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Uterine packing with chitosan-covered tamponade
to treat postpartum hemorrhage

Wolfgang Henrich, MD, PhD; Anna Dückelmann, MD; Thorsten Braun, MD, PhD;
Larry Hinkson, MBBS, MD, MRCOG, FRCOG
Postpartum hemorrhage remains a major cause of maternal mortality and morbidity
worldwide with higher rates found in resource-challenged countries. Conventional use of
uterotonics such as oxytocin, prostaglandins, and medications to support coagulation,
such as fibrinogen and tranexamic acid, are helpful but may not be sufficient to arrest
life-threatening postpartum hemorrhage. Severe postpartum hemorrhage leads to an
increased need for blood transfusions and the use of invasive techniques, such as in-
trauterine balloon tamponade, compression sutures, and arterial ligation, as advanced
steps in the management cascade. In extreme cases where hemorrhage is resistant to
these therapies, a hysterectomy may be necessary to avoid possible maternal death.
Uterine packing with a chitosan-covered tamponade is an emerging tool in the arma-
mentarium of the obstetrical team, especially when resources for advance surgical and
other invasive options may be limited. Modified chitosan-impregnated gauze was orig-
inally described in the management of acute hemorrhage in the field of military medicine,
combining the physiological antihemorrhaging effect of modified chitosan with a
compression tamponade for the acute treatment of wound bleeding. The first described
use in obstetrics was in 2012, showing that the chitosan-covered tamponade is an
effective intervention to arrest ongoing therapy-resistant postpartum hemorrhage.
Further studies showed a reduction in hysterectomies and blood transfusions. The
method is, however, underreported and is not yet an established method used world-
wide. To demonstrate the step-by-step application of the intrauterine chitosan-covered
tamponade in the management of therapy-resistant postpartum hemorrhage, we have
produced a teaching video to illustrate the important steps and techniques to optimize the
effectiveness and safety of this novel intervention.
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Background
Postpartum hemorrhage (PPH) causes
substantial maternal mortality and
morbidity and is responsible for a quarter
of all maternal deaths worldwide.1 Con-
ventional use of uterotonics such as
oxytocin, prostaglandins, and medica-
tions to support coagulation, such as
fibrinogen and tranexamic acid, are
helpful but may not be sufficient to arrest
life-threatening PPH.2,3

Blood transfusions, intrauterine
balloon tamponade application, invasive
techniques, such as compression sutures,
and arterial ligation are advanced steps
in the management cascade.4,5 In
extreme cases, a hysterectomy may be
necessary to avoid maternal death.6

Chitosan-covered tamponade and
chitin
The chitosan-covered tamponade was
originally described in the management
of acute hemorrhage in the field of
military medicine, combining the phys-
iological antihemorrhaging effect of
chitosan with a compression tampo-
nade.7 Chitosan originates from the shell
of sea crustaceans and acts via a physio-
logical pathway related to electrical
charges on circulating cells that is inde-
pendent of coagulation factors. Chitosan
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is derived from partial deacetylation of
chitin and is a natural polycationic linear
polysaccharide.8 The starting element,
chitin, is the second most abundant
natural polysaccharide after cellulose
and is the structural element in the
exoskeleton of insects, crustaceans, and
the cell walls of fungi.9 Chitin for
chitosan-covered gauze is extracted from
Pandalus borealis, which is a species of
caridean shrimp found in the cold parts
of the northern Atlantic Ocean
(Figure 1).10

Chitosan itself is composed of b-(1-4)-
linked D-glucosamine and N-acetyl-D-
glucosamine, which are naturally
occurring sugars in the body, randomly
distributed within the polymer
(Figure 2).11 Chitosan-covered gauze
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contains a modified version of chitosan
with protonation of the amine group,
which gives it the unique mode of action.

