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Abstract
The incidence of cesarean section is dramatically increasing worldwide, whereas the 
training opportunities for obstetrician/gynecologists to manage complex cesarean 
section appear to be decreasing. This may be attributed to changing working hours di-
rectives and the increasing use of laparoscopy for gynecological surgical procedures, 
including in gynecological oncology. Various situations can create surgical difficul-
ties during a cesarean section; however, two of the most frequent are complications 
from previous cesarean (myometrial defects, with or without placental intrusion and 
peritoneal adhesions) and the high risk of postpartum hemorrhage (uterine overdis-
tension, abnormal placentation, uterine fibroids). Careful surgical dissection, with safe 
mobilization of the bladder and exposure of the anterior and lateral surfaces of the 
uterus, are pivotal steps for resolving the technical difficulties inherent in performing 
a complex cesarean section. We propose a standardized surgical protocol for women 
at risk of complex cesarean, including the antenatal identification of increased surgi-
cal risk, paramedian access to the pelvis, bladder dissection and mobilization, and the 
selection of a bleeding control strategy, considering uterine anatomy and the arterial 
pedicles involved in blood loss, which should be tailored to the individual case. We 
propose preoperative surgical planning to include consideration of the most common 
situations encountered during a complex cesarean, which facilitates anticipating an 
appropriate response for common possible scenarios, and can be adapted for low- , 
middle- , and high- resource settings. This protocol also highlights the importance of 
self- evaluation, continuous learning, and improvement activities within surgical teams.
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1  |  INTRODUC TION

The incidence of cesarean section is dramatically increasing 
worldwide, particularly in countries with limited healthcare re-
sources.1 Although the risks associated with cesarean section 
generally surpass those related to vaginal birth and, despite ef-
forts to reduce the numbers of cesareans when vaginal birth is 
a safe option, there are multiple factors that drive this trend. In 
some regions, more than 50% of pregnant women have cesarean 
as their primary birth option. Although cesarean section is a safe 
and lifesaving procedure in many cases, it can also be associated 
with significant short-  and long- term complications. The risk of 
obstetric complications increases with the number of prior cesar-
eans and complications can occur during subsequent deliveries, 
such as uterine rupture in a trial of labor and placenta accreta 
spectrum (PAS).2 The scarring process associated with multiple 
cesareans includes major dehiscence of the lower uterine seg-
ment (LUS) and pelvic peritoneal adhesions. Other conditions 
such as obesity, uterine fibroids, and placental location within the 
LUS can increase intraoperative technical difficulty,3 which often 
requires expert surgical skills to avoid or manage potential life- 
threatening complications, primarily intraoperative bleeding and 
postpartum hemorrhage (PPH).

Changes in surgical training opportunities for obstetrician/gyne-
cologists (ob/gyn) due to working hours directives and the use of 
laparoscopy for most gynecologic surgical procedures over the last 
two decades has limited learning of the surgical skills required for 
complex cesarean section. In some hospitals, gynecologic oncolo-
gists are requested to assist during laparotomy, especially in cases 
with multiple previous cesareans,4 further limiting the training op-
portunities of the general ob/gyn. Although surgical recommen-
dations to enhance cesarean safety have been reported,5 there is 
currently no standardized protocol to facilitate their use by less ex-
perienced surgical teams.

This article proposes a new practical protocol for the surgical 
management of women at risk of complex cesarean section, includ-
ing useful alternatives for addressing the most frequent surgical 
complications.

We aim to promote the development of a preoperative manage-
ment map to facilitate the prevention of complications and the reso-
lution of complex situations during surgery.

We propose applying a bundle model,6 starting with pre-
vention, using the best strategies for uterine closure, followed 
by the preparation of surgical teams and recognition of cases 
where there may be increased technical difficulty during cesar-
ean, through a protocolized approach to complex cesarean, and 
concluding with outcome analysis, complication reporting, and 
continuous learning.

