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Abstract

Introduction: Clinical intraamniotic infection (IAI) or simply chorioamnionitis is defined as acute inflammation of the membranes
and chorion of the placenta. The condition is typically caused by polymicrobial bacterial infection following rupture of membranes.

[t is the most common cause of peripartum infection.

Aim of Work: In this review, we will discuss the latest available evidence regarding the diagnosis and management of Chorioamnio-
nitis.
Methodology: A thorough systematic search on scientific database including PubMed search engine and Google Scholar search en-

gine regarding all studies discussing chorioamnionitis. Relevant available full articles were reviewed and included.

Conclusion: A presumptive diagnosis of chorioamnionitis can be made in women with fever = 39.0°C or 38.0°C to 38.9°C on two oc-
casions 30 minutes apart, without another clear source plus one or more of increased baseline fetal heart rate > 160 beats/min for >
10 minutes, maternal white cell (WBC) count > 15,000/mm3, and purulent-appearing fluid coming from the cervical os. Management
of women with presumptive or confirmed chorioamnionitis involves antibiotics and delivery. Broad spectrum antibiotics should be
administered following a diagnosis of chorioamnionitis in favor of both the mother and fetus. The suggested first line include ampi-
cillin (2g intravenously) every six hours plus gentamicin (5Smg/kg intravenously) once daily. Delivery should be achieved by prompt

induction or augmentation of labor.
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Introduction

Clinical intraamniotic infection (IAI) or simply chorioamnionitis is defined as acute inflammation of the membranes and chorion of the
placenta. The term Histologic chorioamnionitis has been used to describe cases without the typical clinical or microbiological findings
associated with acute infection. Chorioamnionitis is an older term that is still widely used. In 2015, a strict diagnostic criteria with new
term “triple 1” were introduced to refer to intrauterine infection or inflammation or both [1]. However, this terminology has not been

commonly adopted although the criteria are being used [2].

The condition is typically caused by polymicrobial bacterial infection following rupture of membranes. It is the most common cause of
peripartum infection. A systematic review estimated that it occurred in 3.9 percent of all women giving birth [3]. However, the reported
incidence varies greatly between studies due to several factors including the type of study, prevalence of risk factors, different diagnostic
criteria [4]. In addition, the incidence varies between preterm and term pregnancies. Preterm delivery is associated with a higher inci-

dence ranging from 40 to 70 percent mostly due to premature rupture of membranes (PROM) [5].

At term, the overall incidence of intrauterine infection is estimated to be 1 - 4 percent [4]. However, this increases to 7 percent with
the presence of PROM, 40 percent with PROM for more than 24 hours, and 20 percent of women who have more than eight digital vaginal

examinations [6].

Chorioamnionitis is associated with potentially serious maternal, fetal, and neonatal adverse effects. In this review, we will discuss the

latest available evidence regarding the diagnosis and management of Chorioamnionitis.
Methodology

We conducted a thorough systematic search on scientific database including PubMed search engine and Google Scholar search engine
for all studies discussing chorioamnionitis. All relevant available full articles were reviewed and included. The terms used in the search

were: Chorioamnionitis, intraamniotic infection, IV], triple 1, assessment, risk factors, and management.
Pathogens and pathogenesis

Chorioamnionitis is typically polymicrobial disease caused usually by vaginal or enteric flora. About two-thirds of women with Chorio-
amnionitis have at least two isolates per specimen of amniotic fluid. Transplacental transmission of infection to maternal circulation, on

the other hand, are more likely to be nonpolymicrobial.

Genital mycoplasmas (As Ureaplasma and Mycoplasma species) are the most common isolates and may be detected in the absence
of other organisms.” Some experts, however, believe that this is due to contamination or colonization from the lower genital tract rather
than a true infection because these organisms are highly prevalent (more than two-third) in the lower genital tract. However, repeated
data support pathogenicity of these organisms [7]. Other incriminated pathogens include anaerobes (As Gardnerella vaginalis, Bacteroi-
des spp), enteric gram-negative bacilli, and group B Streptococcus. Anaerobes are encountered more frequently in preterm chorioamnio-

nitis than in full term women [8].

