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ABSTRACT

Background

Cesarean section before labor and before ruptured membranes (“elective cesarean section”, or ECS) has been introduced as an intervention
for the prevention of mother-to-child transmission (MTCT) of HIV-1. The role of mode of delivery in the management of HIV-1-
infected women should be assessed in light of risks as well as benefits, since HIV-1-infected pregnant women must be provided with
available information with which to make informed decisions regarding cesarean section and other options to prevent transmission of
infection to their children.

Objectives
Our objectives were to assess the efficacy (for prevention of MTCT of HIV-1) and the safety of ECS among HIV-1-infected women.

Search strategy

Electronic searches were undertaken using MEDLINE and other databases. Hand searches of reference lists of pertinent reviews and
studies, as well as abstracts from relevant conferences, were also conducted. Experts in the field were contacted to locate any other
studies. The search strategy was iterative.

Selection criteria
Randomized clinical trials assessing the efficacy and safety of ECS for prevention of MTCT of HIV-1 were included in the analysis, as
were observational studies with relevant data.

Data collection and analysis

Data regarding HIV-1 infection status of infants born to HIV-1-infected women according to mode of delivery were extracted from
the reports of the studies. Similarly, data regarding postpartum morbidity (PPM) (including minor (e.g., febrile morbidity, urinary
tract infection) and major (e.g., endometritis, thromboembolism) morbidity) of the HIV-1-infected women, and infant morbidity,
according to mode of delivery were extracted.

Main results

One randomized clinical trial of the efficacy of ECS for prevention of MTCT of HIV-1 was identified. No data regarding infant
morbidity according to the HIV-1-infected mother’s mode of delivery were available. Data regarding PPM according to mode of delivery
were available from this clinical trial as well as from five observational studies. Among HIV-1-infected women not taking antiretrovirals
(ARVs) during pregnancy or taking only zidovudine, ECS was found to be efficacious for prevention of MTCT of HIV-1. PPM is
generally higher among HIV-1-infected women who undergo cesarean as compared to vaginal delivery, with the risk with ECS being
intermediate between that of vaginal delivery and NECS (including emergency procedures). Other factors associated with the risk of
PPM among HIV-1-infected women include HIV-1 disease stage (more advanced disease, as manifested by lower CD4 counts and
higher viral loads, being associated with a greater risk of PPM) and co-morbid conditions (e.g., diabetes).

Authors’ conclusions
ECS is an efficacious intervention for the prevention of MTCT among HIV-1-infected women not taking ARVs or taking only
zidovudine. The risk of PPM with ECS is higher than that associated with vaginal delivery, yet lower than with NECS. Among HIV-1-
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infected women, more advanced maternal HIV-1 disease stage and concomitant medical conditions (e.g., diabetes) are independent
risk factors for PPM. The risk of MTCT of HIV-1 according to mode of delivery among HIV-1-infected women with low viral loads
(low either because the woman’s HIV-1 disease is not advanced, or because her HIV-1 disease is well-controlled with ARV5) is unclear.
Therefore, an important issue to be addressed in one or more large studies (individual studies or an individual patient data meta-analysis
combining data from more than one study) is assessment of the effectiveness of ECS for prevention of MTCT of HIV-1 among HIV-1-
infected women with undetectable viral loads (with or without receipt of highly active ARV therapy (HAART)).

PLAIN LANGUAGE SUMMARY

Mother-to-child transmission (MTCT) of HIV is the primary way that children become infected with HIV. More than 2000 children
worldwide are infected in this way every day.

Cesarean section before labor and before ruptured membranes (also called “elective cesarean section,” or ECS) has been introduced as
an intervention for the prevention of MTCT of HIV. The objectives of this review were to assess the efficacy (for prevention of MTCT
of HIV) and the safety of ECS among HIV-infected women.

The authors found that ECS is a good intervention for the prevention of MTCT among HIV-infected women not taking antiretrovirals
(ARV), or taking only zidovudine. The risk of MTCT of HIV according to mode of delivery among HIV-infected women with low
HIV viral loads (low either because the woman’s HIV disease is not advanced, or because her HIV disease is well-controlled with ARVs)
is unclear. Therefore, an important issue to be addressed in one or more large studies is an assessment of the effectiveness of ECS for
prevention of MTCT of HIV among HIV-infected women with undetectable viral loads, whether or not they are receiving highly

active ARV therapy (HAART).

