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ABSTRACT

Antibiotics are among the most common pharmaceutical agents used by the
interventional radiologist. This article updates some of the practical aspects of the use of
antibiotics in interventional radiological practice and provides some general guidelines with
respect to indications for and selection of antibiotics. In particular, the objectives of this
article are to review the basic pharmacology of the common antibiotic agents, the
interventional radiological procedures in which prophylactic antibiotics are usually admi-
nistered, the specific antimicrobial agents recommended for prophylaxis before
common interventional radiological procedures, the appropriate antibiotics for patients
allergic to penicillins, and the indications for antibiotic prophylaxis to prevent bacterial

endocarditis.
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Objectives: Upon completion of this article, the reader will understand (1) the specific prophylactic antibiotics recommended for
common interventional radiological procedures, (2) which antibiotics are appropriate for patients allergic to penicillin, and (3) which
patients and procedures require antibiotic prophylaxis to prevent bacterial endocarditis.
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Antibiotics are among the most common phar-
maceutical agents used by the interventional radiologist.
These agents are used prophylactically to prevent infec-
tion of an uninfected space as well as to minimize
problems associated with septicemia when catheter
manipulations are performed within infected fluid
collections. Although the administration of antibiotic
agents in many interventional radiologic procedures is
appropriate and mandated by the standard of care,
scientific evidence of the effectiveness of these drugs in
specific interventional radiological procedures is lim-
ited.! This article updates some of the practical aspects

of the use of antibiotics in interventional radiological
practice and provides some general guidelines with re-
spect to indications for and selection of antibiotics.
The objectives of this article are to review (1) the
basic pharmacology of the common antibiotic agents, (2)
the interventional radiological procedures in which pro-
phylactic antibiotics are usually administered, (3) the
specific antimicrobial agents recommended for prophy-
laxis before common interventional radiological proce-
dures, (4) the appropriate antibiotics for patients allergic
to penicillins, and (5) the indications for antibiotic
prophylaxis to prevent bacterial endocarditis.
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ANTIBIOTIC AGENTS

Antibiotics, as a rule, demonstrate a high degree of
“selective toxicity” by being lethal to bacteria and harm-
less to the patient. To this end, antibiotics take advan-
tage of differences between the bacterial and human
cells. There are at least four mechanisms of action that
account for this selective toxicity:

1. Inhibition of cell wall synthesis (penicillins, cepha-
losporins, and vancomycin)

2. Alteration of permeability of the cell membrane
(amphotericin, polymyxin, and daptomycin)

3. Alteration or prevention of bacterial protein synthesis
(aminoglycosides, macrolides, tetracyclines, and line-
zolid)

4. Prevention of bacterial nucleic acid synthesis (sulfo-
namides and quinolones)

Interventional radiologists use a limited number
of these agents, with the most common being penicillins,
cephalosporins, vancomycin, aminoglycosides, and
quinolones.

Penicillins
Penicillins are among the most effective and least toxic
antibiotics available. Resistance to these bactericidal
antibiotics is generally due to bacterial production of
penicillin-binding proteins and B-lactamases or a reduc-
tion in the permeability of the bacterial outer membrane.
Because they are eliminated largely by the kidneys,
dosages must be adjusted in patients with renal insuffi-
ciency. Hypersensitivity reactions are the most common
side effects of penicillins, and their common immuno-
genicity precludes persons known to be allergic to
one penicillin from being safely administered another.
However, in the absence of an alternative, patients can be
desensitized. >

The use of the natural penicillins, penicillin G and
V, for interventional radiological procedures remains
infrequent, but they are still used clinically for specific
gram-positive bacterial infections (susceptible pneumo-

Table 1 Four Generations of Cephalosporins

cocdi, streptococci, and meningococci). The aminopeni-
cillins, ampicillin and amoxicillin, are active against most
strains of Proteus mirabilis, Listeria, pneumococci, and
non—fP-lactamase producing strains of Haemophilus
influenzae. They are also more active against many
community-acquired enterococci. Ticarcillin, a carbox-
ypenicillin, has more activity against Pseudomonas,
Serratia, and Proteus. The acylureido-penicillins, mezlo-
cillin and piperacillin, extend the coverage of gram-
negative organisms to Klebsiella.

