Obstetrics &
Original Article

Obstet Gynecol Sci 2020;63(5):605-614
https://doi.org/10.5468/0gs.20080
pISSN 2287-8572 - elSSN 2287-8580

Gynecology
Science

Check for
updates

Perspective of the comparative effectiveness of
non-pharmacologic managements on postpartum

hemorrhage using a network meta-analysis

Kyung Ju Lee, MD, PhD, DPH'*’, Kwan Hong, MD**", Hari Hwang, BS'?, Hijeong Choi, PhD?,
Sangho Sohn, MD, PhD'

'Department of Public Health, Korea University Graduate School, Departments of *Obstetrics and Gynecology, *Preventive Medicine, Korea University
College of Medicine, “‘Department of Epidemiology and Health Informatics, Graduate School of Public Health, Korea University, Seoul, *Graduate
School of Integrative Medicine, CHA University, Pocheon, Korea

Objective

Postpartum hemorrhage (PPH) is the leading cause of maternal mortality worldwide and is both unpredictable and
inevitable. While uterotonic drugs are routinely recommended, there is ongoing debate on the ideal intervention
to control uterine bleeding. This review aims to compare the use of non-pharmacologic treatments with peripartum
hysterectomy in cases of life-threatening uncontrolled obstetric hemorrhage. The review's objective is to use a
network meta-analysis to help prevent maternal deaths and rank the treatments according to success rates.

Methods

We searched MEDLINE (PubMed), Embase, and the Cochrane Library, from January 2014 until December 2018. A
second search was carried out in April 2019 before the final data analysis. Network meta-analysis allows for the
calculation of the effect size between treatment groups through indirect treatment comparison.

Results

We confirmed that balloon-assisted management is the best intervention for uncontrolled postpartum bleeding
with pharmacologic treatment. This is followed by uterine artery embolization and surgical procedures, which can
help avoid the need for a hysterectomy. The balloon tamponade demonstrated lower failure rate than the surgical
procedure with odds ratio (OR) of 0.44 and 95% confidence intervals (Cls) 0.50-30.54. Uterine artery embolization had
a lower risk for hysterectomy than the surgical procedure group (OR, 0.74; 95% Cl, 0.22-2.50).

Conclusion
For the quick treatment of postpartum bleeding, balloon tamponade is the best method for uncontrolled postpartum
bleeding with pharmacologic treatment, followed by uterine artery embolization and surgical procedures.
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Introduction

Maternal and perinatal mortalities are surrogate measures of
national health status and indicators of social development.
In 2015, 303,000 women, around 830 women per day, were
estimated to have died due to pregnancy- or childbirth-relat-
ed complications worldwide. Fortunately, the global maternal
mortality rate has been decreasing, with an annual continu-
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ous reduction rate of 2.3% [1]. Similarly, the maternal mor-
tality ratio in Korea decreased from 14 deaths per 100,000
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live births in 2005 to 8.4 in 2016 [2].

Worldwide, blood loss after birth contributed to nearly a
quarter of all maternal mortality cases, with the most com-
mon cause of postpartum hemorrhage (PPH) being uterine
atony, the failure of the uterus to contract after birth. Mater-
nal morbidity due to uterine atony is far more common than
any other causes of bleeding, such as placental abruption,
placenta accreta, placenta previa, or peripartum hysterec-
tomy [1,3-6].

More than one third to half of maternal mortality cases are
reported within the first 24 hours after giving birth [1,3]. Fur-
thermore, while the risk factors for severe hemorrhage have
been identified, such hemorrhages continue to be unpredict-
able and inevitable. Active management of the third stage
of labor, which involves administration of uterotonic drugs,
early clamping of the umbilical cord, and controlled cord
traction, has become standardized nationwide [7-9]. Routine
administration of uterotonic agents during the third stage of
labor is a key intervention and the most effective at prevent-
ing PPH due to uncertain causes [7,8].

In 2009, the World Health Organization (WHO) work-
ing group defined “maternal near-miss morbidity” as a
life-threatening obstetric hemorrhage that requires urgent
medical attention to prevent the death of the mother [10].
Near-miss events are used to monitor the quality of mater-
nal health care and provide rapid and useful feedback to
improve obstetric care. The non-pharmacological procedure
to treat obstetric hemorrhage is stressful and surgically chal-
lenging, inevitably causing additional maternal morbidity
and, occasionally, infertility.