The process of reabsorption of
chitosan-based products is known to be
through enzymatic cleavage by various
chitinases (with lysozyme being the most
prominent in humans), which leads to a
reduction in the molecular weight of the
product over time to a level that can either
be renally excreted or absorbed. Studies
indicate that oligomers having molecular
weights of around 5 kDa will be excreted
renally. For the body to reabsorb and
utilize the chitosan molecule, it is
required to be broken down to glucos-
amine or a glucosamine derivative.12

The raw chitosan material has been
tested for allergic reactions in humans
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FIGURE 1
The North Atlantic cold-water
prawn Pandalus borealis
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with a known fish or shrimp hypersen-
sitivity, and none of the subjects showed
any reaction.10 Tests on chitosan-
covered products have included exami-
nation of whether particles may enter the
bloodstream, but this was found to not
be the case. Histologically examined tis-
sue and other clinical parameters from
the treated vessels in a swine model of
lethal arterial injury showed some
FIGURE 2
The molecular structure of chitin, chi
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granules on the outside of the treated
vessel, as expected, but no particles in-
side the vessel walls.13e15

The chitosan-covered tamponade
comprises a base gauze coated on both
sides with a proprietary composition
that contains modified chitosan in the
form of microgranules with a large sur-
face area and granular flakes that are
designed for maximum effectiveness.
The primary mode of action of the
chitosan-covered tamponade is the ab-
sorption of water from blood into the
granules to form a robust gel pseudoclot.
As the water is absorbed, blood com-
ponents are also amalgamated in the gel
to form a coagulum (pseudoclot) at the
site of bleeding (which also has adhesive
properties to muco-adhere to the sur-
rounding tissue). The formation of the
gelatinous mass is also assisted by the
cationic nature of the modified chitosan
polymer. This positive charge allows it to
form electrostatic complexes or multi-
layer structures with other negatively
chargedmaterials, such as red blood cells
within the blood, attracting them to the
tosan, and the chitosan derivative

orrhage. Am J Obstet Gynecol 2022.
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injury site independent of coagulation
factors. This is a secondary action to the
primary mode of action of creating a gel
pseudoclot. The resulting adhesive gel
patch acts as a physical barrier to blood
loss and consequently works indepen-
dently of the clotting cascade. The layers
of the gel formed between the layers of
chitosan-covered gauze further create a
barrier to bleeding, enhancing the he-
mostatic profile. Further stabilization of
the wound plug is brought about by the
moistened gauze layers adhering
together and creating a firm plug.8

Initial use in the military and medical
settings
Bennett et al7 published a review on the
clinical use of the chitosan-covered
tamponade in the military and medical
settings. Based on the emerging evidence
at that time in animal studies that
showed the efficacy of chitosan in
arresting uncontrollable hemorrhage,
the United States military incorporated
its use in the management of severe
bleeding injuries in combat opera-
tions.7,16,17 In 2006, Wedmore et al18

published the first review on the chito-
san gauze in the management of hem-
orrhage in wounded soldiers. This was a
study on 68 cases of military blast and
penetrating injury wounds with severe
hemorrhage. These included wounds to
the chest, groin, buttocks, and abdomen
in 25 cases, the extremities in 35 cases,
and the neck and facial area in 4 cases.
The study showed that in 97% (62/68) of
cases, the use of chitosan-covered gauze
led to a cessation of bleeding or an
improvement in hemostasis. There were
no reported complications or adverse
events.

Chitosan-covered gauze was shown in
a retrospective database analysis of he-
mostatic agents used on the battlefield to
be the only individual hemostatic dres-
sing that was associated with a marked
improvement in survival, which was
most apparent among the most severely
injured.19 Another study in Afghanistan
showed effective hemostasis when
chitosan-covered gauze was used as an
adjunct to the traditional compression
and torniquet methods that are normally
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applied in the management of massive
traumatic bleeding.20 There are also re-
ports of successful pelvic packing with
chitosan-covered gauze in cases of
massive uncontrollable pelvic hemor-
rhage when conventional surgical at-
tempts to achieve vascular control had
failed.21 After a decade of use and reports
in the military field, the Current Tactical
Combat Casualty Care guidelines rec-
ommended that chitosan-covered gauze
should be readily available for use as the
hemostatic dressing of choice in the
United States military, emergency med-
ical services, and law enforcement
agencies.22