BACKGROUND

An estimated 500,000 children died of AIDS in 2004 (UNAIDS
2004). Mother-to-child transmission (MTCT) of human immun-
odeficiency virus type 1 (HIV-1) is the most common etiology of
pediatric HIV-1 infection throughout the world. A large propor-
tion of the cases of MTCT of HIV-1 occur during the intrapartum
period (Kourtis 2001). Possible mechanisms include transfusion
of the mother’s blood to the fetus during labor contractions, infec-
tion after the rupture of membranes, and direct contact of the fetus
with infected secretions or blood from the maternal genital tract
(Mofenson 1997; Kuhn 1995). Therefore, performing a cesarean
section before the onset of labor and the rupture of membranes
could decrease the risk of MTCT of HIV-1 (compared with vagi-
nal delivery or cesarean section after onset of labor and/or after
rupture of membranes).

It is well known that, in the absence of HIV-1 infection, cesarean
section is associated with increased risks of maternal and infant
morbidity (Pettiti 1985; Miller 1988; Morrison 1995). In a pop-
ulation of HIV-1-infected women, the procedure would be ex-
pected to be associated with the same, if not greater, deleterious
effects on both mother and infant. For example, surgical delivery
would be expected to increase the risk of fever, endometritis, and
hemorrhage and severe anemia among women. In general, neona-
tal morbidity related to cesarean section would be expected to re-
sult from iatrogenic preterm delivery in situations where the ges-
tational age is not accurately assessed prior to delivery. Even with

accurate assessment of gestational age, the relative risk of neona-
tal respiratory morbidity with delivery by cesarean section before
the onset of labor is higher if performed during the 38th week
than during the 39th week of gestation (Morrison 1995). How-
ever, although the risk of neonatal respiratory morbidity is higher,
the number of affected infants is small. In addition to respiratory
morbidity (respiratory distress syndrome, transient tachypnea of
the newborn), an increased risk of lacerations of newborn skin is
also of concern with surgical delivery. In more unusual instances,
the occurrence of postpartum or neonatal mortality is related to
mode of delivery.

The role of mode of delivery in the management of HIV-1-in-
fected women must be assessed in light of risks as well as bene-
fits, since HIV-1-infected pregnant women must be provided with
available information with which to make informed decisions re-
garding cesarean section and other options to prevent transmission
of infection to their children.

OBJECTIVES

1) To examine the efficacy of ECS for prevention of MTCT of
HIV-1.

2) To evaluate the safety (in terms of postpartum and infant mor-
bidity) of ECS compared with other mothers of delivery among
HIV-1-infected women
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CRITERIA FOR CONSIDERING
STUDIES FOR THIS REVIEW

Types of studies

Analytic epidemiologic studies, both observational (case control
and cohort studies) and interventional (clinical trials), of HIV-1-
infected women and their infants were included. Studies per-
formed in general or specific populations and in hospitals or clinics
were included. Studies performed in any country and published in
any language were included. Studies with historical controls and
ecological studies were excluded. Mode of delivery must have been
explicitly described, such that the risk of transmission of HIV-1
could be assessed according to at least the following types of de-
liveries: ECS; other cesarean section (NECS); vaginal delivery.

Types of participants
HIV-1-infected pregnant women and their children.

Types of intervention

Mode of delivery: ECS compared to other modes of delivery (vagi-
nal delivery, NECS).

TprS Of outcome measures

The outcome measures were:
1) HIV-1 infection in children born to HIV-1-infected women;

2) morbidity among HIV-1-infected women and their children.
Types of PPM evaluated included: febrile morbidity, endometritis,
hemorrhage or severe anemia, pneumonia, and urinary tract in-
fections. Types of infant morbidity evaluated included: respiratory
morbidity (respiratory distress syndrome and transient tachypnea
of the newborn) and skin lacerations.

SEARCH METHODS FOR
IDENTIFICATION OF STUDIES

See: methods used in reviews.

Electronic searches were undertaken using the following
databases: MEDLINE, Embase, AIDSLINE, CINAHL,
Scisearch, the Cochrane Controlled Trials Register, Database of
Abstracts of Reviews of Effectiveness (DARE), Latin American
and Caribbean Health Sciences (LILACS), the Cochrane
HIV/AIDS and the Cochrane STD registers of studies. Hand
searches of the reference lists of all pertinent reviews and studies
found also were undertaken, as well as abstracts from relevant
conferences, including the International AIDS Conferences
and the annual Conference on Retroviruses and Opportunistic
Infections over the past 10 years. Experts in the field of HIV-1
prevention were contacted to locate any further studies or
relevant conference proceedings not included in the databases
to ensure that unpublished studies were included. The search
strategy was iterative.