Even though the risk factors for uterine atony have been
identified, up to half of women with uterine atony after ce-
sarean delivery had no risk factors [6]. It has been established
that a prolonged third stage of labor increases the frequency
of PPH [9]. However, active management with uterotonic
agents and controlling the umbilical cord have been shown
to decrease PPH by decreasing the duration of the third
stage of labor [9]. The active and expectant management of
obstetric hemorrhage were updated as part of postpartum
management, and despite very low quality evidence, active
management has been introduced in low income countries
to reduce hemorrhage [8].

In cases of unresponsive bleeding in which uterotonic
agents have been administered, non-surgical treatments,
such as balloon tamponade or embolization, should be im-
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mediately or simultaneously applied [11-14]. If the bleeding
worsens, surgical procedures such as uterine compression su-
ture, pelvic vessel ligation, and hysterectomy are performed
[15-17]. In clinical practice, however, there is still uncertainty
about whether to perform non-surgical and/or surgical pro-
cedures after uncontrolled bleeding with pharmacological
managements. Due of the lack of certainty, and the small
number of studies published, it is essential to assess the
impact of these forms of care on both the mother and the
baby. Effective prevention of PPH, and appropriate interven-
tion during PPH, are key in decreasing maternal mortality.

Therefore, this study aimed to use a network meta-analysis
to compare the effect of non-pharmacologic managements
versus peripartum hysterectomy on uncontrolled bleeding in
cases of life-threatening obstetric hemorrhage. This review
will help prevent maternal deaths by ranking different treat-
ments according to effectiveness.

Materials and methods

This network meta-analysis was conducted according to the
guideline of the PRISMA extension statement for reporting of
systematic reviews incorporating network meta-analyses of
health care interventions: checklist and explanations [18].

1. Search strategy

We searched MEDLINE (PubMed), Embase, and Cochrane
Library from January 2014 to April 2019. Only studies in Eng-
lish were retrieved. The search terms used were: “(postpartum
hemorrhage OR obstetric hemorrhage) AND (uterine pack-
ing OR balloon tamponade OR balloon occlusion OR brace
suture OR vessel ligation OR Blakemore tube OR Bakri OR B-
lynch OR square suture OR uterine artery ligation OR internal
iliac artery ligation OR uterine artery embolization)”, using
both MeSH terms and text words.

2. Inclusion and exclusion criteria

The following study types were included: randomized con-
trolled trials (RCT), observational studies, and controlled trials
(non-RCT/CT), all written in English. We excluded studies
with case series or studies that only published an abstract.
Participants included women in the third stage of labor who
had a vaginal or cesarean birth in a hospital or a community
setting. In electronic medical records, eligible patients were
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PPH patients with at least 500 mL of blood loss at delivery
and/or at least 1,000 mL of blood loss at delivery and re-
ceived some blood products and/or uterotonic drugs. The use
of uterotonic drugs typically includes ergometrine, misopro-
stol, misoprostol plus oxytocin, carbetocin, ergometrine plus
oxytocin and oxytocin on its own. The types of interventions
included: 1) trials where they carried out non-pharmacologi-
cal treatment after failure of administered uterotonic agents
(any dosage, route, or regimen) at birth for preventing PPH;
and 2) trials evaluating non-pharmacological treatments like
uterine packing, balloon tamponade or balloon occlusion,
brace suture, vessel ligation, uterine artery ligation, internal
iliac artery ligation, Blakemore tube, Bakri® balloon tam-
ponade, or B-lynch or square suture. All non-pharmacologic
treatments were divided into 3 groups: Bakri® balloon tam-
ponade, uterine artery embolization and surgical procedures,
such as B-lynch, uterine strapping, and compression suture.
The compression suture was defined as any method of com-
pression suture, except B-lynch, which is recommended as

standard.

3. Outcomes
The main outcome was hysterectomy after birth due to
uncontrolled bleeding, calculated as the failure rate of the
interventions.

4. Selection and analysis of studies

After the literature search, the reviewers (KJ Lee, K Hong, H
Hwang, S Sohn) independently screened the retrieved titles
and abstracts. The full text of manuscripts selected for inclu-
sion were examined and the inclusion and exclusion criteria
were applied (Fig. 1). Disagreements between reviewers were
resolved by consensus or through the participation of a third
reviewer.

Reviewers independently extracted the following informa-
tion from the included studies: author, year and country of
publication, number of participants, type of intervention, and
outcomes studied (Table 1).