2  |  OPTIMIZING CESARE AN SEC TION 
R ATES AND CESARE AN SC AR DEFEC TS

Optimizing cesarean section rates (including reducing unnecessary 
cesareans) is a global public health priority, with multiple initiatives 
by various organizations to promote vaginal births, when appro-
priate. FIGO has reported strategies to address this and provided 
recommendations.7,8

Regarding the prevention of intraoperative complications, FIGO 
has published good practice recommendations on surgical tech-
niques to improve safety during cesarean section.9 It is important 
to highlight the relationship between inadequate healing of the LUS 
after a previous cesarean and the occurrence of subsequent com-
plications, such as uterine dehiscence or rupture and PAS.10 Within 
this context, different factors have been evaluated, including the 
type of suture (material used, locked or unlocked, continuous or in-
terrupted, number of layers, inclusion of the endometrium, uterine 
zone incised).

A randomized controlled clinical trial showed that performing 
the first layer of hysterotomy unlocked was associated with a lower 
incidence of cesarean scar defects (CSDs), in particular the develop-
ment of isthmocele or niche,11 which represents an area of perma-
nent loss of the normal structure of the LUS.

An observational study suggested a lower incidence of CSDs 
when decidua incorporation was avoided during suturing of the hys-
terotomy.12 A recent randomized single blind trial found that LUS ce-
sarean hysterotomy performed 2 cm below the vesicouterine plica in 
women in advanced labor was associated with a higher incidence of 
large scar defects detected by transvaginal ultrasound examination 
6–9 months after delivery.13

3  |  IDENTIF YING PATIENTS AT RISK OF 
COMPLE X CESARE AN SEC TION

Cesarean section is the most frequently performed surgery globally, 
with findings indicating that an ob/gyn has mastered the procedure 
in its simplest form and clinical outcomes improve after they have 
performed at least 12 procedures.14

This may be true for simple elective first- time cesareans, but the 
situation is very different in the context of complex cesareans; for 
example, in patients presenting with anterior placenta previa or an 
LUS segment fibroid.3 These patients are at risk of urinary or gas-
trointestinal tract complications and PPH and will benefit from de-
livery by a multidisciplinary team with expertise in complex pelvic 
surgery.3,4

Minimizing surgical risk is a key factor in analyzing maternal 
deaths related to complex surgical situations. Ob/gyns must identify 

K E Y W O R D S
complex cesarean section, compressive uterine sutures, postpartum hemorrhage, protocolized 
treatment, surgical technique
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    |  3NIETO-CALVACHE et al.

women likely to require multidisciplinary team management in the 
antenatal period and, even if the individual operator has excellent 
surgical skills, it is still recommended that these cases are referred 
to institutions with additional resources, such transfusion services 
and intensive care, for both mother and baby.3 The availability of 
an appropriate surgical assistant, blood components, and person-
nel trained in urinary and gastrointestinal repair are the minimum 
requirements for performing a complex cesarean section.3 In 
resource- limited settings, this means having a general surgeon and 
a urologist available on call to help manage complications, if neces-
sary. Although risk categorization and the hospital network may dif-
fer by country (or by clinical setting), the clinical situation, available 
resources, and surgical team's skills should be evaluated. In some 
cases, the best option may be to defer surgery and refer the patient 
to another hospital if the necessary resources are not available.15

The most widely available tool for the preoperative evaluation 
of pregnant women is ultrasound imaging. The first filter in identify-
ing those at higher risk of surgical difficulty during a cesarean is the 
assessment of clearly defined risk factors for complications, such as 
multiple previous cesareans, other previous intra- abdominal proce-
dures, and the diagnosis of placenta previa. All women undergoing a 
cesarean—especially those with these risk factors—should be evalu-
ated first with transabdominal ultrasound, with special emphasis on 
the characteristics of the LUS, and then with transvaginal ultrasound 
if the placenta is low- lying or previa. The signs associated with PAS 
have been extensively described. More recently, the sonographic 
signs of other high- risk groups for complex cesarean in the absence 
of PAS have also been presented, with a clear recommendation to 
refer women predicted to be a complex case to surgical teams with 
specific expertise.3

4  |  DE VELOPING A STANDARDIZED 
PROTOCOL AND TR AINING FOR COMPLE X 
CESARE AN SEC TION

Training ob/gyns to perform complex cesarean sections has become 
increasingly difficult since exposure to complex abdominal and pel-
vic surgery is limited, due in part to the increase in use of laparo-
scopic surgery for the majority of gynecologic conditions, including 
gynecologic cancer.3 The solutions to this are not simple and are be-
yond the scope of this article; however, innovative alternatives such 
as simulation and virtual training should be explored.

