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Abstract
Purpose: Placenta accreta spectrum disorder (PASD) is a rare but life-threatening complication of pregnancy. We aimed to describe the use of Chitosan impregnated
gauze when managing PASD complicated by uncontrolled bleeding.
Methods: We used a descriptive retrospective study including all patients diagnosed with a PASD treated with Chitosan in the Department of Obstetrics and
Gynaecology, West French Guiana Hospital Center, French Guiana, during a period of 5 years ( January 1, 2015 to December 31, 2019).
Results: We listed 8 cases of PASD managed with Chitosan: 2 active bleeding in cesarean scar pregnancy in the first trimester, 2 cases of PASD in the second
trimester, and 4 cases in the third trimester with average age of 33.6 years. Chitosan-covered gauze was used in 4/8 cases of conservative surgery, 3/8 of cases before
hysterectomy and one case of pelvic packing after hysterectomy. Bleeding was immediately controlled in 7/8 of patients but recurred in 3 of them after removing the
gauze. Chitosan successfully treated bleeding of cesarean scar pregnancy (2/2); avoided 2/5 inevitable hysterectomy and stopped bleeding after hysterectomy with
failure of hemostatic sutures (pelvic packing). No maternal or neonatal deaths were reported, despite high maternal morbidity in this group.
Conclusion: chitosan is an effective and safe treatment modality in management of life-threatening hemorrhage caused by abnormal placentation when conventional
treatment had failed particularly in case of coagulopathy. It can be interesting to consider in isolated health centers, unexperienced teams, or /and unexpected cases.

Introduction

Materials and methods

Placenta accreta spectrum disorders (PASD) refer to the range
of pathologic adherence of the placenta leading to a lack of normal
plane of cleavage between the placenta and the uterine wall. It is an
increasing obstetrical emergency causing life-threatening hemorrhage
in connexion with the increase of cesarean section delivery rate [1].

We conducted descriptive retrospective study in the Department
of Obstetrics and Gynaecology, Franck Joly Hospital, French Guiana
during the period from January 1, 2015 to December 31, 2019.

Complications of this entity results in maternal morbidity and
mortality [2,3], including large volume blood loss requiring transfusion,
coagulopathy, hysterectomy, urologic complications [4], and admission
to intensive care unit. Late complications include septic complications,
hospital readmission, and multiple surgeries [5]. However, despite the
seriousness of this complication, few therapeutic means are available,
especially in low-income countries. Furthermore, evidence is currently
in favor that Cesarean scar pregnancy in the first trimester is the early
expression of PASD in the second and third trimester of pregnancy [6].
We previously reported our experience in successfully using
Chitosan, a potent hemostatic agent derived from chitin, to treat severe
obstetric bleeding induced by uterine atony, multiple vaginal tears,
and bleeding after hemostatic hysterectomy [7]. Since 2015, we have
been regularly continuing to use Chitosan to manage gynecological or
obstetrical hemorrhage.
In this study, we aimed to describe the use of chitosan to manage
placenta accreta spectrum with uncontrolled hemorrhage and to
evaluate its effect on maternal outcome.
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Inclusion criteria
We included all cases of PASD, or cesarean scar pregnancy treated
with Chitosan-coated Gauze, fabric-dressing Coated with Celox
haemostatic granules, regardless of term of pregnancy or route of
administration (transvaginal or laparotomy).
In the second and third trimester, PASD was confirmed by either
histopathological diagnosis of placental invasion in hysterectomy
specimens, clinical assessment of abnormal adherence of the placenta,
or evidence of gross placental invasion at the time of surgery. FIGO
classification for the clinical diagnosis of placenta accreta spectrum
disorders was used to describe each clinical case [8].
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In the first trimester, we used transvaginal US imaging by referent
sonographer to establish the diagnosis of pregnancy implanted in
Cesarean section scar.

Exclusion criteria
We excluded bleeding treated with chitosan other than that due to
PASD. Placenta previa without proof of accreta has not been considered
in this study. PASD not managed with Chitosan were excluded.

