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Postpartum hemorrhage (PPH) is a leading cause of maternal
death.1Treatmentstrategies includetheuseofuterotonics (e.g.,
oxytocin), intrauterine balloon tamponade, uterine compres-
sion sutures, interventional radiology, uterine artery ligation,
and hysterectomy.1–5 Bakri first described the effectiveness of
intrauterine balloon tamponade for the treatment of PPH
during cesarean delivery (CD) in patients with low-lying

placentas in 1992.6 Since then, variousmethods of intrauterine
balloon tamponadehave beenproposed and have yieldedgood
outcomes, with hemostasis rates generally exceeding 80%.7–11

The Bakri intrauterine balloon (BIUB; Cook Medical, Bloo-
mington, IN) is a uterine-specific tamponade balloon with
proven effectiveness.12,13 Although some authors have indi-
cated that balloon placement can cause infection,14,15 the
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Abstract Objective Bakri intrauterine balloon (BIUB) placement is an effective treatment for
postpartum hemorrhage (PPH). This study aims to evaluate the risk of infection during
BIUB placement.
Study Design Data for all deliveries (n¼2,144) at our institution between Janu-
ary 2014 and March 2018 were retrospectively reviewed. Patients diagnosed with PPH
(n¼758) were included in our analysis, further divided into BIUB (n¼80) and non-BIUB
groups (n¼ 678), and subdivided into vaginal delivery (VD), elective cesarean delivery
(CD), and emergency CD groups. Postpartum endometritis rate was compared in each
group. A single dose of prophylactic antibiotics was administered for BIUB placement in
the VD group. In the CD groups, antibiotics were administered preoperatively once,
and no additional antibiotics for BIUB placement were administered. To obtain an
antibiotics administration protocol to be applied during BIUB placement, we electroni-
cally searched the PubMed and Scopus databases.
Results No significant differences were observed in endometritis rates between BIUB
and non-BIUB groups of all groups. In the literature review, of 27 suitable publications
identified, multiple doses of antibiotics were administered in 17 (62.9%) studies and
none investigated the efficacy of a protocol for antibiotic.
Conclusion Our protocol might be effective and sufficient in preventing postpartum
BIUB placement-related endometritis.
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infectionrates amongwomenrequiringBIUBshaveneverbeen
described, and little isknownabout thebenefit of prophylactic
antibiotic protocols.

The aim of the present study was to evaluate the risk of
infection, particularly endometritis, and the effectiveness of
a prophylactic antibiotic protocol. It was expected to provide
useful information to obstetricians who use BIUB for PPH.

Materials and Methods

Study Design
In this retrospective analysis, we reviewed data from the
deliveries at Osaka University Hospital, Osaka, Japan, between
January 2014 andMarch 2018. The studywas approved by the
OsakaUniversityEthicsCommittee (approval18130, approved
on August 1, 2018). Informed consent was not required from
patients because of the retrospective nature of the analysis,
which was based on computerized data and anonymous
selection criteria.

Patients diagnosed with PPH who had cumulative blood
loss greater than or equal to 1,000mL according to the
American College of Obstetricians and Gynecologists (ACOG)
definition1 were primarily divided into BIUB and non-BIUB
groups, and were further divided into vaginal delivery (VD),
elective CD (el-CD), and emergency CD (em-CD) groups.

Among these, we evaluated the following clinical character-
istics and outcomes: maternal age at delivery, gravidity and
parity, length of pregnancy at delivery, status of Group B
Streptococcus (GBS) in vaginal swabwithin 4weeks of delivery,
rate of premature membrane rupture, percentage using an
intrauterine pressure catheter, rate of manual removal of
placenta, indication for CD groups only, total blood loss during
delivery, rate of blood transfusion, rate of chorioamnionitis
(CAM), time from delivery to BIUB placement, blood loss from
delivery to BIUB placement, BIUB volume, blood loss duration
during BIUB placement, duration of BIUB placement, and
additional surgical treatments used to control PPH.Wedefined
CAM as being confirmed by histopathological analysis in this
study. We excluded patients who were administered antibi-
otics in a manner different to our protocol, together with
patients diagnosed with CAM.

