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echniques for cesarean section

ustus G. Hofmeyr, FRCOG; Natalia Novikova, PhD; Matthews Mathai, PhD; Archana Shah, MD
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esarean section (CS) is the most
commonly performed major ab-

ominal operation in women in both af-
uent and low-income countries. Rates
ary considerably between and within
ountries.1-3 Global estimates indicate a
S rate of 15% worldwide, ranging from
.5% in Africa to 29.2% in Latin America
nd the Caribbean.4

There are many possible ways of per-
orming CS. A study of obstetricians in
he United Kingdom and in the North
merica found a wide variation in

echniques.5,6

The Joel-Cohen technique includes
traight transverse incision through skin
nly, 3 cm below the level of the anterior
uperior ileac spines (higher than the
fannenstiel incision). The subcutane-
us tissues are opened only in the middle
cm. The fascia is incised transversely in

he midline then extended laterally with
lunt finger. Finger dissection is used to
eparate the rectus muscles vertically and
aterally and open the peritoneum. All
he layers of the abdominal wall are
tretched manually to the extent of the
kin incision. The bladder is reflected in-
eriorly. The myometrium is incised
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ransversely in the midline but not to
reach the amniotic sac, then opened
nd extended laterally with finger dissec-
ion. Interrupted sutures are used for the
losure of the myometrium. The Mis-
av-Ladach technique7,8 is a modifica-
ion of the Joel-Cohen technique devel-
ped by Stark et al.7 The Joel-Cohen
bdominal incision is used (see above).
he uterus is opened as for the Joel-Co-
en method (see above). The placenta is
emoved manually. The uterus is exteri-
rized. The myometrial incision is closed
ith a single-layer locking continuous

uture. The peritoneal layers are not su-
ured. The fascia is sutured with a con-
inuous suture. The skin is closed with 2
r 3 mattress sutures. Between these su-
ures, the skin edges are approximated
ith Allis forceps, which are left in place

or about 5 minutes while the drapes are
eing removed.
The Pelosi-type CS includes a Pfan-

enstiel abdominal incision.9 Electro-
autery is used to divide the subcutane-
us tissues and the fascia transversely.
he rectus muscles are separated by
lunt dissection to provide space for
oth index fingers, which free the fascia
ertically and transversely. The perito-
eum is opened by blunt finger dissec-

ion and all the layers of the abdominal
all are stretched manually to the extent
f the skin incision. The bladder is not
eflected inferiorly. A small transverse

The effects of complete methods of cesare
of randomized controlled trials of intention
carried out. Joel-Cohen–based CS compa
reduced blood loss, operating time, time t
pain, analgesic injections, and time from sk
compared with the traditional method was
time, time to mobilization, and length of po
based methods have advantages compared
line) CS techniques. However, these trials
long-term outcomes.

Key words: cesarean section, Joel-Cohen,
ower segment incision is made through g
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he myometrium, and extended laterally,
urving upward, with blunt finger dis-
ection or scissors. The baby is delivered
ith external fundal pressure, oxytocin

s administered and the placenta re-
oved after spontaneous separation.
he uterus is massaged. The myometrial

ncision is closed with a single-layer
hromic catgut 0 continuous locking su-
ure. Neither peritoneal layer is sutured.
he fascia is closed with a continuous

ynthetic absorbable suture. If the sub-
utaneous layer is thick, interrupted 3-0
bsorbable sutures are used to obliterate
he dead space. The skin is closed with
taples.

Historically the extraperitoneal ap-
roach to CS was used in septic cases in
n attempt to limit the spread of sepsis
efore the advent of effective antibiot-

cs.10 It is seldom used today.
Scar rupture is a dangerous complica-

ion of CS, especially when attempting
aginal birth after CS. Avoiding this
omplication is crucial, in particular in
eveloping countries, where access to re-
eated CS may not be available at all
imes. The rates of scar rupture that have
een reported are higher in Africa in
omparison with North America.11,12 It
as been suggested that double-layer clo-
ure of the uterine wall is associated with
lower rates of uterine rupture in com-
arison with the single-layer closure, al-

hough no advantages of double- over sin-

ection (CS) were compared. Metaanalysis
erform CS using different techniques was
with Pfannenstiel CS was associated with
al intake, fever, duration of postoperative
cision to birth of the baby. Misgav-Ladach

ociated with reduced blood loss, operating
perative stay for the mother. Joel-Cohen–
th Pfannenstiel and traditional (lower mid-

not provide information on serious and

sgav-Ladach, Pfannenstiel
an s
to p
red
o or
in in
ass
sto
wi
do

Mi
le-layer closure have been reported in

erican Journal of Obstetrics & Gynecology 431
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TABLE
Characteristics of included studies

Study Methods Participants Interventions Outcomes Notes
Allocation
concealment

Bjorklund
et al52

Computer-randomized
sequence in sealed
opaque envelopes.
Assessment could not
be blinded.

Women undergoing elective
or emergency CS with
general anesthesia at �37
gestational wks. Exclusion
criteria: repeated CS,
previous abdominal
surgery, pyrexia �39°C,
severe anemia, bleeding
disorders, uterine rupture,
previous postpartum
hemorrhage.

