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Abstract

Objectives: Postpartum hemorrhage (PPH) is still one of
the leading causes of maternal mortality worldwide.
Recently effective PPH therapy with uterine packing with
the chitosan-covered gauze was shown. This databased
retrospective case–control study compares the therapy
success of the chitosan tamponade with that of the balloon
tamponade and medical therapy only.
Methods: All women who delivered at a university hos-
pital between May 2016 and May 2019 with PPH were
included. Based on the applied therapy, women were
divided into three groups: medical therapy only, balloon
tamponade and chitosan tamponade. The groups were
compared in terms of therapy success, side-effects and
reasons for PPH. Primary outcome was the need for surgi-
cal/radiological measures including hysterectomy, sec-
ondary outcomes were differences in hemoglobin levels,
duration of inpatient stay, admission to intensive care unit,
number of administered blood products and inflammation
parameters.
Results: A total of 666 women were included in the study.
530 received medical therapy only, 51 the balloon tampo-
nade and 85 the chitosan tamponade. There were no sig-
nificant differences in the need for surgical therapy, but a
significantly lower number of hysterectomies in the chito-
san tamponade group than in the balloon tamponade
group. There were no relevant differences in secondary
outcomes and no adverse events related to the chitosan

tamponade. Since the introduction of chitosan tamponade,
the number of PPH related hysterectomies dropped
significantly by 77.8%.
Conclusions: The chitosan tamponade is a promising
treatment option for PPH. It reduces the postpartum hys-
terectomy rate without increased side effects compared to
the balloon tamponade.

Keywords: balloon tamponade; chitosan covered gauze;
combat gauze; peripartum hemorrhage (PPH); uterine
packing.

Introduction

Postpartum hemorrhage (PPH) is the primary cause of
maternal morbidity and mortality worldwide [1]. It is
responsible for about 30% of maternal deaths in low-
income countries and for 13% in industrialized countries
[2]. Therapy options vary with the degree of severity from
medical therapy over uterine packing techniques to sur-
gical measures: compressing sutures, selective devascu-
larization and postpartum hysterectomy (HE), the last
therapeutic resort associated with high morbidity and the
loss of fertility [3].

Medical therapy is the first line therapy in PPH and
consists of the use of uterotonic and hemostatic drugs. In
cases of persistent bleeding uterine packing is an option to
control hemorrhage and prevent surgical therapy.

A well-established uterine tamponade is the balloon
tamponade (BT). It was designed to control PPH by com-
pressing the placental bed and reduction of the uterine
perfusion pressure [4]. Its safety and effectiveness are well
accepted [4–6].

Recently, uterine packing with chitosan covered gauze
(chitosan tamponade, CHT) has been introduced as a
treatment option for PPH. In 2012, the first successful use of
CHT in a case of severe PPH was reported, in which the
seemingly unavoidable HE could be prevented [7]. Several
case reports and one historical cohort study showed
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promising results in terms of therapy success including a
HE-rate reduction of 50–75% [8–11].

Chitosan is an effective hemostatic agent and was
designed for treatment of bleeding war injuries [12]. It is a
hydrophilic bipolymer resulting fromdeacylation of chitin,
part of crustaceans crusts [13]. Hemostasis is achieved by
electrostatic interactions between the erythrocytic cell
membrane and chitosan. It works independently of the
coagulation cascade, in the presence of heparin and under
hypothermic conditions [14]. Its safety for people with
crustacean allergies has been proven [15].

Based on these results and characteristics, CHT was
introduced in May 2016 in the Department of Obstetrics,
Charité University Hospital in Berlin, Germany. It was used
as an alternative to the BT in cases refractory to medical
therapy only.

This data-based historical case-control study includes
the medical data of all women who were treated for PPH at
this department since the introduction of CHT. Based on
the applied treatment option, the womenwere divided into
three groups: medical therapy only (A), BT (B) and CHT (C).
The groups were compared in terms of therapy success,
defined as bleeding control without further surgical/
radiological measures, and safety. The primary outcome
was the need for surgical/radiological therapy including
compressing sutures, selective devascularization, (re-)
laparotomy and HE.

