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Preventing infection after cesarean
delivery: Evidence-based guidance

© Clear recommendations supported by clinical research are offered
here for hair removal, skin cleansing, and antibiotic prophylaxis—and,
importantly, for the timing of these measures

Kathryn E. Patrick, MD; Sara L. Deatsman, MD; and Patrick Duff, MD

esarean delivery is nowthe most com-
monly performed major operation in
hospitals across the United States.
Approximately 30% of the 4 million deliveries
that occur each year are by cesarean. Endo-
metritis and wound infection (superficial
and deep surgical site infection) are the most

Dr. Patrick is a Maternal-Fetal
Medicine Fellow in the Division
of Maternal-Fetal Medicine,
Department of Obstetrics and
Gynecology, University of Florida
College of Medicine, Gainesville.

Dr. Deatsman is an Obstetrician-
Gynecologist, Bronson Methodist
Hospital, Kalamazoo, Michigan.

Dr. Duff is Associate Dean for
Student Affairs and Professor
of Obstetrics and Gynecology
in the Division of Maternal-
Fetal Medicine, Department

of Obstetrics and Gynecology,
University of Florida College of
Medicine, Gainesville.

The authors report no financial relationships
relevant to this article.

obgmanagement.com

Vol. 28 No. 11 | November 2016

common postoperative complications of
cesarean delivery. These 2 infections usu-
ally can be treated in a straightforward man-
ner with antibiotics or surgical drainage. In
some cases, however, they can lead to seri-
ous sequelae, such as pelvic abscess, septic
pelvic vein thrombophlebitis, and wound
dehiscence/evisceration, thereby prolonging
the patient’s hospitalization and significantly
increasing medical expenses.

Accordingly, in the past 50 years many
investigators have proposed various specific
measures to reduce the risk of postcesarean
infection. In this article, we critically evalu-
ate 2 of these major interventions: meth-
ods of skin preparation and administration
of prophylactic antibiotics. In part 2 of this
series next month, we will review the evi-
dence regarding preoperative bathing with
an antiseptic, preoperative vaginal cleansing
with an antiseptic solution, methods of pla-
cental extraction, closure of the deep subcu-
taneous layer of the abdomen, and closure of
the skin.

Cesarean delivery required for
nonprogressing labor

A 26-year-old obese primigravid woman,
body mass index (BMI) 37 kg m?, at 40 weeks’
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Cesarean delivery is the most common surgery in the United States. New and established evidence
dictates best infection prevention strategies for skin preparation and adequate and appropriate antibiotic

prophylaxis.

gestation has been in labor for 20 hours. Her
membranes have been ruptured for 16 hours.
Her cervix is completely effaced and is 7 cm
dilated. The fetal head is at -1 cm station. Her
cervical examination findings have not changed
in 4 hours despite adequate uterine contractility
documented by intrauterine pressure catheter.
You are now ready to proceed with cesarean
delivery, and you want to do everything possible
to prevent the patient from developing a postop-
erative infection.

What are the best practices for postcesar-
ean infection prevention in this patient?

Skin preparation

Adequate preoperative skin preparation is
an important first step in preventing post-
cesarean infection.

How should you prepare the patient’s
skin for surgery?

Two issues to address when preparing the
abdominal wall for surgery are hair removal
and skin cleansing. More than 40 years ago,
Cruse and Foord definitively answered the
question about hair removal.! In a land-
mark cohort investigation of more than
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23,000 patients having many different types
of operative procedures, they demonstrated
that shaving the hair on the evening before
surgery resulted in a higher rate of wound
infection than clipping the hair, removing
the hair with a depilatory cream just before
surgery, or not removing the hair at all.

Three recent investigations have
thoughtfully addressed the issue of skin
cleansing. Darouiche and colleagues
conducted a prospective, randomized,
multicenter trial comparing chlorhexidine-
alcohol with povidone-iodine for skin prep-
aration before surgery.”> Their investigation
included 849 patients having many different
types of surgical procedures, only a minor-
ity of which were in obstetric and gyneco-
logic patients. They demonstrated fewer
superficial wound infections in patients in
the chlorhexidine-alcohol group (4.2% vs
8.6%, P =.008). Of even greater importance,
patients in the chlorhexidine-alcohol group
had fewer deep wound infections (1% vs 3%,
P=.005).