There are two solutions to counteract the resis-
tance conferred by B-lactamases. The first is to combine
penicillins with B-lactamase inhibitors. Such combina-
tions include amoxicillin—clavulanic acid (Augmentin),
ticarcillin—clavulanic  acid  (Timentin), ampicillin-
sulbactam  (Unasyn), and piperacillin-tazobactam
(Zosyn). With the exception of Augmentin, which is
usually reserved for refractory cases of sinusitis and
otitis and for animal and human bites, the combination
drugs are used to treat polymicrobial infections,
such as peritonitis, with Zosyn having the broadest
spectrum of activity. The second means to counteract
resistance is through B-lactamase—resistant penicillins,
methicillin, oxacillin, cloxacillin, dicloxacillin, and
nafcillin. The use of these drugs is limited to the
treatment of infections with B-lactamase—producing
staphylococci.

Cephalosporins

Chemically, cephalosporins are similar to penicillins in
that they share a B-lactam ring. The mechanism of
action (cell wall inhibition) and mechanisms of bacterial
resistance are also similar to those of penicillins. Further-
more, 10% of patients with allergies to one group show
cross-reactivity to the other group. Cephalosporins
are active against gram-negative and gram-positive
bacteria, with the exception of enterococci and methi-
cillin-resistant  staphylococci, which are uniformly
resistant to all cephalosporins. Cephalosporins are sub-
divided into four generations by their antibacterial

activity (Table 1).

Generation Examples Activity Miscellaneous
First Cefazolin, cephalexin Aerobic gram-positive bacteria, some Least expensive
community-acquired gram negative
Second Cefoxitin, cefuroxime, Extended activity against gram negative. Decreased activity against gram
cefotetan, cefaclor Cefoxitin has substantial activity against positives
anaerobes
Third Cefotaxime, ceftazidime, Most gram-negative bacteria, except Ceftriaxone has biliary excretion and is
ceftriaxone, ceftizoxime Enterobacter and Citrobacter commonly used in biliary prophylaxis
Fourth Cefepime Like third generation with added stability Does not induce B-lactamase capacity

against plasmid-borne B-lactamases
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Vancomyecin

Vancomyecin is structurally unrelated to the other anti-
biotics. Although its mechanism of activity is cell wall
inhibition, the precise molecular mechanism differs from
that of penicillins and cephalosporins. It is active against
gram-positive organisms including enterococci. There is
no allergic cross-reactivity with penicillins and cepha-
losporins. Therefore, it is an alternative agent for pa-
tients with serious penicillin allergies. The disadvantages
of the use of vancomycin include the need to infuse it
slowly over 45 minutes to 1 hour to avoid side effects
such as fevers, chills, diffuse erythema (the so-called red-
man syndrome, which can also be avoided by pretreating
with an antihistamine), and thrombophlebitis. Ototoxi-
city and nephrotoxicity can also be encountered with
vancomycin, especially when administered concomi-
tantly with aminoglycosides. Moreover, indiscriminate
use is leading to the emergence of resistant gram-positive

bacteria, for which few therapeutic alternatives may be
available.*®

Aminoglycosides

Aminoglycosides inhibit protein synthesis and subse-
quently lead to altered permeability of cell membranes.
This group includes gentamicin, tobramycin, and
amikacin. These agents have potent activity against
enteric gram-negative organisms. They are also used in
combination with other agents to treat selected Szaphy-
Jococcus and Enterococcus infections. They have negligible
activity against other gram-positive and anaerobic
organisms. The major disadvantage of these agents
is nephrotoxicity and ototoxicity. Fortunately, these
complications are almost never encountered when these
agents are used for single-dose prophylaxis. Aminogly-
cosides are excreted almost entirely by glomerular filtra-
tion and thus can accumulate in patients with renal
insufficiency. This is also the reason that they are the
agent of choice for patients undergoing urinary tract
interventions, particularly patients with significant pe-
nicillin allergies.

Quinolones

Quinolones, including ciprofloxacin, norfloxacin, and
levofloxacin, have a very broad spectrum of activity.
Their mechanism of activity is prevention of bacterial
nucleic acid synthesis. Quinolones are safe, and although
nausea and vomiting are seen in up to 5% of patients,
significant toxicity is unusual. Nevertheless, their broad
spectrum of activity against both gram-positive and
gram-negative organisms makes them suitable for poly-
microbial prophylaxis in patients with penicillin allergy.
However, quinolones are quite expensive and provide
overly broad coverage for routine prophylaxis.