Many situations can increase technical difficulty in a complex 
cesarean section. Conditions such as anticoagulation and cardio-
vascular or pulmonary diseases increase the overall intraoperative 
risks, and often require management by a specialist anesthetist. 
Emergency cesarean performed at full cervical dilatation with en-
gagement of the fetal head, fetal malformations such as hydroceph-
aly, or dystocic positions such as transverse presentation can change 
a simple cesarean into a complex surgical challenge.

It is impossible to describe every complex scenario; therefore, 
this article proposes a standardized protocol for surgical manage-
ment of women with extended pelvic peritoneal adhesions, major 
LUS dehiscence with or without placental intrusion,3,16 and a high 
risk of intraoperative bleeding and/or PPH.

Considering the surgical challenges in these cases, we propose 
the following steps:

1. Access to the pelvis in cases of extended peritoneal adhesions 
between the uterus and other pelvic organs and/or vessels.

F I G U R E  1  Paramedian (preperitoneal) access to the pelvis. (a) In most cases, adhesions between the abdominal wall and intra- abdominal 
structures occur along the midline (orange oval area), with the bladder being the most frequently adhered organ to the abdominal wall 
(interrupted black line). Using a transverse suprapubic skin incision, and after dissecting the abdominal fascia from the anterior surface of the 
rectus muscles, preperitoneal dissection is facilitated by retracting those muscles with Babcock forceps. The dissection begins at the medial 
edge of each muscle, moving laterally between the peritoneum and the muscle until reaching an area free of fibrosis. Attention should be 
paid to the inferior epigastric vessels on the lower lateral side of the rectus abdominis muscles when the dissection is extensive. (b) Upon 
reaching the lateral limit of the peritoneal adhesion area to the abdominal wall, the fibrotic area can be cut and mobilized (edges retracted 
with Allis forceps), also mobilizing the adhered bladder (interrupted black line) without risking injury. (c) After this type of dissection, the 
bladder (*) can be mobilized away from the anterior surface of the uterus, facilitating the hysterotomy.
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4  |    NIETO-CALVACHE et al.

2. Dissection and mobilization of the bladder to expose the LUS sur-
face, which is necessary for managing large dehiscence and intra-
operative bleeding.

3. Selection/application of a PPH control strategy.

4.1  |  Entering the abdomen and pelvis safely

The most frequent complication of abdominal surgery is perito-
neal adhesion formation, which imposes surgical difficulty when 

F I G U R E  2  Bladder mobilization during complex cesarean section. Exposure of the anterior surface of the uterine segment is 
fundamental for managing the surgical challenges in a complex cesarean section. (a–c) Opening of the parametrial space. Traction of the 
right round ligament (*) and incision of the anterior leaf of the broad ligament (a); digital opening (arrows) of the right parametrial space in 
a caudocephalic direction (b); mobilization of the round ligament with a retractor and exposure of the right lateral surface of the uterus (c). 
(d–f) Retrovesical bypass (Pelosi maneuver). The surgeon inserts their fingers (*) into both parametrial spaces (d) and moves them caudally to 
reach the medial paravesical spaces (e), then directs the fingertips toward the midline, at the level of the cervix, in the retrovesical space (f). 
(g- i) Dissection of the retrovesical space. Facilitated by anterocaudal traction (45 degrees from the horizontal: Arrows) of the bladder (*) with 
Allis clamps (g), the peritoneum is incised at the vesicouterine fold. The lateral to medial approach, starting from the previously developed 
medial paravesical space (h), can be performed with scissors or energy, reducing the possibility of bladder injury or uterine laceration. 
Complete mobilization of the bladder (i) exposes the anterior surface of the uterine segment (*) and facilitates the selection and application 
of interventions such as low compression sutures (Ho Cho, B- Lynch 2), uterine artery ligation, en- bloc resection of lesions (leiomyoma, 
uterine dehiscence, placenta accreta spectrum) in that topography, or even hysterectomy.
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    |  5NIETO-CALVACHE et al.

