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HOW DO I?

How do I perform cell salvage during vaginal
obstetric hemorrhage?
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Abstract
Background: Obstetric hemorrhage is a leading cause of preventable maternal
mortality. To combat this, obstetric organizations worldwide recommend consideration of autotransfusion during severe peripartum bleeding to minimize
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allogenic transfusion. Current guidelines for autotransfusion in obstetrics are
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sion protocols. However, emerging data suggest that autotransfusion of vaginally shed blood is both safe and feasible in the obstetric patient population.
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limited to patients undergoing cesarean birth. At present, women experiencing
vaginal obstetric hemorrhage are excluded from many obstetric autotransfu-

Methods and Materials: In this review, we will provide an overview of the
current literature surrounding cell salvage of vaginally send blood and a
detailed outline of our institution's blood collection protocol.
Results: Recent data suggests autotransfusion of vaginally shed blood is both
safe and effective.
Discussion: Implementation of autotransfusion technology into the delivery
room is a critical next step for the advancement of transfusion medicine in
obstetrics. This review provides an overview of the data surrounding autotransfusion of vaginally shed blood during maternal hemorrhage and describes
practical suggestions for how it can be effectively implemented into routine
practice.

1 | INTRODUCTION
Obstetric hemorrhage requiring transfusion is a leading
cause of preventable maternal morbidity and mortality
worldwide.1–3 While hemorrhage is more common in
patients undergoing cesarean delivery, vaginal delivery is
the most common mode of delivery, comprising approximately 70% of births in the United States. Approximately
three percent of vaginal births are complicated by postpartum hemorrhage and this population represents one
of the most common clinical scenarios involving obstetric
hemorrhage.3–5 Only recently has autotransfusion been
recognized as a feasible tool for the management of
Transfusion. 2022;1–7.

obstetric hemorrhage, despite its longstanding use in
cardiothoracic and orthopedic surgeries, among others.6,7
Modern cell salvage protocols utilizing leukocyte depletion filters demonstrate effective removal of amniotic
fluid components and microorganisms from an autologous blood product.8,9 Obstetric organizations worldwide
now recommend consideration of autotransfusion during
severe peripartum bleeding.10–13 Despite mounting evidence for cell salvage and autotransfusion in patients
with vaginal obstetric hemorrhage, guidelines are currently limited to patients undergoing cesarean deliveries.
Existing protocols describe blood collection techniques
specific to the sterile operating room environment during
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open abdominal surgery but fail to address key management techniques that are essential to consider during a
vaginal obstetric hemorrhage.14–16
Emerging data suggests both safety and efficacy when
using an autologous product from vaginally shed blood.
In 2015, Teare, et al demonstrated that autologous samples generated from vaginally shed blood had comparable
levels of residual bacterial contamination when compared
to serum samples collected at the time of cesarean delivery. In this study, residual bacterial contamination was
similar to bacterial loads seen during routine dental procedures and was deemed clinically insignificant.17 In
2018, Lim, et al published a modern clinical cohort of
10 patients who received autotransfusion of vaginally
shed blood and reported no adverse events during reinfusion. In addition, they found that maternal morbidity was
comparable in cases of vaginal hemorrhage that received
autologous product compared to those who did not.18
Most recently in 2021, an abstract was published demonstrating that when matched to controls, patients who
received autologous blood from vaginally shed blood had
less decline in their hemoglobin between pre and postdelivery assessments.19
Maximizing alternative therapies to allogenic transfusion is of particular importance in the setting of limited
blood bank products in light of the COVID-19 pandemic.
The expeditious use of cell salvage technology during hemorrhage has been shown to reduce morbidity associated
with acute blood loss and attenuate the need for allogenic
blood resources.20,21 Importantly, autotransfusion has the
potential to enhance transfusion capabilities in birth centers with limited blood bank resources. Understanding
how to implement autotransfusion technology into the
workflow for vaginal obstetric hemorrhage is a critical next
step for the advancement of transfusion medicine in obstetrics. Barriers to broader use of autotransfusion in the delivery room include lack of provider familiarity and comfort
with the technique, contamination of blood with amniotic
fluid from delivery, and lack of immediate access to equipment for blood collection and reinfusion. In this review, we
provide a detailed report of our institution's protocol for
blood collection for autotransfusion during obstetric
hemorrhage.