Misgav-Ladach technique
(n � 169) vs traditional
CS (n � 170): lower
midline abdominal
incision, double-layer
closure of the uterus,
closure of both peritoneal
layers.

Operating time, blood
loss, blood loss
�500 mL, suture
material used, Apgar
scores at 5 and 10
min, intraoperative
antibiotics,
postoperative
complication, length
of hospital stay.

Muhimbili Medical Center, Dar es Salaam,
Tanzania. December 20, 1996-March 8,
1997.
16 surgeons.
There was uncertainty about 4 possible
losses to follow-up. 1 woman in each
group received the nonallocated
technique.
Quality assessment:
1. Generation of random allocation

sequence: A.
2. Allocation concealment: A.
3. Blinding of participants: C.
4. Blinding of caregivers: C.
5. Blinding of outcome assessment: B.
6. Compliance with allocated

intervention: A.
7. Completeness of follow-up data: A.
8. Analysis of participants in randomized

groups: A.

A

................................................................................................................................................................................................................................................................................................................................................................................

Dani et al53 Randomization not
described.
Assessment of
outcome blind.

Infants delivered at �36
gestational wks admitted to
nursery or intensive care.
Excluded: major congenital
abnormalities, 9 with
incomplete data.

76 (53%) Delivered by
Stark modified CS and 68
(47%) by traditional CS.

Respiratory
depression, perinatal
asphyxia, frequency
and duration of
hospital admission.

Hospital of Rovigo, Italy. January-
December 1996.
Quality assessment:
1. Generation of random allocation

sequence: C.
2. Allocation concealment: B.
3. Blinding of participants: C.
4. Blinding of caregivers: C.
5. Blinding of outcome assessment: A.
6. Compliance with allocated

intervention: A.
7. Completeness of follow-up data: B.
8. Analysis of participants in randomized

groups: A.

B

................................................................................................................................................................................................................................................................................................................................................................................

Darj and
Nordstrom54

Randomly allocated,
used sealed opaque
envelopes opened by
women’s husband
before the surgery.
Assessment not blind.

Women undergoing first CS.
Exclusion: previous
abdominal surgery.

Misgav-Ladach (n � 25)
vs Pfannenstiel (n � 25).

Duration of operation,
blood loss, analgesic
injections, duration
and doses, time to
drinking water and to
standing up, first
bowel action, days in
hospital.

University Hospital Uppsala, Sweden.
1996-1997.
1 surgeon. No prophylactic antibiotics
used.
Quality assessment:
1. Generation of random allocation

sequence: C.
2. Allocation concealment: A.
3. Blinding of participants: C.
4. Blinding of caregivers: C.
5. Blinding of outcome assessment: C.
6. Compliance with allocated

intervention: A.
7. Completeness of follow-up data: A.
8. Analysis of participants in randomized

groups: A.

A

................................................................................................................................................................................................................................................................................................................................................................................

Ferrari et
al40

Randomization by
sealed opaque
envelopes stored by
each of 10 surgeons.

Women requiring first CS,
�30 gestational wks,
eligible for CS by
Pfannenstiel technique.

Joel-Cohen (n � 83) vs
Pfannenstiel (n � 75).

Day of urinary
catheter removal,
stopping intravenous
fluids, liquid intake,
food intake, flatus,
and mobilization;
fever, pain on day 1
and 2.

San Raffaele Hospital and San Paolo
Hospital of Milan School of Medicine,
Italy. January 1997-June 1998.
10 senior surgeons.
Quality assessment:
1. Generation of random allocation

sequence: C.
2. Allocation concealment: A.
3. Blinding of participants: C.
4. Blinding of caregivers: C.
5. Blinding of outcome assessment: C.
6. Compliance with allocated

intervention: A.
7. Completeness of follow-up data: A.
8. Analysis of participants in randomized

groups: A.

A

................................................................................................................................................................................................................................................................................................................................................................................
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32 American Journal of Obstetrics & Gynecology NOVEMBER 2009



www.AJOG.org Obstetrics Reviews
TABLE
Characteristics of included studies (continued)

Study Methods Participants Interventions Outcomes Notes
Allocation
concealment

Franchi et
al39

Randomization:
computer-generated
list of numbers. These
assignments were
placed in sequentially
numbered sealed
envelopes opened
immediately before
the start of operation.

Excluded: women with
multiple pregnancy, �2
previous CS, previous
longitudinal laparotomy,
previous myomectomy,
gestational age �30 wk,
antibiotics within 2 wk
before CS, requiring
additional surgery.

Joel-Cohen (n � 149) vs
Pfannenstiel (n � 153).

Operative time,
opening time, bladder
injury, intraoperative
transfusion,
postoperative hospital
stay, change in
hemoglobin
concentration,
postoperative ileus,
wound infection,
postoperative
morbidity.

Insubria University, Varese, Italy. April
1995-August 1997.
Quality assessment:
1. Generation of random allocation

sequence: A.
2. Allocation concealment: A.
3. Blinding of participants: A.
4. Blinding of caregivers: B.
5. Blinding of outcome assessment: B.
6. Compliance with allocated

intervention: A.
7. Completeness of follow-up data: A.
8. Analysis of participants in randomized

groups: A.