New Drugs

Oxazolidinones comprise a new class of drugs repre-
sented by linezolid, the first approved example.6’7 Line-
zolid is primarily active against aerobic gram-positive
bacteria. It is approved for use in infections caused by
penicillin-resistant pneumococci, methicillin-resistant
staphylococci, and vancomycin-resistant enterococci.
Its oral bioavailability nearly matches its intravenous
(IV) availability, and it is eliminated primarily by
nonrenal mechanisms.

Cyclic lipopeptides, the first approved example of
which is daptomycin,8 bind bacterial membranes and
cause a rapid depolarization of membrane potential,
leading to cell death. Daptomycin is highly active against
aerobic gram-positive bacteria. As an IV agent, it has
been approved for the treatment of complicated skin and
skin structure infections cause by staphylococci, strepto-
cocci, and enterococci. Although its efficacy in the
treatment of bacteremia is still under investigation,
further clinical experience is likely to expand its role in
the treatment of resistant gram-positive organisms.

Although streptogramins are similar in chemical
structure and mechanism of antibacterial action to
macrolides, the two groups do not share cross-resistance.
The combination drug quinupristin and dalfopristin
is currently available as an IV agent most useful in
the treatment of resistant gram-positive infections,
such as those due to streptococci, staphylococci, and
enterococci.”

ANTIBIOTIC PROPHYLAXIS

Antibiotics are administered either to prevent a clinical
infection from developing (antibiotic prophylaxis) or to
treat an existing infection (antibiotic therapy). Although
interventional radiologists commonly encounter patients
undergoing antibiotic therapy, the selection of agents
has often been made solely by or in conjunction
with the referring clinician. On the other hand, the
decision to administer, as well as the selection of,
prophylactic antibiotics is usually made by the interven-
tional radiologist.

Spies et al'® and McDermott et al'’ previously
published recommendations for the use of prophylactic
antibiotics in interventional radiological procedures.
These recommendations were based upon the assump-
tion that antibiotic coverage should parallel recom-
mendations for open surgical procedures. Antibiotic
prophylaxis for open surgical procedures is usually
done in accordance with the recommendations of the
National Academy of Sciences/National Research
Council (NAS/NRC).}? The NAS/NRC classified
procedures into the following four categories: clean,
clean-contaminated, contaminated, and dirty. Clean
procedures are those in which spaces potentially contain-
ing bacteria (gastrointestinal, biliary, genitourinary, and
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respiratory tracts as well as inflamed or infected tissue)
are not entered. If a noninflamed space containing
bacteria is entered, the procedure is considered clean-
contaminated. A contaminated procedure indicates that a
space containing inflammation is entered, and the clas-
sification dirzy is applied when pus or free spillage of
contaminated material occurs.

On the face of it, using NAS/NRC guidelines
appears to be a rational strategy. However, it should be
noted that the infectious risks of open surgical proce-
dures differ considerably from those of interventional
radiologic procedures. Specifically, surgical prophylaxis
is directed at preventing infection of the wound by
infected fluid or skin organisms. In contrast, the small
incision made during percutaneous drainage procedures
seldom serves as a site for a clinically important infection.
The risk of percutaneous drainage procedures is that
infected fluid under pressure may be entered with a
needle or catheter, or both, creating a potential commu-
nication with the infected contents and the bloodstream.
In these procedures, prophylactic antibiotics are in-
tended to diminish the impact of bacteria that leak
into the bloodstream. Therefore, data from studies of
surgical wound prophylaxis may not be applicable to
interventional radiological procedures performed on the
same organ.

Currently, antibiotic prophylaxis is recommended
for interventional radiological procedures that are not
classified as clean. The selected antibiotic is based on
efficacy against likely organisms, toxicity, and cost. The
use of prophylactic antibiotics with an extremely broad
spectrum of coverage is discouraged as this strategy
potentially promotes cultivation of resistant organ-
isms.>* Moreover, the emergence of drug-resistant
enterococci has focused attention on the indiscriminate
use of vancomycin as a prophylactic agent.15

Although the administration of prophylactic anti-
biotics before the performance of interventional radio-
logical procedures is an extremely common clinical
practice, until recently, scientific evaluation was limited.
However, as more attention has been focused in this
area, some evidence regarding the efficacy of prophylac-
tic antibiotics has accumulated. The following evidence
has been presented for the common interventional radi-
ologic procedures.

