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ABSTRACT

Although clinical guidelines for antibiotic prophylaxis across a wide array of
surgical procedures have been proposed by multidisciplinary groups of phy-
sicians and pharmacists, his
is particularly true when recommendations are based on weak data or expert
opinion. The goal of this review is to highlight certain common but controver-
sial topics in perioperative prophylaxis and to focus on the data that does exist

ANESTHESIOLOGY

Controversies
in Perioperative

Antimicrobial Prophylaxis

Brooke K. Decker, M.D., Alexander Nagrebetsky, M.D.,
Pamela A. Lipsett, M.D., Jeanine P. Wiener-Kronish, M.D.,
Naomi P. 0’Grady, M.D.

ANESTHESIOLOGY 2020; XXX:00-00

ANESTHESIOLOGY, V XXX e NO XXX

Mandates to improve antibiotic stewardship and
reduce unnecessary antibiotic use'™ have com-
pelled healthcare institutions to take a closer look at the
divide between guidelines for perioperative antibiotic
prophylaxis and clinical practice,® highlighting the fact
that human nature makes providing less inherently more
controversial than providing more when it comes to anti-
biotic prophylaxis. Some of the more common reasons for
using antibiotics unnecessarily in the perioperative setting
include entrance into abdominal cavity, higher estimated
blood loss, and longer procedures.” Although clinical
guidelines for antibiotic prophylaxis across a wide array of
surgical procedures have been proposed by a collaborative,
multidisciplinary group of physicians and pharmacists,®
widely cited, and reiterated,’ clinicians often deviate from
recommendations, especially when recommendations are
based on weak data. The goal of this review is to highlight
certain common but controversial topics in perioperative
prophylaxis.

The principles of perioperative antibiotic prophylaxis
are evidenced-based, but there are limitations. Available
studies may include outdated surgical techniques, anti-
biotics that are no longer used, and newer antibiotics
that have not been studied in the
Additionally, the operatin

erioperative setting.

time to include

and improvements in how those particles move
relative to the patient. This has the potential to reduce
infection rates and confound the impact of antibiotic

prophylaxis.

for the recommendations being made.
(AnesTHEsIoLogY 2020; XXX:00-00)

-Considerations

Obesity, Large-volume Blood Loss, and Fluid
Resuscitation

of surgical site infections
suggests the
of antimicrobial agents.!” Obese

,altered pro-
11-13)

are commonly used antibiotics given at
when used in obese patients. Limited evidence
that suggests larger volumes of distribution in obese patients
affect the clearance of gentamicin," while the effects of
obesity on the pharmacokinetics of vancomycin remain
somewhat unclear."

A several-fold increase in the
in patients with
need for
patients have
tein binding, metabolism, and elimination.

8

This is a weak recommendation because of the paucity of
data. One study found that in patients with body mass index
of 40 or higher, higher body mass index was associated with
reduced achievement of target serum cefazolin concentra-
tion after a 2-g initial dose and a second dose at 3h.'° A
more recent study in bariatric surgery patients suggested that
a single 2-g dose of cefazolin was sufficient to exceed mean
minimum inhibitory concentration for methicillin-sensitive
Staphylococcus aureus in adipose tissue samples.'” Although a
separate study did not show a significant difference, there was
a trend toward increasing surgical site infections in patients
not receiving the increased cefazolin dose.'®

from the United States and Canada recom-

19 These recom-
mendations are consistent with conclusions from two small
studies in spinal surgery patients, one of which has demon-
strated a correlation between blood loss and reduced tissue
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cefazolin concentration.””?' The volume of intravenously
administered fluid has also been shown to correlate with
serum and reduced tissue concentrations of antibiotics.??

IAlleFgiG Reactions and GroSS Feactvity

Patients with reported

coverage for

from a micro-
biologic standpoint, the increased administration time of 1
to 2h and time has lead
centers to try to time incision for 60 to 120 min after start of
infection. Utilizing this protocol, Blumenthal ef al.** found

glycopeptides for

the individual reaction would optimize antimicrobial cover-
age and may decrease the frequency of surgical site infection.
Formal allergy testing is feasible in patients with unclear types
of reactions to penicillin or cephalosporins who are expected

8 It should be noted, however, that
with penicillin because

surgical prophylaxis.
Celhai

of a unique

demonstrate
with penicillin.* In a single center,
not one of 282 patients with reported penicillin allergy suf-
fered adverse consequences when administered cefazolin.*
Furthermore, the

