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BACKGROUND: Postpartum hemorrhage is a main

cause of maternal mortality worldwide, with rising

incidence, thus demanding new treatment approaches.

Intrauterine balloon systems with application of intra-

uterine vacuum are a promising new method.

METHOD: All women treated with vacuum-induced

tamponade using a modified balloon system were

included in this single-center study. Aiming to reduce

uterine size for control of postpartum hemorrhage, the

intrauterine balloon was filled to 50–100 mL and con-

nected to a vacuum device. Success rate of vacuum-

induced tamponade, defined as no need for additional

interventional treatment, was analyzed by etiology of

postpartum hemorrhage and time period of use.

EXPERIENCE: Vacuum-induced tamponade was applied

in 66 women. Success rate was 86% in women with

uterine atony (n544) and 73% in women with postpar-

tum hemorrhage due to placental pathology (n522).

Success rate improved over the study period, culminat-

ing in a success rate of 100% in women with postpartum

hemorrhage due to uterine atony in the second half of

the observation period (n522).

CONCLUSION: This observational study supports our

pathophysiologic understanding of uterine atony: to treat

an atonic uterus, uterine volume must be reduced,

leading to coiling of the uterine spiral arteries and,

hence, reduced blood loss.

(Obstet Gynecol 2021;138:361–5)
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Postpartum hemorrhage, one of the main causes of
maternal morbidity and mortality, has a rising

incidence,1–6 mainly driven by an increase in uterine
atony. Therefore, new strategies in the treatment of
postpartum hemorrhage are urgently needed. In
2016, Purwosunu et al7 published an intriguing
proof-of-concept investigation of 10 women treated
with an intrauterine balloon device that, in contrast
to the established balloon devices, was not inflated but
used instead to induce negative pressure in the uterine
cavity. Their rationale for creating negative pressure
was that the uterus should become smaller (ie, con-
tract) to impede bleeding due to uterine atony. We
decided to test this concept in our patients with uter-
ine atony and tested vacuum-induced tamponade
using a modified Bakri balloon system.

METHOD

This was a single-center, observational cohort study at
the Department of Obstetrics, University Hospital
Zurich, Switzerland. All women with primary post-
partum hemorrhage who were treated with vacuum-
induced tamponade between March 2017 and June
2020, irrespective of the etiology of postpartum
hemorrhage, were included in this study. The study
had ethical approval from the ethics review board of
Zurich (reference number KEK-ZH-Nr. 2019-00,907).

To establish vacuum-induced tamponade, a mod-
ified Bakri balloon system was used. When indicated
(ie, when standard uterotonic postpartum hemorrhage
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In order to establish vacuum-induced tamponade, a modified Bakri� balloon
system (CookMedical LLC, Bloomington, Indiana) was used. When indicated,
the Bakri� balloon was inserted as customary. The following steps differed from
the usual approach, representing off-label use: The balloon, which has a maxi-
mum volume of 500 mL, was inflated with only 50–100 mL physiological saline
solution in order to ensure the correct placement and proper tightness of the
vacuum system afterwards. The catheter was connected via a nonsterile tube to
a vacuum device and intrauterine vacuum was applied with 60–70 kPa.
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treatment consisting of the administration of oxytocin
followed by prostaglandins failed, or when bleeding
continued despite removal of the placenta or retained
placental tissue), the Bakri balloon was inserted under
ultrasonographic surveillance. The following steps
differed from the usual approach, representing off-
label use: the balloon was inflated with only 50–100
mL of physiologic saline solution; the catheter was
connected with a nonsterile tube to a vacuum device,
and intrauterine vacuum was applied with 60–70 kPa
(Fig. 1). The correct position of the vacuum-induced
tamponade system as well as the condition of the uter-
ine cavity were assessed regularly by ultrasonography
(Fig. 2) to rule out accumulation of blood. The
vacuum-induced tamponade system remained in situ
for at least an hour. If the bleeding stopped (ie, there
was no further accumulation of blood either in the
system or in the uterus and the patient was stable),
the vacuum was paused (but the system remained in
the uterus). After an additional hour without increased
bleeding, the balloon was deflated. If a persistently
stable situation was then observed, the balloon was

removed. The balloon remained in utero for a maxi-
mum of 24 hours. No additional antibiotics or analge-
sia were administered.

Data were recorded prospectively immediately
after delivery. Primary outcome was success of
vacuum-induced tamponade, defined as no need
for additional interventional treatment such as
surgical intervention or embolization of the pelvic
arteries. Secondary outcomes related to postpar-
tum hemorrhage were analyzed as well. Blood loss
measurement at our institution follows a strict, pre-
viously described protocol that includes the use of
a blood-loss collection bag with a quantitative
scale.8

Success rate was calculated 1) overall, 2) accord-
ing to etiology (uterine atony vs placental pathology),
3) according to institutional experience with the new
device (period under observation A [2017–2018] vs
period under observation B [2019–2020]), and 4) ac-
cording to etiology in the two observation periods, A
and B.

EXPERIENCE

From March 2017 until June 2020, 66 women were
treated with vacuum-induced tamponade (Tables 1
and 2, Fig. 3). Two thirds of the women (44/66)
were treated with vacuum-induced tamponade due
to uterine atony and one third (22/66) due to

Fig. 1. Vacuum-induced tamponade system used in our
center.
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Fig. 2. Vacuum-induced tamponade in utero. Uterine
fundus (red arrow); tip of catheter (yellow arrow); balloon
filled with 50 mL physiologic saline solution (NaCl 0.9%) in
a woman with postpartum hemorrhage (blue arrow).
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placental pathology. Vacuum was applied for a
median duration of 2.5 hours (interquartile range
1–4 hours). Adequate vacuum was achieved by the
balloon in all cases. No adverse events directly
related to vacuum-induced tamponade, such as per-
foration of the uterus, anaphylaxis, or endomyome-
tritis were observed.

