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Abstract

Background Postpartum hemorrhage is the leading cause of maternal death and severe maternal morbidity world-
wide. Previous studies have reported the importance of multidisciplinary treatment approaches for postpartum hem-
orrhage; however, only a few studies have shown a clear improvement in maternal outcomes. Therefore, this study
aimed to investigate the efficacy of a call system for postpartum hemorrhage in a tertiary emergency facility for rapid
multidisciplinary treatment and its effect on maternal outcomes.

Methods This single-center retrospective cohort study included patients transferred to our hospital due to postpar-
tum hemorrhage between April 1,2013, and March 31, 2019. The primary outcome was mortality, and the secondary
outcomes were morbidity (duration of hospital stay, duration of intensive care unit stay, admission to the intensive
care unit, respirator use, duration of ventilator support, acute kidney injury, transfusion-associated circulatory over-
load/transfusion-related acute lung injury, hysterectomy, composite adverse events, blood transfusion initiation time,
blood transfusion volume, and treatment for postpartum hemorrhage). An in-hospital call system implementation
commenced on April 1,2016. The study outcomes were compared 3 years before and after implementing the call
system.

Results The blood transfusion initiation time and duration of hospital stay were significantly shortened after imple-
menting the call system for postpartum hemorrhage. No maternal deaths were observed after implementing
the system.

Conclusions Implementing call systems specialized for postpartum hemorrhage in tertiary emergency facilities may
improve maternal outcomes.
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An increase in PPH incidence has been reported in
both low- and high-income countries [9], as well as
an increase in its severity [10]. Previous studies have
mainly focused on the importance of a multidiscipli-
nary team approach for PPH [11-13].

The causes of PPH vary widely, including uter-
ine atony, surgical trauma or tears, placenta previa or
accreta, and coagulation disorders [14, 15]. The Mater-
nal Death Exploratory Committee of the Japanese Soci-
ety of Obstetrics and Gynecology reported that half of
the deaths due to obstetric hemorrhage in Japan were
preventable [16]. Furthermore, more than half of deliv-
eries in Japan are managed in private clinics; hence,
cooperation and coordination between regional hospi-
tals are necessary to address PPH [16].

In treating PPH, it is necessary to select the appro-
priate hemostatic method according to the etiology
and general condition of patients. Hemorrhagic shock
or disseminated intravascular coagulation (DIC) is
common in patients with PPH, and facilitating the
integration and timely escalation of pharmacologic,
radiological, surgical, and transfusion interventions
are critical to successfully managing this condition
[6]. Multidisciplinary treatment with call systems may
accelerate treatment initiation and consequently con-
tribute to patient outcomes. Hence, it is important to
create a standardized algorithm for PPH treatment in
each institution [17].

Some studies have examined whether implementing a
multidisciplinary algorithm for PPH treatment changes
important outcomes, such as maternal mortality, hyster-
ectomy due to bleeding, intensive care unit (ICU) admis-
sion, and transfusion-associated circulatory overload
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(TACO) [18-22]. However, there are limited results with
high-quality evidence.

Based on this background, from 2016 onward, an
in-hospital call system known as “PPH call” was imple-
mented for patients transferred to our hospital due to
PPH. This call system aided the rapid initiation of multi-
disciplinary treatment for transported patients with PPH
(Fig. 1). Therefore, this study aimed to investigate the
efficacy of a call system for PPH in a tertiary emergency
facility for rapid multidisciplinary treatment and mater-
nal outcomes.

Methods

Study design and participants

This was a single-center retrospective cohort study. It
included all patients transferred to our hospital due to
PPH from April 1, 2013, to March 31, 2019. The “PPH
call” implementation commenced on April 1, 2016, and
the characteristics of the patients transferred before and
after the implementation were compared.

