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In 1830, Johannes Peter Müller described the paramesoneph-
ric ducts, which were named after him.

This time-honored knowledge has never been challenged
since.1

The Müllerian ducts were described 16 years before
William T.G. Morton described the use of general anesthesia
onOctober 16, 1846, in Boston,Massachusetts,2 and�50 years
before the first reported successful Cesarean Delivery in the
modern area, which was performed by Ferdinand Kehrer on
September 25, 1881, in Meckelsheim, Germany.3 Kehrer per-
formed the Cesarean Delivery using a longitudinal abdominal
incision as well as a longitudinal incision in the body of the
uterus, but in the years since, many variationswere developed.

In 1897, Johannes Pfannenstiel modified the abdominal
incision by introduction of the transverse abdominal incision4

and �100 years after the description of the Müllerian ducts;
Munro Kerr described the transverse opening of the uterus in
its lower segment.5 Until today, there is no single evidence-
based, standard universal Cesarean Delivery technique, and
different variations are sometimesperformedeven in the same
department. Today, the Misgav Ladach Cesarean Delivery6 is
widely used, but even thismethod, which seems to be optimal,
has variations.7–9

Even small details, such as which side of the patient the
right-handed surgeon stands, the use or nonusage of abdom-
inal packs, closing or leaving open the peritoneal layers, and
suturing the uterus with one or two layers, have direct effect
on the short- and long-term outcomes.10

Although the uterus and the cervix comprise one organ,
their histology and function are completely different. There is

Keywords

► bladder flap
► bladder plica
► cesarean delivery
► hysterotomy

Abstract Until today, there is no standardized Cesarean Section method and many variations
exist. The main variations concern the type of abdominal incision, usage of abdominal
packs, suturing the uterus in one or two layers, and suturing the peritoneal layers or
leaving them open. One of the questions is the optimal location of opening the uterus.
Recently, omission of the bladder flap was recommended. The anatomy and histology as
results from the embryological knowledge might help to solve this question. The
working thesis is that the higher the incision is done, the more damage to muscle tissue
can take place contrary to incision in the lower segment, where fibrous tissue prevails. In
this perspective, a call for participation in a two-armed prospective study is included,
which could result in an optimal, evidence-based Cesarean Section for universal use.
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abundant muscle tissue in the body of the uterus, contrary to
the predominance of connective tissue in the cervix. The
amount of smooth muscle in the lower third of the cervix is
estimated at 6.4%, in the middle third 18%, and in the upper
third 28.8%, but in the body of the uterus 68.8%. In addition,
the amount of actomyosin in the body of the uterus is
significantly higher than in the cervix.11 The endometrium
has its unique, known hormonally dependent cyclic pattern.
The cervical mucus layer, which develops from the Müllerian
mesoderm, shows, however, different cyclic characteristics
(Spinnbarkeit and crystallization).12 The cervix does not
function as other sphincters in the body and expands pas-
sively and gradually. It is a fibrous organ that contains
hyaluronic acid, collagen, and proteoglycan.13 The uterus
differs from other muscles of the body, being retractile.

The different histological structures within each level may
have relevance as to the site to open the uterus. Thehigher the
location, the thicker thewall, and the more the damage to the
muscle.

At the end of the pregnancy, the bladder plica (the vesico-
uterine peritoneal fold) corresponds roughly along the border
between the body of the uterus and its lower segment. Tradi-
tionally, the plica is separated, pushed down, and the uterus is
opened in its lower segment. If the lower segment is already
developed, after cutting a small incision in its middle, the
opening can be stretched bi-digitally as the fibers have already
taken a transverse position. This results inminimal bleeding and
enables suturing the uterus usually by one layer only. Different
suture material influences the outcome concerning pain.14 The
bigger the needle is, the less the suture material is needed,
although the influence of the size of the needle on the outcome
was never studied. The uterus contracts shortly after the opera-
tion and the more suture material left behind, the more foreign
body reaction takes place, which might weaken the scar.
Although controversial, suturing the uterus with one layer
may result in less ruptures during repeated pregnancies.15

