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Abstract

death during cesarean delivery. The objective of this retrospective
Background: Obstetric hemorrhage is a major cause of maternal
observational study was to evaluate the efficacy and safety of intra-operative cell salvage (IOCS) in cesarean section.
Methods: We included a total of 361 patients diagnosed with central placenta previa who underwent cesarean section from May
2016 to December 2018. In this study, 196 patients received autologous transfusion using IOCS (IOCS group) and 165 patients
accepted allogeneic blood transfusion (ABT group). Propensity score matched analysis was performed to balance differences in the
baseline variables between the IOCS group and ABT group. Patients in the IOCS group were matched 1:1 to patients in the ABT
group.
Results: After propensity score matching, 137 pairs of cases between the two groups were successfully matched and no significant
differences in baseline characteristics were found between the IOCS group and ABT group. Patients in the IOCS group were
associated with significantly shorter length of hospital stay, compared with ABT group (8.9± 4.1 days vs. 10.3± 5.2 days,
t=�2.506, P= 0.013). The postoperative length of hospital stay was 5.3± 1.4 days for patients in the IOCS group and 6.6± 3.6
days for those in the ABT group (t=�4.056, P< 0.001). The post-operative hemoglobin level in the IOCS group and ABT group
was 101.3± 15.4 and 96.3± 16.6 g/L, respectively, which were significantly different (t= 2.615, P= 0.009). Allogeneic red
blood cell transfusion was significantly lower at 0 unit (range: 0–11.5 units) in the IOCS group when compared with 2 units
(range: 1–20 units) in the ABT group (P< 0.001).
Conclusions: This retrospective observational study using propensity score matched analysis suggested that IOCS was associated
with shorter length of postoperative hospital stay and higher post-operative hemoglobin levels during cesarean delivery.
Keywords: Allogeneic; Blood salvage; Cesarean section; Hemorrhage

Introduction demand for heterologous blood transfusion and conserves

the blood supply.[8]
With the increasing rate of cesarean sections, the
prevalence of placenta previa is continuing to rise.[1]

Placenta previa is characterized as the placenta overlying
the internal os of the cervix.[2] Women with placenta
previa are prone to hemorrhage and at increased risk for
adverse maternal and perinatal complications.[3,4] Obstet-
ric hemorrhage is a major cause of maternal death and
blood conservation is critical for cesarean delivery.[5]

Blood is a costly and scarce resource which also carries
potential risks of infection and adverse reactions.[6]

Allogeneic blood transfusion (ABT) is associated with
mistransfusion from ABO-incompatible transfusion, acute
allergic reactions, infection transmission, and alloimmu-
nization.[7] Several blood conservation techniques have
been increasingly used for red cell salvage which lowers
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Pre-operative autologous blood donation (PAD) may
induce iatrogenic anemia and result in a self-defeating
cycle of blood donation.[9] PAD is unavailable in an
emergency and was reported not reasonable for the great
majority of all parturient women with placenta previa.[10]

Acute normovolemic hemodilution (ANH) may lead to
cardiac failure and placental insufficiency, which has
limited application in obstetrics.[11] Intra-operative cell
salvage (IOCS) is a blood conservation strategy for
collection of blood loss from the surgical site, filter,
centrifugation, and autologous blood re-infusion.[12] It
was concluded that IOCS is more valuable and effective in
cesarean section than the former two techniques (PAD and
ANH).[8] IOCS has been widely applied in various types of
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surgeries, such as vascular, obstetric, orthopedic, cardiac,
and cerebral surgery.[13] A cost-effectiveness analysis

score and amount of blood transfusion (autologous or
allogeneic) were also collected. Non-invasive blood
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found that IOCS is economically reasonable for parturient
at high-risk of hemorrhage.[14] However, studies on the
application of IOCS in cesarean delivery are limited in the
mainland of China. The aim of this study was to evaluate
the efficacy and safety of IOCS in cesarean section for
women with central placenta previa.

Methods
Ethical approval

This retrospective study was approved by the Ethics
Committee of Tongji Medical College, Huazhong Univer-
sity of Science and Technology (No. S125). Written
informed consent was waived, given the analysis was based
on electronic medical record database with anonymous
selection.