Ngai and co-workers recently reported
the results of a randomized controlled trial
(RCT) in which women undergoing non-
urgent cesarean delivery had their skin
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cleansed with povidone-iodine with alcohol,
chlorhexidine with alcohol, or the sequential
combination of both solutions.® The overall
rate of surgical site infection was just 4.3%.
The 3 groups had comparable infection rates
and, accordingly, the authors were unable to
conclude that one type of skin preparation
was superior to the other.

The most informative recent investi-
gation was by Tuuli and colleagues, who
evaluated 1,147 patients having cesarean
delivery assigned to undergo skin prepara-
tion with either chlorhexidine-alcohol or
iodine-alcohol.* Unlike the study by Ngai
and co-workers, in this study approximately
40% of the patients in each treatment arm
had unscheduled, urgent cesarean deliv-
eries.>* Overall, the rate of infection in the
chlorhexidine-alcohol group was 4.0% com-
pared with 7.3% in the iodine-alcohol group
(relative risk [RR], 0.55; 95% confidence
interval [CI], 0.34-0.90, P = .02).

What the evidence says

Based on the evidence cited above, we
advise removing hair at the incision site with
clippers or depilatory cream just before the
start of surgery. The abdomen should then
be cleansed with a chlorhexidine-alcohol
solution (Level I Evidence, Level 1A Recom-
mendation; TABLE, page 44).

Antibiotic prophylaxis

Questions to consider regarding antibiotic
prophylaxis for cesarean delivery include
appropriateness of treatment, antibiotic(s)
selection, timing of administration, dose,
and special circumstances.

Should you give the patient

prophylactic antibiotics?

Prophylactic antibiotics are justified for sur-

gical procedures whenever 3 major criteria

are met>:

1. the surgical site is inevitably contami-
nated with bacteria

2. in the absence of prophylaxis, the fre-
quency of infection at the operative site
is unacceptably high
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3. operative site infections have the poten-
tial to lead to serious, potentially life-
threatening sequelae.

Without a doubt, all 3 of these criteria
are fulfilled when considering either urgent
or nonurgent cesarean delivery. When cesar-
ean delivery follows alonglabor complicated
by ruptured membranes, multiple internal
vaginal examinations, and internal fetal
monitoring, the operative site is inevitably
contaminated with hundreds of thousands
of pathogenic bacteria. Even when cesarean
delivery is scheduled to occur before the
onset of labor and ruptured membranes, a
high concentration of vaginal organisms is
introduced into the uterine and pelvic cavi-
ties coincident with making the hysterotomy
incision.®

In the era before prophylactic antibiot-
ics were used routinely, postoperative infec-
tion rates in some highly indigent patient
populations approached 85%.° Finally, as
noted previously, postcesarean endometri-
tis may progress to pelvic abscess formation,
septic pelvic vein thrombophlebitis, and
septic shock; wound infections may be com-
plicated by dehiscence and evisceration.

When should you administer
antibiotics: Before the surgical
incision or after cord clamping?
More than 50 years ago, Burke conducted
the classic sequence of basic science experi-
ments that forms the foundation for use of
prophylactic antibiotics.” Using a guinea pig
model, he showed that prophylactic anti-
biotics exert their most pronounced effect
when they are administered before the sur-
gical incision is made and before bacterial
contamination occurs. Prophylaxis that is
delayed more than 4 hours after the start of
surgery will likely be ineffective.
Interestingly, however, when clinicians
first began using prophylactic antibiotics
for cesarean delivery, some investigators
expressed concern about the possible expo-
sure of the neonate to antibiotics just before
delivery—specifically, whether this exposure
would increase the frequency of evalua-
tions for suspected sepsis or would promote
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Preventing infection after cesarean delivery

TaBLE Effective strategies for reducing the frequency of postcesarean infection*

Level 1A Recommendations

¢ start of surgery.

Remove hair at the incision site with clippers or depilatory cream just before the

Cleanse the abdominal area with chlorhexidine-alcohol.

