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Abstract

Background: Postpartum hemorrhage is a life-threatening pregnancy complication and we want to evaluate the safety and efficacy of
autologous blood transfusion during cesarean section in women with placenta previa to deal with postpartum hemorrhage. Methods: We
conducted a retrospective study concentrating on all cases of placenta previa using autologous blood recovery during cesarean section in
a single-center from August 2016 to July 2018, and then grouped and compared the clinical and patient characteristics. Linear regres-
sion analysis was conducted to analyze the linear relationships between estimated blood loss and recovered autologous blood volume,
recovered autologous blood volume and transfused autologous blood volume, and transfused autologous blood volume and estimated
blood loss. Results: In our study, autologous blood recovery technology was used during cesarean section for 294 patients with placenta
previa, and a total of 266,660 mL of blood was collected and 134,342 mL of autologous blood was transfused, saving 746 U of red
blood cell suspension. Recovered and transfused blood volumes were higher in patients with suspected placenta accreta and resection
of the uterus. There were no serious adverse reactions related to autologous blood recovery and transfusion. Conclusions: The use of
autologous blood transfusion during cesarean section in patients with placenta previa is safe and can save blood resources.
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1. Introduction
Postpartum hemorrhage is a life-threatening preg-

nancy complication and is one of the most common causes
of maternal death with about 166,000 deaths from obstet-
ric hemorrhage worldwide every year [1]; it is the lead-
ing cause of maternal death in China. Common causes
of hemorrhage are placental disorders (e.g., placenta pre-
via, placental abruption, placental accreta, and retained pla-
centa), uterine rupture, uterine inertia, birth canal injury,
and abnormal blood coagulation [2]. In 2015, China imple-
mented the second-child policy nationwide. This resulted
in an increase in the number of pregnant women with ad-
vanced age, pregnancies in women with a scarred uterus,
pregnancy comorbidities such as placenta accreta, placenta
previa, and placental abruption, thus increasing the risk of
massive hemorrhage. For postpartum hemorrhage, in addi-
tion to hemostatic treatment measures with medication, and
surgery, blood volume must be quickly restored. The cur-
rent allogeneic blood resources in China mainly come from
voluntary blood donation, but there has been a severe short-
age for a long time. Further, allogeneic blood transfusions
may increase the risk of infectious diseases and immune re-
actions. Intraoperative autologous blood recovery technol-
ogy can mitigate the problems of shortages, infections and
transfusion reactions, and reduce transfusion costs.

Intraoperative cell salvage (IOCS) is the use of blood
recovery devices to collect the patient’s lost blood during

surgery, perform anticoagulation, filtration, and washing,
after which it can be transfused back into the patient. The
West China Second University Hospital, Sichuan Univer-
sity, is a referral center for critically ill pregnant and post-
partum women in Southwest China. As a result of our
high quality placental magnetic resonance imaging (MRI)
and interventional hemostasis technology, our hospital re-
ceives many referrals of high-risk pregnancies including
placenta previa, especially those with placenta accreta. In
August 2016, we introduced intraoperative obstetric autol-
ogous blood recovery technology for use during cesarean
section. This study summarizes the case data of autologous
blood transfusions during cesarean section for placenta pre-
via in our hospital.

2. Methods
We retrospectively analyzed 294 cases of cesarean

section for placenta previa [3] performed with autologous
blood recovery at our hospital from August 2016 to July
2018. The study was approved by the Ethics Committee of
the West China Second University Hospital, Sichuan Uni-
versity (2017-M-033).

Inclusion criteria: Cases with an intraoperative esti-
mated blood loss of over 1000 mL or greater than 20% of
blood volume. Exclusion criteria: Cases in which patients
or family members refused the use of IOCS.
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The IOCS at our hospital is done using a double-tube
recovery method. An ordinary suction tube is used to ex-
tract as much of the blood mixed with amniotic fluid as
possible. After the fetus is removed and residual amniotic
fluid is mopped up, a replacement suction tube with heparin
(25,000 U of heparin added to 1000 mL of normal saline)
is used to collect the blood in the operating field and fil-
ter out the hard-to-remove components with a new vitamin
E modified multilayer membrane leukocyte filter (CL-E).
If the suction tube with heparin is contaminated by or has
sucked up, amniotic fluid, the entire suction tube, centrifuge
cup, and blood bag will need to be replaced. When the
blood collected in the reservoir reaches 800 mL, which is
about a cupful of red blood cells, it will automatically be-
gin the washing and concentrating stage. The hematocrit of
the final product will be about 50%–55%. If the collected
volume is less than 800 mL, the washing and concentration
stage is manually initiated and the hematocrit of the fin-
ished product will be less than 50%. The recovered blood
is warmed by a thermostat and transfused into the patient.