A

................................................................................................................................................................................................................................................................................................................................................................................

Franchi et
al60

Randomization
computer generated,
midwife opened
sealed envelopes
immediately before
skin incision.

Excluded: multiple
pregnancy, �2 previous
CS, maternal disease,
previous CS �32
gestational wks,
myomectomy, previous
longitudinal abdominal
incision.

Joel-Cohen (n � 154) vs
Pfannenstiel (n � 158).

Operating time,
extraction time,
additional uterine
stitches, additional
hemostatic uterine
stitches,
intraoperative
transfusion, bladder
injury, change in
hemoglobin
concentration, time to
passage of flatus,
wound infection,
postoperative
morbidity, hospital
stay.

Insubria University, Varese, Italy. January
1998-May 2000.
Junior surgeons.
2 women excluded in Joel-Cohen group:
they required cesarean hysterectomy.
Quality assessment:
1. Generation of random allocation

sequence: A.
2. Allocation concealment: A.
3. Blinding of participants: A.
4. Blinding of caregivers: B.
5. Blinding of outcome assessment: B.
6. Compliance with allocated

intervention: A.
7. Completeness of follow-up data: B.
8. Analysis of participants in randomized

groups: A.

A

................................................................................................................................................................................................................................................................................................................................................................................

Heimann et
al55

Randomization not
described.

Women with high-risk
pregnancies. Groups did not
differ in age, gestational
age, previous CS. Misgav-
Ladach groups had more
nulliparous women.

Modified Misgav-Ladach
(skin incision as low as
Pfannenstiel, n � 117) vs
Pfannenstiel (n � 123).

Duration of operation,
Apgar score, cord
blood pH,
intraoperative
complications,
postoperative
complications,
decrease in
hemoglobin,
hematoma formation,
pyrexia, wound
complications,
hospital stay.

Wiesbaden, Germany. November 24,
1998-May 25,1999.
3 women from Misgav-Ladach group
were transferred into Pfannenstiel group:
1 due to obesity, 1 due to scarring from
previous CS, 1 due to tumor that required
removal. Analysis by intention to treat.
Quality assessment:
1. Generation of random allocation

sequence: B.
2. Allocation concealment: B.
3. Blinding of participants: C.
4. Blinding of caregivers: C.
5. Blinding of outcome assessment: C.
6. Compliance with allocated

intervention: B.
7. Completeness of follow-up data: A.
8. Analysis of participants in randomized

groups: A.

B

................................................................................................................................................................................................................................................................................................................................................................................

Koettnitz et
al59

Randomization
alternative.

Women requiring CS. Modified Cohen with low
skin incision (n � 44) vs
Pfannenstiel (n � 42).

Wound infection,
mobilization,
antibiotic use,
operating time, cost
of materials.

Frauenklinik, Duisburg, Germany. January
1996-July 1996.
Quality assessment:
1. Generation of random allocation

sequence: C.
2. Allocation concealment: C.
3. Blinding of participants: C.
4. Blinding of caregivers: C.
5. Blinding of outcome assessment: C.
6. Compliance with allocated

intervention: A.
7. Completeness of follow-up data: A.
8. Analysis of participants in randomized

groups: A.

C

................................................................................................................................................................................................................................................................................................................................................................................

Hofmeyr. Techniques for cesarean section. Am J Obstet Gynecol 2009. (continued )
NOVEMBER 2009 American Journal of Obstetrics & Gynecology 433



Reviews Obstetrics www.AJOG.org

4

TABLE
Characteristics of included studies (continued)

Study Methods Participants Interventions Outcomes Notes
Allocation
concealment

Li et al56 Randomization not
described.

Women requiring CS. Modified Misgav-Ladach
(transversely incising
fascia 2-3 cm, then
dividing bluntly without
opening and dissociating
the visceral peritoneum,
2-layer suturing of low
transverse uterine
incision, closing the skin
by continuous suturing, n
� 59) vs Misgav-Ladach
(n � 57) vs Pfannenstiel
(n � 56).

Operating time,
delivery time, blood
loss, postoperative
pain, diet, bowel
movement, and
hospital stay.

Xiehe Hospital, Tongji. May-December
1999.
Quality assessment:
1. Generation of random allocation

sequence: C.
2. Allocation concealment: C.
3. Blinding of participants: D.
4. Blinding of caregivers: D.
5. Blinding of outcome assessment: D.
6. Compliance with allocated

intervention: A.
7. Completeness of follow-up data: A.
8. Analysis of participants in randomized

groups: A.

C

................................................................................................................................................................................................................................................................................................................................................................................

Mathai et
al57

Randomization in
blocks, slips of paper
with the allocated
incision were placed
in identical,
consecutively
numbered sealed
opaque envelopes.
Blood loss and time
for surgery assessed
by anesthetist;
postoperative
analgesia on demand;
allocation not known
to anesthetist or staff
in postoperative ward.

Women with singleton
pregnancy, longitudinal lie,
at term requiring CS under
spinal anesthesia.
Excluded: multiple
pregnancy, previous
abdominal surgery, need
for midline or paramedian
incision, spinal anesthesia
contraindicated.

