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Abstract

Compression sutures are primarily used to treat atonic postpartum hemorrhage. We herein

describe three cases of selective arterial ligation combined with B-Lynch or modified B-Lynch

suture for the treatment of intractable postpartum hemorrhage unresponsive to available con-

servative interventions. Three pregnant women underwent a cesarean section for a macrosomic

fetus, fetal distress, and oligohydramnios, respectively. All three women developed intractable

postpartum hemorrhage due to uterine atony with no chance of embolization therapy. B-Lynch

or modified B-Lynch suture and additional selective arterial ligation were performed using braid-

ed absorbable suture. The first woman developed postoperative hematometra and infection

without response to drainage and antibiotic therapy. Although laparoscopic exploration was

performed to loosen the suture line and drain the hematometra and pyometra, the necrosis

and infection could not be controlled. Subtotal hysterectomy was therefore conducted, and the

necrotic uterine adnexa was removed. The other two women developed subinvolution of the

uterus resulting in prolonged menstruation and amenorrhea, although the uterus was preserved

and the bleeding was controlled. Modified B-Lynch suture combined with vascular ligation is an
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invaluable technique for women with severe intractable postpartum hemorrhage. However, it can

lead to serious complications such as uterine necrosis, infection, and subinvolution.
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Introduction

Uterine necrosis is a very rare condition,
and only a few cases have been reported

to date. Most of these cases occurred after
pelvic artery embolization;1,2 uterine necro-
sis has rarely developed after application of

uterine compression sutures.3,4 Uterine
compression suture, a technique advocated
by the surgeon Christopher B-Lynch, aims

to control postpartum hemorrhage.5 A suc-
cess rate of 91.7% (95% confidence inter-

val, 84.9%–95.5%) for various uterine
compression sutures has been reported.6

However, uterine compression suture is

also associated with various short-term
and long-term complications, such as occlu-
sion of the uterine cavity; thus, infection,

pyometra, and synechiae may occur within
a short time after this operation.5 In a 5-
year retrospective study of 23 women who

underwent uterine compression suture, the
complication rate was 25%.7 Moreover,

other case reports have described uterine
necrosis as a severe perioperative complica-
tion.8–11 In the longer term, the impairment

of fertility and menstrual periods remains
controversial because of limited data and
lack of long-term follow-up research.5,12

Tadakawa et al.13 reported that 12 of 19
patients who underwent B-Lynch suture

had 14 subsequent pregnancies during a
mean follow-up period of 52.1 months,

implying that B-Lynch sutures for

postpartum hemorrhage do not appear to
jeopardize fecundity. However, one review

showed a risk of impaired fertility in some
cases.6 Hence, more analyses of the compli-

cations of uterine compression suture are

needed. A few cases of uterine necrosis
after group A Streptococcus infection have

been reported.12,14 In the present report, we
describe three women who underwent a

combination of B-Lynch or modified
B-Lynch suture and vascular ligation to

control severe intractable postpartum hem-
orrhage. After this procedure, the first

patient required subtotal hysterectomy,

and the right uterine adnexa was removed
because of necrosis and infection. The other

two women developed long-term subinvolu-
tion of the uterus, which caused prolonged

menstruation and amenorrhea, respectively.
These clinical cases suggest that surgeons

should fully consider the complications of
combined application of B-Lynch or modi-

fied B-Lynch suture and vascular ligation,
although such complications are rare.

Case 1

A 28-year-old woman underwent an emer-

gency cesarean section because fetal trial
delivery had failed. She developed postpar-

tum hemorrhage because of uterine atony
with no response to uterotonics or other

conservative interventions. The bleeding
volume was 2500mL, and her hemoglobin
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concentration was 0.4 g/dL. Bilateral uter-
ine and ovarian artery ligation and B-Lynch
suture were performed to treat the severe
intractable postpartum hemorrhage
because uterine artery embolization was
unavailable at the secondary care unit.
The procedure was performed using braid-
ed absorbable suture (Coated VICRYLVR

Plus Antibacterial (polyglactin 910)
Suture; Ethicon, Inc., Somerville, NJ,
USA). The patient also underwent intrao-
perative transfusion of five units of red
blood cells and five units of fresh frozen
plasma. On the third day postoperatively,
she developed a fever (40�C) associated
with diffuse abdominal pain and diarrhea
without fetid lochia. B-mode ultrasonogra-
phy displayed a 68-� 52-mm mass of heter-
ogenous echointensity in the uterine cavity
and 59-� 55-mm anechoic area around the
uterus. Furthermore, computed tomogra-
phy showed significant infection in both
lungs, enlargement of the uterus with a
symmetric density in the uterine
cavity, and pelvic infection. Despite
antibiotic treatment with cefoperazone
sodiumþ sulbactam sodium and ornida-
zole, her clinical condition did not improve;
therefore, she was referred to a tertiary care
hospital for further evaluation.

