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Abstract 

Background Postpartum hemorrhage (PPH) is one of the leading causes of maternal morbidity and mortality world-
wide. Intrauterine hemostatic devices are recommended when PPH does not respond to medical treatment. The 
objective of this study was to assess the factors leading to unsuccessful intrauterine therapy with a chitosan-covered 
tamponade (CT) for the treatment of PPH and to evaluate clinical outcomes based on real-world data.

Methods This registry-based cohort study included all women treated with CT for PPH between January 2017 
and June 2022 at a university clinic’s perinatal department. The endpoint was defined as the failure of CT, indicated 
by the requirement of further invasive procedures for ongoing hemorrhage after CT application. Medical records 
were reviewed and binary logistic regressions used to evaluate delivery mode, placenta previa, and placenta accreta 
spectrum as potential risk factors for CT treatment failure.

Results The cohort consisted of 230 women, with successful CT treatment in 91.3%. The success rate for mild PPH 
was 100.0%, for moderate 95.5%, and for severe 84.2%. Five hysterectomies were performed in total. Placenta previa 
in cesarean sections was identified as the primary risk factor for CT treatment failure, increasing the odds about 7.5-
fold (Odds Ratio: 7.48; 95% CI: 1.87–33.15) compared to cesarean sections without placenta previa. Furthermore, 
delays in CT insertion may also contribute to treatment failure.

Conclusion CT serves as an intrauterine treatment for medically intractable PPH. Placenta previa significantly 
increases the risk of CT treatment failure in cesarean sections. Obstetricians should be particularly vigilant in manag-
ing patients with placenta previa and consider early use of CT or a combination of procedures.

Trial registration This study was approved by the local Ethics Committee on 11/10/2021 (EA4/231/21).
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Background
Postpartum hemorrhage (PPH) is a sudden and often 
unpredictable emergency that remains a substantial 
obstetric challenge, contributing significantly to mater-
nal morbidity and mortality worldwide [1–4]. Affecting 
approximately 5% of women during childbirth, PPH is the 
leading cause of maternal mortality worldwide, account-
ing for approximately 25% of all maternal deaths [5, 6]. 
Thus, successful management is of utmost importance.

In recent years, new non-balloon intrauterine PPH 
management tools have emerged on the market [7–9], 
the most promising of which are the  Celox® gauze, a 
hemostatic chitosan-covered tamponade (CT), and the 
 Jada® System, a vacuum-induced hemorrhage control 
device [10, 11]. Chitosan functions as a hemostatic agent 
through a distinct mechanism that does not rely on the 
typical clotting cascade. Upon contact with blood, the 
CT forms a gel-like matrix and promotes efficient blood 
coagulation through electrostatic interactions between 
chitosan and the cell membranes of erythrocytes, even 
in the presence of heparin [12–14]. CT was first used 
to treat PPH in 2012 [15], it is CE-marked and received 
approval from the European Medicines Agency in 2022.

When introducing a new device in sensitive areas such 
as obstetrics, sufficient safety and at least adequate effi-
ciency are mandatory for implementation. CT has no rel-
evant side effects in the short and long term and requires 
minimal training for correct use, with success rates of 
91–95% and significant reductions in hysterectomies by 
50–75% [11, 16–19], though not based on RCT evidence. 
Successful treatment of PPH consists of controlled bleed-
ing after application of the treatment without further 
interventions. Recently, our study group retrospectively 
investigated the effect of CT on the need for further 
measures in PPH, comparing it to medical therapy alone 
and intrauterine balloon tamponade in a cohort of 666 
women [20]. The success rate with CT application was 
91%, whereas the success rate with balloon management 
was 84%. In addition, the group who received CT had a 
lower hysterectomy rate (0/85) than the group treated 
with balloon tamponade (4/51, 8%).

As the use of CT becomes more widespread in clinical 
practice, understanding its handling and limitations is 
crucial to making informed decisions and refining PPH 
management strategies. Currently, data are lacking on the 
risk factors for CT treatment failure, which are needed to 
communicate the limitations of the method and to facili-
tate recommendations on the appropriate time of use. 
Our clinic has substantial experience with CT, having 
used it since 2016. In the present study, we comprehen-
sively analyzed the efficacy of CT in the management of 
PPH and identified specific factors associated with failure 
of CT therapy. Based on prospectively and retrospectively 

collected real-world data from a large cohort of women, 
the findings aim to enhance recommendations for the 
appropriate use of CT in PPH management.

Methods
Study design and patient selection
The registry on which the current study is based includes 
all women who give birth at the perinatal department of 
a university hospital with more than 5,000 deliveries per 
year and receive CT for PPH. The recruitment started 
on January 1, 2017, and this study’s sample includes all 
patients enrolled by June 6, 2022. Exclusion criteria are 
maternal age < 17 years, the use of CT only for vaginal 
lacerations, and the performance of other interventions 
simultaneously or prior to CT, such as a balloon tam-
ponade, artery ligation, embolization, or compression 
sutures. The patients’ demographic and epidemiologi-
cal data are collected, as well as detailed information on 
labor and delivery, blood loss, infection parameters, post-
partum course, and child data, by retrospectively review-
ing medical records in our data systems (SAP [Walldorf, 
Germany] and Viewpoint by GE [Solingen, Germany]).

The definition of PPH is based on the guidelines of 
the Royal College of Obstetricians and Gynecologists 
(RCOG) [21], which defines PPH as blood loss ≥ 500 mL 
following vaginal delivery or caesarean section within 24 
h (primary PPH) or 12 weeks (secondary PPH) of deliv-
ery. Blood loss is estimated using a combination of col-
lection bag volume and the weight of used pads. PPH is 
categorized by the amount of blood loss into mild (500–
1000 mL), moderate (> 1000–2000 mL), or severe (> 2000 
mL).

