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Abstract

Background: Cesarean sections (C-section) often require blood
transfusions in cases of severe bleeding, particularly challenging in
Rh-negative pregnancies due to the scarcity of Rh-negative donors,
with only approximately 0.3% of the population in Thailand. Au-
tologous blood donation, where individuals donate their own blood
before surgery, offers a promising solution. Our study focused on
preparing preoperative autologous blood donations (PAD) for Rh-
negative pregnancies.

Methods: We conducted blood screening on 7,182 pregnancies at
Takuapa Hospital from October 2013 to September 2018, identify-
ing 21 Rh-negative pregnant women. We established criteria based on
hemoglobin (Hb) levels, which are crucial for autologous blood prep-
aration (Hb at 11.0 g/dL, and hematocrit (Hct) above 33%). Blood
samples were collected twice during pregnancy, at 36 and 37 weeks,
with the second collection 1 week before the C-section. Pregnan-
cies testing positive for infectious markers were excluded following
standard blood donation guidelines. Twelve pregnant women testing
negative for infectious markers were enrolled.

Results: The demographic data showed 12 subjects aged 17 to 41
years, with an average of 27.83. Initial blood tests indicated Hb and
Hct levels of 12.5 g/dL, and 36.4%, slightly decreasing to 12.2 g/dL
and 35.8% in the second collection. On the day of the cesarean, levels
further declined to 11.6 g/dL and 34.4%, respectively, within normal
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ranges. At discharge, the Hct measured 34.8%. Maternal and infant
health post-C-section were good, with baby weights ranging from
2,640 to 4,080 g. None of the 12 cases required autologous blood
transfusion, validating the safety of standard autologous blood prepa-
ration practices.

Conclusions: This study highlights the safety of autologous blood
donation for pregnant women with rare blood types, which was
achieved through effective planning and collaboration among hospi-
tal departments. These findings can serve as a model for other hospi-
tals and significantly reduce the burden of searching for Rh-negative
donors.

Keywords: Autologous blood; Rh negative; PAD; Hemoglobin; He-
matocrit; Cesarean section

Introduction

Cesarean section (C-section) rates continue to rise globally in
modern childbirth, as it offers the advantage of determining
the delivery duration and often requires less time compared to
natural childbirth [1]. In addition, a C-section can save a mother
and baby from unnecessary risk of short- and long-term health
problems [2, 3]. In every surgical procedure, the request for a
few units of blood or preoperative autologous blood donations
(PAD) serves as a preventive measure, anticipating emergencies
and aiming to safeguard the mother’s life from severe blood loss
during or after the surgery, a condition referred to as postpartum
hemorrhage (PPH) [4]. Nevertheless, for pregnant women who
have developed alloantibodies, such as those with anti-PP1PK
or those possessing rare blood types like Rh-negative or the
Bombay phenotype, finding compatible blood presents greater
complexity and difficulty compared to individuals with more
common blood types [5-7]. The concept of autologous blood
donation, collecting a patient’s own blood for later reinfusion,
gained substantial attention and advancements during the 1970s
and 1980s and gained acceptance as a standard practice within
specific elective surgical settings by 1993 [8, 9]. The process
provides several advantages such as to treat surgical blood loss
in very specific situations and to decrease risk of transfusion-
transmitted disease, transfusion reaction and alloimmunization
[10]. Additionally, given the limited availability of allogeneic
blood supply resulting from the coronavirus disease 2019
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(COVID-19) pandemic, utilizing autologous blood transfusion
presents an alternative to allogeneic transfusion. This helps
prevent the delay of numerous surgeries caused by the scarcity
of blood during this crucial period [11]. Therefore, autologous
blood preparation is primarily undertaken because obtaining
compatible allogeneic blood poses significant challenges. Now-
adays, the method has been developed based on the American
Association of Blood Banks (AABB) standard and applied in
many hospitals worldwide [12-14].