Joel-Cohen (n � 51) vs
Pfannenstiel (n � 50).

Time to analgesia,
delivery time,
operative time, blood
loss, time to oral
fluids, total dose of
analgesics, febrile
morbidity,
postoperative
hematocrit, time to
breast-feeding, time
in special care
nursery, hospital
stay.

Christian Medical College and Hospital,
Vellore, India.
1 of 31 registrars performed the surgery.
4 women excluded from analysis: in Joel-
Cohen group, 1 had cesarean
hysterectomy, 1 had vaginal delivery
before CS, 1 had ineffective spinal block;
in Pfannenstiel group, 1 woman had
ineffective spinal block.
Quality assessment:
1. Generation of random allocation

sequence: A.
2. Allocation concealment: A.
3. Blinding of participants: D.
4. Blinding of caregivers: D.
5. Blinding of outcome assessment: D.
6. Compliance with allocated

intervention: A.
7. Completeness of follow-up data: B.
8. Analysis of participants in randomized

groups: A.

A

................................................................................................................................................................................................................................................................................................................................................................................

Mokgokong
and
Crichton62

Randomization using
odd and even
numbers of admission
number.

Women requiring CS who
had intrauterine infection;
412 black and Indian
women.

Extraperitoneal (n � 239)
vs intraperitoneal
(n � 173) CS.

Time to delivery,
peritonitis, pelvic
abscess, abdominal
wound sepsis,
secondary
postpartum
hemorrhage, further
surgery, septicemic
shock, hospital stay,
mortality.

Kind Edward VIII Hospital, Durban, South
Africa.
Quality assessment:
1. Generation of random allocation

sequence: B.
2. Allocation concealment: C.
3. Blinding of participants: D.
4. Blinding of caregivers: D.
5. Blinding of outcome assessment: D.
6. Compliance with allocated

intervention: A.
7. Completeness of follow-up data: B.
8. Analysis of participants in randomized

groups: A.

C

................................................................................................................................................................................................................................................................................................................................................................................

Moreira et
al58

Randomization was
not described.

Women requiring CS. Misgav-Ladach (n � 200)
vs traditional (n � 200).

Time to delivery,
operative time, use of
suture material, dose
of analgesia,
postoperative
complications,
hospital stay, cost.

Dakar Teaching Hospital, Senegal. April-
July 2000.
Quality assessment:
1. Generation of random allocation

sequence: C.
2. Allocation concealment: B.
3. Blinding of participants: D.
4. Blinding of caregivers: D.
5. Blinding of outcome assessment: D.
6. Compliance with allocated

intervention: A.
7. Completeness of follow-up data: A.
8. Analysis of participants in randomized

groups: A.

B

................................................................................................................................................................................................................................................................................................................................................................................
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rials.13-15 No randomized control trials
RCTs) have reported on risks of scar de-
iscence during subsequent pregnancies.
The techniques used to perform CS
ay depend on many factors including

he clinical situation and the preferences
f the operator. CS is often performed as
n emergency procedure after hours
hen senior staff may not be immedi-

tely available. It is important that all
hose who perform this operation use the

ost effective and safe techniques, as de-
ermined by a systematic review of RCTs.

The emphasis of this review is on sur-
ical techniques for CS.
Over the years, many variations in the

echnique of CS have developed:
1. The woman’s position may be su-

pine or with a lateral tilt.16

2. The skin incision may be vertical
(midline or paramedian) or trans-
verse lower abdominal (Pfannen-
stiel, Joel-Cohen, Pelosi, Maylard,
Mouchel, or Cherney). For very
obese women, a transverse incision

TABLE
Characteristics of included studies

Study Methods Participants

Wallin and
Fall38

Randomization:
computer generated in
large blocks, using
sealed envelopes
opened by physicians
just before surgery.
Results of
randomization were
known only to a single
obstetrician who
performed surgery.
Outcome assessment
was blind.

Women requiring
CS with no histor
abdominal surger

...................................................................................................................

Xavier et
al61

Randomization:
outcome assessment
blinded.

Women for CS by
surgeons.

...................................................................................................................

A, adequate; B, inadequate; C, unclear; CS, cesarean section

Hofmeyr. Techniques for cesarean section. Am J Obstet Gy
above the umbilicus has been sug-
gested, but not shown to decrease
morbidity.17

Electrocautery has been compared
ith cold-knife incision for the abdomi-
al wall opening.18 The lower leaf of the
ectus sheath may be freed or not.19 Ran-
omized trials of various abdominal sur-
ical incisions for CS have been reviewed
lsewhere.20

3. The bladder peritoneum may be re-
flected downward or not.21

4. The uterine incision may be trans-
verse lower segment (Munro-Kerr),
midline lower segment, or midline
upper segment (classic).

5. The uterus may be opened with a
scalpel, with scissors, by blunt dis-
section, or using absorbable sta-
ples.22

6. The placenta may be removed man-
ually or with cord traction, and al-
lowing the cord to bleed has been
used to assist placental delivery.23

7. The uterus may be delivered from
the abdominal cavity or left in posi-

ntinued)

Interventions Outcomes

tive Modified Joel-Cohen (�3
cm of original
Pfannenstiel, n � 36) vs
Pfannenstiel (skin incision
�3 cm of originally
described, n � 36).