Treatment routine
The management of PPH according to local guidelines 
consisted of routine intravenous injection of 3 IU oxy-
tocin or Carbetocin after birth, placement of a graduated 
collector bag at the start of bleeding, bimanual uterine 
massage, continuous administration of oxytocin, sutur-
ing of lacerations, and removal of the placenta 30 min 
after birth if not expelled [22]. If bleeding persisted, 
tranexamic acid and additional uterotonic agents (e.g., 
misoprostol or sulprostone) were administered. If these 
measures failed to control the bleeding, the next step was 
intrauterine therapy. The decision to use CT was made 
by the obstetrician in charge. In the whole registry we 
used the  Celox® tamponade from Medtrade Products, 
and each patient received at least one gauze (3 m long, 
7.6 cm wide). Depending on the mode of delivery, the CT 
was inserted either transvaginally in case of dilated cervix 
or transabdominally in primary cesarean sections, with 
one end of the tamponade passed through the cervix for 
subsequent removal after a maximum of 24 h by pulling 
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the end of the gauze left in the vagina, also in cases with 
undilated cervix. Please refer to the published literature 
for further details on handling [18].

Definition of endpoints
The outcome of interest was the failure of treatment with 
CT. Failure was defined as persistent bleeding more than 
5 min after application and requirement of further inter-
vention. The decision on further interventions was made 
individually according to the hemodynamic deteriora-
tion. Treatment options included the intrauterine appli-
cation of a balloon tamponade, compression sutures, 
artery ligation, radiographic embolization, and consecu-
tive hysterectomy.

Statistical analysis
Descriptively, categorical variables are presented as abso-
lute and relative frequencies, and continuous variables 
as medians with interquartile ranges (IQR), stratified by 
the endpoint. The temporal trend in frequency of CT 
failure and placenta previa cases is presented along with 
95% Clopper-Pearson confidence intervals (CI). Based on 
clinical relevance, binary logistic regression models were 
used to quantify the association between CT failure and 
placenta accreta spectrum (PAS), a placenta previa (along 
with a caesarean section) and the performance of caesar-
ean section for a different indication. To derive adjusted 
effect estimates, maternal age, multiple pregnancies, neo-
natal weight, and body mass index (BMI) were consid-
ered as confounders. Results are presented as odds ratio 

(OR) estimates with 95% CIs. Analyses were performed 
using IBM SPSS Statistics (version 28.0.1.0) and R [23], 
just as the additional R package tidyverse [24].

Results
Over a period of 5.5 years, a total of 270 women received 
a CT for PPH at the university perinatal center, represent-
ing 0.92% of all deliveries during this period. Finally, 230 
women met the inclusion criteria and were included in 
this study (Fig. 1), where in 91.3% (210 patients) the use 
of CT effectively resulted in hemostasis. In the remain-
ing 20 patients (8.7%) bleeding did not stop adequately, 
requiring further management.

PPH characteristics
All patients had primary PPH, except for two patients 
where CT was successful, who presented with secondary 
PPH after 9 days and 3 weeks postpartum. PPH occurred 
mainly due to uterine atony (79.6% overall), includ-
ing atony alone (31.7%), atony and placental retention 
(40.0%), and atony and obstetric lacerations (7.8%), fol-
lowed by PAS (10.0%), placenta previa (9.1%), and resid-
ual placental tissue (1.3%, Fig. 2; Table 1). In 12 patients, 
placenta previa and PAS occurred combined.

Patients with severe PPH were more likely to experi-
ence CT failure, as 75.0% of those with CT failure had 
severe and 25.0% had moderate PPH, compared to 38.1% 
and 51.0% of those with CT success, respectively. There-
fore, the proportion of patients with successful CT treat-
ment was 100.0% for mild, 95.5% for moderate, and 84.2% 

Fig. 1  Flow chart based on inclusion and exclusion criteria additionally showing proportions of the CT treatment outcome. *other reason: in one 
patient CT was applied temporarily for few minutes because the patient developed heart failure during cesarean section and needed resuscitation; 
CT, chitosan-covered tamponade
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for severe PPH (Fig.  3). In the same lines, median total 
blood loss was lower in patients in whom CT was suc-
cessful (1,500 mL (IQR 1,200-2,000) vs. 3,500 mL (IQR 
1,975-4,875)). However, the median blood loss before CT 
application was not substantially different between the 
two groups (1,500mL (IQR 1,200-2,000) vs. 2000mL (IQR 
1,575-2,500)) (Table 1).

CT treatment of PPH
Depending on the mode of delivery, the CT was inserted 
either transvaginally or transabdominally. In one case, 
both insertion methods were used. The CT was always 
placed in the uterine cavity, and additionally in the 
vagina in four patients. Overall, 1 (80.9%) or 2 (14.2%) 
gauzes were used, with no differences with respect to the 
outcome.

Application of the CT was uncomplicated in all but 
three patients. Re-laparotomy became necessary twice 
because the repaired uterotomy at cesarean section was 
breached by transvaginal insertion of the CT and bleed-
ing persisted. In one case, the gauze was sutured into the 
uterine wall during uterotomy closure. The duration of 
in-utero CT placement differed, as the gauze was often 
removed when CT failed and bleeding persisted.

Dislocation of the gauze into the vagina occurred in 
two patients shortly after insertion, once due to intense 
coughing after extubation, and once during the transfer 
of the patient from the operating table. The gauzes were 
reinserted without complications and with successful 
hemostasis in both cases.

Pharmacological and supportive treatment of PPH
Almost all patients received oxytocin or carbetocin for 
bleeding prophylaxis. Approximately half of the patients 
were also administered misoprostol or sulprostone, 
which was applied substantially more often in those 
where CT failed. All patients with CT failure and 82.4% 
of patients with CT success received tranexamic acid.

Patients in whom CT failed received more red blood 
cell transfusions, more fresh frozen plasma, and more 
fibrinogen than patients with tamponade success. The 
majority of patients with successful CT outcome (59.5%) 
did not require any red blood cell transfusions, whereas 
90.0% of patients with failed tamponade needed a blood 
transfusion, more than half of those patients received ≥ 7 
units. They were admitted to the intensive care unit or 
the postoperative acute care unit more often (80.0% vs. 
33.3%) and had a longer hospital stay than women with 
CT success (8.4 vs. 4.7 days, Table 1).

Treatment upon CT failure
Interventions after the failure of CT ranged from sutures 
(n = 5), over artery ligation (n = 2), embolization (n = 1), 
balloon catheter (n = 3) to combined treatment (n = 6). 
Hysterectomy was decided upon as the last remaining 
option for stabilizing the patient’s condition and was 
performed a total of five times (Table 2). There were no 
maternal deaths in our cohort.