2 | O U T C O M E S I N C A S E S WI T H
AUTOTRANSFUSION OF
V A G I N A L LY SH ED B LO O D A T O U R
INSTITUTION
In a recent publication, we reviewed 64 cases of autotransfusion of vaginally shed blood that occurred at our institution
prior to initiation of a standardized protocol for blood
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collection and processing during vaginal obstetric hemorrhage.22 We found that autotransfusion of vaginally shed
blood was well tolerated and no serious adverse events were
reported during administration. The majority of patients in
our cohort experienced vaginal obstetric hemorrhage immediately after vaginal delivery (91%). However, there were
four cases (6%) of delayed postpartum hemorrhage, which
occurred anywhere from 2 to 41 days postpartum. Patients
in this cohort on average received the equivalent of approximately 1.3 units of packed red blood cells in autotransfusion
volume. We observed significant heterogeneity in the quantity
of salvaged blood, even when controlling for blood loss. This
review shed light on the need for a standardized approach to
blood collection during vaginal obstetric hemorrhage.
Subsequently, our institution developed and employed
the standardized protocol outlined in this review. The transition to a standardized approach for blood collection during
vaginal obstetric hemorrhage had three essential components: (1) a standby system for blood collection installed in
each delivery room, (2) a standardized protocol, and (3) an
educational initiative for providers and staff. We observed
that rates of blood collection and autotransfusion during
vaginal obstetric hemorrhage significantly increased following the implementation of the standardized protocol we
outline below.

3 | HO W DO I D O I T ?
The process of blood collection, processing, and reinfusion is
similar in cesarean delivery when compared to other surgical procedures. This technique has been previously
described by Waters et al.14 However, in the setting of vaginal obstetric hemorrhage, there are unique considerations
required for blood collection. Vaginal delivery most often
occurs in a labor and delivery room, outside of the operating
room. Lack of immediate access to equipment for blood collection and autotransfusion processing typically results in
blood that could otherwise be used for autotransfusion being
disposed of. Blood is often lost due to contamination or spillage at the time of delivery. Here, we describe an algorithm
to enhance safe blood collection in the event of hemorrhage
in the delivery room (Figure 1). Amniotic fluid, fecal, and
urine contamination are primarily avoided by waiting until
after delivery of the baby (and surrounding amniotic fluid)
to place a second under-buttocks drape for subsequent blood
collection. This collected blood is then suctioned into a
standby system available in the labor and delivery room. We
will review each of these steps in more detail.
Step 1: Separating vaginally shed blood from amniotic
fluid.
How blood is collected and suctioned is important
to reduce the gross contamination of the blood and to
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F I G U R E 1 Algorithm for collection
and processing of blood during vaginal
obstetric hemorrhage. *Any volume of
saline can be used to help suction blood
from the drape as long as the total
volume is recorded to keep an accurate
record of estimated blood loss. The
authors recommend at least
300–500 mL. †10,000 unit dose of
heparin is placed into the sterile canister
as soon as blood collection is initiated

F I G U R E 2 (A) Preparation and (B) placement of a second
under-buttocks drape to facilitate blood collection during vaginal
obstetric hemorrhage. (* = delivery drape and † = second
under-buttocks drape)

enhance the quality of blood salvaged. As previously
described by Waters et al., it is recommended to avoid
direct suctioning of amniotic fluid at the time of delivery
into the salvaged blood reservoir. During cesarean delivery, this is accomplished by a “double-suction” setup,
where amniotic fluid encountered at the time of delivery
is suctioned into a separate reservoir.14 Though autotransfusion processing has the capability to significantly
reduce amniotic fluid contaminants, the “double-suction”
method is favored to minimize blood contamination with
amniotic fluid prior to processing. In the delivery room,
the lack of a contained operating room environment
makes the “double-suction” method impractical. In order
to separate amniotic fluid at delivery from blood, we utilize a second under-buttocks drape. Most birth centers
utilize an under-buttocks drape, which is placed under
the patient prior to delivery. In our protocol, following
birth of the baby and release of amniotic fluid from the
uterine cavity, a second under-buttocks drape is placed
over the primary delivery drape (Figure 2A,B). This drape
can be placed prophylactically for every vaginal delivery
or, to reduce cost, only when obstetric hemorrhage is
identified or anticipated. The second drape is imperative
to blood collection in the delivery room. As providers