( Included J ( Eligibility J ( Screening J (Identification}

Records indentified through
PubMed searching
(n=417)

Records indentified through
MEDLINE searching
(n=71)

Records indentified through
Embase searching
(n=352)

A\

Records indentified through database

searching
(n=840)

\4

(n=251)

Screening records
(n=589)

Records after duplicates

Fig. 1. PRISMA flow chart of study selection process.
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Table 1. Characteristics of selected studies
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Failure rate® (95% Cl)

Risk A
0.26 (0.11-0.46)

Risk B
0.36 (0.20-0.55)

Type of intervention
Treatment B

Treatment A

Total number
of participants

Country

Year of
publication

Author

General compression

Bakri balloon

80

Hong Kong

2014

Chai and To [19]

suture
Uterine strapping

General compression

tamponade

0.14(0.06-0.25)

0.12 (0.01-0.36)

Uterine artery
embolization

China 75

2016

Feng et al. [20]

suture

Bakri + vaginal gauze Bakri balloon 0.04 (0.01-0.08) 0.08 (0.04-0.13)

China 205

2018

Guo et al. [21]

tamponade
Uterine artery
embolization

0.15(0.03-0.38)

0.10(0.03-0.23)

Bakri balloon

420

2015

Howard and

tamponade

Grobman [22]
Yan et al. [26]

B-lynch 0.05 (0.00-0.26) 0.19(0.06-0.38)

Bakri balloon

74

China

2014

tamponade

B-lynch 0.00(0.00-0.06) 0.10(0.02-0.26)

Bakri balloon

87

China

2014

Zhao et al. [27]

tamponade

Cl, confidence intervals.

“Failure rate = number of failures/population.

5. Assessing the consistency and quality of included
studies

Consistency was tested using the Wald test, which calculated
the linearity of regression coefficients for all models [23]. The
Revman v5.3 program was used as the Risk of Bias Assess-
ment tool for Non-randomized Studies [24,25]. We assessed
6 parameters including 1) selection of participants, 2) con-
founding variables, 3) measurement of exposure, 4) blinding
of outcome, 5) incomplete outcome data, and 6) selective
outcome reporting. Each parameter was graded as unclear,
low risk or high risk of bias. Overall bias was considered as
“low risk of bias” if the paper was classified as ‘low risk’ in
all domains, “some concerns” if there was at least one do-
main with a rating of ‘some concern’, and “high risk of bias”
if there was at least one domain with a ‘high risk’ or several
domains with ‘some concerns’ that could affect the validity
of the results. The overall risk of bias was determined ac-
cording to the previously reported standards [26]. We investi-
gated publication bias using funnel plots, which were visually
assessed for symmetry [27]. Finally, an Egger’s regression test
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Fig. 2. The summary of each study’s risk of bias. Green positive
icons indicate low risk of bias and red negative icons indicate high
risk of bias.
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and Begg’s test were performed to analyzed the asymmetry
of the funnel plot [28].

6. Statistical analysis of network meta-analysis

A network meta-analysis was used to evaluate the effects
of various treatments on PPH. Selected publications were
reviewed with this method using the frequentist approach.
In our study, 2 networks were constructed: network A was
based on treatment group type and network B was based
on specific treatments. A network diagram was created to
demonstrate how each intervention is connected to others
through direct comparisons. Within this network diagram,
the line width indicates the proportion of patients on a partic-
ular treatment, with direct comparison between nodes. Odds
ratios (ORs) were summarized as the effect size of each treat-
ment in forest plots. The directions of each treatment were
compared with the reference group who had a hysterec-
tomy. Heterogeneity between studies was represented by I°.
We considered I° values of more than 50% as indicators
of high heterogeneity, but we used random effect models
throughout the study since the network meta-analysis of
PPH may have had both between and within group variance.
However, since the I’ was 0 in the models used, there were
no difference between the random or fixed effect model.
The models were used to calculate OR and 95% confidence
intervals (Cl). For comparison between treatments, each

A Network A

Balloon tamponade

{
>9°W procedure

Embolization

B

intervention was ranked by the surface under the cumula-
tive ranking curve (SUCRA), known as a P-score, which is a
frequentist approach to calculate SUCRA without resampling
[29]. SUCRA indicates priority where the larger the SUCRA,
the better priority. A value of P<0.05 was considered statisti-
cally significant. Statistical analysis was performed using the
‘netmeta’ package in R-Studio 1.2.1335 (R studio, Boston,
MA, USA).

