
Clinical Trial/Experimental Study Medicine®

OPEN
Measurement of postpart
um blood loss using a
new two-set liquid collection bag for vaginal
delivery
A prospective, randomized, case control study
Fang Wang, MDa, Nanjia Lu, MDb, Xiaofeng Weng, BSa, Yanping Tian, MDa, Shiwen Sun, MDa,
Baohua Li, PhDb,∗

Abstract
Background: Postpartum hemorrhage (PPH) is a major obstetric complication, and the real-time measurement of blood loss is
important in the management and treatment of PPH. We designed a new two-set liquid collection bag (TSLCB) for measuring
postpartum blood loss in vaginal delivery. The aim of this study was to evaluate the effectiveness of the TSLCB in separating the blood
from the amniotic fluid during vaginal delivery and in determining the accuracy of the measured postpartum blood loss.

Methods: A prospective, randomized, case control study was conducted in the Women’s Hospital, Zhejiang University School of
Medicine, from March 2018 to April 2018. Sixty single pregnant women with spontaneous labor at 37–41 weeks without maternal
complications were randomly divided into the experimental and control groups. The TSLCB was used to evaluate separately the
amount of blood and amniotic fluid. For the control group, visual estimation and traditional plastic blood-collecting consumables were
used to estimate the amount of postpartum blood loss. The measured blood loss between the two groups was compared, and the
association of the measured blood loss with various clinical lab indices and vital signs was investigated.

Results: The TSLCB (the experimental group) improved the detection of the measured blood loss compared with visual estimation
and the traditional method (the control group) (P< .05). In the experimental group, correlation analysis showed that the measured
blood loss at delivery and within 24h of delivery was significantly associated with the decreased hemoglobin level, red blood cell
count, and hematocrit level of patients (r=�0.574,�0.455,�0.437; r=0.-595,�0.368,�0.374; P< .05). In the control group, only
the measured blood loss within 24h of delivery was associated with the decreased hemoglobin level (r=�0.395, P< .05). No blood
transfusion and plasma expanders were required in the treatment of PPH for both groups.

Conclusions: The TSLCB can be used to accurately measure the postpartum blood loss in vaginal delivery by medical personnel.

Abbreviations: PPH = Postpartum Hemorrhage, TSLCB = Two-set Liquid Collection Bag, ACOG = American Congress of
Obstetricians and Gynecologists, RCOG = Royal College of Obstetricians and Gynecologists, CNGOF = French College of
Obstetricians and Gynecologist.
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1. Introduction

Postpartum hemorrhage (PPH), is one of the leading causes of
maternal mortality, endangers the lives of mothers due to massive
bleeding within a short period of time.[1] PPH is defined as blood
lossof 500mLormorewithin thefirst 24h after delivery, regardless
of the mode of delivery (cesarean or vaginal).[2] Furthermore, PPH
is considered severe when the amount of blood loss is more than
1000mL. Approximately 289,000 women died due to pregnancy
complications in 2013; of these, 27%died from severe PPH.[3] The
rescued mothers also suffer from various sequelae, such as
Sheehan’s syndrome or hysterectomy, which may cause physical
and mental health problems to mothers and their families.[4]

An underestimation of postpartum blood loss delays the
diagnosis and treatment of PPH, which can cause severe
consequences, even death. Individual risk factors have been
identified; however, no studies have reported the accurate
prediction of the occurrence of PPH.[5,6] Presently, reducing the
prevalence of PPH remains a challenge,[7,8] and the accurate
measurement of postpartum blood loss is critical for the diagnosis,
prevention, and treatment of PPH, especially in severe cases.[9]

Most studies have investigated postpartum blood loss during
childbirth. Several methods have been used to assess PPH,
particularly after vaginal delivery, that include visual estimation,
gravimetric measurement, direct measurement, photometry and
other methods such as the shock index method, red blood cell
counts, and hemoglobin levels.[10] However, there are few tools
that can collect and measure the amount of postpartum blood
loss,[11] especially during vaginal delivery, because blood mixes
with amniotic fluid during childbirth.
We designed a new two-set liquid collection bag (TSLCB) for

vaginal delivery (patent no. 2016 2 1484515.4, China), which
allows the blood and the amniotic fluid to be collected in separate
transparent plastic bags, thereby allowing us to accurately
measure the amount of postpartum blood loss. We believe that
excessive blood loss in vaginal delivery will initiate the response
protocol, which can effectively reduce the incidence of serious
maternal complications induced by PPH.
2. Methods

2.1. Study design

A prospective, randomized, case control study was performed in
the maternity ward of the Women’s Hospital, Zhejiang
University School of Medicine from March 2018 to April
2018. In brief, 60 singleton pregnant women with spontaneous
labor at 37–41 weeks without maternal complications were
randomly divided into the experimental or the control group.
The study was approved by the Institutional Review Board of

the Women’s Hospital, Zhejiang University School of Medicine
(approval no. 20160095). All patients provided written informed
consent, and the study was conducted in accordance with the
Declaration of Helsinki. This study adheres to CONSORT
guidelines.

