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Abstract

Obijective: To compare low-cost “Suction Tube Uterine Tamponade” (STUT) treatment
for refractory postpartum hemorrhage (PPH) with uterine balloon tamponade (UBT)
using a randomized feasibility study.

Methods: After verbal assent, we allocated participants with refractory PPH by ran-
domly ordered envelopes to STUT or routine UBT at 10 hospitals in South Africa and
one tertiary referral center in Colombia between January 10, 2020, and May 3, 2024.
In the STUT group, we inserted a 24 FG Levin stomach tube into the uterine cavity
and applied suction. The control group received standard UBT, mainly the Elavi free-
flow balloon or the Bakri fixed volume balloon. There were fundamental differences
between the South African and the Colombian sites, so the pre-specified analysis
combined data from the two countries by meta-analysis.

Results: We enrolled 59 participants. The rate of the primary outcome (blood loss
>1000mL or laparotomy or death) was 8/27 (30%) in the STUT group versus 14/27
(52%) in the UBT group (risk ratio [RR] 0.56, 95% confidence interval [CI] 0.30-1.05,
P=0.07). Per protocol analysis was 7/26 (27%) versus 15/28 (54%) (RR 0.49, 95% Cl
0.25-0.96, P=0.04). Reporting severe pain during the procedures was less frequent
in the STUT group (RR 0.46, 95% Cl 0.25-0.86, P=0.01). Most secondary outcomes
favored the STUT group, with low certainty.

Conclusions: STUT was experienced as less painful than UBT. Results were consist-
ent with reported observational findings and one other randomized trial evidence of

greater effectiveness for suction than balloon tamponade.
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1 | INTRODUCTION

Postpartum hemorrhage (PPH), is a major cause of maternal deaths
globally.* Routine quantitative monitoring of blood loss after birth to
trigger early use of a first-line treatment bundle (the MOTIVE bun-
dle) is reported to reduce severe PPH by 60%.1

However, the effectiveness of treatments for refractory (unre-
sponsive) PPH is less certain, because of the lack of robust research.
A Cochrane systematic review concluded: “There is currently insuf-
ficient evidence from RCTs [randomized controlled trials] to deter-
mine the relative effectiveness and safety of mechanical and surgical
interventions for treating primary PPH. High-quality randomized tri-
als are urgently needed”.?

WHO recommends uterine balloon tamponade (UBT) for the
treatment of refractory PPH in the context of access to emergency
care.® On the basis of compelling results from observational studies,*
UBT has been promoted in low-resource settings by global agen-
cies and is perceived as effective by providers.5 It has been widely

adopted in many countries, including South Africa and Colombia.

feasibility, postpartum hemorrhage, randomized clinical trial, suction tube uterine tamponade,
uterine balloon tamponade

However, both an individually randomized® and a cluster-randomized’
trial found improvised condom UBT to be harmful. A systematic re-
view found that the effectiveness of UBT is unclear,? and WHO has
indicated the need for further research.’”

As an alternative to conventional fixed-volume UBT systems, we
have proposed a free-flow, gravity-fed balloon, to maintain a con-
stant pressure but not prevent contraction and retraction of the
uterus.'® This innovation has been incorporated into the Ellavi UBT
system (Sinapi Biomedical, South Africa), which was in routine use at
most of the participating sites in South Africa during this trial.*! In
Colombia, the fixed-volume Bakri balloon was the standard of care.

An alternative to balloon tamponade is uterine vacuum tampon-
ade (UVT). Negative intrauterine pressure is used to contract the
uterus and so reduce bleeding. Several suction catheters have been
designed or adapted for UVT. Observational studies'>*> have re-
ported a more than 90% association with arrest of PPH.

A disposable UVT device (Jada, Organon), has been approved by
the US Food and Drug Administration, based on the results of an ob-

servational study in North America.X* UVT using an improvised Bakri
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catheter as a suction catheter has been in routine use in a Swiss obstet-
ric unit since 2017.% Two observational studies have reported better
outcomes with the Jada system than with the Bakri balloon.”18

Cost may be a barrier to the use of these devices in low-resource
settings. The single-use Jada device costs about US$ 1200.00.