*Thus, even in patients with documented

immunoglobulin E-mediated reaction to a first-line anti-
biotic, formal allergy testing may demonstrate to

if the reaction occurred in the

Clinically Relevant Drug Interactions|

A number of antibiotics used for surgical prophylaxis
manifest significant interactions with other perioperative

Anesthesiology XXX; XXX:00-00

medications. The frequency of clinically significant inter-
actions has not been adequately studied, but severe com-
plications have been reported. For example,

a commonly used for surgical site

infection prophylaxis, ma the effects of -
ﬂ and, if overdosed, can be fatal
in the perioperative setting.”’”® Experimental studies also

o BB

suggest that both
ﬁwith ¥ Other consistently reported

interactions include profound sedative and cardiovascular
effects of ciprofloxacin in patients taking methadone.***!

Imminostppressed Popuiation

Antimicrobial prophylaxis may be warranted in any proce-
host,? includ-

dure performed in an

ing patients receiving

diseases. Increased frequency of

surgical site infection with perioperative glucocorticoid
use is biologically plausible and has been reported.” One
subgroup analysis of 364 patients in a trial using steroids
in cardiac surgery did not demonstrate increased frequency
of surgical site infection in the steroid group,” whereas
another study of patients on chronic steroids having lumbar
fusion showed an association between steroid use and surgi-

cal site infection.®
of its use. Studies
of perioperative discontinuation of disease-modifying anti-
rheumatic drugs also produced inconsistent results with
respect to surgical site infection.* It is likely that ongoin

increase the frequency of

surgical site after abdominal or large joint sur-

ery.®* However, one large study did demonstrate a

in organ space infections and

in disease patients after elec-
tive colectomy.” In this study the immunosuppressive reg-
imen included corticosteroids, which confounds the result.
Acknowledging the - of available that
originates from studies of low-risk patients, the World
Health Organization Global for the Prevention

of Surgical Site Infection su

for the purpose of

preventing surgical site infection.”*

-Recipients

Antimicrobial prophylaxis and treatment in transplant recip-
ients should be individualized and depend on the proce-
, and net state of

are
Gram-

redominant surgi-

cal site infection pathogens.® Most infections
occur several the

rather than in the immediate posttransplantation

Copyright © 2019, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.
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period.” Thus, the _ antimicrobial prophylaxis

regimen for heart, lung, heart—lung, kidney, and pancreas

transplantation procedures is a
Note that there is significant regarding the dura-

tion of antibiotic pro hilaxis, with many centers providing

- despite of improved outcomes and

the potential for increased selection of resistant organisms.*

Known recipient or graft colonization, surgical technique,
or complexity may justi
imen. For example, in

escalation of the prophylactic reg-

8 Surgical complexity, duration of surgery,
and high surgical site infection rates also may necessitate

broader antimicrobial prophylaxis in liver transplantation,

although a Cochrane meta-analysis suggested the lack of evi-
54,55

dence to support any one specific prophylactic regimen.

Solid organ transplant patients presenting for
because of their immunosuppression. Evidence
is accumulating on the outcomes of major surgeries in
posttransplantation patients. However, no formal recom-
mendations for antimicrobial prophylaxis in this patient
population have been identified.>*’

-of-- and Prosthetic-

Prosthetic joints and cardiac devices are commonly encoun-
tered in patients having dental procedures. Current

who underwent valve or congenital heart disease repair with
prosthetic material, recommendations from the American

Heart Association (Dallas, Texas) suggest that antibiotic .—
- of infective isg- during the

following procedures: (1)
ulation of gingival tissue or periapical region of teeth or
perforation of oral mucosa; (2
and (3)
sue. The

procedures with manip-

tract procedures;
procedures on

in patients undergo-
ing genitourinary or gastrointestinal tract procedures.”

-related Considerations
Human

teems with an estimated
\ganisms, more| bacterial chan [huiman ells. Microorganisms

from the skin and nasal passages are the most likely origin
of surgical site infection in clean operations.”” The human
gut is likewise home to a diverse microbial community. In
disease and injury, including elective surgery, the microbial
density and metabolite production can change dramati-
cally.®"%> Numerous planned and unplanned interventions

in the perioperative period directly influence the iut micro-

biota. For example, both and
cause

by killing commensal organisms. The loss of

benefit from commensal pathogens can occur through sev-

eral known such as

decolonization are primary strategies for reduction of sur-
ical site infection.® In surgery, mechanical

alone has a on the

side from removal of bulk contents. One randomized

which can affect intracellular
The use of antibiotics and critical illness in
erative or injured surgical patients has shown a