Patients and study design
84
Perioperative patient data were accessed from DoCare
anesthesia clinical information system which improved the
reporting accuracy of quality control data. The database
was maintained by specialized quality control group at our
department to ensure accurate and detailed medical
records. We retrospectively reviewed the clinical data of
patients diagnosed with central placenta previa who
underwent cesarean section at the Union Hospital, Tongji
Medical College, Huazhong University of Science and
Technology from May 2016 to December 2018. Inclusion
criteria were: (1) diagnosis of central placenta previa by
pre-operative ultrasound or magnetic resonance imaging
examinations; (2) American Society of Anesthesiologists
(ASA) physical status I to III; and (3) singleton pregnancy.
Exclusion criteria were: (1) pregnancies complicated with
severe cardiac, hepatic, or renal dysfunction; (2) acute or
chronic infection; or (3) incomplete medical record. The
acquisition and collection of data were completed byWuX
and Li CY. Analysis and interpretation of the data were
independently performed by Wu J and Xia LM.

A total of 361 patients were finally included in this study
and the principal exposure was IOCS vs. ABT [Supple-
mentary Figure S1, http://links.lww.com/CM9/A162]. In
this study, 196 patients received autologous transfusion
using IOCS (IOCS group) and 165 patients accepted ABT
(ABT group). The primary outcome was postoperative
hospital stay. Secondary outcomes were post-operative
hemoglobin level, amounts of heterologous blood transfu-
sion, adverse events, and neonatal outcomes.

Demographics including age, height, weight, and ASA
physical status were recorded. Hemoglobin level, hemato-
crit (HCT), white blood cell count, platelet (PLT),
fibrinogen (FIB), activated partial thromboplastin time
(APTT), prothrombin time (PT), plasma D-dimer (DD), C-
reactive protein before surgery and at the third day after
operation were documented. Duration of surgery, anes-
thesia technique, intra-operative blood loss, urine output,
fluid infusion (crystalloid or colloid fluid), neonatal Apgar
(Activity, Pulse, Grimace, Appearance, and Respiration)
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pressure, heart rate, and oxygen saturation were recorded
immediately before and after blood transfusion. Length of
hospital stay, admissions to intensive care unit (ICU), and
post-operative complications were examined.

Anesthesia methods
Upon arrival at the operating room, intravenous access
and standard monitoring including electrocardiography,
non-invasive blood pressure, and pulse oximetry were
established. Anesthesia techniques used in this study were
general anesthesia and epidural anesthesia. General
anesthesia was induced with intravenous propofol (2.0–
2.5 mg/kg) and rocuronium (0.5–1.0 mg/kg). Endotracheal
intubation was performed and fentanyl (200 mg) was
injected after delivery of the fetus. The maintenance of
anesthesia was provided with sevoflurane and remifentanil
and the anesthetic depth was real-time assessed by the
Narcotrend monitoring system (version 4.0; Monitor
Technik, Bad Bramstedt, Germany). Continuous epidural
anesthesia was performed using midline approach and
loss-of-resistance technique. The epidural catheter was
secured 4 to 5 cm beyond the needle tip and local
anesthetics were administered through the catheter to
achieve adequate sensory dermatome blockade.

IOCS
The Cell Saver BW-8200B autologous blood recovery
system (WanDong Health Sources Corporation, Beijing,
China) was used for IOCS in the IOCS group. A separate
sucker was established to waste amniotic fluid before the
delivery of placenta. The blood from the surgical field was
suctioned by another sucker into a sterile reservoir through
a heparinized double-lumen tube and filter. The suction
pressure was set at 150 mmHg and limited to 200 mmHg
in cases of heavy bleeding. The filtered collection was
processed by the Cell Saver system in a centrifuge to pack
red blood cells and then washed with saline solution to
remove plasma, PLTs, activated clotting factors, extracel-
lular potassium, free hemoglobin, anti-coagulant, and
cellular debris. The washed blood was pumped to the re-
infusion bag with standard labels. The processed autolo-
gous blood was filtered with a leukocyte depletion filter
to remove amniotic fluid contamination including fetal
squamous cells, lamellar bodies, and phospholipids and
significantly reduce bacterial contamination and then re-
infused to the patient. For the ABT group, allogeneic blood
was transfused depending on the maternal hemoglobin
concentration, blood loss, and vital signs.