We have identified a low-cost (US$ 0.50), widely available soft
plastic catheter (the Levin stomach tube) and performed a pre-
liminary assessment of the functionality of Suction Tube Uterine
Tamponade (STUT), awarded the J.G. Sciarra prize by JGO in 2019.%
We reported three successful cases of the method used as a last
resort in life-threatening PPH.2°

Given physiologic plausibility, encouraging observational stud-
ies, and the potential for widespread use, randomized assessment of
STUT will have meaningful global health implications.

WHO is conducting a large multicenter trial of treatments for
refractory PPH (the RED Trial), including STUT.?

The objective of the current study was to conduct a limited
size randomized feasibility study comparing the STUT device with
current standard care (UBT), first to inform the larger WHO RED
Trial with respect to the feasibility and acceptability of STUT. In
addition, the trial was powered to detect a large difference in
effectiveness. The hypothesis was that STUT would be more ef-
fective and comfortable than UBT. A randomized trial in India re-
ported blood loss greater than 1000 mL in 4/16 participants (25%)
with a simple stainless steel suction catheter versus 8/16 (50%)
with condom balloon tamponade, and significantly less time to ap-
plication of tamponade, time to hemorrhage control, and use of

second-line instruments.??

2 | MATERIALS AND METHODS

We conducted an investigator-initiated, non-commercial, non-
regulatory, open-label, randomized feasibility study with two
parallel arms randomized in 1:1 ratio, at 10 secondary and ter-
tiary hospitals in South Africa and one tertiary referral center in
Colombia between January 10, 2020, and May 3, 2024. The trial
was open label because the difference between the procedures
does not allow for blinding.

We evaluated the effectiveness and acceptability of STUT for
treatment of PPH, compared with current standard care (UBT).
Because STUT is a relatively new procedure, our protocol included
an internal pilot study to assess the functionality, acceptability, and
safety of the STUT procedure among the first 24 participants en-
rolled, without unblinding of effectiveness outcomes, that has been
reported previously.23

Patients with refractory PPH who met the inclusion criteria were
approached to participate in the study and were enrolled upon pro-
viding verbal assent. The inclusion criteria included: age 18 or more
years with refractory PPH (unresponsive to first-line treatment),
thought to be arising from the uterine cavity, for whom a decision
had been taken by the responsible clinician that uterine tampon-
ade was necessary as the next treatment step according to local

standard of care. Exclusion criteria were: condition imminently life-
threatening or severe medical condition.

The intervention was STUT. The control group received the local
standard of care (UBT). We followed the CONSORT extension for
randomized pilot and feasibility trials.?*

Initial routine treatment of PPH at the study sites included use of
uterotonics and tranexamic acid, inspection for bleeding from gen-
ital tract tears, and exclusion of retained products of conception.
In refractory cases, eligible participants were approached by the
doctor for verbal assent, and if this was granted, the women were
randomly allocated by the doctor by opening the next in a series
of sequentially numbered, opaque, sealed envelopes in a computer-
generated random sequence stratified by site to one of two groups.
The envelopes were prepared by staff not involved in the trial and
contained cards marked STUT or Control.

In the STUT group, a 24 FG Levin suction tube was inserted
transvaginally into the uterine cavity. Suction was applied with an
electric surgical suction unit or a manual vacuum aspiration syringe.
If effective, the STUT suction was interrupted every 30-60min and
removed as soon as the bleeding was controlled without suction.

In the control group, management was continued according to
local protocols, including UBT.

Participants were invited to complete a brief questionnaire
on overall pain during the procedure and pain during the inser-
tion of the device (no pain; mild pain; severe pain; unbearable
pain; unsure), and general perception of the procedure (fine; un-
comfortable but acceptable; unacceptable; unbearable; unsure).
These questions were intended for evaluation of acceptability
of the STUT procedure, but were also administered to participants
in the UBT group.