with a particular change in
o4 Marked alterations in the micro-

of microbial
biome have been identified in patients with a long length
of stay in the hospital and in patients who had a planned
pancreaticoduodenectomy. The microbiome in 50 patients
studied preoperatively demonstrated that the microbi-

ome of these patients were and

and were taxa. Further,

atients with a postoperative
iersser KRR n
Although we are far from understanding the specific role

there is active investigation into this area.’'
Numerous studies have demonstrated - risk of

postoperative in a vast array of surgical patients

contained
commensal

Because of this known increased risk, it may be reasonable
to alter preoperative preparation, especially for S. aureus,

using strategies that may include preoperative -
and surfacei (mupirocin).®” The decision to

adjust perioperative antibiotic prophylaxis to cover known

resistant species should take into account the procedure and
8,68,69

reservoir of the resistant pathogen.

_in cardiothoracic, gastrointestinal, and orthoie—

dic procedures have demonstrated a between

with and the development of surgical site
#2 Guidelines produced by the American College of
Surgeons (Chicago, Illinois) and the Surgical Infection Society
(East Northport, New York) in 2017 identified this problem
and noted that and should depend

on baseline surgical site infection and methicillin-resistant

S. aureus rates.”” Guidelines from the American Society of
Health System Pharmacists (Bethesda, Maryland) recommend

Anesthesiology XXX; XXX:00-00
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Methicillin-resistant S. aureus
tion,

(screening, decoloniza-

recautions, and
when all components are implemented. The
idelines further note that there is

hygiene) are noted to be

has been used alone and in combination with
gluconate bathing. solutions have also being
used to decolonize the nares.”! These methods should
be performed close to the time of surgery to be effective, ide-
W i3 o

The threat of postoperative methicillin-resistant S. aureus
infection has caused some providers to prescribe vancomy-

cin and vancomycin plus a B-lactam for prophylaxis for a
wide variety of procedures. In a review of more than 70,000

in cardiac surgery onlii but was associated with

across all populations studied. Screening and directed pro-

hylaxis may maximize benefits while minimizing harm.

be administered as
patients.

_in Selected-Procedures

Cardiac-Electrophysiologic Devices and
Infection

25,70

methicillin-resistant S. aureus

The use of implantable cardiac electronic device infections
continues to rise.”” Infections can occur as an infection of
the generator pocket, the leads, and/or involve endocardial

structures.

now constitute
There has been an increase in the incidence of infectious
endocarditis, in part because of the increased use of car-
diac implantable electrophysiologic devices.” Surveys doc-
ument that physicians frequently administer antibiotics to
these patients in nonstandard ways.”
implantable electrophysiologic device

should be performed for i infectious

cases. Parenteral antibiotics should be given, but
: 75

cardiac

for FelmplanGtion i

for Cardiac Implantable
Electrophysiologic Device Infections

A randomized controlled trial assessing the safety and efficacy
of an absorbable, was completed,
with 3,495 people in the envelope group and 3,488 people in
the control group.A total of 25 patients in the envelope group

and 42 patients in the control group developed an infection
that required the removal or revision of the cardiac implantable

Anesthesiology XXX; XXX:00-00

electrophysiologic device pocket; major cardiac implantable
electrophysiologic device—related infections occurred in 32
patients in the envelope
the control group. The

atients in

roup compared to 51

significantly fewer major cardiac implantable electrophysio-
logic device infections.”” Given that the trial was international,
prospective, and randomized, these results suggest this needs
to be considered when implanting cardiac implantable elec-
trophysiologic devices. However, an accompanying editorial
noted that the number of cases of bacteremia and endocarditis

was higher in the intervention group, and this finding leads
ﬂs

Survey data regarding antimicrobial prophylaxis and surveil-
lance practice patterns were obtained from extracorporeal

membrane oxygenation coordinators and directors inter-
nationally.” Of 556 surveys that were sent out to the 172
extracorporeal membrane oxygenation centers, 223 (41%)

responded, and 198 completed the survey. There was marked
variability between centers; the
Given the of high-quality

and a lack of randomized trials, this variability should
perhaps be expected. Surveillance tended to include routine

blood cultures despite a lack of evidence for such practice.”
The relative incidence of infections and the efficacy of

prophylactic regimens was evaluated in a systematic review

that included Extracorporeal Life Support Organization

studies, as well as data from individual centers.

regist

* In two single-center studies, all subjects received
prophylactic antibiotics and had a prevalence of infections
of 16.1% and 18.4%, respectively.**®!

were in most of the studies, rangin frorr-
s rotes o ESEERSE IR v

fro 8 One review did not find a benefit for
prophylactic antibiotics in two retrospective studies.* Given
changes in the care of these patients, multicenter random-
ized

mReceiving Extracorporeal

of drugs appear to be-in at

during extracorporeal membrane oxygen-

infections

of prophylactic antibiotics are

increased of’
8 Drug sequestra-

bi drug binding to the circuit, which may

tion can occur
also lead to the
The factors that seem important for these phenomena are
the o enator- the types of conduit tubing, the
circui)tnﬁ and the composition of the - solutions.®
Drug characteristics that influence drug sequestration are
multiple and include the molecular size, the negative log of

serving as a of certain drugs.