Search

1 HIV

2 HIV-1

3 HIV-2

4 HIV INFECT*

5 HIV INFECTIONS

6 HIV INFECTED

7 (ACQUIRED IMMUNODEFICIENCY SYNDROME)
8 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7

9 DELIVERY, OBSTETRIC

10 DELIVERY AND PREGNANCY

11 CAESAREAN SECTION

12“ MODE OF DELIVERY” AND PREGNANCY
13 #9 OR #10 OR #11 OR #12

14 INFANT MORTALITY

15 INFANT MORBIDITY

16 NEONATAL MORTALITY

17 NEONATAL MORBIDITY

18 MATERNAL MORTALITY

19 MATERNAL MORBIDITY

20 POSTPARTUM MORTALITY

21 POSTPARTUM MORBIDITY

22 #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR
#21

23 #8 AND #13 AND #22

24 (ANIMAL OF ANIMALS) NOT HUMAN

25 #23 NOT #24

With regard to the electronic literature search, the optimal
sensitive search strategy developed by The Cochrane
Collaboration and detailed in the Cochrane Reviewers’
Handbook (Handbook 2005) was used, in conjunction with
search terms identified above, to identify relevant studies from
1966 to 2004.

METHODS OF THE REVIEW

The search for studies was performed with the assistance of
the Cochrane HIV/AIDS Group. The authors performed the
selection of potentially relevant studies. The titles, abstracts and
descriptor terms of all downloaded material from the electronic
searches were read and irrelevant reports discarded to create a pool
of potentially eligible studies. All citations identified then were
inspected independently by JSR and MLN to establish relevance
of the article and whether or not the full article should be acquired.
If there is uncertainty, the full article was obtained.

1. Selection of studies:

The authors independently applied the inclusion criteria. Studies
were reviewed for relevance based on study design, types of
participants, exposures and outcome measures. Finally, where
resolution was not possible because further information was
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necessary, attempts were made to contact authors to provide
further clarification of data. The method of conflict of resolution
was by consensus.

2. Data extraction:

Using a standardized data extraction form, the authors
independently extracted data.. The following characteristics were
extracted from each included study:

Administrative details: Identification; author(s); published or
unpublished; year of publication; year in which study was
conducted

Details of study: Study design; type, duration and completeness
of follow-up in the case of cohort studies; country and location
of the study; setting in which the study was performed (e.g.
urban or rural; population or hospital/clinic based); method(s) of
recruitment; number of participants

Characteristics of participants: Age; socio-economic status; other
identified risk factors (e.g., HIV-1 disease stage)

Details of intervention: Mode of delivery based on obstetrical
record

Details of outcomes: MTCT of HIV-1; PPM (overall, and specific
types, e.g., endometritis), neonatal morbidity (e.g., respiratory
distress syndrome)

3. Quality assessment:

Quality assessment was performed using standardized quality
assessment forms.

Randomized Controlled Trial: The methodological quality of
included clinical trials was evaluated independently by the authors
according to a validity checklist for clinical trials (ter Reit G 1997).

Observational Studies: The authors independently evaluated the
methodological quality of the included observational studies. In
all types of studies, particular emphasis was placed on the method
of selection of the sample (criteria specific to the study design).
In cohort studies, quality assessment included the type, length
and completeness of follow-up and in case-control studies, case
definition and control selection were included. According to the
Newcastle-Ottawa Quality Assessment Scale (http://www.lri.ca/

programs/ceu/oxford.htm), the authors independently evaluation

the methodological quality of the observational studies,

Authors were not be blinded to the names of the authors,
institutions, journal of publication or results of the studies. The
method of conflict resolution was by consensus.

4. Data synthesis

Incomplete data: If data were incomplete, attempts were made to
contact the authors for clarification of important information.

Data from randomized clinical trials were not combined with data
from observational studies. Observational studies were assessed by
type of study (e.g., prospective cohort studies).

Outcome measures: All outcomes included in this review are
binary. Measures of association generally were expressed as crude
and/or adjusted odds ratios together with their 95% confidence
intervals. Odds ratios were used because they are the only valid
estimator from case-control studies, and from adjusted analyses
obtained from logistic regression.

DESCRIPTION OF STUDIES

Studies included in this review: 1. Efficacy: Eur Mode Del 1999;
2. Safety: Eur HIV Ob 2004, Eur Mode Del 1999, Faucher 2001,
Marcollet 2002, Read 2001, Watts 2000. Details of each study
are given in the table “Characteristics of Included Studies” and are
noted below:

1. Efficacy:

Eur Mode Del 1999: A randomized clinical trial of mode of deliv-
ery for prevention of MTCT of HIV-1 in Europe (Italy, France,
United Kingdom, Spain, Switzerland, Sweden) was conducted.
The primary objective of the trial was to assess MTCT rates ac-
cording to mode of delivery. Women were recruited between 1993
and 1998. Women at 34-36 weeks gestation with a confirmed di-
agnosis of HIV-1 infection were eligible to enroll. Children were
followed until 18 months after birth. Among those women who
were followed until at least delivery and who delivered one or more
liveborn infants, 188 women had been assigned to cesarean sec-
tion and 220 women were assigned to vaginal delivery. Ninety-
two women received zidovudine prophylaxis (40 in cesarean arm
and 52 in vaginal arm), and none received HAART.