Operating time, blood
loss, intravenous
fluids, blood effusion,
hemoglobin, C-
reactive protein,
hospital stay.

.........................................................................................................................

Modified Misgav-Ladach
(n � 88) vs Pfannenstiel-
Kerr (n � 74).

Operating time,
requested
paracetamol, bowel
recovery, febrile
morbidity,
postoperative
antibiotics,
endometritis, wound
complications.

.........................................................................................................................

o information.

l 2009.
tion during repair.24

NOVEMBER 2009 Am
8. The uterus may be closed with inter-
rupted or continuous sutures in 1, 2,
or 3 layers.25 Observational studies
have suggested that a single-layer
closure is associated with more ul-
trasound scar defects26 and is more
likely to dehisce in subsequent preg-
nancies.27-29 In another study, in-
creased uterine “windows” were
found after single-layer closure, but
no scar ruptures occurred.15

9. Blood may be recovered during the
procedure for retransfusion.30

0. The visceral or the parietal perito-
neum, or both, may be sutured or
left unsutured.31

1. Various materials may be used for
closure of the fascia. In women at in-
creased risk for wound dehiscence, a
running Smead-Jones suture has
been suggested.32

2. Careful handling of tissues and good
surgical technique are suggested to
reduce the risk of infection.33,34

3. The subcutaneous tissues may be su-

tes
Allocation
concealment

hlgrenska University Hospital,
thenburg, Sweden.
ality assessment:
Generation of random allocation
sequence: A.
Allocation concealment: A.
Blinding of participants: B.
Blinding of caregivers: B.
Blinding of outcome assessment: B.
Compliance with allocated
intervention: A.
Completeness of follow-up data: A.
Analysis of participants in randomized
groups: A.

A

..................................................................................................................

rto University Hospital de Sao Joao,
rtugal.
surgeons.
ality assessment:
Generation of random allocation
sequence: A.
Allocation concealment: A.
Blinding of participants: D.
Blinding of caregivers: D.
Blinding of outcome assessment: D.
Compliance with allocated
intervention: A.
Completeness of follow-up data: B.
Analysis of participants in randomized
groups: A.

A

..................................................................................................................
(co

No

elec
y of
y.

Sa
Go
Qu
1.

2.
3.
4.
5.
6.

7.
8.

......... .........

1/3 Po
Po
3
Qu
1.

2.
3.
4.
5.
6.

7.
8.

......... .........

; D, n
tured or not.35
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4. Various techniques and materials
may be used for skin closure.36

Apart from variations in individual as-
ects of the operation as outlined above,
everal complete techniques of CS have
een described. Comparisons of such
omplete techniques will be evaluated in
his review. Described CS techniques in-
lude the following: (1) Pfannenstiel; (2)
elosi type9; (3) Joel-Cohen37,38 and

ts modifications7,38-40; (4) Misgav-
adach8; and (5) extraperitoneal.10

bjective
e sought to compare the effects of

omplete methods of CS not covered in
revious reviews of individual aspects of
S technique.

aterials and Methods
tudies
e considered all published, unpub-

ished, and ongoing RCTs comparing in-

FIGURE 1
Operating time (minutes) using Joe

I, confidence interval; WMD, weighted mean difference.

ofmeyr. Techniques for cesarean section. Am J Obstet Gyne
ention to perform CS by different tech-

36 American Journal of Obstetrics & Gynecology
iques, excluding individual aspects
overed in previous systematic reviews.

e excluded quasirandomized trials and
tudies reported only in abstract form
ith inadequate methodological infor-
ation. Studies were included if there
as adequate allocation concealment

nd violations of allocated management
nd exclusions after allocation were not
ufficient to materially affect outcomes.

nterventions
S performed according to a prespeci-
ed technique was studied.

utcome measures
rimary
1. Serious intraoperative and postop-

erative complications, including or-
gan damage, blood transfusion, sig-
nificant sepsis, thromboembolism,
organ failure, high care unit admis-

ohen and Pfannenstiel techniques fo

09.
sion, or death. 1

NOVEMBER 2009
2. Blood loss (as defined by trial au-
thors).

3. Blood transfusion.

econdary
hort-term outcome measures for the
other

4. Operating time.
5. Maternal death.
6. Admission to intensive care unit.
7. Postoperative hemoglobin or he-

matocrit level, or change in these.
8. Postoperative anemia, as defined by

trial authors.
9. Wound infection, as defined by trial

authors.
0. Wound hematoma.
1. Wound breakdown.
2. Endometritis, as defined by trial au-

thors.
3. Time to mobilization.
4. Time to oral intake.

esarean section
l-C r c

col 20
5. Time to return of bowel function.