2.2. Patients and eligibility

The criteria for inclusion were as follows: aged between 18–35
years; a gestational age of 37–41 weeks; single birth; cephalic
presentation; no complications during pregnancy; and willing-
ness to participate in this study. The exclusion criteria were as
follows: history of bleeding-related disorders (i.e., primary
2

coagulopathy or blood-clotting disorders); fetal distress; third-
degree (or above) serious perineal lacerations; postpartum
complications, except postpartum hemorrhage; history of
sexually transmitted diseases or infectious diseases; and history
of vaginal inflammatory diseases.
2.3. Randomization and Intervention

The midwife will decide whether pregnant women should be
included in the trial based on the inclusion criteria to guarantee
that the allocation to groups remain concealed until women were
admitted to the study.
Simple randomization was used to allocate study participants.

Opaque, sealed and consecutively numbered envelopes contain-
ing randomization assignment were randomly mixed and placed
in a box. Each envelope contained a data collection sheet. When
the womanwas admitted in active labor, the midwife will enquire
whether the woman was still willing to participate and if so, drew
an envelope in strict number succession. The randomization was
1:1, and the preparation of the envelopes containing the
information were carried out by a researcher who was not
directly involved with the study.
For the experimental group, a new TSLCB was used to collect

blood and amniotic fluid separately, and to keep the delivery area
sterile. The amount of blood was subsequently measured. For the
control group, visual estimation method and traditional plastic
blood collection bag with volume markings (maximum volume,
500mL) were used to represent in measuring the amount of
amniotic fluid and blood. In both groups, gauze and nursing pads
used within 24h of delivery were also weighed, and the total
blood loss was determined as follows: volume (mL)=weight (g)/
1.05. To ensure the authenticity and reliability of the data,
postpartum blood loss was observed, evaluated, and recorded by
the same midwives (FW, XFW, YPT, and SWS). The trial was
terminated when the pregnant women come across with severe
obstetric complications such as amniotic fluid embolism,
disseminated intravascular coagulation, uterine rupture, and so
on.
2.4. Postpartum blood loss measurement techniques

Based on the common delivery positions, such as lithotomy,
sitting, and lateral positions, we designed a new TSLCB to
measure the amount of postpartum blood loss for vaginal
delivery. The design of the TSLCB is shown in Figure 1. Before
delivery, we placed hip pads under the woman’s buttocks,
covered the leg pads at her right and left thighs, and then taped
and fixed the TSLCB. We adjusted the position of the liquid
collection bag to ensure that the opening of the bag was under the
vaginal orifice (Fig. 2A). In cases of perineotomy, blood from the
wound, which is often unaccounted for, was collected in the inner
bag before childbirth, and the amount of blood was carefully
measured. Amniotic fluid was collected in the inner bag from the
time of the birth of the fetus to the delivery of the placenta
(Fig. 2B). Lastly, we removed the inner bag (Fig. 2C) and used the
outer bag to collect and measure the postpartum blood loss until
active bleeding stopped (Fig. 2D).

2.5. Data collection

All patients completed the demographic and obstetric question-
naire on the day of admission. A computerized obstetric database



Figure 1. The design of the TSLCB. Part 1: Leg pads: keeping the sterile state
of local leg; Part 2: Hip pad: Blood or amniotic fluid running out easily; Part 3:
Bag opening support frame: Keeping the opening of the bag; Part 4: Liquid
collecting bag: inner bag and outer bag; Part 5: Scale: the measurement of the
amount of blood and amniotic fluid; Part 6: Drain valve.