The primary outcome was defined as measured blood loss using
a “fracture” bedpan or drape within 60 min after enrolment of more
than 1000 mL or operative procedures (e.g., laparotomy, hysterec-
tomy) or death.

The trial was planned as a single-country trial in South Africa.
Initial implementation of the trial was complicated by the COVID-19
pandemic. Subsequently, during 2022, recruitment slowed consider-
ably. It appeared that staff at the participating hospitals experienced
STUT as a more effective method and became reluctant to random-
ize potential participants. This impression was confirmed in an anon-
ymous survey of staff, mainly at the participating hospitals, showing
a clear preference for use of STUT rather than UBT.?° To increase
recruitment numbers, the trial was extended to a collaborating cen-
ter in Colombia with a planned sample size of 20.

For this feasibility study we planned to be able to detect a 50% re-
duction in the primary outcome from 60% to 30% with 95% certainty
and 80% power (sample size 84, Epi-Info [CDC] a public domain suite
of software tools: https://www.cdc.gov/epiinfo/index.html).

The protocol was registered with the Pan African Clinical Trials
Register PACTR on June 30, 2019, as PACTR201907769424884
(https://pactr.samrc.ac.za/TrialDisplay.aspx?TriallD=8223) and re-
vised to include the Colombian collaboration on February 3, 2023,
including a revision of the data analysis plan.
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Baseline and outcome data were entered onto paper case re-
cord forms by the site investigators, double entered onto the study
database (Excel, Microsoft) by the central research team, manually
checked for errors, and imported to the Epilnfo package and Revman
5.4 for statistical analysis.

Because there were several fundamental differences be-
tween the research environments in Colombia and in South
Africa, the revised analysis plan documented prospectively on
the trial registration site specified that data from the South
African and Colombian sites would be combined by meta-
analysis provided that there was limited heterogeneity. In South
Africa, birth took place on flat beds and blood was not routinely
collected after birth. Blood loss was measured from enrollment
until bleeding was controlled (minimum 60min), using a low-
profile plastic fracture bedpan or plastic disposable drape, plus
blood collected in the suction reservoir. In Colombia, birth was
conducted in lithotomy position and blood loss after birth was
routinely collected using a disposable plastic drape. Blood loss
was measured from the birth until bleeding was controlled (at
least 60 min after enrollment), as well as blood collected in the
suction reservoir. In South Africa, the study was conducted at
10 secondary and tertiary hospitals. Research procedures were
carried out by routine staff without dedicated research staff. In
Colombia the trial was conducted at a single tertiary research
referral center with research staff to conduct trial procedures.
In South Africa, the control group received various balloon de-
vices, mainly the Elavi balloon. In Colombia the control group
received Bakri balloons.

For continuous variables, the number of participants, means and
standard deviations were reported. Means were compared by meta-
analysis as mean differences with 95% confidence intervals (Cl). For
categorical variables, proportions and percentages were reported
and compared by meta-analysis using the Mantel-Haenszel method
and reported as risk ratios (RR) with 95% Cl. A fixed effect model
was used unless there was significant heterogeneity (I>>60%), in
which case a random effects model was used. Epilnfo and Revman
5.4 software packages were used. A P value less than 0.05 was re-
garded as statistically significant.

In view of the acute and unpredictable nature of PPH and the
need for management without delay, the consent process ap-
proved by the research ethics committees followed the strategy
used in recent studies of UBT in both low- and high-resource set-
tings.*?% Verbal assent was requested at the time of enroliment,
and deferred written consent was requested once the participant
was clinically stable and able to undertake the formal informed
consent process.

Care for all participants in the study was optimized in several
ways. On-site training of staff in the prevention and management
of PPH as well as for STUT procedures was conducted. Rapid inter-
ventions were facilitated by providing a PPH emergency trolley in
the labor wards. The protocol specified that clinical care at all stages
must be decided according to the responsible clinician's judgment of
the participant's best interest, irrespective of study requirements.