The patient continued to have a low
fever after admission. Escherichia coli sensi-
tive to moxifloxacin was cultured from a
vaginal secretion specimen, and Candida
krusei was cultured from a urine specimen.
Antimicrobial therapy with moxifloxacin
was continuously administered based on
the results of the vaginal secretion culture.
After 4 days of treatment with moxifloxa-
cin, the patient’s fever persisted. Thus, acet-
aminophen and teicoplanin were used to
strengthen the anti-infection treatment
until discharge. Additionally, the uterine
cavity was rinsed each day to discharge
the hematometra and necrotic tissue.
However, these measures were ineffective.
Because the patient refused removal of her

uterus a laparoscopic exploration was per-

formed to loosen the suture line and drain

the hematometra and pyometra 13 days

after the cesarean section. During the sur-

gery, widespread abdominal adhesions and

encapsulated effusion were found. After pus

aspiration and abdominal irrigation, the

partially enlarged uterus was exposed and

one side of the suture line could be released

(Figure 1). The vagina discharged a small

amount of odorous pus and blood. A drain-

age tube was retained in the uterine and

abdominal cavities for irrigation, and the

patient was treated with intensive antibiot-

ics. Her body temperature slightly

decreased with these therapeutic measures,

but her high fever returned after 3 days.

A computed tomography scan indicated

uterine necrosis (Figure 2(a)). Hence, sub-

total hysterectomy was conducted, and the

necrotic uterine adnexa was removed

(Figure 3). Pathological examination

revealed that part of the myometrial tissue

showed coagulation necrosis, infiltration of

large numbers of inflammatory cells, and

Figure 1. Laparoscopic exploration in Case 1. The
partially enlarged uterus was exposed and one side
of the suture line was released.
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degeneration and necrosis of the fallopian

tube and ovarian artery. The patient’s tem-

perature rapidly decreased and returned to

normal on the 10th postoperative day.

Case 2

A 35-year-old woman (gravida 2, para 1)

with no medical history visited the hospital

because of fetal distress at 40 weeks’ gesta-
tion. An emergency cesarean section was
performed. She also developed postpartum
hemorrhage because of uterine atony, as in
Case 1. The total estimated blood loss was
about 1500mL, and her hemoglobin con-
centration decreased to 9.3 g/dL. Bilateral
uterine artery ligation was the first proce-
dure conducted; however, the bleeding did

Figure 2. Imaging findings in Case 1. (a) Computed tomography showed that the volume of the uterus had
increased and that the uterine muscular layer was thickened with mixed density. (b) Ultrasound showed that
the uterine line was not clear and that the echointensity was inhomogeneous in the uterine cavity.

Figure 3. Subtotal hysterectomy in Case 1. Part of the myometrial tissue showed coagulation necrosis
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not immediately stop. The conventional B-
Lynch suture also failed; therefore, modi-
fied B-Lynch suture was jointly applied to
control the bleeding. The procedure was
performed using the same braided absorb-
able suture as in Case 1. The uterus was
then well compressed, and the uterine
bleeding significantly decreased. After the
surgery, the patient received concomitant
treatment with uterotonics and an antimi-
crobial agent (moxifloxacin) and was dis-
charged 7 days later.

Three months later, the patient was read-
mitted to the hospital because of increased
vaginal discharge. Laboratory data showed
a white cell count of 9.74� 109/L with
86.4% neutrophils. Her C-reactive protein
concentration was 44.9 mg/L, and her pro-
calcitonin level was normal (<0.25 ng/mL).
Her uterus was enlarged with no tenderness.
Pus was collected for bacterial culture,
which was positive for Gardnerella,
methicillin-resistant Staphylococcus
aureus, and carbapenem-resistant
Enterobacteriaceae. B-mode ultrasonogra-
phy showed that the uterus was about
9.5� 7.6� 6.0 cm3, the uterine cavity line
was not clearly displayed, and a hypere-
choic stripe was evident in the uterine
cavity. Magnetic resonance imaging
showed uterine enlargement, uterine cavity
expansion, uterine involution, and infection
(Appendix Fig. 1). Postpartum uterine clo-
sure was considered, and a cervical dilating
rod was applied to fully dilate the cervix
and facilitate easy discharge of the uterine
effusion. At the same time, metronidazole
was used as an anti-infection treatment
while irrigating the uterine cavity with low
pressure. The patient’s clinical symptoms
significantly improved. Ten days later, B-
mode ultrasonography indicated slightly
stronger echo in the uterine cavity with a
thickness of 9 mm. At the 20-month
follow-up, she had no menstruation, and
the infection was considered to have been
the cause of the intrauterine adhesions.