Study protocol
In our delivery units, we used an active management of the third
stage of labor, which consists of the prophylactic administration of an
uterotonic agent prior to placental separation, early cord clamping, and
uterine massage. Blood loss in the third stage of labor was estimated
using a collector bag.
Postpartum hemorrhage (PPH) is defined as blood loss of at least
500 mL after vaginal or 1000 mL following cesarean delivery within 24
hours postpartum.
Escalation of measures follows a stepwise approach based
on guidelines for clinical practice from the French College of
Gynaecologists and Obstetricians (CNGOF) in collaboration with the
French Society of Anesthesiology and Intensive Care (SFAR) [9]. The
protocol included uterotonic treatment first (intravenous oxytocin,
Sulproston). Dependent on the persistence of bleeding, biological
(hemoglobin levels, hemostatic status) and clinical evaluation, other
treatments have been added including tranexamic acid, fibrinogen,
fresh frozen plasma and blood cell transfusion. In French Guyana
department we do not have interventional radiology unit for uterine
artery embolization. Thus, we perform hemostatic surgery after failure
of Bakri balloon to control active bleeding.
In the first trimester with diagnosis of cesarean scar pregnancy was
most often treated by local Methotrexate injection and curettage was
only performed in case of severe vaginal bleeding.
In our practice, chitosan was not proposed as a first-line treatment
but rather a final rescue solution in cases of life-threatening hemorrhage.
When bleeding persisted, chitosan was introduced as a last treatment
after failure of at least two other medical conventional treatments to
control bleeding. Chitosan-coated gauze (Celox gauze, Fabric Dressing
Coated with Celox Haemostatic Granules, Medtrade Products Ltd.,
Crewe, CW1 6GL, UK) was 3 m long, 7.6 cm wide and has a mass
of 40 grams. Dependent on the size of uterine cavity and the term of
pregnancy, a piece or the complete gauze was used.
An experienced senior obstetrician initially managed all cases.
Collegial decision including two obstetrics and anesthesiologist is
always required before the use of chitosan and/or the decision to
perform a hysterectomy. In case of conservative treatment, the adherent
part of the placenta was left in situ after delivery and uterus was closed.
In cases of vaginal or cesarean deliveries, the intrauterine packing
was inserted transvaginally, up to the fundus, with ultrasound guidance
and one end of the gauze was left into the vagina.
Chitosan-coated gauze was associated with Bakri balloon
tamponade, after failure of the intrauterine balloon tamponade to control
bleeding. In this case, first the chitosan-covered gauze was inserted,
then the balloon replaced in the cavity, finally the vagina was packed
by a second gauze for compression of cervix to avoid displacement of
the balloon. Pain-reducing medications were administered as needed.
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Intraoperatively, in cases of uncontrolled hemorrhage following
hysterectomy and after failure of hemostatic sutures with intensive
correction of coagulopathy, surgical packing using chitosan-coated
Gauze was applied and left in place.
Chitosan-covered gauze was usually removed, in operative room,
after 24-36 hours by simply pulling the end left in the vagina and
observed for 2 hours after. They were given prophylactic antibiotic
during this period. All patients were monitored until their six-week
post-partum exam and given prophylactic anticoagulation in postpartum period.

Data collection
Information was collected on the characteristics of the mother,
pregnancy, labor, mode of delivery, and postpartum period and the data
entered on an Excel spreadsheet.
We collected information about post-partum or post post-abortion
period (such as infection, pain, readmission, secondary surgery, and
hospital stay) or any side effect of the treatment. The protocol was in
accordance with the establishment’s ethical charter.