thick or extended.17 In particular, bladder adhesions to the ab-
dominal wall or a dehiscent LUS pose a risk of urinary tract in-
jury during pelvic access. In this situation, operators will generally 
seek upper abdominal access, but sometimes the adhesions are 
so dense and extensive that this strategy is insufficient, even for 
expert surgeons.

A more reproducible alternative is paramedian abdominal 
access18 using the preperitoneal plane, which is almost always 
accessible and facilitates finding a fibrosis- free area behind the 
rectus abdominis muscles, subsequently releasing the bladder 
from the abdominal wall bilaterally (Figure 1). Use of this ap-
proach through a transverse suprapubic skin incision requires 
the surgeon to familiarize themself with abdominal wall anatomy 
(Video 1) and avoid injuring the inferior epigastric vessels during 
extensive dissection (Figure 1). Controlling small caliber blood 
vessels associated with the scarring process of previous surgeries 
is more frequent.

4.2  |  Dissection and mobilization of the bladder

One of the greatest concerns during obstetric surgery is injury to 
the urinary tract. Bladder injury and, less frequently, ureteric injury 
during cesarean or PPH control procedures are among the most fre-
quent complications of complex cesarean section.

Accessing the avascular subperitoneal pelvic spaces is routine 
for specialist gynecologic oncologists,19 but rarely practiced by 
general ob/gyns. Most obstetric procedures only require devel-
oping the anterior spaces to separate the bladder from the an-
terior uterine surface and laterally and inferiorly mobilize the 
ureters.20

In PAS surgery, surgical staging has been described and this in-
volves exploring the parametrial, medial paravesical, and retrovesi-
cal spaces to achieve complete bladder mobilization.20,21 The same 
procedures can be performed during a complex cesarean. Bladder 
adhesion to the anterior uterine surface almost always occurs in the 
midline; therefore, lateral- to- medial dissection—starting in the me-
dial paravesical space and moving toward the retrovesical space—is 
a safe and reproducible method to prepare for any uterine procedure 
(Video 2).

There are three possible procedures to facilitate bladder mo-
bilization during a complex cesarean section: (1) opening of the 
parametrial space by applying traction to the round ligament and 
cutting the anterior leaf of the broad ligament to then digitally 
open the space; (2) retrovesical bypass (or Pelosi maneuver) by 
introducing the surgeon's index fingers from the parametrial space 
to the medial paravesical space and then to the retrovesical space; 
and (3) dissection of the retrovesical space facilitated with an 
anterocaudal traction at 45 degrees to the horizontal, using Allis 
clamps (Figure 2).

F I G U R E  3  Relationship between the mobilized and nonmobilized bladder with the performance of lower uterine compressive sutures and 
uterine artery ligation. The position of the bladder over the anterior surface of the lower uterine segment (a) makes it clear that controlling 
uterine bleeding from this area requires bladder mobilization. Ligation of the uterine artery on the lateral surface of the uterine segment 
requires that, in addition to the uterine vessels (artery and veins), a portion of the myometrium is included in the stitch to provide support for 
the suture (b). A deep stitch without bladder mobilization, even when applied from the posterior surface of the uterus, can lead to bladder 
tear, especially in patients with previous cesarean sections and adhesions between the uterus and bladder. Compression sutures for the 
lower uterine segment (c, d) are indicated in abnormal bleeding secondary to placenta previa. The lower part of the uterus receives its blood 
supply mainly from the colpouterine vessels that ascend from the vagina, and the most well- known lower uterine compressive sutures are 
the Ho- Cho suture (d) and the B- Lynch 2 suture (e), whose application is impossible without prior bladder mobilization.
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6  |    NIETO-CALVACHE et al.