Materials and methods

Medical records of all women with PPH who delivered at the Depart-
ment of Obstetrics, Charité University Hospital, betweenMay 2016 and
May 2019were reviewed.Women <18 years, <20weeks of gestation and
patients with planned cesarean HE due to placenta percreta were
excluded. Women who received both tamponades (BT and CHT)
simultaneously or one after another were excluded from statistical
analysis. All records were reviewed again in May 2020 for subsequent
pregnancies and long-term side-effects. The historic cohort study
received its approval by the ethical committee (EA2/229/20).

PPH was defined as a blood loss ≥500 mL after vaginal delivery
(VD)/≥1,000 mL following cesarean section (CS) and was divided into
three degrees of severity based on the blood loss and adjusted to the
birth mode:
– Grade I: 500–999 mL after VD, 1,000–1,499 mL after CS.
– Grade II: 1,000–1,499 mL after VD, 1,500–1,999 mL after CS.
– Grade III: ≥1,500 mL after VD, ≥2,000 mL after CS.

Blood loss was estimated by using a collection device [16], which was
placed by the obstetrician on call in the moment when increased
bleeding became apparent.

All patients were treated according to the German–Austrian–
Swiss management guidelines [17], providing an algorithm with four
subsequent therapy steps:

– Step I: Use of uterotonic drugs like oxytocin or carbetocin and
possibly misoprostol (off label use).

– Step II: Switch to sulproston, administration of tranexamic acid
and, if necessary, fibrinogen. Depending on the hemostatic state,
transfusion of blood products (fresh frozen plasma [FFP], red
blood cell concentrates [RBC]).

– Step III: Insertion of a BT into the uterine cavity and inflation
under sonographic guidance to apply pressure to the uterine wall
and control the bleeding. In this study the Bakri postpartum
balloon was used [18]. Continuation of the sulproston therapy.
Deflation and removal of the balloon after 12–24 h. In case of
ongoing/recurrent hemorrhage step IV is indicated.

– Step IV: Surgical/radiological intervention such as compressing
sutures, embolization/ligation of the uterine arteries, segmental
uterine resection or HE.

In May 2016, CHT was introduced at the Department of Obstetrics as a
potential alternative to the BT for uterine packing (step III). Initially, it
was used exclusively as the last attempt therapywhenHE or other life-
threatening complications were imminent, as CHT is not approved for
internal use (off-label-use). The final decision on the application was
taken by the senior obstetrician in charge. This approach entails the
risk of selection bias. However, due to good experience regarding its
effectiveness, the CHT was then used more frequently and earlier in
the course of disease after obtaining patients informed consent. The
gauze was inserted transvaginally into the uterine cavity under ul-
trasound guidance after VD, transabdominally after CS. The end of the
tamponade was led out of the cervix into the vagina for removal. The
length and number of the used tamponadewas dependent on size and
tonus of the uterus. In this study Celox™was used, one tamponade is
3 m long, 7.6 cm wide [12]. The end of tamponade was marked by a
stitched suture (No. 1 Vicryl). Patients received a wristband for iden-
tification and antibiotic prophylaxis with a second-generation ceph-
alosporin until removal after 12–24 h.

Information about cause, treatment and outcome of PPH and
demographic and epidemiological data were collected from the
medical records of all women with PPH. Based on the applied treat-
ment, the women were divided into three groups. Women who were
treatedwithmedical therapy onlywere groupA, thosewith BT groupB
and those with CHT group C.

Primary outcome was the need for surgical (and radiological)
therapy (step IV) including compressing sutures, ligation/emboliza-
tion of the uterine arteries, (re-)laparotomy and HE. The number of
HE’s before introduction of CHT was compared with a comparable
period afterward. Secondary outcomes were differences in hemoglo-
bin levels, duration of inpatient stay, admission to intensive care unit
(ICU), number of administered blood products and inflammation
parameters.