PPH call

The “PPH call” is an in-hospital call system triggered
when obstetricians in other hospitals request the transfer
of patients with PPH to the obstetrics unit at our hospital
via a phone call, and obstetricians in our facility accept
the request (Fig. 1). When the PPH call is triggered, all
relevant departments are notified simultaneously. Next,
the emergency physicians, emergency nurses, and obstet-
rics staff gather in the emergency room, and the case is
registered in the medical records for immediate treat-
ment. The blood transfusion department prepares six
units of non-cross red blood cells and six units of fresh
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frozen plasma (FFP). In addition, the anesthesiologists,
operation room staff, and radiology departments are
notified that a PPH case has been referred to the hospi-
tal. Radiologists are always present during the daytime
and are notified simultaneously, like other departments.
However, they are called at night if necessary based on
the patient’s condition and arrive at the hospital within
30 min. Before the patient arrives at the hospital, a multi-
disciplinary briefing with all teams involved occurs in the
emergency room to share information about the patient
and the treatment plan. Hence, the call system enables
the prompt initiation of multidisciplinary treatment
upon patient arrival.

Study outcomes

The primary outcome was maternal mortality. The sec-
ondary outcomes were the duration of hospital stay,
duration of ICU stay, admission to the ICU, respirator
use, duration of ventilator support, acute kidney injury
(AKI), TACO/transfusion-related acute lung injury
(TRALI), hysterectomy, composite adverse events, blood
transfusion initiation time, blood transfusion volume,
and treatment for PPH. Composite adverse events were
defined as including death, ICU admission, respirator
use, TACO/TRALI, AKI, and hysterectomy.

Background and laboratory data collection and definitions
The data collected included patient age, delivery method,
shock index (defined as heart rate divided by systolic
blood pressure), fibrinogen level, presence of DIC,
hemoglobin level, platelet count, and lactate level on
admission. Fibrinogen levels were measured at a central
laboratory without point-of-care testing. Based on the
obstetric DIC score [23], DIC was defined as fibrinogen
levels <150 mg/dL on admission.

The obstetric DIC score is determined based on the
underlying obstetric disease and clinical and laboratory
findings. This score is useful for performing treatment
before laboratory findings are known while considering
the risk of DIC [23]. Therefore, in our hospital, if DIC
is suspected based on clinical findings and the obstet-
ric DIC score, DIC treatment is commenced before the
fibrinogen level result is available. Of the laboratory find-
ings used to determine the obstetric DIC score, fibrino-
gen levels have been reported to be useful for predicting
DIC [24]. Additionally, in Japan, it is recommended to
administer fibrinogen preparations to patients with
fibrinogen levels <150 mg/dL.

Statistical analysis

The association between the implementation of the PPH
call and each item was examined using the Mann—Whit-
ney U test for continuous variables and Fisher’s exact test
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for categorical variables. In addition, multiple regression
analysis with backward selection was used to examine the
effect of the PPH call implementation on the duration
of hospital stay after adjusting for covariates. IBM-SPSS
ver. 25 (IBM Corp., Armonk, NY, USA) was used for all
statistical analyses. Two-sided p-values<0.05 were con-
sidered statistically significant. Because this was a retro-
spective study, a power analysis was performed instead of
a sample size calculation, which is for prospective stud-
ies. From the power analysis, when the partial regression
coefficient was 0.5 with 111 samples, a power of 0.999
was obtained.

Ethical statement

This study was performed in accordance with the Decla-
ration of Helsinki guidelines and approved by the Ethics
Committee/institutional review board (IRB) of Yoko-
hama City University Medical Center (approval num-
ber: B170300025). The need for informed consent from
patients was waived by the Ethics Committee/IRB of
Yokohama City University Medical Center because of the
study’s retrospective design.

Results

Patient background and laboratory data

There were 45 and 66 eligible patients before and after
call implementation, respectively. Table 1 shows the
patients’ backgrounds and laboratory data upon admis-
sion to our hospital. Mean fibrinogen levels were signifi-
cantly lower after the call implementation than before.
Therefore, the presence of DIC (defined as fibrino-
gen< 150 mg/dL) at admission tended to be higher after