2. Safety:

Eur HIV Ob 2004: Two case control studies (vaginal and ECS)
among HIV-1-infected women (cases) and uninfected, matched
controls delivering between 1992 and 2002 were conducted. Cases
and controls were enrolled at clinical centers in Europe (Sweden,
Poland, Ukraine, Italy, Spain). Controls were matched to cases by
selecting the first uninfected woman delivering after the index case.
Cases and controls were matched on age, ethnicity, parity, for being
admitted to the delivery unit with active labor (vaginal arm) and
for having received antibiotics during labor or during the proce-
dure (ECS arm). Women admitted for medical induction of labor
or for emergency cesarean section were excluded. Morbidity oc-
curring during the first six weeks after delivery was assessed. Mor-
bidity was classified as major (postpartum hemorrhage requiring
blood transfusion or surgery, pneumonia or pleural effusion, peri-
tonitis, sepsis, diffuse intravascular coagulation and thromboem-
bolism) or minor (anemia not requiring transfusion (less than 10
gram/dL), fever in excess of 38°C beyond 24 hours postpartum,
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wound infection, curettage of the uterine cavity, endometritis, and
urinary tract infection). In this case-control study, HIV-1-infected
women were compared to HIV-1-uninfected women. For this sys-
tematic review, only information related to 408 HIV-1-infected
women (250 with vaginal delivery; 158 with ECS) was assessed.
Most women had CD4+ lymphocyte counts above 200 cells/mm3
(92.8% vaginal; 86.7% ECS). Women who delivered vaginally re-
ceived either no ARVs during pregnancy (82.4%) or else received
zidovudine alone (17.6%). In contrast, most women with ECS
delivery received ARVs (17.7% zidovudine alone; 54.4% combi-
nation ARV regimens). All women who underwent cesarean sec-
tion received prophylactic antibiotics. Women with anemia were
more likely to have received one or more ARV during pregnancy
and to be immunosuppressed.

Eur Mode Del 1999: A randomized clinical trial of mode of deliv-
ery for prevention of MTCT of HIV-1 in Europe (Italy, France,
United Kingdom, Spain, Switzerland, Sweden) was conducted.
Assessment of PPM according to mode of delivery was a secondary
objective of the trial. Women were recruited between 1993 and
1998. Women at 34-36 weeks gestation with a confirmed diagnosis
of HIV-1 infection were eligible to enroll. Women were followed
until six weeks after delivery. The following PPM events were eval-
uated: postpartum fever, postpartum bleeding or intravascular co-
agulation disease, and anemia of greater than moderate severity.
Among those women who were followed until at least delivery
and who delivered one or more liveborn infants, 188 women had
been assigned to cesarean section and 220 women were assigned
to vaginal delivery. Most women had CD4+ lymphocyte counts at
or above 200 cells/mm3 (91% among those with cesarean section;
92.3% among those who delivered vaginally). According to actual
mode of delivery, 225 women delivered by cesarean section and
183 delivered vaginally.

Faucher 2001: A retrospective cohort study of 202 HIV- 1-infected
pregnant women who received care at a French hospital (Bichat-
Claude Bernard Hospital; Paris) between 1990 and 1998, irre-
spective of whether the infant was live born or stillborn, was con-
ducted. Most of the information presented is descriptive in nature,
including characteristics of the mothers and infants (geographic
origin, mode of acquisition of HIV-1 infection, socioeconomic
status, how HIV-1 infection was diagnosed, infections and cervi-
cal dysplasia, medical care during pregnancy, ARV received dur-
ing pregnancy, viral load, maternal and fetal pathology, mode of
delivery, MTCT of HIV-1, risk factors for HIV-1 transmission)
and PPM. Of the 202 women, 111 delivered vaginally, 69 by ECS,
and 22 by NECS. Baseline viral load was only known for approx-
imately one quarter of the cohort and, of these 55 women, 50%
had a viral load < 500 copies/mL). Most women received ARVs
during pregnancy [zidovudine only (83), zidovudine with lamivu-

dine (54), and other ARV combinations (3)].