Due to the therapy algorithm, which starts with medical therapy
(step I, step II) before uterine packing (step III) is recommended,more,
and a higher percentage of milder cases of PPHwere expected to be in
group A, and fewer, but more severe cases in group B and C. Never-
theless, severe cases in which step IV was necessary were also ex-
pected in group A, which is why this group was included.

Statistical analysis

Binary logistic regression was used to analyze the probability for step
IV. Group Cwas the reference group. Logistic regressionwas also used
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for binary secondary outcomes. To obtain comparable results between
group A and the other two groups, it was necessary to adjust the
calculation to the severity of PPH. Whenever sensible, results were
adjusted for blood loss in mL, which appears to be the best marker for
the severity of PPH. Results were also adjusted for confounders,
identified by sensitivity analysis.

When adjustment for blood loss was not sensible (e.g., drop in
hemoglobin, administered blood products), in cases of non-binary
outcomes and for less than 10 events, only group B and C were
compared.

Demographic and epidemiological data and outcomes without
adjustmentwere comparedusing compatible univariate analysis (e.g.,
the independent-samples t-test, chi-squared test, Mann–Whitney-U
test, Fisher’s exact test). In the first steps, all groups were tested
together (first result in the right column), when the test was signifi-
cant, every group was tested with every other group (PA/B=p-value for
group A vs. group B, PA/C=p-value for group A vs. group B, PB/C=p-
value for group B vs. group C). The change in HE rate was calculated
using the odds ratio.

Statistical significance was accepted for p<0.05. Statistical
analysis was performed using IBM SPSS Version 26 (IBM Corp.
Armonk, NY, USA). Tables and graphs were created by the authors
with Microsoft PowerPoint or Word, version 16.45.

Results

From May 2016 until May 2019, 695 out of 16,693 women
who delivered at the Department of Obstetrics, Charité
University Hospital, developed PPH (4%). After exclusion
of those having received both tamponades (n=11) and those
with planned cesarean HE (n=18), 666 women were
included. In total, 530 women (79%) received medical
therapy only (A), the other 136 required uterine packing. 51
(8%) received the BT (B), 85 (13%) the CHT (C). In nine cases
two CHT’s were used, in one case three. See flow diagram
(Figure 1).

Primary cause of PPH was uterine atony, responsible
for 73% of the cases. In 17%, it occurred in combination
with retained placental tissue, in 5%, in combination with
increased bleeding from obstetric injury. In 9 cases (1%),
PPH occurred more than 2 h after childbirth. For further
information, see Figure 2.

In 48% of the cases women had a PPH grade I, in 28%
grade II and in 24% grade III. Most women in group A
showed PPH I (56%), whereas themajority of groupB and C
showed PPH III (67%, 59%). There were also cases of
uterine tamponade in the PPH I group andmedical therapy
only for grade III. Blood losswas the highest in group B and
lowest in group A with no significant difference between
group B and C (p-value=0.580). For detailed information,
see Table 1.

Statistical analysis showed demographic differences
between the groups. Women of group A were significantly

younger than women in the other two groups and received
less frequently CS. Gestational age in group A was signifi-
cantly higher than in group C. Age and mode of birth were
identified as confounders and therefore adjusted for in
further analysis. See Table 2 for further information and
p-values.

Step IV was necessary in 34 (5%) of all women. In 18
(3%) of group A, 8 (16%) of group B and also 8 (9%) of
group C.

Success rate of group C, defined as bleeding control
without furthermeasures, was 91%, success rate of group B
was 84%. After vaginal delivery, success rate in group C
was 98%, (one out of 50 patients required step IV), vs. 92%
in group B (2 out of 25 patients required step IV). After CS
success rate in group C was 80% (7 out of 35 patients
required step IV), vs. 77% in group B (6 out of 26 patients
required step IV).

Binary logistic regression showed an odds ratio of
2.208 for the risk of needing step IV for group A in com-
parison to group C and an odds ratio of 1.044 for group B
compared to group C, which is not significant (p=0.164,
p=0.950). Group A had a lower risk for being administered
to ICU than group C (OR 0.367/p-value <0.001), without
significant differences between group B and C (Table 3).

