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Objectives: Upon completion of this article, the reader will be
able to identify the incidence, risk factors, prevention, and
management of infectious complications associated with
commonly performed procedures in interventional
radiology.
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Infectious complications can occur following virtually any
interventional radiology (IR) procedure. Despite new antimi-
crobial agents and an improved understanding of the immune
system, these complications continue to have a profound
impact on patient morbidity and mortality. This review
focuses on the occurrence, prevention, and interventional
management of infectious complications particular to the
following percutaneous interventions: thermal ablation of
liver tumors, transarterial embolization of liver tumors,
uterine fibroid embolization (UFE), percutaneous nephros-
tomy, biliary interventions, central venous catheter (CVC)
placement, and intravascular stents.
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Abstract Infectious complications following interventional radiology (IR) procedures can cause
significant patient morbidity and, potentially, mortality. As the number and breadth of
IR procedures grow, it becomes increasingly evident that interventional radiologists
must possess a thorough understanding of these potential infectious complications.
Furthermore, given the increasing incidence of antibiotic-resistant bacteria, emphasis
on cost containment, and attention to quality of care, it is critical to have infection
control strategies to maximize patient safety. This article reviews infectious complica-
tions associated with percutaneous ablation of liver tumors, transarterial embolization
of liver tumors, uterine fibroid embolization, percutaneous nephrostomy, percutaneous
biliary interventions, central venous catheters, and intravascular stents. Emphasis is
placed on incidence, risk factors, prevention, and management. With the use of these
strategies, IR procedures can be performed with reduced risk of infectious
complications.
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Infectious Complications Following Thermal
Ablation

Thermal ablation of solid tumors utilizes extreme temper-
atures to induce irreversible cellular injury, apoptosis, and
coagulative necrosis. Thermal ablation can be divided into
high-temperature (radiofrequency ablation, RFA; microwave
ablation, MWA) and low-temperature modalities (cryoabla-
tion), and is most commonly performed on tumors in liver,
kidney, lung, and bone. Overall, development of postablation
abscess is very rare. Development of hepatic abscess and/or
cholangitis following RFA has been reported in �0.1 to 2% of
cases,1–5 and abscess formation after thermal ablation of
renal tumors is generally reported at <1%.6,7 Pulmonary
abscess formation after thermal ablation of lung lesions is
also extremely rare, occurring in �0.5 to 1.6%.8,9 While one
series on cryoablation of bone lesions in 61 patients reported
a single episode of osteomyelitis at the site of ablation, no
reports of infection after RFA or MWA of bone lesions were
identified.10

Postablation Syndrome
Patients undergoing thermal ablation can experience consti-
tutional symptoms following the procedure including fever,
malaise, nausea/vomiting, and pain. This postablation syn-
drome likely reflects a systemic inflammatory response to
cytokines released from ablated tissues. This syndrome has
been reported to occur with both hepatic and renal ablation
in approximately one-third of patients.11,12 A prospective
survey conducted byWah et al in patients undergoing liver or
kidney RFA reported low-grade fever in 42% of patients and
flulike symptoms (malaise, myalgia, and nausea/vomiting) in
81% of patients.12 In that study, symptoms peaked on post-
procedure day 3 andgenerally subsided by postprocedure day
10. Symptoms are expectantly managed with nonsteroidal
anti-inflammatory drugs, analgesics, and antiemetics. High-
grade or persistent fever following ablation could indicate an
infectious complication such as abscess.

Hepatic Abscess
The most important risk factor for hepatic abscess develop-
ment following thermal ablation of a hepatic tumor is a
colonized biliary tract (e.g., biliary enteric anastomosis,
endoscopic or percutaneous biliary drainage [PBD], pneumo-
bilia, sphincterotomy).4 In the largest series to date, De Baere
et al described RFA in nine patients who had a colonized
biliary tract, with four (44%) patients developing a hepatic
abscess.13 Notably, in this study various prophylactic antibi-
otic regimens were administered before and after the proce-
dure. The efficacyof antibiotic prophylaxis to prevent abscess,
however, was difficult to assess given the variety of agents
used and small number of patients in the study. While no
definitive antibiotic regimen can be recommended, the high
incidence of postprocedure abscess in this population further
corroborates prior biliary tract procedures as an important
risk factor for abscess development following liver ablation.

