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Abstract:

Introduction: Cardiac surgery requires more blood components than most other medical disciplines.  The Central  

Chest Institute of Thailand (CCIT), an institution of medicine committed to developing this particular field, 

decided to implement a patient blood management (PBM) program to substantially improve blood use.  Objective: 

This study aimed to evaluate intraoperative and postoperative blood transfusions among patients undergoing 

cardiac surgery comprehensively analyzed the consumption of blood components in all medical departments 

of the CCIT. Materials and methods: The use of blood components at the CCIT was thoroughly examined 

retrospectively over two years.  Based on a medical reporting system of all medical disciplines, all transfused 

patients in cardiac surgery and their blood components were identified using their characteristics, including sex, 

age, ABO blood group, antibody screening and identification, medical operations, and operation-related groups 

during intraoperative and postoperative periods.  Results: This retrospective single center study included all 

inpatients who underwent cardiac surgery from 2023-2024, corresponding to more than 95% (1,722 cases) of all 

CCIT in-patients.  We found that the need for blood supply remained generally consistent, with packed red cells, 

frozen plasma and single donor plateletpheresis units having administered to > 95%, 90%, and 45% of all cardiac 

surgery patients, respectively. Most blood component units were applied during Bentall’s procedure to repair the 

aneurysm.  Remarkedly, the first detection of an anti-Mia antibody occurred during postoperative hospitalization 

after an intraoperative 24-unit red cell transfusion. Conclusion: Our analysis suggests each blood component’s 

consumption could be related to clinical performance groups; thus, the PBM should be set up hospital-internally 

to enhance bloodless surgical procedures, increase preoperative anemia management and identify the causes of 

unnecessary blood transfusions.
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นิพนธต์น้ฉบบั

การใชเ้ลอืดระหว่างและหลงัผ่าตดัในผูป่้วยที่ตอ้งเขา้รบัการผ่าตดัหวัใจ
ที่สถาบนัโรคทรวงอก: การวเิคราะหข์อ้มูลจากการศึกษาแบบยอ้นหลงัศูนยเ์ดียว
ภคัวลญัชญ ์ ปอุบุล1   กมัพล  อนิทรนุช2 และ ออ้ยทพิย ์ ณ ถลาง2

1งานธนาคารเลอืด กลุม่งานพยาธวิทิยาคลนิิกและเทคนิคการแพทย ์สถาบนัโรคทรวงอก  2บณัฑติศึกษา คณะสหเวชศาสตร ์มหาวทิยาลยัธรรมศาสตร์

บทคดัย่อ

บทน�ำ  การผ่าตดัหวัใจตอ้งการใชส่้วนประกอบของเลอืดมากกวา่การผ่าตดัชนิดอืน่ สถาบนัโรคทรวงอก เป็นสถาบนัการแพทยท์ีมุ่ง่

ม ัน่พฒันาสาขาน้ีโดยเฉพาะ จงึไดด้�ำเนินโครงการ patient blood management (PBM) เพือ่ใชป้รบัปรุงการใชเ้ลอืดใหเ้หมาะสม 

วตัถุประสงค ์ การศึกษายอ้นหลงัน้ีมวีตัถปุระสงคเ์พือ่ประเมนิการใหเ้ลอืดผูป่้วยทีไ่ดร้บัการผ่าตดัหวัใจระหวา่งและหลงัการผ่าตดั โดย

วเิคราะหข์อ้มลูการใชส่้วนประกอบของเลอืดของผูป่้วยในทกุคลนิิกของสถาบนัฯ  วสัดุและวธิกีาร  วเิคราะหข์อ้มลูการใชเ้ลอืดของผู ้

ป่วยทีไ่ดร้บัการรกัษา ยอ้นหลงัในช่วงเวลา 2 ปี จากระบบฐานขอ้มลูของสถาบนัฯ โดยเกบ็ขอ้มลูผูป่้วยผ่าตดัหวัใจทีไ่ดร้บัเลอืดรวม

ทัง้ส่วนประกอบของเลอืด ขอ้มลูท ัว่ไปผูป่้วย ประกอบดว้ย เพศ อาย ุหมูเ่ลอืด ABO ผลการตรวจกรองแอนตบิอดีและการตรวจแยก

ชนิดแอนตบิอดี ประเภทการผ่าตดั และกลุม่ทีเ่กีย่วขอ้งกบัการผ่าตดัท ัง้ระหวา่งและหลงัการผ่าตดั  ผลการศึกษา  การศึกษายอ้น

หลงัในสถาบนัฯ ต ัง้แต่ปี พ.ศ. 2566 ถงึ พ.ศ. 2567 มผูีป่้วยทีไ่ดร้บัการผ่าตดัหวัใจ จ�ำนวน 1,722 ราย ซึง่มากกวา่รอ้ยละ 95 ของ