1
1

1

1

2

2

2

b
2
2
2
2
2
2
2
3

3

3

3
3
3

3

3

3

3

m
t
i

o
c
m

S
o
W
a
b
t
s
o
b
t
t
s
fi

r

M
T

C

H

www.AJOG.org Obstetrics Reviews
6. Time to breast-feeding initiation.
7. Fever treated with antibiotics or as

defined by trialists.
8. Repeated operative procedures car-

ried out on the wound.
9. Postoperative pain as measured by

trial authors.
0. Use of analgesia, as defined by trial

authors.
1. Unsuccessful breast-feeding (at dis-

charge or as defined by the trial au-
thors).

2. Mother not satisfied with care.
Short-term outcome measures for the

aby
3. Time from anesthesia to delivery.
4. Time from skin incision to delivery.
5. Birth trauma.
6. Cord blood pH �7.2.
7. Cord blood base deficit �15.
8. Apgar score �7 at 5 minutes.
9. Neonatal intensive care admission.

FIGURE 2
Wound hematoma after modified M

I, confidence interval.

ofmeyr. Techniques for cesarean section. Am J Obstet Gyne
0. Encephalopathy. d
1. Neonatal or perinatal death.
Longer-term outcomes for the mother

2. Long-term wound complications
(eg, numbness, keloid formation,
incisional hernia).

3. Long-term abdominal pain.
4. Future fertility problems.
5. Complications in future pregnancy

(eg, uterine rupture, placenta prae-
via, placenta accreta).

6. Complications at future surgery (eg,
adhesion formation).

Health service use
7. Length of postoperative hospital

stay for mother or baby.
8. Readmission to hospital of mother

or baby, or both.
9. Costs.
Outcomes were included if clinically
eaningful; reasonable measures taken

o minimize observer bias; missing data
nsufficient to influence conclusions;

av-Ladach and Pfannenstiel cesarea

09.
ata available for analysis according to a

NOVEMBER 2009 Am
riginal allocation, irrespective of proto-
ol violations; or data available in a for-
at suitable for analysis.

earch strategy for identification
f studies
e searched the Cochrane Pregnancy

nd Childbirth Group’s Trials Register
y contacting the trials search coordina-
or (August 2007). In addition, we
earched the Cochrane Central Register
f Controlled Trials (The Cochrane Li-
rary 2007, Issue 3) using the search
erms “(caesarean OR cesarean) AND
echnique” and conducted a manual
earch of the reference lists of all identi-
ed articles.
We did not apply any language

estrictions.

ethods of the review
rials under consideration were evalu-

section techniques
isg n

col 20
ted for appropriateness for inclusion
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nd methodological quality without
onsideration of their results by 2 review
uthors according to the prestated eligi-
ility criteria. Trials that met the eligibil-

ty criteria were assessed for quality using
he standard criteria.41

If a publication did not report analysis of
articipants in their randomized groups,
eattemptedtorestore themtothecorrect
roup (analysis by intention to treat). If
here was insufficient information in the
eport to allow this, we contacted the au-

FIGURE 3
Fever treated with antibiotics after

I, confidence interval.

ofmeyr. Techniques for cesarean section. Am J Obstet Gyne
hors and requested further data. c

38 American Journal of Obstetrics & Gynecology
Two authors extracted data. Data
rom different trials were combined if we
onsidered them sufficiently similar for
his to be reasonable. We performed

etaanalyses using relative risks as the
easure of effect size for binary out-

omes, and weighted mean differences
WMD) for continuous outcome mea-
ures. If trials used different ways of mea-
uring the same continuous outcome
eg, pain), we used standardized mean
ifferences. Further details on analysis

el-Cohen–based and Pfannenstiel ce

09.
an be found in a previous publication.41 t

NOVEMBER 2009
escription of studies
e identified 23 studies, which com-

ared different techniques of CS based
n the search strategies. We excluded 4
rials from the analyses as allocation to
ntervention groups was not based on
andomization in these trials.42-45

Five studies46-51 were presented at var-
ous meetings and conferences and con-
ain only limited results of the studies.

e have not obtained the further details
n the results of the above-mentioned

rean sections
Jo sa

col 20
rials from the authors.
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There was some variation in the details
f techniques defined by the authors as
oel-Cohen, Misgav-Ladach, and modi-
ed Misgav-Ladach. All these methods
ave been based on the surgical principles
eveloped by Joel-Cohen: blunt separation
f tissues along natural tissue planes, using
minimum of sharp dissection. For the

urposes of this review we have classified
he methods as subgroups of the Joel-Co-
en–based techniques as follows: (1) Joel-
ohen38; (2) Misgav-Ladach40,52-58; and

3) modified Misgav-Ladach.39,55,56,59-61

Eleven studies investigated the differ-
nce between Joel-Cohen–based and
fannenstiel CS techniques.38-40,53-57,59-61

Two studies52,58 compared the Mis-
av-Ladach technique with traditional
lower midline abdominal incision) CS.

One study compared extraperitoneal

FIGURE 4
Time (minutes) from skin incision t
and Pfannenstiel techniques for ce

I, confidence interval; WMD, weighted mean difference.

ofmeyr. Techniques for cesarean section. Am J Obstet Gyne
nd intraperitoneal CS techniques.62 s
Details of the above-mentioned stud-
es are available in the Table.

ethodological quality
f included studies
he methodological quality of the in-
luded studies was variable. The alloca-
ion concealment was unclear in 3 stud-
es.53,58,61 Refer to the Table for more
etails on the methodological quality of
he individual studies.