For this study, we collected the general data of all
cases, such as age, pregnancies, parity, gestational weeks,
and pregnancy comorbidities and complications. We also
collected data on the surgical status and clinical outcomes,
such as surgery time, blood loss, autologous blood re-
covery and transfusion volume, hysterectomy, severe ad-
verse maternal outcomes, and treatment costs. This study
grouped and compared the clinical characteristics of autol-
ogous blood recovery alone vs. autologous blood recovery
and transfusion during surgery, suspected accreta vs. non-
suspected accreta before surgery, and resection of uterus
vs. retention of uterus. We analyzed the relationships be-
tween recovered autologous blood volume and estimated
blood loss as well as recovered autologous blood volume
and transfused autologous blood volume.

Statistical methods: All variables are expressed as
mean ± standard deviation or frequency (percentage). The
Student’s t-test was used to compare the mean values be-
tween groups and the chi-squared test was used to com-
pare the inter-group rates of categorical variables. Linear
regression analysis was used to analyze the relationships
between recovered autologous blood volume and estimated
blood loss as well as recovered autologous blood volume
and transfused autologous blood volume. All statistical
analyses were performed using SPSS 24.0 software (SPSS
Inc., Chicago, IL, USA), and p < 0.05 indicated a statisti-
cally significant difference.

3. Results
From August 2016 to July 2018, there were 13,076

deliveries in our hospital, including 2017 cases of placenta
previa and 448 cases of pernicious placenta previa. IOCS
was used with 294 patients and 266,660 mL of blood was
collected while 134,342 mL of autologous blood was trans-
fused. The whole blood yielded 1 U of allogeneic red

blood cells for each 200 mL, and this contained about 90
mL of pure red blood cells (approximately 45% of HCT).
The HCT of autologous blood in our hospital was about
50%. The formula for converting autologous blood into al-
logeneic blood was: Allogeneic blood (U) = Autologous
blood × 50%/90 mL, which is equivalent to saving 746 U
of red blood cell suspension.

Table 1 also shows the analysis of general data of
the 294 patients. Table 2 summarizes the surgical method,
surgery time, intraoperative blood loss, intraoperative re-
covered and transfused autologous blood volume, and the
postoperative condition of the patients who had undergone
cesarean section, and the analyses of the clinical outcomes.
The mean intraoperative blood loss (including suction bot-
tle recovery + autologous blood recovery + bed sheet and
pad weighing) was 1979 ± 1451 mL. Patients flow chart
was shown in Fig. 1. Allogeneic blood transfusion was
needed in 105 cases. There were 67 cases of hysterec-
tomy (22.8%). Table 3 shows a stratified analysis of the
cases of autologous blood recovery during cesarean sec-
tion. After comparing the cases of recovery and transfu-
sion it was noted that 83 of the 294 cases (28.2%) were not
transfused. There was no statistical significance between
the two groups in age, prepartum BMI, gestational weeks,
pregnancies, number of previous curettages, vaginal bleed-
ing in the second and third trimesters of pregnancy, and
anterior placenta (p > 0.05). There was, however, a sta-
tistical significance in parity, the number of previous ce-
sarean sections, prepartum hemoglobin, preoperative sus-
pected placenta accreta, blood loss, and allogeneic blood
cost (p < 0.05). Table 4 shows a statistical significance
in pregnancies, hysterectomy, blood loss, recovered blood
volume, transfused blood volume, total hospitalization cost
(p < 0.05). Table 5 shows the comparison between the
cases of resection or retention of the uterus. There was a
statistically significant difference between the two groups
in parity, number of previous cesarean sections, preopera-
tive hemoglobin, the proportion of placenta accreta, blood
loss, recovered and transfused autologous blood volume,
and costs (p < 0.05).