Migration of lower genital tract flora through the cervical canal is the most common route of infection. Hematogenous route from bac-
teremia is uncommon and when it occurs, however, the pathogen infects the intervillous space or results from amniotic cavity contami-
nation due to invasive procedure. Another speculated pathway of Infection is from the peritoneum via the fallopian tubes, but this likely
rare [9]. Bacterial infection activates the maternal and fetal inflammatory response systems and generally leads to labor and/or rupture

of membranes.
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Risk factors and clinical presentation

The most important risk factors for chorioamnionitis are prolonged labor and higher duration of ruptured membranes. Other factors
that may be associated with IVI include multiple digital vaginal examinations, cervical insufficiency, meconium-stained amniotic fluid,
presence of genital tract organisms (from sexually transmitted infections, group B Streptococcus, or bacterial vaginosis), and positive
history of previous chorioamnionitis [10]. Association between infections rate and number of digital examinations could be explained by

prolonged labor rather than due to the number of digital examinations as an independent risk factor [11].

Chorioamnionitis often occurs in women with premature rupture of membranes (PROM) but can also occur with intact membranes.
The clinical findings are usually nonspecific. Fever presents in all women, however, about 70 - 90 of these women have leukocytosis.
Tachycardia appears in 50 - 80 percent of women (HR > 100/min); fatal tachycardia (HR > 160/min) is slightly less prevalent. One
fourth at maximum show uterine tenderness. Bacteremia is most common when chorioamnionitis is associated with group B Streptococ-
cus or Escherichia coli infection with 18 and 15 percent of cases respectively. As most cases of chorioamnionitis are due vaginal or enteric

flora, however, bacteremia is seen in 5 - 10 percent of women with IVI.

It is essential to bear in mind that chorioamnionitis could be subclinical, which by definition does not present with the above clinical

findings. Subclinical infection may manifest as preterm labor with intact membranes or as preterm premature rupture of membranes.

Pregnant with chorioamnionitis may present (or undergo) in complications. The infection is associated with an increased risk of labor
abnormalities, which increase the risk for cesarean delivery, uterine atony, postpartum bleeding, and need for blood transfusion [12]. The
severity of dysfunction labor is affected by the type of bacteria. Women with persistent high-virulence in the amniotic fluid have more
labor abnormalities than women with low-virulence organisms [13]. The exact pathophysiologic mechanisms for labor dysfunction in not
fully understood and many factor may have a role. The association between chorioamnionitis and both labor abnormalities and postpar-

tum bleeding suggests dysfunctional myometrial contractility caused by inflammation [12].

Chorioamnionitis may lead to localized postpartum infection. Women undergo cesarean delivery, which is common, are at increased
risk for wound infection, septic pelvic thrombophlebitis, pelvic abscess, and endomyometritis [14]. Sepsis may occur as a result of chorio-
amnionitis. In one large population based study in the United States, 18 percent of maternal sepsis were associated with chorioamnionitis
[15]. Another study showed that 1.4 percent of women with established chorioamnionitis developed sepsis due to lack of identification
upon initial presentation [16]. Hence, the risk of life-threatening sequelae is low with prompt adequate management with broad spec-
trum antibiotics. Obtaining a lactate level can be helpful since an elevated level can be a sign of sepsis and is associated with an adverse

maternal outcome. Serum lactate level correlates with the severity of sepsis and should be used to follow the therapeutic response.
Diagnostic evaluation

In most case scenario, a presumptive diagnosis of chorioamnionitis is adequate for initiating maternal therapy. However, when the
diagnosis is uncertain because of absence of typical clinical findings as maternal fever or overlap with other source of infection, evaluation
of amniotic fluid can confirm or exclude the diagnosis. Amniotic fluid culture remains the “gold standard” and the most precise test for the
diagnosis, but is constrained by the fact that conclusive results may take days to obtain, which is too long to be practically useful. Results
can be obtained more feasibly from many other tests including white blood cell (WBC) concentration, gram stain, glucose concentration,
and leukocyte esterase level. Unfortunately, the majority of these tests have relatively low predictive value for a positive amniotic fluid

culture and even lower ability to predict neonatal sepsis [17].