One study with inadequate allocation
oncealment and unexplained differ-
nces between group numbers62 was in-
luded for historical interest.

esults
oel-Cohen– based vs Pfannenstiel CS
leven studies compared Joel-Cohen–
ased and Pfannenstiel CS. These were

elivery of baby using Joel-Cohen
ean section

09.
ubgrouped as follows: Joel-Cohen38,57;

NOVEMBER 2009 Am
isgav-Ladach40,53,54,56; and modified
isgav-Ladach.39,55,56,59-61

Serious complications were reported
n only 4 trials (913 women) in the mod-
fied Misgav-Ladach vs Pfannenstiel
omparisons, and were too few for
eaningful statistical analysis (3 and 2

vents, respectively).
Only 3 blood transfusions were re-

orted, all in the modified Misgav-
adach groups (3 trials, 681 women).
Joel-Cohen– based surgery was associ-

ted with:
1. Less blood loss in all trials (5 trials,

481 women; WMD, 64.4 mL; 95%
confidence interval [CI], -91.3 to
-37.6 mL).

2. Shorter operating time in all trials as
shown in Figure 1. The overall
WMD was a reduction of 18.6 min-
o d
sar

col 20
utes.
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3. No overall difference in the occur-
rence of wound infections (6 trials,
1071 women, considerable hetero-
geneity).

4. No difference in postoperative he-
matocrit level and hemoglobin de-
crease �4 g/dL, reported in 1 trial
each55,57 (101 women and 240
women, respectively).

5. A trend to increased wound hema-
toma in the modified Misgav-La-
dach subgroup in 1 trial in which
this outcome was reported55 as
shown in Figure 2.

6. No significant difference in wound
breakdown (3 trials, 468 women).

7. Inadequate data on endometritis, re-
ported in only 1 woman, in the Pfan-
nenstiel group (3 trials, 767 women).

8. Postoperatively, an overall reduc-

FIGURE 5
Blood loss (mL) during Joel-Cohen

I, confidence interval; WMD, weighted mean difference.

ofmeyr. Techniques for cesarean section. Am J Obstet Gyne
tion with significant heterogeneity

40 American Journal of Obstetrics & Gynecology
(I2 � 90%) in time to oral intake (5
trials, 481 women; WMD, -3.92;
95% CI, -7.1 to -0.7 hours; random
effects model).

9. No significant difference in time to
return of bowel function.

0. No significant difference in time to
mobilization (2 trials, 208 women;
WMD, -2.86; 95% CI, -11.3 to 5.6
hours) or in time to breast-feeding
initiation (1 trial, 101 women).

1. Less fever, treated with antibiotics or
as defined by trial authors as shown
in Figure 3.

2. Insufficient data on repeated opera-
tive procedure on the wound, which
was reported in only 1 woman, in
the Pfannenstiel group (2 trials, 228
women).

3. Lower duration of postoperative

ased and Pfannenstiel cesarean sect

09.
pain (2 comparisons from 1 trial,

NOVEMBER 2009
172 women; WMD, -14.18 hours;
95% CI, -18.3 to -10.0 hours) and
less use of analgesia, defined as num-
ber of analgesic injections54 or num-
ber of injections in the first 24
hours57 (2 trials, 151 women; WMD,
-0.92; 95% CI, -1.2 to -0.6).

4. Shorter time from skin incision to
birth of the baby in all trials as shown
in Figure 4. There was significant
heterogeneity in the magnitude of
the reduction (I2 � 89.5%). The
overall WMD was a reduction of
3.84 minutes (5 trials, 575 women;
95% CI, -5.4 to -2.3 minutes; ran-
dom effects model).

5. Insufficient data on low Apgar
scores (2 low scores in the Pfannen-
stiel group, 1 trial, 158 women).

6. No difference in neonatal intensive

s
–b ion

col 20
care admission (1 trial, 310 women).
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ubgroup analyses
our trials were reported to be limited to
omen undergoing abdominal surgery

or the first time.38,40,54,57 The results
ere similar to those for all the trials.
There were insufficient data to con-

uct further subgroup analyses.

isgav-Ladach vs traditional (lower
idline abdominal incision)
nly 1 of 2 trials contributed data for

ach outcome.52,58

The Misgav-Ladach method was asso-
iated with reduced blood loss (Figure
), operating time (Figure 6), time to
obilization (Figure 7), and length of

ostoperative stay for the mother (339
omen; WMD, -0.8; 95% CI, -1.1 to -0.6
ays).
There were no significant differences

n postoperative anemia, wound infec-
ion, wound breakdown, endometritis,

FIGURE 6
Operating time (minutes) using Joe

I, confidence interval; WMD, weighted mean difference.

ofmeyr. Techniques for cesarean section. Am J Obstet Gyne
r fever. d
isgav-Ladach vs modified
isgav-Ladach methods

n 1 trial (116 women),56 the Misgav-La-
ach method was associated with a

onger time from skin incision to birth of
he baby (WMD, 2.1; 95% CI, 1.1–3.1

inutes), and no significant differences
n blood loss, time to oral intake, time to
eturn of bowel function, postoperative
ain score, operating time, or length of
ostoperative stay of the mother.