ผูป่้วยทีเ่ขา้รบัการรกัษาแบบผูป่้วยในทัง้หมด พบวา่ ความตอ้งการการจดัหาส่วนประกอบของเลอืดในผูป่้วยมคีวามสอดคลอ้งกนัท ัง้ 

2 ปี คือ เมด็เลอืดแดงเขม้ขน้ พลาสมาแช่แขง็ และเกลด็เลอืดเขม้ขน้จากผูบ้ริจาครายเดียว ซึง่มากกวา่รอ้ยละ 95, 90 และ 45 ตาม

ล �ำดบั ส่วนประกอบของเลอืดส่วนใหญ่ใชร้ะหวา่งข ัน้ตอนของ Bentall เพือ่ซ่อมแซมหลอดเลอืดโป่งพอง และทีน่่าสงัเกตคือ มผูีป่้วย 

1 ราย ทีต่รวจพบ anti-Mia หลงัจากไดร้บัเลอืดจ�ำนวน 24 ยนิูต ในระหวา่งการผ่าตดั  สรุป  การวเิคราะหข์อ้มลูครัง้น้ีแสดงวา่การใช ้

ส่วนประกอบของเลอืดแต่ละประเภทขึ้นอยู่กบัชนิดของหตัถการทางคลนิิก ดงันัน้ ควรมกีารจดัต ัง้ PBM ขึ้นภายในโรงพยาบาล เพือ่

ปรบัปรุงข ัน้ตอนการผ่าตดัโดยไมใ่ชเ้ลอืด เพิม่การจดัการภาวะเลอืดจางก่อนผ่าตดั และระบสุาเหตขุองการใหเ้ลอืดทีไ่มจ่ �ำเป็น

คำ�สำ�คัญ :	l การผ่าตัดหัวใจ  l การจัดหาเลือด  l การให้เลือด  l การบริหารจัดการเลือดให้ผู้ป่วย

วารสารโลหิตวิทยาและเวชศาสตร์บริการโลหิต. 2568;35:21-9.
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Introduction

Many hospitals offer comprehensive medical treat-

ment options for diverse medical conditions and serve 

a broad spectrum of patient demographics.  The total 

number of blood components used during cardiac surgery 

is drastically greater than the typical demand for blood 

products in most of the other medical disciplines1-3.  To 

date, blood transfusions have been recognized as a key 

quality indicator in cardiac surgery4.  According to a 

demographic analysis, the demand for blood products has 

grown globally and particularly among elderly patients 

requiring more transfusions due to advancements in 

medical sciences and treatment alternatives5,6.  In the 

meantime, the number of younger, healthy people being 

targeted for voluntary blood donation may potentially 

decline because of the population’s demographic aging 

in several countries3,7,8.

Blood donation facilities and hospital-related 

patient blood management programs (PBM) have taken 

a number of proactive measures to mitigate the effects 

of these changes in demographics9.  The particular 

surgical speciality of cardiac surgery regularly calls for 

the intraoperative administration of cardiopulmonary 

bypass along with comprehensive anticoagulation, as 

well as varied dosages of antithrombotic treatments 

before and after cardiac surgeries.  In consequence 

of this, surgical procedures present a higher risk of 

bleeding challenges, often needing allogeneic blood 

transfusions, which are known to have both short and 

long term threats.  Treatment of clinical disorders af-

fecting the risks of bleeding, thrombosis and transfusion 

was recommended as a result of the PBM guidelines 

for cardiac surgery, which were designed to provide 

recommendations to ensure optimal patient preparation 

as well as for intraoperative and postoperative manage-

ment10.  Despite establishing national and international 

transfusion guidelines for cardiac surgery, a substantial 

discrepancy occurs between the guidelines’ publica-

tion and their acceptance by professional authorities 

in charge of ensuring their internal implementation. 

Therefore, transfusion procedures for cardiac surgery 

and, in general, remain different between physicians 

and hospitals4,11,12.

The Central Chest Institute of Thailand (CCIT) is an 

institution of medicine dedicated to advancing the field 

of heart, blood vessel and lung disease treatment and 

rehabilitation.  To substantially improve blood use at 

the CCIT, we decided to implement a PBM program in 

close coordination with anesthesiology and transfusion 

medicine experts.  The program’s long-term goals were 

to reduce transfusion-related expenses and minimizing 

unnecessary blood transfusions and transfusion-related 

adverse events by enhancing compliance with internal 

transfusion algorithms and guidelines.  To fulfil this 

objective, a retrospective study was conducted relating 

to intraoperative and postoperative blood transfusions 

among patients undergoing cardiac surgery to provide 

a comprehensive analysis of the consumption of blood 

components in all medical departments of the CCIT.