Case 3

A 27-year-old pregnant, primiparous
woman with no significant medical history
visited the hospital. A cesarean section was
performed at 37 and 5/7 weeks of gestation
because of oligohydramnios. However, the
patient developed postpartum hemorrhage.
The bleeding did not stop despite treatment
with uterotonics and other conservative
interventions (e.g., coagulation therapy).
After the uterine artery was ligated, the
bleeding was controlled without the need
for blood transfusion. As additional thera-
py, hemostasis and methylergonovine for
uterine contraction were administered
after the surgery. Nevertheless, severe post-
partum hemorrhage occurred 13 hours after
the surgery, and the patient quickly devel-
oped hemorrhagic shock. Her heart rate
was 153 beats per minute, respiratory rate
was 20 breaths per minute, and blood pres-
sure was 89/58mmHg. B-mode ultrasonog-
raphy indicated that the size of the
postpartum uterus was about 27.5� 17.2�
11.7 cm3, the myometrial echo was not uni-
form, and the uterine cavity showed a mass
of 12.2� 7.1 cm2 with mixed echointensity.

As soon as the patient went into shock,
exploratory laparotomy was performed on
an emergency basis. During the surgery, no
bleeding occurred in the abdominal cavity.
However, the uterus exhibited enlargement,
edema, and poor contraction, and the uter-
ine cavity was filled with 2000mL of blood
postoperatively. As in Case 2, conventional
B-Lynch suture did not control the bleed-
ing. Modified B-Lynch suture was
performed to treat the uncontrollable post-
partum hemorrhage; the bleeding was suc-
cessfully controlled, and the uterus was
preserved. The procedure was performed
using the same braided absorbable suture
as in Cases 1 and 2. During the surgery,
the patient was infused with 1800mL of
fresh frozen plasma, 14.5 units of red
blood cell suspension, 20 units of
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cryoprecipitate, and 10 units of platelets.
After the surgery, treatment with antibiotics
and methylergonovine was continued. Her
condition improved significantly, and she
was discharged 10 days later. However,
she was hospitalized again for an enlarged
uterus and irregular menstruation more
than 3 months after the cesarean section.
Ultrasound showed that the uterine line
was not clear and that the echointensity
was inhomogeneous in the uterine cavity
(Figure 2(b)). We considered that the mod-
ified B-Lynch suture might have caused seg-
mental dilatation and stricture of the
uterine cavity, resulting in menstrual
blood retention. Hysteroscopy was per-
formed to remove the protuberant part of
the endometrial surface. After 20 months of
follow-up, she developed oligomenorrhea.

Discussion

In the first case, conventional B-Lynch
suture and bilateral uterine and ovarian
artery ligation (uterine devascularization)
were applied for treatment of postpartum
hemorrhage. The greatly reduced blood
supply of the uterus and complication
with infection led to necrosis of the uterine
body and uterine adnexa on the right side.
In the other two cases, the bleeding could
not be controlled by conventional B-Lynch
suture, and both modified B-Lynch suture
and bilateral uterine artery ligation were
used to control the bleeding. This resulted
in subinvolution of the uterus, and the
patients developed complications such as
menorrhagia and amenorrhea.