Historically, exposure of the LUS has rarely been described as 
a requirement for performing uterine hemostatic procedures22 
or during the management of patients with myometrial defects. 
However, if we consider the relationship between the bladder and 
the LUS (where bleeding associated with placenta previa occurs), the 

risk of bladder injury during the execution of hemostatic sutures is 
evident (Figure 3, Video 2).

Uterine compression procedures aimed at the uterine body and 
fundus, such as the B- Lynch suture, can fail if applied too close to the 
lower edge of the hysterotomy due to a lack of bladder mobilization 

F I G U R E  4  Importance of mobilization of the bladder to perform B- Lynch suture. (a–d) Failed B- Lynch in a patient with persistent bleeding 
after compression suturing and who was finally treated with hysterectomy. Application of the B- Lynch suture without prior mobilization 
of the bladder implies that the initial (*) and final points of the suture are located very close to the lower edge of the hysterotomy (a) 
and that when compressing the uterus, the tension of the suture is supported by a very small portion of tissue (*) (b). This may cause the 
obstetrician to limit the force applied to the knot (*) due to the risk of lacerating the lower edge of the hysterotomy, resulting in a potentially 
suboptimal compressive effect (c). In these cases, the hysterorrhaphy may even pass just above the knot (*) of the compression suture (d). 
(e–h) Successful B- Lynch. After dissection of the retrovesical space and exposure of the entire lower uterine segment, the first stitch of 
the compression suture (*) can be placed several centimeters caudal to the lower border of the hysterotomy (e). The same applies to the 
last stitch of the compression suture (*), which includes a significant amount of tissue in the lower part of the uterine segment in an area 
corresponding to sector 2 of uterine vascularization (s2), usually located behind the bladder (f). Including several centimeters of tissue at the 
lower border of the hysterotomy (}) allows the surgeon to exert greater compressive force with the suture without fear of tearing the tissue 
(g). Unlike in photo (d), in this case the knot of the compression suture (*) is located far from the hysterorrhaphy (h).
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(Figure 4). If the strategy chosen by the surgical team for a cesarean 
complication is hysterectomy, bladder mobilization is the procedure 
that defines the difficulty and duration of the surgery, as well as the 
risk of additional complications (e.g. ureteric injuries). Bladder punc-
ture or tear can also occur during uterine artery ligation if the blad-
der is not initially dissected and mobilized (Figures 3 and 4, Videos 2 
and 3).

4.3  |  Postpartum hemorrhage control strategy

Potentially, the most serious complication of complex cesarean sec-
tion is PPH during or after the surgical procedure. Although other 
significant complications can occur (urinary, gastrointestinal, infec-
tious, and many others), uterine bleeding can be so profuse to be 
fatal, if appropriate measures are not applied to prevent and to treat 
major blood loss.

Recently, a consensus statement was published, involving a 
panel of physicians with expertise in obstetrics, anesthetics, he-
matology, and transfusion medicine, convened by the Network 
for the Advancement of Patient Blood Management, Hemostasis 
and Thrombosis (NATA) in collaboration with FIGO, the European 
Board and College of Obstetrics and Gynecology (EBCOG), and the 
European Society of Anaesthesiology and Intensive Care (ESAiC) re-
garding patient blood management (PBM) in obstetrics.23

PBM is the timely application of evidence- based medical and 
surgical concepts, designed to maintain hemoglobin concentration, 
optimize hemostasis, and minimize blood loss to improve outcomes. 
PBM implementation in obstetrics involves the timely applica-
tion of strategies aimed at optimizing perioperative erythropoiesis 
(Pillar 1); minimizing surgical and nonsurgical (iatrogenic) blood loss 
and correcting coagulopathy (Pillar 2); and supporting the woman 
while appropriate treatment is initiated, including the application 
of restrictive transfusion thresholds (Pillar 3).24–26 In the following 
section, Pillar 2 of PBM during complex cesarean is overviewed, 
regarding the optimal surgical strategy and techniques to control 
bleeding.