Nonvascular Interventions

PERCUTANEOUS NEPHROSTOMY

Cronan et al*® conducted a trial to evaluate the necessity
of giving antibiotics before routine nephrostomy tube
changes. In this prospective trial, 104 nephrostomy tube
changes were performed in 74 patients and an 11%
overall incidence of bacteremia was detected. The in-
cidence of bacteremia was nearly identical in the group

receiving preprocedural antibiotics and the group who
did not receive any antibiotics. The authors concluded
that preprocedural antibiotics were of no benefit for
asymptomatic patients undergoing routine nephrostomy
tube changes.

A similar evaluation has not been performed for
the initial percutaneous nephrostomy procedure, and the
majority of interventional radiologists administer IV
antibiotics prior to placing a urinary drainage tube.!
With that in mind, Christiano et al'’ showed that
ciprofloxacin is equivalent to cefazolin in preventing
postoperative urinary tract infection. As mentioned pre-
viously, however, ciprofloxacin is more expensive and
potentially provides a broader spectrum than desirable

for prophylaxis.

PERCUTANEOUS BILIARY INTERVENTIONS

With regard to the biliary tract, Clark et al'® reported a
retrospective review of 388 interventional biliary tract
procedures. In this series, seven patients developed
bacteremia. Five of these seven (71%) had received
antibiotics; in two cases, the organisms were sensitive
to the antibiotics that were given. Brody et alt? prospec-
tively evaluated the presence of bacteria in the bile of
patients undergoing percutaneous drainage for biliary
obstruction. These investigators concluded that fever,
previous endoscopic or percutaneous biliary instrumen-
tation, and bilioenteric anastomoses were significant
predictors of a positive bile culture. Moreover, entero-
cocci were the most commonly isolated organisms.
Because of the frequency of enterococcus isolates from
obstructed bile, ampicillin and synthetic penicillins
(including piperacillin and mezlocillin) with activity
against these organisms have theoretical advantages
over cephalosporins for biliary prophylaxis. Nevertheless,
the only studies evaluating the utility of prophylaxis use
cephalosporins as the standard antibiotic, with cipro-
floxacin as an equally effective substitute.”** Indeed,
in one case, antibiotic testing of biliary cultures
demonstrated the susceptibility of those organisms to
ﬂuoroquinolones.24 The overwhelming majority of
interventional radiologists administer IV antibiotics
before biliary procedures.’

RADIOFREQUENCY ABLATION

No scientific evidence is available to guide decision
making with regard to prophylactic antibiotics prior
to radiofrequency ablation. However, because there is
a potentially significant volume of necrotic tissue in
potentially contaminated areas (liver, lung, kidney),
most investigators consider some type of antibiotic
prophylaxis appropriate with coverage of both gram-
negative and gram-positive organisms. Either a
semisynthetic penicillin derivative or a second- or
third-generation cephalosporin would appear most
appropriate.25
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PERCUTANEOUS GASTROSTOMY

New studies also show the utility of antibiotic prophy-
laxis in percutaneous gastrostomy placement. These
studies show that a single dose of a broad-spectrum
antibiotic such as cefazolin is effective in reducing post-
operative wound infection.”*™’

Antibiotics are also given to the majority of
patients undergoing drainage of potentially infected fluid
collections. However, in this population of patients,
the antibiotics are considered therapeutic rather than
prophylactic.

Vascular Interventions

TRANSJUGULAR INTRAHEPATIC

PORTOSYSTEMIC SHUNTS

Deibert et al*° conducted a randomized prospective trial
to assess the need for antibiotic prophylaxis before a
transjugular intrahepatic portosystemic shunt (TIPS).
They found that a single dose of prophylactic cefotiam
did not prevent post-TIPS infection. However, this
second-generation cephalosporin may not possess the
ideal spectrum to cover the organisms normally asso-
ciated with these infections (staphylococci, enterococci,

and Klebsiella).

HEPATIC CHEMOEMBOLIZATION

In a retrospective analysis of 494 hepatic chemoemboli-
zation procedures, Reed et al®! concluded that pro-
phylactic antibiotics decreased the incidence of
postprocedural hepatic abscess formation. However,
the statistical significance of this conclusion was dis-
puted because only one of nine patients who did not
receive prophylactic antibiotics developed an infectious
complication. In a small prospective study, Geschwind
et al*? compared cephalexin with the combined use of
piperacillin-tazobactam and a bowel preparation in
high-risk patients with a history of biliary reconstructive
surgery. Whereas every patient in the first group devel-
oped hepatic abscesses and had to be subsequently
treated, none of the patients in the second group devel-
oped hepatic abscesses following chemoembolization of
the liver.