Copyright © 2019, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.
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the acid dissociation constant .), degree of
lipophilicity, and predilection for plasma binding.*
Inflammatory and pharmacokinetic changes can lead to

changes in the volume of distribution of drugs. Changes

and

occurrence in patients on extra-
corporeal membrane oxygenation. Finally, drug
than
extracorporeal membrane o

appears to be when patients are on

enation; drug
can occur, but the use of support and increased

cardiac outputs ma this accumulation.®

from a recent review are to use

The use of continuous vancomycin infu-
sions during extracorporeal membrane oxygenation may
help any extracorporeal membrane oxygenation-related

harmacokinetic changes. Recommendations for -
_because of limited data. There are some
data regarding voriconazole, suggesting a need for increased
dosing because of sequestration.™

_-in Extracorporeal Membrane
Xygenation Patients

Extracorporeal membrane oxygenation patients are at
R . crc, o

in cardiogenic shock.* Large cannulae may be present for
prolonged durations and are not easily exchanged if they
become infected.® Finally, the presence of central lines and
arterial catheters for prolonged periods may also increase
the risk for bloodstream infection.®

were most- isolated from
extracorporeal membrane oxygenation
patients with bloodstream infection includin,
hydrophilia/caviae, pneumoniae,
nii, and aeruginosa.® The
tracorporeal membrane oxygenation patients also had

infections with Gram. rods including P aeruginosa,
cepacia, and aerogenes,

baumannii,

but they also had infections. Notably, the venous
arterial—extracorporeal membrane oxygenation patients in
this study received prophylactic antimicrobial therapy with
vancomycin and ceftriaxone for 48h. All extracorporeal
membrane oxygenation patients were

and lines are

bauman-

Evaluation for infection was done if there
was fever, leukocytosis, or purulence at an entry site.* Finally,

rac

The idea of utilizing -- to decrease perioperative

infections began shortly after penicillin was discovered and was
combined with purgatives to decrease microbial colonization.

When the formal combination of

tion and

bowel prepara-
was introduced, surgical
site infection rates wert

"Whether to use
mechanical bowel preparation, oral antibiotics alone, or in com-

bination with systematic antibiotics has remained
A review of the results of the 2012 to 2015 American College
of Surgeons National Surgical Quality Improvement Program
database addressed the question as to what extent mechanical
bowel preparation and antibiotic bowel preparation decreased

infection after elective colorectal resection.®® The

% Antibiotic bowel prepara-
tion alone compared with no preparation also has significant

benefits, whereas mechanical bowel preparation alone did not.

As such, for patients undergoing

whenever feasible.”!

Unlike -_ the benefits of antibiotic
rophylaxis in patients undergoing planned _

studies have suggested a decline in postoperative infec-

tion.””* Patients who undergo more complex biliary, hepatic,
or pancreatic surgery may have special considerations with
respect to surgical site infection risk. Aside from the typical
risk factors, these patients may have had recent contact with
the healthcare system via procedures to further clarify their
underlying anatomy/disease. Through endoscopic or tran-
shepatic procedures, they may introduce or encourage poten-
tial future colonizing or infecting pathogens in the setting of
partially obstructed biliary drainage systems. There appears to
be a correlation between intraoperative biliary cultures and
future pathogens identified at the time of infection.”

In a randomized controlled trial of 126 patients with
planned hepatobiliary pancreatic surgery, patients received
targeted prophylaxis based on known pathogens in biliary
cultures versus standard prophylaxis, which was with either a
second-generation cephalosporin or up to three antibiotics
targeted for the resistant pathogens. Infection rates were high

% in the

of prophylaxis has also been controversial in

surgery. Four randomized controlled trials have exam-
ined the issue of extended duration under the premise that