In low-risk patients (scheduled cesarean delivery), administer a single 2-g dose
of cefazolin prior to surgery. In high-risk patients (those in labor with ruptured
membranes), administer the combination of cefazolin (2 g) plus azithromycin

© (500 mg).

Level 1B Recommendation

Administer a 2-g dose of cefazolin to all patients, regardless of weight

Level 1C Recommendation

In the patient with a severe allergy to beta-lactam antibiotics, administer a single

dose of clindamycin plus gentamicin

*Recommendations are based on the grading system adopted by the Society for Maternal-Fetal Medicine: 1A—strong recommendation, high-quality evidence, usually from
randomized controlled trials; 1B—strong recommendation, moderate-quality evidence, usually from cohort studies; 1C—strong recommendation, low-quality evidence, usually
based on expert opinion and committee guidelines. (Society for Maternal-Fetal Medicine, Chauhan SP, Blackwell SC. SMFM adopts GRADE [Grading of Recommendations
Assessment, Development, and Evaluation] for clinical guidelines. Am J Obstet Gynecol. 2013;209[3]:163-165.)
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resistance among organisms that would
make neonatal sepsis more difficult to treat.

Gordon and colleagues published an
important report in 1979 that showed that
preoperative administration of ampicillin
did not increase the frequency of immediate
or delayed neonatal infections.! However,
delaying the administration of ampicillin
until after the umbilical cord was clamped
was just as effective in preventing post-
cesarean  endometritis.  Subsequently,
Cunningham and co-workers showed that
preoperative administration of prophylac-
tic antibiotics significantly increased the
frequency of sepsis workups in exposed
neonates compared with infants with no pre-
operative antibiotic exposure (28% vs 15%;
P<.025).° Based on these 2 reports, obstetri-
cians adopted a policy of delaying antibiotic
administration until after the infant’s umbili-
cal cord was clamped.

In 2007, Sullivan and colleagues chal-
lenged this long-standing practice.”’ In a
carefully designed prospective, random-
ized, double-blind trial, they showed that
patients who received preoperative cefazolin
had a significant reduction in the frequency
of endometritis compared with women
who received the same antibiotic after
cord clamping (1% vs 5%; RR, 0.2; 95% CI,
0.2-0.94). The rate of wound infection was
lower in the preoperative antibiotic group
(3% vs 5%), but this difference did not reach
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statistical significance. The total infection-
related morbidity was significantly reduced
in women who received antibiotics preoper-
atively (4.0% vs 11.5%; RR, 0.4; 95% CI, 0.18-
0.87). Additionally, there was no increase in
the frequency of proven or suspected neonatal
infection in the infants exposed to antibiotics
before delivery.

Subsequent to the publication by
Sullivan and colleagues, other reports have
confirmed that administration of antibiotics
prior to surgery is superior to administra-
tion after clamping of the umbilical cord.'*'2
Thus, we have come full circle back to Burke’s
principle established more than a half cen-
tury ago.”

Which antibiotic(s) should you
administer for prophylaxis,
and how many doses?
In an earlier review, one of us (PD) examined
the evidence regarding choice of antibiot-
ics and number of doses, concluding that a
single dose of a first-generation cephalo-
sporin, such as cefazolin, was the preferred
regimen.® The single dose was comparable
in effectiveness to 2- or 3-dose regimens
and to single- or multiple-dose regimens
of broader-spectrum agents. For more than
20 years now, the standard of care for anti-
biotic prophylaxis has been a single 1- to 2-g
dose of cefazolin.

Several recent reports, however, have
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raised the question of whether the prophy-
lactic effect could be enhanced if the spec-
trum of activity of the antibiotic regimen
was broadened to include an agent effective
against Ureaplasma species.

Tita and colleagues evaluated an indi-
gent patient population with an inherently
high rate of postoperative infection; they
showed that adding azithromycin 500 mg
to cefazolin significantly reduced the rate
of postcesarean endometritis.”* In a follow-
up report from the same institution, Tita
and co-workers demonstrated that adding
azithromycin also significantly reduced the
frequency of wound infection."* In both of
these investigations, the antibiotics were
administered after cord clamping.