Marcollet 2002: A retrospective cohort study of 401 HIV-1-in-
fected pregnant women who delivered at a French hospital (Cochin

Hospital; Paris) from 1989 through 1999 was conducted. All ce-
sarean deliveries among HIV-1-infected women (109 ECS, 92
NECS) were included, as were those vaginal deliveries (200)
among HIV-1-infected women who delivered immediately pre-
ceding each cesarean delivery. PPM through six weeks after de-
livery was assessed. PPM events were postpartum fever (temper-
ature greater than 38 degrees C every 4-6 hours for at least 24
hours at any time during the hospital stay) caused by endometritis
(diagnosed clinically with a positive vaginal swab), urinary tract
infection (diagnosed with greater than 1,000,000 colony-form-
ing units per mL of a single microorganism on a urine sample
obtained as a clean catch or with a catheter), pneumonia (diag-
nosed by chest x-ray), or wound infection (diagnosed clinically);
thrombosis (deep vein or pulmonary); severe anemia requiring
blood transfusion; postpartum surgical procedures; wound care
after discharge; complications of anesthesia; transfer to the inten-
sive care unit; and death. Serious complications were death, life-
threatening conditions (sepsis with positive blood cultures, anemia
requiring transfusion, and thrombosis), and complications that re-
quired a surgical procedure. Most ECS deliveries were performed
to prevent MTCT. All women who underwent cesarean delivery
received peripartum antibiotic prophylaxis. Baseline CD4+ lym-
phocyte counts varied by mode of delivery group (p = 0.02, high-
est median CD4+ count among women with vaginal delivery),
but viral loads were similar across mode of delivery groups. Dur-
ing 1989-1994, no women received ARVs. During 1994-1997,
zidovudine alone was received. From 1997-1999, combination
ARV regimens were received.

Read 2001: An analysis of data collected as part of a prospective
cohort study (Women and Infants Cohort Study, WITS) in North
America between 1990 and 1998 was conducted. The objective of
the analysis was to assess PPM among HIV-1-infected women ac-
cording to mode of delivery, with the a priori hypothesis that ECS
is associated with a higher risk of PPM. Definitions of PPM were
included in the manuscript. Of 1186 deliveries, 890 were vaginal,
248 cesarean (56 ECS, 147 NECS, 17 of unknown type), and 48
unknown. Of 1076 vaginal, ECS, and NECS deliveries, diabetes
was more common among women with cesarean deliveries (p <
0.001), and peripartum antibiotics were received in 60% of ECS
deliveries and in 70% of NECS deliveries. The median gestational
age at delivery ranged from 37.3 to 38.1 weeks, and did not differ
significantly according to mode of delivery (p = 0.08).

Watts 2000: An analysis of data collected as part of a clinical trial of
HIV-1 hyperimmune globulin for prevention of MTCT of HIV-1
(ACTG 185) in North America between 1993 and 1997 was con-
ducted. Eligibility criteria for enrollment into the clinical trial were
HIV-1 infection, a CD4+ lymphocyte count of 500 cellsymm3
or less, and 20-30 weeks gestation. Definitions of PPM were in-
cluded in the manuscript. The study population consisted of 365
women who delivered vaginally, 37 women with ECS, and 95
women with NECS. Peripartum antibiotics were administered for

68% of ECS deliveries and 76% of NECS deliveries. The baseline
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CD4+ lymphocyte count was less than 200 cells/mm3 for 20%
of vaginal deliveries, 35% of ECS deliveries, and 18% of NECS
deliveries. Most women received one ARV during pregnancy (78

for NECS deliveries, 84% for ECS deliveries, and 89% for vaginal
deliveries).

METHODOLOGICAL QUALITY

Only one randomized trial of mode of delivery and MTCT of
HIV-1 has been conducted (Eur Mode Del 1999). This study allo-
cated mode of delivery by randomization. Women were random-
ized to vaginal or cesarean delivery during pregnancy, and blind-
ing of investigators and of subjects to allocated mode of deliv-
ery was possible initially. PPM assessments were conducted with
knowledge of the mode of delivery. Efficacy results were reported
according to allocated mode of delivery and according to actual
mode of delivery. PPM results were reported according to actual
mode of delivery.

All of the cohort studies were assessed to have study populations
that were representative of HIV-1-pregnant/postpartum women,
with women with ECS being drawn from the same population as
women with other modes of delivery. The assessment of outcome
was accomplished through record linkage (delivery records linked
with postpartum records), with an adequate follow-up period for
the outcome of interest (PPM). Follow-up was judged to be ade-
quate for all of these studies. The case control study was assessed
to have had an adequate case definition, representativeness of the
cases, and selection of controls. The same method of ascertain-
ment was used for cases and for controls.

RESULTS

After screening 900 citations, we identified 26 potentially relevant
studies. In terms of the efficacy of ECS for prevention of MTCT
of HIV-1, one randomized controlled trial comparing MTCT of
HIV-1 according to mode of delivery (cesarean delivery vs. vagi-
nal delivery) has been performed (Eur Mode Del 1999). The trial
demonstrated the efficacy of cesarean section for the prevention
of MTCT of HIV-1. The rate of MTCT differed significantly
according to mode of delivery group, both when assessed accord-
ing to allocated mode of delivery (cesarean section: 1.8%; vaginal
delivery: 10.5%) and when assessed according to actual mode of
delivery (cesarean section 3.5%; vaginal: 10.2%). According to
allocated mode of delivery (vaginal delivery: reference), the odds
ratio and 95% confidence interval for HIV-1 infection among
children was 0.2 (0-0.8) for cesarean section among those women
who did not receive zidovudine and 0.2 (0-1.7) among those who
did receive zidovudine.