In any part of the body, the key to managing bleeding is under-
standing the blood supply of the corresponding organ/tissue.27 
Traditional knowledge of uterine blood supply among ob/gyns in-
cludes the uterine artery and ovarian artery as the primary arterial 
pedicles.28

This description is incomplete and leads to misunderstand-
ings as it overlooks the involvement of a third arterial pedicle that 
reaches the lower part of the uterus and derives from the vaginal 
arteries via the colpouterine vessels29 (Figure 5). The colpouter-
ine arteries are not described in many traditional anatomy text-
books, most likely due to translation mistakes.30 However, these 
vessels have been described since 183331 and have recently been 
rediscovered through studies on fresh cadavers, arteriography, 
and physiological research.29 Colpouterine arterial pedicles can be 
identified easily during cesarean section, clearly distinguishing be-
tween their location and the course of the uterine artery (Video 4).

Involvement of the colpouterine arterial pedicle in obstetric 
bleeding from the uterine body is minimal. Hence, its importance in 
cases of uterine atony (where the main vessel involved is the uterine 
artery) is likely to be minimal.

A very different scenario occurs when uterine bleeding origi-
nates from the lower segment of the uterus (sector 2 of uterine vas-
cularization), as seen in women with placenta previa and PAS.32

Understanding the existence of these vessels and their im-
portance in bleeding from sector 2 is extremely important for 
the surgeon because it facilitates the choice of application of the 
bleeding control strategy, considering the source and etiology of 
the bleeding.

For example, a woman with bleeding due to uterine atony that 
bleeds from the uterine body or fundus (sector 1) benefits from 
uterine artery ligature or embolization or by a simple compression 
suture that involves this area of the myometrium, such as the B- 
Lynch 1, Hayman suture, or others that compress the uterine body. 
These sutures would not be useful when a woman is bleeding from 
the LUS due to placenta previa and/or major dehiscence, where 
a suture compressing the bleeding tissue—such as the B- Lynch 2 
or Ho- Cho suture—would be more effective33 (Video 5). Similarly, 
uterine artery ligation would not be useful for controlling bleeding 
from the LUS and should be reserved for bleeding from the uterine 
body.32

Other situations that benefit from anatomical knowledge of the 
three uterine arterial pedicles are uterine tears (associated with 
hysterotomy, uterine rupture, or other causes) and postoperative 

F I G U R E  5  Broad ligament hematomas and hysterotomy tears. 
The most common bleeding sites in broad ligament hematomas 
are the lateral ends of the hysterotomy (due to persistent arterial 
bleeding from branches of the uterine artery) and the area 
where surgical sterilization is performed (due to bleeding from 
branches of the ovarian or uterine artery). During the exploration 
of hematomas, regardless of the size of the blood collection, the 
surgeon must specifically examine the suspected areas of bleeding 
origin (*) and for that it is essential to mobilize the bladder.
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8  |    NIETO-CALVACHE et al.

FI G U R E 6 Uterine vascular pedicles. The uterus receives blood supply from three arterial pedicles. The most widely known are the ovarian (oA) 
and uterine arteries (uA), which supply the uterine body. The lower part of the uterus and the cervix receive arterial branches from the vagina, known 
as colpouterine arteries (cuA), typically identified as three main branches located in the midline (azygos vaginal artery–azA) and on either side of the 
anterior vaginal wall (*), reaching and anastomosing with branches of the uterine arteries. This last arterial pedicle (colpouterine arteries, branches off 
the inferior vaginal arteries–ivA) has been omitted in some anatomical descriptions, making it unknown to many obstetricians. Understanding these 
arterial pedicles allows for the establishment of two uterine vascular sectors. Sector S1 corresponding to the uterine body is primarily supplied by the 
uterine artery (uA) with a minor contribution from the ovarian artery (oA). Easy access to the vessels supplying this sector facilitates the control of 
bleeding from this part of the uterus. Conditions such as uterine atony can be successfully treated with multiple therapeutic options (uterine artery 
ligation, compression sutures, uterine artery embolization, etc.). Sector S2 corresponds to the lower uterine segment and cervix, receiving its main 
blood supply from the colpouterine arteries. Its subperitoneal and retrovesical location creates greater difficulty in controlling bleeding from this 
area (e.g. secondary to placenta previa or placenta accreta spectrum–PAS), necessitating bladder mobilization to perform procedures such as low 
compression sutures (B- Lynch 2 or Ho- Cho). The reference point separating sectors S1 and S2 is the peritoneal reflection (red dotted line), which is 
clearly visible during cesarean section when the bladder is empty. During prenatal ultrasonographic examination (or in magnetic resonance imaging) 
with a full bladder, the reference point is the midpoint of the posterior wall of the full bladder. In the female genital tract, a third vascular zone (sector 
S3), corresponds to the vagina, supplied by vaginal arteries, branches off the internal pudendal artery (originating from the posterior division of the 
internal iliac artery). Controlling bleeding from this zone (e.g. in complex vaginal tears associated with compound fetal presentations or instrumental 
vaginal delivery) demands exposure of the external surface of the vagina by dissecting the prevesical space (Retzius).