One of the unsolved questions iswhere the optimal place is
to open the uterus: above or below the bladder plica during
Cesarean Delivery in relation to bleeding, duration of the
operation, postoperative pain, and the outcome of future
pregnancies. We believe understanding the embryology
and its resulting histology could guide us in solving this
question. As mentioned, traditionally the plica was pushed
down before opening the uterus, but, lately, some clinicians
challenged the necessity of dissection of the bladder flap.16,17

Some claim that opening the uterus above the bladder flap
has advantages. In a Viennese comparative study, in the group
doing so, the incision-delivery time is shorter (5 vs 7min) and
shows significantly reduced need for analgesics.18 In a study
from Nepal, the duration of the whole operation was �15
minutes shorter, and avoiding dissection of the bladder flap
resulted in significantly less blood loss.19

However, the higher in the uterus the incision is done, the
more the muscle tissue damage is expected. The wall is
thicker and therefore, usually, two layers are sometimes
necessary to achieve optimal hemostasis, and the scarred
wall might beweaker than thewall of the lower segment that
contains less muscle tissue.

One of the main problems in evaluation of the short-term
outcome is a lackof standardization of the surgicalmethod, as
it has been shown that each variation of any surgical tech-
nique might have an influence on the short- as well as long-
term outcomes.20

The conclusion is that a two-armed, randomized prospec-
tive study is needed to determine the optimal level of the
incision during Cesarean Delivery while all other parameters
are standardized. This studymight reveal the importance and
connection of the current knowledge of the physical proper-
ties and histology of each level in the lower part of the uterine
body and the lower segment, as determined by the embryol-
ogy. This study could also result in providing a specific
mathematical model like already existing ones concerning
other human muscles.21 Such a model could assist in analyz-
ing the different stages of development of the lower segment
before and during birth concerning both magnitude and
direction of the functioning vectors. Due to large variations
in the population of parturients, large numbers will be
needed to determine the outcome between the two groups,
the one where the uterus is opened above and the other
below the plica. Examining the microcirculation, using a
calibrated ultrasound machine, in the different levels toward
the end of the pregnancy could show the correlation between
the activity and blood flow, as is done in oncology.22

A study protocol was already prepared and we are looking
for participants willing to use the standardized Cesarean
Delivery where the only variation is the level at which the
uterus is opened. The evaluation will start with short-term
outcomes—such as blood loss, the need for second layer, need
for painkillers, and restitution of anatomy—as examined by
periodical ultrasound evaluation of the lower segment, the
thickness of the wall, and its distance from the external Os.
The study will continue with evaluation of the late outcomes,
which are subsequent cervical incompetence, preterm birth,
scar dehiscence in subsequent pregnancies, and late abor-
tions. This study should become multicentric and people are
encouraged to approach the corresponding author. We
believe that solving this question will result in, at last, an
optimal, standardized Cesarean Delivery method for univer-
sal use.

References
1 Crosby WM, Hill EC. Embryology of the Mullerian duct system.

Review of present-day theory. Obstet Gynecol 1962;20:507–515
2 Chang CY, Goldstein E, Agarwal N, Swan KG. Ether in the develop-

ingworld: rethinking an abandoned agent. BMCAnesthesiol 2015;
15:149

3 Lurie S, Glezerman M. The history of cesarean technique. Am J
Obstet Gynecol 2003;189(6):1803–1806

4 Pfannensteil J. Über die Vorteile des suprasymphysären Fas-
zienquerschnitt fur die gynäkologishcen Koliotomien, zugleich
ein Beitrag zu der INdikationssetellung der Operationswege.
Samml Klein Vortr Gynäkol 1897; 68–98 (Klein Vortr NF Gynäk
1900; 97: 268).