Serious adverse events were notified to the ethics committees
promptly. Good Clinical Practice procedures were followed.

The study protocol was approved by the Human Research Ethics
Committee (Medical), University of the Witwatersrand (Clearance
certificate M190218, February 22, 2019), local ethics review boards
of all the hospitals conducting the study, and the South African
Health Products Regulatory Authority (SAHPRA Reference number
MD20191003N, December 2, 2019). In Colombia the study protocol
was approved by the local ethics committee with registration 576-
2022 (protocol 1903/STUT).

3 | RESULTS

As indicated above, recruitment in South Africa failed to progress
and the trial was closed without achieving the proposed sample size
of 64 (+20 in Colombia). Participant flow is shown in Figure 1.

We recruited 59 participants (39 in South Africa and 20 in
Colombia). Baseline data were similar between the two groups
(Table 1), with somewhat more pregnancy complications in the STUT
group and somewhat more previous and current cesarean births in
the UBT group at the South African sites. These differences among
multiple baseline measurements with small numbers are likely to re-
flect the play of chance.

There was one severe adverse event. A 32-year-old partici-
pant, parity 2 gravidity 3, with gestational diabetes was admitted at
38 weeks of pregnancy for labor induction with a Foley catheter bal-
loon and three 2-h 25-pg doses of oral misoprostol solution. During
labor she developed placental abruption and gave birth to a stillborn
baby weighing 3050g. She developed PPH that was unresponsive
to medical management. She was enrolled in the trial and allocated
to the control group. She received routine care including Elavi UBT.
She subsequently suffered a cardiac arrest, was resuscitated and
total abdominal hysterectomy was performed. She received 9 units
of packed red blood cells, 6 units of fresh frozen plasma, 6 units of
cryoprecipitate, and 1 megaunit of platelets. She suffered a sec-
ond cardiac arrest and resuscitation efforts were unsuccessful. The
death was considered unrelated to participation in the study as she
received routine care according to hospital protocols throughout.

Insertion of the allocated device was unsuccessful in one par-
ticipant allocated to the STUT group, who received an Elavi balloon,
and one participant in the UBT group, in whom bleeding stopped
without any device insertion (one of the five participants with no
primary outcome recorded). In one participant, the STUT catheter
was inserted successfully, but no suction apparatus was available.
Suction was applied, initially successfully, using a manual vacuum
aspiration syringe. Subsequently technical problems were encoun-
tered with blood clotting in the syringe and the STUT was replaced
with an Elavi balloon. The outcomes are shown in Table 2.

There was no statistical heterogeneity between results for
South Africa and Colombia, with the exception of the secondary
outcome pulse rate, for which a random effects model was used.
The primary analysis was by intention-to-treat (ITT). The rate of the
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[ Enrollment ]

Assessed for eligibility (n = * + 64)

Excluded (n = * + 44)

+ Exclusions mainly due to clinical staff
factors such as lack of time or preference
for UBT (Colombia) or STUT (South Africa)
See Table 3 for details

Randomized (n = 39 + 20)

l

(

L Allocation

—

Allocated to STUT (n = 19 + 10)
+ Received allocated intervention (n = 18 + 10)
+ Did not receive allocated intervention

(primary insertion failed, received UBT) (n =
1+0)

Allocated to UBT (n =20 + 10)

+ Received allocated intervention (n = 19 + 10)

+ Did not receive allocated intervention
(primary insertion failed, no tamponade
procedure, no primary outcome) (n =1 + 0)

—

Follow up ] v

J

Lost to follow up (primary outcome not
recorded) (n =2 + 0)

Discontinued intervention (no suction machine
available, syringe suction blocked) (n =1 + 0)

Lost to follow up (primary outcome not
recorded) (n =3 + 0)

Discontinued intervention (n =0 + 0)

A 4 [
8

Analysis ] v

J

Analyzed for primary outcome (n = 17 + 10)
+ Excluded from analysis (primary outcome not
recorded) (n =2 + 0)

