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Abbreviations:

AHA = American Heart Association, GI = gastrointestinal, GU = genitourinary, IE = infective endocarditis, IR = interventional radiology,

IV = intravenous, IVC = inferior vena cava, RF = radiofrequency, SIR = Society of Interventional Radiology, TIPS = transjugular intrahepatic portosystemic

shunt, UAE = uterine artery embolization

PREAMBLE

There is a need for current, formal rec-
ommendations in the interventional ra-
diology (IR) literature concerning the
appropriate use of prophylactic antibi-
otics for IR procedures. This is particu-
larly important given the increasing in-
cidence of antibiotic resistance and

complications from nosocomial infec-
tion. This document summarizes the
findings from the available surgical and
IR literature on this topic. Anticipated
pathogens and corresponding antibiotic
coverage (dose and duration) are enu-
merated for common vascular and non-
vascular interventions in adults. Note
that this document is intended to pro-
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vide recommendations concerning only
antibiotic prophylaxis, not treatment of
infectious complications. It is beyond
the scope of this article to discuss the
management of infectious complica-
tions sustained during vascular and in-
terventional radiology procedures.

The membership of the Society of In-
terventional Radiology (SIR) Standards
of Practice Committee represents ex-
perts in a broad spectrum of interven-
tional procedures from the private and
academic sectors of medicine. Gener-
ally, Standards of Practice Committee
members dedicate the vast majority of
their professional time to performing in-
terventional procedures; as such, they
represent a valid broad expert constitu-
ency of the subject matter under consid-
eration for standards production.

Technical documents specifying
the exact consensus and literature re-
view methodologies as well as the
institutional affiliations and profes-
sional credentials of the authors of
this document are available upon re-
quest from SIR, 3975 Fair Ridge Dr.,
Suite 400 N., Fairfax, VA 22033.

METHODOLOGY

SIR produces its Standards of
Practice documents using the follow-
ing process. Standards documents of
relevance and timeliness are concep-
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tualized by the Standards of Practice
Committee members. A recognized
expert is identified to serve as the
principal author for the standard.
Additional authors may be assigned
dependent upon the magnitude of
the project.

An in-depth literature search is
performed using electronic medical
literature databases. Then a critical
review of peer-reviewed articles is
performed with regard to the study
methodology, results, and conclu-
sions. The qualitative weight of these
articles is assembled into an evi-
dence table, which is used to write
the document such that it contains
evidence-based data with respect to
content, rates, and thresholds.

When the evidence of literature is
weak, conflicting, or contradictory,
consensus for the parameter is
reached by a minimum of 12 Stan-
dards of Practice Committee mem-
bers using a Modified Delphi Con-
sensus Method (Appendix A) (1-3).
For the purposes of these documents,
consensus is defined as 80% Delphi
participant agreement on a value or
parameter.

The draft document is critically
reviewed by the Standards of Prac-
tice Committee members, either by
telephone conference calling or face-
to-face meeting. The finalized draft
from the Committee is sent to the SIR
membership for further input/criti-
cism during a 30-day comment pe-
riod. These comments are discussed
by the Standards of Practice Com-
mittee, and appropriate revisions
made to create the finished stan-
dards document. Before its publica-
tion the document is endorsed by the
SIR Executive Council.

The current guidelines were writ-
ten to help determine appropriate
antibiotic prophylaxis for vascular
and IR procedures. The elements of
care necessitate knowledge of the
following: (i) the anticipated patho-
gens associated with the given inter-
vention and (ii) pretreatment evalu-
ation and patient-specific factors that
may be associated with higher likeli-
hood of periprocedural infection.
The outcome measures or indicators
for this process include (i) how often
antibiotics are given when they
should be given; (ii) how often anti-

biotics are given when they should
not be given; and (iii) how often is
antibiotic timing within recom-
mended guidelines. Although prac-
ticing physicians should strive to
achieve perfect outcomes, in practice
all physicians will fall short of ideal
outcomes to a variable extent. There-
fore, in addition to quality improve-
ment case reviews conducted after
individual complications, outcome
measure thresholds should be used
to assess treatment safety and effi-
cacy in ongoing quality improve-
ment programs. For the purpose of
these guidelines, a threshold is a spe-
cific level of an indicator that, when
reached or exceeded, should prompt
a review of departmental policies
and procedures to determine causes
and to implement changes, if neces-
sary. Thresholds may vary from
those listed here; for example, pa-
tient referral patterns and selection
factors may dictate a different
threshold value for a particular indi-
cator at a particular institution.
Therefore, setting universal thresh-
olds is difficult, and each department
is urged to adjust its thresholds as
needed to meet its specific quality
improvement program situation.
SIR is committed to the basic prin-
ciples of outcome-focused, evidence-
based medicine. Ideally, every Stan-
dards of Practice Committee
recommendation would be based on
evidence derived from multiple pro-
spective randomized trials of ade-
quate statistical power. Unfortu-
nately, currently there are no
published multicenter randomized
trials that evaluate the clinical effi-
cacy and indications for antibiotic
prophylaxis during IR procedures.
Within the existing publications, sev-
eral major limitations are evident: (i)
lack of randomized controlled trials
concerning the efficacy of IR antibi-
otic prophylaxis and reliance on ex-
isting case series and retrospective
analyses; (ii) extreme variation in the
existing literature concerning patient
selection parameters, definitions of
short-term efficacy, and definitions
of infectious complications; and
(iii) absence of systematic assess-
ment of long-term efficacy. SIR rec-
ognizes the potential pitfalls of de-
veloping evidence-based standards

for antibiotic prophylaxis and of
making recommendations regarding
the use of drugs based on studies of
suboptimal design. However, these
difficulties are far outweighed by the
potential improvements in safety
and treatment efficacy that may be
gained by implementing the key les-
sons learned from the existing peer-
reviewed scientific literature that has
evaluated antibiotic prophylaxis
during surgical and IR procedures.
Given the limited scientific founda-
tion, most of the recommendations
presented in this document are in-
tended to guide clinical practice
rather than to mandate the use of
specific algorithms. The authors
fully anticipate that these guidelines
will be appropriately revised when
future studies of greater scientific
rigor are available. Levels of evi-
dence have been assigned to the cur-
rent recommendations within this
clinical practice guideline that ad-
here to definitions created by the
American College of Cardiology and
American Heart Association (AHA)
Guidelines Task Force (4,5). A sum-
mary of these definitions are pro-
vided in Appendix B.