In Thailand, autologous blood donation is not widely
practiced due to concerns about potential hemoglobin (Hb)
decline, particularly when adequate specialized care from hos-
pital medical staff is lacking. It is mainly performed in central
hospitals, where clear donation criteria and post-donation care
are established. The process is uncommon in regional hospitals
due to concerns about post-donation complications. For Rh D-
negative patients, this increases C-section risks. If Rh-negative
blood is unavailable in an emergency, Rh-positive blood can
be given if no anti-D is detected. However, for future transfu-
sions, only Rh-negative blood can be used to avoid life-threat-
ening reactions. This study collected the retrospective data on
autologous donation among Rh-negative pregnant women,
who was scheduled for C-section at Takuapa Hospital during
the past 5 years. Due to the increased number of pregnancies
with Rh-negative blood at the hospital, coupled with the dif-
ficulty of finding Rh-negative donors, the autologous blood
preparation protocol has been revived and implemented for
pregnant women. The process of preparing patients for blood
collection was established, and their Hb and hematocrit (Hct)
levels before and after donation were monitored to develop ap-
propriate and standardized guidelines for autologous donation
in pregnant women. This initiative aimed to create guidelines
for autologous blood preparation in pregnant women with rare
blood groups, such as Rh-negative, or those who produce clini-
cally significant antibodies, such as anti-PP1PK and anti-U.
The criteria of donor preparation and donor unit blood testing
were developed in accordance with AABB standard and are
based on the safety of the mother and newborn for widespread
clinical use.

Materials and Methods

Patient selection

This study is a descriptive and retrospective investigation ap-
proved by the Ethics Committee of the Phangnga Provincial
Public Health Office (AF 04-08/02.0). The subjects were preg-
nant women with a special blood type, Rh-negative, who un-
derwent C-sections at Takuapa Hospital, Phang Nga Province,
between October 1, 2013, and September 30, 2018. Selected
pregnant patients eligible for autologous blood donation must
have Rh-negative blood group with the following blood param-
eters: Hb > 11 g/dL and Hct > 33%, along with other general
health checks according to the Thai Red Cross blood donation
standards. If the patient does not meet these eligibility criteria,
she will not be accepted for autologous blood preparation, and
allogenic donated blood will be provided instead.
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Institutional Review Board approval

The protocol was approved by Research Ethical Review Board
of Phangnga Provincial Public Health Office, Ministry of Pub-
lic Health of Thailand. The study was conducted in compliance
with the ethical standards of the responsible institution on hu-
man subjects, in accordance with the Belmont Report, Nurem-
berg Code, Declaration of Helsinki, and the Medical Council
Regulations on the Ethics of the Medical Profession 2006.

Study design

Blood group testing for ABO and Rh was conducted on 7,182
pregnancies at Takuapa Hospital between October 2013 and
September 2018. Among these, 7,161 were Rh-positive, and
21 were Rh-negative. Rh-positive pregnancies underwent
standard prenatal care procedures, while Rh-negative ones
were designated for childbirth decision. In cases of C-section,
extensive psychological preparation was provided through
counseling sessions to educate expectant mothers about donor
procedures and the option of self-donated blood. All partici-
pants met the minimum weight requirement for autologous do-
nation, which is 50 kg. Blood samples were collected to meas-
ure Hb and Hct levels using hematology autoanalyzer Sysmex
XN-2000 (Sysmex, Kobe, Japan). The criteria for these fac-
tors were set at Hb > 11.0 g/dL or Hct above 33%. Pregnant
women whose levels fell below these criteria were encouraged
to undergo allogeneic blood donation, while those meeting or
exceeding the criteria were eligible for autologous blood dona-
tion. Blood collection occurred twice during pregnancy, at 36
and 37 weeks, with the second collection taking place 1 week
before the scheduled C-section. Pregnancies with positive in-
fectious markers were excluded according to standard guide-
lines for blood donation and study criteria. Twelve pregnant
women with negative infectious markers were enrolled in the
study (Fig. 1). All methods and results have been reported in
accordance with the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) guidelines.

Statistical analysis

All demographic characteristic data were analyzed by Graph-
Pad (Prism 5) software for mean, and one-way analysis of vari-
ance (ANOVA) was performed to test the mean difference of
Hb or Hct level at each time point. A P < 0.05 was considered
statistically significant for all parameters.

Results

History, demographic and clinical characteristics of par-
ticipants enrolled in the study

The medical records of 12 Rh-negative pregnant women, who
received antenatal care at Takuapa Hospital in PhangNga prov-
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Figure 1. Flowchart illustrating the selection process for pregnancies enrolled in the autologous blood donation program. RBC:

red blood cell.

ince, Thailand, are summarized in Table 1. This includes age,
ABO blood group, Rh blood group, gender of the baby, and
baby weight. The age range of participants is between 17 and
41 years, with a mean age of 27.83 years. Among the partici-
pants, the highest percentage had blood group O (41.67%),
followed by A (25.00%), B (25.00%), and AB (8.33%) (Table
2). According to the World Health Organization (WHO) body
mass index (BMI) categories [15], the distribution was as fol-
lows: normal weight (33.33%), overweight (50%), and obesity
class I (16.67%) (Table 2). The babies were delivered via C-
section from 12 Rh-negative mothers, with six girls and six
boys. The range of baby weight is between 2,640 and 4,080 g,
with a mean weight of 3,216 g (Table 3).