Of the five women who required hysterectomies after 
CT failed to adequately control bleeding, four had 
also undergone balloon therapy following CT. In only 

Fig. 2  Relative frequencies of causes of PPH, based on a total of 230 patients with PPH
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three patients where CT failed, the balloon was able 
to stop the bleeding, without further intervention. In 
two patients, bleeding persisted even after the ligation 
of one or both uterine arteries in addition to balloon 
therapy.

Risk factors for CT failure
Patients in whom CT was successful were on average 2.5 
years older (35.5 vs. 33), of higher parity (3 vs. 2), and of 
higher gestational age (40 vs. 38 weeks) (Table  3). The 
proportion of twin pregnancies was 11.0% (23/210) and 

Table 1 Details on clinical and laboratory parameters relevant for postpartum hemorrhage

Continuous variables are presented as median and interquartile range. Categorical variables are presented as absolute and relative frequencies

CT Success (n=210) CT Failure (n=20) All (n=230)

Blood loss (mL)

 Prior to CT application 1500 (1200-2000) 2000 (1575-2500) 1550 (1200-2000)

  missing - 6 6

 Total 1500 (1200-2000) 3500 (1975-4875) 1700 (1200-2170)

Causes of PPH
 Atony 69 (32.9%) 4 (20.0%) 73 (31.7%)

 Atony and placenta retention 89 (42.4%) 3 (15.0%) 92 (40.0%)

 Atony and obstetric injury 15 (7.1%) 3 (15.0%) 18 (7.8%)

 Residual placental tissue 3 (1.4%) 0 (0%) 3 (1.3%)

 Placenta accreta spectrum 21 (10.0%) 2 (10.0%) 23 (10.0%)

 Placenta previa 13 (6.2%) 8 (40.0%) 21 (9.1%)

Hemoglobin level (g/dL)

 Prior to birth 11.7 (10.7-12.5) 12.1 (11.1-13.0) 11.7 (10.7-12.6)

  missing 30 6 36

 After birth 6.8 (6.1-8.2) 6.2 (5.8-6.98) 6.8 (6.1-8.1)

  missing 1 - 1

Packs of gauzes 1 (1-1) 1 (1-1.75) 1 (1-1)

Insertion mode
 Transvaginal 143 (68.1%) 10 (50.0%) 153 (66.5%)

 Transabdominal 66 (31.4%) 10 (50.0%) 76 (33.0%)

 Both 1 (0.5%) 0 (0%) 1 (0.4%)

Duration of application (hours) 24 (24-24) 21 (0.5-24) 24 (24-24)

 missing 37 2 39

Red blood cell concentrate 85 (40.5%) 18 (90.0%) 103 (44.8%)

 Packs 0 (0-2) 7 (2-8.25) 0 (0-2)

Fresh frozen plasma 46 (21.9%) 14 (70.0%) 60 (26.1%)

 Packs 0 (0-0) 6 (0-9.25) 0 (0-1)

Fibrinogen 32 (15.2%) 12 (60.0%) 44 (19.1%)

Uterotonics 209 (99.5%) 20 (100%) 229 (99.6%)

 Oxytocin 191 (91.0%) 16 (80.0%) 207 (90.0%)

 Carbetocin 13 (6.2%) 3 (15.0%) 16 (7.0%)

 Misoprostol 102 (48.6%) 10 (50.0%) 112 (48.7%)

 Sulprostone 146 (69.5%) 19 (95.0%) 165 (71.7%)

Tranexamic acid 173 (82.4%) 20 (100%) 193 (83.9%)

Admission to intensive care unit 70 (33.3%) 16 (80.0%) 86 (37.4%)

CRP > 10 mg/dl 83 (39.5%) 15 (75.0%) 98 (42.6%)

 missing 122 5 127

Leuokocytes > 17.000/µl 103 (49.0%) 12 (60.0%) 115 (50.0%)

 missing 4 - 4

Fever 15 (7.1%) 1 (5.0%) 16 (7.0%)

Hospital stay (days) 4 (3-5) 7 (5-8.5) 4 (3-6)

 missing 1 - 1
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5.0% (1/20) among those with successful or failed CT, 
respectively, with additionally one triplet in each group. 
Intrauterine fetal deaths or late abortions occurred in a 
total of 10 patients, 7 of which were in the group with 
successful CT treatment. Two patients in the whole 
cohort had a known bleeding disorder (von Wille-
brand syndrome or idiopathic thrombocytopenia), four 
a HELLP syndrome – for all of them CT was success-
ful. Ten patients had preeclampsia and one experienced 
eclampsia, eight of them had successful CT treatment.

No remarkable differences were observed regard-
ing baseline hemoglobin levels (median of 12.1 vs. 11.7 
g/dL) prior to onset of labor, primary anesthesia type, 
gauze application mode (transvaginal or transabdomi-
nal), and curettage or manual removal of the placenta 
prior to CT insertion (Tables 1 and 3). General anesthe-
sia was the most common form of primary anesthesia, 

administered to approximately half of the patients, 
followed by peridural and spinal anesthesia. In those 
patients where CT failed, general anesthesia became nec-
essary after the bleed in almost all patients, resulting in 
90.0% (18/20) receiving general anesthesia, in contrast to 
68.5% (144/210) among those where CT was successful. 
In about half of the patients in both groups, curettage or 
manual removal of the placenta was performed.

In patients in whom CT failed, the interval between 
onset of bleeding and insertion of the CT was approxi-
mately 2 h in six women, which led to high blood loss 
prior to CT treatment. In another two patients, there 
was an unexpected presence of placenta increta, which 
was accompanied by fast and high blood loss. In patients 
with multiple pregnancies or atony of the lower segment 
of the uterus, the dilated lower uterine segment was not 
sufficiently packed (n = 5). In another two patients, there 
was severe tissue injury with bleeding from the uterine 
arteries, which was only diagnosed when hemorrhage 
persisted after CT insertion.

Mode of delivery was associated with CT failure, as 
cesarean deliveries were performed in 65.0% of patients 
with subsequent CT failure, and only in 33.8% with sub-
sequent CT success. Lacerations of the cervix or birth 
canal were not associated with CT failure (Table 3).