Statistical analysis
Statistical analysis was performed using SPSS 22.0 (IBM
Corp., New York, USA). All line graphics were made with
GraphPad Prism version 6.01 for Windows (Graph Pad
Software, San Diego, CA, USA). Continuous data are
expressed as the mean ± standard deviation or median
(range). Categorical data are reported as the number
(percentage). The independent sample t test was used for
between-group comparisons of normally distributed data.
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The non-normally distributed continuous data were
compared using the Mann-Whitney U test. A two-sided

The proportion of patients receiving general anesthesia
between the ABT group and the IOCS group was not
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paired t test was performed to examine differences at
individual time points within each group. Categorical data
were compared using Chi-square test or Fisher’s exact test,
where appropriate. A P value of <0.05 was considered
statistically significant. To correct for selection bias,
propensity score matched analysis was performed to
balance differences in the baseline variables between the
IOCS group and ABT group. Multivariate logistic
regression model was constructed according to pre-
operatively known covariates including age, height,
weight, ASA class, anesthesia technique, and duration of
surgery. The propensity score was calculated via logistic
regression analysis and the nearest-neighbor algorithm
was used with a caliper of 0.01. Patients in the IOCS group
were matched 1:1 to patients in the ABT group. After
propensity score matching, the standardized differences
between groups were calculated to ensure balances in
baseline characteristics. The matched cohort was used to
validate the relationship between treatment factors and the
outcome. Kaplan-Meier curves and the log-rank test were
used for comparing the percentage of patients discharged
from hospital over time.

Results
This study consisted of 361 patients, 196 (54.3%) of
whom accepted autologous transfusion using IOCS with
the remaining 165 (45.7%) receiving ABT. As shown in
Table 1, there were statistically significant differences in
age (P= 0.018) and weight (P= 0.040) between the IOCS
group and ABT group before propensity score matching.
To eliminate baseline differences, propensity score match-
ing was performed and 137 pairs of cases between the two
groups were successfully matched. After propensity score
matching, no significant differences in baseline character-
istics were found between the IOCS group and ABT group.
Table 1: Baseline characteristic data of patients before and after prope

Before PSM

Characteristics IOCS (n= 196) ABT (n= 165

Age (years) 33.3± 4.6 32.4± 4.9
Height (cm) 157.6 ± 7.1 158.2± 8.5
Weight (kg) 66.8± 8.6 65.5± 7.0
ASA class, n (%)
I 7 (3.6) 4 (2.4)
II 134 (68.4) 114 (69.1)
III 55 (28.1) 47 (28.5)

Anesthesia technique, n (%)
GA 88 (44.9) 64 (38.8)
CEA 108 (55.1) 101 (61.2)

Duration of surgery (min) 86.6± 38.6 86.5± 42.0
Cardiovascular disease, n (%) 39 (19.9) 28 (17.0)
Diabetes, n (%) 22 (11.2) 20 (12.1)
Anemia, n (%) 112 (57.1) 84 (50.9)
Hepatic insufficiency, n (%) 9 (4.6) 5 (3.0)
Renal disease, n (%) 11 (5.6) 8 (4.8)

Data are presented as the mean± standard deviation or n (%). PSM: Propen
blood transfusion; ASA: American Society of Anesthesiologists; GA: Genera
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significantly different (35.0% vs. 43.8%, P= 0.138).

Within the matched cohort, the median volume of
autologous blood re-infusion was 300 mL (range: 100–
1800 mL) in the IOCS group and 37 cases (27.0%) in the
IOCS group also received ABT. Compared with the ABT
group, the amounts of transfused allogeneic red blood cell
and fresh frozen plasma were significantly lower in the
IOCS group [Table 2]. Allogeneic red blood cell transfu-
sion was lower at 0 unit (range: 0–11.5 units) in the IOCS
group when compared with 2 units (range: 1–20 units) in
the ABT group (P< 0.001). There were no significant
differences in intra-operative blood loss, crystalloid fluid
infusion, colloid fluid infusion, urine output, and neonatal
Apgar score between the IOCS group and ABT group (all
P> 0.05).

Table 3 showed that post-operative hemoglobin level and
HCT values in the IOCS group were significantly higher
than those in the ABT group. The post-operative hemo-
globin level in the IOCS group and ABT group was
101.3± 15.4 and 96.3± 16.6 g/L, respectively, whichwere
significantly different (t= 2.615, P = 0.009). Compared
with the ABT group, the postoperative C-reactive protein
was significantly lower in the IOCS group (t=�2.084,
P= 0.038). Furthermore, patients in the IOCS group were
associated with significantly shorter length of hospital stay,
compared with ABT group (8.9 ± 4.1 days vs. 10.3± 5.2
days, t=�2.506, P = 0.013). The post-operative length of
hospital stay was 5.3± 1.4 days for patients in the IOCS
group and 6.6± 3.6 days for those in the ABT group
(t=�4.056, P< 0.001). As shown in Figure 1, the log-
rank test demonstrated that there was significant difference
in post-operative length of hospital stay between the
two groups (P< 0.001). Pre-operative hemoglobin, HCT,
C-reactive protein, and ICU admission were similar
nsity score matching.