The effectiveness of cesarean section before labor and before rup-
tured membranes was demonstrated in an individual patient data

meta-analysis of European and North American data (Int Perin
HIV 1999) and confirmed results from observational studies (pri-
marily from Europe) suggesting ECS was associated with a lower
risk of MTCT of HIV-1 (Kuhn 1995; Bobat 1996; Ital Coll Stud
1999; Europ Coll Stud 1999; Grosch-Worner 2000; Europ Coll
Stud 2001; Iral Reg 2002). The results of the individual patient
data meta-analysis suggested the effectiveness of cesarean section
before labor and before ruptured membranes existed both among
women who were not receiving any ARVs during pregnancy and
among those women receiving zidovudine prophylaxis alone.

In terms of the safety of cesarean section for prevention of mother-
to-child transmission of HIV-1, there were no data regarding in-
fant morbidity according to mode of delivery among HIV-1-in-
fected women. However, several studies have evaluated PPM ac-
cording to mode of delivery among HIV-1-infected women. Most
of these studies compared morbidity among HIV-1-infected and -
uninfected women (Semprini 1995; Grubert 1999; Maiques 1999;
Vimercati 2000; Rodriguez 2001; Urbani 2001; Grubert 2002;
Avidan 2002; Ferrero 2003; Panburana 2003). Other studies have
described PPM among HIV-1-infected women who underwent
cesarean delivery to prevent MTCT (Bremerich 2003; Panburana
2004).

The only studies evaluating the risk of PPM according to mode
of delivery among HIV-1-infected women are the European ran-
domized clinical trial of mode of delivery (Eur Mode Del 1999)
and five observational studies from North America and Europe
(Eur HIV Ob 2004; Faucher 2001; Marcollet 2002; Read 2001;
Watts 2000).

Eur HIV Ob 2004: The overall PPM rate among HIV-1-infected
women was 29% (119/408), with 17% (42/250) of vaginal de-
liveries complicated by minor PPM and none with major PPM.
Among cesarean section deliveries, 49% (77/158) were compli-
cated by minor PPM and 3% (124/408) by major PPM. There was
no significant time trend in PPM rates. Also, hospitalization after
delivery was longer for mothers who delivered by cesarean section.
There were no major PPM events among women who delivered
vaginally, but 16.8% (42/250) experienced minor complications:
fever (18), anemia not requiring transfusion (7), urinary tract in-
fection (3), endometritis (11), hematoma (1), wound dehiscence
(1), and wound infection (1). Women with fever were more likely
to have had an episiotomy, especially one with a medio-lateral
incision. In contrast, there were five (3.2%) major PPM events
among women who delivered by cesarean section: peritonitis (3)
and pneumonia (2). All received one or more ARVs during preg-
nancy. Almost half of women who delivered by cesarean section
(771158; 48.7%) had minor morbidity: fever (3); anemia not re-
quiring transfusion (64), urinary tract infection (4), endometritis
(2), wound dehiscence (3), and wound infection (1). All received
prophylactic antibiotics. HIV-1-infected women who underwent
cesarean section were more likely to have minor PPM [OR = 2.94
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(95%CI: 2.13, 4.0) and major PPM [OR = 8.4 (95%CI: 0.92,
18.2)].

Eur Mode Del 1999: Postpartum fever was more common among
women who delivered by cesarean section (6.7%) than with vagi-
nal delivery (1.1%). Postpartum bleeding and intravascular coag-
ulation disease occurred among one woman in each mode of de-
livery group. Anemia (hemoglobin < 8 g/dL) occurred among two
women who delivered vaginally and four women who delivered
by cesarean section.

Faucher 2001: The overall PPM rate was 10%. Two women (1%)
had phlebitis (one who delivered vaginally and the other who de-
livered by cesarean section). There were three cases of endometri-
tis (one of which was following cesarean section), two transfu-
sions because of severe anemia, one case of placental retention, one
tearing of the perineal scar necessitating reintervention, two cases
of septicemia, two pneumonias, and two cerebral toxoplasmosis
cases. Four women died after delivery (two pneumonias, one lym-
phoma, one septicemia), and all were very ill prior to delivery.
One death occurred after a vaginal delivery, and the others after
cesarean sections. Overall, 8/91 (8.8%) women who delivered by
cesarean section experienced PPM.