xtraperitoneal vs intraperitoneal CS
ne study with poor methodology by

urrent standards compared extraperi-
oneal and intraperitoneal CS tech-
iques.62 One woman of 173 had serious
omplications during or after extraperi-
oneal CS in comparison with 12 women
f 239 in the group who had intraperito-
eal CS (relative risk [RR], 0.12; 95% CI,
.02– 0.88). Maternal mortality did not

ohen and Pfannenstiel techniques fo

09.
iffer between these 2 groups. The rate of h

NOVEMBER 2009 Am
ever treated with antibiotics was lower
n the extraperitoneal CS group (RR,
.42; 95% CI, 0.27– 0.65). There was no
ignificant difference in the numbers
ho had repeated procedures on the
ound. The results should be inter-
reted with caution.

omment
our groups of comparison were under-
aken in this review. No studies investi-
ating the Pelosi-type CS were identified.
The methodological quality of 14 in-

luded trials appeared generally satisfac-
ory. However, some of the outcomes
ssessment was subject to bias (eg, oper-
ting time, blood loss).

The data reported in the studies com-
aring CS techniques were limited to
hort-term outcomes. They have favored
oel-Cohen– based techniques (Joel-Co-

esarean section
l C r c

col 20
en, Misgav-Ladach, and modified Mis-
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av-Ladach) over the Pfannenstiel tech-
iques and over the traditional (lower
idline abdominal incision) CS tech-

iques. The only advantage of modified
isgav-Ladach techniques over Misgav-

adach technique was shorter time from
kin incision to delivery of baby.

Extraperitoneal CS in women with ab-
ominal sepsis is of historical interest.
here were no data from robust trials to
rovide reliable evidence.
None of the included trials have pro-

ided data on the mothers’ satisfaction,
ealth service use, and long-term out-
omes, particularly with respect to sub-
equent fertility, morbidly adherent pla-
enta, and uterine rupture.

onclusions
vailable evidence suggests that the Joel-

FIGURE 7
Time to mobilization (hours) after J

I, confidence interval; WMD, weighted mean difference.

ofmeyr. Techniques for cesarean section. Am J Obstet Gyne
ohen– based techniques (Joel-Cohen, o

42 American Journal of Obstetrics & Gynecology
isgav-Ladach, and modified Misgav-
adach) have advantages over Pfannen-
tiel and traditional CS techniques in re-
ation to short-term outcomes. There is
o evidence in relation to long-term out-
omes. In view of the evidence from sev-
ral observational studies that single-
ayer uterine closure may be associated
ith increased risk of uterine rupture in

ubsequent pregnancies (see above), a case
an be made for use of double-layer uter-
ne closure pending results from RCTs,
articularly in resource-poor settings
here women may not have access to CS

acilities in subsequent pregnancies.
The results of this review together with

ther Cochrane reviews of specific as-
ects of technique for CS and other ab-
ominal surgery support the following

l Cohen and Pfannenstiel cesarean s

09.
ptions for routine CS:

NOVEMBER 2009
1. No preoperative hair removal; or
clipping or depilatory creams on the
day of surgery or the preceding day
(no shaving).

2. No specific antiseptic for preopera-
tive bathing.

3. Antibiotic prophylaxis with ampi-
cillin or a first-generation cephalo-
sporin.

4. Spinal, epidural, or general anesthe-
sia.

5. Chlorhexidine for skin preparation.
6. Double gloving is advised in areas

with high rates of blood-borne in-
fections to achieve fewer perfora-
tions in inner glove and prevent nee-
dle stick injuries.

7. Transverse lower abdominal wall
opening and uterine opening using

tions
oe ec

col 20
Joel-Cohen– based methods.20
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8. Bladder peritoneum may be re-
flected downward or not.21

9. Placental removal with cord trac-
tion.23

0. Intraabdominal or extraabdominal
repair of the uterus.24

1. Uterine closure with interrupted or
single-layer continuous locking su-
ture has short-term benefits. How-
ever, the evidence from observa-
tional studies of an increased risk of
scar rupture may favor the use of
double-layer closure pending evi-
dence on this outcome from ran-
domized trials.28

2. Nonclosure of both peritoneal lay-
ers.31

3. No specific method for closure of
the fascia was assessed in these re-
views.

4. Closure of the subcutaneous tis-
sues.35

5. No routine drainage of the subcuta-
neous tissues.63

6. Skin closure with subcuticular or in-
terrupted sutures, staples, or tissue
adhesive.36

7. No withholding of oral fluids after
surgery.64

Where no clear benefits of 1 method
ver another have been shown, the
hoice may have been influenced by the
linical setting. For example, in a re-
ource-constrained environment where
arge numbers of CS are performed by
unior surgical teams, a cost-effective
hoice may be spinal analgesia and Joel-
ohen– based surgical methods, which

equire only 2 lengths of suture material
or the operation, and double-layer clo-
ure of the uterus. f
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