While the exactmechanismof abscess formation following
RFA is unknown, it has been suggested that bacterial

colonization of bile can lead to colonization of the post-RFA
ablation zone and abscess. The occurrence of abscess follow-
ing RFA in patientswith a history of biliary tractmanipulation
ranges from 13 to 62 days after ablation.13 The delay in
abscess formation may indicate that bacterial superinfection
of the ablated zone may play a role in abscess development.14

Regardless of the mechanism, the delay before abscess for-
mation in patients with prior biliary manipulation is impor-
tant to consider when following patients after liver RFA.
Computed tomography (CT) findings of liver abscess are
nonspecific, but include well-defined fluid-density collec-
tions, higher density foci indistinguishable from tumors,
rim enhancement, and intralesional gas.15 However, benign
gas bubbles can be seen in the RFA zone and surrounding
vasculature (►Fig. 1). An abscess should be suspected in the
setting of continued enlargement of the ablation defect with
newly formed or increasing gas collections (►Fig. 2).16 In the
postablation period, differentiation of infection from

Fig. 1 Gas in the region of ablation following radiofrequency ablation
(RFA) of a liver metastasis from breast carcinoma. (a) Axial image from
a CT scan with contrast immediately following RFA demonstrates gas
within the zone of ablation (arrow). Because of the location of the
metastasis adjacent to the liver capsule and chest wall, a solution of 5%
dextrose water and iodinated contrast was instilled in the perihepatic
space (thin arrows). Note that the gas bubbles do not correspond to
the ablation margins. (b) Axial CT image with contrast 3 months
following ablation demonstrates resolution of gas. There is also no
evidence of enhancing tissue to suggest residual disease.
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postablation syndrome can be difficult, since postablation
syndrome includes fever. The reported prevalence of post-
ablation fever is 19 to 34%, with a duration of 1 to 9 days,17

while the time interval between ablation and liver abscess
ranges from 8 days to 5 months3,18,19; thus, some investi-
gators suggest that if fever persists beyond 2 weeks, the
possibility of an abscess should be entertained.1

Management of Hepatic Abscess
The mainstay of management for hepatic abscess is catheter
drainage.20 Smaller collections (<1 cm) are generally too
small for catheter drainage and are thus aspirated for micro-
biology to allow optimization of antibiotic therapy. Larger
collections (>1 cm) are treated with catheter drainage and
antibiotics. Independent predictors of failure include the
presence of yeast, biliary communication, and multilocula-
tion.21,22 For abscesses as a result of prior RFA, in the study
published by Elias et al, catheter drainagewas successful in all
four cases.13

Cholangitis
An additional infectious consideration following ablation of
liver tumors is cholangitis.4 The Tokyo guidelines are gener-
ally used to make the definitive diagnosis of acute cholangi-
tis.23 However, during the postablation period, the clinical
picture is difficult to interpret as pain and elevated liver
function enzymes are common.24,25 Shibata et al proposed
the diagnosis of cholangitis when all the following criteria
were met: fever > 38°C lasting more than 3 days, doubling of
the baseline serum bilirubin level or doubling of the baseline
serum alkaline phosphatase level, and new intrahepatic bili-
ary ductal dilatation.4 It should be noted that this definition
has not been validated. Nevertheless, in their study of 683
ablation procedures, there were 2 cases of cholangitis (0.3%).
Generally, patients with acute cholangitis are treated with
antibiotics though there is no consensus regarding the initial
regimen. Typically, patients are given broad-spectrum anti-
biotics covering colonic bacteria, with therapy modified to
reflect any organisms recovered in blood cultures. Seventy to

Fig. 2 Hepatic abscess following radiofrequency ablation (RFA) of liver metastasis from pancreatic neuroendocrine carcinoma. The patient had
previously undergone a Whipple procedure 2 years prior to RFA. (a) Axial image from a CT scan with contrast demonstrates a hypodense lesion
near the hepatic dome (arrowheads) consistent with a hepatic metastasis. (b) Thick-slab reformatted axial CT image during ablation demonstrates
the RFA probes along the medial and lateral aspects of the lesion (arrowheads). (c) Axial CT image without contrast immediately following ablation
demonstrates a small focus of gas (arrow), which is normal following liver RFA. (d) Axial CT image with contrast performed 3 weeks following RFA
demonstrates findings of a hepatic abscess following RFA (thin arrows): rim enhancement, low-density center, and increasing intralesional gas.
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80% of patients with acute cholangitis will respond to conser-
vativemeasures so that biliary decompression can be delayed
24 to 48 hours.26–28