UTERINE FIBROID EMBOLIZATION

No controlled randomized trials are available to guide
the application of antibiotics in uterine fibroid emboli-
zation (UFE). Many practitioners use prophylactic anti-
biotics 1routinely.3‘3’3‘4 In the Ontario Uterine Fibroid
Embolization Trial>> routine antibiotic prophylaxis
with cefazolin 1 g IV was used at four hospitals and no
prophylaxis at four additional hospitals. One post-UFE
infection requiring hysterectomy was noted in each
group. Other inv«s:stigators3‘6 have used a prophylaxis
regimen tailored after traditional gynecologic surgical

procedures using either doxycycline or metronidazole
and ampicillin. Although no evidence-based recommen-
dations can be made, it would seem that most practi-
tioners use antibiotic prophylaxis in conjunction with

UFE.

CENTRAL VENOUS ACCESS

Currently, the Centers for Disease Control and Preven-
tion (CDC) recommend no prophylactic antibiotics for
central venous access procedures.’” Controversy dogged
this issue partly because of inconsistent reporting, with
infectious complications being variously tabulated as the
percentage of patients with fevers, frequency of catheter
removal for persistent fever, documented catheter colo-
nization, number of tunnel infections, as well as the
percentage of exit site infections. Other strategies have
been to report infections per access days, life table
analysis of catheter dwell time, number of infections
within the first month, and duration of time until the
first infection. Investigators should be encouraged to
perform the prospective series that report the number
of infections per catheter days, allowing a more reliable
comparison between series. In light of these limitations,
it is not surprising that conflicting data exist regarding
the usefulness of prophylactic antibiotics in preventing
infections in patients undergoing central venous access
procedures.

Proponents of antibiotic prophylaxis when plac-
ing central venous access catheters or subcutaneous
ports are supported by several articles*®™! in which the
incidence of infection was significantly less in patients
who received preprocedural antistaphylococcal agents,
especially pediatric patients42 (Table 2).

However, opponents of this strategy point to
three randomized, prospective, controlled trials*™* in
which prophylactic antibiotics did not diminish the
incidence of subsequent infections (Table 3).

Data from the interventional radiological litera-
ture (Table 4) are limited but do not support conclusively
the application of routine antibiotic prophylaxis during
placement of central venous catheters. Data from place-
ment of tunneled hemodialysis catheters*®*” reveal a
similar infection rate despite inconsistent administration

Table 2 Infection Rate during Central Venous Catheter
Insertion with and without Antibiotic Prophylaxis at the
Time of Insertion

Infections Infections

without with
Series n Prophylaxis Prophylaxis
Vassilomanolakis et al®®* 46 6/11 (55%)  4/35 (11%)
Lim et al®*® 44 9/21(43%)  4/23(17%)
Al-Sibai et al*® 160  50/90 (65%)  12/70 (17%)
Bock et al*' 125 8/81(10%)  0/44 (0%)
Shaul et al*? 159  28/34 (82%) 25/72 (35%)
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Table 3 Randomized, Prospective Studies of Infection
Rate during Central Venous Catheter Insertion with and
without Antibiotic Prophylaxis at the Time of Insertion

Infections Infections
without with
Series n Prophylaxis Prophylaxis
Ranson et al*® 72 9/36 (25%) 9/36 (25%)
McKee et al** 53 10/29 (34%) 7124 (29%)
Ljungman et al*® 62 11/30 (37%) 15/32 (47%)

of prophylactic antibiotics. However, a reported series
of chest wall ports placed by interventional radio-
logists48 documents a low (5.5%) infection rate when
most patients receive prophylactic antistaphylococcal
agents. This strategy appears reasonable when a
device is implanted, particularly if the patient is
immunocompromised.