INTRODUCTION

During the past two decades, sev-
eral authors have reported on the use
of prophylactic antibiotics for IR pro-
cedures (6-9). Spies et al (6) were the
first to provide a critical review on
antibiotic prophylaxis in IR. Their
study underscored the lack of ran-
domized controlled trials of antibi-
otic prophylaxis during IR proce-
dures, indicating that the selection of
antibiotics for IR prophylaxis was
largely guided by the existing surgi-
cal literature (6,9). There has been a
lack of randomized controlled trials
in the radiology literature to provide
scientific validation for the role and
effectiveness of antibiotic prophy-
laxis during IR procedures. Never-
theless, antibiotic prophylaxis has
become the perceived standard of
care for selected procedures, making
it possible that randomized con-
trolled trials may never be per-
formed (6,9). Extensive clinical data
on the use of antimicrobial agents in
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surgery exist. As noted by Spies et al
(6), the analogous clinical consider-
ations in surgery serve as a basis for
developing an approach to the
proper use of antibiotics in IR. Clin-
ical case series and retrospective
analyses in the IR literature concern-
ing the occurrence, prevention, and
management of infectious complica-
tions following specific IR proce-
dures are also available to guide clin-
ical practice (10-14). This document
offers a logical basis for prophylactic
use of antibiotics during IR proce-
dures based on the literature avail-
able. Many current clinical and envi-
ronmental factors mandate current
recommendations for prophylaxis
during IR procedures. These include
the widening breadth of IR proce-
dures and recent revisions to existing
surgical practice guidelines from
which many IR prophylaxis guide-
lines are derived (6,9,15-17). Addi-
tional factors include increasing an-
tibiotic resistance, morbidity
associated with nosocomial infec-
tion, and increasing health care costs
(9,15-17).

The specific antibiotic agent doses
provided herein are recommenda-
tions for normal adult patients. Al-
though the doses and agents named
here are suggestions meant to facili-
tate the care of IR patients, it is the
ultimate responsibility of the indi-
vidual interventional radiologist to
pay close attention to individual pa-
tient factors, including advanced pa-
tient age, existing medications, re-
duced renal or hepatic function,
medication allergy history, the in-
tended procedure and its likely
pathogens, and the dose and timing
of the most recent antibiotic agent
dose. Antibiotic choices have been
listed as “first choice” if a specific
antibiotic agent has been consistently
described in the published literature
in association with prophylaxis for a
given procedure. When no single
agent has been uniformly reported as
the agent of choice for prophylaxis of
a given procedure, no first-choice an-
tibiotic is listed. Instead, a list of
common antibiotic choices are pro-
vided, which are described in the lit-
erature. It is important to note that
this document should not be consid-
ered a replacement for the close and
careful evaluation of individual pa-
tients by their IR practitioners. The

responsibility ultimately lies with
the individual IR physician, who
must determine for him- or herself
the appropriateness of a specific an-
tibiotic regimen for a specific patient
and clinical scenario. As the antibi-
otic sensitivities of different patho-
gens vary based on time and region,
the appropriate prophylactic antibi-
otic selection may differ depending
on the institution at which the phy-
sician practices. The IR physician
should therefore periodically consult
with his or her local hospital-based
infectious disease committee, con-
sulting service, microbiology labora-
tory, and/or pharmacy for recom-
mended medications.

DEFINITIONS
General Definitions

This document uses definitions as
outlined by Spies et al (6) for coloni-
zation, infection, clinical infection,
and prophylaxis, as follows:

Colonization is the presence of a
microorganism without host
response.

Infection is the presence of an or-
ganism with host response.
Clinical infection represents infec-
tions that produce local signs
or symptoms (eg, fever, pain,

leukocytosis).

Prophylaxis is the administration of
an antimicrobial in the periproce-
dural period in the absence of
clinical infection to prevent an in-
fectious complication.

Bacteremia is the presence of bac-
teria within the bloodstream
without clinical signs or symp-
toms of infection (eg, fever,
pain, leukocytosis).

Septicemia is the presence of
pathogenic organisms or their
toxins in the bloodstream with
concomitant systemic signs and
symptoms of sepsis (6).

Procedure Classification

The National Academy of Sciences/
National Research Council has divided
surgical wounds into four classes—
clean, clean-contaminated, contami-
nated, and dirty—each of which is as-
sociated with a different risk of infection
(7,18). This classification may be used to

guide antibiotic prophylaxis for IR pro-
cedures (6).

Clean.—A procedure is regarded as
clean if the gastrointestinal (GI) tract,
genitourinary (GU) tract, or respiratory
tract is not entered, if inflammation is
not evident, and if there is no break in
aseptic technique (18). An example of a
clean procedure is routine diagnostic
angiography (7,18).

Clean-contaminated—A procedure
is regarded as clean-contaminated if
the GI, biliary, or GU tract is entered;
if inflammation is not evident; and
there is no break in aseptic tech-
nique. An example of a clean-con-
taminated procedure is nephrostomy
tube placement in a patient with ster-
ile urine (7,18).

Contaminated.—A procedure is re-
garded as contaminated if there is entry
into an inflamed or colonized GI or GU
tract without frank pus, or if a major break
in aseptic technique occurs (18).

Dirty—A procedure is regarded
as dirty if it involves entering an in-
fected purulent site such as an ab-
scess, a clinically infected biliary or
GU site, or perforated viscus (18).