Hb and Hct levels during and after autologous blood
donation

Hb and Hct levels were measured in 12 Rh-negative pregnan-

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

cies at three different time points: 2 weeks and 1 week prior to
the C-section, followed by a measurement during the C-sec-
tion Additionally, Hct levels were monitored for 1 week post-
C-section, on the discharge day. At 2 weeks, pre-C-section,
initial Hb values ranged from 12.0 g/dL to 13.4 g/dL, with a
mean Hb of 12.53 + 0.39 g/dL. One week before the cesarean,
the Hb range was 11.0 g/dL to 13.3 g/dL, with a mean of 12.2
+0.71 g/dL (Table 4). On the day of the cesarean, the mean Hb
level declined to 11.58 g/dL, indicating a statistically signifi-
cant difference (P = 0.0435) compared with 1 week before the
cesarean but still above the minimum level of 11.0 g/dL [16]
(Fig. 2a). The Hct levels 2 weeks and 1 week before the C-sec-
tion ranged from 34.2% to 38.7% and 33.0% to 38.8%, respec-
tively, with means of 36.42+1.30% and 35.80+1.90%. On the
day of the cesarean, the mean Hct level decreased to 34.43%.
Significant differences were observed only when compared to
the 2-week pre-C-section level (P =0.0248). On discharge day,
I-week post-C-section, the mean Hct was 34.83%, which is
normal for pregnant women (Table 4). Between 2 weeks pre-
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Table 1. History of Participants Enrolled in the Study at Takuapa Hospital, PhangNga, Thailand

Pregnant women Age ABO Rh Baby gender Baby weight (g)
1 30 AB Negative Boy 3,590
2 24 A Negative Girl 3,070
3 31 B Negative Girl 4,080
4 27 (0} Negative Girl 3,200
5 41 (0] Negative Girl 2,870
6 28 (0] Negative Boy 3,210
7 17 A Negative Girl 2,730
8 18 B Negative Boy 3,000
9 40 (0] Negative Boy 2,640
10 21 (0] Negative Boy 3,160
11 32 B Negative Boy 3,820
12 25 A Negative Girl 3,220

C-section and the day of C-section, Hb and Hct levels showed
a slight but significant decrease (P = 0.006 and P = 0.0248, re-
spectively), while remaining within the minimum range. There
was no significant difference in Hct levels on the day of dis-
charge (Fig. 2b). Post-C-section, both mothers and babies were
healthy, with baby weights ranging from 2,640 g to 4,080 g
(Table 3). Takuapa Hospital successfully reduced the procure-
ment of Rh-negative blood for pregnant women undergoing
C-sections by 57.1% (data not shown).

Discussion

Our study reported the successful implementation of guide-

Table 2. Participating Pregnancy Demographics at Takuapa
Hospital, PhangNga, Thailand

Demographic variables Pregnancy (n = 12)

Age (years)
Range 17 - 41
Mean 27.83
BMI category (kg/m?), n (%)
Underweight (< 18.5) 0(0)
Normal weight (18.5 - 24.9) 4 (33.33)
Overweight (25.0 - 29.9) 6 (50.00)
Obesity class I (30.0 - 34.9) 2 (16.67)
ABO, n (%)
AB 1(8.33)
A 3 (25.00)
B 3 (25.00)
(0] 5(41.67)
Rh, n (%)
Negative 12 (100)

lines for autologous blood collection from Rh-negative preg-
nant women at Takuapa Hospital in Phang Nga Province,
Thailand, maintaining acceptable Hct levels until delivery.
Additionally, this study highlights PAD for C-sections, which
typically involve greater blood loss compared to vaginal de-
liveries. Although autologous blood transfusion is used in
Thailand, its adoption varies by region and healthcare facil-
ity, which is influenced by factors such as hospital resources,
medical protocols, and patient preferences. Obstetricians of-
ten prepare two units of blood reserves. Patients with com-
mon blood types can use the type and screen method or cross-
matching from the blood bank. However, blood banks across
the country frequently encounter difficulties in meeting the
demand for specialized blood types like Rh-negative or for
patients with specific alloantibodies [17-19]. In Thailand,
since the prevalence of Rh-negative blood type is relatively
low compared to Rh-positive blood types, pregnant patients
with Rh-negative blood types require specific donor reserves,
which can be challenging to procure [20]. Therefore, PAD
serves as an effective solution to ensure the safety of both
mother and fetus.