TA B L E  1  Hemostatic methods according to uterine irrigation areas.

Vascular 
uterine 
sector*

Arterial 
pedicles 
involved Compressive sutures

Vascular 
ligature 
useful

Useful endovascular 
procedures

Endocavity compressive 
procedures

Other external 
compression 
procedures

S1 UA, OA Body and fundal uterine 
compressive sutures**

UA UA Intrauterine balloon 
tamponade

External elastic 
wrapping

S2 UA, VA, 
VaA

Lower uterine segment 
compressive sutures***

CUA Highly selective  
through pudendal internal 
artery branches

Vaginal balloon tamponade No

Note: S1 corresponds to the body, fundus, and upper part of the uterine segment. S2 corresponds to the lower uterine segment. During surgery, access 
to the S2 region is only possible after dissecting the retrovesical space. The most frequent condition associated with S1 bleeding is uterine hypotonia. 
Placenta previa is the main cause of S2 bleeding. *S3 vascular region corresponds to the middle and upper thirds of the vagina (Figure 6) and can be the 
source of extrauterine postpartum bleeding, for example, after precipitous labor, compound presentations, or non- recommended obstetric maneuvers 
such as fundal pressure (Kristeller meneuver). Vaginal arteries may be lacerated, making control via vaginal access challenging. We did not include 
description of this sector in the table to focus the reader's attention on the most common sources of bleeding related to complex cesarean delivery (S1 
and S2 sectors). **The most recognized suture for S1 is the B- Lynch suture, but many others exist that are primarily designed to compress the upper part 
of the uterus (e.g., Hayman, Pereira, and others). ***The most recognized sutures for S2 are the B- Lynch 2 (transverse B- Lynch) and the Ho- Cho suture.
Abbreviations: CUA, colpouterine artery; OA, ovarian artery; UA, uterine artery; VA, vesical artery; VaA, vaginal artery.
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hematomas. Controlling bleeding in these situations can be facili-
tated when the surgeon clearly understands which arterial pedicle 
supplies the affected area (Figure 6), since most cases occur in the 
lower anterior wall of the uterus.34

A good example is a broad ligament hematoma, which often pres-
ents as a maternal drop in blood pressure and in hemoglobin level 
in the immediate postoperative period, with a transient response to 
volume replacement and a return of hypovolemic symptoms due to 
persistent arterial bleeding (Video 3). Although these hematomas 
can be large and distort the pelvic, subperitoneal, or retroperito-
neal anatomy, the surgeon must remember that despite the exten-
sive spread of the hematoma (sometimes reaching high portions of 
the posterior abdominal wall), treatment should focus on the source 
of the bleeding, which should only be the area operated on during 

cesarean section (Figure 6). Most of these hematomas originate at 
the lateral ends of the hysterotomy,35 where branches of the uterine 
artery are injured.

Another possible bleeding point is the area operated on 
during surgical sterilization, primarily the mesosalpinx, with in-
volvement of terminal branches of the uterine or ovarian arter-
ies. In both cases, the surgeon should explore the hematoma, 
drain accumulated blood, and specifically review the area manip-
ulated during the initial surgery, until an active bleeding source 
is found. Even if judged to be low volume at the time, this should 
be controlled with a suture of the bleeding vessel before closing 
the abdomen.