As noted later, antibiotic prophylaxis
for IR procedures is generally recom-
mended for procedures that are not
clean, or for procedures that are consid-
ered clean but, as a result of which, a
potentially significant volume of ne-
crotic tissue is generated in potentially
contaminated areas, eg, embolization
with intent to create infarction. Al-
though National Academy of Sciences/
National Research Council surgical
wound classification may be used as a
guide, it should be noted that the infec-
tious risks of open surgical procedures
differ from those of IR procedures (19).
As noted by Zarrinpar et al (19), surgical
prophylaxis is typically directed at pre-
venting infection of the wound by in-
fected fluid or skin organisms. The
small incision made during vascular
and nonvascular IR procedures rarely
serves as a site for clinically important
infection (19). Prophylaxis in IR is more
commonly done to prevent infection re-
sulting from the communication that is
created by a needle or catheter (19) be-
tween an infected space and the blood-
stream. Data from studies of surgical
wound prophylaxis may therefore not
always be directly applicable to IR pro-
cedures performed on the same organ,
and the interventional radiologist is en-
couraged to consider the appropriate-
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ness of prophylaxis in accordance with
the clinical circumstances of the individ-
ual patient and site-specific flora (19).

COMPLICATIONS

Complications can be grouped on
the basis of outcome. Major compli-
cations from antibiotic therapy result
in admission to a hospital for ther-
apy (for outpatient procedures), an
unplanned increase in the level of
care, prolonged hospitalization, per-
manent adverse sequelae, or death.
Minor complications result in no se-
quelae; they may require nominal
therapy or a short hospital stay for
observation (generally overnight;
Appendix C). The complication rates
described in the present document
refer to major complications.

TIMING AND
ADMINISTRATION OF
PROPHYLAXIS

The basis for timing and duration of
antibiotic prophylaxis of IR procedures
is derived from the surgical literature.
The rationale for current surgical antibi-
otic prophylaxis emerged from animal
experiments performed in the 1960s by
Burke (20), who demonstrated the great-
est suppression of infection when anti-
microbial agents were administered be-
fore inoculation. The likelihood of
postprocedure infection increased the
longer the delay between initiation of
antibiotic prophylaxis and the proce-
dure; an initial dose given 3 hours after
a procedure resulted in no difference in
the likelihood of infection in treated an-
imals versus untreated controls (20).
More recent clinical studies corroborate
these findings, demonstrating a fivefold
increased rate of infectious events when
antibiotic administration occurs more
than 3 hours after a procedure (7,21). In
a randomized double-blinded study of
patients undergoing colonic surgery, a
16% frequency of wound infection oc-
curred when no prophylaxis was used;
the incidences were 15% when prophy-
laxis was given after the procedure and
only 6% when prophylaxis was given 1
hour before surgery (6,22). Overall, an
almost fourfold greater incidence of in-
cisional infection was demonstrated
when antibiotic agent was withheld ver-
sus when it was given preoperatively (18).
Initiation of antibiotic therapy postopera-
tively yielded similar results to those in

which parenteral antibiotic treatment was
completely withheld (6,22).

With respect to duration of ad-
ministration, several studies have
evaluated the efficacy of single ver-
sus multiple dose protocols for pro-
phylaxis, demonstrating that a single
appropriately timed dose is as effec-
tive as a multiple-dose protocol
(9,23-26). Recommended IR practice
for most procedures warranting pro-
phylaxis involves administration of a
single preprocedural dose of an an-
timicrobial agent just before com-
mencement of a procedure. Excep-
tions include procedures when a
patient undergoes instrumentation
of an obstructed viscus, such as bili-
ary or kidney obstruction, in which
the risk of postprocedural bactere-
mia caused by intravasation of or-
ganisms into the bloodstream re-
mains present until the organ is
adequately drained (9). The antibi-
otic agent used in this setting admit-
tedly spans the boundary between
prophylaxis and treatment, and in
such patients, treatment should be
continued until satisfactory drainage
of the viscus is achieved (9). In per-
cutaneous drainage procedures, the
risk of bacteremia is attributed to
communication of the fluid cavity
with the arterial, venous, and lym-
phatic systems (6,27). In the absence
of data on this topic, Spies et al (6)
have advocated continued antibiotic
therapy for 48 hours after such a pro-
cedure to reduce the risk of bactere-
mia and its consequences. Other
cases that may warrant prolonged
prophylaxis include those that in-
volve earlier surgical manipulation
(eg, bilioenteric anastomosis before
chemoembolization).

Additional factors to consider in-
clude patient condition and proce-
dure duration (9). Investigators from
the Centers for Disease Control (7,28)
have described three risk factors as-
sociated with an increased risk of
postoperative surgical wound infec-
tion, in addition to the level of
wound contamination. These factors
were derived from information col-
lected on more than 58,000 operative
patients. A simple multivariate risk
index was created, which prospec-
tively predicted surgical wound in-
fection risk (28). Factors including a
procedure lasting more than 2 hours,
an abdominal operation, and the

presence of multiple-organ disease,
when included in a predictive model
along with the level of wound con-
tamination, allowed identification of
a subgroup of patients who would
sustain 90% of wound infections (28).

Prophylactic antibiotic agents should
be administered immediately before
transfer to the interventional suite, or by
the IR nurse when the patient arrives in
the interventional suite. The latter is
optimal, particularly if there is a delay in
the patient’s arrival, as the time of anti-
biotic agent administration should not
be altered (9). In keeping with the cur-
rent Joint Commission on the Accredi-
tation of Healthcare Organization 2009
Hospital Patient Safety Goals (29),
which recapitulate the existing surgical
literature, intravenous (IV) antimicro-
bial prophylaxis should be administered
within 1 hour before incision, with 2
hours allowed for the administration of
vancomycin and fluoroquinolones, and
with discontinuation of the prophylactic
antimicrobial agent within 24 hours af-
ter intervention, unless clinical circum-
stances (eg, obstructed viscus) warrant
continuation of a prophylactic regimen
as therapy. An accurate list of the pa-
tient’s current medications and known
allergies should also be reviewed to
safely prescribe any setting-specific an-
tibiotics and to assess for the potential
allergic or adverse drug reactions (29—
31). Appropriate antibiotic coverage
should be selected by an experienced IR
practitioner. When a patient is already
receiving antibiotic drugs, the timing of
the most recent dose of antibiotic agent
should be reviewed, as well as the ap-
propriateness of the antibiotic relative to
the procedure and the likely pathogens
(9). If indicated, an additional dose or
different agent may be administered be-
fore the procedure. If a procedure is
likely to be prolonged (ie, >2 h), a
supplemental dose of antibiotic
agent should be considered, depend-
ing on the half-life of the agent being
administered (9).