Nonhepatic Abscesses
Given the extremely low incidence of postablation abscess
formation of nonhepatic tumors, there is a paucity of litera-
ture and data on this topic. However,manyof the principles of
hepatic abscess are translatable to nonhepatic abscesses. In
general, renal abscesses present with fever, leukocytosis,
flank pain, and pyuria, and are generally managed with
intravenous (IV) antibiotics and catheter drainage.29,30 Pa-
tients with a urinary tract infection at the time of or after
ablation are theoretically at risk of seeding the necrotic
tumor. The mainstay of treatment of pulmonary abscesses
and osteomyelitis involves antibiotic therapy, although sur-
gical management may be needed for refractory cases.

Antibiotic Prophylaxis
There is no consensus on the effectiveness of prophylactic
antibiotics for patients undergoing thermal ablation to re-
duce the risk of postprocedural infection.31,32 If antibiotics
are administered, they should be targeted at the most likely
pathogens. For the liver, organisms potentially encountered
include Staphylococcus aureus, Staphylococcus epidermidis,
Streptococcus species, Escherichia Coli Proteus species, Klebsi-
ella species, and enterococcus species. Ampicillin/sulbactam
IV can be given within 1 hour of starting the procedure, and
for penicillin-allergic patients, vancomycin or clindamycin
can be given for gram-positive coverage and an aminoglyco-
side (e.g., gentamicin) for gram-negative coverage.32 For
kidney ablations, 1 g ceftriaxone IV can be considered.32

For bone ablations, 1 g cefazolin IV can be given.32

Infectious Complications Associated with
Hepatic Arterial Embolotherapies

Bland transarterial embolization (TAE), transarterial chemo-
embolization (TACE), and radioembolization are palliative
treatments for patients with unresectable liver malignancies.
Embolization causes ischemia; TACE combines ischemia from
embolizationwith local delivery of chemotherapy; and radio-
embolization with yttrium-90 (Y-90) causes radiation injury
to liver tumors.

Postembolization Syndrome
In the postprocedural period, it is important to distinguish an
infectious complication from postembolization syndrome (PES).
PES is a spectrum of symptoms that can occur following trans-
arterial embolization of various end organs, and can consist of
abdominal pain, nausea/vomiting, malaise, and low-grade fever.
These symptoms are commonly encountered after various
hepatic arterial embolotherapies.32–34 PES may not be consid-
ered a complication, but rather an expected systemic reaction to
the embolization. The exact pathophysiology of PES remains
unknown, but is likely related to a systemic inflammatory
reaction to tissue necrosis.Medicalmanagement of PES typically
consists of supportive treatment using nonsteroidal

anti-inflammatory agents, analgesics, and antiemetics. Specific
therapeutic regimens vary among institutions and are depen-
dent on drug availability and patient factors, although narcotic
pain medications are commonly used. Prophylactic use of
dexamethasone and scopolamine has not been shown to reduce
the incidence of PES.35

Benign Intratumoral Gas
Imaging follow-up is generally obtained between 1 and
3 months after TAE, TACE, or radioembolization. CT or mag-
netic resonance imaging (MRI) scans are assessed for changes
in tumor morphology, changes in tumor size, and additional
liver lesions. As previously described, intralesional gas can be
a sign of a liver abscess. However, if CT imaging is performed
in the acute period within 2 weeks of embolization, this
finding can also be seen following bland embolization and
chemoembolization, as a result of tumor necrosis and injec-
tion of microscopic quantities of gas associated with embolic
particles (►Fig. 3).36,37 Such benign intratumoral gas tends to
manifest as multiple tiny foci of gas throughout the tumor,
rather than a larger focal collection of gas. In a study involving
intrahepatic tumor embolization of three patients and an
experiment using the V2 carcinoma implanted in the liver of a
rabbit, Carroll and Walter found that benign intrahepatic gas
persisted for 5 to 10 days following embolization, as moni-
tored by serial ultrasound examinations.38 Thus, unless there
are systemic signs and symptoms of infection, postprocedural
intratumoral gas should not necessarily be regarded as a sign
of abscess formation from gas-producing bacterial species,
particularly in the first 1 to 2 weeks following embolization.