Other nonmilitary medical specialty
reports on the use of the chitosan-covered
tamponade in the management of severe
hemorrhage have been published. Hata-
mabadi et al23 performed a randomized
controlled trial in 160 patients with
penetrating limb wound injuries among
civilians for whom hemostasis was ach-
ieved within 5 minutes in 32.5% (26/80)
of the control group treated with con-
ventional compression bandages and in
51.3% (41/80) of the intervention group
treated with chitosan-covered gauze.
There was also significantly less blood loss
in the intervention group (P¼.001).23 In
the field of cardiothoracic surgery, Mill-
ner et al24 reported on 2 cases with
effective application of chitosan-covered
gauze to vascular bleeding points in un-
controllable cardiothoracic vascular
bleeding following severe injury,
achieving hemostasis when other mea-
sures such as surgical hemostatic ma-
neuvers, blood and blood product
transfusions, cryoprecipitate, factor VII
and traditional packing had failed.24

Similarly, Muzzi et al25 reported on 2
cases of life-threatening hemorrhage
following a cardiotomy when chitosan-
covered gauze was used to pack the
mediastinum and sternal edges to arrest
bleeding that was not responding to
conventional treatments. In the field of
otolaryngology, head, and neck surgery,
Kourelis et al26 found in a review of 35
patients presenting to the emergency
room with uncontrollable, drug-induced
severe epistaxis resistant to conventional
therapy that packing with chitosan-
covered gauze was effective in 91%
(32/35) of patients with a mean time to
bleeding cessation of 3.5 minutes.26

Chitosan-covered tamponade in
obstetrics
In obstetrics, the chitosan-covered tam-
ponade was first described in 2012 by
Schmid et al27 as an effective intervention
to arrest ongoing, therapy-resistant PPH.
In this case, a 32-year-old woman devel-
oped a massive PPH owing to uterine
atony following an elective cesarean de-
livery for placenta previa, which was
resistant to uterotonic medications
including sulprostone infusion. A rela-
parotomy was performed because of
persistent bleeding. B-Lynch uterine
compression sutures were unsuccessful,
anddespite an intracavity curettage and in
the face of ongoing bleeding requiring a
massive blood transfusion of 10 units of
blood and other blood products, the de-
cisionwasmade to tamponade theuterine
cavity with a chitosan-covered tampo-
nade transvaginally. Hemostasis was
achieved and a hysterectomywas avoided.
A further study on 19 patients

highlighted the potential use of chitosan-
covered gauze to treat severe PPH sec-
ondary to uterine atony, placenta accrete
or increta, and coagulopathy states for
which a hysterectomy seemed inevitable.
In all but 1 case the bleeding stopped and
further interventions were avoided. Re-
sults demonstrated that chitosan-
covered gauze was a viable option in
the treatment of severe PPH, and data
showed that the rate of peripartum hys-
terectomies was reduced by 75% (8 vs 2;
odds ratio, 4.27; P¼.044) in the 18
months after introduction of chitosan-
covered gauze compared with the 18
months before introduction.28

A further report of case studies
showed the effectiveness of chitosan-
covered gauze in stopping bleeding
over a range of different forms of serious
obstetrical bleeding.29 In a recent retro-
spective study of 78 patients with PPH,
47 (60.3%) received a chitosan-covered
tamponade and 31 (39.7%) received a
balloon tamponade at the Charité Uni-
versity Hospital in Berlin with more than
5000 deliveries per year; there was no
considerable difference in the post-
partum vital signs, blood loss,
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hemoglobin levels, admission to the
intensive care unit, and inflammatory
markers between the groups. However, it
was noted that there was a reduction of
50% in the incidence of peripartum
hysterectomy in the 18 months after the
introduction of the chitosan-covered
gauze when compared with the 18
months preceding it. The chitosan-
covered tamponade was described as
being less complicated to apply with less
pain and tamponade dislocation and the
ability to tamponade the vagina simul-
taneously.30 We have also reported on
the use of the chitosan-covered tampo-
nade in combination with intrauterine
balloon therapy.31 A further published
review of our experience by Biele et al32

in 2022 also showed a 78% reduction
in the postpartum hysterectomy rate
from 9 to 2 cases in the 31 months after
introduction of chitosan-covered gauze
when compared with the 31 months
before introduction.32

The chitosan-covered tamponade
seems to be an emerging tool in the
armamentarium of the obstetrical team
and can be used as an adjunct in the
management of PPH, especially in areas
where resources for advance surgical
techniques and other invasive options
may be limited. It may be specifically
advantageous because it acts indepen-
dently of the coagulation cascade and it
may be particularly beneficial in PPH
cases with already deranged coagulation.