Knowledge of the three uterine arterial pedicles and the two 
vascular sectors differentiated by their relation to the peritoneal 

F I G U R E  7  Immediate temporary control of bleeding during cesarean section. Regardless of the cause of uterine or pelvic bleeding, there 
are options for immediate and temporary hemorrhage control (primary hemostasis). In cases of uterine bleeding, the tourniquet with a 
sterile latex glove (a) applied below the level of bleeding (b) allows for bleeding cessation while other definitive control strategies are applied 
(secondary hemostasis). Manual compression of the infrarenal aorta (zone 3 of the aorta) provides immediate control of pelvic bleeding of any 
etiology (primary hemostasis). A healthcare professional positions themselves beside the patient and, after locating the aorta by palpation, 
compresses it against the lumbar vertebrae with the weight of their torso, positioning their arm at a 90° angle to the horizontal (c), with the 
elbow fully extended. A step stool should be used to achieve this position and maintain it as long as necessary (up to 60 continuous minutes 
without significant metabolic impact) so that surgeons can apply other definitive bleeding control interventions (secondary hemostasis).
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reflection (Sector S1 above the reflection and Sector S2 below) fa-
cilitates the surgeon's identification of the bleeding focus and there-
fore the choice of the most appropriate treatment strategy (Table 1 
and Figure 6).

Regardless of the etiology of the bleeding, technical difficulty, 
or available resources, the immediate priority is to stop the hemor-
rhage promptly (primary hemostasis) to prevent metabolic deterio-
ration and while applying the definitive control strategy (secondary 
hemostasis).

Most relevant management guidelines have described a sequen-
tial approach with increasingly complicated interventions as time 
progresses or blood loss volume increases.22

A potentially preferable alternative is immediate control of 
blood loss, with simple and universally available measures such as 
internal36 or external37 aortic compression or uterine tourniquet 
(Figure 7). This way, the surgical team can arrange for available re-
sources without the pressure of each passing minute worsening the 
patient's condition.

5  |  ANALY ZING RESULTS AND LE ARNING 
FROM E XPERIENCE

There is no easy or quick way for a surgical team to develop the 
skills necessary to handle the challenge of a complex cesarean sec-
tion. Developing surgical competencies is a lengthy process and 
depends on multiple factors.14 Although the use of management 
protocols such as those proposed in this article can be helpful, 
there will always be cases that fall outside the parameters out-
lined and can only be resolved through the surgical skills of the 
team. There will also be cases so complex that they exceed the ca-
pabilities of the regular surgical team, and special situations such 
as resource shortages, overburdened services, or patient- specific 
conditions that may lead to adverse events, near misses, or ma-
ternal deaths.

Analyzing the successes and failures of surgical teams is an es-
sential strategy to improve quality of care.38 For surgical procedure 
analysis, reviewing intraoperative videos is indispensable. Post- 
event learning should be routine for multidisciplinary teams respon-
sible for managing patients suspected of requiring complex cesarean 
section. Debriefing formats, measurement of indicators, and other 
behavioral and human- factor interventions are recommended. We 
advocate for a safety culture, where participants in the care process 
are vigilant about adherence to agreed group processes, and main-
tain an attitude of mutual respect, collegiality, self- assessment, and 
continuous improvement.39

6  |  CONCLUSION

This article provides a detailed and technical overview of strategies 
and considerations for managing complex cesareans and for pre-
venting PPH.

We propose antenatal risk assessment and an operative proto-
col, including paramedian access to the pelvis in cases of extended 
abdominal and pelvic adhesions; bladder dissection and mobilization 
in cases of major uterine dehiscence or high risk of PPH; and selec-
tion of the bleeding control intervention based on anatomical knowl-
edge and bleeding focus topography.

Although some conditions leading to surgical complexity during 
cesarean section fall outside the scope of this protocol, we expect 
that the principles described in this article will facilitate safe and ap-
propriate management for the majority of women undergoing com-
plex cesareans.
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