Hepatic Abscess Formation
Abscess formation is a rare complication following embolo-
therapies of the liver (►Fig. 4). The reported rate is <1% in
patients with a competent sphincter of Oddi.39 However,
similar to liver ablation, the most important risk factor for
developing a postembolization abscess is an incompetent
sphincter of Oddi; in this particular patient cohort, the
incidence of liver abscess following TACE is as high as 85 to
100%.40,41 Abscess formation appears to be a much rarer
event following radioembolization even despite an incompe-
tent sphincter of Oddi, with only case reports in the litera-
ture.42–44 Cholapranee et al compared a cohort of such
patients following radioembolization with Y-90 resin micro-
spheres with a cohort of patients following oily TACE.43 Both
cohorts were administered the same antibiotic regimen
before and after embolization. There were no abscesses
among the 16 radioembolization patients (0%), while 3 of
13 (23%) patients developed an abscess following TACE
(p ¼ 0.078). While the study is limited by small sample size
and heterogeneous tumor type, these results are compatible
with the general evidence supporting a very low incidence of
hepatic abscesses with radioembolization.

The pathophysiology behind abscess formation following
chemoembolization is unclear. One potential mechanism is
biliary ischemia by occlusion of the peribiliary plexus, which
is supplied solely by the hepatic artery. Patients without an
intact sphincter of Oddi have a biliary tree colonized by
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intestinal flora.43 The combination biliary ischemia/necrosis
and bacterial colonization may provide the nidus for abscess
development. On the other hand, bile duct injury was not
seen on histologic examination of the liver during a swine
study using resin Y-90microspheres.45While selection biases
may certainly exist for the literature on the various therapies,
the much more prolonged cellular death with radioemboli-
zation compared with TACE or bland embolization may be
one contributory etiology.

Antibiotic Prophylaxis
The effectiveness of antibiotic prophylaxis for TAE, TACE,
and radioembolization is unproven. Nonetheless, the Soci-
ety of Interventional Radiology (SIR) Clinical Practice
Guidelines recommends administration of antibiotic pro-
phylaxis to cover skin flora and gram-negative enteric
organisms. Common antibiotic regimens utilize either 1 g

ceftriaxone or 1.5 to 3 g ampicillin/sulbactam, or for pa-
tient who are penicillin-allergic, vancomycin or clindamy-
cin plus an aminoglycoside. In patients without an intact
sphincter of Oddi, three commonly referenced antibiotic
regimens are as follows:

1. Piperacillin/tazobactam sodium every 6 hours beginning
24 to 36 hours before treatment and bowel preparation
(45 mL of oral fleet phospho soda, 1 g oral neomycin, 1 g
oral erythromycin, 4 tablets oral bisacodyl, and 1 rectal
suppository of bisacodyl).41

2. Oral levofloxacin daily and metronidazole twice daily,
beginning 48 hours before the procedure; 1 g neomycin
and 1 g erythromycin administered at 1 PM, 2 PM, and 11 PM

on the day before the procedure; levofloxacin and metro-
nidazole IV continued as an inpatient, and then transi-
tioned to oral form for two weeks after discharge.46

3. Oral moxifloxacin 400 mg daily beginning 3 days before
the procedure and continuing for 17 days after the
procedure.47

While data for all three antibiotic regimens are sparse, the
regimen proposed by Khan et al consisting of single agent
moxifloxacin offers the distinct advantage of no bowel prep-
aration. Bowel preparation not only is unpleasant for patients,
but, in the case of phospho soda, also can cause electrolyte
aberrations and dehydration.48

Management of Hepatic Abscess
The management of hepatic abscess following TAE, TACE, and
radioembolization is catheter drainage and systemic anti-
biotics based on abscess culture results (see section on
hepatic abscess management after thermal ablation). Follow-
ing TACE, causative organisms include Enterococcus, Enter-
obacter, Citrobacter, Pseudomonas, Streptococcus, and
E. Coli.40