 A comparison of the two groups showed consider-
able differences in placental implantation disorders. PAS 
was more frequent in women with CT failure (40.0% 
vs. 16.7% in women with successful treatment, Table 3). 
The most common condition in both groups was pla-
centa accreta, followed by placenta increta. Placenta pre-
via also occurred substantially more often among those 
where CT failed (40.0% vs. 6.2%). The placental bed or 

Fig. 3  Success rates within the grades of postpartum hemorrhage (PPH); Grades according to the Royal College of Obstetricians and Gynecologists 
[21]; mild PPH: 500–999 mL, moderate PPH: 1000–1999 mL, severe PPH: ≥ 2000 mL

Table 2 Interventions in patients with CT failure, n=20

Intervention after failure of CT n

Sutures 
 B-Lynch or mattress sutures 3

 Sutures at lower uterine segment 2

Artery ligation 2

Emobilsation 1

Ballon catheter 3

 + Artery ligation 2

 + Hysterectomy 1

 + B-Lynch sutures +/ artery ligation + hysterectomy 3

Hysterectomy 1

Re-closure of breached uterotomy 2
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lower uterine segment was sutured in 10 (4.8%) and 3 
(15.0%) patients with successful and failed treatment, 
respectively. Patients with PAS were comparable in BMI 
to those without PAS, but slightly older, presented more 
often with placenta previa, and had a lower neonatal 
weight (Table 4).

 After adjusting for confounders (BMI, maternal age, 
multiple pregnancies, neonatal weight, and PAS), the 
presence of placenta previa in cesarean sections increased 
the odds of CT treatment failure 7.5-fold compared to 
cesarean sections without placenta previa (OR = 7.48, 
95% CI: 1.87–33.15). A cesarean section without placenta 

Table 3 Patient characteristics, labor and delivery details and neonate outcomes

Continuous variables are presented as median and interquartile range. Categorical variables are presented as absolute and relative frequencies

CT Success (n=210) CT Failure (n=20) All (n=230)

Maternal age (years) 33 (27-37) 35.5 (31-37) 33 (28-37)

BMI (kg/m²) 23.4 (21-27.6) 25.2 (22.1-29.4) 23.5 (21-28)

 missing 13 1 14

Gravida 2 (1-4) 3 (1.75-4.5) 2 (1-4)

Para 1 (1-2) 2 (1-3) 1 (1-3)

Multiple pregnancy 24 (11.4%) 2 (10.0%) 26 (11.3%)

 Gemini 23 (10.9%) 1 (5.0%) 24 (10.4%)

 Triplets 1 (0.5%) 1 (5.0%) 2 (0.9%)

  missing 1 - 1

Gestational week (GW)

 Total 40 (38-41) 38 (35.75-40) 39 (37-41)

 Delivery at ≥ 37 GW 158 (75.2%) 12 (60.0%) 170 (73.9%)

  missing 1 - 1

Anesthesia
 General 100 (47.6%) 10 (50.0%) 110 (47.8%)

 Peridural or spinal 66 (31.5%) 2 (10.0%) 68 (29.5%)

 Peridural or spinal and General 44 (20.9%) 8 (40.0%) 52 (22.6%)

Birth mode
 Vaginal delivery 139 (66.2%) 7 (35.0%) 146 (63.5%)

 Vacuum extraction 23 (11.0%) 3 (15.0%) 26 (11.3%)

 Cesarean section 71 (33.8%) 13 (65.0%) 84 (36.5%)

Lacerations of birth canal 31 (22.0%) 1 (14.3%) 32 (21.9%)

Placenta adherens 119 (56.7%) 9 (45.0%) 128 (55.7%)

Placenta accreta spectrum 35 (16.7%) 8 (40.0%) 43 (18.7%)

 Placenta accreta 30 (14.3%) 6 (30.0%) 36 (15.7%)

 Placenta increta 4 (1.9%) 2 (10.0%) 6 (2.6%)

 Placenta percreta 1 (0.5%) 0 (0%) 1 (0.4%)

Placenta previa 13 (6.2%) 8 (40.0%) 21 (9.1%)

Manual removal of placental tissue 135 (64.3%) 10 (50.0%) 145 (63.0%)

Curettage 97 (46.2%) 10 (50.0%) 107 (46.5%)

Neonate weight (grams)

 Total 3290 (2760-3760) 3000 (2367.5-3362.5) 3250 (2750-3710)

  missing 4 1 5

 Birth at ≥ 37 GW 3535 (3140-3900) 3232.5 (3005-3500) 3490 (3125-3857)

  missing 1 - 1

Neonate pH 7.25 (7.2-7.29) 7.26 (7.2-7.3) 7.25 (7.2-7.29)

 missing 11 3 14

APGAR 5 10 (9-10) 9 (9-10) 10 (9-10)

 missing 12 3 15

APGAR 10 10 (9-10) 10 (9-10) 10 (9-10)

 missing 12 3 15
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previa does not seem to pose a risk for CT failure, given 
the very wide confidence interval (OR = 1.47, 95% CI: 
0.36–5.77). PAS did not have any influence on CT treat-
ment failure (OR = 1.12, 95% CI 0.31–3.62) after adjusting 
for confounders (placenta previa, maternal age, increased 
BMI, and neonatal weight) (Fig. 4). Descriptively, during 
the study period from 2017 to 2022, we observed a slight 
downward trend in CT failures until 2021, but overall 
the numbers were relatively stable. There might also be 
a descriptive association between the proportion of CT 
failures and placenta previa cases per year, in line with 
the findings from the model (Fig. 5).

Long term follow-up
At the end of the data collection in December 2023, the 
birth rate after the index birth was assessed in the whole 
cohort (n = 230). Of these, 22 patients with CT success 
and 1 patient with CT failure had a subsequent birth, all 
of which were uncomplicated with the exception of four 
PPH events, in which a CT was successfully applied again 
without complications.

Discussion
Summary of findings
Chitosan-covered tamponade has proven to be an effec-
tive method for hemostasis in PPH, with an overall suc-
cess rate of 91.3%, offering a quick and straightforward 
treatment while reducing the need for more invasive 
interventions. This is the first analysis of risk factors 
for CT treatment failure. In our cohort of 230 women, 
90.0% had moderate or severe PPH, and the most com-
mon reason for bleeding was uterine atony. The presence 
of placenta previa was the primary risk factor, increas-
ing the odds of treatment failure 7.5-fold after adjusting 
for confounders. Cesarean sections did not seem to have 
an influence on treatment failure, while PAS did not rel-
evantly increase the odds of persistent hemorrhage after 
CT, once confounders were considered. Other known 
risk factors for failed PPH therapy, such as maternal age, 
multiple pregnancies, curettage prior to insertion, pre-
delivery anemia, the severity of blood loss prior to inser-
tion of the intrauterine device, stillbirth, and neonatal 
macrosomia, did not relevantly influence the effectivity 
of CT in our cohort [25–28].