Diverse factors can cause complications
when performing modified B-Lynch suture
and uterine devascularization. The blood
supply to the uterus originates mainly
from the main trunk of the uterine artery
and the ascending branch and lower branch
of the vaginal artery. In patients with uter-
ine devascularization, the ovarian artery
and the upward branch of the uterine

artery are ligated, and necrosis can occur
if the collateral circulation is not abundant
or the round uterine ligament arteries do
not supply enough blood. After the uterine
devascularization, as in Case 1, it is impos-
sible for the collateral circulation to estab-
lish the blood supply within a short period
of time. Under these circumstances, the
uterine compression suture has a high
chance of causing hematometra, infection,
and local ischemia of the uterus. In fact,
these were the key factors that led to necro-
sis of the uterus and adnexa in Case 1. In
the other two cases, the bleeding could not
be completely controlled by the routine B-
Lynch suture because of extremely poor
uterine contractility and excessive stretch-
ing of the uterus. Thus, we decided to per-
form a self-created technique to preserve
the patients’ uterus. On the basis of conven-
tional B-Lynch suture (Appendix. Fig. 2
(a)), transverse sutures were added to
strengthen the compression of the uterus
and thus more effectively stop the bleeding;
this is called modified B-Lynch suture
(Appendix. Fig. 2(b)). However, modified
B-Lynch suture resulted in incomplete invo-
lution of the uterus and partial uterine
coagulation necrosis.

The normal physiological volume in the
uterus is 5mL, and menstrual blood is dis-
charged normally under these conditions.
After uterine enlargement, the menstrual
blood cannot be discharged, leading to sec-
ondary infection as observed in Cases 2 and
3. In Case 2, the patient developed pyome-
tra and recurrent vaginal infection.
Although these complications improved
after uterine drainage and lavage, the infec-
tion led to intrauterine adhesions and sec-
ondary amenorrhea. In Case 3, the uterus
was overstretched because of the postpar-
tum hemorrhage, and the folding and sutur-
ing of the uterine wall caused poor drainage
of the menstrual blood. This led to rehospi-
talization of the patient because of
menorrhagia.
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Managing intractable postpartum hem-
orrhage due to uterine atony may be chal-
lenging. Various uterine compression
sutures and balloon tamponade techniques
have been introduced for the treatment of
postpartum hemorrhage. A controversial
issue in the use of uterine compression
sutures is concomitant arterial ligation.
The uterine artery, the uterine branch of
the ovarian artery, and/or the internal
iliac artery are commonly unilaterally or
bilaterally ligated in patients with uterine
atony.15 Wohlmuth et al.16 performed B-
Lynch suture in 22 women with drug-
resistant uterine atony from 1997 to 2005.
B-Lynch suture was performed alone and in
combination with arterial ligation in 12 and
10 women, respectively. The success rate of
the B-Lynch procedure (alone or in combi-
nation with ligation of the bilateral uterine
arteries and the uterine branch of the ovar-
ian artery) was 77%.

Combined application of uterine com-
pression suture and vascular ligation is an
invaluable technique for women with severe
intractable postpartum hemorrhage.
However, the three women in the present
study developed complications after under-
going this procedure. Fotopoulou and
Dudenhausen17 suggested that the combi-
nation of compression sutures and addi-
tional vessel ligation was more often
associated with complications than was
the use of compression sutures alone, prob-
ably because of the development of uterine
ischemia and inflammation. Therefore, the
blood supply must be fully considered when
combining uterine compression sutures and
arterial ligation for women with intractable
postpartum hemorrhage. In addition, the
blood supply must be closely monitored
after the surgery, and once infection
occurs, it must be controlled in time to
prevent uterine necrosis. If uterine compres-
sion sutures and uterine devascularization
cannot stop intraoperative bleeding or
if they cause severe complications,

hysterectomy is required to prevent septice-

mia, embolism, and other complications

that may endanger the patient’s life.
The success rate of uterine compression

sutures depends on various factors, includ-

ing the patient’s hemodynamic stability, the

severity and duration of the hemorrhage,

the experience of the surgeon and staff,

and the availability of blood and blood

products. It has been suggested that B-

Lynch suture may cause defects in the ante-

rior wall of the uterus. Thus, excessive fold-

ing of the uterine wall due to suture

compression may have unpredictable effects

on the uterine myometrium and endometri-

al vessels.18 Considering these adverse gyne-

cological outcomes, uterine compression

suture should not be employed concomi-

tantly with vascular ligation.
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Appendix figures

Appendix Figure 1. Magnetic resonance imaging in Case 2 showed uterine enlargement, uterine cavity
expansion, uterine involution, and infection

Appendix Figure 2. (a) Conventional B-Lynch suture. This is a form of compression suture used in
obstetrics to mechanically compress an atonic uterus in the face of severe postpartum hemorrhage. (b)
Modified B-Lynch suture. This technique was devised by the authors to preserve the patients’ uterus. On the
basis of conventional B-Lynch suture, transverse sutures were added to strengthen the compression of the
uterus and thus more effectively stop the bleeding.
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