After PSM

) P IOCS (n= 137) ABT (n= 137) P

0.018 33.0± 4.6 32.9± 5.1 0.804
0.505 157.9± 6.5 157.9± 9.0 0.975
0.040 65.3± 7.6 65.5± 6.2 0.862
0.819 0.917

5 (3.6) 4 (2.9)
98 (71.5) 97 (70.8)
34 (24.8) 36 (26.3)

0.241 0.138
60 (43.8) 48 (35.0)
77 (56.2) 89 (65.0)

0.986 87.6± 41.7 84.7± 41.4 0.562
0.476 26 (15.8) 24 (14.5) 0.754
0.791 15 (10.9) 14 (10.2) 0.844
0.236 91 (66.4) 79 (57.7) 0.135
0.444 4 (2.9) 3 (2.2) 0.701
0.772 5 (3.6) 4 (2.9) 0.734

sity score matching; IOCS: Intra-operative cell salvage; ABT: Allogeneic
l anesthesia; CEA: Continuous epidural anesthesia.

http://www.cmj.org


between the two groups (all P> 0.05). Adverse events
including amniotic fluid embolism, disseminated intravas-

operation, when compared with pre-operative values in the
IOCS group. However, these differences were not

Table 2: Intra-operative variables in the matched cohort.

Variables IOCS (n= 137) ABT (n= 137) Statistics P

Intra-operative blood loss (mL) 750 (200–5000) 800 (200–4400) �1.074
∗

0.283
Crystalloid fluid infusion (mL) 1000 (500–6000) 1500 (200–4850) �1.391

∗
0.164

Colloid fluid infusion (mL) 0 (0–2000) 375 (0–2500) �1.423
∗

0.155
Cell salvaged blood re-infusion (mL) 300 (100–1800) 0 �15.320

∗
<0.001

Allogeneic blood transfusion, n (%) 37 (27) 137 (100) 157.471† <0.001
Total RBC units transfused (Unit) 0 (0–11.5) 2 (1–20.0) �10.658

∗
<0.001

Fresh frozen plasma (mL) 0 (0–1550) 0 (0–1650) �3.429
∗

0.001
Urine output (mL) 200 (100–1000) 250 (100–1500) �1.940

∗
0.052

Apgar score at 1 min 9.2± 0.6 9.1± 0.6 1.509‡ 0.132
∗
Z value. † x2 test. ‡ t value. Data are presented as the mean± standard deviation, median (range) or n (%). IOCS: Intra-operative cell salvage; ABT:

Allogeneic blood transfusion; RBC: Red blood cell.

Table 3: Peri-operative outcome data in the matched cohort.

Variables IOCS (n= 137) ABT (n= 137) Statistics P

Pre-operative hemoglobin (g/L) 107.1± 13.6 110.0± 11.8 �1.908
∗

0.057
Pre-operative hematocrit (%) 32.2± 4.7 33.1± 3.3 �1.872

∗
0.062

Pre-operative CRP (mg/L) 5.42± 9.0 5.39± 7.05 0.018
∗

0.986
Post-operative hemoglobin (g/L) 101.3± 15.4 96.3± 16.6 2.615

∗
0.009

Post-operative hematocrit (%) 30.7± 4.3 28.8± 4.4 3.489
∗

0.001
Post-operative CRP (mg/L) 49.9± 36.9 59.2± 37.1 �2.084

∗
0.038

Length of stay (day) 8.9± 4.1 10.3± 5.2 �2.506
∗

0.013
Post-operative length of stay (day) 5.3± 1.4 6.6± 3.6 �4.056

∗
<0.001

ICU admission, n (%) 8 (5.8) 14 (10.2) 1.779† 0.182
∗
t value. † x2 test. Data are presented as the mean± standard deviation or n (%). IOCS: Intra-operative cell salvage; ABT: Allogeneic blood transfusion;

CRP: C-reactive protein; ICU: Intensive care unit.

Figure 1: Post-operative length of hospital stay, demonstrating that patients in the IOCS
group were associated with a shorter length of post-operative stay (P< 0.001). IOCS: Intra-
operative cell salvage.
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cular coagulation, and respiratory distress syndrome were
not found in all parturient women.