WBC concentration can be calculated using a coulter counter (abnormal result > 30 cells/mm?). Sensitivity and specificity were 64
and 95 percent respectively in one study of 120 patients with preterm labor and intact membranes [18]. Gram stain usually performed

on an unspun specimen of amniotic fluid as centrifuging does not significantly improve the sensitivity of the test. The sample should be
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examined under 20 to 30 high-power fields should be examined. As the amniotic fluid is sterile in uncomplicated pregnancies with intact
membranes, the presence of any bacteria and leukocytes (at least six leukocytes per high-power field) is suspicious for chorioamnionitis
[19]. In one meta-analysis based on two studies with a total of 288 women with preterm labor and intact membranes, Positive gram
stain had sensitivity and specificity of 65 and 99 percent respectively [20]. Glucose concentration could be assessed by an autoanalyzer
tests (abnormal result < 15 mg/dL). The sensitivity of glucose < 14 was 85 percent while the sensitivity and specificity was 87 percent as
shown in individual patient - level meta-analysis [20]. The combination of positive Gram stain of glucose level and gram stain did not in
significant increase in both sensitivity and specificity. Finally, Leukocyte esterase activity can be tested by a urine dipstick reagent with
sensitivity ranging from 85 to 91 percent and specificity from 95 to 100 percent [21,22]. In patients with preterm labor, the combined
result of all previous 4 tests has sensitivity of 90 percent and specificity of 80 percent for predicting positive results of amniotic fluid
culture. However, since the prevalence of chorioamnionitis is relatively low, this combination of tests has a high false-positive rate (about
67 percent); thus, the decision should be made with extreme caution particularly when the intervention involves delivery of an immature
fetus. Accordingly, amniocentesis is not advised to exclude subclinical chorioamnionitis before attempts to prolong pregnancy in patients

with preterm labor or cervical insufficiency.

Complete blood count (CBC) is essential. Blood culture in patient with chorioamnionitis is not routinely used. Physician should order
a blood culture when sepsis occurs or is being suspected. C-reactive protein (CRP) in maternal serum has no role in the diagnostic evalu-
ation. It is concluded in one meta-analyses that elevated maternal CRP level did not appear to be useful for early diagnosis or predicting
neonatal sepsis but was moderately predictive of histologic chorioamnionitis [23]. Available studies demonstrated a very heterogeneous
wide range for sensitivity and specificity of CRP. Diagnostic tests for other infections, such as urinalysis and urine culture, are obtained if

the diagnosis of chorioamnionitis versus another cause of fever and leukocytosis is uncertain.

The diagnosis of chorioamnionitis is usually based on clinical findings alone. Maternal fever is the key criterion without another iden-
tifiable source, which is a manifestation of systemic inflammation; other criteria are insensitive. National Institute of Child Health and Hu-
man Development Workshop expert panel suggests diagnostic criteria in 2015 which was endorsed by the American College of Obstetri-
cians and Gynecologists (ACOG) [24]. A presumptive diagnosis of chorioamnionitis can be made in pregnant with fever = 39.0°C or 38.0°C
to 38.9°C on two occasions 30 minutes apart, without another clear source plus one or more of the following: Baseline fetal heart rate
> 160 beats/min for = 10 minutes, excluding accelerations, decelerations, and periods of marked variability; Maternal white cell (WBC)
count > 15,000/mm? in the absence of corticosteroids; Purulent-appearing fluid coming from the cervical os visualized by speculum ex-
amination. Patients with isolated fever = 39.0°C (102.2°F) should be managed as having suspected chorioamnionitis, as they are at high
risk of an adverse clinical infectious outcome [25]. These criteria omitted the importance of maternal tachycardia (heart rate > 100 beats
per minute) and fundal tenderness for clinical diagnosis. The presence of risk factors strengthen the presumptive diagnosis of chorioam-

nionitis.