Another important in preventing
catheter infections is the use of the antibiotic flush-
lock technique to decontaminate the hub and prevent
spread of bacteria into the catheter lumen. There is
evidence that the use of several agents in the flush in-
cluding vancomycin, ciprofloxacin, and minocycline‘w_52
reduces catheter infections. Antibiotic-impregnated
catheters also promise to be useful in reducing cathe-
ter-related infections.”>* However, the CDC does not
recommend routine use of antibiotic lock solutions to
prevent infection except in special circumstances, such as
patients with a history of multiple infections despite
optimal maximal adherence to aseptic technique.’’

measurc

ARTERIAL STENTS

Although it has been suggested that prophylactic anti-
biotics should be given during placement of an intra-
arterial stent,”>>® few cases of stent infection have been
reported. These infections have been reported with
stents inserted into the iliac, renal, and coronary circula-
tion. Most reported stent infections have occurred with
the Palmaz device, probably reflecting the frequency
with which this stent is used. A single infection has
been reported with a Wallstent used in conjunction
with a Palmaz stent. Considering the frequency with
which these stents are used, the incidence of infection
appears extremely low, making routine administration
of antibiotic prophylaxis for arterial stent placement
unjustified.

Table 4 Infection Rate during Tunneled Dialysis
Catheter Insertion in Interventional Radiology with
and without Antibiotic Prophylaxis

Series n Antibiotic Infection Rate*
Lund et al*® 237 Cefoxitin 14%
Trerotola et al*’ 299 None 14%

*The studies encountered identical infection rates.

ARTERIAL STENT GRAFTS

Because of the presence of prosthetic fabric, it is safe
to assume that stent grafts have a greater chance of
being infected than bare metal stents. Therefore, pro-
phylactic antibiotics are used routinely prior to place-
ment of an aortic endograft in many centers.”” Despite
the lack of a controlled trial, the potential mortality of an
aortic endograft infection®® clearly justifies the adminis-
tration of prophylactic antibiotics. As the most likely
organisms are principally staphylococcal species, cefazo-
lin 1 g IV prior to the procedure would appear to be
reasonable.

RECONIMENDATIONS FOR

ANTIBIOTIC PROPHYLAXIS

The following recommendations for antibiotic prophy-
laxis (Table 5) are meant solely as general guidelines.
Practitioners should modify these guidelines in accor-
dance with the clinical circumstances of the individual
patient and site-specific flora, which differs from hospi-
tal to hospital. In many situations, not administering a
prophylactic antibiotic or substituting another agent may
be more clinically appropriate. First-generation cepha-
losporins are recommended on the basis of spectrum,
toxicity, and cost. Other cephalosporins (second and
third generation) should be substituted if indicated by
the site-specific flora and have been recommended
by McDermott et al.™ All antibiotics should be admi-
nistered to the patient parenterally, as a single dose,
immediately prior to the procedure.

If a patient reports a penicillin allergy, the 5-15%
cross-reactivity with cephalosporins should be consid-
ered.”” If a penicillin allergy is a maculopapular
rash, the cephalosporin can usually be administered
without significant risk and discontinued if the patient
develops an allergic response. If the penicillin
allergy suggests an anaphylactoid reaction (urticaria or
respiratory compromise), an agent other than a cepha-
losporin should be given to the patient as described
subsequently.

Antibiotic Prophylaxis for

Bacterial Endocarditis

The question of which patients to give antibiotic pro-
phylaxis to prevent bacterial endocarditis is also an issue
for interventional radiologists. In 1984, the American
Heart Association (AHA) presented recommendations
for endocarditis prophylaxis, which were updated in
1990°° and in 1997.°! The following is a summary of
those recommendations.

Bacterial endocarditis prophylaxis is indicated
for all invasive procedures that fall into the clean-
contaminated, contaminated, or dirty classification in
patients who have the conditions listed in Table 6.
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Table 5 Recommendations for Administration of Prophylactic Antibiotics for Routine Interventional Radiologic

