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ABSTRACT Timely intervention for atonic postpartum hemorrhage (PPH) significantly reduces the inci-
dence of death from PPH. However, technological solutions geared towards this have not received substantial
adoption by the health community in sub-Saharan Africa due to limiting factors such as; cumbersome
application, being costly, requiring skilled personnel, needing cold chain storage, and the associated side
effects. This pilot study aimed to assess the usability, acceptability, and performance of the Maternal PPH
Wrap, a first-aid device designed to control atonic PPH after childbirth. Forty subjects were recruited for
the study. Twenty of these were women who sought maternity care at Kawempe National Referral Hospital
(KNRH). The women wore the device for 120 minutes while their vitals were recorded every 20 minutes. The
device’s acceptability and performance were evaluated on the women. The remaining twenty were licensed
midwives working at KNRH. The device’s usability was assessed on all the midwives recruited for the pilot
study using a usability questionnaire. There was a non-significant reduction in blood loss associated with
the use of the Maternal PPH Wrap alongside the standard of care as opposed to the standard of care alone.
This reduction in blood loss was detected between the 80th and 120th minute of the device application onto
the mothers. The acceptability and usability scores from the study participants also scored favorably. The
Maternal PPH Wrap demonstrated potential to control PPH and product satisfaction, and these results will
support the device’s redesign leading into a phase I clinical trial.

INDEX TERMS Medical device, obstetric first-aid, pilot study, postpartum hemorrhage, uterine atony.
Clinical and translational impact statement
The clinical evaluation results show that the Maternal PPH Wrap can control PPH in mothers after birth at
health centers, during transportation, and delays in receiving treatment at referral hospitals.

I. INTRODUCTION
TheDepartment of Economic and Social Affairs of theUnited
Nations Secretariat estimates that 800 women die every day

from childbirth-related complications worldwide, a 38 %
reduction in maternal deaths from the levels of 2000 [1], [2].
This significant reduction in maternal deaths has been mostly
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attributed to the global adoption of the Millennium Develop-
ment Goals 2015. Despite this reduction, maternal mortality
remains higher in low-and middle-income countries (LMICs)
than the high-income countries, with sub-Saharan Africa and
South Asia alone accounting for 86% of the global burden of
maternal mortality [1].

Postpartum hemorrhage (PPH), defined as blood loss
of ≥ 500 ml after vaginal delivery or ≥ 1000 ml after a
cesarean section within 24 hours after birth [3], is one of the
leading causes of maternal deaths globally, accounting for
25% of all maternal deaths [4], [5]. The high incidences of
maternal mortality due to PPH in LMICs are attributed to;
limited access to infrastructure, limited availability of trained
delivery attendants, and low quality of uterotonic agents for
the management of the third stage of labor or untimely inter-
vention in case obstetric emergencies arise.

Active management of the third stage of labor (AMTSL)
recommended by the World Health Organization (WHO)
is the most effective strategy in the prevention of PPH as
it reduces it by 60% [8], [9]. It is composed of adminis-
tration of uterotonic drugs (such as oxytocin, ergometrine,
and misoprostol), controlled cord traction, and uterine mas-
sage after placental delivery. Despite the implementation of
AMTSL, uterine atony, remains the most common cause of
PPH, contributing to over 75% of all PPH-related cases [4],
[6], [7]. Treatment of PPH due to uterine atony entails addi-
tional administration of uterotonics and other maneuvers
like bimanual compression of the uterus, uterine balloon
tamponade, and application of Non-Pneumatic Anti-Shock
Garment (NASG) [9], [12]. However, the application of
NASG is a bulky device to use because it has nine segments,
of which each has a particular part of the lower body it
must fit and thus requires skilled personnel to apply it on the
patients [13], [14].