Procedures
Our protocol for antibiotic prophylaxis in cases requiring
BIUB is shown in►Fig. 1. In the VD group, we administered a
single dose of prophylactic antibiotics (e.g., ampicillin 2 g or
cefazolin 1 g) intravenously before BIUB insertion. In the CD
groups, we administered antibiotics (e.g., ampicillin 2 g or
cefazolin 1 g) preoperatively once, and no additional anti-
biotics were administered unless intraoperative bleeding

Cesarean delivery 

BIUB placement 

Yes No 

Prophylactic  
antibiotics†

Additional  
prophylactic  
antibiotics‡ 

Observation  
unless signs of infection were exhibited 

Additional  
prophylactic 
antibiotics‡

Vaginal delivery Pre-operative antibiotics‡ 

No Yes 

BIUB placement 

Blood loss 

1,500 mL 

NoYes 

Blood loss 

1,500 mL 

No 

[VD group] [CD group] 

Yes 

Fig. 1 Prophylactic antibiotic protocol used in this study. † In the VD group, a single prophylactic dose of antibiotic was administered before
balloon insertion, aiming to prevent endometritis due to BIUB placement. ‡ In the CD groups, antibiotics were administered preoperatively and
when blood loss exceeded 1,500mL, consistent with the aim to decrease surgical site infection, regardless of whether the BIUB was placed. No
additional antibiotics were administered in either group after the procedure if there were no signs of infection. BIUB, Bakri intrauterine balloon;
CD, cesarean delivery; VD, vaginal delivery.
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exceeded 1,500mL. Additional antibiotics were adminis-
tered according to the ACOG recommendations.1 Therefore,
we did not add any antibiotics regardless of BIUB placement
in CD cases. In all groups, no additional antibioticswere given
during BIUB placement unless there were signs of infection.

The BIUB was placed transvaginally through the cervix in
VD and CD cases and transabdominally through the cesarean
uterine incision in some CD cases. Gauzewas packed into the
vagina to prevent prolapse of the BIUB from the uterus in all
cases. If bleeding was controlled after balloon inflation, the
balloon tamponade was kept in place for 12 to 24hours.

Postpartum endometritis was defined as fever �38°C
beginning >24hours or continuing at least 24hours after
delivery plus fundal tenderness, with no other recognized
cause of fever, according to the definition of the Centers for
Disease Control and Prevention (CDC).16

Outcomes
The primary outcome was to determine the postpartum
endometritis rate comparing those cased with BIUB and
non-BIUB in each group. The secondary outcome was to
investigate the rates of other complications, such as uterine
perforation and cervical trauma, caused by BIUB placement.

Literature Review
Weperformed a literature review to discuss the effectiveness
of prophylactic antibiotic use in women requiring a BIUB.
This involved an electronic search of the PubMed (https://
www.ncbi.nlm.nih.gov/pubmed/) and Scopus (https://www.
scopus.com) databases from April 1992 to August 2018 with
some modification of the previous method.17,18 Review
articles and articles in languages other than English were
excluded. The search strategy included the keywords specific
to Bakri balloon in each database.

The search strategy used keywords that were specific to
each database and included the following terms: “Bakri
balloon,” “antibiotics,” “PPH,” “endometritis,” or “infection.”
The keywordswere used in various combinations. All articles
referring to Bakri balloons were screened, and we excluded
studies that did not describe antibiotic use. A flowdiagramof
the literature search is presented in ►Supplementary

Material S1 (available online only).

Statistical Analysis
We performed the statistical analysis using JMP Pro version
14.0.0 (SAS Institute, Cary, NC). Continuous variables were
analyzed using the t-test, and categorical variables were
analyzed using Chi-square test or Fisher’s exact test. A p
value of <0.05 indicated statistical significance.

Results

Retrospective Study of BIUB and Antibiotic Use
There were 2,144 deliveries in the study period. Total 100
cases diagnosed with CAM were excluded. We also excluded
14 patients with BIUBwho received antibiotics that were not
given in accordance to our protocol. As a result, among 2,144
deliveries in the study period, we identified 758 women

diagnosed with PPH (�1,000mL), of which 80 were treated
with BIUB for hemostasis. There were 678 cases of PPH
without BIUB and investigated as a control group. The
BIUB group was further divided into 32 (40.0%), 28 (35.0%),
and 20 (25.0%) patients in the VD, el-CD, and em-CD groups,
respectively; the corresponding numbers in the non-BIUB
group were 243 (35.8%), 235 (34.7%), and 200 (29.5%),
respectively.