Marcollet 2002: The overall PPM rate was 21.7% (serious: 6.5%).
In general, NECS was associated with the highest risk of PPM,
vaginal delivery the lowest, and ECS with intermediate risk.
Women in the ECS group were significantly more likely to have
postpartum fever, to need wound care after discharge, and to
have more than one complication than those delivered vaginally.
In adjusted analyses, controlling for maternal CD4+ count and
antepartum hemorrhage, the relative risk of any PPM was 1.85
(95%CI: 1.00, 3.39) after ECS and 4.17 (95%CI: 2.32, 7.49)
after NECS, compared with vaginal deliveries. In multivariable
analysis of febrile morbidity, the risk was significantly increased
only in cases of NECS and was significantly associated with low
maternal CD4+ lymphocyte counts.

Read 2001: PPM complicated 178 (15%) of 1186 deliveries. PPM
events observed were (all events defined according to WITS a pri-
ori definitions): fever without diagnosed infection (63), hemor-
rhage or severe anemia (60 deliveries), endometritis (44), urinary
tract infection (39 cystitis and 1 pyelonepbhritis), cesarean incision
infection (15) or dehiscence (27), episiotomy infection (5) or de-
hiscence (12), and pneumonia (9). Two women died within the
first 8 weeks after delivery (1 delivered vaginally, the other deliv-
ered by cesarean section of unknown type), both due to Pneu-
mocystis pneumonia. In general, the risk of PPM was greatest
with NECS, intermediate with ECS, and lowest with vaginal de-
livery. In unadjusted analyses, the likelihood of overall PPM was
increased (compared to vaginal delivery) among women under-
going ECS [OR = 3.19 (95%CI: 1.69, 6.00)] or NECS [OR =
4.10 (95%CI: 2.71, 6.19)]. Other factors besides mode of delivery
found to be independently associated with the risk of PPM overall,
or specific types of PPM, were: maternal CD4+ lymphocyte count

and plasma HIV-1 RNA concentration, receipt of ARVs during
pregnancy, and diabetes.

Watts 2000: Endometritis occurred more frequently among those
with cesarean sections vs. those with vaginal delivery. Other events
more common among cesarean section subjects vs. vaginal deliv-
ery subjects were: amnionitis, wound infection, pneumonia, and
platelet transfusion. Additional analyses were conducted regard-
ing three complications which occurred relatively frequently, were
serious, and were potentially modifiable: amnionitis-postpartum
endometritis, wound infection, and red blood cell transfusion.
Those women who delivered by cesarean section were more likely
to have amnionitis-postpartum endometritis.

In summary, PPM is generally higher among HIV-1-infected
women who undergo cesarean as compared to vaginal delivery,
with the risk with ECS being intermediate between that of vagi-
nal delivery and NECS (including emergency procedures). Other
factors associated with the risk of PPM among HIV-1-infected
women include HIV-1 disease stage (more advanced disease, as
manifested by lower CD4 counts and higher viral loads, being
associated with a greater risk of PPM) and co-morbid conditions

(e.g., diabetes).

DISCUSSION

One clinical trial was identified which evaluated the efficacy of
cesarean section for prevention of MTCT of HIV-1. This trial,
along with five observational studies (four cohort studies and one
case control study), evaluated the safety of cesarean section and
vaginal delivery among HIV-1-infected women. These studies in-
dicate ECS can substantially reduce the risk of MTCT. It is impor-
tant to note that the trial included only HIV-1-infected women
taking no ARVs during pregnancy or taking only zidovudine. Al-
though PPM is generally higher among HIV-1-infected women
who undergo cesarean section (ECS or NECS, with NECS having
the greatest risk of morbidity), much of the observed morbidity is
minor. Both major and minor PPM may be largely avoidable with
attention to known risk factors for PPM among HIV-1-infected
women (e.g., more advanced maternal disease and comorbid con-
ditions such as diabetes). In general, the benefit of ECS outweighs
the risk of PPM among HIV-1-infected women, but the risk/ben-
efit ratio depends upon the underlying rate of MTCT. With very
low rates of MTCT, the risks associated with ECS may outweigh
the benefit. Studies of ECS among HIV-1-infected women have
been conducted almost exclusively in North America and Europe.
In developing countries, the risks and benefits associated with ECS
have been largely unexplored.
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AUTHORS’ CONCLUSIONS

Implications for practice

The benefit of cesarean section before labor and before ruptured
membranes in preventing MTCT of HIV-1 was demonstrated
among HIV-1-infected women during the mid-1990s who re-
ceived either no ARV prophylaxis or treatment, or who received
zidovudine alone. The magnitude of the effect of this interven-
tion in decreasing transmission is larger than the risk of PPM ob-
served in the one interventional study (randomized clinical trial
in Europe) and the observational studies (in North America and
Europe). In addition, PPM rates among HIV-1-infected women
were observed to decline over time (Read 2001), suggesting that
as the medical (ARV prophylaxis or treatment during pregnancy)
and surgical (peripartum antibiotic prophylaxis) management of
HIV-1-infected women improves, the risk of PPM with ECS will
decrease.