Analyzed for primary outcome (n = 17 + 10)
+ Excluded from analysis (primary outcome not
recorded) (n =3 + 0)

FIGURE 1 CONSORT flow diagram. Numbers are given for South Africa + Colombia respectively. STUT, suction tube uterine tamponade;
UBT, uterine balloon tamponade. * In South Africa, potential participants who were not randomized were not recorded.

primary outcome (blood loss >1000mL or laparotomy or death) was
8/27 (30%) in the STUT group versus 14/27 (52%) in the UBT group
(RR0.56,95% C1 0.30-1.05, P=0.07), low certainty. On per protocol
analysis according to the first device successfully inserted, the pri-
mary outcome rate was 7/26 (27%) in the STUT group versus 15/28
(54%) in the UBT group (RR 0.49, 95% Cl 0.25-0.96, P=0.04).

Most secondary outcomes favored the STUT group but with low
certainty. Mean diastolic blood pressure after initial treatment was
10.4mm Hg higher in the STUT than the UBT group (95% Cl 2.1-19,
P=0.01) and reporting severe pain during the tamponade procedure
was less frequent in the STUT group (RR 0.46, 95% Cl 0.25-0.86,
P=0.01). These findings should be interpreted with caution because
of multiple secondary endpoint testing.

This feasibility study identified several barriers to randomized
comparisons of treatments for refractory PPH; these are listed in
Table 3.

4 | DISCUSSION

Previously reported comparisons of suction versus balloon uterine
tamponade have been retrospective observational studies.*¢”
We chose a prospective random allocation trial design to optimize

the comparability of the two groups. To our knowledge this is the

second report of a randomized trial comparing suction with balloon
tamponade.?? This study highlights the difficulty of conducting
randomized trials of interventions for refractory PPH, an uncommon
clinical problem and one requiring urgent intervention. This may
account for the dearth of robust evidence on the effectiveness of
multiple mechanical and surgical interventions for refractory PPH
referred to in the background above. An unanticipated barrier was
increasing preference for the novel STUT procedure, contributing
to the failure to achieve the planned sample size. In the ITT analysis,
the 44% lower risk of the primary outcome in the STUT group was
not statistically significant. In the per protocol analysis the risk
reduction was 51% (P=0.04). Reporting of severe pain during the
tamponade procedure was 54% lower with STUT (P=0.01). This
difference is biologically plausible as STUT involves insertion of a
simple smooth plastic tube and application of suction, whereas UBT
involves insertion of a more complex and bulkier balloon, which is
then inflated causing pressure inside the uterus.

The small numbers recruited in this feasibility study limited the
power to detect differences with certainty. At the South African
sites, implementation of the project by routine clinical staff without
dedicated research staff support over a prolonged period of time re-
sulted in suboptimal implementation of the trial procedures. Several
allocation envelopes were opened out of sequence and several case
record forms had missing data (as indicated by denominators in the
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TABLE 1 Baseline data.?