A confirmed diagnosis of IAl can be made in women with all previous finding plus one or more of objective laboratory findings that in-
clude positive Gram stain of amniotic fluid, low glucose level in amniotic fluid, positive amniotic fluid culture, high WBC count in amniotic
fluid in the absence of a bloody tap, or histopathologic evidence of infection or inflammation or both in the placenta, fetal membranes, or

the umbilical cord vessels.

In women with preterm labor and intact membranes, elevated levels of interlukin-6 (IL-6) in cervicovaginal fluid tend to be predictive
of microbial amniotic cavity invasion [26]. Infection, preterm birth, and chronic fetal inflammatory syndrome are associated with elevated

cytokine levels in amniotic fluid and fetal blood [17].

Increased IL-6 in the setting of chorioamnionitis may carry more significance as prognostic factor for adverse outcomes than a positive
culture of amniotic fluids alone. Regardless of microbial culture results, composite perinatal morbidity and mortality rates were lower in

pregnancies with IL-6 levels < 2.6 ng/mL compared with pregnancies with IL-6 levels > 11.3 ng/mL.
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At present, the technological complexity of the assays, the absence of laboratory specifications, and minimal data on test features re-
strict this testing to research purposes in many countries including the United State. In some countries, however, a rapid test has become
available and provides results within 20 minutes [27]. Preliminary evaluations indicate that the sensitivity and specificity of the test for
intraamniotic inflammation in preterm pregnancies with ruptured or intact membrane are as high as 93 to 97 and 91 to 96 percent re-
spectively [28].

Management

Management of women with presumptive or confirmed chorioamnionitis involves antibiotics and delivery. Bactericidal concentrations
in the fetus and amniotic fluid is achieved within 30 to 60 minutes after initiation, but chorioamnionitis can only be cured by delivery of
the infected products of conception. The lack of efficacy of antibiotics alone could be explained by biofilms formed by bacteria, which are

resistant to antibiotic treatment [29].

Initially, broad spectrum antibiotics should be administered following a diagnosis of chorioamnionitis in favor of both the mother and
fetus. Prompt initiation of antimicrobial therapy may reduce the frequency and severity of neonatal infection [30]. The chosen antibiotic
should be parenteral broad spectrum that coverage for common pathogens. The suggested first line include ampicillin (2g intravenously)
every six hours plus gentamicin (5 mg/kg intravenously) once daily. A single daily dose of gentamicin is equally or even more effective,
convenient, and adequate fetal serum level than thrice-daily (standard) dosing and safe when used intrapartum or postpartum [31].
Pregnant with renal insufficiency should receive adjusted dose of gentamicin; serum levels and creatinine clearance should be monitored

to guide dosing in these patients.

Delivery should be achieved by prompt induction or augmentation of labor. Cesarean delivery reserved for standard obstetric indica-
tions. Once antimicrobial therapy is initiated, there is no evidence that the duration of labor correlates with adverse neonatal outcome;
[6] therefore, shortening labor does not justify cesarean delivery. In addition, as mentioned earlier, cesarean delivery in the presence of
chorioamnionitis carries increased risk of wound infection, endomyometritis, and venous thrombosis [32]. If cesarean delivery is decided,
women with chorioamnionitis should receive additional anaerobic coverage to the intrapartum antibiotic regimen because anaerobes
play a major role in complications associated with post-cesarean endometritis. The addition of anaerobic coverage has reduced failure
rates of post-cesarean endometritis. The recommended choice is either metronidazole 500 mg orally or intravenously or clindamycin 90
0 mg intravenously every eight hours. It is worth mentioning that a single dose of 500 mg azithromycin intravenously may be added as it

is part of his routine antibiotic prophylaxis for cesarean delivery [33].