Of note, however, is that the available data regarding the benefit
of cesarean section as an intervention to prevent transmission are
largely from studies conducted before the widespread utilization
of HAART for women who require therapy for their own health,
or ARV prophylaxis for HIV-1-infected pregnant women who do
not meet criteria for treatment [e.g., whose plasma viral load mea-
surements are above the recommended threshold for utilization of
ARV prophylaxis for prevention of MTCT of HIV-1 (e.g., 1000
copies/mL in the U.S.)] (CDC 2005). Therefore, the benefit of
cesarean section delivery among HIV-1-infected women with less
advanced or well-controlled HIV-1 disease, among whom, the risk
of MTCT is extremely low (e.g., 2% or less) is unclear. In such
a setting, the short-term risk of the intervention (i.e., morbidity
experienced by the mother within the first six weeks after delivery)
may exceed the long-term benefit (prevention of HIV-1 transmis-
sion to the infant).

Individualized obstetrical management of these HIV-1-infected
women with a very low risk of transmission to infants irrespective
of mode of delivery is necessary, following discussions between
the woman and her obstetrician. However, for those women with
poorly controlled HIV-1 disease and/or no ARV prophylaxis or
treatment, the benefit of ECS generally outweighs the risk of PPM.

Implications for research

The risk of MTCT of HIV-1 according to mode of delivery among
HIV-1-infected women with low viral loads (low either because
the woman’s HIV-1 disease is not advanced, or because her HIV-1
disease is well-controlled with ARV therapy) is unclear. Prelim-
inary data suggest continued benefit of ECS among HIV-1-in-
fected women with plasma viral loads < 1000 copies/mL (loanni-
dis 2001) or women receiving HAART (Europ Coll Stud 2005).
The benefit of ECS for prevention of MTCT of HIV-1 may per-
sist among women with low plasma viral loads because of com-
partmentalization of HIV-1 reservoirs, i.e., a low plasma viral load
does not necessarily indicate a low viral load among genital tract
secretions. Therefore, an important issue to be addressed in one
or more large studies (individual studies or an individual patient
data meta-analysis combining data from more than one study) is
assessment of the effectiveness of cesarean section for prevention
of MTCT of HIV-1 among HIV-1-infected women with unde-
tectable viral loads (with or without receipt of HAART).
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TABLES

Characteristics of included studies

Study Eur HIV Ob 2004

Methods Two case control studies (vaginal and ECS) among HIV-1-infected women (cases) and uninfected, matched
controls

Participants HIV-1-infected women and uninfected women

Interventions Mode of delivery

Outcomes PPM according to mode of delivery

Notes

D — Not used

Allocation concealment

Study Eur Mode Del 1999
Methods Randomized trial of cesarean section for prevention of MTCT of HIV-1
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Participants HIV-1-infected women and their infants

Interventions Cesarean section before labor and before ruptured membranes
Qutcomes HIV-1 infection in infants; PPM in women

Notes Allocation concealment was not possible since intervention was surgery.

Allocation concealment

D — Not used

Study Faucher 2001

Methods Retrospective cohort study

Participants HIV-1-infected women

Interventions Mode of delivery

Outcomes PPM according to mode of delivery

Notes

Allocation concealment D — Not used

Study Marcollet 2002

Methods Retrospective cohort study

Participants HIV-1-infected women

Interventions Mode of delivery

Outcomes PPM according to mode of delivery

Notes

Allocation concealment D — Not used

Study Read 2001

Methods Analysis of data collected as part of a prospective cohort study of HIV-1-infected women and their children
(the Women and Infants Transmission Study, or WITS)

Participants HIV-1-infected women and their children

Interventions Mode of delivery

Outcomes PPM according to mode of delivery

Notes

Allocation concealment D — Not used

Study Watts 2000

Methods Analysis of data collected as part of a clinical trial (ACTG 185), a randomized, placebo-controlled trial of
HIV-1 hyperimmune globulin (HIVIG) for prevention of MTCT of HIV-1

Participants HIV-1-infected women enrolled in this clinical trial

Interventions Mode of delivery

Outcomes PPM according to mode of delivery

Notes

Allocation concealment

D — Not used

For the European Mode of Delivery trial (1999), allocation concealment was adequate for the efficacy part of the trial; allocation concealment was not

used for the safety aspect of the trial.
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