In a subsequent report, Ward and Duff"
showed that the combination of azithro-
mycin plus cefazolin administered preop-
eratively resulted in a very low rate of both
endometritis and wound infection in a pop-
ulation similar to that studied by Tita et al.'>**

Very recently, Tita and associates pub-
lished the results of the Cesarean Section
Optimal Antibiotic Prophylaxis (C/SOAP)
trial conducted at 14 US hospitals.’® This
study included 2,013 women undergoing
cesarean delivery during labor or after mem-
brane rupture who were randomly assigned
to receive intravenous azithromycin 500 mg
(n =1,019) or placebo (n = 994). All women
also received standard antibiotic prophy-
laxis with cefazolin. The primary outcome (a
composite of endometritis, wound infection,
or other infection within 6 weeks) was signif-
icantly lower in the azithromycin group than
in the placebo group (6.1% vs 12.0%, P<.001).
In addition, there were significant differ-
ences between the treatment groups in the
rates of endometritis (3.8% in the azithro-
mycin group vs 6.1% in the placebo group,
P=.02) as well as in the rates of wound infec-
tion (2.4% vs 6.6%, respectively, P<.001). Of
additional note, there were no differences
between the 2 groups in the composite neo-
natal outcome of death and serious neona-
tal complications (14.3% vs 13.6%, P = .63).
The investigators concluded that extended-
spectrum prophylaxis with adjunctive
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azithromycin safely reduces infection rates
without raising the risk of neonatal adverse
outcomes.

What the evidence says

We conclude that all patients, even those hav-
ing a scheduled cesarean before the onset of
labor or ruptured membranes, should receive
prophylactic antibiotics in a single dose
administered preoperatively rather than after
cord clamping (Level I Evidence, Level 1A
Recommendation; TABLE). In high-risk pop-
ulations (eg, women in labor with ruptured
membranes who are having an urgent cesar-
ean), for whom the baseline risk of infection is
high, administer the combination of cefazolin
plus azithromycin in lieu of cefazolin alone
(Level I Evidence, Level 1A Recommenda-
tion; TABLE).

If the patient has a history of an immedi-
ate hypersensitivity reaction to beta-lactam
antibiotics, we recommend the combination
of clindamycin (900 mg) plus gentamicin
(1.5 mg/kg) as a single infusion prior to sur-
gery. We base this recommendation on the
need to provide reasonable coverage against
a broad range of pathogens. Clindamycin
covers gram-positive aerobes, such as staph-
ylococci species and group B streptococci,
and anaerobes; gentamicin covers aerobic
gram-negative bacilli. A single agent, such
as clindamycin or metronidazole, does not
provide the broad-based coverage necessary
for effective prophylaxis (Level III Evidence,
Level 1C Recommendation; TABLE).

If the patient is overweight

or obese, should you modify

the antibiotic dose?

The prevalence of obesity in the United
States continues to increase. One-third of all
USreproductive-aged women are obese, and
6% of women are extremely obese.'” Obesity
increases the risk of postcesarean infection
3- to 5- fold.'® Because both pregnancy and
obesity increase the total volume of a drug’s
distribution, achieving adequate antibiotic
tissue concentrations may be hindered by a
dilutional effect. Furthermore, pharmacoki-
netic studies consistently have shown that
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the tissue concentration of an antibiotic—
which, ideally, should be above the mini-
mum inhibitory concentration (MIC) for
common bacteria—determines the suscep-
tibility of those tissues to infection, regard-
less of whether the serum concentration of
the antibiotic is in the therapeutic range."

These concerns have led to several
recent investigations evaluating different
doses of cefazolin for obese patients. Pevzner
and colleagues conducted a prospective
cohort study of 29 women having a sched-
uled cesarean delivery.”® The patients were
divided into 3 groups: lean (BMI <30 kg m?),
obese (BMI 30.0-39.9 kg m?), and extremely
obese (BMI >40 kg m?). All women received a
2-g dose of cefazolin 30 to 60 minutes before
surgery. Cefazolin concentrations in adipose
tissue obtained at the time of skin incision
were inversely proportional to maternal
BMI (r, —0.67; P<.001). All specimens dem-
onstrated a therapeutic concentration
(>1 pg/g) of cefazolin for gram-positive cocci,
but 20% of the obese women and 33% of the
extremely obese women did not achieve
the MIC (>4 pg/g) for gram-negative bacilli
(P=.29 and P = .14, respectively). At the time
of skin closure, 20% of obese women and
44% of extremely obese women did not have
tissue concentrations that exceeded the MIC
for gram-negative bacteria.