There is no concrete data regarding postpartum continuity of antimicrobial therapy. Some experts choose to administer additional
dose of antibiotic after both vaginal delivery and cesarean section. These approaches are based on evidence from a few small randomized
trials and observational studies in pre-delivery women treated for chorioamnionitis that compared the outcomes of women treated with
no or one postpartum antibiotic dose with those treated with multiple postpartum antibiotic doses [30]. The use of multiple doses of
antibiotics in these trials was not associated with a substantial reduction in treatment failure (usually characterized as persistent fever)
compared with less intensive treatment. Some authors continue to administer antibiotics after delivery to all patients for at least 24 hours
until they are afebrile and asymptomatic. Given the limited number of participants and postpartum febrile events in the available studies
and the discrepancies between studies on patient characteristics and treatment regimens, this is a rational alternative strategy. It is sug-
gested by one retrospective study that women underwent cesarean section are most likely to benefit from this approach since they had
a higher prevalence of persistent fever after delivery [34]. ACOG committee opinion on chorioamnionitis states that additional antibiotic
doses are not required after vaginal delivery and at least one additional dose is indicated after cesarean delivery [24]. There is no evidence

that oral antibiotics are beneficial after discontinuation of parenteral therapy.
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Sufficient evidence regarding the best management of chorioamnionitis in patient allergic to penicillin is lacking. Some experts im-
provise with substituting vancomycin for ampicillin. Gentamicin once daily plus intravenous clindamycin every 8 hours is an acceptable
alternative, unless GBS coverage is indicated. In these cases, clindamycin should only be used if clindamycin-inducible resistance testing

is negative.

Regarding fetal monitoring, continuous electronic fetal monitoring is to detect development of fetal compromise due to chorioamnio-
nitis. Fetal infection is not associated with a specific pattern of periodic fetal heart rate changes, except mild baseline tachycardia in some
cases. While there is no evidence suggesting that use of a scalp electrode increases the risk of neonatal sepsis in the setting of chorioam-

nionitis, it is prudent to use only when an external device does not provide adequate information.

Acetaminophen is typically administered to reduce fever. The combination of maternal fever and fetal acidosis increase the risk of
neonatal encephalopathy by 12.5 percent. One study has suggested that each one of these factors may be considered as an independent
risk factor for encephalopathy with odd ratio 8.1 and 11.5 for maternal fever and neonatal acidosis respectively [35]. Hence, this supports
the use of antipyretics in women with chorioamnionitis. Additionally, Reduction of fever with antipyretics may also reduce fetal tachycar-

dia, thereby avoiding the tendency to perform a cesarean delivery because of an abnormal fetal heart rate pattern.
Conclusion

The most important risk factors for chorioamnionitis are prolonged labor and higher duration of ruptured membranes. However, it
can also occur with intact membranes. The infection is associated with an increased risk of labor abnormalities, which increase the risk

for cesarean delivery, uterine atony, postpartum bleeding, and need for blood transfusion.

A presumptive diagnosis of chorioamnionitis can be made in pregnant with fever = 39.0°C or 38.0°C to 38.9°C on two occasions 30
minutes apart, without another clear source plus one or more of the following: Baseline fetal heart rate > 160 beats/min for = 10 minutes,
excluding accelerations, decelerations, and periods of marked variability; Maternal white cell (WBC) count > 15,000/mm? in the absence
of corticosteroids; Purulent-appearing fluid coming from the cervical os visualized by speculum examination. A confirmed diagnosis of

IAI can be made in women with all previous finding plus one or more of objective laboratory findings.

Management of women with presumptive or confirmed chorioamnionitis involves antibiotics and delivery. Broad spectrum antibiotics
should be administered following a diagnosis of chorioamnionitis in favor of both the mother and fetus. The suggested first line include
ampicillin (2g intravenously) every six hours plus gentamicin (5 mg/kg intravenously) once daily. Delivery should be achieved by prompt
induction or augmentation of labor.
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