For patients in the IOCS group, mean arterial pressure and
heart rate were not significantly increased after autologous
blood re-infusion compared to the baseline values before
infusion (all P> 0.05) [Table 4]. The APTT, PT, and
plasma DD were slightly higher at the third day after

1

statistically significant (all P> 0.05). The post-operative
FIB showed a less significant decrease in the IOCS group
(P= 0.211). For patients in the ABT group, there were no
significant differences in mean arterial pressure and heart
rate after ABT, compared with the baseline values before
transfusion (all P> 0.05). No significant differences were
observed between pre-operative and post-operative values
of coagulation function in the ABT group (all P> 0.05)
[Table 4].

Discussion

This study demonstrated that autologous blood re-infusion
using IOCS was associated with shorter length of post-
operative hospital stay in cesarean section for women with
central placenta previa, compared to ABT. The results also
showed that patients in the IOCS group had a significantly
higher level of postoperative hemoglobin and HCT than
those in the ABT group. Furthermore, IOCS greatly
reduced the requirements of allogeneic red blood cell
transfusion and fresh frozen plasma infusion during
obstetric surgery. Meanwhile, no significant changes
were found in hemodynamic data during autologous
blood re-infusion.

In obstetric practice, one concern for widespread use of
IOCS was the theoretical risk of amniotic fluid embo-
lism.[15] It was demonstrated that cell salvage in conjunc-
tion with a leukocyte depletion filter significantly reduced

http://www.cmj.org


the alpha-fetoprotein and fetal squamous cell contami-
nants.[16] To date, there have been no reported cases of

delivery.[24] IOCS is a simple and effective blood
conservation technique, which differentiates it from

Table 4: Peri-operative data of coagulation function and vital signs in the matched cohort.

IOCS (n= 137) ABT (n= 137)

Variables Value P Value P

MAP (mmHg) 0.244 0.249
Pre-infusion 79.5± 13.9 81.3± 14.3
Post-infusion 80.3± 13.8 82.3± 14.0

HR (beats/min) 0.184 0.106
Pre-infusion 83.7± 16.0 88.0± 16.2
Post-infusion 85.0± 15.8 89.0± 16.6

APTT (s) 0.194 0.082
Pre-operative 31.6± 2.6 31.7± 2.7
Post-operative 32.1± 2.7 33.8± 3.8

PT (s) 0.126 0.114
Pre-operative 12.4± 0.6 12.4± 0.8
Post-operative 13.2± 1.4 13.4± 1.8

FIB (g/L) 0.211 0.295
Pre-operative 3.9± 0.6 3.7± 0.7
Post-operative 3.0± 0.9 3.1± 1.2

Plasma D-dimer (mg/L FEU) 0.136 0.443
Pre-operative 2.0± 1.3 2.8± 3.4
Post-operative 2.2± 1.9 3.2± 5.7

Data are presented as the mean± standard deviation. IOCS: Intra-operative cell salvage; ABT: Allogeneic blood transfusion; MAP: Mean arterial
pressure; HR: Heart rate; APTT: Activated partial thromboplastin time; PT: Prothrombin time; FIB: Fibrinogen; FEU: Fibrinogen equivalent unit.
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amniotic fluid embolism in cell salvage for cesarean
delivery, which makes this risk entirely theoretical.[17]

Historically, another concern for IOCS usage was fetal
red cell contamination and maternal-fetal alloimmuniza-
tion.[18] However, it was reported that the incidence of
fetal red cell contamination was very low and no adverse
clinical signs were observed during the autologous blood
re-infusions using IOCS.[19] The use of cell salvage is
recommended and concerns over amniotic fluid embolism
and fetal red cell contamination should not be barriers to
adoption of IOCS in cesarean section.[17] There were only a
few case reports describing acute hypotension associated
with a leukocyte depletion filter during re-infusion of
IOCS blood, which was limited evidence.[20,21] The use
of leukocyte depletion filters was advocated during
re-infusion with IOCS in obstetrics.[13,20] In the current
study, a double suction technique in combination with
leukocyte depletion filter was used and no case of amniotic
fluid embolism or severe hypotension was identified in the
IOCS group.