are often busy actively evaluating and managing the postpartum hemorrhage with interventions such as fundal
massage and manual uterine evacuation, any container
or bin that would need to be held by the provider to collect blood would be impractical. Using a second drape
allows for blood to be passively and effectively collected
during vaginal obstetric hemorrhage and allows nursing
and provider attention to be concentrated on direct
patient care and hemorrhage management.
Step 2: Utilizing a standby system in the delivery room.
The lack of access to equipment for blood collection
and storage in the delivery room is a limiting factor for the
use of autotransfusion in the event of vaginal hemorrhage.
Installation of a low-cost blood collection standby system in
each delivery room enhances provider capability to implement collection of blood when vaginal hemorrhage occurs.
A standby system includes setup of a suction reservoir, a
suction line, and anticoagulant without implementing the
processing bowl. Our hospital utilizes the HEMAsavR™
(Ecomed Solutions, Mundelein IL) as a standby system in
each delivery room. It is a sterile blood collection device
with a patient-specific liner that facilitates transfer of blood
into a traditional autotransfusion collection reservoir
(Figure 3A,B). We recommend initiating collection of blood
into a standby system once at least 300 mL of blood is collected in the second under-buttocks drape and ongoing
bleeding is anticipated (Figure 4). At least three hundred
mL of normal saline is added to the second under-buttocks
drape to break up existing clots and prevent clots from
forming. Any volume of saline can be used to help suction
blood from the drape as long as the total volume is
recorded to keep an accurate record of estimated blood loss.
The authors recommend using at least 300–500 mL. In
addition, a 10,000 unit dose of heparin is added to the blood
collection canister to minimize clotting.
It is important to remember that other key principles
used to optimize blood return still apply in the setting of
vaginal obstetric hemorrhage. Though most of the blood
shed during vaginal obstetric hemorrhage will be collected
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Early implementation of a blood collection protocol in
the delivery room (as described above) affords the opportunity to enhance blood return and limit waste of blood
that could be used for autotransfusion. If a patient
requires transport to the operating room for further management, we recommend any blood in the second underbuttocks drape and standby system be brought with the
patient and subsequently processed for reinfusion in the
operating room. Shed blood should continue to be collected in the operating room for the duration of the
hemorrhage.
F I G U R E 3 (A) Hard-shell reusable canister (†) and patientspecific liner for blood collection (*) and (B) standby system setup
for the delivery room

F I G U R E 4 Blood collection with a standby system during
vaginal obstetric hemorrhage in the delivery room

in the under-buttocks drape, a significant source of blood
will be retained on sponges used on the delivery field.
These sponges can be rinsed in saline solution and the
rinse solution suctioned into the standby system as well.
Additional principles used to optimize blood quality
include suctioning from a pool of blood and utilizing suction at or below 120 mm Hg when possible to limit trauma
to red blood cells.14,23 Once blood collection is complete,
the standby collection reservoir can then be taken to the
device being used for blood processing. Following washing
and concentration of recovered blood, utilization of a leukocyte depletion filter (Haemonetics® RS1, Haemonetics
Inc., Boston, MA) will reduce fetal squamous cell, bacteria,
and other residual amniotic fluid contaminants. This
method has been previously described.8,9,14

4 | S P E C I A L CO N S I D E R A T I O N S
4.1 | Moving from the delivery room
to the operating room
Patients are often moved to the operating room to
enhance management of severe obstetric hemorrhage.

4.2 | Postpartum hemorrhage outside
of the delivery room
Vaginal obstetric hemorrhage is most common immediately following vaginal delivery. However, there is a subset of women who experience a delayed postpartum
hemorrhage outside of the delivery room. These hemorrhages can occur during recovery from cesarean delivery,
on the postpartum unit, or even in patients who are presenting from home. Our protocol can be modified for
blood collection in these instances. We recommend having a standby system available in the postanesthesia care
unit for patients who are recovering from cesarean delivery and supplies available on the postpartum unit for
patient who experience delayed postpartum hemorrhage.
Blood collection and processing can occur directly from a
single under-buttocks drape, as there is no concern for
amniotic fluid contamination.

4.3 | Antibiotic prophylaxis
Antibiotics are often considered in the setting of vaginal
hemorrhage given the manual evacuation involved
and the increased risk of endometritis as a result. Existing data demonstrate effective removal of bacterial contaminants from salvaged product, even in the setting of
vaginal blood collection.9,17 We recommend careful
avoidance of blood directly contaminated with fecal matter (see contraindications). While antibiotics are not routinely employed during autotransfusion for infection
prophylaxis in other clinical scenarios, we recommend
considering administering antibiotics for autotransfusion
for vaginal hemorrhage.24

4.4 | Access to perfusion services
As some hospitals do not have 24/7 access to in-house
perfusionists, the option of autologous transfusion can be
limited. The American Association of Blood Banks does
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not limit the length of time the blood can be stored after
collection before being processed.25 Once washed and
repackaged, the autologous blood has a stable shelf life
of up to 4 h when blood has the appropriate anticoagulation.23 Utilizing this protocol allows for safe
blood collection and storage until the appropriate staff
arrives at the hospital to process the blood for reinfusion. Importantly, the collected blood should never
be separated from the patient prior to or after processing. We recommend a patient label be placed on the
standby system until processing and autotransfusion are
completed.