To search for more ways to treat PPH due to uterine
atony, we designed a Maternal PPH Wrap. The Maternal
PPHWrap is a low-technology, re-usable, non-invasive pneu-
matic first-aid device that exacts pressure on the uterus, sim-
ilar to bimanual compression of the uterus. It is projected
to cost only US $20. The device comprises polyurethane-
coated nylon fabrics with an inflatable air bladder, squeeze
bulb, and an anaerobe gauge. It is strapped around the bleed-
ing mother’s lower abdomen by the birth attendant, skilled
or not (eliminates the necessity of a skilled person to give
first aid) and inflated using a squeeze bulb to the order of
120mmHg that is maintained within the bladder as moni-
tored using a pressure gauge attached. The bladder exacts
radial pressure transmitted through the abdominal muscles
to the atonic uterine wall muscles stimulating their con-
traction, thus reducing blood flow from the open vessels
at the placental site and the bleeding from the mother’s
uterus.

To assess the usability, acceptability, performance, and
safety of the Maternal PPHWrap, we conducted a pilot study
among the hospital population in a national referral hospital
in Uganda.

FIGURE 1. Shows the Maternal PPH Wrap placed around the mother’s
abdomen. The figure on top is a front view showing the positioning of the
belt, with the center of the concave disc at point A. The figure at the
bottom shows the hind view of mother wearing the Maternal PPH Wrap.

II. METHODS AND PROCEDURES
A. ETHICAL CONSIDERATION
This study was approved by the Makerere University School
of Medicine Research and Ethics Committee (SOMREC)
under protocol numberREC REF 2019-129 and was cleared
by the Uganda National Council of Science and Technology
(UNCST). All eligible study subjects received all the infor-
mation about the study and provided written informed con-
sent to participate in the study and to have a picture consent
allowing for their pictures to be taken when the Wrap was
applied. Consent was done in the language best understood
by the prospective study participant. Careful consideration
was taken to ensure that the photos did not disclose the par-
ticipant’s identity. In addition, to ensure anonymity, all the
study participants’ personal information, such as names, were
translated into codes for analysis and publications.

B. THE STUDY SITE, NUMBER OF PARTICIPANTS,
AND RECRUITMENT
The pilot study was undertaken at Kawempe National Refer-
ral Hospital (KNRH), a teaching and government hospital in
Kampala, Uganda [18]. The hospital delivers approximately
21,000 pregnant women per year, and 25% are by caesarean
section. The hospital follows WHO recommended AMTSL
protocol for the prevention of PPH as a standard of care. Addi-
tionally, the hospital was equipped with blood transfusion
services and surgical facilities for cases that require surgery
of severe PPH.

Forty participants (women and health providers) were
recruited in the pilot study. Twenty women had vaginal
birth at KNRH, and these were subdivided into two groups.
The first ten women were those with normal bleeding
after delivery, while the remaining ten women had mild
PPH after vaginal birth. The mild PPH group was further
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equally subdivided into two smaller groups. The active group
received the Maternal PPH Wrap as the intervention for mild
PPH after delivery of the placenta, whereas the control group
received the standard of care only.

We also recruited health providers who were midwives
working at KNRH. These were in two groups. The first five
midwives applied the Maternal PPHWrap onto mothers after
birth, the other fifteen midwives observed its application
to the mothers and practiced the use of the device on the
mannequin.

C. INCLUSION AND EXCLUSION CRITERIA
The pilot study included participants being 18 years and
above, in labor (4-6 cm cervical dilatation) expecting vaginal
birth. In addition, vital signs were stable (systolic blood pres-
sure greater than 90mmHg and heart rate less than 110 beats
per minute). For Group 1, we included women with normal
bleeding after delivering the placenta. In this group, a woman
was excluded if she experienced PPH after birth. For Group 2,
we included women who had mild PPH (500-1000 ml blood
loss) caused by uterine atony as diagnosed by the attending
provider. A woman was excluded from group 2 if blood loss
exceeded 1000 ml or the cause of PPH is not uterine atony.

The inclusion criteria for health provider was practic-
ing midwife at the Kawempe national referral hospital and
consented to participate in the study.