Infectious Complications of Uterine Fibroid
Embolization

UFE has become established as an effective method in the
treatment of symptomatic uterine fibroids. In a recent
systematic review analyzing 8,159 patients, the rate of
infectious complications following UFE was 2.5%.49 Poten-
tial infectious sequelae include endometritis and pyo-
myoma. Endometritis, which presents with fever, pain,
and bacteremia, is typically treated with antibiotics.50 In
severe refractory cases, hysterectomy can be performed.
Infection of a necrotic fibroid is extremely rare but can be
life-threatening.51 The source of infection may be contigu-
ous spread from the endometrial cavity or hematogenous
colonization. Copious amounts of air within the fibroid and
myometrium may be present.52 Hysterectomy is the defin-
itive treatment. Routine IV antibiotic prophylaxis is rec-
ommended by the SIR Guidelines, with common choices
including either 1 g cefazolin, 900 mg clindamycinwith 1.5
mg/kg gentamycin, 3 g ampicillin, 1.5 to 3 g ampicillin/
sulbactam, or vancomycin in a patient who is penicillin-
allergic.32

Fig. 3 Benign intralesional gas postembolization. (a) A heterogeneous
enhancing mass is present in the right lobe (arrow), which was treated
with bland embolization using 150–250 µm polyvinyl alcohol particles
to stasis. (b) 10 days later, the patient underwent contrast-enhanced
CT due to persistent abdominal pain. A nonenhancing region mea-
suring 20 Hounsfield units containing multiple bubbles was demon-
strated (arrow). The patient was otherwise afebrile without
leukocytosis and had an otherwise uneventful course without antibi-
otic therapy.
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Aswith hepatic embolotherapies, infectious sequelae after
UFE must also be differentiated from PES, which is character-
ized by fever, pain, nausea, and vomiting.53 An increase in
serum white blood cell count is commonly noted following
UFE and likely reflects a systemic response to tissue ische-
mia.54 However, leukocytosis can also indicate infectious
complications and cannot exclusively be attributed to PES.
As with PES after hepatic embolotherapies, treatment is
conservative. Patient-controlled analgesia pumps, nonsteroi-
dal anti-inflammatory drugs such as ketorolac, and meperi-
dine are commonly used for PES related to UFE.55,56

Infectious Complications of Percutaneous
Nephrostomy

Infectious complications associated with percutaneous cath-
eter nephrostomy (PCN) can occur during or after catheter
placement. In the immediate postprocedural period, themost
common and serious systemic complication is sepsis.57 Every
obstructed system is potentially infected and the operator

should be keenly aware that seemingly minor maneuvers,
such as contrast media injection, can allow pressurization of
bacteria retrograde across the nephron into the systemic
circulation. The incidence of septic shock during PCN place-
ment is 1.3 to 1.8%, although the incidence of bacteremia is
likely much higher. In the setting of pyonephrosis, the inci-
dence increases to 7%.57–59 Prophylactic antibiotics are typi-
cally given prior to PCN placement or exchange to minimize
infectious episodes, although this has not beenwell studied in
the medical literature. Current SIR Guidelines recommend
prophylactic antibiotics in all cases except for routine ex-
change of noninfected, nonobstructed collecting systems in
immunocompetent patients.32 Usually, the causative organ-
isms are gram-negative bacteria, including E. coli, Proteus, and
Klebsiella, though a common gram-positive pathogen is
Enterococcus.60

Infectious complications after PCN insertion can also occur
weeks to months following placement, with an incidence of
1.1 to 19%, although it should be noted that most studies are
small, uncontrolled, and lack a unifying definition of