Fig. 1. Flowchart of selection of the patients for the study.
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Table 1. General data of autologous blood recovery cases during cesarean section for placenta previa.
General data N = 294

Age (y) 33.1 ± 4.8
Prepartum BMI 26.4 ± 3.0
Gestational weeks (wks) 35.8 ± 2.7
Pregnancies 4 (2, 9)
Parity 1 (1, 4)
Gestational diabetes mellitus 63 (21.4%)
Hypertension during pregnancy 2 (0.7%)
Twins 7 (2.4%)
Number of previous cesarean sections

0 26 (8.8%)
1 243 (82.7%)
2 24 (8.2%)
3 1 (0.3%)

Number of previous curettages
0 44 (15.0%)
1 62 (21.1%)
2 98 (33.3%)
≥3 90 (30.6%)

Prepartum hemoglobin (g/L) 112 ± 14
Vaginal bleeding in the second and third trimesters of pregnancy 82 (27.9%)
Anterior placenta 268 (91.2%)
Preoperative suspected placenta accrete 280 (95.2%)

Figs. 2,3,4 were obtained via linear regression analysis
of the estimated blood loss and recovered autologous blood
volume, recovered autologous blood volume and transfused
autologous blood volume transfused autologous blood vol-
ume and estimated blood loss of 294 patients.

Fig. 2. Linear relationship between estimated blood loss and
recovered autologous blood volume.

Fig. 3. Linear relationship between recovered autologous
blood volume and transfused autologous blood volume.

When the estimated intraoperative blood loss was
1500mL (Transfused autologous blood volume (mL) = 0.28
× Estimated blood loss (mL) – 96.335 mL), 324 mL of au-
tologous blood can be transfused, which is equivalent to 1.8
U of allogeneic blood (Allogeneic blood (U) = (Autologous
blood (mL))× 50%/90mL). If the estimated blood loss was
2000 mL, it could save 2.6 U of allogeneic blood.
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Table 2. Surgical status and clinical outcomes of autologous blood recovery cases during cesarean section for placenta previa.
Surgical status and clinical outcomes N = 294

Delivery method
Emergency 46 (15.6%)
Elective 248 (84.4%)

Surgery time (min) 106 ± 52
Intraoperative balloon occlusion of internal iliac artery 173 (58.8%)
Postoperative uterine artery embolization 7 (2.4%)
Bladder injury 44 (15.0%)
Estimated blood loss (mL) 1979 ± 1451
Allogeneic blood transfusion 105 (35.7%)
Red blood cells (U) 2.2 ± 4.4
Plasma (mL) 260 ± 412
Autologous blood recovery (mL) 907 ± 774
Autologous blood transfusion (mL) 457 ± 485
Hysterectomy 67 (22.8%)
Re-laparotomy 2 (0.7%)
Transfer to ICU 39 (13.3%)
Adverse postnatal outcomes 9 (3.1%)
Pre-discharge hemoglobin (g/L) 101 ± 15
Second hospitalization 0 (0%)
Total hospitalization cost (¥) 37342 ± 13170
Allogeneic blood cost (¥) 1341 ± 2312
Autologous blood cost (¥) 1748 ± 430

Table 3. Comparison between autologous blood recovery and transfusion cases during cesarean section.
Transfusion (n = 211) Recovery (n = 83) p

Age (y) 32.8 ± 4.6 33.8 ± 5.2 0.113
Prepartum BMI 26.3 ± 2.7 26.7 ± 3.6 0.313
Gestational weeks (wks) 35.8 ± 2.7 35.9 ± 2.9 0.612
Pregnancies 4 (2, 9) 4 (2, 8) 0.078
Parity 1 (1, 4) 1 (1, 3) 0.017
Number of previous cesarean sections 1 (1, 3) 1 (1, 2) 0.016
Number of previous curettages 2 (0, 6) 2 (0, 5) 0.507
Prepartum hemoglobin (g/L) 110 ± 14 115 ± 13 0.021
Vaginal bleeding in the second and third trimesters of pregnancy 63 (29.9%) 19 (22.9%) 0.231
Anterior placenta 193 (91.5%) 75 (90.4%) 0.763
Preoperative suspected placenta accreta 206 (97.6%) 74 (89.2%) 0.002
Blood loss (mL) 2429 ± 1457 836 ± 491 <0.001
Allogeneic blood cost (¥) 1790 ± 2531 200 ± 924 <0.001