DISCUSSION

In this single-center, observational cohort study,
we evaluated the use of vacuum-induced tampo-
nade in women with postpartum hemorrhage and
failed first-line therapy. We found, first, that
vacuum-induced tamponade was an easy-to-use
technique, and second, that vacuum-induced tam-
ponade was associated with the highest success rate

in women with uterine atony. During observation
period A, obstetricians opted for embolization of
the pelvic arteries even in cases in which bleeding
had stopped after the application of vacuum-
induced tamponade. With increasing confidence
in the method, such “overtreatment” embolizations
were no longer performed during observation
period B (2019–2020), and the vacuum-induced
tamponade success rate was 100% in women with
uterine atony. We assume that, with increasing
training and confidence in this new method, care-
givers possibly tended to apply vacuum-induced
tamponade at somewhat earlier stages of postpar-
tum hemorrhage.

The rationale behind vacuum-induced tampo-
nade is as simple as it is logical: to stop postpartum

Table 1. Patient Characteristics Overall and in Observation Periods A and B

Characteristic
Overall Observation Period

(N566)
Period A (2017–2018,

n530)
Period B (2019–2020,

n536)

Postpartum hemorrhage
cause

Uterine atony 44 (67) 22 (73) 22 (61)
Placental pathology 22 (33) 8 (27) 14 (40)

Cesarean delivery 45 (68) 17 (57) 28 (78)
Multiple pregnancies 14 (21) 6 (20) 8 (22)
Gestational age (d) 266 (245–280) 268 (250–283) 266 (244–276)
Maternal age (y) 34 (31–38) 34 (32–38) 33.5 (30.5–38.0)
Previous uterine atony 4 (6) 3 (10) 1 (3)
Multiparity 32 (49) 18 (60) 14 (39)
Previous cesarean delivery 15 (23) 10 (33) 5 (14)
Pregestational BMI (kg/m2) 23.1 (20.9–26) 22.6 (20.3–25.3) 23.3 (21.3–30.1)

BMI, body mass index.
Data are n (%) or median (interquartile range).

Table 2. Primary and Secondary Outcomes Overall and in Observation Periods A and B

Outcome
Overall Observation Period

(N566)
Period A (2017–2018,

n530)
Period B (2019–2020,

n536)

Vacuum-induced tamponade success rate
Irrespective of postpartum hemorrhage

etiology
82 67 94

In women with uterine atony (n544) 86 73 100
In women with placental pathology

(n522)
73 50 86

Measured blood loss (mL) 1,500 (1,200–2,400) 2,000 (1,500–2,600) 1,350 (1,150–1,784)
Postpartum decrease in hemoglobin (g/dL) 4.4 (3.1–5.8) 5.5 (4.8–6.7) 3.3 (2.5–4.2)
No. of women who received red packed

cells
11 (17) 8 (27) 3 (8)

Overall no. of red packed cells transfused 39 31 8

Data are %, median (interquartile range), n (%), or n
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bleeding due to uterine atony, the uterus should
become smaller (ie, contract) to allow the spiral
arteries to take a curled form (like a corkscrew),
leading to reduced blood flow. The traditional
Bakri balloon system does the opposite: it enlarges
the uterus (Fig. 4). The concept of vacuum-induced
tamponade was first introduced in 2016 by Purwo-
sunu et al7 with their intriguing proof-of-concept
investigation of 10 women using a new device. A
subsequent multicenter study of 106 women with
uterine atony treated with this device reported a

treatment success rate of 94%.9 The findings of
our observational study are in line with these
results, showing a success rate of 86% in women
with uterine atony in the overall study period and
even 100% in women with uterine atony in the lat-
ter 2 years. However, in contrast to the latter study,
we did not use vacuum-induced tamponade exclu-
sively in women with atony. Nonetheless, we pos-
tulated that, in cases of postpartum hemorrhage due
to placental pathologies, vacuum-induced tampo-
nade might back up the further necessary treatment
steps.

The main limitation of this study is that we do not
have data on women with postpartum hemorrhage
who were not treated with this new method and that,
as in the aforementioned multicenter study, our study
lacks a control group.

Even though our perception of this innovative
method is extremely positive, we must still be aware
that our results need to be interpreted cautiously.
Our observations reflect association, not causation.
Even though the increased vacuum-induced tampo-
nade success rate in the latter observation period
was associated with reduced measured blood loss
and associated adverse outcome parameters, we
cannot exclude that this success could be due to
overall improved postpartum hemorrhage manage-
ment at our center or fewer women at risk for severe
postpartum hemorrhage. Although both occur-
rences seem unlikely, because postpartum hemor-
rhage management protocols remained unchanged
at our institution and patient characteristics did not
differ between observation periods A and B, a more
conclusive evaluation of this promising method is
necessary.

Fig. 3. Number of women treated with vacuum-induced
tamponade per year, etiology of postpartum hemorrhage,
and success rate per group. Previa or morbidly adherent
placenta refers to the placental pathology group.
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Fig. 4. Schematic representation of
a balloon filled with 500 mL of
solution (A) and of a balloon filled
with 70 mL of solution (B) and
applied intrauterine vacuum. We
postulate that vacuum-induced
tamponade helps to suck blood
from the uterine cavity and supports
uterine contraction, leading to a
coiling of the spiral arteries and
hence reduced blood loss. � C.
Haslinger. Used with permission.
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