To date, there have been no reported
adverse risks associated with the
chitosan-covered tamponade. Removal
after 18 to 24 hours and antibiotic pro-
phylaxis is recommended during this
time. The risk of ineffective intrauterine
packing and isolated cases of incomplete
removal have been reported.28

To perform a prospective, multicenter,
randomized placebo-controlled trial for
an emergency intervention that may at
times be a last resort in the face of life-
threatening hemorrhage can be chal-
lenging. Nevertheless, such a trial would
be useful to demonstrate the effective-
ness and safety of the use of a chitosan-
covered tamponade compared with
other therapeutic interventions such as
the balloon tamponade. Ethical approval
for such a study is currently being
American Journal of Obstetrics & Gynecology 3
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formulated and in progress. However,
when confronted with life-threatening
hemorrhage, the benefits of the
chitosan-covered tamponade seem,
from our point of view, to be an excellent
and easy to apply method.

To describe the application of the in-
trauterine chitosan-covered tamponade
in the management of therapy-resistant
PPH, we have produced a teaching
video to demonstrate the important
steps and techniques required to opti-
mize the effectiveness and safety of this
novel intervention (Video). In a simu-
lated scenario, we show the application
technique supported by ultrasound with
the patient in lithotomy position. When
possible, but not as a prerequisite, the
use of ultrasound can be incorporated to
confirm the absence of retained products
before the application of the tamponade,
and we also demonstrate during the time
of intrauterine packing the sonographic
surveillance of the uterus to optimize the
tamponade packing by visualizing the
uterine cavity (Figure 3).
FIGURE 3
Ultrasound image illustrating
uterine packing with a chitosan-
covered tamponade

To illustrate the uterine packing, here is an ul-

trasound image (inset) with a transabdominal

longitudinal view of the uterus (red arrow)

showing the uterine cavity packed with the

chitosan-covered tamponade transvaginally

(blue arrow). Ultrasonographic evaluation is,

however, not necessary to pack the uterus with a

chitosan-covered tamponade.
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On removal, inspection of the end of
the fabric for an intact edge to determine
integrity and completeness is recom-
mended. In addition, we demonstrate
the application of a suture to the leading
end of the intrauterine tamponade,
which, when visualized on removal 18 to
24 hours later, confirms complete
removal. As an extra-safety maneuver,
we highlight the presence of the tam-
ponade in these patients with an
armband that is only to be removed
when the intrauterine packing is simul-
taneously removed. In the nonhospital
setting and without technical and
instrumental support, it is also possible
to pack the uterus with the chitosan-
covered tamponade manually.

Recommendations
We recommend that every birth atten-
dant in the hospital and in the outpatient
setting consider having the chitosan-
covered tamponade readily available
and prepared for use, similar to its use in
the fields of battle. Given that it has been
shown to be fast-acting, clinically effec-
tive, safe, and easy to use with the po-
tential to avoid high-cost interventions
such as a peripartum hysterectomy, the
chitosan-covered tamponade can be
incorporated as a second line interven-
tion or adjunct in the management
protocol for PPH. -