D. PROCEDURE
After the attending clinician had admitted the expectant
woman in labor, the study team reviewed the clinical charts
to determine if they are eligible to participate in the study.
Those that met the eligibility criteria were approached and
given information about the study, requested to participate in
the study. Women who agreed were taken through the con-
senting process and they provided written informed consent.
The labor was monitored using a partograph until delivery
of the baby and placenta. The Maternal PPH Wrap device
was applied onto thewomen’s lower abdomen after delivering
the placenta, and calibrated under-buttock drapes were used
to collect blood loss per vagina. The device’s usability was
evaluated on all the midwives that participated in the pilot
study using the usability questionnaire (see supplementary
information D). The acceptability of the device was evalu-
ated on all the women that participated in the study using
the acceptability questionnaire (see supplementary informa-
tion C), while the preliminary performance of the Maternal
PPH Wrap was assessed on the women who had mild PPH.
Randomization was done using identical opaque envelopes
containing group allocations of active and control groups. If a
mother picked an envelope containing the letter A, they were
assigned to the active group and if they picked an envelope
containing the letter C, they were assigned to the control
group. Mothers in the active group had the Maternal PPH
Wrap applied on them together with standard AMTSL and
the mothers in the control group had only standard AMTSL
as the intervention.

E. DATA COLLECTION
The data collected from the women in groups 1 and 2 of the
study included age, gravidity, gestation age of the pregnancy,
blood glucose levels, and baby status at birth. Others were
systolic and diastolic blood pressures, the volume of blood
collected in calibrated under-buttock drapes indicating blood
loss, pulse, temperature, oxygen saturation (SpO2), pain
(scale of 1-10), and respiratory rate monitored for 120 min-
utes after delivery of baby. The presence of discomfort, itch-
ing, and heat build-up because of wrapping the device was
also collected.

F. DATA ANALYSIS
Data on acceptability and usability of theMaternal PPHWrap
was analyzed quantitatively based on replies on a Likert scale
from strongly agree to strongly disagree on several variables
as reported by women and health providers. The preliminary
performance of the device was evaluated by comparing the
average amounts of blood loss in women (as collected in the
under-buttock drapes) in the intervention arm and control.
All the data collected from the study was entered, queried,
cleaned, and analyzed using the STATA v.14 statistical pack-
ages. Mann Whitney test was used to compare groups to
determine usability and acceptability. A t-test was used to
compare the outcome between the two groups at a single time
point. Thereafter a mixed effects linear regression model was
adopted to compare the two groups. Data are reported asmean
± standard deviation unless otherwise stated.

III. RESULTS AND CLINICAL OUTCOME ANALYSIS
A. CHARACTERISTICS OF THE PARTICIPANTS
The mothers’ social, demographic, and clinical characteris-
tics (Table 1) were comparable between the active and con-
trol groups. That is, no significant differences were observed
between the two groups, p > 0.05. The average volume of
blood loss (volume of blood collected in the under-buttock
drapes), mother’s age, gravidity, and gestation pregnancy age
was lower among mothers in the active group than those in
the control group.

Additionally, the mean systolic blood pressure at both
baseline and follow-up among women in the active group
was higher than that of mothers in the control group. The
mean diastolic blood pressure at baseline among women in
the active group was lower than that of the mothers in the
control group, whereas the mean diastolic blood pressure at
follow-up among mothers in the active group was higher than
that of mothers in the control group. The weight of babies
given birth to by the mothers was higher in the active group
than in the control group.

The mean blood glucose levels and amount of oxytocin
(Table 2) used to treat PPH were similar among women in
the active and control groups. Themother’s average pulse rate
and amount of misoprostol (Table 2) used to treat PPH were
lower in the active group than in the control group. In contrast,
the mean temperature, oxygen saturation, respiratory rate,
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TABLE 1. Summary statistics of mothers’ social, demographic, and
clinical characteristics. CI stands for Confidence Intervals and SD for
standard deviation (n = 10, with five mothers in active and control
group). ∗∗ P < 0.25, ∗ P < 0.05.

and the mean amount of normal saline (Table 2) used to treat
patients were higher among women in the active group than
in the control group.