4.5 | Use with intrauterine balloon
tamponade and vacuum-induced
hemorrhage control devices
For atony and postpartum hemorrhage refractory to
uterotonic agents, the obstetric team can utilize interventions such as balloon tamponade (e.g., Bakri® Cook
Medical, Bloomington, IN) and vacuum-induced hemorrhage control devices (e.g., Jada® Alydia Health, Menlo
Park, CA). Blood collected from these devices can also
be used for autotransfusion. The standby system collection reservoir and suction tubing can be directly connected to the Jada system, which has been placed in the
uterus, as long as low-grade suction (80–100 mmHg) is
employed.

5 | C ON T R A IN D I C A T I ON S
Careful attention must be paid to avoid potential blood
contaminants, including direct contamination with
stool, urine, cleansing agents such as betadine or
hibiclens, and vasoactive medications such as misoprostol. Misoprostol is a prostaglandin E1 analog commonly
used in the management of postpartum hemorrhage.13
As misoprostol is a potent vasodilator, remnants of
misoprostol tablets suctioned into salvaged blood causes theoretical concern for maternal hemodynamic
effects such as profound hypotension. There are currently no available studies that describe the efficacy of
cell salvage processing for removal of misoprostol from
salvaged blood. Therefore, we recommend executing
caution if there is any concern that savaged blood was
contaminated with misoprostol. Vaginal misoprostol
placed for induction of labor at doses of 25 mcg or misoprostol placed per rectum during postpartum hemorrhage is not a contraindication to autotransfusion
unless the misoprostol tablets directly contaminate the
salvaged blood.
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6 | COST
Existing data suggests that cost-savings occur with autotransfusion when the probability of transfusion is high or
in the case of obstetric hemorrhage is identified.21
According to the latest National Blood Collection and
Utilization Survey, the average cost of leukoreduced
packed red blood cells is $207.26 However, cost per unit
of blood can vary widely across regions and hospital systems. Shander et al. estimates that cost per unit ranges
between $332 and $717 when accounting for indirect
costs (such as equipment and/or type and cross).27 In
contrast, the disposable components of a complete autotransfusion setup costs about $125.21
Cost data regarding autotransfusion is currently
limited to cesarean delivery and there are no largescale studies that report a cost-effectiveness analysis for
patients who experience vaginal hemorrhage.. In 2018,
Khan et al published a large multicenter randomized
control trial evaluating the use of cell salvage compared to routine care during cesarean delivery. This
trial performed a cost-effectiveness analysis, however, a
limitation of this study was that it was not specific for
high-risk patients, and cell salvage processing occurred
in all cases.28 Other cost-effectiveness studies consistently demonstrate that cell salvage use for obstetric
cases at high-risk for hemorrhage or when obstetric hemorrhage is reasonable and cost-effective.21,29 However,
routine use of cell salvage in low-risk patients is not costeffective.21,29
Extrapolating from the existing cesarean delivery
data, cell salvage use is promising and has the potential
to be cost-effective in the broader field of obstetrics,
including vaginal delivery. More data are needed to better understand the cost-effectiveness of implementing a
protocol for blood collection and cell salvage processing
in the event of vaginal obstetric hemorrhage. One reasonable assumption, however, would be that total blood
loss, ability to recover and utilize autologous blood for
transfusion, and the overall rate of allogenic blood
transfusion would be less for vaginal versus cesarean
deliveries. Utilizing a standby system, like the one
described above, may improve the cost-effectiveness
of cell salvage for vaginal hemorrhage. With a standby
system, providers can implement blood collection
immediately, but reserve blood processing (and the cost
of processing) with cell salvage equipment only after
sufficient blood has been collected. At our institution,
we have elected to utilize a second under-buttocks
drape ($2) and a HEMAsavR™ standby system (average disposable cost $3030) for select patients either
experiencing or are deemed high-risk for postpartum
hemorrhage.
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7 | C ON C L U S I ON
Rates of severe obstetric hemorrhage continue to rise in
the United States.1,3 Autotransfusion remains an underutilized therapy in the delivery room during vaginal hemorrhage. We report a novel protocol for optimizing blood
collection and processing in the delivery room. Early
implementation of this protocol in the delivery room can
significantly enhance the volume of blood recovered at
the time of vaginal hemorrhage. Autotransfusion in these
cases has the potential to minimize patient exposure to
allogenic blood and allow for judicious use of limited
blood bank resources.
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