Table 4 Patient’s characteristics, stratified by the presence of placenta accreta spectrum

No placenta accreta spectrum 
(n=187)

Placenta accreta spectrum (n=43) Total (n=230)

Maternal BMI in kg/m² 23.7 (21.0, 27.6) 23.2 (21.1, 29.0) 23.5 (21.0, 27.9)

 missing 12 2 14

Maternal age 31 (27, 36) 37 (33, 40) 33 (28, 37)

Placenta previa 9 (4.8%) 12 (27.9%) 21 (9.1%)

Neonatal weight 3345.0 (2786.5, 3795.0) 3027.5 (2372.5, 3351.3) 3250.0 (2750.0, 3710.0)

 missing 4 1 5

Fig. 4  Binary logistic regression analysis for failure factors for CT failure. CS, cesarean section, PAS, placenta accreta spectrum disorder
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Comparison to other studies
Previous studies have reported an association between 
cesarean delivery and failure of PPH management, par-
ticularly with intrauterine balloon tamponade [29], 
reporting an OR for treatment failure of up to 10.5 (95% 
CI 2.1–52.4) [30]. This may be due to scars in the uter-
ine wall and larger wound areas compared to vaginal 
deliveries, leading to atony and increased bleeding. The 
underlying causes for performing a cesarean section, 
such as twin pregnancies or PAS, are themselves risk 
factors for PPH. In our cohort, 65.0% of women with 
failed CT treatment and 33.8% of women with success-
ful treatment had cesarean deliveries. After adjustment 
for BMI, age, multiple pregnancies, PAS, and neonatal 
weight, cesarean section increased the odds of failure 
1.4-fold compared to vaginal birth, albeit with a very 
wide confidence interval.

It should be emphasized that proper training and 
technique are important when inserting CT, particu-
larly in centers with limited experience in its applica-
tion. During CT insertion through the abdomen after 
cesarean section, it is crucial to avoid suturing the 
gauze into the uterine wall during uterotomy closure, 
which happened once in our cohort. For vaginal inser-
tion, special care must be taken to prevent re-opening 
the uterotomy incision. This safety can be achieved by 
strictly inserting the gauze under ultrasound control 
or while the abdomen is still open in cesarean sections. 
Training in the correct use of CT is simple and fast, and 

our learning curve was steep, with complications in the 
application of CT only occurring early in the study.

Placenta previa is a well-known cause of PPH and 
remains a challenging obstetric condition because it is 
often accompanied by PAS and atony of the lower uter-
ine segment with severe placental bed bleeding [31]. 
Currently, there is no gold standard device for the man-
agement of placenta previa bleeding. After adjusting 
for BMI, age, PAS, and neonatal weight, the presence of 
placenta previa significantly increased the odds of CT 
treatment failure 7.48-fold compared to cesarean sec-
tions without placenta previa. For CT to be effective, it 
must be in sufficient contact with the hemorrhaging tis-
sue, which is complicated by the reduced contractility 
of the lower uterine segment in placenta previa, often 
requiring the use of more than one tamponade. In our 
cohort, CT was effective in 61.9% of patients with pla-
centa previa, successfully treating 13 out of 21 patients by 
CT alone. CT treatment had to be combined mainly with 
sutures to stop bleeding in the remaining cases. In such 
cases, early intervention with the B-Lynch procedure or 
a transverse gathering seam or an intrauterine balloon is 
recommended [32]. We recommend the use of compres-
sion sutures before the application of CT, otherwise its 
removal may be difficult due to compression or suturing 
of the gauze.

An insufficient amount of gauze is a risk factor for 
treatment failure in multiple pregnancies. In our cohort, 
five women experienced failure due to insufficient 

Fig. 5  Development of CT failure and placenta previa over time
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packing of the uterine cavity with only one gauze. In such 
cases, combining intrauterine devices may be beneficial, 
as demonstrated in a triplet pregnancy with consecutive 
severe PPH after cesarean delivery, where CT and bal-
loon tamponade were successfully used together [33]. 
There are no contraindications or disadvantages to using 
multiple gauzes to fill the large intrauterine space; in con-
trast, with intrauterine balloon therapy, the extrusion of 
the maximally filled balloon is a concern in up to 16% of 
cases [30].

There is very little RCT evidence of effectiveness of any 
intrauterine mechanical method in PPH treatment [34]. 
One recently published, very small randomized trial on 
a vacuum-induced device suggested benefits of suction 
tamponade over condom tamponade or uterine artery 
clamp [35]. RCTs on the effectiveness of CT treatment 
are still lacking.

The use of intrauterine balloon therapy in the presence 
of PAS and severe PPH is controversial [36]. Placental 
disorders are risk factors for balloon tamponade failure 
[37]. In our study, PAS disorders were more frequent in 
women with failed CT (40.0%) than in women with suc-
cessful CT treatment (16.7%), highlighting the difficulty 
in successfully treating placenta increta and accreta 
bleeding. However, after adjusting for confounders such 
as placenta previa, maternal age, and neonatal weight, the 
OR for PAS was 1.1, indicating that PAS does not have a 
strong impact on CT treatment failure.

The association between placenta previa and PAS is 
well established. Obstetricians should be aware that 
women with a combination of these two risk factors for 
PPH as the underlying indications for cesarean section 
are at high risk of intrauterine therapy failure. However, 
CT as the initial second-line treatment could serve as a 
bridging method, particularly in cases of unexpected 
PAS, helping to stabilize the patient and gain time to pre-
pare for alternative treatment options, such as segmental 
resection of the uterine wall, compression sutures, embo-
lization, or ligation of the uterine arteries.

Prior to tamponade insertion, it is essential to ensure 
that any retained placental tissue is removed and any 
birth injuries are addressed. If the patient remains hemo-
dynamically unstable despite these measures, immediate 
exclusion of tissue injury with arterial bleeding is nec-
essary. In our study, two women required vascular liga-
tion or hysterectomy after late diagnosed uterine artery 
bleeds.