Anesthesiology XXX; XXX:00-00
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ongoing contamination related to bile leakage may occur
after surgery and would incur added risk of surgical site
infection. One study suggested that prophylaxis for up to 5
days postoperatively was beneficial,”” whereas another study
reported that 2 days were as effective as 5 days.”® A recent
consecutive series of patients having a hepatic resection with-
out biliary reconstruction reported no difference in postop-
erative infection rates.” Last, a small randomized controlled
trial that included major hepatectomy with extrahepatic bile
duct resection and reconstruction compared 2 days versus
4 days of antibiotics and found no difference in infectious
complications between the two groups (30.2% in the 2-day
group vs. 32.6% in the 4-day group).'” These studies show
diligence is required in identifying infectious complications

ich rate of occurrence, but

this high-risk population have
e ——
Procedures:-

o studies in

in recent

Controversi
Indwelling

The topic of antibiotic prophylaxis for the insertion or
removal of urinary catheters has generated numerous
articles and reviews.'""™1% Although there has been docu-

mented efficacy in the prevention of urinary tract infection
with i use before of catheters, the use
of gentamicin around the and removal of urinary
ﬁ before surgery has been

by national
recommendations. In one interventional study, rates of use

on insertion went from 42 to 2% and on removal from 28
to 3%. In the final 40 weeks of this study, no gentamicin

was used for either indication. Importantly, there were

Controversies in - Procedures

Different Administration Protocols for Antibiotic
Prophylaxis in

Prosthetic joint infection is an expensive and destructive

complication for patients. The

decreases surgical site infection in primary
ies.'"™1% Single-center studies of a

to the
documented a

oint surger-
.
rophylactic antibiotic
mary total knee arthroplasties and total hip arthroplasties.'”
Notably, these patients received ﬂﬁ

Another more controversial technique of prophylaxis is

p

rate of prosthetic

the administration of antibiotics into the bone, or intraos-
seous regional administration, to increase antibiotic con-
centrations near the prosthetic joints.'""""? These studies
have been small, and although they have shown increased

Anesthesiology XXX; XXX:00-00

concentrations of antibiotics, they have not evaluated
patient outcomes

Intraoperative vancomycin powder has also been eval-
uated as a strategy to prevent infection. These studies have
not been randomized. In one retrospective study of 115
patients,'” 42 had received intraoperative vancomycin.
There were no significant differences in the number of
surgical site infections, need for multiple antibiotics, reop-
erations, or length of stay between the control group and

vancomycin powder recipients.'"?

A randomized, prospective, multicenter trial is underway
assessing the safety and efficacy of topical vancomycin in
neurosurgical patients undergoing a craniotomy or nonin-
strumented spine procedures. A report on the adverse events
and microbiology profiles from the first year of enrollment
has just been published.'* Systemic absorption of the top-
ical vancomycin was monitored by measuring serum van-
comycin levels at 6 and 20h after wound closure. Microbial
cultures were done of the anterior nares and surgical site
before draping, 48 h after wound closure, and at 2 weeks and
3 months after surgery. Serious adverse events were reported
in 5 of 257 control patients and 2 of 514 patients who were
in the treatment group; therefore, no significant differ-
ence in serious adverse events or adverse events occurred
between the groups. Serum vancomycin levels in patients
who received topical vancomycin but no intravenous van-
comycin were 6.3 £ 1.8 micrograms/ml. Microbiologic

studies documented tha

interim report, but final results are still pending.'"*

Etmalentiadar

A consensus statement has been formulated by the Neuro
critical Care Society (Chicago, Illinois) given the- of
high-quality clinical The group involved included
neurologists, neuroinfectious experts, internists,

harma-

cothera rofessionals, and nurses.!'> The

5 The definition of infec-
tion varies; the Centers for Disease Control and Prevention
do not require positive cerebrospinal fluid cultures, whereas
other authors do.!'®!"

The recommendation from the Neurocritical Care

Society was for

(low-quality evidence); they rec-
ommended against the use of antimicrobials for the dura-
tion of external ventricular drain placement (low-quality
evidence). The Neurocritical Care Society did recommend
using antimicrobial-impregnated (moderate-
quality evidence) and using intraventricular antimicrobi-
als to treat ventriculostomy-related infections when there
was a failure to respond to intravenous antibiotics or the

catheters
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organisms involved had very high minimum inhibitory
concentrations that would be difficult to achieve in the

cerebrospinal fluid (moderate-quality evidence).'” More

recent studies have confirmed tha
provide more

Conclusions

Significant controversies in antimicrobial prophylaxis
remain, and there are numerous opportunities for improv-
ing practice through rigorously designed and implemented
studies. More antibiotics are not always more effective in
reducing surgical site infection. There are significant gaps
between guidelines and practices, predominately with dura-
tion of antibiotic prophylaxis exceeding current consensus

guidelines.
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