No differences were detected for drop in hemoglobin,
lowest hemoglobin, number of administered blood prod-
ucts, inflammation parameters or the duration of the
inpatient stay between groupB and C (Table 4), Five (0.8%)
of the included women required HE. Four in group B (8%),
one in group A (0.2%) and none in group C (0%). The
woman of group A did not receive additional PPH treat-
ment as she underwent emergency cesarean section for
amniotic fluid embolism and required a hysterectomy on
the next day due to her deranged coagulation. There was a
significantly lower HE-rate in group C than in group B
(p=0.018, Fishers exact test). Additionally, in 31 months
after the implementation of CHT (11/2016–05/2019) two
HE’s out of 9,167 births due to PPH were necessary, in
31 months before (04/2014–10/2016) nine HE’s out of 9,058
births were performed Figure 3.

None of the women of group B and C showed signs of
infection, sepsis or endometritis following therapy. Up to
May 2020, we know of 25 subsequent pregnancies with
good outcomes, defined as pregnancies without severe
complications ending with the delivery of a healthy,
carried-to-term baby. Seventeen in group A, five in group B
and three in group C. Two further pregnancies ended in
early abortions, one in group A and one in group C.

Eleven women received both tamponades. In three
cases, CHT was used intravaginally in addition to the BT in
order to prevent dislocation or for bleeding from the cervix.
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In three cases, CHT was used after BT had failed, the other
way around in one case. Four patients underwent uterine
packing with both devices at the same time. Mean blood
loss in this group was 3,045 mL, step IV was necessary in
four cases (36%), HE in two cases (18%).

Discussion

This study investigated the effect of CHT on the need for
step IV in PPH compared to medical therapy only and the
BT. All surgical procedures for PPH treatment are associ-
ated with severe potential morbidity and should therefore
be avoided if possible. Compression sutures carry the risk
of uterine necrosis and endometritis [19, 20]. Selective
devascularization can cause fistula formation between
arteria and vena, intraligamentary hematoma, ureteral
lesion and can cause uterine necrosis and infection in rare
cases [2, 21]. Postpartum HE is associated with high
morbidity, i.e., bladder injury in 6–12%, ureteral injuries
from 0.4–41%, 2,000–3,000 mL mean blood loss, at least
1% maternal mortality rate and the loss of fertility [22, 23].

The reduction of the HE-rate due to PPH of 77.8% after
the implementation of CHT in this study is therefore very
relevant and supports the results of previous publications
[8–10]. There is no doubt that this decline in hysterectomy
rates is due to the introduction of CTH as there were no
other changes in PPH treatment at our institution in the
assessed time period. The significantly lower number of
HE´s in group C compared to group B indicates, that CHT
may be superior to the well-established and in the guide-
lines [24] recommended BT [5, 6, 25], as also concluded by
Dueckelmann et al. [10].

These positive results may be caused by the combi-
nation of the balloons compressing mechanism with the
coagulating properties of chitosan [26]. A major advantage
is its clotting mechanism independently of the coagulation
cascade, which even works in the presence of heparin [14],
especially useful in severe cases with deranged hemostasis
and consumption of coagulation factors.

Further advantages of CHT compared to BT are the
lower price (appr. 60€ vs. 250€) [12, 18] and the easy
application without reported risk for dislocation vs. the
10% dislocation rate of the BT [27]. Especially in low-

Figure 1: Flow diagram that shows the inclusion criteria of the patients and the assignment to the three groups.
PPH, postpartum hemorrhage; HE, hysterectomy.
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income countries, where mortality rates due to PPH are the
highest and financial resources low, CHT could substan-
tially improve quality of care [2, 7, 9, 10].

The highmorbidity in the groupwith both tamponades
shows that in very severe cases, all available options were
used to stop hemorrhage. In cases refractory to one of the

devices, the other one or a combination may be applied, as
described before by our group [28]. The use of more than
one CHT could also be an option in these situations. Due to
the lack of data no reliable statement can be given.

The OR for step IV in group A compared to group C is
not significant but shows a tendency in favor of CHT. It can

Figure 2: Reasons for PPH.