Swank and associates conducted a
prospective cohort study that included
28 women.'® They demonstrated that, after a
2-g dose of cefazolin, only 20% of the obese
women (BMI 30-40 kg m?) and 0% of the
extremely obese women (BMI >40 kg m?)
achieved an adipose tissue concentration
that exceeded the MIC for gram-negative
rods (8 pg/mL). However, 100% and 71.4%,
respectively, achieved such a tissue concen-
tration after a 3-g dose. When the women
were stratified by actual weight, there was a
statistically significant difference between
those who weighed less than 120 kg and
those who weighed more than 120 kg.
Seventy-nine percent of the former had a tis-
sue concentration of cefazolin greater than
8 pg/mL compared with 0% of the women
who weighed more than 120 kg. Based on
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these observations, the authors recom-
mended a 3-g dose of cefazolin for women
who weigh more than 120 kg.

In a double-blind RCT with 26 obese
women (BMI =30 kg m?), Young and col-
leagues demonstrated that, at the time of
hysterotomy and fascial closure, signifi-
cantly higher concentrations of cefazolin
were found in the adipose tissue of obese
women who received a 3-g dose of antibi-
otic compared with those who received a
2-g dose.’ However, all concentrations of
cefazolin were consistently above the MIC
of cefazolin for gram-positive cocci (1 pg/g)
and gram-negative bacilli (4 pg/g). Further,
Maggio and co-workers conducted a double-
blind RCT comparing a 2-g dose of cefazo-
lin versus a 3-g dose in 57 obese women
(BMI =30 kg m?).2? They found no statisti-
cally significant difference in the percentage
of women who had tissue concentrations
of cefazolin greater than the MIC for gram-
positive cocci (8 pg/g). All samples were
above the MIC of cefazolin for gram-negative
bacilli (2 pg/g). Based on these data, these
investigators did not recommend increasing
the dose of cefazolin from 2 g to 3 g in obese
patients.???

The studies discussed above are dif-
ficult to compare for 3 reasons. First, each
study used a different MIC of cefazolin for
both gram-positive and gram-negative bac-
teria. Second, the authors sampled differ-
ent maternal tissues or serum at varying
times during the cesarean delivery. Third,
the studies did not specifically investigate, or
were not powered sufficiently to address, the
more important clinical outcome of surgical
site infection. In a recent historical cohort
study, Ward and Duff were unable to show
that increasing the dose of cefazolin to 2 g in
all women with a BMI <30 kg m?> andto 3 g
in all women with a BMI >30 kg m?reduced
the rate of endometritis and wound infection
below the level already achieved with com-
bined prophylaxis with cefazolin (1 g) plus
azithromycin (500 mg).'s

Sutton and colleagues recently assessed
the pharmacokinetics of azithromycin when
used as prophylaxis for cesarean delivery.”
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They studied 30 women who had a sched-
uled cesarean delivery and who received a
500-mg intravenous dose of azithromycin
that was initiated 15, 30, or 60 minutes before
the surgical incision and then infused over
1 hour. They obtained maternal plasma sam-
ples multiple times during the first 8 hours
after surgery. They also obtained samples of
amniotic fluid, placenta, myometrium, adi-
pose tissue, and umbilical cord blood intra-
operatively. The median concentration of
azithromycin in adipose tissue was 102 ng/g,
which is below the MIC_ for Ureaplasma spe-
cies (250 ng/mL). The median concentration
in myometrial tissue was 402 ng/g. The con-
centration in maternal plasma consistently
exceeded the MIC, | for Ureaplasma species.

What the evidence says
All women, regardless of weight, who will
undergo cesarean delivery should receive
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