Figure 2. The procedure of using TSCLB. (A) Before delivery, placing hip pads
under the woman’s buttocks, and covering the leg pads at her right and left
thighs. (B) In cases of perineotomy, blood from the wound could be collected in
the inner bag before childbirth. (C): Amniotic fluid would be collected and
measured in the inner bag from the time of the birth of the fetus to the delivery of
the placenta. (D) Blood would be collected and measured until active bleeding
stopped.
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was also used. Data on a range of demographic characteristics
and neonatal outcomes were collected. For both groups, blood
samples were collected on the day of admission and 24h after
delivery.
2.6. Primary outcomes

The primary outcomes were heart rate and systolic blood
pressure, as well as the volume of amniotic fluid and the amount
of postpartum blood loss, at delivery and within 24h of delivery.
Before delivery and within 24h of delivery, the hemoglobin level,
red blood cell count, hematocrit level, platelet count, and D-
dimer level of patients were separately assessed.
2.7. Statistical analysis

All statistical analyses were performed using the Statistical
Package for the Social Sciences Version 21.0 (SPSS Inc., Chicago
IL, USA). Descriptive analyses were carried out by calculating the
frequencies and percentages for categorical variables; the means
± standard deviation for continuous variables, if normally
distributed; or the medians (ranges), if not normally distributed.
Student’s t-test, chi-square test, Fisher’s exact test and theMann–
Whitney U test were used to compare data between the groups.
Pearson’s correlation was used to analyze the association
between the measured postpartum blood loss and the changes
in hemoglobin level, red blood cell count, hematocrit level,
platelet count, D-dimer level, and shock index of patients. The
correlation coefficient was reported using Pearson’s correlation r
and P values. All statistical tests were two-sided, and P-values
<.05 were considered statistically significant.
3. Results

Sixty participants meeting the inclusion and exclusion criteria
were enrolled in this study. Patients were randomly divided into
the experimental and control groups. The demographic and
obstetric characteristics, as well as the neonatal outcomes, are
presented in Table 1. There were no significant differences in age
(31.47±4.27 vs 30.57±3.95, P> .05) and body mass index
(BMI, 26.15±2.30 vs 25.06±1.99, P> .05) between the groups.
There was no significant difference in parity between the groups.
For the experimental group, there were 15 out of 30 primiparas;
for the control group, there were 10 out of 30 primiparas. The
mean gestational age was 39.64±0.97 and 39.21±1.09 weeks
for the experimental and control groups, respectively (P> .05).
Thirty (100.0%) patients in the experimental group had
spontaneous vaginal deliveries, whereas 1 (3.3%) patient in
the control group had a delivery by forceps. Twenty-eight
(93.3%) patients in the experimental group and 29 (96.7%)
patients in the control group selected the lithotomy position for
delivery, with few patients choosing the sitting or lateral position
(P> .05). In addition, 13 (43.3%) and 11 (36.7%) patients in
experimental and control groups underwent episiotomy, respec-
tively, and there was no significant difference between the groups.
Moreover, there were no significant differences in the first,
second, and third stages of labor between the groups [385 (89–
1060) vs 350 (70–1135), 31 (5–117) vs 30(1–146), 5 (1–14) vs 5
(1–15), respectively, P> .05]. The Apgar score at 1 and 5min was
10 (8–10) v. 10 (9–10), 10 (9–10) vs 10 (10–10), respectively
(P> .05), and the birth weight was 3516.00±494.98g vs
3300.67±398.44g (P> .05) between the groups.
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Table 1

Demographic, obstetric characteristics and neonatal outcomes of the patients included in the study.

Characteristics Experimental group (n=30) Control group (n=30) P

Age (years) 31.47±4.27 30.57±3.95 0.401
Body mass index(kg/m2) 26.15±2.30 25.06±1.99 0.055
Parity: n (%) 0.190
Nulliparous 15 (50.0) 20 (66.7)
Multiparous 15 (50.0) 10 (33.3)

Gestational age (weeks) 39.64±0.97 39.21±1.09 0.112
Delivery characteristics: n (%) 1.000
Spontaneous vaginal delivery 30 (100.0) 29 (96.7)
Forceps delivery 0 (0.0) 1 (3.3)

Delivery position: n (%) 1.000
Lithotomy position 28 (93.3) 29 (96.7)
Sitting position 1 (3.3) 0 (0.0)
Lateral position 1 (3.3) 1 (3.3)

Episiotomy performed: n (%) 0.598
Yes 13 (43.3) 11 (36.7)
No 17 (56.7) 19 (63.3)

Time of labor (min)
The first stage of labor 385 (89–1,060) 350 (70–1,135) 0.535
The second stage of labor 31 (5–117) 30 (1–146) 0.701
The third stage of labor 5.00 (1–14) 5 (1–15) 0.629

Neonatal outcomes
Apgar score at 1 min 10 (8–10) 10 (9–10) 0.297
Apgar score at 5 min 10 (9–10) 10 (10–10) 0.317