4. Discussion
As early as the 19th century, the obstetrician James

Blundell used autologous blood recovery for postpartum
women for the first time. Although the most rudimentary
methods were used for collection, filtration, and transfu-
sion, the lives of many mothers were saved. Considering
that amniotic fluid and blood were recovered together, the
amniotic fluid components contained in transfused blood
might have caused complications such as amniotic fluid em-
bolism, and therefore autologous blood recovery was listed

as being contraindicated during cesarean section. In recent
years, with the improvements in intraoperative autologous
blood recovery devices and the use of the double-tube re-
coverymethod and leukocyte filter, hospitals in many coun-
tries have resumed the use of this technology in obstetrics
[4]. There have been several reports, and there are very
few related complications such as amniotic fluid embolism,
with only one case having been reported [5]. The United
Kingdom is ranked highest in the world in the development
of autologous blood recovery technology in obstetrics. The
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Table 4. Preoperative suspected accreta vs. Preoperative non-accreta.
Accreta (n = 280) Non-accreta (n = 14) p

Age (y) 33.1 ± 4.8 31.7 ± 4.5 0.278
Prepartum BMI 26.4 ± 2.9 27.8 ± 2.8 0.082
Gestational weeks (wks) 35.8 ± 4.4 35.8 ± 2.6 0.991
Pregnancies 4 (2, 9) 3 (2, 7) 0.027
Parity 1 (1, 4) 1 (1, 3) 0.396
Number of previous cesarean sections 1 (1, 3) 1 (1, 2) 0.524
Number of previous curettages 2 (0, 6) 1 (0, 5) 0.077
Prepartum hemoglobin (g/L) 112 ± 14 111 ± 16 0.2882
Vaginal bleeding in the second and third trimesters of pregnancy 43 (25.9%) 39 (30.7%) 0.364
Anterior placenta 155 (93.4%) 112 (88.2%) 0.122
Hysterectomy 65 (39.2%) 2 (1.6) <0.001
Blood loss (mL) 2022 ± 1460 1121 ± 935 0.023
Recovered blood volume (mL) 928 ± 781 493 ± 465 0.040
Transfused blood volume (mL) 471 ± 489 169 ± 257 0.022
Total hospitalization cost (¥) 37903 ± 13066 26129 ± 10160 0.001
Autologous blood cost (¥) 1755 ± 437 1601 ± 182 0.192
Allogeneic blood cost (¥) 1369 ± 2335 782 ± 1760 0.355

Table 5. Resection of uterus vs. Retention of uterus.
Resection of uterus (n = 67) Retention of uterus (n = 227) p

Age (y) 32.0 ± 4.3 33.4 ± 4.8 0.030
Prepartum BMI 26.5 ± 3.6 26.4 ± 2.7 0.841
Gestational weeks (wks) 35.8 ± 3.0 35.8 ± 2.7 0.980
Pregnancies 5 (2, 9) 4 (2, 8) 0.199
Parity 1 (1, 4) 1 (1, 3) 0.019
Number of previous cesarean sections 1 (1, 3) 1 (1, 2) 0.003
Number of previous curettages 2 (0, 6) 2 (0, 5) 0.706
Prepartum hemoglobin (g/L) 107 ± 14 113 ± 13 0.003
Vaginal bleeding in the second and third trimesters of pregnancy 17 (25.4%) 65 (28.6%) 0.601
Anterior placenta 64 (95.5%) 204 (89.9%) 0.152
Preoperative suspected accreta 67 (100%) 213 (93.8%) 0.037
Blood loss (mL) 3396 ± 1591 1561 ± 1104 <0.001
Recovered blood volume (mL) 1395 ± 941 763 ± 652 <0.001
Transfused blood volume (mL) 762 ± 518 367 ± 437 <0.001
Total hospitalization cost (¥) 45451 ± 11030 34949 ± 12810 <0.001
Autologous blood cost (¥) 1963 ± 577 1684 ± 353 <0.001
Allogeneic blood cost (¥) 3610 ± 3175 671 ± 1417 <0.001

use of this technology in obstetrics has been proven and
is gaining in popularity; in 2005, the United Kingdom in-
cluded obstetric surgery for the first time as one of the indi-
cations in its guidelines on autologous blood recovery [6].
Worldwide, there have been reports of its clinical use in the
United States, Australia, Egypt, Japan, and China [7–10].

Our hospital introduced autologous blood recovery in
obstetrics in 2016 and was the first hospital in Sichuan to
use this technology. It hasmade significant savings in blood
resources and shortened blood transfusion time from half
an hour to about 10 minutes. It has a good safety record
and can reduce complications related to allogeneic blood

transfusion.

