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Abstract

Antimicrobial prophylaxis is commonly used for pre-intra and post-operative caesarean delivery. Caesar-
ean delivery is still the single most important risk factor for puerperal infection. Post-caesarean infections
include wound infections, endomyometritis, bacteraemia, septic shock, septic pelvic vein thrombophlebitis,
necrotising fasciitis, pelvic abscess, dehiscence of the wound or evisceration. The goal of antimicrobial
prophylaxis is to put a stop to postoperative infection of the surgical site, the use of therapeutic antibiotics,
additional surgical interventions, longer duration of hospital stay, to decrease postoperative infectious mor-
bidity and mortality and the cost of postoperative health care. A post-caesarean wound infection detected
prior to hospital discharge will lead to prolongation of hospital stay and will increase the hospitalisation
costs and need of readmission. Both the American College of Obstetricians and Gynaecologists and the
American Society of Health-Care System Pharmacists have introduced single-dose prophylactic protocols
using a heterogeneity of agents (penicillins, cephalosporins, clindamycin and azithromycin). Women un-
dergoing caesarean delivery have a greater risk of developing infection compared to women who have a
vaginal birth by 5 to 20-fold. The use of prophylaxis in patients undergoing a low-risk Caesarean Delivery
remains controversial.
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Introduction

Caesarean delivery is the most commonly per- Ifthese tendencies continue, caesareans will make up
formed obstetric procedure. Current data also dem-  approximately 50% of more than 4.000.000 annual
onstrate that primary caesareans in the absence of  deliveries by 2020. Caesarean delivery is one of the
obstetric indications are briskly rising reflectingboth  most important risk factors for puerperal infection,
shifting obstetric practices and maternal preference!.  ranging from 2.5% to 20.5% globally?. The aim of
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antibiotic prophylaxis is to prevent postoperative
infection of the surgical site and reduce postoperative
infectious morbidity and mortality, thus decreasing
the duration and the cost of postoperative health care.
Postoperative infections include wound infections and
endomyometritis, pelvic abscess, bacteraemia, septic
shock, septic pelvic vein thrombophlebitis, necrotising
fasciitis, dehiscence of the wound or evisceration®.
Caesarean delivery is the most important risk factor
for postpartum endomyometritis with reported odds
ratios ranging between 5 and 20* Wound infection
refers to infection of the skin and subcutaneous tis-
sue at the surgical site. Wound infection found before
hospital discharge will lead to further hospital stay
and will expand the use of therapeutic antibiotics,
additional surgical interventions, the hospitalisation
costs and readmission®. Common use of prophylactic
antibiotics decrease the risk of post-caesarean fever
and infections by over 50% from baseline rates as high
as 20-50% applied to both non-elective and elective
procedures®. Antibiotic prophylaxis reduces overall
length of hospitalisation and decreases treatment
cost associated with caesarean, and as a result it is
highly cost-effective®. Because of the rising rates of
caesarean delivery, prevention of post-caesarean in-
fection remains a public health issue priority. Despite
the use of currently introduced antibiotic prophylaxis
protocols, at least 10% of caesareans overall are com-
plicated by infection and over 15% by fever®. Without
use of of antibiotic prophylaxis approximately 30%
to 40% of patients who have an urgent caesarean
delivery developed endomyometritis; controversially
after a scheduled caesarean delivery nearly 10% to
15% of patients became infected®. The incidence of
postpartum endomyometritis is low (~1-3%) after
vaginal delivery and after spontaneous, complete or
missed abortions®.

Risk factors
Post caesarean infections are associated with

obesity, diabetes, chorioamnionitis, rupture of mem-
branes >18 hours, corticosteroid use, staple suture
wound closure, fewer prenatal care visits, emer-
gency caesarean section, length of surgery > 60
min, prolonged labour, excessive blood loss during
labour, immunosuppressive disorders’. Among many
risk factors for infections an emergency procedure
is the most important. Caesarean delivery allows
bacteria in the amniotic fluid to contaminate the
myometrium, uterine blood vessels and lymphatics
at time of hysterotomy. The placenta in a caesarean
delivery is preferred be derivered by traction on the
umbilical cord rather than by manual extraction.
The incidence of endomyometritis ranges from
5% to 85% and increases when caesarean delivery
is performed after the labour process begins or
membranes rupture* Other risk factors include
bacterial vaginosis, multiple vaginal examinations
in labour, invasive monitoring, pre-existing opera-
tive site infection, breaks in sterile technique, use of
electrocautery, advanced maternal age, urinary tract
infection, development of subcutaneous haematoma,
the skill of the operator, method of placental removal
and site of uterine repair, as well as poor hygiene
and anaemia'. Patients undergoing an extended
procedure (3 hours) or with a total blood loss >
1.500 ml must receive a second dose of antibiotic.
Studies have revealed that prophylactic antibiotics
decrease the rate of post-caesarean and post abortal
endomyometritis as well as post hysterectomy pelvic
cellulitis by as much as 50% to 60%. Obese women
with a BMI > 30kg/m? should receive an increased
dose of antibiotics prophylaxis!!3132,