Antibiotic Resistance

Patient morbidity and mortality re-
sulting from infectious complications
have been increasing during the past
two decades (9). This, in large part, is
related to the increasing frequency and
spectrum of antibiotic resistant infec-
tions (9,32). Factors facilitating selection
of antibiotic resistance include the over-
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use of antibiotic agents by health care
practitioners, the increased use of inva-
sive devices, a greater number of sus-
ceptible hosts (ie, those in an immuno-
compromised condition), and lapses in
appropriate infection control (9). When
choosing an antibiotic agent for prophy-
laxis, one needs to consider the likely
source and pathogen, and the prophy-
laxis should be specifically directed
against these organisms. The routine
use of broad spectrum antibiotics is not
cost effective and promotes further an-
tibiotic resistance (9,33).

PROPHYLAXIS FOR SPECIFIC
IR PROCEDURES

Vascular Interventions: Angiogra-
phy, Angioplasty, Thrombolysis,
Arterial Closure Device Placement,
Stent Placement

Diagnostic angiography, routine an-
gioplasty, and thrombolysis are consid-
ered clean procedures, and with careful
technique, antibiotic prophylaxis is un-
necessary (34). Bacteremia occurs after
4%—8% of angiographic procedures and
is typically asymptomatic (6,34,35).
When it does occur, the source is usu-
ally an angiographic catheter that was
contaminated before use (6,34). Re-
peated puncture of a site or repeated
catheterization of an indwelling sheath
is believed to increase the risk of
periprocedural infection (7,36).

Percutaneous vascular closure de-
vices, including collagen plug de-
vices and suture-mediated closure
devices, are increasingly used during
cardiac and peripheral vascular in-
terventions (37,38). Infectious com-
plications have been reported after
the use of these devices; these in-
clude groin cellulitis and femoral ar-
tery endarteritis (37-39). Comorbid
factors described in patients with in-
fectious complications include diabe-
tes mellitus, obesity, and placement
of a percutaneous suture closure de-
vice within the previous 6 months,
warranting caution when consider-
ing the use of a percutaneous closure
device in such patients (38). How-
ever, at the present time, there are
insufficient data to suggest prophy-
laxis before placement of these de-
vices.

Stent infection is an uncommon
but serious complication of endovas-
cular treatment (9). This is likely sec-

ondary to several factors, including
the presence of a foreign body and
the presence of inflammation at the
site of stent implantation (7,40). Stent
infection has been reported in the
aorta, iliac, renal, coronary, and sub-
clavian arteries (9,41-48). When re-
ported, complications are major,
usually involving arteritis with pseu-
doaneurysm formation (9,49). Risk
factors have included repeat punc-
ture of the same vessel during a
short time interval or use of a vascu-
lar sheath that has been in place for
more than 24 hours (9,49). Recom-
mendations have been made in the
literature for prophylactic antibiotic
agent use if an arterial sheath is left
in overnight after stent placement, or
for patients undergoing multiple en-
dovascular interventions (46). One
advocated approach involves admin-
istration of prophylactic antibiotic
agents before a second procedure to
patients in whom repeat intervention
is performed within 7 days (38). Al-
though infection represents a statis-
tically low-risk event, serious out-
comes have been associated with this
complication. At the present time,
prophylactic antibiotic agents are not
recommended for routine arterial
stent placement. However, for those
patients deemed to be at high risk
(ie, cases of repeat intervention
within 7 d, prolonged indwelling ar-
terial sheath, or prolonged duration
of procedure), prophylaxis may be
given (9,46).

Procedure: clean

Organisms encountered: Staphylo-
coccus aureus, Staphylococcus
epidermidis

Routine prophylaxis recommended: no

Special considerations: 1 g cefazolin
IV if there is a high risk of stent
infection; or (ii) if the patient is
allergic to penicillin, vancomy-
cin or clindamycin

Level of evidence: 5, 8 (Appendix B)

Endograft Placement

Prophylactic antibiotic agents are
given routinely for aortic endograft
therapy at many institutions, al-
though there is limited scientific ev-
idence to support this approach
(9,49). Prosthetic graft infection is an
uncommon event, but when it oc-
curs, it carries a high mortality rate

(9,50,51). Prophylaxis is similarly
recommended for peripheral en-
dografts, including those for superfi-
cial femoral artery recanalization
and dialysis access endografts,
which are increasingly used in IR
practice.

Procedure classification: clean

Organisms encountered: S aureus, S
epidermidis

Routine prophylaxis recommended: yes

First-choice antibiotic agent: 1 g ce-
fazolin IV

Alternate choices: (i) if penicillin-aller-
gic, vancomycin or clindamycin

Level of evidence: 5, 8

Lower-extremity Superficial Venous
Insufficiency Treatment

Current therapies for treatment of
lower-extremity superficial venous in-
sufficiency—including varicose veins—
include endovascular thermal ablation,
sclerotherapy, and ambulatory phlebec-
tomy (52). Although routine practice in-
cludes the use of sterile technique before
these procedures, there are insufficient
data in the literature to warrant routine
antibiotic prophylaxis (52). Adverse
events related to these therapies are typ-
ically minor, and include paresthesias
and superficial phlebitis, with more se-
rious adverse events—primarily per-
taining to endovascular thermal abla-
tion—including deep vein thrombosis,
neurologic injury, and skin burns (52).