Table : Grade of PPH (postpartum hemorrhage) and blood loss in mL in groups A, B and C.

A (medical therapy) B (balloon tamponade) C (chitosan tamponade)

PPH grade I  (.%)  (.%)  (.%)
Vaginal birth  (.%)  (%)  (.%)
Cesarean section  (.%)  (.%)  (.%)

PPH grade II  (.%)  (.%)  (.%)
Vaginal birth  (.%)  (.%)  (.%)
Cesarean section  (.%)  (%)  (.%)

PPH grade III  (.%)  (.%)  (.%)
Vaginal birth  (.%)  (.%)  (.%)
Cesarean section  (.%)  (.%)  (.%)

Blood loss, mL , ±  , ± , , ± 

The cross table shows the absolute numbers and percentages of women from groups A, B and C and the respective degree of PPH, additionally
subdivided for birthmode, and themeanblood loss inmL± standarddeviation for groupsA, B andC. Vaginal birth includes spontaneous vaginal
deliveries and operative vaginal deliveries (vacuum, forceps).
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be hypothesized, that, especially in cases with high risk for
PPH, like placenta previa and bleeding from the lower
uterine segment, early application of CHT might prevent
blood loss and thus morbidity. These findings are in line
with Schmid’s suggestion of an early use of CHT in high risk
situations [9]. This is the first study to provide this data,
more research therefore seems justified.

It is very important that there were no differences in
secondary outcomes between CHT and BT. In particular,
no signs of sepsis, postpartum fever, increased infections
or inflammation levels in group C. This could be related to
the antibacterial effect of chitosan [29–31]. In other
studies, up to 19% of the patients treated with CHT
developed low grade fever, but also without clinical signs
of infection [8, 32].

Further, no relevant adverse events occurred in rela-
tion to the CHT during the follow-up-period of 1–3 years
and at least three uncomplicated subsequent pregnancies
were documented.

In two reported cases though, retained material had to
be removed 6 weeks and 3 months after application [9].
Therefore, we recommend an easy to identify and clear to
see label on the patient until removal of the CHT after a
maximum of 24 h. Further, we propose the application of a
sutured stich at the end of the tamponade to make com-
plete removal obvious and an ultrasound examination of
the uterus after removal. CHT appears as a hyperechogenic
structure with a dorsal acoustic shadow [10, 28].

Limitations

The study’s main limitation is that it is retrospective and
thus not randomized. The decision about when and
which tamponade was used was individually made by the
senior obstetrician on call, which carries the risk of selec-
tion bias. However, no relevant differences in patients’
demographics of the two tamponade groups were found.

Table : Patient’s demographics and reasons for PPH.

A (n=) medical therapy B (n=) balloon tamponade C (n=) chitosan tamponade p-Value

Maternal age, years . ± . . ± . . ± . .A

PA/C
.

PA/B
.

PB/C
.

Gestational age, weeks . ± . . ± . . ± . .A

PA/C
.

PA/B
.

PB/C
.

Gravida  (–)  (–)  (–) .KW

Para  (–)  (–)  (–) .KW

Spontaneous delivery  (.%)  (.%)  (.%) <.X

PA/C <.X

PA/B <.X

PB/C
.X

Vacuum/Forceps  (.%)  (.%)  (.%) .X

Cesarean section  (.%)  (.%)  (.%) <.X

PA/C<.X

PA/B<.X

PB/C
.X

Birthweight, g , ±  , ±  , ±  .A

Arterial pH (umbilical cord) . ± . . ± . . ± . .A

APGAR ′ . ± . . ± . . ± . .A

Atony  (.%)  (.%)  (.%) .X

Placenta adhaerens  (.%)  (.%)  (.%) .X

Obstetric injury  (.%)  (.%)  (.%) .X

Placenta previa  (.%)  (.%)  (.%) <.X

PA/C<.X

PA/B<.X

PB/C
.X

Values are given in absolute number and percentage, as arithmetic mean ± standard deviation and range or as median with interquartile range. In the
right column you see the general p-value, when the value was significant (p < .) each groupwas testedwith every other group. Statistical tests used:
A = ANOVA with Tukey post-hoc, t = independent-sample t-test, KW = Kruskal–Wallis test, X = Chi-squared test. Bold values are significant results.
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The fact that the collection device was only placed when
increased bleeding became apparent might have led to an
underestimation of PPH cases. Further it should also be
mentioned that 78 of the 136 cases of uterine packing have
already been analyzed in a previous paper [10], scientific
approach, study design and outcomes were different,
though.

