosis.97 This may also result in recurrent PE as the
thrombus extends cranial to the filter.98 It remains uncertain
if a given filter thrombosis is caused by a trapped thrombus or
by thrombus forming in situ.99 Propagating IVC thrombosis
has been shown to be manageable with mechanical throm-
bectomy, catheter-directed thrombolysis, or balloon
angioplasty.100

Mechanical complications related to IVCfilters are a rarebut
significant long-term complication and include strut fracture,
filter tilt, filter migration, and IVC penetration.101 The overall
mechanical complication rates for IVC filters are difficult to
determine because of their rarity, large variability of reported
complications per manufacturer, and lack of randomized
controlled trials. For example, IVC penetration, defined asfilter
elements >3 mm beyond the lumen or within an adjacent
structure, has not been systematically reported.96 However,
according to the MAUDE database, IVC filter perforations
account for up to 20% of reported complications, with clinically
significant perforation occurring 0.4% of the time.102

Studies have reported higher complication rates with
retrievable filters compared with permanent ones, with one

study attributing 87% of filter complications to retrievable
filters.103 IVC filters are commonly assessed with contrast-
enhanced CT or CT venograms to evaluate filter integrity, tilt,
and caval penetration. If a filter strut is determined to be
missing, CT of the chest should be performed to evaluate for
strut embolization.

Standard retrieval techniques can be used if the IVC filter
tip remains centered in the caval lumen. However, �15% of
filters cannot be removed with standard retrieval techniques
because of tip or wall embedment. Advanced techniques
using endobronchial forceps or laser sheaths may be em-
ployed by experienced practitioners.104,105 In limited series,
the endobronchial forceps and laser sheath techniques were
able to retrieve 95 and 96% of IVC filter bodies, respective-
ly.104,106 Embolized fractured fragments of the IVC filter can
also be retrieved with the endobronchial forceps technique.

Fractured Catheters
The incidence of dislodgement or fracture of subcutaneous
implanted CVCs is between 0.2 and 1.0%.107 The majority of
patients with this complication are asymptomatic and de-
tected incidentally on imaging. Fractured catheter tips are

Fig. 10 A 52-year-old man with portal hypertension became acutely unstable due to massive upper gastrointestinal variceal bleed. (a) An
emergency transjugular intrahepatic portosystemic shunt from right hepatic vein to right portal vein was performed with demonstration of
massive residual esophageal varices (arrow). (b) While attempting to embolize the varices, an undersized 6-mm coil that was deployed in the varix
migrated quickly to the heart and lodged in a branch of the right pulmonary artery (arrow). (c and d) The TIPS sheath was relocated into the right
pulmonary artery (arrow) and a 10-mm gooseneck snare was used to retrieve the coil.
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most commonly located within the right atrium, right ven-
tricle, and pulmonary artery.107 Immediate removal of the
migrated fragment is recommended since subsequent embo-
lization, myocardial rupture, valvular perforation, and infec-
tion may ensue.108

Apercutaneous central venous access approach is themost
commonly utilized technique for removal of intravascular
foreign bodies, and retrieval can be accomplished with
hooked guidewires, snares, Fogarty balloon catheters, or
Dormia baskets (►Fig. 10).109 While central access is the
most common approach, there is a case report of percutane-
ous retrieval of an intravascular foreign body utilizing pe-
ripheral forearm venous access.110 Guide catheter kinking
and fracture within the femoral arterial sheath with subse-
quent contralateral arterial access and snare removal has also
been reported.111

Conclusion

Most iatrogenic percutaneous vascular injuries are self-limit-
ed and of minimal clinical significance. Despite radiologic
guidance, life-threatening vascular complications remain an
important consideration during arterial and venous inter-
ventions. These complications can generally bemanagedwith
endovascular techniques with a select subpopulation of
patients requiring surgical intervention. In these cases, early
recognition and familiarity with treatment strategies are
invaluable skills for anyone performing even simple
interventions.
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