Table 1 Patient background and laboratory data on hospital
admission

Before @ (n=45) After® (n=66)

median median p-value

(interquartile (interquartile

range) or range) or

frequency (%) frequency (%)
Age; years 32 (32.0-38.0) 33 (29.0-36.0) 0.845
Cesarean section 9 (20%) 6 (9%) 0.100
Shock index 0.842 (0.707-1.044) 0.800 (0.667-1.008) 0.455
Fibrinogen;mg/ 325  (174-397) 217 (157-339) 0.042
dL
Presence of DIC 5 (11%) 14 (21%) 0.205
Hemoglobin; 77 (6.0-9.5) 7.8 (6.6-9.5) 0.281
g/dL
Platelet; 104 149 (9.6-19.9) 179  (122-214) 0.099
Lactate; mmol/L 3.0 (20-4.9) 3.1 (2.0-4.4) 0.877

Before 2, before PPH call implementation; After ®, after PPH call implementation
DIC, disseminated intravascular coagulation



Umeda et al. BMC Pregnancy and Childbirth (2023) 23:787

call implementation than before, although there was no
significant difference. No significant differences in other
items were observed between patients admitted before
and after call implementation.

Comparison of treatments and outcomes before and after
PPH call implementation

Table 2 shows a comparison of maternal outcomes and
hospital courses before and after PPH call implementa-
tion. While no maternal death was observed after imple-
menting the PPH call, one death was recorded before its
implementation. Regarding secondary outcomes, signifi-
cant reductions in the duration of hospital stay (from 6
to 4 days; p=0.016) and the transfusion initiation time
(from 68.5 to 16 min; p<0.001) were observed. The inci-
dence of AKI decreased by two-thirds from 16 to 5% after
call system implementation, although this difference was
not statistically significant. No significant differences in
other morbidity parameters, such as hysterectomy and
TACO/TRALI, were observed. Further, no significant
differences in the incidence of composite adverse events,
including death, ICU admission, respirator use, TACO/
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TRALI, AKI, and hysterectomy, were observed before
and after call implementation. Furthermore, patients
were grouped according to the PPH treatments they
received as (i) patients that underwent only transcatheter
arterial embolization (TAE), (ii) those that required some
type of operation, such as a perineal laceration suture or
total hysterectomy, and (iii) those that received only con-
servative treatments with uterotonic drugs, intrauterine
balloon, fluid transfusion, or blood transfusion. Then,
the outcomes of the groups were compared; however,
no significant difference was observed. Additionally, no
significant difference in the use of uterotonic drugs such
as oxytocin and methylergometrine, or intrauterine bal-
loons, was observed before and after the call implemen-
tation. These were sometimes used in combination with
other treatments.

Since tranexamic acid administration was not recom-
mended for PPH treatment in Japan during the study
period, it was not administered to any of the patients in
this study. Additionally, compression sutures and uter-
ine artery ligation were not employed in any of the cases
because TAE could be performed at any time in our

Table 2 Comparison of maternal outcomes and hospital courses before and after PPH call implementation

Before ? (n=45)

After ® (n=66)

median (interquartile range) or median (interquartile range) or p-value

frequency (%) frequency (%)
Maternal death 1 (2%) (0%) >0.99
Duration of hospital stay; days 6 (3.0-10.0) (2.0-7.0) 0.016
Duration of ICU stay; days 0 (0.0-1.5) 0 (0.0-1.3) 0.686
Admission to ICU 14 (319%, 17 (26%) 0.667
Duration of ICU admission; days 2 (1.8-2.0) 2 (2.0-2.8) 0.294
Respirator use 12 (27% 12 (19%) 0.482
Duration of ventilator support; days 0 (0.0-1.0) 0 (0.0-0.0) 0367
AKI 7 (16%, 3 (5%) 0.087
TACO/TRALI 0 (0%) 0 (0%) 1.000
Hysterectomy 3 (7%) 5 (8%) 1.000
Composite adverse events 20 (44%) 20 (30%) 0.160
Blood transfusion initiation time; min 68.5 (31.5-144.3) 16.0 (9.0-66.0) <0.001
RBC volume; U 6 (2.0-10.0) 6 (1.5-12.0) 0.825
FFP volume; U 4 (0.0-11.0) 4 (0.0-12.0) 0.898
Treatment 0.485
Conservative treatment 15 (33% 19 (29%)
TAE alone 9 (20% 9 (14%)
Operation 21 (47% 38 (58%)
Oxytocin 23 (51% 39 (59%) 0.441
Methylergometrine 6 (13% (12%) 1.000
Uterine balloon 5 (11% (9%) 0.755