The 294 cases in this study were mainly patients with
placenta previa who had a history of cesarean section, es-
pecially those with placenta accreta. The mean blood loss
was 1979 ± 1451 mL, and the intraoperative blood loss
was greater than 20% of blood volume. These were in line
with the UK guidelines on autologous blood recovery in
2015 in which an estimated blood loss greater than 20%
of blood volume was regarded as an indication for autol-
ogous blood recovery [11]. After rigorous screening and
evaluation, 28.2% of patients did not reach the threshold
for transfusion.
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Fig. 4. Linear relationship between transfused autologous
blood volume and estimated blood loss.

In our research, compared with the group without
transfusion, the transfusion group had an increased parity,
number of previous cesarean sections, and preoperative sus-
pected placenta accreta, and the low hemoglobin increased
the probability of transfusion. Therefore, patients with a
higher parity and previous cesarean sections and preopera-
tive suspected placenta accreta might benefit from obstet-
ric autologous blood recovery devices. Liu et al. [12] had
developed a scoring system to predict the cesarean hys-
terectomy risk in pregnant women complicated with both
placenta previa and prior cesarean, helping obstetricians to
make clinical decision in autologous blood use. Patients
with low hemoglobin in the past also had a significantly
higher probability of transfusion, and the ones who have
anemia before surgery are more suitable for the option of
obstetric autologous blood recovery. Besides, we found
that the recovery rate, transfusion rate, blood loss, hysterec-
tomy rate, hospitalization cost, and blood transfusion cost in
the accreta groupwith intraoperative autologous bloodwere
significantly higher than those in the non-accreta group and
Khan et al. [13,14] found that the overall reduction ob-
served in donor blood transfusion associated with the rou-
tine use of cell salvage during cesarean section was not sta-
tistically significant and the cell salvage was unlikely to be
considered cost-effective.

In anticipating the need for measures to manage intra-
operative bleeding, such as obstetric autologous blood re-
covery and preoperative balloon occlusion of the internal
iliac artery, preoperative imaging such as color Doppler ul-
trasound and placenta MRI, should be used to evaluate the
possible intraoperative blood loss. Preoperative evaluation
of the presence of placenta accreta is important in choos-
ing the surgical method, preoperative preventive measures,
and deciding on intraoperative hysterectomy. Autologous
blood transfusion should be offered in these cases. Pa-

tients diagnosed with placenta accreta before delivery have
been shown to have significantly reduced postpartum hem-
orrhage and blood transfusion rate compared to those who
were not diagnosed [15].

There were no serious complications such as amniotic
fluid embolism, but 9 patients had adverse reactions after
surgery. Among them, 7 patients had a fever after surgery
and had positive bacteria cultures from uterine secretions or
blood. All recovered after antibiotic treatment and had no
serious complications. Both patients with thrombosis had
an uneventful recovery after thrombolytic therapy.

Intraoperative autologous blood recovery in obstetrics
has been considered an effective and safe auxiliary method
that can save costs and time. Before using it, it is impor-
tant to check for the presence of placenta accreta and eval-
uate preoperative anemia, and the number of previous ce-
sarean sections, to avoid wasting obstetric autologous blood
resources.

This study revealed the linear relationships between
the estimated blood loss and the recovered autologous blood
volume, the transfused autologous blood volume, and the
recovered autologous blood volume, as well as the trans-
fused autologous blood volume and the estimated blood
loss. For the patients with a large blood loss, significant
savings of allogeneic blood were made. When the esti-
mated bleeding was 2000 mL, 2.6 U of allogeneic blood
could be saved. Further, the risks of allogeneic blood trans-
fusion were reduced, and the problems resulting from blood
shortages were avoided.

At present, there are two issues affecting the use of
autologous blood at our hospital. Firstly, due to the lack
of anti-D immunoglobulin, our hospital has not yet applied
this technology to patients with Rhesus Macacus (Rh)D-
negative blood group. Secondly, due to the difficulties
in adopting the technology during vaginal delivery and
the problem of bacterial contamination, autologous blood
transfusion has not yet been applied to patients undergo-
ing vaginal delivery. The safety of autologous blood use in
such patients needs to be confirmed by further studies.

5. Conclusions
In conclusion, intraoperative autologous blood recov-

ery in obstetrics has been considered an effective and safe
auxiliary method that can save costs. Before using it, it
is important to check for the presence of placenta accreta
and evaluate preoperative anemia, and the number of previ-
ous cesarean sections, to avoid wasting obstetric autologous
blood resources.
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