B. ASSESSMENT OF THE USABILITY OF THE MATERNAL
PPH WRAP DEVICE FOR CONTROLLING POSTPARTUM
HEMORRHAGE
All the twentymidwives responded to questions on the usabil-
ity of theMaternal PPHWrap and their attitudes and concerns
towards the device are recorded in Table S- I (see supple-
mentary material). Most of the midwives, 16 (80%), either
agreed or strongly agreed that the device would be easy to

TABLE 2. Summary of the amount of oxytocin, misoprostol, and normal
saline administered to the participants.

wrap around patients, 14 (70%) either strongly disagreed or
disagreed that the device would come off the patients during
inflation, 11 (55%), either strongly disagreed or disagreed
that it would take a long time to wrap the device on the
mothers.

Additionally, most midwives, 13 (65%), either strongly
disagreed or disagreed that bleeding would increase upon
the device’s application on the mothers, 15 (75%) strongly
disagreed or disagreed that the device would hurt the mother.
Nearly half (55%) of midwives either strongly disagreed or
disagreed that the device would not be as tight as expected
when applied to the mothers, 12 (60%) strongly disagreed
or disagreed that more complications would develop on the
mother when using the device. However, 8 (40%) midwives
strongly agreed or agreed that blood would stain on the
device and would be challenging to clean off, and 16 (80%)
expressed concerns that the device would be difficult to
disinfect.

The midwives also evaluated the usability of the Mater-
nal PPH Wrap device after using it on either a mother
after birth (study-midwives) or study mannequins (non-
study-midwives) and their attitudes and concerns recorded in
Table S- II (see supplementary material).All the study mid-
wives, 5 (100%) and the majority of the non-study midwives,
10 (67%), either strongly disagreed or disagreed that they had
problems wrapping the device onto the study subjects. All
study-midwives, 5 (100%), and most non-study-midwives,
12 (80%), either strongly disagreed or disagreed that they had
issues with straps coming off the study subjects during device
inflation.

Additionally, all study-midwives, 5 (100%) and non-study-
midwives, 10 (67%), either strongly disagreed or disagreed
that it took a long time to wrap the device onto the study sub-
jects. All the study midwives, 5 (100%) and most non-study-
midwives, 11 (73%), either strongly disagreed or disagreed
that the bleeding increased when the device was applied to
the study participants. All the study-midwives 5 (100%) and
most of the non-study-midwives, 11 (74%), either strongly
disagreed or disagreed that the device hurt the study partici-
pants when applied to them.

Most of all the health providers 18 (90%) disagreed that
the Maternal PPH Wrap was loose when applied to the
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participants and mannequins as well as caused more compli-
cations when applied to participants.

C. ASSESSMENT OF THE ACCEPTABILITY OF MATERNAL
PPH WRAP FOR CONTROLLING POSTPARTUM
HEMORRHAGE
All the mothers that participated in the pilot study (100%)
liked the device’s color; 80% were impressed with its texture,
90% and 80% were fascinated with the device’s elastic bands
and pressure points, respectively, as shown in Figure 2 below

FIGURE 2. Shows how much the participants liked the Maternal PPH
Wrap device (n = 20).

Among the women who had normal bleeding, most of
them 7 (70%) disagreed that the Maternal PPH Wrap came
off during inflation, 8 (80%) disagreed that it took long to
wrap the device around their bodies, and 6 (60%) disagreed
that the bleeding reduced when the device was used on them.
Additionally, 9 (90%) strongly disagreed or disagreed that
there was increased discomfort inside and around their bod-
ies, and 10 (100%) strongly disagreed or disagreed that the
device increased pain inside and around their bodies.