REFERENCES

1. Jaffer D, Singh PM, Aslam A, Cahill AG,
Palanisamy A,Monks DT. Preventing postpartum
hemorrhage after cesarean delivery: a network
meta-analysis of available pharmacologic agents.
Am J Obstet Gynecol 2022;226:347–65.
2. Kramer MS, Berg C, Abenhaim H, et al. Inci-
dence, risk factors, and temporal trends in se-
vere postpartum hemorrhage. Am J Obstet
Gynecol 2013;209:449.e1–7.
3. Bellos I, Pergialiotis V. Tranexamic acid for the
prevention of postpartumhemorrhage inwomen
undergoing cesarean delivery: an updated
meta-analysis. Am J Obstet Gynecol 2022;226:
510–23.e22.
4. Suarez S, Conde-Agudelo A, Borovac-
Pinheiro A, et al. Uterine balloon tamponade for
the treatment of postpartum hemorrhage: a
systematic review and meta-analysis. Am J
Obstet Gynecol 2020;222:293.e1–52.
5. Sanders AP, HobsonSR, Kobylianskii A, et al.
Internal iliac artery ligation-a contemporary
simplified approach. Am J Obstet Gynecol
2021;225:339–40.
ONTH 2022
6. Bateman BT, Mhyre JM, Callaghan WM,
Kuklina EV. Peripartum hysterectomy in the
United States: nationwide 14 year experi-
ence. Am J Obstet Gynecol 2012;206:63.
e1–8.
7. Bennett BL, Littlejohn L. Review of new
topical hemostatic dressings for combat casu-
alty care. Mil Med 2014;179:497–514.
8. Rao SB, Sharma CP. Use of chitosan as a
biomaterial: studies on its safety and hemostatic
potential. J Biomed Mater Res 1997;34:
21–8.
9. Pellis A, Guebitz GM, Nyanhongo GS. Chi-
tosan: sources, processing and modification
techniques. Gels 2022;8:393.
10. Waibel KH, Haney B, Moore M, Whisman B,
Gomez R. Safety of chitosan bandages in
shellfish allergic patients. Mil Med 2011;176:
1153–6.
11. Aiba S. Studies on chitosan: 4. lysozymic
hydrolysis of partially N-acetylated chitosans. Int
J Biol Macromol 1992;14:225–8.
12. Kean T, Thanou M. Biodegradation, bio-
distribution and toxicity of chitosan. Adv Drug
Deliv Rev 2010;62:3–11.
13. Rall JM, Cox JM, Songer AG, Cestero RF,
Ross JD. Comparison of novel hemostatic
dressings with QuikClot combat gauze in a
standardized swine model of uncontrolled
hemorrhage. J Trauma Acute Care Surg
2013;75(Suppl2):S150–6.
14. Clay JG, Grayson JK, Zierold D. Compara-
tive testing of new hemostatic agents in a swine
model of extremity arterial and venous hemor-
rhage. Mil Med 2010;175:280–4.
15. Kheirabadi BS, Edens JW, Terrazas IB, et al.
Comparison of new hemostatic granules/pow-
ders with currently deployed hemostatic prod-
ucts in a lethal model of extremity arterial
hemorrhage in swine. J Trauma 2009;66:
316–26.
16. Pusateri AE, Holcomb JB, Kheirabadi BS,
Alam HB, Wade CE, Ryan KL. Making sense of
the preclinical literature on advanced hemostatic
products. J Trauma 2006;60:674–82.
17. Kozen BG, Kircher SJ, Henao J,
Godinez FS, Johnson AS. An alternative hemo-
static dressing: comparison of CELOX, Hem-
Con, and QuikClot. Acad Emerg Med 2008;15:
74–81.
18. Wedmore I, McManus JG, Pusateri AE,
Holcomb JB. A special report on the chitosan-
based hemostatic dressing: experience in cur-
rent combat operations. J Trauma 2006;60:
655–8.
19. Winstanley M, Smith JE, Wright C. Cata-
strophic haemorrhage in military major trauma
patients: a retrospective database analysis of
haemostatic agents used on the battlefield. J R
Army Med Corps 2019;165:405–9.
20. Pozza M, Millner RW. Celox (chitosan) for
haemostasis in massive traumatic bleeding:
experience in Afghanistan. Eur J Emerg Med
2011;18:31–3.
21. Arul GS, Bowley DM, DiRusso S. The use of
Celox gauze as an adjunct to pelvic packing in
otherwise uncontrollable pelvic haemorrhage

http://refhub.elsevier.com/S0002-9378(22)02190-1/sref1
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref1
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref1
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref1
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref1
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref2
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref2
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref2
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref2
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref3
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref3
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref3
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref3
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref3
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref4
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref4
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref4
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref4
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref4
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref5
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref5
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref5
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref5
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref6
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref6
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref6
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref6
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref6
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref7
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref7
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref7
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref8
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref8
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref8
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref8
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref9
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref9
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref9
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref10
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref10
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref10
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref10
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref11
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref11
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref11
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref12
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref12
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref12
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref13
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref13
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref13
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref13
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref13
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref13
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref14
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref14
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref14
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref14
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref15
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref15
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref15
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref15
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref15
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref15
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref16
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref16
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref16
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref16
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref17
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref17
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref17
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref17
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref17
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref18
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref18
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref18
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref18
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref18
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref19
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref19
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref19
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref19
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref19
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref20
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref20
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref20
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref20
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref21
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref21
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref21
http://www.AJOG.org