Demographic differences between the groups can be
explained by looking at the risk factors for severe PPH and
the severity of PPH in the different groups, whichwas higher
in group B and C and lower in group A. Severe PPH is more
likely to occur after CS and in cases of placenta previa [33], as
well as in certain constellations that more frequently affect
older patients. One could argue, that is not reasonable to

Table : Logistic regression analysis adjusted for blood loss in ml and other significant confounders from univariate analysis for the primary
outcome (step IV), two of its subitems (sutures, (re-)laparotomy) and two secondary outcomes (admission to Intensive Care Unit, General
Anesthesia).

Odds ratio %-CI p-Values

Step IV adjusted for blood loss, age and mode of birth
C (chitosan, n=, .%) 

A (medical only, n=, .%) . .–. .
B (balloon, n=, .%) . .–. .

Sutures adjusted for blood loss, age and mode of birth

C (chitosan, n=, .%) 

A (medical only, n=, .%) . .–. .
B (balloon, n=/.%) . .–. .

(Re-) laparotomy adjusted for blood loss, age and mode of birth

C (chitosan, n=, .%) 

A (medical only, n=, .%) . .–. .
B (balloon, n=, .%) . .–. .

ICU admission adjusted for blood loss, age and mode of birth

C (chitosan, n=, .%) 

A (medical only, n=, .%) . .–. <.
B (balloon, n=, .%) . .–. .

ICU, intensive care unit; %-CI, %confidence interval. The number of patients with the respective outcome in the different groups is given in
absolute numbers and percentages. Odds ratios (OR) are given for the risk of the outcomes to happen in the medical therapy group or the
balloon tamponade group in comparison to the chitosan tamponade group with % confidence interval (%-CI) and p-value. Significant
results are bold.

Table : Univariate analysis of primary (subitems) and secondary outcomes between group B and C.

B (balloon tamponade) C (chitosan tamponade) p-Value

Hysterectomy  (.%)  (%) .F

Embolization  (%)  (.%) .F

Antibiotic administration  (.%)  (%) .X

Lowest hemoglobin . g/dL . g/dL
Drop in hemoglobin . ± . g/dL . ± . g/dL .t

Blood transfusion (U= mL) . ± . . ± . .t

FFP (U= mL) . ± . . ± . .t

CRP . ± . mg/L . ± . mg/L .t

Leukocytes . ± . G/L . ± . G/L .t

Inpatient days . ± . . ± . .t

FFP, fresh frozen plasma; CRP, c-reactive protein; U, unit. Values are given in absolute number and percentage or as arithmetic mean ± standard
deviation and range. Statistical tests used: t = independent-sample t-test, X=Chi-squared test, F = Fishers exact test. Bold values are significant
results.

1084 Biele et al.: Chitosan covered gauze reduces need for surgical therapy



compare groupAwith theother twogroups, considering that
they are indicated in different steps of the therapy algorithm.
However, confounders such as blood loss andmode of birth
were identified and adjusted for and there were also cases of
severe PPH in group A who might have had a benefit from
uterine packing.

Randomized controlled trials on PPH treatment with
higher case numbers are needed to generate more reliable
data and to prove if CHT should be implemented into
routine practice. Until then we have to rely on historical
analysis, and this is the largest historical cohort study on
CHT in the treatment of PPH so far.

Conclusions

Chitosan covered gauze is a promising treatment option for
PPH. We observed a significant reduction of the HE-rate
after its implementation and so far, no side-effects were
noted. It might be superior to the balloon tamponade in
effectiveness und application. The early use in patients
with high risk for bleeding seems justified. It is easy to use
and, compared to other devices, inexpensive.
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