Patient characteristics are summarized in ►Table 1. The
groups did not differ significantly in terms of baseline
characteristics except for median maternal age (BIUB
group: 36 vs. non-BIUB group: 35, p¼0.049), median
maternal body mass index (BIUB group: 24.2 vs. non-
BIUB group: 24.9, p¼0.0058), and frequency of placental
abnormalities (BIUB group: 33.3% vs. non- BIUB group:
15.9%, p¼0.0047).

The clinical outcomes of the BIUB group are shown
in ►Table 2. Almost 90% of patients received prophylactic
ampicillin (ABPC) (2 g) or cefazolin (1 g), while the remaining
10% received gentamicin, clindamycin , sulbactam/ABPC
(SBT), or ceftriaxone. This is because the 10% were suspected
of having penicillin allergy or were chosen by the clinician’s
preference. However, all antibiotic drugs were administered
as a single dose. The uterus preservation rate was 92.5%
(74/80). Median total blood loss, transfusion rate, and endo-
metritis rate among the VD, el-CD, and em-CD groups are
shown in ►Table 3. We observed no significant difference in
the rate of postpartum endometritis between the BIUB and
non-BIUB groups in either the VD group (3.1% [1/32] vs. 2.1%
[5/243], p¼0.53), the el-CD group (7.1% [2/28] vs. 3.8%
[9/235], p¼0.33), or the em-CD group (10.0% [2/20] vs.
12.5% [25/200], p¼1.00).

►Supplementary Materials S2 and ►S3 (available online
only) show the results of the analysis for all patients who
delivered at our institution during the study period, includ-
ing non-PPH patients with blood loss of 1,000mL or less. As
was the case with PPH patients, there was no significant
difference in the rate of endometritis between the BIUB and
non-BIUB groups.

Literature Review
As outlined in ►Supplementary Materials S1 and ►S4

(available online only), the electronic literature search
revealed 152 articles, and the studies referring to prophy-
lactic antibiotic use in BIUB placement are shown
in ►Table 4 (27 articles). The prophylactic antibiotics
used included cephradine (one article), cephazolin (two
articles), a combination of multiple antibiotics (four
articles), and broad-spectrum antibiotics (nine articles).
Total 10 of the articles did not provide details about the
kind of antibiotics used.

Prophylactic antibiotics were reportedly given as a single
dose in one article and asmultiple doses in 17 articles, but no
details about dosing frequency were reported in nine
articles. The dose and duration of antibiotic use also varied
according to the institution. Finally, although 152 articles
described the use of BIUBs, none of them investigated or
discussed the use of antibiotic prophylaxis protocols.
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Discussion

The key findings of our study are that a single dose of prophy-
lactic antibiotics inVDcases,andnoadditionalantibiotics inCD
cases, for BIUB placement might be effective and sufficient to

prevent postpartum endometritis related to BIUB placement.
Moreover, our literature review revealed that our study is the
first to evaluate the risk of endometritis in BIUB placement and
multiple doses of antibiotics were administered in approxi-
mately 65% of articles during BIUB placement.

Ever since its effectiveness was confirmed,12,13 BIUB has
beenwidely incorporated as a standard option for the conser-
vative management of PPH.1 As BIUB utilization continues to
increase, obstetricians must pay greater attention to the
associated risks and complications. Previous studies have
reported several complications and adverse events associated
with BIUB. They include uterine perforationor cervical trauma
during balloon placement, failure of tamponade due to a

Table 1 Demographic characteristics for women with or without
Bakri intrauterine balloon (cases of blood loss �1,000mL)

BIUB
group

non-BIUB
group

p-Value

Number of cases 80 678

Maternal age (y)

Median (range) 36 (25–44) 35 (18–53) 0.049a

Maternal body mass index at delivery

Median (range) 24.2
(18.5–36.7)

24.9
(16.5–50.7)

0.0058a

Parity, n (%)

Primipara (0) 31 (38.8) 277 (40.9) 0.81c

Multipara (12) 49 (61.2) 401 (59.1)

Length of pregnancy at delivery (wk)

Median (range) 38 (24–41) 38 (29–42) 0.54a

Preterm delivery
<37 weeks, n (%)

16 (20.0) 126 (18.6) 0.76c

Modes of delivery, n (%)