Fig. 4 Hepatic abscess following transarterial bland embolization for metastatic neuroendocrine cancer. The patient had previously undergone a
Whipple procedure 3 years prior to embolization. (a) Axial image from a CT scan during the arterial phase on enhancement demonstrates a
hyperenhancing lesion in the left hepatic lobe (arrow) consistent with a hepatic metastasis. (b) Bland particle embolization of the segment 2 and 3
left hepatic artery was performed with 355–500 µm polyvinyl alcohol particles. Image from a digital subtraction angiogram demonstrates no
significant residual enhancement of the left hepatic lobe lesion. (c) Axial CT image with contrast performed 3 weeks following RFA demonstrates
findings of a complex hepatic abscess (thin arrows). A large extrahepatic abscess was also present (black arrow). The complex intrahepatic and
extrahepatic abscesses were drained percutaneously. (d) Axial CT image performed 2 weeks following percutaneous drainage demonstrates
interval resolution of both abscesses.
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nephrostomy-related pyelonephritis.61–64 Factors predispos-
ing to infection include advanced age, diabetes, stones, bac-
teriuria, ureterointestinal conduits, and indwelling
catheters.65 While essentially all initially sterile indwelling
PCNs and collecting systems eventually become colonized
with resulting bacteriuria or candiduria at a mean of 6 weeks
postinsertion, patients are rarely symptomatic with infection
unless catheter obstruction occurs.66 Catheter exchange is
generally recommended, since clinically significant infection
typically only occurs in the setting of catheter obstruction.66

Based on Foley urinary catheter studies, biofilm formation on
the inner surface of these catheters provide a microenviron-
ment suitable for high counts of microorganisms to embed
and survive, which is also poorly penetrated by antimicro-
bials.67–69 However, the extent to which biofilm formation
occurs with nephrostomy catheters, and thus applicability of
this urinary catheter literature to nephrostomy catheters, is
unknown.

Infectious Complications of Biliary
Interventions

Percutaneous transhepatic cholangiogram (PTC) and PBD
catheter insertion are performed in the setting of benign or
malignant obstruction. In a retrospective review of 206
patients with biliary obstruction undergoing PTC and bili-
ary drainage, bile cultures were positive in 43% of patients
withmalignancy and 68% of patients with benign disease.70

Clinical factors associated with an increased risk for a
positive bile culture and/or sepsis include prior bilioenteric
anastomosis, previous biliary instrumentation, advanced
age (older than 70 years), obstructive jaundice, acute
cholecystitis, and diabetes mellitus.71–75 From a procedural
perspective, using ultrasound guidance to decrease the
number of parenchymal passes and draining the biliary
system before contrast injection are techniques to theoret-
ically mitigate the risk of infectious complications.76 The
risk of sepsis (defined as the presence of infection with
systemic manifestations) following biliary interventional
procedures ranges from 0.8 to 2.3%, although the incidence
of bacteremia is likely much higher.74,77,78 Pressurization
of bile that occurs in the setting of obstruction and during
instrumentation can result in retrograde passage of bacte-
ria (and bile) across the sinusoids, manifesting as bacter-
emia and sepsis.

In patients with indwelling PBD catheters, the biliary
system will be colonized with bacteria, since the distal
portion of the catheter is in the small bowel, thus allowing
free migration of enteric organisms into the biliary tree.
Generally, colonization is asymptomatic as long as the drain-
age catheter is not occluded. If patients develop signs or
symptoms or infection (e.g., fever, hypotension, and leukocy-
tosis) with a PBD catheter in place, the biliary drainage
catheter should be placed to external gravity drainage and
interrogated/exchanged as soon as possible. Catheter occlu-
sion from debris, catheter kinking, or catheter malposition
may be present. Catheter upsizing may be helpful in the
setting of recurrent catheter obstruction.

Antibiotic Prophylaxis
Organisms often encountered in an infected biliary tree
include Enterococcus, Candida, gram-negative aerobic bacilli,
Streptococcus viridians, E. Coli, Clostridium, Klebsiella, Pseudo-
monas, Enterobacter cloacae, Bacteroides, and various
yeasts.32 Given the high rate of infectious complications,
which can be life-threatening, prophylactic antibiotic admin-
istration is recommended by the SIR Clinical Practice Guide-
lines.32 In the absence of prior positive culture results from
bile to guide antimicrobial therapy, common empiric IV
antibiotic choices include 1 g ceftriaxone, 1.5 to 3 g ampicil-
lin/sulbactam, 1 g cefotetan with 4 g mezlocillin, 2 g ampi-
cillin with 1.5 mg/kg gentamycin, or if penicillin-allergic,
vancomycin or clindamycin with an aminoglycoside can be
administered.32 It should be noted that blood stream infec-
tions have also been reported to occur following PTC and
manipulations involving preexisting catheters,74 thus pro-
phylactic antibiotics should be used prior to any biliary
intervention.