The timing of CT treatment initiation is crucial for its 
success. Prolonged bleeding and substantial volume loss 
with development of coagulopathy prior to the inser-
tion of intrauterine devices can necessitate more com-
plex and invasive management strategies, and reduce 
CT efficacy [38]. In our study, 6 out of 20 women with 

CT failure experienced an average delay of two hours 
from bleeding onset to CT application compared to 
women where CT was successful, meaning that the tam-
ponade was less effective in those patients with sudden 
high-flow bleeding (unexpected placenta accreta). It can 
be inferred that in them, there was not enough time for 
the interaction of the blood with the chitosan since the 
high flow did not allow it. Literature supports that longer 
delays before intrauterine balloon tamponade insertion 
result in poorer outcomes [39–41]. A French prospective 
cohort study of 226 women found that estimated blood 
loss prior to insertion of intrauterine balloon tamponade 
and subsequent coagulopathy was associated with ther-
apy failure (OR 3.2 (95% CI 1.5–6.8) and OR 5.6 (95% CI 
2.5–13.0), respectively) [42]. In addition, substantial early 
blood loss after balloon placement (> 200 mL at 10 min) 
is a prognostic factor for early balloon tamponade fail-
ure [43]. Against this background, early CT deployment 
should be considered in PPH management algorithms, 
alongside medical treatment, transforming the strictly 
vertical PPH algorithm to a more horizontal flow [42]. 
In stable patients with minor total blood loss, CT could 
be removed promptly, though concerns that the early 
use of intrauterine devices may lead to overuse must be 
acknowledged [9].

Strengths and limitations
This study is the first to evaluate risk factors for the fail-
ure of non-balloon intrauterine therapy for the treatment 
of PPH. It is based on data collected both prospectively 
and retrospectively over 5.5 years in a registry of a large 
perinatal center. The births were carefully documented, 
resulting in minimal missing data.

The main limitation of this study is that it only reflects 
the clinical experience of a single perinatal center, ren-
dering generalization of findings difficult. We cannot 
adequately account for changing personnel and increas-
ing experience with CT use over the study period, poten-
tially indicated by a small downward trend in CT failures 
from 2017 to 2021. Additionally, we did not compare the 
chitosan covered with a standard gauze tamponade, so 
the real effectiveness of the product could not be prop-
erly evaluated since the gauze itself produces hemostasis 
by compression and contact factor. Due to missing data, 
we could not fully investigate the time between onset of 
bleeding and tamponade insertion. However, our ongo-
ing prospective trial will focus on accurately document-
ing time from PPH onset to treatment decision and 
tamponade insertion. As tamponade insertion decisions 
were made individually by the attending obstetrician, this 
might have introduced selection bias, as CT was perhaps 
only applied in cases where its success was more likely. 
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However, the consistent application of a stepwise PPH 
management protocol potentially limited this bias.

Conclusions
Chitosan-covered tamponade effectively treated post-
partum hemorrhage in over 91% of patients. A primary 
risk factor for CT failure is placenta previa. Delayed 
CT insertion may also contribute to treatment failure. 
For patients with placenta previa and persistent bleed-
ing, combining CT with compression sutures may be a 
viable treatment option. We recommend early use of CT 
in PPH management, as it poses no risks when applied 
by trained practitioners and may prevent the need for 
more invasive interventions. For patients requiring addi-
tional treatment, CT can serve as a temporary measure 
to reduce blood loss.

Abbreviations
BMI  Body mass index
CI  Confidence interval
CT  Chitosan-covered tamponade
HELLP  Hemolysis, Elevated Liver enzyme levels, and Low Platelet levels
IQRs  Interquartile ranges
IU  International units
mL  Milliliter
OR  Odds ratio
PAS  Placenta accreta spectrum (abnormally invasive placenta)
PPH  Postpartum hemorrhage
RCOG  Royal College of Obstetricians and Gynecologists
RCT   Randomized Controlled Trial

Acknowledgements
None.

Standard of reporting
The manuscript as a retrospective cohort study adheres to the guidelines for 
reporting observational studies: the STROBE (Strengthening the Reporting of 
Observational Studies in Epidemiology)-Statement.

Authors’ contributions
CL: data acquisition, planning, analyzing, writing. AA: analyzing, writing. BC: 
correction. HP: correction. DT: correction. WC: correction. BT: conception, 
correction. HW: conception, correction. AD: conception, planning, analyzing, 
writing.

Funding
Open Access funding enabled and organized by Projekt DEAL. AA received 
funding support by the Einstein Foundation Berlin (EVF-BUA-2022-694).

Data availability
Data will be provided by the corresponding author upon request.

Declarations

Ethics approval and consent to participate
This study adhered to the ethical guidelines laid down in the 1975 Declaration 
of Helsinki and was approved by the local Ethics Committee on 11/10/2021 
(EA4/231/21). The relevant local guidelines and regulations were followed. 
Informed consent of the patients to participate was obtained.

Consent for publication
Written informed consent for publication of personal or clinical details was 
obtained from all of the participants and from the parents of all participants 
under the age of 18, respectively.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Obstetrics, Charité - Universitätsmedizin Berlin, Corporate 
Member of Freie Universität Berlin and Humboldt Universität zu Berlin, Berlin, 
Germany. 2 Institute of Biometry and Clinical Epidemiology, Charité - Univer-
sitätsmedizin Berlin, Corporate Member of Freie Universität Berlin and Hum-
boldt Universität zu Berlin, Berlin, Germany. 3 Center for Stroke Research Berlin, 
Charité - Universitätsmedizin Berlin, Corporate Member of Freie Universität 
Berlin, Humboldt Universität zu Berlin, Berlin, Germany. 

Received: 13 November 2024   Accepted: 24 January 2025

References
 1. World Health Organization. A roadmap to combat postpartum haemor-

rhage between 2023 and 2030. Geneva: WHO; 2023. Available from: 
https:// iris. who. int/ bitst ream/ handle/ 10665/ 373221/ 97892 40081 802- 
eng. pdf. Licence: CC BY-NC-SA 3.0 IGO. Assessed 27 Oct 2024.