Vaginal delivery 32 (40.0) 243 (35.8) 0.46c

Elective cesarean
delivery

28 (35.0) 235 (34.7) 1.00c

Emergency cesarean
delivery

20 (25.0) 200 (29.5) 0.44c

GBS-positive, n (%) 7 (8.8) 102 (15.0) 0.18c

PROM, n (%) 8 (10.0) 55 (8.1) 0.52c

Placement of
an IPC, n (%)

5 (6.3) 47 (6.9) 1.00c

Manual removal of
placenta, n (%)

7 (8.8) 29 (4.3) 0.091c

Indication for CD, n (%)

Previous CD and
myomectomy

12 (25.0) 163 (37.5) 0.11c

Non-reassuring FHR 5 (10.4) 52 (11.9) 1.00c

Labor arrest and
induction failure

4 (8.3) 70 (16.1) 0.21c

Placental
abnormalitiesb

16 (33.3) 69 (15.9) 0.0047c

Abnormalities
of UCI

0 (0) 5 (1.1) 1.00c

Multiple pregnancy 3 (6.3) 17 (3.9) 0.44c

Malpresentation 3 (6.3) 29 (6.7) 1.00c

Others 5 (10.4) 30 (6.9) 0.38c

Abbreviations: BIUB, Bakri intrauterine balloon; GBS, Group B Strepto-
coccus; FHR, fetal heart rate; IPC, intrauterine pressure catheter; PROM,
premature rupture of the membranes; UCI, umbilical cord insertion.
ap value from t-test of differences between BIUB and non-BIUB groups.
bPlacenta previa and low-lying placenta cases.
cp value from Fisher’s exact test of differences between BIUB and non-
BIUB groups.

Table 2 Clinical outcomes of the Bakri intrauterine balloon group

BIUB group (n¼80)

Time between delivery and BIUB placement (h)

Median (range) 1.21 (0.15–8.0)

Blood loss at insertion of BIUB placement (mL)

Median (range) 1,765 (900–5,571)

Volume of water infused in BIUB (mL)

Median (range) 200 (70–500)

Estimated blood loss during BIUB placement (mL)

Median (range) 140 (4.0–5,430)

Duration of BIUB placement (h)

Median (range) 21.0 (0.33–27.0)

Additional treatment

Blood transfusion, n (%) 50 (62.5)

Interventional radiology, n (%) 11 (13.8)

Uterine compression suture, n (%) 6 (7.5)

Hysterectomy, n (%) 6 (7.5)

Complications

Failure of tamponade, n (%) 2 (2.5)

Endometritis, n (%) 5 (6.3)

Uterine perforation by BIUB
placement, n (%)

0 (0)

Cervical trauma by BIUB
placement, n (%)

0 (0)

Type of antibiotics used as prophylaxis, n (%)

ABPC 2 g 41 (51.3)

CEZ 1 g 32 (40.0)

ABPC 2 gþGM 200 mg 2 (2.5)

ABPC 2 gþCLDM 600 mg 1 (1.2)

ABPC 2 gþCLDM 600 mg
þGM 200 mg

1 (1.2)

GM 240 mgþCLDM 600 mg 1 (1.2)

SBT/ABPC 1,500 mg 1 (1.2)

CTRX 1 g 1 (1.2)

Abbreviations: ABPC, ampicillin; BIUB, Bakri intrauterine balloon; CEZ,
cephazolin; CLDM, clindamycin; CTRX, ceftriaxone; GM, gentamicin;
SBT/ABPC, sulbactam/ampicillin.
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broken balloon or inadequate inflation, uterine rupture due to
excessive inflation, and infection.18

The rates of many of these complications may be reduced
by using ultrasound guidance for device insertion: the Mat-
subara–Nelaton’s method21,22 and the tamponade test.23,24

However, it is unclear whether these procedures lower
infection rates. Considering infections such as postpartum
endometritis complication of BIUB,14,15 it is surprising that
there has been little discussion of the rate of infection or the
use of prophylactic antibiotics in the literature.

According to our review of the effectiveness of prophylac-
tic antibiotics, 17 (65.4%) out of 27 publications used multi-
ple doses of antibiotics. We found that the type, frequency,
dose, and duration of antibiotics varied according to the
institution, and no previous study had compared antibiotic
regimens for preventing endometritis. Although we wanted
to investigate the rate of endometritis according to antibiotic
regimen, only 11 (40.7%) out of 27 studiesmentioned the rate
of endometritis and none had investigated the rate of endo-
metritis in the BIUB and non-BIUB groups.