Microbiology

The organisms responsible for obstetric infections
fall into two broad categories: sexual transmitted
organisms and microorganisms of the endogenous
vaginal flora that can be transferred into the up-
per genital tract with the mechanisms of labour
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and instrumentation during operation. The main
pathogens are aerobic Gram-positive cocci (Group B
Streptococci, Enterococci, and Staphylococcal species),
anaerobic Gram-positive cocci (Peptococci and Pep-
tostreptococci species), aerobic Gram-negative bacilli
(E. Coli, Klebsiella pneumonia and Proteus species),
and anaerobic Gram-negative bacilli (Bacteroides
and Prevotella species). The normal ratio of anaer-
obes to aerobes is between 2:1 and 5:1. The most
frequent organisms isolated from wound infections
also include Ureaplasma as well as Staphylococci
and Enterococci'?. Ureaplasma or Mycoplasma is the
most prevalent organism isolated from the amniotic
fluid at caesarean delivery, and is linked with a 3 to
8-fold increased risk of post-caesarean endomyome-
tritis or wound infection'. Bacterial vaginosis is a
complicated alteration in the vaginal flora resulting
in a high concentration of potentially pathogenic
anaerobic bacteria (such as Gardnerella vaginalis,
Mycoplasma hominis, Mobilluncus and Bacteroides
species), increasing the anaerobic/ aerobic ratio
to 100-1.000/1 and multiplying the risk of post-
caesarean endomyometritis. Bacterial vaginosis is
also correlated with as much as a 6-fold increased
risk of post-caesarean endomyometritis'*. Postpar-
tum endomyometritis is one of the most common
infectious complications, which can follow an aggres-
sive course, progressing to pelvic abscess or even
generalised peritonitis and septicaemia.
Microorganisms produce toxins and other viru-
lence factors that increase their ability to invade and
cause damage to host tissue. Many Gram-negative
bacteria produce endotoxins, thereby stimulating
massive cytokine production. Some microorganisms
have polysaccharide capsules which can inhibit leu-
kocyte phagocytosis, a critical and early host defence
response to microbial contamination. Clostridia and
Streptococci produce exotoxins that are capable of
disrupting cell membranes and/ or altering cel-
lular metabolism?®. Gram-positive bacteria such as

coagulase-negative Staphylococci produce glugocalyx;
an associated component referred to as “slime” that
physically shields bacteria from phagocytes and in-
hibits binding and/or penetration of antimicrobial
agents'®, During labour the pathogenic bacteria
can ascend into the urinary cavity or colonise the
decidual lining and invade the myometrium, setting
the stage for postoperative endometritis. Bacteria
that invade the uterine cavity can colonize and in-
fect the amniotic fluid and amniotic membranes
causing chorioamnionitis. Once chorioamnionitis is
established, an infection can progress to cause fetal
infection. Postpartum endomyometritis that occurs
within the first 48 hours most likely is unimicrobial
with Streptococcus Agalactiae or E. Coli being the
etiologic agents. Postpartum endomyometritis that
occurs later in the postpartum period (greater than
72 hours) is most likely polymicrobial involving
facultative and obligate anaerobic bacteria'®.