Wi LEYJE

South Africa Colombia Totals

STUT UBT STUT UBT STUT UBT
Age,y 19 27.3+4.6 20 29.3+6.5 10 26.6+7.0 10 28.8+7.0 29 27.0+54 30 29.1+6.5
Primiparous 18  5(28%) 20 7 (35%) 10 6 (60%) 10 2 (20%) 28 11 (39%) 30 9 (30%)
Previous cesarean birth(s) 18 2(11%) 19 6 (32%) 10 0(0%) 10 1(10%) 28 2(7.1%) 29 7 (24%)
Previous PPH 19 2(11%) 20 1(5.0%) 10 0(0%) 10 0(0%) 29 2(6.9%) 30 1(3.3%)
Weight, kg 18 82+21 17 81+32 10 81.3+23 10 80.4+8.7 28 82+21 27 81+25
Height, cm 18 159+5.2 20 157+11 10 160+6.7 10 163+5.5 28 159+5.6 30 159+9.7
Pregnancy complications 19  15(79%) 19 7 (37%) 10 6 (60%) 10 5(50%) 29 21 (72%) 29 12 (41%)
Multiple pregnancy 19  0(0%) 20 2 (10%) 10 3 (30%) 10 1 (10%) 29 3 (10%) 30 3 (10%)
Assisted vaginal birth 19 2(11%) 20 0(0%) 10 1(10%) 10 1(10%) 29 3(10%) 30 1(3.3%)
Cesarean birth 19 2(11%) 20 8 (40%) 10 2(20%) 10 2(20%) 29 4 (14%) 30 10 (33%)
Birth weight, g 19 3052+639 20 3008+559 10 2761+461 10 3183+999 29 2951+530 29 3096+722
Prophylactic oxytocin 19  18(95%) 20 19 (95%) 10 10(100%) 10 10 (100%) 29 28 (97%) 30 29 (97%)
Treatment oxytocin 19 18(95%) 20 19 (95%) 10 10(100%) 10 10 (100%) 29 28 (97%) 30 29 (97%)
Treatment ergo-/ 19 9(47%) 20 12 (60%) 10 9 (90%) 10 9 (90%) 29 18 (62%) 30 21 (70%)
syntometrine
Treatment misoprostol 19 12(63%) 20 16 (80%) 10 5(50%) 10 8(80%) 29 17 (59%) 30 24 (80%)
Tranexamic acid 19 15(79%) 20 16 (80%) 10 10(100%) 10 10 (100%) 25 26 (86%) 30 26 (87%)
Pre-delivery hemoglobin, 16 11.9+2.0 18 11.4+1.8 9 126+17 9 12.4+1.0 25 121+19 27 11.7+1.6

g%

Abbreviations: PPH, postpartum hemorrhage; STUT, suction tube uterine tamponade; UBT, uterine balloon tamponade.

“Data are expressed as numbers, mean values + standard deviation, or proportions (percentage). Differing denominators are due to missing data.

tables). It was reassuring that the findings at the South African sites
were essentially similar to those at the Colombian site, where the in-
vestigation was conducted at a single referral center with dedicated
research staff and where trial procedures were not compromised.

An inherent limitation of comparisons of suction versus balloon
devices is that suction devices collect blood loss more efficiently
than balloon devices, which may bias blood loss results in favor of
the balloon devices.

To our knowledge, this is the second report of a randomized trial
to compare low-cost suction tube uterine tamponade with balloon
tamponade. The pragmatic trial design promotes generalizability to
similar clinical settings. The observed recruitment difficulties con-
stitute a useful outcome in a feasibility study to inform the design
of future studies. The internal pilot results?! were used to support
approval of the WHO RED Trial.%°

Feasibility: Randomized comparison of treatments for refrac-
tory PPH is feasible, but our study highlights several barriers that
need addressing.

Effectiveness: Although the effectiveness data are low certainty
(small sample size and statistical significance only in the per protocol
analysis), the large point estimate for the primary outcome (>40%
reduction) is consistent with substantially greater effectiveness
and in line with the findings of large observational studies show-
ing greater effectiveness of uterine suction devices over balloon
tamponade.i‘l”17 When combined by meta-analysis with data from

|121

the only other randomized trial,“* simple suction tube uterine tam-

ponade compared with balloon tamponade significantly reduces the

primary outcome of blood loss greater than 1000mL (RR 0.56, 95%
Cl 0.33-0.97, Mantel-Heinzel method, fixed effects model, RevMan
5.4 software, Figure 2).

Acceptability: The more than 50% reduction in severe pain
during the procedure is clinically plausible, given that STUT uses a
narrow smooth plastic tube compared with a more bulky, irregular
balloon, and does not involve distension of the uterine cavity.