Takuapa Hospital has established criteria for autologous
blood donation, particularly for pregnant women with Rh-
negative blood types. The hospital has a structured pregnancy
care pathway, requiring multiple visits to prepare blood for
safe transfusions. We implemented PAD for 12 Rh-negative
pregnancies where the patients chose to have a C-section. Pa-

Table 3. Baby Demographics of the Participating Pregnancies

Demographic variables Baby (n = 12)
Body weight (g)
Range 2,640 - 4,080
Mean 3,216
Gender, %
Male 50
Female 50
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Table 4. Levels of Hemoglobin and Hematocrit Measured at Different Time Points

2 weeks Pre-C/S 1 week Pre-C/S On C/S 1 week Post-C/S, on discharge

Pregnant women

Hb (g/dL) Het (%) Hb (g/dL)  Hct (%) Hb (g/dL) Hct (%) Het (%)
1 12.7 35.6 12.3 353 12.2 34.7 34
2 12.1 36.9 11.6 34.9 11.9 36.2 35
3 12.4 36.5 11.6 342 11.1 334 38
4 12.7 37.0 12.8 36.9 11.2 35.0 31
5 13.4 37.2 13.0 36.2 13.1 36.7 36
6 12.5 38.7 12.1 37.8 12.2 37.0 39
7 12.3 342 11.3 33.0 11.3 322 33
8 12.3 353 11.0 33.0 10.2 31.8 32
9 12.6 37.1 12.5 38.0 12.0 37.0 37
10 12.0 34.5 12.3 35.0 11.0 32.8 35
11 12.4 36.5 12.7 38.8 11.6 35.0 33
12 13.0 37.5 13.3 36.5 11.2 31.3 35
Mean 12.53 36.42 12.21 35.80 11.58 34.43 34.83
SD 0.39 1.30 0.71 1.90 0.75 2.08 2.41

C/S: C-section; C-section: cesarean sections; Hb: hemoglobin; Hct: hematocrit; SD: standard deviation.

tients’ Hb and Het levels are typically monitored to assess their
blood’s ability to carry oxygen adequately, and these levels
should remain within normal ranges before and after autolo-
gous blood donation, transfusion, and discharge [21]. A drop
in Hb and Hct levels below specific thresholds may indicate
anemia or inadequate oxygen transport, potentially necessitat-
ing a blood transfusion. Identifying such levels before dona-
tion could render the patient unsuitable for PAD. Guidelines
for blood donation, health records, and childbirth records were
prepared. Previous studies indicate that autologous blood do-
nation is feasible and safe for pregnant Japanese women and
their infants. Despite the controversial indications, autologous
blood donation should be considered in cases of placenta pre-
via [22]. This technique is also safe for patients undergoing
intracranial surgery and has been shown to be more cost-ef-
fective than allogenic blood transfusions [23]. Among the 12
Rh-negative patients, none had a history of smoking or comor-
bidities, and all were free of hemorrhagic risk factors such as
preeclampsia, emergency C-sections, or previous abdominal
surgery.

Blood collection was performed twice, with each session
yielding 350 mL, separated by 1 week. If Hb and Hct levels
fell below the criteria during the second collection, the second
blood bag was not collected. The mean reported blood loss
during delivery for pregnant women at the University Hospital
in Japan was 1,976 + 1,654 mL. The recommended range for
donated blood volume typically spans from 400 to 2,000 mL
[24]. Gari et al revealed that mathematical calculations tend
to overestimate blood loss during C-sections, while obstetri-
cians tend to underestimate it [25]. However, the amount of
blood loss can vary significantly, ranging from below 500 mL
to above 1,000 mL [26]. This variation in blood loss can in-
fluence the decision to proceed with a blood transfusion, es-
pecially if the blood loss exceeds this range or if the patient
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shows signs of significant anemia or has preoperative anemia
[27]. Improving maternal Hb levels during pregnancy could
potentially decrease the occurrence of blood transfusions relat-
ed to C-sections [28]. On the day of surgery, certain pregnant
women (subjects 7, 8, 10, and 12) had Hb or Hct levels below
the standard for blood collection but within the safe range for
surgery without additional care. This is likely due to pregnan-
cy-related factors that increase the demand for iron, especially
during the second trimester leading up to delivery [29]. The
BMI of these individuals fell into both the normal and over-
weight categories. Importantly, on the day of surgery, no blood
collection was performed, with only monitoring for potential
postoperative blood loss to determine the necessity of a trans-
fusion. After completing the surgery, the physician conducted
wound inspection and confirmed no PPH within the first 24 h
(assessed by monitoring for Het < 33%). If the patient appeared
pale beforehand, closer monitoring was implemented. In all 12
cases included in this study, an autologous blood transfusion
was unnecessary, confirming the safety of standard autologous
blood preparation procedures. Additionally, wound inspection
revealed no signs of infection. Interestingly, nowadays there
are comprehensive strategies that incorporate multiple effec-
tive measures to manage PPH. Incorporating tranexamic acid
(TA) into a comprehensive strategy for managing PPH after
C-section, alongside other proven measures, could potentially
improve outcomes [30].