Percutaneous Cholecystostomy
Percutaneous cholecystostomy is commonly performed for
acute cholecystitis when surgery is considered high risk.79 As
with biliary interventions, sepsis can occur immediately or
within days following the procedure.80 Colonization of the
gallbladder can also occur within days following the procedure
and is most often asymptomatic. Positive bile culture results
have been reported to vary between 16 and 49%.81–83 If the
patient is not already receiving appropriate IV antibiotics, pro-
phylactic antibiotics are recommended using the same regimen
as for biliary drainage. Similar to drainage of the biliary ductal
tree,mechanical agitationduringplacementof thepercutaneous
cholecystostomy catheter should be minimized to prevent bac-
teremia. Drainage of bile prior to injecting contrast is also
prudent to prevent overpressurizing the gallbladder.

Central Venous Catheter–Related Infections

Catheter-related blood stream infections (CRBSIs) are an
important source of morbidity, mortality, and cost.84,85 Im-
plantable ports have the lowest incidence (0.1 per 1,000
catheter days) followed by peripherally inserted central
catheters (1.1 per 1,000 catheter days), tunneled CVCs (1.6
per 1,000 catheter days), and nontunneled CVCs (2.7 per
1,000 catheter days).86 The pathogenesis of catheter infection
may involve (1) colonization of the catheter at the skin exit
site with migration along the outer catheter surface into the
venous system; (2) contamination of the catheter hub that
results in contamination of the lumen of the catheter; (3)
hematogenous seeding from a remote source of infection; or
(4) infusate contamination. The most common etiologic
organisms are coagulase-negative Staphylococcus, S. aureus,
Enterococci, and Candida.87

Prevention of Central Venous Catheter–Related
Infection
Prevention of CRBSIs requires a multidisciplinary effort,
involving the implanting physician, personnel who access
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the catheter, and the patient. Interventional radiologists
should adhere to standard hand hygiene procedures, aseptic
technique for catheter insertion and maintenance, maximum
sterile barrier (i.e., cap, mask, sterile gown, sterile gloves,
sterile body drape, and appropriate skin cleansing with>0.5%
chlorhexidine preparation with alcohol or alternative
agent).88–90 Femoral vein access for nontunneled catheters
in patients with high body mass index is associated with
higher rates of infection.91 Finally, greater numbers of lumens
have been associated with a higher infection risk.92,93 Daily
cleansing of the catheter skin exit site in ICU patients with a
2% chlorhexidinewashmay be a simpleway to reduce the rate
of blood stream infections.94 Second, the choice of an antibi-
otic and/or antiseptic impregnated catheter and cuff has also
been shown to reduce CRBSIs.95 However, because of costs
associated with device acquisition and development of mi-
crobial resistance, multidisciplinary consensus guidelines
limit the use of these catheters to patients needing central
venous access for > 5 days and in facilities that have failed to
reduce their blood stream infection rates despite implemen-
tation of comprehensive infection reduction strategies.96

Third, some physicians routinely administer prophylactic
antibiotics prior to tunneled catheters and implantable ports.
However, there is no level 1 data to support this practice.32,97

Unlike administering systemic antimicrobials, flushing and
locking CVCswith a combined antibiotic and heparin solution
appears to significantly reduce the risk of septicemia relative
to a group of patients given heparin only (risk ratio 0.47, 95%
confidence interval 0.28–0.80; p ¼ 0.005).97 Thus, while no
conclusive recommendation for systemic antimicrobials can
be made, the judicious use of antibiotics in specific clinical
scenarios (e.g., immunocompromised patients or thosewith a
history of infection) may be reasonable.32

Management of Central Venous Catheter–Related
Infection
Generally, the management of catheter-related infection re-
quires a decision regarding whether the catheter should be
removed, salvaged with antibiotic therapy, or exchanged. In
general, IV antibiotics are promptly initiated upon diagnosis
or suspicion of catheter-related infection. Immediate catheter
removal is warranted in the setting of severe sepsis, hemo-
dynamic instability, endocarditis/metastatic infection, persis-
tent bacteremia (despite 72 hours of appropriate
antimicrobial therapy), or exudate due to suppurative throm-
bophlebitis.98 It is generally accepted that catheter removal is
the optimal and most definitive treatment for catheter-relat-
ed infection. For implanted ports, whenever overlying cellu-
litis or purulence in the port pocket is encountered, the
incision and pocket should be left open to heal by secondary
intention, using packed gauze to prevent skin closure over the
colonized granulation tissue followed by routine dressing
changes. Otherwise, in the setting of a completely normal
appearing skin and port pocket, the incision can be closed
primarily, with close follow-up inspection for potential infec-
tion of the port pocket with abscess development. Conserva-
tive management for catheter salvage may be attempted in
uncomplicated blood stream infections without evidence of