Results
In all, 8 cases of PASD managed with Chitosan were retrospectively
collected. During this period, 14205 live births have been registered.
The mean maternal age was 33.6 years (range, 27-38 years). In this
population, 14 % of patients had at least one history of cesarean section
and 2.64 % had three C-section and more. Patient characteristics, PASD
description, treatment and maternal outcome parameters are depicted
in Table 1.
In the first trimester, two patients were diagnosed with cesarean scar
pregnancy at 8 weeks + 2 days of gestation and 12 weeks of gestation.
They were treated by methotrexate with monitoring of plasmatic hCG.
Despite good biological evolution, they presented active bleeding.
Under general anesthesia, suction curettage under ultrasound guidance
was performed Treatment with uterotonic and tranexamic acid had
failed to stop active hemorrhage estimated more than one liter. We used
small packing with a piece of chitosan-covered gauze introduced in
the uterine cavity at the level of the implantation site under ultrasound
guidance. One from the two-patient had laceration of the cervix and
needed suture with second gauze left in the vagina to pack the cervix.
The bleeding stopped and gauze was removed 1 day after without
complication. One of the two patients required transfusion of two red
blood cells.
In the second trimester, we reported two patients with history
of cesarean section. The first was suspected of PASD after her first
ultrasound examination at 14 weeks + 1 days of gestation. Pregnancy
ended with spontaneous abortion with active bleeding complicated
with hemodynamic instability and hemoglobin dropped to 4 g/100ml.
Uterine aspiration under ultrasound guidance was performed and
complicated by intraoperative hemorrhage. The patient displayed
extensive bleeding (4-liter), hemodynamic instability and received
massive transfusion. After eliminated perforation of the uterus and
failure of uterotonic, tranexamic acid and Foley balloon tamponade to
control bleeding, we decided to make intra uterine packing by chitosancovered gauze. The bleeding stopped immediately. Twenty-four later,
after transfusion and correction of coagulopathy, total hysterectomy
was done with good evolution.
The second parturient, living in an isolated commune, bi scarred
uterus; was referred to our emergency for minimal bleeding. Fetal death
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Table 1. Baseline characteristics and pregnancy outcomes for patients with abnormal placentation treated with Chitosan-covered gauze
PASD, Placenta Accreta Spectrum Disorder; DIC, Disseminated intravascular coagulation; GA, gestational age; d, days; wk, week; y, years; G, gravida; P, para; CS, caesarean section. FIGO
classification for the clinical diagnosis of placenta accreta spectrum disorders was used to describe each clinical case [7].
Case
(NO.)

Age
(y)

Gravidity and
Parity

Prior
CS

GA
(wk+d)

PASD description

Treatment, complications

Mode of administration

1

32

G4P3

3

8+2

Cesarean scar pregnancy

Methotrexate, active bleeding, Suction curettage, Uterotonic,
Tranexamic acid

Intra uterine packing

2

34

G5P4

2

12

Cesarean scar pregnancy

Methotrexate, Active bleeding
Suction curettage, transfusion

Intra uterine packing

3

27

G8P6

2

14+1

Grade 2: Abnormally invasive
placenta (Increta)

21+2

Grade 2: Abnormally invasive
placenta (Increta)

Active bleeding,
Hemodynamic instability,
Coagulopathy,
transfusion

Intra uterine packing,
Hysterectomy after removing
Chitosan-covered gauze (48
hours)

Massive transfusion,
Coagulopathy,
Hemodynamic instability,
Failure of hemostatic sutures

Hysterectomy,
Packing of the pelvic cavity,
Antibiotics

Massive transfusion, Uterine artery ligation, hemodynamic
instability, DIC, Factor VIIa recombinant administration

Intra uterine packing,
Hysterectomy

4

33

G9P6

1

5

35

G10P8

4

37+2

Grade 3a: Abnormally invasive
placenta (Percreta)

6

38

G5P4

2

37

Grade 2: Abnormally invasive
placenta (Increta)

7

32

G6P5

4

37+2

8

38

G8P8

5

38

Intra uterine packing to stop
Active bleeding, Uterine aspiration, Foley balloon tamponade,
bleeding, Hysterectomy after
Hemodynamic instability, Coagulopathy
removing Chitosan-covered gauze
transfusion
(24 hours)