Furthermore, 8 (80%) of the mothers reported no skin
reaction to the material of the wrap by itching or swelling,
8 (80%) were comfortable with the device around them,
9 (90%) reported no heat around their belly where the wrap
was, and 7 (70%) acknowledge that the device never hindered
mother’s movement when in place. The majority, 7 (70%)
reported normal breathing with the device wrapped around
them (Table S- III in the supplementary material).

D. EVALUATING THE PRELIMINARY PERFORMANCE OF
THE MATERNAL PPH WRAP ON WOMEN WITH MILD PPH
Assessment of the groupmeans and differences of the average
blood collected from mothers in both the active and control
groups was done and compared using a t-test as seen in
Table 3. The average blood volume collected in the active
group (mild PPH) increased over time from 552±50.5 ml
at enrolment to 737±57.8 ml at 120 minutes, whereas that
collected in the control group increased from 510±36.6 ml
to 768±64 ml. The average amount of blood collected in the
active group was slightly higher than in the control group
between enrolment and 60minutes. However, between 80 and

120 minutes, the average amount of blood collected in the
control group increased beyond that collected in the active
group indicating an increase in blood loss among mothers in
the control group compared to those in the active group. The
mean differences in the amount of blood collected between
both groups at any time point were not statistically significant
(p > 0.05).

TABLE 3. Group means and standard errors (SE) for blood volume
collected from postpartum mothers (ml) over time.

The change in the average volume of postpartum blood
collected from mothers overtime was also assessed using
mixed-effects models in STATA. The results are shown in
Table S-IV (please see supplementary material). At unad-
justed rates, a unit increase in mother’s age, gestational
age of the pregnancy, baseline systolic and diastolic blood
pressure were associated with a non-significant reduction
in the average amount of blood loss by 2.19 (−9.80 5.41),
13.60 (−23.45−3.74), 2.57 (−4.83−0.31), and 4.28 (−6.76
−1.79) ml, respectively (p > 0.05).
Additionally, a unit increase in mother’s pulse, average

systolic blood pressure at follow up, respiratory rate, and
amount of oxytocin and misoprostol used to treat PPH were
associated with a non-significant reduction in the average
volume of blood loss by 0.97 (−4.15 2.21), 1.12 (−2.12
−0.41), 2.82 (−6.67 1.03), 4.54 (−11.13 2.05), 0.03 (−0.22
0.16) ml, respectively (p > 0.05). In contrast, a unit increase
in number or prior pregnancies, the weight of the baby, and
mother’s temperature were associated with a non-significant
increase in the average volume of blood loss by 13.89
(−6.92 34.70), 0.01 (−0.02 0.04), and 35.53 (6.33 64.72) ml,
respectively (p > 0.05).
At adjusted rates, a unit increase in the number of mothers

in the control group, amount of time, average blood glucose,
and amount of normal saline used to treat PPHwas associated
with a significant increase in the average amount of blood loss
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by 43.86 (37.49 50.22), 2.02 (1.36 2.67), 59.81 (52.83 56.79),
and 59.20 (54.08 64.32) ml, respectively (p< 0.001). In con-
trast, a unit increase in the average diastolic blood pressure at
follow up and the saturation of oxygen was associated with a
significant reduction in the average volume of blood loss by
4.16 (−4.37−3.95) and 1.32 (−1.60−1.04) ml, respectively
(p < 0.001).

IV. DISCUSSION
Our results acknowledge that theMaternal PPHWrap is easy-
to-use, it did not loosen after application, straps did not come
off during inflation of the device’s bladder, it took a short time
to wrap the device around the patients and it slightly reduced
blood loss frommothers when applied to them and it was safe.

Furthermore, the most significant proportion of midwives
noted that the device did not cause any harm to the patients
and that no complications arose in patients due to the use of
the device. However, there were concerns about the difficulty
of cleaning off blood stains and disinfecting the device before
and after service on the patients. These concerns need to be
addressed such that Maternal PPH Wrap is fit to be used in a
clinical setting.