In previous studies, IOCS with leukocyte depletion filter
utilization was associated with shorter average hospital
stay and a lower likelihood of allogenic blood transfusion
in metastatic spine tumor surgery.[22] Autologous blood
transfusion was also reported to decrease the length of
stay in hospital and allogeneic transfusion-related com-
plications in open-heart surgery.[23] Our results revealed
that IOCS reduced the need for allogeneic red blood cell
and fresh frozen plasma, with 73% of the patients
avoidingABT in the IOCS group. A previous retrospective
cohort study showed that intra-operative salvaged
erythrocytes could have decreased exposure to allogeneic
red blood cell in 55.6% patients during cesarean

1

allogeneic transfusion associated with limited availability
and multiple side effects.[25] ABT was reported to have
increased risk of postoperative infections, compared
to autologous re-infusion.[26] For pregnant Jehovah’s
Witnesses patients who refused ABT, IOCS was investi-
gated as an important alternative therapy to improve
obstetric outcomes.[27] It was demonstrated that salvaged
blood had very high rate of erythrocyte viability, which
made re-infused autologous blood valuable in blood
management.[28] In our study, maternal coagulation
function was normal after autologous blood re-infusion
and the fresh frozen plasma requirements were decreased
in the IOCS group, suggesting that autologous blood was
more physiological compared with allogeneic blood. The
lower rate of allogenic blood transfusion, higher post-
operative hemoglobin levels, high erythrocyte viability,
and physiological traits might suggest the reasons for
shorter length of hospital stay in patients receiving
autologous blood re-infusion using IOCS.

Allogeneic blood is increasingly expensive and the financial
benefits of salvaged blood using IOCS have been
considered. It was found that IOCS technique was cost-
saving in cases with high risk of hemorrhage but not cost-
saving during routine cesarean deliveries.[29] Cell salvage
was the cost-saving blood conservation strategy by
reducing usage of allogeneic blood and decreasing blood
processed costs.[30] In a healthcare system perspective, an
economic analysis of 2328 patients suggested that
allogeneic blood was significantly expensive than cell
salvage, with an average cost up to $200 of an allogeneic
blood unit and $89.46 of an equivalent cell salvage unit.[31]

From the societal perspective, cell salvage was cost-
effective for cases at high risk for obstetric hemorrhage
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with an incremental cost-effectiveness ratio up to $34881
per quality-adjusted life-year gained.[14] In our study,
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significantly shorter length of postoperative hospital stay
and higher post-operative hemoglobin levels in the IOCS
group could also help decrease the medical and care costs.

The manpower planning and training are barriers to
implementing IOCS in some medical institutions. The
comprehensive competency training program has been
introduced to overcome concerns relating to training.[19] In
clinical practice, cell salvage equipment is easy to set up in
several minutes with friendly user interface and control
panel. Compared with the allogeneic red blood cell
transfusion, the advantages of IOCS are especially
outstanding in emergencies once the predictable or
unexpected hemorrhage is identified and the cell salvage
could be rapidly set up without delay. In our hospital, cell
salvage machines are classified as anesthetic equipment
and the overall system is managed by the department of
anesthesiology. The cell salvage machine was operated by
anesthetic nurses under the supervision by the anesthesi-
ologists. The standard operating procedure for cell salvage
has been established in our hospital and all personnel
involved in cell salvage have been trained and skilled in the
management and facilitation of cell salvage and autolo-
gous blood re-infusion system. The simple structure, easy-
to-understand interface, and fully automated process for
cell salvage machine make operation efficient. The cell
salvage device is a powerful blood conservation technique
and has been widely applied in many medical fields
including orthopedics, pediatrics, neurosurgery, cardiac
surgery, and malignancy.[13] It was recommended that cell
salvage should be universally available for immediate use
at any time in medical institutions, especially in cases at
high risk of hemorrhage.[5]

This study has several limitations. First, this was a
retrospective observational study. Therefore, propensity
score matching analysis was performed to reduce
confounding bias and balance differences of baseline data
between the two groups in our study. Large randomized
controlled trials are still needed to determine the efficacy
of IOCS technique in obstetrics. Second, we did not
collect maternal blood sample from the salvaged blood bag
to detect fetal red cell contamination and any positive
antibodies. It would be better to establish a central
electronic database containing this information to author-
itatively assess the safety of the IOCS technique. Third,
our study was a single-center research with unknown
generalizability in other institutions and long-term follow-
up was not completed. Multi-center clinical trials are
required in future work to provide strong evidence for the
application of IOCS during cesarean delivery.

In conclusion, this retrospective observational study using
propensity score matched analysis suggested that IOCS
was associated with shorter length of postoperative
hospital stay and higher post-operative hemoglobin levels
during cesarean delivery. Furthermore, autologous blood
re-infusion using IOCS reduced the need for allogeneic red
blood cell and fresh frozen plasma in obstetrics.
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