Materials and Methods

Database and data processing

The informative document records of each actual 

transfusion of allogeneic blood components to each inpa-

tient at the CCIT for the fiscal years 2023 to 2024 were 

collected and analyzed.  These data encompassed the 

type of blood component including packed red cells, i.e., 

leukocyte poor red cells (LPRC) and leukocyte depleted 

red cells (LDPRC), fresh frozen plasma (FFP), platelets, 

i.e., pooled leukocyte poor platelet concentrates (LPPC) 

and single donor platelet (SDP), and cryoprecipitate 

(Cryo).  They also include the number of bags issued and 

transfused, in addition to the issuance and application 

for each medical department.  The blood components 

of the hospitalized inpatients during the year end were 

counted for the discharge year.  All patients’ data were 

cautiously anonymized to ensure the confidentiality and 

privacy of the information provided in this article.  This 

study was approved by the Human Research Ethics 

Committee of the CCIT, under protocol number REC 

013/2568.
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Throughout the data processing, the case-related 

characteristics including sex, age, ABO blood group, 

antibody screening and identification, diagnoses, medical 

operations and operation-related groups, were considered. 

The Department of Cardiac Surgery’s CCIT system is 

divided into six primary clinical performance groups, 

including coronary artery bypass graft surgery (CABG), 

valve repair or replacement, CABG plus valve repair or 

replacement, aneurysm (Bentall’s procedure), congenital 

and others.  Each inpatient case was allocated to a single 

clinical performance group within the data.

Statistical analysis

Categorical variables were described using both 

absolute and relative frequencies.  The comparison of 

the variables: 2023 vs 2024; male vs female; youths vs 

adults and seniors; group A vs B, O, and AB; CABG vs 

CABG + valve repair, valve repair, aneurysm (Bentall’s 

procedure), congenital and others were carried out using 

Pearson’s Chi-square.  All tests were two-sided.  The 

data collected were entered twice in a Microsoft Excel® 

spreadsheet and were subsequently validated.  Then 

data were analyzed with SPSS, Version 25.0 (SPSS Inc., 

Chicago, IL, USA).  If a p-value was smaller than 0.05, 

we concluded that a statistically significant difference 

was observed.

Results

The data used in this retrospective analysis included 

all inpatient data from fiscal year, 2023 to 2024, of those 

undergoing cardiac surgery at the CCIT; this group 

comprised an average of approximately more than 95% 

of all CCIT inpatients.  In addition, we analyzed the 

proportion of patients receiving blood transfusions and 

calculated the mean consumptions of RBCs (LPRC and 

LDPRC), FFP, LPPC, SDP and Cryo units per transfused 

patient based on the fiscal years, sex, age group, ABO 

blood types and six primary clinical performance groups 

(Table 1). Over a two-year study period, we observed a 

relatively constant demand for blood supply, resulting 

in an approximate frequency of > 95%, about 90% and 

about 45% of all cardiac surgery patients receiving 

RBCs, FFP, and SDP units, respectively.  The overall 

average number of blood units per transfused patient 

amounted to approximately 8 RBCs, 4 FFP and 2 SDP 

units.  However, we determined that significantly greater 

transfusion cases occurred in 2024 than in 2023 (transfu-

sions of LPPC p < 0.001 and of Cryo p < 0.05) (Table 1). 

The spectrum of the sex, age groups and ABO blood 

groups for each blood component given per transfused 

case was basically identical in both sexes, age groups 

and ABO blood types.  Notably, the data suggest that 

RBC units are ordered more likely in eight packs than 

FFP (~4) or platelet (~2) units.  Approximately > 90% 

of the transfused patients received both RBC and FFP 

units, in addition, almost 50% of the transfused patients 

in cardiac surgery were treated with platelet units (Table 

1).  In this retrospective analysis, all patients underwent 

cardiac surgery were divided into six clinical performance 

groups.  The percentage of transfused patients and the 

average amount of blood units per transfused case are 

also shown in Table 1 for the three most common and 

significant clinical performance groups: valve repair or 

replacement, CABG and both CABG and valve repair or 

replacement.  The highest transfusion rates were indi-

cated among patients with valve repair or replacement 

(99.1% for RBCs), followed by cases using CABG (98.4%), 

independent of the type of blood component. In addition, 

we observed a significant difference (p < 0.05) in the 

number of transfused cases in CABG when compared 

with other clinical performance groups throughout the 

same period for different blood components, as shown 

in Table 1.