Procedures
Procedure Organisms Agent Dose
Vascular procedures including diagnostic None None
angiography, angioplasty, atherectomy,
stent placement, and caval filter placement (clean)
Arterial stent graft placement (aortic, iliac, superficial femoral) Staphylococcus Cefazolin 1glV
Chemoembolization of the liver or embolization at Escherichia coli Ampicillin and 2glV
other sites intended to produce necrosis (clean, Klebsiella gentamicin 1.5 mg/kg
but results in necrotic tissue that may Enterobacter \%
become infected) Enterococcus
Clostridium
Uterine artery embolization E. coli Cefazolin or ampicillin Tglv
Klebsiella 291V
Enterobacter
Enterococcus
Subcutaneous venous access ports, immunocompetent None None
patients (clean, but foreign body inserted in area of
subcutaneous dissection)
Subcutaneous venous access ports, immunocompromised Staphylococcus Cefazolin 1glVv
patients (clean, but foreign body inserted in area of
subcutaneous dissection)
Transhepatic cholangiography and percutaneous biliary Klebsiella Ceftriaxone Tglv
drainage (clean or clean-contaminated), no evidence Enterobacter
of biliary infection and no prior surgery or instrumentation E. coli
Transhepatic cholangiography and percutaneous biliary Klebsiella Piperacillin-tazobactam or Depends
drainage (clean or clean-contaminated), prior bilioenteric Enterobacter ticarcillin—clavulanic on agent
anastomosis or instrumentation E. coli acid or ampicillin-sulbactam
Enterococcus
Biliary tube replacement (clean-contaminated) Klebsiella Ceftriaxone or Depends
Enterobacter piperacillin-tazobactam or on agent
E. coli ticarcillin—clavulanic acid or
Enterococcus ampicillin-sulbactam
Radiofrequency ablation of liver tumor Klebsiella Ceftriaxone or Depends
Enterobacter piperacillin-tazobactam or on agent
E. coli ticarcillin—clavulanic acid or
Enterococcus ampicillin-sulbactam
Percutaneous gastrostomy (clean-contaminated) None Cefazolin 1glVv
Antegrade pyelography and percutaneous nephrostomy None Cefazolin Tglv
(clean or clean-contaminated)
Nephrostomy tube change (clean-contaminated) E. coli None
P. mirabilis
Enterococcus
Pseudomonas
Abdominal fluid aspiration of uninfected ascites, None None

lymphocele or simple hepatic or renal cyst (clean)

Bacterial endocarditis prophylaxis is not indicated
for invasive procedures in patients with the conditions
listed in Table 7.

The recommended regimen for endocarditis
prophylaxis for patients undergoing procedures in the
genitourinary system, gastrointestinal tract, biliary
tract peritoneal cavity, or potentially contaminated

spaces in the retroperitoneum is listed in Table 8.
For patients with significant allergy to penicillin, vanco-
mycin, 1 g IV (to be infused over 1 hour), is substituted
for ampicillin. In addition, rather than giving the
oral dose of amoxicillin 6 hours later, the vancomycin
and gentamicin may be repeated 8 hours after the initial
dose.
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Table 6 Cardiac Conditions Requiring Antibiotic
Prophylaxis to Prevent Bacterial Endocarditis when
Performing Any “Nonclean” Interventional Radiologic
Procedure

Prosthetic cardiac valves, including bioprosthetic and
homograft valves

Previous bacterial endocarditis, even in the absence of heart
disease

Most congenital cardiac malformations

Surgically constructed systemic pulmonary shunts or conduits

Rheumatic and other acquired valvular dysfunction, even after
valvular surgery

Hypertrophic cardiomyopathy

Mitral valve prolapse with valvular regurgitation and/or
thickened leaflets

Adapted from Dajani et al.®’

Bacterial endocarditis prophylaxis is not recom-
mended for patients undergoing cardiac catheterization.
Although not addressed specifically by the AHA, by
inference, prophylaxis would appear unnecessary for
diagnostic angiographic procedures. However, if a diag-
nostic or therapeutic vascular procedure is anticipated to
be prolonged, increasing the possibility of breaks in
sterile technique, it may be prudent clinically to consider
the administration of bacterial endocarditis prophylaxis.

Other situations in which the administration of
endocarditis prophylaxis is unclear include tube cholan-
giography and liver and lung biopsy. Considering the
frequency of enterococcal colonization of bile, prophy-
laxis would appear wise before cholangiography. The
necessity of administering prophylaxis before fine-needle
biopsy is less clear. However, if there was a concern by
either the physician or the patient, the most prudent
strategy would be to administer the prophylactic agents
before the procedure is performed.

SPECIAL CONSIDERATIONS
Although in most patients the selection of which anti-
biotic to administer is not difficult, there are several

Table 7 Cardiac Conditions Not Requiring Antibiotic
Prophylaxis against Bacterial Endocarditis

Isolated secundum atrial septal defect

Surgical repair, without residual beyond 6 months, of atrial septal
defect, ventricular septal defect, or patent ductus arteriosus

Previous coronary artery bypass graft surgery

Mitral valve prolapse without valvular regurgitation

Physiologic, functional, or innocent heart murmurs

Previous Kawasaki disease without valvular dysfunction

Previous rheumatic fever without valvular dysfunction

Cardiac pacemakers and implanted defibrillators

Adapted from Dajani et al.®!

clinical situations in which the decision is influenced by
specific clinical issues. These clinical issues include the
presence of penicillin allergy, acute or chronic renal
failure, and hepatic failure.