Results

A total 589 observational studies were initially identified.
After screening titles and abstracts, the full text of 64 studies
were reviewed, of which 58 were then eliminated. Six studies
were finally selected as part of the analyses. Fig. 1 shows the
flow of study selection.

The characteristics of the selected publications are summa-
rized in Table 1. The selected publications included 4 studies
in China, and one study each in Hong Kong and the USA.
Failure to manage bleeding after one or more non-phar-
macological treatments leads to postpartum hysterectomy,
which was deemed the failure rate. Comparing the B-lynch
operation with the use of Bakri balloon tamponade, Yan et
al. [30] Chinese study demonstrated the highest failure rate
(0.26 vs. 0.185), while the Zhao et al. [31] study observed

Network B

Bakri+vaginal guaze B-lynch

Bakri balloon

tamponade

Uterine strapping

Z X

General compession suture

Fig. 3. Network diagrams for postpartum hemorrhage treatments. Nodes represent an intervention and their size is proportional to the
number of trials comparing this intervention to any other in the network. The lines connecting each pair of interventions represent an indi-
rect comparison and are line widths are proportional to the number of trials making each indirect comparison. (A) Network A compares 1
type of management, and (B) network B compares complex treatment management.
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the lowest failure rate (0 vs. 0.097).

Fig. 2 shows the quality assessment of selected studies. The
overall risk of bias was low, except for confounding variables
and selective outcome reporting. Feng (2016) and Zhao
(2014) did not consider confounding variables. The quality of
all studies was reasonable.

Fig. 3 represents direct and indirect relationships among
interventions. We also created 2 networks to compare failure
rates among studies: the first network grouped by treatment
with one management intervention and another network
grouped by complex treatments (Fig. 3). The thick line be-
tween the balloon tamponade and the surgical procedure
represents the most frequent intervention.

Fig. 4 shows indirect and network analysis for PPH treat-
ments. In network A, 3 treatment groups, including balloon
tamponade, uterine artery embolization, and surgical proce-
dure, were compared. The surgical procedure was set as the
control group, and the balloon tamponade approach was
shown to have a 56% lower risk of hysterectomy (OR, 0.44;
95% Cl, 0.50-30.54), while uterine artery embolization had
26% lower risk of hysterectomy than the control group (OR,
0.74; 95% Cl, 0.22-2.50). In conclusion, non-surgical treat-
ment groups (i.e. Bakri® balloon tamponade, uterine artery
embolization) showed a lower failure rate than the surgical
group.

In network B, the general compression suture was set as
the control group, and compared to all other complex treat-
ments. The B-lynch suture had a risk of hysterectomy that
was 4 times higher than general compression suture (OR,
3.91; 95% Cl, 0.50-30.54), while uterine artery emboliza-
tion had 5% lower risk than general compression suture (OR,
0.44; 95% Cl, 0.50-30.54). Bakri® balloon tamponade plus

Network A

Comparison: other vs 'Surgery procedure'

Treatment (Random effects model) OR 95%-Cl

vaginal gauze had a failure risk that was 72% lower than
general compression suture (OR, 0.28; 95% Cl, 0.07-1.18).
In conclusion, balloon tamponade and embolization, which
were included in the non-surgical treatment group in net-
work A, resulted in a lower failure rate than the control
group. On the contrary, B-lynch suture and uterine strap-
ping, which were included in the surgical procedure group in
network B, resulted in a higher failure rate than the control
group.

The rank of interventions is shown in Table 2. In network A,
balloon tamponade ranked higher (0.89 vs. 0.44) than uter-
ine artery embolization. Balloon tamponade had the high-
est treatment success. In network B, treatments using Bakri
(Bakri balloon tamponade plus vaginal gauze and only Bakri
balloon tamponade) had the highest ranks (0.95 vs. 0.69 vs.

Table 2. Surface under the cumulative ranking curve (SUCRA):
rank of ‘network A’ treatment groups and ‘network B' specific
treatments in failure rates

Intervention SURCA  Rank
Network A
Balloon tamponade 0.89 1
Uterine artery embolization 0.44 2
Surgery 0.17 3
Network B
Bakri balloon tamponade + vaginal gauze ~ 0.95 1
Bakri balloon tamponade 0.69 2
Embolization 0.48 3
General compression suture 0.45 4
Uterine strapping 0.34 5
B-lynch 0.09 6

Balloon tamponade
Embolization
Surgery procedure
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0.737 [0.218; 2.495]

| 1.000

Network B
Comparison: other vs 'General compression suture'
Treatment (Random effects model) OR  95%-C|
BB-lynch — 3.91 [0.50; 30.54]
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Fig. 4. Forest plot with odd ratios (ORs) and 95% confidence intervals (Cls) from pairwise, indirect and network analysis for postpartum
hemorrhage treatments.
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0.48) compared with all other treatments.