 2. Carroli G, Cuesta C, Abalos E, Gulmezoglu AM. Epidemiology of post-
partum haemorrhage: a systematic review. Best Pract Res Clin Obstet 
Gynaecol. 2008;22(6):999–1012.

 3. Haeri S, Dildy GA 3. Maternal mortality from hemorrhage. Semin Perina-
tol. 2012;36(1):48–55.

 4. Say L, Chou D, Gemmill A, Tunçalp Ö, Moller AB, Daniels J, et al. Global 
causes of maternal death: a WHO systematic analysis. Lancet Glob Health. 
2014;2(6):e323-333.

 5. Vogel JP, Williams M, Gallos I, Althabe F, Oladapo OT. WHO recommenda-
tions on uterotonics for postpartum haemorrhage prevention: what 
works, and which one? BMJ Glob Health. 2019;4(2): e001466.

 6. World Health Organization. WHO recommendation on routes of oxytocin 
administration for the prevention of postpartum haemorrhage after 
vaginal birth. Geneva: WHO; 2020. Available from: https:// iris. who. int/ bitst 
ream/ handle/ 10665/ 75411/ 97892 41548 502_ eng. pdf. Assessed 27 Oct 
2024.

 7. Liu LY, Nathan L, Sheen JJ, Goffman D. Review of current insights and 
therapeutic approaches for the treatment of refractory postpartum 
hemorrhage. Int J Womens Health. 2023;15:905–26.

 8. Institute for Global Health Sciences. Defining research priorities for 
non-balloon intrauterine PPH management tools 2024. Available from: 
https:// globa lheal thsci ences. ucsf. edu/ our- work/ health- chall enges/ repro 
ducti ve- mater nal- and- newbo rn- health/ defin ing- resea rch- prior ities- for- 
non- ballo on- intra uteri ne- pph- manag ement- tools/. Assessed 27 Oct 
2024.

 9. Overton E, D’Alton M, Goffman D. Intrauterine devices in the 
management of postpartum hemorrhage. Am J Obstet Gynecol. 
2024;230(3s):S1076-88.

 10. D’Alton M, Rood K, Simhan H, Goffman D. Profile of the  Jada® System: 
the vacuum-induced hemorrhage control device for treating abnormal 
postpartum uterine bleeding and postpartum hemorrhage. Expert Rev 
Med Devices. 2021;18(9):849–53.

 11. Henrich W, Dückelmann A, Braun T, Hinkson L. Uterine packing with 
chitosan-covered tamponade to treat postpartum hemorrhage. Am J 
Obstet Gynecol. 2024;230(3s):S1061-5.

 12. Malette WG, Quigley HJ, Gaines RD, Johnson ND, Rainer WG. Chitosan: a 
new hemostatic. Ann Thorac Surg. 1983;36(1):55–8.

 13. Rao SB, Sharma CP. Use of chitosan as a biomaterial: studies on its safety 
and hemostatic potential. J Biomed Mater Res. 1997;34(1):21–8.

 14. Zhao Y, Park RD, Muzzarelli RA. Chitin deacetylases: properties and appli-
cations. Mar Drugs. 2010;8(1):24–46.

 15. Schmid BC, Rezniczek GA, Rolf N, Maul H. Postpartum hemorrhage: use of 
hemostatic combat gauze. Am J Obstet Gynecol. 2012;206(1):e12-3.

 16. Schmid BC, Rezniczek GA, Rolf N, Saade G, Gebauer G, Maul H. Uterine 
packing with chitosan-covered gauze for control of postpartum hemor-
rhage. Am J Obstet Gynecol. 2013;209(3):e2251-2255.

 17. Beckerath AK. Use of chitosan-covered gauze (Celox) in 98 cases of severe 
postpartum hemorrhage–a multicenter registry analysis. Am J Obstet 
Gynecol. 2016;214(1):S269.

https://iris.who.int/bitstream/handle/10665/373221/9789240081802-eng.pdf
https://iris.who.int/bitstream/handle/10665/373221/9789240081802-eng.pdf
https://iris.who.int/bitstream/handle/10665/75411/9789241548502_eng.pdf
https://iris.who.int/bitstream/handle/10665/75411/9789241548502_eng.pdf
https://globalhealthsciences.ucsf.edu/our-work/health-challenges/reproductive-maternal-and-newborn-health/defining-research-priorities-for-non-balloon-intrauterine-pph-management-tools/
https://globalhealthsciences.ucsf.edu/our-work/health-challenges/reproductive-maternal-and-newborn-health/defining-research-priorities-for-non-balloon-intrauterine-pph-management-tools/
https://globalhealthsciences.ucsf.edu/our-work/health-challenges/reproductive-maternal-and-newborn-health/defining-research-priorities-for-non-balloon-intrauterine-pph-management-tools/


Page 12 of 12Leichtle et al. BMC Pregnancy and Childbirth          (2025) 25:120 

 18. Dueckelmann AM, Hinkson L, Nonnenmacher A, Siedentopf JP, Schoen-
born I, Weizsaecker K, 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.

 19. Dueckelmann AM, Hermann P, Biele C, Leichtle C, Waldner C, Braun T, 
et al. Short and long-term menstrual, reproductive, and mental health 
outcomes after the intrauterine use of chitosan tamponade or the Bakri 
balloon for severe postpartum hemorrhage: an observational study. J 
Matern Fetal Neonatal Med. 2024;37(1): 2354382.

 20. Biele C, Radtke L, Kaufner L, Hinkson L, Braun T, Henrich W, et al. Does the 
use of chitosan covered gauze for postpartum hemorrhage reduce the 
need for surgical therapy including hysterectomy? A databased historical 
cohort study. J Perinat Med. 2022;50(8):1078–86.

 21. Mavrides E, Allard S, Chandraharan E, Collins P, Green L, Hunt BJ, Riris S, 
Thomson AJ on behalfof the Royal College of Obstetricians and gynae-
cologists. Prevention and management of postpartum haemorrhage. 
BJOG. 2016;124:e106-49.

 22. Schlembach D, Helmer H, Henrich W, von Heymann C, Kainer F, Korte 
W, et al. Peripartum haemorrhage, diagnosis and therapy. Guideline 
of the DGGG, OEGGG and SGGG (S2k, AWMF Registry No. 015–063, 
August 2022). Geburtshilfe und Frauenheilkunde Georg Thieme Verlag. 
2023;83(12):1446–90.