Before ?, before PPH call implementation; After b after PPH call implementation

ICU intensive care unit, AKl acute kidney injury, TACO transfusion-associated circulatory overload, TRALI transfusion-related acute lung injury, RBC red blood cell, FFP

fresh frozen plasma, TAE transcatheter arterial embolization



Umeda et al. BMC Pregnancy and Childbirth (2023) 23:787

facility, and it was the first-line treatment in patients who
were potential candidates for compression sutures or
uterine artery ligation. Furthermore, fibrinogen concen-
trate was not covered by public insurance in Japan dur-
ing the study period. Therefore, fibrinogen concentrate
could not be administered to patients admitted before
the PPH call implementation. However, after the call
implementation, it was administered in PPH cases with
suspected hypofibrinogenemia after obtaining approval
from the Ethics Committee/IRB of Yokohama City Uni-
versity Medical Center. Notably, a cryoprecipitate was
not administered at our hospital.

Factors associated with the duration of hospital stay
before and after PPH call implementation

The results of the multivariate analysis of confound-
ing factors for the duration of hospital stay are shown
in Table 3. Immediate blood transfusion initiation
(p=0.001) and PPH call implementation (p=0.049)
were significantly associated with a shorter duration
of hospital stay. Conversely, FFP volume (p <0.001) was
significantly associated with a prolonged hospital stay.
The coefficient of determination for the model was 0.50
(adjusted 0.45).
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Comparison of PPH etiology before and after call
implementation

The causes of PPH were categorized as surgical trauma
or tears, placenta previa or acreta, uterine atony, or
pseudoaneurysm (Fig. 2). No PPH cases occurred due
to placenta previa and coagulation disorders, and no dif-
ferences in the causes of PPH were observed before and
after call implementation.

Neonatal outcomes

One preterm birth occurred before call implementation,
and two preterm births and one mid-term miscarriage
occurred after call implementation.

Discussion

This study investigated and clarified the efficacy of a call
system for PPH in a tertiary emergency facility for rapid
multidisciplinary treatment and its effect on maternal
outcomes. After implementing the call system, the blood
transfusion initiation time and the duration of hospital
stay were significantly shortened. One maternal death
occurred before the implementation of the call system;
however, no maternal deaths were observed after imple-
mentation. Therefore, implementing a call system for
PPH may improve the outcomes of patients with PPH.

Table 3 Multivariate analysis of confounding factors for the duration of hospital stay

Partial regression Standard error Standardized partial regression  p-value
coefficient coefficient
Age 0.17 0.08 0.20 0.031
Blood transfusion initiation time 0.00 0.00 0.31 0.001
FFP volume 0.18 0.04 038 <0.001
Callimplementation -1.63 0.81 -0.19 0.049
Coefficient of determination 0.50 (0.45)

FFP Fresh frozen plasma
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Fig. 2 Categorization of the causes of postpartum hemorrhage
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Hasegawa et al., from the Maternal Death Explora-
tory Committee of the Japanese Society of Obstetrics
and Gynecology, reported that about half of the mater-
nal deaths caused by PPH in Japan could be prevented
by prompt diagnosis and treatment, including the estab-
lishment of a system in addition to maternal transport,
intervention, and blood transfusion [20]. The PPH call in
this study is designed to notify all relevant departments
when the decision is made to transport a patient to our
hospital, thus allowing the quick mobilization of person-
nel and all necessary medical resources (Fig. 1). All team
members involved in the patient’s treatment gather for a
briefing to share information about the patient and their
treatment plan. Blood products are prepared beforehand
and promptly administered as needed when the patient
arrives at the hospital. Therefore, multidisciplinary treat-
ment can be promptly initiated upon the patient’s arrival
at the hospital. In addition, the system may lead to a
quicker acceptance of patients for transport, resulting in
shorter transportation times. Although the number of
cases was small and no significant differences in mater-
nal death were observed before and after implementing
this system, no deaths occurred after its implementation.
This observation suggests that the call system may have
contributed to the reduced mortality rates, and further
studies with larger sample sizes may show significant
differences.