Procedure classification: clean

Organisms encountered: S aureus, S
epidermidis

Routine prophylaxis recommended: no

Level of evidence: 8

Inferior Vena Cava Filter Placement

Infection after inferior vena cava
(IVCQ) filter placement has not been a
significant problem in clinical prac-
tice. One case of fatal septicemia af-
ter placement of an IVC filter has
been reported in the IR literature (7).
In this instance, the IVC filter (LGM
VenaTech IVC Filter; L-G Medical,
Evanston, Illinois) was placed
through the site of an indwelling
central venous catheter (53). When
placing an IVC filter, a “fresh” ve-
nous access site is recommended
(7,53). However, routine filter place-
ment in an uninfected patient does
not warrant prophylaxis (7,54).
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Procedure classification: clean
Routine prophylaxis recommended: no
Level of evidence: 5, 6

Central Venous Access

The use of antibiotic prophylaxis
for central venous catheter place-
ment is controversial. Central ve-
nous catheter placement is classified
as a clean procedure. Therefore, pro-
phylaxis is not routinely recom-
mended, although meticulous sterile
technique and appropriate preproce-
dural preparation is mandatory (9).
When catheter-related infections do
occur, these are most commonly
caused by coagulase negative Staph-
ylococcus species (9). Migration of
skin organisms into the catheter tract
is the most common route of infec-
tion, with contamination of the cath-
eter hub contributing to colonization
of long-term catheters (9). Most in-
fections in patients with long-term
venous access are caused by Gram-
positive bacteria (9).

A recent version of the Centers for
Disease Control Guidelines for the
Prevention of Intravascular Cathe-
ter-related Infections (9,55) under-
scored the importance of sterile tech-
nique, the use of 2% chlorhexidine
skin preparation, avoidance of rou-
tine catheter change, and the use of
antiseptic or antibiotic agent—im-
pregnated catheters only if previous
infection rates are high. van de We-
tering et al (56) evaluated the effi-
cacy of administration of antibiotic
agents before insertion of a central
venous catheter with or without van-
comycin/heparin flush technique in
the first 45 days after catheter place-
ment to minimize Gram-positive
catheter-related infections in oncol-
ogy patients (9), and antibiotic agent
administration before catheter inser-
tion followed by vancomycin/hepa-
rin flush was associated with a de-
creased incidence of Gram-positive
infections (56). Of note, this strategy
was not advocated for general prac-
tice, but in the setting of recurrent
catheter infection (9,56-58). Loo et al
(59) reported a survey of 196 consec-
utive central venous catheters placed
in the intensive care unit in 151 pa-
tients, in which an antiseptic agent-
impregnated catheter was alternated
on a bimonthly basis with a standard
triple-lumen central venous catheter.

There was no difference in the cath-
eter-related bacteremia rates be-
tween the two groups, and although
the impregnated catheter group had
a lower cumulative infection rate for
dwell times less than 5 days, the dif-
ference between the cumulative in-
fection rates was not statistically sig-
nificant for dwell times of 6, 7, or 8
days (59).

Some authors have suggested that
routine antibiotic prophylaxis may
be warranted before placement of
tunneled catheters with implantable
ports, given that these patients are
often in an immunocompromised
state, and given the severity of com-
plications and difficulty in treating
infected ports (9). The benefit of an-
tibiotic prophylaxis for central ve-
nous access remains unproven, and
therefore the routine use of antibiotic
prophylaxis remains an area of con-
troversy. Prevention is critical to
minimize the likelihood of infections
associated with implantable ports, as
these are difficult to treat and poten-
tially fatal (9). Preventive strategies
include meticulous attention to ster-
ile technique. The use of catheters
with the fewest number of lumens
necessary for management of the pa-
tient reduces portals for colonization
(9). For patients who require inter-
mittent long-term venous access, im-
plantable devices are recommended, as
these are more resistant to contamina-
tion (9). Such devices are now in use for
dialysis access management in an at-
tempt to reduce infection rates. Al-
though the use of antibiotic prophylaxis
may be considered in specific clinical
scenarios (eg, immunocompromised pa-
tients who require catheter placement
before chemotherapy and those with a
history of catheter infection), routine
prophylaxis for these procedures is not
recommended.

Procedure classification: clean

Organisms encountered: S aureus, S
epidermidis

Routine prophylaxis recommended: no
consensus

Special considerations (eg, immuno-
compromised patients who re-
quire catheter placement before
chemotherapy and those with a
history of catheter infection):
1 g cefazolin IV; or in the case

of penicillin allergy, vancomy-
cin or clindamycin
Level of evidence: 8

Embolization and
Chemoembolization

Historic IR data have reported a
higher incidence of transient bactere-
mia after embolization compared
with diagnostic angiography (60). In
a prospective study of 45 patients
undergoing embolization, 32% of pa-
tients who received no antibiotic
treatment developed bacteremia, al-
though none developed clinical sep-
sis. The organisms isolated included
S epidermidis, Streptococcus species,
and Corynebacterium species, all of
which are normal in mucosal or skin
flora (60). In contrast, no patients
who received antibiotic prophylaxis
had positive blood cultures (60).
Findings from this study suggest
that bacteremia is especially likely
following embolization. Findings
from additional studies support the
use of antibiotic prophylaxis before
embolization. Reed et al (61) re-
ported the results of 494 hepatic che-
moembolization procedures, among
which 14 were performed without
prophylactic antibiotics. One of these
14 cases resulted in fatal sepsis
within 24 hours of intervention
(7,61). In a patient-by-patient analy-
sis of these data, of the 226 patients
who received prophylaxis, six devel-
oped hepatic abscesses but no cases
of fatal sepsis occurred (61). In a sep-
arate clinical series of 410 emboliza-
tion cases (62), eight deaths were re-
ported, of which seven were caused
by infectious complications in pa-
tients who had not received antibi-
otic prophylaxis. Prophylaxis tar-
geted against skin pathogens is
recommended before performing tu-
mor and/or solid organ emboliza-
tion, including the liver, kidney, and
spleen, when there is an intent to
create infarction or a high likelihood
of infarction, as this may result in a
potentially significant volume of ne-
crotic tissue in potentially contami-
nated areas (9,19,60). Routine pro-
phylaxis remains controversial in the
setting of embolization for the pur-
poses of controlling bleeding from a
viscus or solid organ, such as in the
setting of trauma. Depending on the
clinical setting and treatment goals,
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the target organ, and likelihood of
additional pathogens, the antibiotic
regimen should be adjusted accord-
ingly (9).