5 Munro Kerr JM. The lower uterine segment incision in conser-
vative caesarean section. J Obstet Gynaecol Br Emp 1932;
28:475–487

American Journal of Perinatology Reports Vol. 6 No. 3/2016

Toward Cesarean Delivery for Universal Use Stark et al. e353



6 Holmgren G, Sjöholm L, Stark M. The Misgav Ladach method for
cesarean section: method description. Acta Obstet Gynecol Scand
1999;78(7):615–621

7 Ayres-de-Campos D, Patrício B. Modifications to the Misgav
Ladach technique for cesarean section. Acta Obstet Gynecol Scand
2000;79(4):326–327

8 Martínez Ceccopieri DA, Barrios Prieto E, Martínez Ríos D. [Modi-
fied Misgav-Labach at a tertiary hospital]. Ginecol Obstet Mex
2012;80(8):501–508

9 Gedikbasi A, Akyol A, Ulker V, et al. Cesarean techniques in cases
with one previous cesarean delivery: comparison of modified
Misgav-Ladach and Pfannenstiel-Kerr. Arch Gynecol Obstet
2011;283(4):711–716

10 Stark M. Optimierte operative Methode in: Der Kaiserschnitt.
Elsevier. GmbH, Munich 2009:159–176

11 Rorie DK, Newton M. Histologic and chemical studies of the
smooth muscle in the human cervix and uterus. Am J Obstet
Gynecol 1967;99(4):466–469

12 Fluhmann CF. The developmental anatomy of the cervix uteri.
Obstet Gynecol 1960;15:62–69

13 Kavanagh J, Kelly AJ, Thomas J. Hyaluronidase for cervical ripening
and induction of labour. Cochrane Database Syst Rev 2006;(2):
CD003097

14 Kettle C, Dowswell T, Ismail KM. Absorbable suture materials for
primary repair of episiotomy and second degree tears. Cochrane
Database Syst Rev 2010;(6):CD000006

15 Hudić I, Fatusić Z, Kamerić L, Misić M, Serak I, Latifagić A. Vaginal
delivery after Misgav-Ladach cesarean section—is the risk of
uterine rupture acceptable? J Matern Fetal Neonatal Med 2010;
23(10):1156–1159

16 O’Neill HA, Egan G,Walsh CA, Cotter AM,Walsh SR. Omission of the
bladder flap at caesarean section reduces delivery time without
increased morbidity: a meta-analysis of randomised controlled
trials. Eur J Obstet Gynecol Reprod Biol 2014;174:20–26

17 Malvasi A, Tinelli A, Gustapane S, et al. Surgical technique to avoid
bladder flap formation during cesarean section. G Chir 2011;
32(11–12):498–503

18 Hohlagschwandtner M, Ruecklinger E, Husslein P, Joura EA. Is the
formation of a bladder flap at cesarean necessary? A randomized
trial. Obstet Gynecol 2001;98(6):1089–1092

19 Shao Y, Pradhan M. Higher Incision at Upper Part of Lower
Segment Caesarean Section. JNMA J Nepal Med Assoc 2014;
52(194):764–770

20 Stark M. Optimised meta-analysis should be based on stand-
ardised methods. BJOG 2011;118(6):765–766, author reply 766

21 Ding J, Wexler AS, Binder-Macleod SA. A mathematical model that
predicts the force-frequency relationship of human skeletal mus-
cle. Muscle Nerve 2002;26(4):477–485

22 Mayr NA, Hawighorst H, Yuh WT, Essig M, Magnotta VA, Knopp
MV. MR microcirculation assessment in cervical cancer: correla-
tions with histomorphological tumor markers and clinical out-
come. J Magn Reson Imaging 1999;10(3):267–276

American Journal of Perinatology Reports Vol. 6 No. 3/2016

Toward Cesarean Delivery for Universal Use Stark et al.e354