Birth weight (g) 3,516.00±494.98 3,300.67±398.44 0.069
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Table 2 shows that there was no significant difference in the
amount of amniotic fluid at delivery between the experimental
and control groups [300 (100–1200) mL vs 300 (80–800) mL,
respectively; P= .982]. The mean measured blood loss at
delivery was 372 (150–900) mL in the experimental group and
200 (100–600) mL in the control group (P= .000), demonstrat-
ing a significant increase in the experimental group compared
with the control group. Within 24h of delivery, the mean
measured blood loss was 536 (220–1030) mL in the
experimental group and 379 (170–1110) mL in the control
group (P= .003). The rate of PPH was 53.33% and 16.67% in
experimental and control groups, and the difference between
the groups was significant (P= .003). However, there was no
significant difference in the rate of severe PPH between the
groups (6.67% vs 3.33%, P=1.000), indicating that the TSLCB
improved the detection of measured postpartum blood loss in
the experimental group compared with the control group. As
there were no severe PPH cases in this study, blood transfusions
and plasma expanders were not needed.
The clinical lab indices and vital signs of the two groups at pre-

and post-delivery are shown in Table S1 Supplemental Digital
Content, http://links.lww.com/MD2/A151. There were no sig-
nificant differences in the hemoglobin level, red blood cell count,
Table 2

Measured amniotic fluid and postpartum blood loss between two gr

Experimental gro

Measured amniotic fluid at delivery (mL) 300 (100–1
Measured blood loss at delivery (mL) 372 (150–9
Measured blood loss within 24 h of delivery (mL) 536 (220–1
Measured blood loss≥500: n (%) 16 (53.33%
Measured blood loss≥1000: n (%) 2 (6.67%
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hematocrit level, platelet count, and D-dimer level before delivery
and 24h after delivery in the experimental and control groups
(P= .266, 0.290, 0.260, 0.860, 0.988; P= .138, .261, .213, .590,
.767). In addition, there was no difference in the shock index at
delivery, 1h after delivery, and 2h after delivery between the
groups (P= .399, .947, .647).
In Table S2 Supplemental Digital Content, http://links.lww.

com/MD2/A152, we analyzed the correlation between the
measured blood loss and various clinical lab indices and vital
signs. In the control group, there was no association between
the measured blood loss and the hemoglobin level, red blood
cell count, hematocrit level, and shock index at delivery
(P> .05). As shown in Figure 3, within 24h of delivery the
measured blood loss was negatively correlated with the
decreased hemoglobin level in the control group (r=�0.395,
P< .05), whereas the measured blood loss in the experimental
group at delivery and within 24h of delivery was significantly
correlated with the decreased hemoglobin level, red blood cell
count, and hematocrit level (r=�0.574, �0.455, �0.437; r=�
0.595, �0.368, �0.374; P< .05). However, there was no
correlation with the shock index (P> .05). These results indicate
that the TSLCB can accurately measure postpartum blood loss
in vaginal delivery.
oups.

up (n=30) Control group (n=30) P

200) 300 (80–800) 0.982
00) 200 (100–600) 0.000
030) 379 (170–1110) 0.003
) 5 (16.67%) 0.003
) 1 (3.33%) 1.000
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Figure 3. Significance of the correlation between measured blood loss and various clinical lab indices. The measured blood loss in the experimental group at
delivery or within 24h of delivery was negatively correlated with the decreased hemoglobin level (A, D), red blood cell count (B, E), and hematokrit level (C, F);
whereas in the control group, the measured blood loss at delivery was no correlation with the decreased hemoglobin level (G) but within 24h of delivery they had
statistical negative correlation (H).
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4. Discussion

In this prospective, randomized, case control study, we report
that a new TSLCB significantly improved the detection of the
measured blood loss compared with the visual estimation
method. Equally important, the measured blood loss using the
TSLCB correlatedwith the decreased hemoglobin level, red blood
cell count, and hematocrit level of patients at delivery and within
24h of delivery, suggesting that TSLCB is a useful tool for
accurately measuring blood loss due to PPH in vaginal delivery.
PPH is a serious complication at delivery, whose prognosis is

related to the volume and the rate of blood loss as well as the
rescue time.[12] However, the measurement of postpartum blood
loss is difficult, particularly in vaginal delivery. Several studies
5

have reported overestimations of blood loss at low volumes and
underestimations at high volumes after vaginal delivery using
visual estimation methods.[13] Currently, there are no reliable
tools to measure the amount of postpartum blood loss.[10,14,15]