Antimicrobial prophylaxis in general

Concerning about post-caesarean section infection
as a cause of direct maternal morbidity and mortality,
the specific questions regarding the best evidence for
antibiotic prophylaxis, the class of antibiotic, the dose,
the timing and the route of administration must be
answered. The route of administration of antibiotic
prophylaxis must be effective, safe, inexpensive, and
convenient. Intravenous administration provides the
quickest road to achieve therapeutic plasma levels
and has an onset of action of 15 to 30 seconds. The
onset of action for the intramuscular route is 10 to 20
minutes. The use of an extended spectrum therapy
involving a second antibiotic is not an entirely new
conceptin surgical antibiotic prophylaxis. In patients
with known MRSA colonisation undergoing caesar-
ean, an additional single dose of Vancomycin may
be administered. Vancomycin alone is not sufficient
for caesarean. For preterm premature rupture of
membranes Azithromycin alone or combined to first-
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generation cephalosporins may be an alternative!’.
Using 500mg Azithromycin infused over 1 hour, may
consist an alternative solution for women undergoing
non elective caesarean. For long procedure greater
than 2 drug half-lives administer additional intra-
operative dose of the same antibiotic. Amoxicillin/
Clavoulanic acid is not recommended due to increased
risk of necrotising enterocolitis'®. Additionally, a re-
cent cohort study demonstrated a corresponding drop
in post-caesarean endomyometritis with increasing
use of Azithromycin over a period of 14 years®. The
incidence of wound infection also reduced from 3.2
to 1.3% over the same time period®.

Comparison among a variety of agents used

as antimicrobial prophylaxis in caesarean

delivery

Thirty-five trials of present literature (with 31
trials including 7697 women) were reviewed, com-
paring safety and effectiveness of different antibi-
otic prophylactic protocols in women undergoing
caesarean section. The trials included women un-
dergoing elective or non-elective caesarean sec-
tion. Trials were conducted in both low-middle and
high income countries. In five trials prophylactic
antibiotics were administered after umbilical cord
clumping. In four trials antibacterial prophylaxis
was administered preoperatively. In the larger part
of the trials, cephalosporins were compared to peni-
cillins as prophylaxis to caesarean delivery. Three
trials compared a cephalosporin or penicillin with
another class of antibiotics, some trials compared
single cephalosporin versus single penicillin, other
trials compared single cephalosporin versus penicil-
lin combination, cephalosporin combination versus
single penicillin and cephalosporin combination
versus penicillin combination. Only a few stud-
ies compared mixed antibiotic prophylaxis (which
does not include cephalosporin or penicillin) with
cephalosporin or penicillin.

4

Thirteen trials including 4010 women compared a
cephalosporin versus penicillin as chemoprophylaxis
in women delivering with caesarean section®!. There
were no significant differences between groups for
post-caesarean endomyometritis (RR- relative risk
1.11,96% Cl to 1.52; 9 trials, 3130 women), maternal
febrile morbidity (RR 0.89, 95% CI 0.61 to 1.30; 7
trials, 1344 women) or urinary tract infection (RR
1.48, 95% CI 0.89 to 2.48, 7 trials, 1120 women).
There were no clear differences between groups
concerning maternal length of hospital stay. No
data was reported regarding the number of women
readmitted to hospital. There were no important
differences between antibiotic groups about ad-
verse effects of the treatment in the women and no
allergic reactions to drugs were mentioned in three
studies (RR 2.02, 0.5 CI 0.18 to 21.96). There were
no cases of severe infectious complications such as
maternal sepsis in 346 women in two trials. For the
infants, there was no data reported for oral thrush,
infant length of hospital stay or immediate adverse
effects of the antibiotic. No cases of neonatal sepsis
were reported.

Twelve trials (2075 women) compared the ad-
ministration of cephalosporin with penicillin com-
bination?. There were no clear differences between
groups for maternal sepsis (RR 2.37 95% CI1 0.10 to
56.41; 1 trial, 75 women) post-caesarean endomyo-
metritis (RR 0.90,95% CI 0.60 to 1.35; 10 trials, 2134
women), wound infection (RR 0.72, 95% CI 0.40 to
1.30; 7 trials, 1608 women) or urinary tract infection
(RR0.66,95% CI10.17 to 2.55; 6 trials, 1361 women).
The outcome of infant sepsis was not mentioned in
the included studies.

There were no differences between the use of
cephalosporin combination versus single penicillin
(1 trial, 147 women). No differences were reported
in this study concerning post-caesarean endomyo-
metritis (RR 2.70, 95% CI 0.63 to 11.55), maternal
febrile morbidity (RR 2.36, 95% CI 0.84 to 6.62)
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or wound infection (RR 2.02,95% CI 0.42 to 9.63).
No cases of serious infectious complications were
detected.

Two trials (363 women) compared the administra-
tion of cephalosporin combination versus penicillin
alone. There were no clear differences between
groups in terms of this review’s maternal primary
outcomes: post-caesarean endomyometritis (RR 0.33,
95% C1 0.01 to 7.77; 1 trial, 83 women), postpartum
febrile morbidity (RR 1.57, 95% CI 0.69 to 3.60; 2
trials, 315 women), or wound infection (RR 1.23,
95% CI 0.42 to 3.52; 2 trials, 315 women).