In conclusion, in high-income settings, suction uterine tamponade
with the Jada device is rapidly becoming standard of care for refrac-
tory PPH. In a post-marketing study at 16 centers in the USA involving
800 participants, treatment with the Jada device was reported to be
effective in 93% following vaginal birth and 84% following cesarean
birth.?’ In low-resource settings, improvised condom uterine balloons
are widely promoted and used despite evidence of harm from two
randomized trials.®” The current study contributes to a growing body
of evidence suggesting that, in the absence of purpose-designed suc-
tion tamponade devices, use of STUT rather than balloon tamponade
is a reasonable clinical option. Given that STUT appears to be less
painful for the patient, it would require robust evidence of greater
effectiveness of balloon tamponade to justify the continued recom-
mendation of balloon devices in preference to STUT.
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TABLE 3 Feasibility considerations identified during the implementation of the trial.

Identified difficulty

Selection of
participants

Measurement of
blood loss as a
study outcome

Time taken for
randomization

When to obtain
informed consent
from patients?

Barriers to
introducing a new
procedure such as
STUT

Lack of blinding

Selection of
hospitals to
participate

Variability of
resources available
in different
hospitals

Achieving
recruitment
of patients in
participating
hospitals

Description of the problem

Diagnosis of PPH differs in different settings.

Strategies to quantify blood loss differed between
South Africa and Colombia.

The time between diagnosis and emergency
treatment is minimal. A complex randomization
process is not feasible.

Obtaining informed consent from all patients
antenatally means that large numbers of patients are
exposed unnecessarily to time-consuming consent
procedures which may cause anxiety and compromise
the birth experience. Obtaining written consent after
diagnosis might not provide patients with sufficient
time to ask questions or adequately contemplate their
response.

In hospitals where UBT is routinely performed, it may
be difficult to introduce STUT.

Impossible to mask during the execution of the
obstetrical procedure.

Participating hospitals must have the capacity
to correctly perform the surgical and research
procedures.

Some PPH protocols require the use of expensive
technology that is not available in all hospitals.

Structural, cultural, and psychological resistance
exists to the use of randomization, especially during
emergency situations. In Colombo, in the first

4 months of the study, it was difficult to get the
primary responders to a hemorrhage event (who
were not part of the investigative team) to consider
something different from the Bakri balloon which
they had used for several years.

Lessons learned in the current study

We chose a pragmatic approach, with PPH diagnosed according
to local clinical practice. In South Africa PPH was diagnosed
clinically with visual estimation of blood loss. In Colombia

a blood collection drape was used routinely after birth. In
December 2023 WHO recommended routine blood loss
measurement for all births. Future studies should employ routine
blood loss measurement to standardize PPH diagnosis.

This was accommodated by meta-analysis of data from
each country. In future studies, the method of blood loss
measurement should be standardized.

Considering that the included hospitals are in low- and
middle-income countries where internet access for centralized
randomization may be unreliable, we chose to randomize using
opaque envelopes containing the sequence of intervention
assignments. In Colombia the system was more efficient, where
only the next sequential envelope was kept together with

the “PPH kit” and was replaced with the next envelope in the
sequence after enrolling a participant.

We chose to obtain verbal consent at the time of the diagnosis
of refractory PPH, and confirm this with fully informed written
consent after the event was managed, as has been done in
previous similar published trials.

A discussion session was held with participating hospitals. We
reviewed the available evidence supporting the use of UBT and
STUT, emphasizing the lack of robust evidence. The potential
positive impact on patient care if a benefit with STUT were
proven, was discussed.

Blinded observers should be used for evaluating outcomes.

Interventions to be compared must be clearly defined, and the
participating hospitals must perform both procedures according
to the study protocol. Quality control of the intervention is also
essential.

Although during this study we included all hospitals that
expressed interest in participating, the results indicate that
operational support through dedicated personnel to assist and
supervise the study is fundamental. A significant educational
effort is required not only for the leaders of each hospital

but also for all medical and non-medical staff working in the
obstetrics service, as they will be responsible for implementing
the protocol.

Use of PPH protocols based on procedures achievable in
hospitals with limited resources.

Inclusive and pragmatic or experience-based design. This
protocol proposed the use of low-cost and easily obtainable
supplies (Levin stomach tube).