The World Health Organization has stated that inappropri-
ate antibiotic use contributes to antibiotic resistance, threat-
ening our ability to treat common infectious diseases, and
resulting in prolonged illness, disability, death, and increased
healthcare costs.25 All antibiotic use should therefore be based
on rigorous evidence, including the prophylactic use of anti-
biotics in BIUB placement. We conducted this retrospective
analysis to evaluate the riskof infection and the effectiveness of
the protocol we used for antibiotic prophylaxis in women
treated for PPH by BIUB.

Our antibiotics protocol was not associated with excessive
events of endometritis related to BIUB usage. Since only a few
patients were included with a BIUB without prophylactic
antibiotics at our institution, we could not compare the

endometritis rate between patients who did and did not
receive antibiotics. In the CD groups, we administered anti-
bioticspreoperatively, andwhenblood lossexceeded1,500mL
as part of the routine strategy to prevent surgical site infec-
tions, according to the ACOG recommendations.26,27Although
it is conceivable that the rate of endometritis in patients
receiving BIUBs may not increase without prophylactic anti-
biotic use, we were at least able to show that a single-dose of
prophylactic antibiotics might be effective in preventing an
infection.

A major strength of the present study is that we formally
evaluated both the risk of endometritis associated with BIUB
placement, and the effectiveness of prophylactic antibiotic
therapy. This was then supported with data from a literature
review of antibiotic use for BIUB placement. Second, we found
that multiple doses of antibiotics were administered in ap-
proximately 65%of articles.Webelieve that our data are useful
for reducing the use of antibioticswithout an increased rate of
infection.

Our study included several limitations. One is that this
was only a single-center retrospective study with small
sample size; unmeasured bias may exist in the analysis. To
ensure the safe and effective use of BIUBs for PPH, larger
studies are needed. Second, we could not match the patient’s
characteristics between BIUB and non-BIUB caseswell. Small
sample size did not allow us to perform propensity score
matching; thus, we selected the PPH cases to reduce the bias
of hemorrhage. We are aware this is not an ideal method;
however, we believe it is an acceptable method.

Third, we could not investigate the risk of endometritis in
cases without antibiotic administration. To clearly show that
our antibiotics protocol is sufficient to prevent infection, we
should conduct the study as follows; comparing two study
groups in which one receives antibiotics and the other does

Table 3 Comparison of blood loss, blood transfusion rate, and endometritis rate by mode of delivery (cases of blood loss
�1,000mL)

BIUB group non-BIUB group p-Value

Number of cases 80 678

Median of total blood loss, mL (range)

Vaginal delivery 2,233 (1,025–7,970) 1,255 (1,000–7,400) 0.0001a

Elective cesarean delivery 2,250 (1,081–3612) 1,255 (1,000–8,470) 0.0001a

Emergency cesarean delivery 2,252 (1,012–4,500) 1,250 (1,000–8,972) 0.15a

Blood transfusion, n (%)

Vaginal delivery 19/32 (59.4) 26/243 (10.7) <0.0001b

Elective cesarean delivery 18/28 (64.3) 18/235 (7.7) <0.0001b

Emergency cesarean delivery 13/20 (65.0) 32/200 (16.0) <0.0001b

Endometritis, n (%)

Vaginal delivery 1/32 (3.1) 5/243 (2.1) 0.53b

Elective cesarean delivery 2/28 (7.1) 9/235 (3.8) 0.33b

Emergency cesarean delivery 2/20 (10.0) 25/200 (12.5) 1.00b

Abbreviation: BIUB, Bakri intrauterine balloon.
ap value from t-test of differences of blood loss between BIUB and non-BIUB groups.
bp value from Fisher’s exact test of differences in the rate of blood transfusion and endometritis between BIUB and non-BIUB groups.
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not receive antibiotics in the prospective or randomized
control study. Fourth, the relationship between rate of
infection and details of antibiotics (regimen and adminis-
tered cycle) was not available in most previous studies
making regimen-specific discussion not feasible.

In conclusion, we found no association between endome-
tritis and the placement of a Bakri Balloon for PPH among
different modes of delivery. We also conclude that antibiotic
prophylaxis may be helpful in preventing this infection.
However, more robust studies like randomized control trials
are needed to clarify the link between the use of antibiotics
as prophylaxis for procedures, such as a Bakri balloon
placement and prevention of infection.
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