The Maternal PPH Wrap was acceptable to most mothers
and the following factors were favorable: the device’s color,
texture, pressure points, and elastic bands. This demonstrated
the device’s potential to achieve product satisfaction. In addi-
tion, most mothers acknowledged that the device did not
come off the waist during inflation; it took a short time to
wrap it around their waist; the bleeding did not increase when
the device was used on them, and they felt comfortable with
the device around their bodies.

Furthermore, a significant portion ofmothers noted that the
device did not cause any pain inside or around their bodies,
the device did not cause any skin burns due to increased
temperatures around the wrapped body area, and they could
easily move around with the device wrapped onto them. This
feedback is vital given the intimate nature of the device’s
application on the female human body. However, there is a
need to note the small proportions of mothers who agreed
that their skin reacted to the device by itching or swelling and
difficulty breathing with the device wrapped around them.
This could have been due to the device being too tight on the
mother.

Our results also show that the use of the Maternal
PPH Wrap in the treatment of PPH was associated with
a non-significant decrease in the average volume of blood
loss over time that is, from the onset of PPH at enrolment
to 120 minutes compared to the control group, which was
subjected to only the standard care of PPH management.
Between enrolment and 60 minutes, the average volume of
blood loss was higher in the group with Maternal PPH Wrap
than the control group. However, it reduced to amounts below
that of the control group between t = 80 and 120 minutes,
indicating that the Maternal PPH Wrap has the potential to
control PPH and to reduce the amount of blood loss from
mothers over time as they are being transported to referral

health facilities or while awaiting further treatment interven-
tions at the health facilities.

The study results further show no significant relation-
ship between the mother’s social, demographic, and clinical
characteristics at unadjusted rates and the average amount
of blood loss among mothers after delivery. However, after
adjusted analysis, the relationship became significant with
a unit increase in the average amount of time, blood glu-
cose, and normal saline used to treat PPH associated with a
considerable increase in the average amount of blood loss.
At the same time, a unit increase in average diastolic blood
pressure at follow-up and oxygen saturation is associatedwith
a significant reduction in the average volume of blood loss.
When the relationship becomes significant, as shown after
adjusted analysis, it indicates variation between the groups at
baseline on those variables. Therefore, randomization could
help reduce these variations. It is also important to note
that the small sample sizes used in this pilot study make
it harder to find statistical significance. However, finding
statistical significance indicates that the difference between
the groups may be significant and more likely to drive
action.

V. CONCLUSION AND FUTURE WORK
In conclusion, the Maternal PPH Wrap demonstrated poten-
tial for product satisfaction from end-users, as shown by the
usability and acceptability study results. The key attributes
of the Maternal PPH Wrap were that it was easy and
quick to apply to the patients. Additionally, the device was
safe as it did not cause any harm or additional complica-
tions to the mothers, and minimum training was required
to learn how to apply and remove the device from the
patients.

The Maternal PPH Wrap was also associated with a
decrease in the average volume of blood loss over time when
used to manage PPH in combination with the standard man-
agement of PPH compared to only using the standard care.
Despite the lack of statistical significance, these findings
show that the Maternal PPHWrap has the potential to control
PPH as a first-aid device during delays in attaining proper
medical care. Another study with a large sample size needs
to be done to ascertain the results obtained in this pilot study.

A small sample size mainly limited the pilot study due to
restrictions on the number of study participants acceptable
by SOMREC and UNCST as the device was to be tested for
the first time on mothers at risk of death. Besides, midwives
andmothers raised concerns such as difficulty in cleaning and
disinfecting the Maternal PPH Wrap, mother’s skin reaction
to the device by itching or swelling, and difficulty breath-
ing with the device on. These will be addressed in the next
phase of clinical evaluation (Phase I of the clinical trial) of
the device. In this phase, we will redesign the Maternal PPH
Wrap putting into consideration the feedback from the pilot
study and then clinically evaluating it on over two hundred
mothers experiencing postpartum hemorrhage after birth at
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one National Referral Hospital and four Regional Referral
Hospitals (north, east, west, and central) in Uganda.
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