The consistency test revealed a P-value of 0.83 in network
A and 0.98 in network B. Thus, our null hypothesis was re-
jected, indicating that both networks were appropriate. This
analysis was repeated for all cases, and no inconsistencies
were found. Although the number of included studies was
insufficient to determine asymmetry, we found no visual
asymmetry in the funnel plots (Fig. 5). Egger’s regression test
and Begg’s test indicated no significant asymmetry, with
P-value 0.10 and 0.26, respectively.

Discussion

Excessive bleeding after birth is the world’s most common
cause of death among mothers during childbirth. While
most women will have moderate bleeding at birth, others
may bleed excessively, which can pose a serious risk to their
health and life. To reduce excessive bleeding at birth, the
routine use of prophylactic uterotonic drugs has become
standard practice worldwide [32].

The use of hysterectomy, the single most dramatically alter-
ing procedure, as well as a stressful and surgically challeng-
ing procedure, has been a main reason behind low maternal
mortality rates in developed countries. The WHO listed peri-
partum hysterectomy as an identification criterion for “ma-
ternal near-miss”, which has been introduced as an analytical
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Fig. 5. Funnel plots of selected studies based on treatment grouping.
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tool to address health system failures, with the overall goal
of improving obstetric care.

In order to guarantee an immediate response and a multi-
disciplinary team approach, every obstetric practitioner needs
to be trained in the management of PPH. Internationally
recognized guidelines [33] indicate that one or more second-
line measures, including intrauterine (balloon) tamponade,
hemostatic brace suturing, ligation of the uterine arteries,
and interventional radiology, should be available in hospitals
with delivery units and that obstetric practitioners should be
familiar with these procedures.

The aim of this study was to provide a new methodology
to overcome the limitations of previous systematic reviews
and meta-analyses, which only assessed the effect of non-
pharmacological treatment, surgical or non-surgical proce-
dures, separately and without considering any prior interven-
tion with pharmacologic treatments. With the network meta-
analysis proposed here, these comparisons could be made.

The most recent study on PPH was a systematic review on
pharmacological uterotonic agents in prevention of PPH [27].
To our knowledge, this is the first study to conduct a network
meta-analysis comparing surgical and non-surgical approach-
es in the treatment of non-pharmacologic PPH. Considering
the effect size of PPH management in each intervention, per-
forming non-surgical treatment prior to surgical treatment
helps PPH management. This study is expected to provide
further evidence of the effect of non-pharmacological treat-
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ment on uncontrolled PPH, and thus help decision making
processes carried out by emergent medical professionals and
patients. The California Maternal Quality Care Collaborative
is actually managed by the OB Hemorrhage Toolkit V20 [33].

Our results are consistent with those of previous studies
[34.35]. In PPH, about 80% of patients did not undergo hys-
terectomy when treated by the Barkley balloon method [34],
which suggests that the Barkley balloon method is an ap-
propriate first choice treatment of PPH. On the other hand,
uterine artery embolization has treated more than 90% of
postpartum bleeding cases, deeming it suitable for the first
treatment of postpartum bleeding [35].

This network meta-analysis demonstrates selection bias to-
wards observational studies, due to the difficulty in conduct-
ing randomized controlled studies of postpartum bleeding, a
life-threatening condition. Consequently, the homogeneity of
baseline characteristics of the interventions was not ensured
and statistical significance was not achieved, due to the small
number of studies. For the same reason, the mode of deliv-
ery (i.e. vaginal, cesarean) was not able to be considered as a
subgroup. Finally, since there are various reasons for PPH [36]
and the effect of treatments may differ, more well-designed
studies should be provided to perform a meta-analysis classi-
fied by reasons behind why bleeding has occurred.

In conclusion, balloon tamponade is the best method for
uncontrolled postpartum bleeding with pharmacologic treat-
ment, followed by embolization and surgical procedures, for
the quick treatment of postpartum bleeding.
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