Penicillin Allergy

Although penicillins are not administered typically as
prophylaxis or therapy related to interventional radiolo-
gical procedures, the 10% cross-reactivity with cepha-
losporins is commonly of concern. Usually, if a patient
claims to have an allergy to penicillins, as up to 10% of
patients do,*? penicillin or its derivatives are not admi-
nistered. The decision to administer a cephalosporin in
this circumstance generally depends on the nature of the
penicillin allergy.63

If a patient describes a true anaphylactic reaction
with respiratory or circulatory compromise, cephalos-
porins should not be administered and an alternative
agent should be selected. If coverage of gram-positive
cocci is desired, either vancomycin, 500 mg IV over
45 minutes, or clindamycin, 300 mg IV over 15 minutes,
should be used. Because of the overuse of vancomycin
and the emergence of resistant organisms, clindamycin
may be a better choice for gram-positive coverage. If
gram-negative coverage is desired, an aminoglycoside
should be selected.

If the nature of the penicillin allergy is a rash,
cephalosporins generally can be given without adverse
reaction.®* A more common problem is that patients
cannot remember the nature of their allergy.65 However,
if the reaction was anaphylactic in nature and the patient
was an adolescent or an adult, the patient can usually
describe the experience.

Renal Failure

Because many antibiotics are excreted by the kidneys and
many are also nephrotoxic, questions often emerge as
to the appropriate antibiotic for patients in acute or
chronic renal failure. Moreover, it is extremely important
to investigate which agents have been administered
recently to avoid giving additional and potentially
toxic agents when adequate blood levels of previously
administered agents may be present. Agents removed
by dialysis include cephalosporins, most penicillins, ami-
noglycosides, and metronidazole. Agents not removed
by dialysis include vancomycin, mezlocillin, nafcillin,
and clindamycin.

If no antibiotic agents have been given previously,
it is safe to give a single dose in the normal amount of
any antibiotic agent. Despite the nephrotoxicity of many
antibiotics, the adverse effect is from an accumulation
of the drug. A single dose is virtually always safe to
give, including aminoglycosides and vancomycin. If
additional doses are required, these doses are given at a
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Table 8 Standard Bacterial Endocarditis Prophylactic Regimen

Situation Time Agent Regimen
Standard general Within 1 hour before the procedure ~ Amoxicillin Adult: 2.0 g IV (30-minute infusion)
prophylaxis Pediatric: 50 mg/kg IV (30-minute infusion)
then Gentamicin Adult: 1.5 mg/kg IV (30-minute infusion) or IM
Pediatric: 2 mg/kg (<80 mg) IV (30-minute infusion)
<6 hours later Amoxicillin Adult: 1 g PO
Pediatric: 25 mg/kg PO
Allergic to penicillin - Within 1 hour before the procedure  Vancomycin Adult: 1.0 g IV (60-minute infusion)
Pediatric: 20 mg/kg IV (60-minute infusion) (<1 g)
then Gentamicin Adult: 1.5 mg/kg IV (30-minute infusion) or IM

<6 hours later

Pediatric: 2 mg/kg (<80 mg) IV (30-minute infusion)

No second dose

IM, intramuscular; IV, intravenous; PO, by mouth.
Adapted from Dajani et al.®!

more delayed interval depending on the level of renal
impairment.

As an alternative strategy, if prolonged antibiotic
therapy is anticipated, a reduced dose may be adminis-
tered at the usual dosing interval. However, in this
situation antibiotics are given as a therapeutic strategy
for a major infectious disease problem and the adminis-

tration should be guided by peak and trough blood levels.

Liver Failure

Some antibiotics are excreted by the liver. Therefore,
sometimes there are concerns with regard to doses of
agents that should be given to patients with hepatic
failure. Fortunately, the agents that have predominant
hepatic excretion are seldom used by interventional
radiologists and include tetracycline, chloramphenicol,
and sulfonamides. A reduction in dose would be recom-
mended for these agents depending on the severity of the
hepatic compromise. For agents commonly used by
interventional radiologists, including cephalosporins,
penicillins, vancomycin, and aminoglycosides, no change
in dosage is necessary for patients with hepatic failure.
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