tract infection (for tunneled catheters) or port-site infection
(for port catheters) for pathogens other than S. aureus,
Pseudomonas aeruginosa, fungi, or mycobacteria.98 Blood
cultures should be obtained 72 hours after appropriate
antimicrobial therapy with persistently positive culture re-
sults prompting catheter removal. In cases where continued
catheter use is necessary but the risk of failed insertion at a
new site is high (e.g., limited vascular access in patients with
multiple central venous occlusions or severe coagulopathy),
access salvage utilizing guidewire exchange may be accept-
able. Several small and nonrandomized studies reported
generally successful management of catheter-related infec-
tions with guidewire exchange of tunneled catheters.99–101

The National Kidney Foundation recommends initiation of
antibiotic therapy for treatment of infected hemodialysis
catheters, with catheter exchange as soon as possible and
within 72 hours of initiating antibiotic therapy, and follow-up
blood cultures 1 week after cessation of antibiotic therapy.102

Stent and Stent Graft Infection in Arteries,
Veins, and Arteriovenous Grafts

Vascular endoprostheses (i.e., stents and stent grafts) are an
indispensable component of any endovascular practice. Re-
ports of infectious complications following bare metal stent
placement for treatment of coronary, renal, and iliac athero-
sclerosis, as well as central venous stenosis, are relatively
sparse within the literature and they remain a very rare
complication.103–107 Infectious complications following
placement of stent grafts are also rare. Vascular stents and
stent graft infections may occur due to perioperative con-
tamination or latent seeding from subsequent interventions,
transient bacteremia, or erosion into adjacent structures.
While presentationwill be variable dependingon the location
of the stent, fever, chills, malaise, pain, petechiae, and persis-
tent bacteremia will typically be present. Local manifestation
of stent infection can include arteritis, abscess, mycotic
aneurysm, vascular rupture, and septicemia. In the case of
aortic endografts, delayed graft infection can be associated
with aortoenteric fistulae.108 While there are no radiologic
modalities shown to be both sensitive and specific for stent or
stent graft infection, the use of stent grafts to treat prosthetic
arteriovenous graft pseudoaneurysms has been shown to be
associated with a particularly high risk of infection (42%) of
the adjacent graft material, requiring graft resection.109

Unfortunately, stent infection is often a diagnosis of exclusion,
as no radiologic methods have been proven to be effective for
this diagnosis, although white blood cell scintigraphy has
been suggested to be helpful.105

The definitive treatment of an infected endoprosthesis is
surgical removal and IV antibiotics. However, this can be
associated with significant perioperative risk, particularly
with aortic endografts. Perigraft abscesses can be drained
percutaneously or surgically; in cases of significant perioper-
ative risk, conservative medical management may be most
appropriate.110 Prophylactic antibiotics are typically admin-
istered prior to stent graft placement (e.g., endovascular
aortic aneurysm repair and transjugular intrahepatic
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portosystemic shunt creation) given the theoretically in-
creased risk of bacterial adherence to PTFE material used in
stent grafts.32 Staphylococcal coverage with IV cefazolin or
vancomycin is frequently used.

Conclusion

Infection can be an important complication following IR
procedures. Successful prevention of infectious complica-
tions must begin at the initial preprocedural evaluation,
with identification of relevant risk factors. High-risk patients
(e.g., patients with prior biliary surgery undergoing hepatic
RFA or embolization) and high-risk procedures (e.g., PTC,
biliary drain in the setting of cholangitis) should be treated
with prophylactic antibiotics. In some cases, however, pa-
tients may develop infectious complications despite appro-
priate intraprocedural and periprocedural care. It is
important to follow these patients closely so that appropriate
management, often from a multidisciplinary team, can be
administered.
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