Tourne et al used a plastic bag to collect and measure the volume
of blood loss after delivery and investigated the correlation
between the bag’s volume and hemoglobin and hematocrit levels.
The authors showed that the collection bag can facilitate the
diagnosis of PPH in the delivery room.[16] However, Zhang et al
found that the collection bag in vaginal delivery did not reduce
the rate of severe PPH compared with the visual estimation of
postpartum blood loss.[8] Therefore, the American Congress of
Obstetricians and Gynecologists (ACOG) and the Royal College
of Obstetricians and Gynecologists (RCOG) do not recommend

http://www.md-journal.com
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the use of tools (such as the graduated collection bag) to estimate
blood loss in vaginal delivery.[17,18] In the present study, we
designed a new TSLCB and examined its accuracy in the
measurement of postpartum blood loss for vaginal delivery. Our
data showed that the measured blood loss at delivery and within
24h of delivery was significantly greater in the TSCLB group than
that in the control group, although there were no significant
differences in demographic and obstetric characteristics between
the groups. As there were no severe PPH cases in this study, blood
transfusions and plasma expanders were not needed. Further-
more, we used other parameters of bleeding, such as the
hemoglobin level, red blood cell count, hematocrit level, and
shock index, to evaluate the accuracy of the TSLCB in measuring
the amount of postpartum blood loss in vaginal delivery. We
found that the blood loss at delivery and within 24h of delivery in
the TSCLB group was significantly correlated with the decreased
hemoglobin level, red blood cell count, and hematocrit level
(r=�0.574, �0.455, �0.437; r=0.-595, �0.368, �0.374;
P< .05). However, in the control group, only the blood loss
within 24h of delivery was correlated with the decreased
hemoglobin level (r=�0.395, P< .05). The results suggested that
the amount of measured blood loss, as determined by the TSCLB,
was similar to the actual amount of blood loss, indicating that the
TSCLB was more accurate in the measurement of blood loss
compared to the visual estimation method. Previous studies have
reported that blood collection bags can improve the accuracy
of the measured blood loss.[7,19–21] The French College of
Obstetricians and Gynecologists (CNGOF) recommend that
medical professionals determine whether a collection bag should
be used as a tool to evaluate postpartum blood loss.[22] PPH is a
complication in 5 to 10% of all deliveries. The traditional
definitions of PPH serve as an estimated blood loss in excess of
500mL after a vaginal delivery or a loss of greater than 1000mL
after a cesarean section. In our study, the incidence of PPH may
be 16.67% using traditional plastic blood collection bag;
interesting, we found that the rate of PPH in the TSCLB group
was much higher than that in the control group (53.33% vs
16.67%, P= .003). Based on the accuracy of estimated PPH using
TSCLB method, we wonder whether traditional method caused
the significant underestimations of blood loss after vaginal
delivery. Recently, ACOG redefines PPH as cumulative blood
loss greater than or equal to 1000mL regardless of route of
delivery.[17] We indeed agree with ACOG’s definition for PPH.
Additionally, our results showed that there was no statistical
difference in the incidence of severe PPH, indicating that the
TSCLB is useful in the early detection and intervention of PPH
and in the prevention of severe PPH.
In our study, there were three merits of using the TSCLB to

measure the amount of blood loss in vaginal delivery. First, it was
extremely difficult to measure the actual amount of blood loss by
visual estimation methods, because blood and amniotic fluid are
often mixed during childbirth.[23] We designed the new TSLCB
for vaginal delivery, which allowed the blood to be separated
from the amniotic fluid by collecting the components in two
transparent plastic bags. Secondly, perineotomy was sometimes
needed for vaginal delivery, and the amount of blood from the
wound was often greatly underestimated. Using the TSCLB, we
could collect blood from the wound in the inner bag before
childbirth and objectively measure the amount of postpartum
blood loss as well as reduce the environmental pollution in the
delivery room. Finally, the reading of the plastic blood collection
bag was only an estimation, and the maximum volume of the bag
6

is 500mL.[24] Therefore, blood will be lost when the volume
exceeds 500mL, leading to a significant underestimation of
postpartum blood loss. The TSCLB solved this issue because of
the presence of a drain valve. Taken together, our results
indicated that the TSLCB could accurately determine the amount
of blood loss in vaginal delivery by medical personnel.
The present study had several limitations. Firstly, our sample

size was small, so future studies should include more participants
to confirm our results. Secondly, this was a single-center study,
andwomenwere recruited from only one hospital. Therefore, our
results may be biased. Finally, the researchers were not blinded to
the data of the patients. However, the researchers were aware of
the importance of objectivity when collecting data.
5. Conclusions

The accurate measurement of blood loss in vaginal delivery is
critical for the diagnosis, prevention, and treatment of PPH. We
designed a new TSLCB that could accurately measure the amount
of blood loss in vaginal delivery. It could also reduce the
environmental pollution in the delivery room and help medical
personnel initiate the response protocol to reduce the incidence of
serious maternal complications caused by PPH.
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