The IR literature regarding the use
of antibiotic prophylaxis for chemo-
embolization is small. In the absence
of randomized clinical trials, the ef-
fectiveness of prophylaxis in this set-
ting is unproven, although several
clinical series (9,11,12,63-66) have
suggested that major infectious com-
plications may be sustained in this
population. Many operators rou-
tinely administer antibiotic prophy-
laxis for this procedure, including
coverage for skin flora and for Gram-
negative enteric organisms, even
though this practice has not been
prospectively proven to be of benefit
for all patients (9,11,12,61,62-66).
Some practitioners recommend con-
tinued administration of antibiotics
for 3-7 days after chemoemboliza-
tion to cover Gram-negative enteric
pathogens, although this too lacks
prospective validation (9,67). Pa-
tients without an intact sphincter of
Oddi as a result of earlier surgery or
sphincterotomy or biliary drainage
are at increased risk for subsequent
abscess formation (67). The risk of
postembolization infection appears
to be reduced by the performance of
a bowel preparation the night before
treatment and by ensuring coverage
of Gram-positive and Gram-negative
aerobic and anaerobic organisms (eg,
tazobactam/piperacillin). However,
it remains to be seen how high the
infectious risks are, despite adoption
of an aggressive regimen (12).

Even fewer reports exist concern-
ing infectious complications of ra-
dioembolization. There have been in-
dividual reports of hepatic abscess
after yttrium-90 radioembolization,
but ongoing research is needed in
this population to better assess the
risks of infectious complications and
to determine the efficacy of antibiotic
prophylaxis (67-69).

Procedure classification: clean; clean-
contaminated (bilioenteric surgery)

Organisms encountered: S aureus,
Streptococcus species, Corynebac-
terium species with or without en-
teric flora (in cases of earlier
sphincter of Oddi manipulation/
bilioenteric surgery)

Routine prophylaxis recommended:
yes (if intent to create infarc-
tion or high likelihood of solid
organ infarction)

First-choice antibiotic agent: no con-
sensus

Common antibiotic choices: (i) 1.5-3 g
ampicillin/sulbactam IV (hepatic
chemoembolization); (i) 1 g cefa-
zolin and 500 mg metronidazole
IV (hepatic chemoembolization);
(iii) 2 g ampicillin IV and 1.5
mg/kg gentamicin (hepatic che-
moembolization); (iv) 1 g ceftriax-
one IV (hepatic chemoembolization
or renal or splenic emboliza-
tion); (iv) if penicillin-allergic,
vancomycin or clindamycin
plus aminoglycoside

Special considerations: in patients
for hepatic chemoembolization
without an intact sphincter of
Oddi (previous sphincterot-
omy, biliary drainage, history
of bilioenteric anastomosis),
consider tazobactam/piperacil-
lin; also consider bowel prepa-
ration in this population

Level of evidence: 4, 7, 8

Uterine Artery Embolization

Uterine artery embolization (UAE)
has become a desirable alternative to
hysterectomy or myomectomy for the
treatment of symptomatic leiomyomas
(13,70). The risk of infection has been
largely described in the literature as
being low, and is reported to occur in
0.2%-1% of patients (9,13,71,72). How-
ever, several of the reported cases of
fatal sepsis occurring after UAE have
occurred in patients who did not re-
ceive prophylaxis (9,73-75). The most
common organisms causing infection
after UAE are common skin flora
(Staphylococcus or Streptococcus spe-
cies), as is the case for other solid or-
gan embolization. At least one fatal
case of sepsis after UAE has been re-
ported in a patient who developed an
Escherichia coli urinary tract infection
after the procedure and fatal subse-
quent E coli sepsis (9,74).

The role of prophylactic antibiotics
for patients undergoing UAE has been
debated in the literature (13). The joint
working party for the Royal College of
Radiologists and the Royal College of
Obstetricians and Gynecologists in the