After a lot of awareness work, in the second part of the study,
the frequency of patient loss was lower. Almost all the included
cases occurred during the day, when the local study coordinator
was on duty and constantly reminded doctors, nurses, and
trainees (interns) about the option to randomize treatment in
case of bleeding. Only four patients were included at night,

and that was in the last 2months of the study by obstetricians
who had previously included patients during the day, with the
support of the study coordinator.

General strategies include week-by-week support/contact with
each participating hospital and clear authorship policy.
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TABLE 3 (Continued)

Identified difficulty

Low recruitment
and data validity

Inclusiveness
in the study
implementation
activities in the
participating
hospitals

Financial
constraints

Description of the problem

When using a new technique in managing a rare
emergency situation, recruitment is likely to be low.
Our study was affected by low recruitment, especially
at the beginning of the study due to habituation to
previous management, and towards the end of the
recruitment period in some hospitals in South Africa
when clinicians experienced (subjectively) better
results with one of the two interventions.

Presenting the study only to senior staff at each
hospital is insufficient.

Implementing studies with limited financial support
is difficult.

Wi LEYJﬁ

Lessons learned in the current study

There are several options to consider regarding the design and
implementation of future studies:

(1) Initial phase of familiarization: hospitals could initially execute
either of the two interventions to be compared, allowing staff to
become accustomed to the new intervention. However, this may
not be ethically or practically feasible if one intervention has less
evidence supporting its use than the other.

(2) Differentiated analysis of study periods: another approach is
to conduct a differentiated analysis of two study periods. The
first period could involve a familiarization phase, during which
groups accommodate to the new intervention. The second
period assumes that all healthcare workers are familiar with the
new procedure. This subgroup analysis would require a larger
sample size and could increase the complexity of the study
design.

(3) Continuous educational and support activities: it is crucial

to include ongoing educational and support activities at each
hospital, which necessitates additional economic and operational
investment.

(4) Selective case inclusion based on staff availability: one option
is to include only cases that occur when support personnel are
present, excluding cases such as PPH during nights or weekends.
This approach ensures consistent support and supervision

but may limit the study's generalizability to situations without
continuous support.

There is no straightforward solution to this issue, which
underscores the importance of considering these factors during
the study design. Each option has its implications for feasibility,
ethics, and the robustness of study findings, requiring careful
evaluation based on the specific context and objectives of the
research.

It is necessary to educate all the staff, not just the doctors and
nursing professionals. Sometimes, the nursing assistants or
trainees (interns) who knew the standard institutional protocol,
in a case of failed medical management of PPH, would prepare a
uterine tamponade balloon and influence the obstetrician (either
by unwrapping the item that was ready in the PPH emergency kit
or by asking the obstetrician to let them place the device). Most
of the patients who missed randomization in Colombia were

in the first 4months of the study. This makes it clear that it is
difficult to change entrenched practices within a workgroup and
that any RCT in PPH requires substantial clinical, operational,
and administrative support.

This requires a culture of cooperation with each participating
hospital contributing time and resources for the execution of the
study.

Abbreviations: LMIC, low- to middle-income countries; PPH, postpartum hemorrhage; RCT, randomized controlled trial; STUT, suction tube uterine
tamponade; UBT, uterine balloon tamponade.

Suction Balloon Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Colombia 2024 5 10 8 10 37.8% 0.63[0.31, 1.25] —&
India 2024 4 16 8 16  37.8% 0.50[0.19, 1.33] — &
SA 2024 3 17 5 16 24.4% 0.56 [0.16, 1.99] - &
Total (95% CI) 43 42 100.0% 0.56 [0.33, 0.97] ‘
Total events 12 21

Heterogeneity: Chi? = 0.14, df =2 (P = 0.93); I = 0%
Test for overall effect: Z = 2.08 (P = 0.04)

0.01 0.1 1 10 100
Favors suction Favors balloon

FIGURE 2 Forrest plot of meta-analysis of data from Colombia and South Africa (current study) and recent India trial?* for the primary
outcome blood loss greater than 1000 mL (Mantel-Heinzel method, fixed effects).
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