Grade 2: Abnormally invasive Massive transfusion, Coagulopathy, Failure of Sulproston and
placenta (Increta)
Balloon tamponade, Uterine artery ligation
Grade 2: Abnormally invasive
placenta (Increta)

in utero at 21 weeks + 2 days of gestation was diagnosed and placenta
was described as anterior far from the cervix with oligohydramnios.
The patient was given Mifepritone and induced, 48 hours after, with
misoprostol to make normal delivery. Because of Failure of cervical
maturation and appearance of severe infection with sepsis, laparotomy
has been decided and was done in emergency. Intraoperative unexpected
placenta accreta was discovered and managed conservatory. Because of
infection and severe bleeding, rapid disturbed hemostasis happened,
the patient’s hemodynamic status worsened. The patient had lost more
than 2-liter requiring massive blood transfusion. We used intra uterine
packing with Chitosan-coated gauze. The treatment was effective,
and bleeding completely stopped. Secondarily when removing the
Celox Gauze, 48 hours later, patient underwent hysterectomy without
complication for recurrent bleeding.
In the third trimester, we listed 4 cases of PASD managed by
chitosan-covered gauze when bleeding persisted after delivery. Three
from them have been diagnosed in antenatal ultrasound. Among these
patients, chitosan-covered gauze was used successfully in two cases of
conservative surgery after all other treatment have failed. Consequently,
it avoided laparotomy/hysterectomy that, in our opinion, had become
almost inevitable.
We report specially the case of a 32-year old patient, bi-scarred uterus
with suspicion of placenta accreta and desire to conserve the uterus. We
opted for conservative treatment and the adherent part of placenta was
left in the uterus. After failure of all treatment to stop bleeding including
uterine artery ligation, administration of uterotonics, and balloon
tamponade, hysterectomy (HE) seemed inevitable otherwise. The
patient required transfusion of three units of packed red blood cells and
two of fresh frozen plasma after bleeding more than 2 liter. The patient
developed coagulopathy. Given the persistent bleeding, we associated
chitosan-covered gauze with intrauterine balloon tamponade and
vaginal packing. The bleeding stopped and all packing was removed 24
hours after with good evolution.
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Failure of Sulproston, Uterine artery ligation, Massive
transfusion

Chitosan-covered gauze combined
with Intrauterine balloon
tamponade, vaginal and cervical
packing.
Intra uterine packing

In one case, pelvic packing using chitosan-covered gauze was
performed. Hemostatic hysterectomy for placenta accreta was
performed and complicated with life-threatening hemorrhage,
disseminated intravascular coagulation, and massive transfusions.
We estimated that she had lost more than 5 liters of blood and her
hemoglobin concentration fell to 4 g/100 mL. Surgical hemostasis
was insufficient to control bleeding in the surgical site. Packing of the
pelvic cavity using Chitosan-coated Gauze was successful and bleeding
stopped completely. The gauze was removed, without difficulty, during
a surgical intervention two days later. Surgeon founded no bleeding,
and no complication was reported in the post-partum period.
During the follow-up period of 6 weeks, there was no readmission,
endometritis, in any of these patients. Patients with conservative
treatment did not report changes of the menstrual period or abnormal
bleeding. Two patients were pregnant after treatment without
recurrence. There was no maternal death during this period.