United Kingdom has recommended
that prophylactic antibiotic treatment
should not be given at the time of the
embolization as infectious complica-
tions are generally delayed (as long as
2-3 weeks after the procedure) (13,
76,77). In the Ontario Uterine Fibroid
Embolization Trial (77), which in-
cluded 555 patients, antibiotic prophy-
laxis (1 g cefazolin IV) was routinely
administered at four hospitals and re-
served for patients at increased risk of
infection at an additional four hospi-
tals. This trial reported only two infec-
tion-related hysterectomies in 570
UAE procedures, with one occurring
in each cohort (13,77). A retrospective
review by Rajan et al (78) of 410 pa-
tients undergoing UAE was performed to
identify risk factors for the development
of intrauterine infection after UAE (13,78).
Multiple variables were analyzed as pre-
dictors for intrauterine infectious compli-
cations requiring medical and/or sur-
gical therapy, including the use of
preprocedural antibiotics, embolic
agent used, quantity of embolic mate-
rial, location of tumors (eg, submuco-
sal, nonsubmucosal), and size and lo-
cation of the dominant tumor (78).
Intrauterine infectious complications
requiring IV antibiotic therapy and/or
surgery occurred in five patients
(1.2%), with no specific risk factor for
intrauterine infection after UAE iden-
tified (78). Rajan et al (78) concluded
that infection after embolization is rare
(13,78). In contrast to these studies,
there has been a single clinical series
from the United Kingdom (9,79) that
described a 17% readmission rate for
infection after UAE (seven of 42 pa-
tients). There was one infection-re-
lated hysterectomy. Three of the pa-
tients had urinary tract infection, most
likely secondary to bladder catheter-
ization; in the three remaining pa-
tients, no source of infection was iden-
tified (9,79). The antibiotic prophylaxis
regimen used in this clinical series in-
cluded amoxicillin/clavulanate three
times daily and metronidazole twice
daily on the day of the procedure, fol-
lowed by a further 48-hour adminis-
tration of the same antibiotic agent
after the procedure. Patients were ad-
mitted to the hospital for 3 days (79).
This multiple-day, multidrug ap-
proach to prophylaxis is largely the
exception for UAE prophylaxis in the
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IR literature; as in other clinical set-
tings, multidrug regimens and pro-
longed antibiotic administration have
been critiqued for eliminating normal
Gram-positive organisms, thereby al-
lowing Gram-negative organisms to
proliferate (13,80). Notwithstanding
little evidence from randomized con-
trolled clinical trials, most clinical se-
ries reporting on UAE have routinely
administered a single dose of prepro-
cedural antibiotic drugs, with the cur-
rent antibiotic of choice being 1 g of
cefazolin (9). Cefazolin is inexpensive
and has activity against the likely
source of pathogens during solid or-
gan embolization, ie, skin pathogens
(Staphylococcus or Streptococcus spe-
cies), as well as activity against E coli
(9). Other options that have been
described include gentamicin plus
clindamycin, ampicillin, ampicillin/
sulbactam, or vancomycin in the pen-
icillin-allergic patient (9,72,80).

Patients with a history of hydrosal-
pinx may warrant special consideration
before UAE, although there is no pub-
lished consensus regarding which
agents should be used. Practitioners ex-
perienced in performing UAE in pa-
tients with a history of hydrosalpinx rec-
ommend prophylaxis with doxycycline
100 mg twice daily for 7 days before the
procedure (J. Spies, MD, personal com-
munication, October 2009).

Procedure classification: clean; clean-
contaminated

Organisms encountered: S aureus, S
epidermidis, Streptococcus species
with or without E coli

Routine prophylaxis recommended: yes

First-choice antibiotic agent: no
consensus

Common antibiotic choices: (i) 1 g ce-
fazolin IV; (ii) 900 mg clindamy-
cin IV plus 1.5 mg/kg gentami-
cin; (iii) 2 g ampicillin IV;
(iv) 1.5-3 g ampicillin/sulbac-
tam IV; (v) if penicillin-allergic,
can use vancomycin

Special considerations: if history of
hydrosalpinx, 100 mg doxycy-
cline twice daily for 7 days

Level of evidence: 4, 5, 8

Transjugular Intrahepatic
Portosystemic Shunt (TIPS) Creation

As noted by Beddy et al (13), tran-
sjugular intrahepatic portosystemic
shunt (TIPS) creation was originally

used as a bridge to transplantation in
patients with severe complications of
portal hypertension (13). With the in-
troduction of covered stents and their
improved long-term patency, the em-
ployment of TIPS has expanded
(13,81). Two separate infectious com-
plications from TIPS have been de-
scribed: (i) periprocedural sepsis with-
out stent infection and (ii) TIPS stent
infection (9,13).

Periprocedural sepsis has been
described since the early days of
TIPS procedures and has been re-
ported to occur in as many as 17% of
patients (13,82). The causative organ-
isms are usually skin flora (eg, Staph-
ylococcus or Streptococcus species)
(13). Deibert et al (83) studied the
effectiveness of a single dose of a
second-generation cephalosporin to
prevent post-TIPS infection. Patients
who underwent 105 transjugular in-
terventions were randomized to re-
ceive no antibiotic treatment (46 in-
terventions) or 2 g cefotiam (56
interventions), which was adminis-
tered at the beginning of the proce-
dure (9,82). Post-TIPS infection was
defined by an increase in white
blood cell count (>15,000/uL), fever
(>38.5°C), or a positive blood cul-
ture result (83). Patients who did not
receive cefotiam had an infection
rate of 20%, versus an infection rate
of 14% in patients treated with anti-
biotics (83). The difference in infec-
tion rate between the two groups did
not reach statistical significance, sug-
gesting that routine use of prophy-
lactic antibiotics for TIPS creation
may not be of value (9,83). As noted
by Ryan et al (9), the effectiveness of
cefotiam for TIPS prophylaxis may
have been limited by its limited ac-
tivity against enterococcal species. A
more appropriate agent may have
been one with enhanced coverage
against Enterococcus species, which
may have resulted in a different out-
come in this study (9). As patients
undergoing TIPS creation typically
have multisystem disease and do not
tolerate the sequelae of infection,
many interventionalists administer
antibiotic prophylaxis in this setting,
despite a relative lack of evidence
from randomized controlled clinical
trials (8). The survey of IR prophy-

laxis regimens by Dravid et al (8)
reported that a majority of respon-
dents (69%) use antibiotic prophy-
laxis in patients undergoing TIPS
creation; an infection rate of 13% was
reported by respondents in this sur-
vey. The authors concluded that pro-
phylaxis is indicated for TIPS proce-
dures, and suggested a regimen of
cefoxitin 1 g IV every 6 hours for 48
hours (8). As noted by Beddy et al
(13), some interventionalists use
ceftriaxone 1 g IV once daily for 48
hours rather than cefoxitin, given its
enhanced activity against E coli, En-
terobacter species, Gram-negative
bacteria, anaerobes, and enterococci,
and its once-daily dosing regimen.
Ampicillin/sulbactam also has im-
proved coverage against Enterococcus
species and can be used for TIPS pro-
phylaxis (13).