With the implementation of the call system, the time
from arrival at the hospital to the start of blood transfu-
sion (from 68.5 to 16 min) and the duration of the hos-
pital stay (from 6 to 4 days) were significantly shortened
(Table 2). No significant differences were observed in the
incidence rates of AKI, hysterectomy, and TACO/TRALLI,
which are considered morbidity parameters. Multivari-
ate analysis of factors associated with shorter hospital
stays showed that transfusion initiation time and call
implementation contributed to shorter hospital stays,
even after accounting for confounding factors (Table 3).
A previous study reported that early FFP transfusion for
patients with PPH did not improve maternal outcomes
compared to those who received no or late FFP transfu-
sion [25]. However, the study may not have included PPH
cases with severe coagulopathy. Contrastingly, the pre-
sent study revealed that early transfusions administered
as needed were associated with a shorter hospital stay. In
particular, the standardized partial regression coefficient
for the reduction in transfusion initiation time was large,
suggesting that it significantly influenced the reduction
in the duration of hospital stay. Furthermore, the FFP
volume was significantly associated with a prolonged
duration of hospital stay. This may have been because
patients who required more FFP volume had more severe
PPH, thus requiring longer hospitalization. However, this
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association is not important in this study because no dif-
ference in FFP volume before and after call implementa-
tion was observed. Therefore, it can be deduced that the
impact of multidisciplinary treatment through call imple-
mentation, including prompt blood transfusion initia-
tion, on shortening the duration of hospital stay is greater
than that of the FFP volume on prolonging the duration
of hospital stay. Implementing this call system, which
enabled simultaneous dissemination of information to all
relevant departments and the prompt provision of neces-
sary medical resources, may have led to a marked reduc-
tion in the time required for blood transfusion initiation.
In turn, this may have prevented maternal death and
reduced the duration of hospital stay.

Protocol development is essential to ensure quality and
safe medical care; this also applies to perinatal manage-
ment in reducing adverse obstetrical outcomes [26].
Protocols with standardized interventions improve emer-
gency care. Hence, similar to cardiac arrest management
[27], standardized management plans should be devel-
oped for PPH. Furthermore, teamwork training has been
reported to improve knowledge, practical skills, commu-
nication, and team performance [12]. The call system in
the present study may improve patient outcomes, as the
obstetrics and emergency departments share the same
treatment plan and communicate smoothly with the sur-
gery, radiology, and blood transfusion departments.

This study had some limitations. First, this was a single-
center retrospective cohort study; hence, adapting the
call system in this study to other facilities may be diffi-
cult. However, developing a protocol for PPH manage-
ment in each region is important. Therefore, modifying
the system for adaptation in each facility based on con-
siderations about which treatments can be performed
and assessment of the ease of transportation to tertiary
facilities may improve maternal outcomes. Second,
the sample size of this study was small; thus, the analy-
ses might have been underpowered to detect significant
differences in the outcomes. Although the before-after
comparison of this novel treatment protocol and our
findings show promise, further studies are needed to
identify causal relationships between the study variables
and the outcomes. Third, this was a comparative study
of cases before and after the implementation of the call
system. Thus, the impact of improved medical care due
to increased clinical experience and changing treatment
strategies, such as fibrinogen concentrate administra-
tion, cannot be excluded. Previous studies have suggested
that fibrinogen concentrate substitution therapy for PPH
increases fibrinogen levels and reduces bleeding [28—30].
However, since fibrinogen concentrate could only be
administered after call implementation at our hospital,
its effects could not be compared. Finally, pursuing the
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validity of this study’s findings in a multicenter study may
be necessary.

Protocols for preventing and treating PPH [3, 21] and
a multidisciplinary team approach have been reported
to be important for successful PPH management [11-
13]. However, limited data exist on the improvement in
maternal outcomes. This study found that implementing
a call system for PPH in a tertiary emergency facility con-
tributed to shorter transfusion initiation times and dura-
tion of hospital stays. Therefore, the results of this study
may provide recommendations that can be applied to
other facilities.

Conclusions

Implementing a call system specialized for PPH in a ter-
tiary emergency facility may improve maternal outcomes
despite an increased incidence of hypofibrinogenemia on
hospital admission.
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