Discussion
PASD are no longer a rare situation in obstetrics and its incidence
have been increasing in recent years [1]. Most of these entities are
found in women presenting a previous history of caesarean section and
a placenta praevia [10]. As well as serious maternal morbidity increases
progressively with increasing number of cesarean deliveries [11], the
risk of placenta accreta increase with the number of uterine scars in
case of placenta previa [12]. PASD is associated with severe postpartum
hemorrhage resulting in a mortality rate of approximately 7% [13,14].
Thanks to study in naturel history of patient with Cesarean scar
pregnancy who desire to continue the pregnancy, evidence is currently
in favor that this entity in the first trimester is the early expression
of PASD in the second and third trimester of pregnancy. They are no
longer two separate pathologies, but rather the consequences of a single
abnormality [6,15,16].
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Chitosan is a hydrophilic biopolymer obtained by the chemical
deacetylation of chitin, the principal component of crustacean shells.
Chitosan exists in three forms: granules, gauze, and nasal plugs. It has
been used for several years by military doctors to stop the bleeding
of combat wounds [17,18,19]. It received approval for medical use in
the United States in 2003. Other uses are being developed, including
traumatic injuries in civilians [20], hemostasis during surgery [21], the
prevention of recalcitrant epistaxis [22] and in cases of severe obstetric
hemorrhage [23,6].
Interestingly, this is the first study that has specifically addressed
the experience of using Chitosan-covered gauze in the management
of PASD. We founded that Chitosan is efficient, in combination with
multiple adjuvant treatment modalities, to control massive hemorrhage
secondary to PASD. It is also the first report of successful use of “uterine
sandwich” approach described by Seidel et al. [24] for uterine atony
in the conservative treatment of placenta accreta. This technique is
interesting to consider in case of placenta accreta and desired fertility
preservation.
It is well documented that placenta accreta spectrum is better
managed by interdisciplinary teams in experienced centers [25],
however it is not always possible in cases of some unexpected cases or in
isolated centers. To improve the outcomes of this emergency, obstetric
units and practitioners must have equipment in place to manage this
emergency properly [26]. This maternal mortality and morbidity are
sometimes secondary to the insufficiency of therapeutic means and/
or the lack of experience of the operator. Despite therapeutic progress,
mortality and morbidity of PASD is still high worldwide [27,28].
Chitosan can be a solution to improve maternal outcomes of this highrisk obstetric entity, no longer rare in our practice. The most important
factor with an approach using Chitosan that it does not require a
learning curve or prior training [6,28]. In our experience, chitosan is
not the miraculous solution to avoid hysterectomy in all case of PASD;
it can be helpful in case the clinical situation is critic to stop bleeding
in acute phase. Thus, chitosan can be a way to control bleeding before
transferring the patient in adapted center or to achieve embolization of
uterine artery.
Based on previous studies, chitosan-coated gauze is a safe and
successful treatment modality when managing severe cases of postpartum hemorrhage [6,28]. Its effectiveness is probably explained
by both compressing the mechanical compression of lower uterine
segment, adhesion of the gauze and improved local hemostasis which is
independent of the coagulation cascade. Compressing the lower uterine
segment is important in preventing or stopping PPH, particularly when
the bleeding is due to placenta previa [28,29]. In this study, as well
as other articles [21,30], we reported no side effects and no specific
treatment-associated morbidity during or after the procedure even in
case of shellfish allergic subjects [31]. Concerning the economic aspect,
its costs are one fifth those of a Bakri® intrauterine balloon (50 euros/250
euros). Thus, Chitosan can be suitable for low resource countries and
in the absence of embolization. The association of the two treatments
can also be an ultimate solution before surgery especially when in case
of cervical bleeding.
In our opinion, we support the introduction of Chitosan, among
therapeutic arsenal already at our disposal, when dealing with bleeding
caused by abnormal placentation, which are often difficult to treat
surgically. The main limitation of this study is obviously the sample size.
We need multicentric and comparative study to determine the exact
place of Chitosan when managing PASD.
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Conclusion
We conclude that Chitosan is a new effective therapeutic arsenal
to treat uncontrolled hemorrhage secondary to abnormal placentation
when conventional resources have failed. It can be an ultimate solution
to stop bleeding, temporize to transfer the patient or to correct
hemostasis. It is inexpensive, easy to apply and has no side effects.
Chitosan is interesting to consider in the management of this high-risk
condition especially in isolated health centers, unexperienced teams or
/and unexpected cases.
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