From this study, we have developed a flowchart outlining
the pregnancy care pathway in the Obstetrics and Gynecology
Department, as depicted in Figure 3. Prior to delivery, patients
make multiple visits to the hospital for blood preparation.
Hospitals with robust teams ensure the safety of blood trans-
fusions. Initial examinations with an obstetrician/gynecolo-
gist (OB/GYN) are conducted at 8 - 12 weeks of pregnancy.
Upon pregnancy confirmation, they are referred for further
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Figure 2. Hemoglobin (a) and hematocrit (b) levels were measured at three different time points: 2 weeks and 1 week before the
C-section, during the C-section, and after the C-section. C/S: C-section; wk: week; C-section: cesarean sections.

obstetrical assessments, and health parameters are evaluated childbirth decisions and preparations for autologous blood do-
in the medical lab. Subsequent visits are scheduled for 24 - nation in pregnancies with rare blood types like Rh-negative.
26, 30 - 32, and 36 - 38 weeks to monitor health parameters. At 30 - 32 weeks, pregnant women preferring a C-section will
By the third visit, childbirth decisions and emergency plans have bloodwork for ABO and Rh typing. If the patient is Rh-
are discussed in preparation for delivery. Figure 4 illustrates negative, an Hb test is conducted to check for anemia. With
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Figure 3. Flowchart depicting the pregnancy care pathway for women at different stages in the Obstetrics and Gynecology De-
partment of the hospital, encompassing laboratory tests and decision-making regarding delivery. HR: heart rate; BP: blood pres-

sure; SpO,: oxygen saturation; CBC: complete blood count; OF:

Hb above 11 g/dL, autologous blood donation is considered; if
below 11 g/dL, allogenic RBC transfusion is prepared. Blood
collection for crossmatching occurs at 36 - 37 weeks. Incom-
patible units are replaced, and compatible ones are prepared
for transfusion during delivery at 38 - 41 weeks. Hb levels
guide whether the collected blood is used or monitored, and
postpartum care is provided as needed. The physician will de-
termine the hospital’s discharge timing. A study by Yamada
et al recommends starting blood collection at 32 weeks with
weekly 400 mL phlebotomies to store 1,200 - 1,500 mL of
blood [31].

The disadvantage of autologous blood donation is that if
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osmotic fragility; DCIP: dichlorophenol indophenol precipitation.

the prepared blood is not used by the patient, it must be dis-
carded and cannot be given to other patients and can rarely be
used for other patients because most autologous donors do not
meet the stringent health requirements for allogeneic blood do-
nation [32]. However, many pregnant women who have never
donated blood before find the experience of donating blood
for themselves memorable and become regular blood donors
in the future. Regarding the cost-benefit, the hospital spent al-
most $600 ($25 per unit of blood and $120 per year), which is
relatively low. Considering the immeasurable value of life, the
preparation of two bags of blood before surgery is justified,
even though Rh-negative blood is rare among Thais. In the
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Figure 4. Flowchart illustrating childbirth decisions and preparations for autologous blood donation in pregnancies with rare

blood groups (Rh-negative). RBC: red blood cell.

future, satisfaction surveys will be conducted for individuals
considering autologous blood donation, and systems for more
efficient consultation networks will be developed.

Currently, the Health Committee for Mothers and Children
in Phang Nga Province has designated Takuapa Hospital as a
model for improving the health of pregnant women. This in-
cludes encouraging autologous blood donation for those sched-
uled to undergo C-sections at other hospitals within the prov-
ince.

Conclusions

We successfully perform autologous blood collection from
pregnant women, maintaining normal Hct levels until delivery.
Preparing two bags of autologous blood for patients with spe-
cial blood types is safe. Hb levels decreased by an average of
0.95 g/dL over 3 weeks, and Hct levels by 2.0%, both remain-
ing within normal ranges. The average Hb was 12.1 g/dL, and
Hct was 35.6%. All infants weighed over 2,600 g, indicating
good health for both mother and child. Both mother and baby
were safe with no adverse outcomes. The revived procedure of
autologous blood preparation will be used as a standard pro-
tocol in the hospital, and the knowledge will be transferred to
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the hospital network.
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