Other parameters studied among groups
which were administered antimicrobial
prophylaxis

1. Type of caesarean delivery

Most of these studies included women under-
going urgent or elective caesarean section. There
were no clear differences between groups (women
undergoing elective or emergency caesarean deliv-
ery) for maternal sepsis (RR 2.91, 95% CI 0.47 to
18.10; 4 trials, 653 women). However, penicillins
demonstrated a higher effectiveness in comparison
to cephalosporins in women having an emergency
caesarean delivery (RR 1.33, 95% CI 1.01 to 1.75;
6 trials, 2362 women). There were no important
differences between groups of women undergoing
elective caesarean delivery (RR 2.06, 95% CI 0.66
to 6.39; 3 trials, 461 women)?*24,

2. Timing of administration of prophylaxis

Another parameter studied was the timing of ad-
ministration of prophylaxis (22 trials, 5788 women).
The usual practice was to administer antibiotics
immediately after cord clumping so as to prevent
the passage of the antibiotic into the baby and the
suppression of its natural microbioma. This could
hide infection in the neonate and promote the se-
lection of resistant organisms?. The CDC and the

American Society of Hospital Pharmacists recom-
mend that antibiotic prophylaxis is more effective
if administered just prior to surgery?s, within 60
minutes before the start of the caesarean section.
If this is not possible we can administer as soon as
possible after the incision?. Although ACOG currently
does not make a clear recommendation regarding
timing, it recognises that prophylactic antibiotics for
caesarean section are routinely used following cord
clumping?®. The most recent Cochrane systematic
review recommended prophylaxis to be administered
after clumping of cord, while other studies suggested
pre-incision administration of antibiotics?.

3. Intravenous versus oral & spraying

antibiotic prophylaxis

In nine studies (included 1274 women) the admin-
istration of intravenous antibiotics was compared
with antibiotic spraying as prophylaxis in women
undergoing caesarean delivery whether elective
or non-elective. There were no important differ-
ences between comparison groups for postpartum
endomyometritis (RR 0.95, 95% CI 0.70 to 1.29, 8
studies, 966 women) and wound infection (RR 0.49,
95% CI 0.17 to 1.45, 7 studies, 859 women). None
of the included studies reported infant sepsis. There
were no significant differences between comparison
groups regarding postpartum febrile morbidity (RR
0.87,95% CI 0.48 to 1.60, 3 studies, 264 women),
maternal urinary tract infection (RR 0.74,95% CI1 0.25
to 2.15; 5 studies, 660 women), while there were no
cases of severe infectious complications. There were
no significant differences between groups concern-
ing maternal length of hospital stay and number of
women readmitted to hospital®Z.

One study compared an intravenous with an oral
route of administration of prophylactic antibiotics but
did not demonstrated any of this review’s primary
or secondary outcomes”’.

There were no clear differences between com-
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parison groups about timing of administration for
maternal sepsis (RR 2.91, 95% CI 0.47 to 18.10; 4
studies, 653 women), or postpartum endomyome-
tritis (RR 1.11, 95% CI 0.90 to 1.37; 20 trials, 5390
women).

4. Comparison between different types

of antibiotics

First generation cephalosporins are highly recom-
mended than broader spectrum antibiotics; they
are equally effective, safe and less over-priced than
the next generations?’. Two trials (822 women)
compared the administration of a first-generation
cephalosporin versus extended spectrum penicil-
lins. There were no significant differences between
groups for postpartum morbidity due to fever (RR
2.36,95% CI 0.84 to 6.62; 1 trial, 139 women), or
wound infection (RR 2.02, 95% CI 0.42 to 9.63; 1
trial, 139 women) but extended-spectrum penicillin
were more efficient in preventing post-caesarean
endomyometritis (RR 2.18, 95% CI 1.30 to 3.66; 2
trials, 814 women)?°.