Infection of the TIPS stent itself
been more recently described, re-
portedly occurring in 1.7%-5.1% of
cases (9,82-86). Sanyal et al (82) were
the first to describe the clinical pic-
ture of infection of the TIPS stent.
Their diagnosis was based on the
presence of fever with positive blood
cultures and (i) the presence of stent
thrombus or vegetations or (ii) per-
sistent bacteremia in a patient with a
TIPS and no other detectable source
of infection (9,82). Clinical signs and
symptoms reported in this setting in-
cluded fever, tender hepatomegaly,
hypoxemia, septic pulmonary em-
boli, septic shock, neutrophilia, and
subsequent development of necrotiz-
ing fasciitis (9,82). The causative or-
ganisms included oral and enteric
aerobic Gram-negative bacteria and
Candida species (9). Most patients re-
sponded to antibiotic therapy (9,82).
DeSimone et al (84) studied 99 TIPSs
created during an 8-year period and
identified five patients with no other
alternative source of bacteremia who
were presumed to have TIPS stent infec-
tions. Patients developed bacteremia a
median of 100 days after TIPS place-
ment (range, 6732 d), well beyond the
effective period of antibiotic prophy-
laxis. Bacteremia resolved in all cases
after treatment with IV antibiotic agents
(84). Although acute infection related to
TIPS creation appears to be uncommon,
and the value of prophylactic antibiotic
agents has not been demonstrated via
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randomized clinical trials, most investi-
gators continue to administer antibiotic
prophylaxis to patients before TIPS pro-
cedures (8,9,13).

Procedure classification: clean; clean-
contaminated

Organisms encountered: skin flora
(S epidermidis, S aureus), Coryne-
bacterium species, biliary patho-
gens, enteric Gram-negative rods,
anaerobes, Enterococcus species

Routine prophylaxis recommended: yes

First-choice antibiotic agent: no
consensus

Common antibiotic choices: (i) 1 g
ceftriaxone IV or (ii) 1.5-3 g am-
picillin/sulbactam IV; (iii) if
penicillin-allergic, can use van-
comycin or clindamycin and
aminoglycoside

Level of evidence: 2, 4, 5

NONVASCULAR
INTERVENTIONS

Fluoroscopically Guided
Gastrostomy and Gastrojejunostomy
Tube Placement

Fluoroscopically guided percutane-
ous radiologic gastrostomy was first de-
scribed in 1981 (14,85). Since that time,
technical modifications have been
made, including use of larger-bore tubes
(20-24 F vs initial use of 9-16 F tubes)
and the introduction of gastropexy de-
vices in 1986 (13,14,86). At present, the
two most common methods of gastros-
tomy tube placement are the “push”
method, which involves percutaneous
introducer technique through the ante-
rior abdominal wall, and the more com-
monly performed “pull” method, which
traverses the oropharynx. Infectious
complications of gastrostomy tube
placement are most commonly peris-
tomal infections. The pull placement
technique has been associated with a
high incidence of peristomal infectious
complications (4%-30%), resulting in
recommendations for routine prophy-
lactic antibiotics for this procedure (87—
89). A prospective, randomized trial
of prophylactic antibiotic agents (90)
showed that cefazolin (1 g IV) reduced
the rate of infection from 28.6% to 7.4%
in the setting of endoscopically placed
(ie, pull-type) gastrostomy tubes. Of in-
terest, an increasing incidence of antibi-

otic-resistant peristomal infections has
been described, most commonly methi-
cillin-resistant S aureus, attributed to na-
sopharyngeal colonization, which trav-
els along the pull-type percutaneous
endoscopic gastrostomy to the peris-
tomal wound during gastrostomy
placement (91-94). In principle, the per-
cutaneous push technique avoids tube
passage through the oropharynx and
thereby prevents the deposition of mi-
croorganisms at the peristomal site.
However, there are some data to sug-
gest that, in head and neck cancer, there
is an increased risk of peristomal infec-
tion and susceptibility to gastrostomy
site infections irrespective of whether
bacteria are introduced through the
transoral or transesophageal route
(14,95). Cantwell et al (14) described a
15% rate of peristomal infection in a se-
ries of 57 patients with head and neck
cancer undergoing percutaneous gas-
trostomy (n = 53) or gastrojejunostomy
(n = 4) tube placement (via the push or
introducer technique). All instances of
peristomal infection occurred in patients
who had not received antibiotic prophy-
laxis (n = 20). Patients receiving pro-
phylaxis (n = 37) were administered 1 g
cefazolin IV and twice-daily cephalexin
500 mg for 5 days orally or via gastros-
tomy (n = 35), or clindamycin 600 mg
IV and 600 mg twice daily orally or via
gastrostomy for 5 days (n = 2) (14). De-
spite these findings, there remains con-
troversy with regard to prophylaxis for
push (ie, introducer) gastrostomy place-
ment, as additional published data sug-
gest no added benefit to antibiotic pro-
phylaxis in this setting (95). Shastri et al
(96) performed a prospective random-
ized double-blind placebo controlled
trial in which 97 patients undergoing
introducer percutaneous endoscopic
gastrostomy placement for malignant
oropharyngeal cancers were random-
ized to receive placebo or prophylaxis (2
g ceftriaxone IV). Infection rates were
low in both groups, with clinically sig-
nificant wound infection observed in
one patient in each group during the
immediate 7-day postprocedure fol-
low-up (96).

Procedure classification: clean-con-
taminated.

Organisms encountered: skin flora (S epi-
dermidis, S aureus), Corynebacterium
species

Routine prophylaxis recommended: for
pull technique, yes; for push tech-
nique, no consensus

First-choice antibiotic agent: pull tech-
nique, 1 g cefazolin IV

Special considerations: (i) second-genera-
tion cephalosporin (head /neck can-
cer); (ii) second-generation cephalo-
sporin followed by an oral course
of a first-generation cephalosporin
(head/neck cancer); (iii) if penicil-
lin-allergic, can use vancomycin or
clindamycin

Level of evidence: 2, 3, 5

LIVER AND BILIARY
INTERVENTIONS

Biliary Drainage

The normal unobstructed biliary
tree typically conta