ajog.org Expert Review
secondary to penetrating trauma. J R ArmyMed
Corps 2012;158:331–3.
22. Bennett BL, Littlejohn LF, Kheirabadi BS,
et al. Management of external hemorrhage in
tactical combat casualty care: chitosan-based
hemostatic gauze dressings–TCCC guidelines-
change 13-05. J Spec Oper Med 2014;14:
40–57.
23. Hatamabadi HR, Asayesh Zarchi F,
Kariman H, Arhami Dolatabadi A, Tabatabaey A,
Amini A. Celox-coated gauze for the treatment of
civilian penetrating trauma: a randomized clinical
trial. Trauma Mon 2015;20:e23862.
24. Millner RW, Lockhart AS, Bird H, Alexiou C.
A new hemostatic agent: initial life-saving expe-
rience with Celox (chitosan) in cardiothoracic
surgery. Ann Thorac Surg 2009;87:e13–4.
25. Muzzi L, Tommasino G, Tucci E, Neri E.
Successful use of a military haemostatic agent in
patients undergoing extracorporeal circulatory
assistance and delayed sternal closure. Interact
Cardiovasc Thorac Surg 2012;14:695–8.
26. Kourelis K, Shikani AH. Effectiveness of
chitosan-based packing in 35 patients with
recalcitrant epistaxis in the context of coagul-
opathy. Clin Otolaryngol 2012;37:309–13.
27. Schmid BC, Rezniczek GA, Rolf N, Maul H.
Postpartum hemorrhage: use of hemostatic com-
bat gauze. AmJObstetGynecol 2012;206:e12–3.
28. Schmid BC, Rezniczek GA, Rolf N,
Saade G, Gebauer G, Maul H. Uterine packing
with chitosan-covered gauze for control of
postpartum hemorrhage. Am J Obstet Gynecol
2013;209:225.e1–5.
29. Carles G, Dabiri C, McHirgui A, et al. Uses of
chitosan for treating different forms of serious
obstetrics hemorrhages. J Gynecol Obstet Hum
Reprod 2017;46:693–5.
MONTH 2022
30. Dueckelmann AM, Hinkson L,
Nonnenmacher A, et al. Uterine packing with
chitosan-covered gauze compared to balloon
tamponade for managing postpartum hemor-
rhage. Eur J Obstet Gynecol Reprod Biol
2019;240:151–5.
31. Seidel V, Braun T, Weizsäcker K,
Henrich W. Application of chitosan-covered
gauze in combination with intrauterine balloon
tamponade for postpartum hemorrhage treat-
ment - case report of a novel “uterine sand-
wich” approach. Int J Surg Case Rep 2018;48:
101–3.
32. Biele C, Radtke L, Kaufner L, et al. Does the
use of chitosan covered gauze for postpartum
hemorrhage reduce the need for surgical ther-
apy including hysterectomy? A databased his-
torical cohort study. J Perinat Med 2022;50:
1078–86.
American Journal of Obstetrics & Gynecology 5

http://refhub.elsevier.com/S0002-9378(22)02190-1/sref21
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref21
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref22
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref22
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref22
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref22
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref22
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref22
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref23
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref23
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref23
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref23
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref23
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref24
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref24
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref24
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref24
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref25
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref25
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref25
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref25
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref25
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref26
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref26
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref26
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref26
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref27
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref27
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref27
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref28
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref28
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref28
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref28
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref28
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref29
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref29
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref29
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref29
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref30
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref30
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref30
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref30
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref30
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref30
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref31
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref31
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref31
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref31
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref31
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref31
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref31
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref32
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref32
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref32
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref32
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref32
http://refhub.elsevier.com/S0002-9378(22)02190-1/sref32
http://www.AJOG.org

	Uterine packing with chitosan-covered tamponade to treat postpartum hemorrhage
	Outline placeholder
	Background
	Chitosan-covered tamponade and chitin
	Initial use in the military and medical settings
	Chitosan-covered tamponade in obstetrics
	Recommendations

	References