In eight studies (1882 women) the administration
of first-generation cephalosporins was compared
with aminopenicillins. There were no clear differ-
ences between groups regarding post-caesarean
endomyometritis (RR 1.09, 95% CI 0.69 to 1.71; 7
studies, 1487 women), postpartum febrile morbidity
(RR0.78,95% CI10.40 to 1.51; 5 studies, 626 women),
wound infection (RR 0.85, 95% CI 0.36 to 2.01; 5
studies, 626 women) or urinary tract infection (RR
1.41,95% CI 0.54 to 3.70; 5 studies, 626 women). A
decrease was observed regarding maternal length of
hospital stay in women who received first-generation
cephalosporins to aminopenicillins (MD-1.50 days,
95% CI 2.46 to 0.54; 1 study, 132 women)?13°,

In six studies (2,077 women) the administration
of second-generation cephalosporins was compared
versus extended spectrum penicillins. There were
no differences between groups for post caesarean

6

endomyometritis (RR 1.10, 95% CI 0.78 to 1.54; 4
studies, 1,334 women), postpartum febrile morbid-
ity (RR 1.08, 95% CI 0.79 to 1.47; 4 studies, 850
women), urinary tract infection (RR 1.43, 95%
CI 0.67 to 3.07; 3 studies, 567 women) or wound
infection (RR 2.37,95% CI 0.64 to 8.73; 2 studies,
438 women). None drug allergic reactions were
reported in two studies (1,030 women). No cases
of serious infectious complications were reported.
There was no clear difference between groups in
maternal length of hospital stay and readmissions
to hospital?12230,

In eight studies (1,921 women) second-generation
cephalosporins were compared versus aminopenicil-
lins. There were no important differences between
groups in postpartum endomyometritis (RR 1.10,
95% CI 0.75 to 1.35; 8 studies, 1,890 women), post-
partum morbidity due to fever (RR 1.17,95% CI 0.64
to 2.15; 3 studies, 387 women), wound infection (RR
1.14,95% CI1 0.47 to 2.78; 5 studies, 638 women) or
urinary tract infection (RR 0.63,95% CI1 0.11 to 3.66;
4 studies, 462 women). Infections can be induced by
surgical incision, the lining of the uterus and inside
the pelvis. The signs/ symptoms of post partum
endomyometritis usually occur within 5 days after
delivery®e. Caesarean section enlarges the risk of
infection compared to vaginal by 5 to 20-fold?"#23,

Two studies (359 women) compared the adminis-
tration of intravenous third-generation cephalospo-
rins versus extended spectrum penicillin. Extended
spectrum penicillin was more essential than third-
generation cephalosporins in preventing postpartum
endomyometritis (RR 2.14, 95% CI 1.14 to 4.00; 1
study, 300 women)?22,

In seven studies (1,904 women) the administration
of third-generation cephalosporins was compared
versus aminopenicillins. There were no evident
differences between groups for postpartum endo-
myometritis (RR 1.47,95% CI 0.89 to 2.42; 5 studies,
1,472 women), postpartum febrile morbidity (RR
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1.12,95% CI 0.69 to 1.83; 3 studies, 1,060 women),
urinary tract infection (RR 0.52, 95% CI 0.10 to
2.80; 2 studies, 233 women), or maternal length of
hospital stay (MD- 0.03,95% CI 0.14 to 0.08; 1 study,
746 women). No data was reported concerning the
number of women readmitted to hospital. Wound
infections were decreased in the group receiving
third-generation cephalosporins (RR 0.49, 95% CI
0.27 to 0.90; 6 studies, 1,556 women)?223:30,

One study (72 women) compared ciprofloxacin
receiving versus Ampicillin/ Sulbactam and another
trial (81 women) compared ciprofloxacin to cefotetan.
There were no clear differences between groups
regarding postpartum endomyometritis, wound
infection, postpartum morbidity due to fever or
severe infectious complications?!?2,

Three small studies compared the Lincosamide
plus aminoglycoside versus Penicillin (1 study, 88
women), and 2 studies (118 women) compared
the beta-lactam antibiotics versus cephalospo-
rins. There were no significant differences between
groups about postpartum endomyometritis, wound
infection, maternal sepsis or postpartum febrile
morbidity??3°.

One study (241 women), compared Gentamycin
plus Metronidazole versus a cocktail of antibiotics
(Penicillin, Nitroimidazole and Macrolide). There
were no important differences between groups
regarding postpartum endomyometritis (RR 0.81,
95%CI 0.29 to 2.26; 1 study, 241 women), post-
partum febrile morbidity (RR 1.12, 95%CI 0.69 to
1.83, 3 studies, 1.060 women), wound infection (RR
3.23,95%CI 0.34 to 30.64; 1 study, 241 women), or
maternal urinary tract infection (RR 1.08, 95%CI
0.07 to 17.03; 1 study, 241 women). There were
differences between groups in terms of maternal
length of hospital stay, or about the number of
readmissions to hospital. The outcome of infant
sepsis was not demonstrated in the subsequent
studies®*%.
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