 23. R Core Team. R: a language and environment for statistical computing. 
Vienna: R Foundation for Statistical Computing; 2021. Available from: 
https:// www.r- proje ct. org/. Assessed 22 Sep 2024.

 24. Wickham H, Averick M, Bryan J, Chang W, McGowan L, François R, et al. 
Welcome to the tidyverse. J Open Source Softw. 2019;4:1686.

 25. Kim YJ, Yoon CJ, Seong NJ, Kang SG, An SW, Kim YS, et al. Failed pelvic 
arterial embolization for postpartum hemorrhage: clinical outcomes and 
predictive factors. J Vasc Interv Radiol. 2013;24(5):703–9.

 26. Grange J, Chatellier M, Chevé MT, Paumier A, Launay-Bourillon C, 
Legendre G, et al. Predictors of failed intrauterine balloon tamponade 
for persistent postpartum hemorrhage after vaginal delivery. PLoS One. 
2018;13(10): e0206663.

 27. Liu CN, Yu FB, Xu YZ, Li JS, Guan ZH, Sun MN, et al. Prevalence and risk 
factors of severe postpartum hemorrhage: a retrospective cohort study. 
BMC Pregnancy Childbirth. 2021;21(1):332.

 28. Angarita AM, Cochrane E, Bianco A, Berghella V. Prevention of postpar-
tum hemorrhage in vaginal deliveries. Eur J Obstet Gynecol Reprod Biol. 
2023;280:112–9.

 29. Ruiz Labarta FJ, Pintado Recarte MP, Joigneau Prieto L, Bravo Arribas C, 
Bujan J, Ortega MA, et al. Factors associated with failure of Bakri balloon 
tamponade for the management of postpartum haemorrhage. Case 
series study and systematic review. Healthcare (Basel). 2021;9(3):295.

 30. Olsen R, Reisner DP, Benedetti TJ, Dunsmoor-Su RF. Bakri balloon effec-
tiveness for postpartum hemorrhage: a real world experience. J Matern 
Fetal Neonatal Med. 2013;26(17):1720–3.

 31. Ghaem Maghami N, Helfenstein F, Manegold-Brauer G, Amstad G. Risk 
factors for postpartum haemorrhage in women with histologically veri-
fied placenta accreta spectrum disorders: a retrospective single-centre 
cross-sectional study. BMC Pregnancy Childbirth. 2023;23(1):786.

 32. B-Lynch C, Meyer K, Javaid T. B-Lynch transverse compression suture for 
PPH Placenta previa bleeding. Nepal J Obstet Gynecol. 2014;18(2):1–2.

 33. Seidel V, Braun T, Weizsäcker K, Henrich W. Application of chitosan-
covered gauze in combination with intrauterine balloon tamponade 
for postpartum hemorrhage treatment - case report of a novel uterine 
sandwich approach. Int J Surg Case Rep. 2018;48:101–3.

 34. Kellie FJ, Wandabwa JN, Mousa HA, Weeks AD. Mechanical and surgical 
interventions for treating primary postpartum haemorrhage. Cochrane 
Database Syst Rev. 2020;7(7):CD013663.

 35. Shajahan A, Paily Paily V, Sudhamma A, Ambujam K, Joseph Neelankavil 
J, Usha MG, et al. Postpartum haemorrhage management: a randomized 
controlled trial comparing transvaginal uterine artery clamp, vacuum-
assisted uterine contraction and condom tamponade. Eur J Obstet 
Gynecol Reprod Biol. 2024;300:337–44.

 36. Kong CW, To WW. Prognostic factors for the use of intrauterine balloon 
tamponade in the management of severe postpartum hemorrhage. Int J 
Gynaecol Obstet. 2018;142(1):48–53.

 37. Xu TY, Fu Q. Risk factors for Bakri balloon tamponade failure in the 
management of postpartum hemorrhage. Int J Gynaecol Obstet. 
2023;160(2):685–90.

 38. Sugai S, Nonaka T, Tamegai K, Sato T, Haino K, Enomoto T, et al. Successful 
repeated uterine artery embolization in postpartum hemorrhage with 
disseminated intravascular coagulation: a case report and literature 
review. BMC Pregnancy Childbirth. 2021;21(1):710.

 39. Burke TF, Danso-Bamfo S, Guha M, Oguttu M, Tarimo V, Nelson BD. Shock 
progression and survival after use of a condom uterine balloon tampon-
ade package in women with uncontrolled postpartum hemorrhage. Int J 
Gynaecol Obstet. 2017;139(1):34–8.

 40. Wang D, Xu S, Qiu X, Zhu C, Li Z, Wang Z, et al. Early usage of Bakri 
postpartum balloon in the management of postpartum hemorrhage: a 
large prospective, observational multicenter clinical study in South China. 
J Perinat Med. 2018;46(6):649–56.

 41. Wang Y, Xiao C, Zhang N, Sun G. Performance of Bakri balloon tam-
ponade in controlling postpartum hemorrhage. Am J Transl Res. 
2023;15(3):2268–79.

 42. Revert M, Cottenet J, Raynal P, Cibot E, Quantin C, Rozenberg P. Intrau-
terine balloon tamponade for management of severe postpartum 
haemorrhage in a perinatal network: a prospective cohort study. BJOG. 
2017;124(8):1255–62.

 43. Leleu A, Ghesquiere L, Machuron F, Caudrelier C, Devouge P, Subtil D, 
et al. Intrauterine balloon tamponade in the management of severe 
postpartum haemorrhage after vaginal delivery: is the failure early pre-
dictable? Eur J Obstet Gynecol Reprod Biol. 2021;258:317–23.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.r-project.org/

	Chitosan-covered tamponade for the treatment of postpartum hemorrhage: a registry-based cohort study assessing outcomes and risk factors for treatment failure
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 
	Trial registration 

	Background
	Methods
	Study design and patient selection
	Treatment routine
	Definition of endpoints
	Statistical analysis

	Results
	PPH characteristics
	CT treatment of PPH
	Pharmacological and supportive treatment of PPH
	Treatment upon CT failure
	Risk factors for CT failure
	Long term follow-up

	Discussion
	Summary of findings
	Comparison to other studies
	Strengths and limitations

	Conclusions
	Acknowledgements
	References