The blood components used for each performance 

clinical subgroup through intraoperative and postoperative 

treatments is displayed in Table 2.  Approximately 90% 

of patients received red cell transfusions during the in-

traoperative period; of these, 3 to 7 RBC unit transfusions 

were required during cardiac surgery.  Red blood cell 
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Table 2  Proportion of transfused patients and blood consumption in a total of six clinical performance groups of 

cardiac surgery during intraoperative and postoperative care

Intraoperation Postoperation

2023 2024 2023 2024

T/A U/T T/A U/T T/A U/T T/A U/T

LPRC + LDPRC

CABG 99.3% 3.9 95.2% 4.9 97.5% 3.6 70.6% 3.4

CABG + valve repair or replacement 96.3% 4.5 100.0% 5.3 88.9% 4.6 86.9% 4.6

Valve repair or replacement 97.2% 3.3 94.3% 3.9 96.9% 3.1 78.9% 3.7

Aneurysm (Bentall’s procedure) 95.4% 5.3 98.6% 6.9 89.2% 6.9 82.9% 5.3

Congenital 91.7% 2.5 91.3% 2.1 83.3% 5.2 65.2% 2.1

Others 68.1% 3.9 93.3% 4.6 74.4% 4.6 84.4% 4.1

FFP

CABG 96.8% 1.5 97.0% 2.1 92.9% 1.8 63.2% 2.3

CABG + valve repair or replacement 95.4% 1.9 93.8% 2.5 85.3% 2.5 81.3% 2.9

Valve repair or replacement 96.1% 1.7 90.9% 2.1 94.7% 1.7 81.7% 2.0

Aneurysm (Bentall’s procedure) 89.2% 7.0 92.9% 4.2 81.5% 7.5 82.9% 3.2

Congenital 83.3% 1.8 69.6% 1.8 75.0% 2.0 43.5% 2.3

Others 44.6% 6.0 66.7% 3.0 61.7% 3.5 55.6% 2.8

LPPC

CABG 14.1% 1.9 50.9% 1.1 19.3% 2.1 41.6% 1.8

CABG + valve repair or replacement 31.1% 1.0 52.5% 1.2 40.3% 1.1 60.0% 1.6

Valve repair or replacement 18.2% 1.1 40.7% 1.1 32.8% 1.5 36.0% 1.7

Aneurysm (Bentall’s procedure) 49.2% 1.0 51.4% 1.8 69.2% 2.3 64.2% 2.0

Congenital 16.6% 1.5 34.8% 1.1 16.6% 3.5 30.4% 1.0

Others 8.5% 1.5 40.0% 1.3 % 2.9 57.7% 1.8

SDP

CABG 13.4% 2.3 40.7% 1.0 36.0% 1.0 23.2% 1.2

CABG + valve repair or replacement 39.4% 1.1 44.3% 1.0 43.1% 1.0 25.6% 1.2

Valve repair or replacement 20.9% 1.0 37.5% 1.0 24.5% 1.6 22.7% 1.4

Aneurysm (Bentall’s procedure) 16.9% 2.2 42.8% 1.3 35.3% 1.6 40.0% 1.5

Congenital 25.0% 1.3 17.3% 1.0 16.6% 1.0 13.0% 0.7

Others 4.2% 2.0 20.0% 1.5 36.1% 1.5 11.1% 1.2

Cryo

CABG 3.2% 17.7 3.1% 22.9 4.3% 35.8 4.4% 44.2

CABG + valve repair or replacement 4.6% 10.0 6.3% 15.0 9.2% 24.1 7.5% 43.3

Valve repair or replacement 2.8% 15.1 2.9% 24.1 3.9% 45.9 3.1% 61.7

Aneurysm (Bentall’s procedure) 20.0% 13.1 15.7% 45.5 13.8% 28.1 25.7% 24.4

Congenital 0.0% 0.0 0.0% 0.0 16.7% 15.0 4.3% 10.0

Others 4.3% 15.0 6.7% 10.0 10.6% 22.0 11.1% 24.0

CABG, coronary artery bypass graft surgery;  Cryo, cryoprecipitate;  FFP, fresh frozen plasma;  LDPRC, leukocyte depleted red cells;

LPPC, pooled leukocyte poor platelet concentrates;  LPRC, leukocyte poor red cells;  SDP, single donor platelet;  T/A, proportion of transfused 

patients out of all in-patients;  U/T, average amount of units per transfused patients
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products were the most frequently administered (96.5%), 

followed by FFP (91.0%), LPPC (52.1%), SDP (46.7%) 

and Cryo (20.3%), respectively.  In the postoperative 

period, RBC transfusions were administered to 80 to 

90% of patients.  It was the most common type of blood 

product utilized during the study period. Remarkably, 

patients receiving Bentall’s surgery for aneurysm repair 

had the highest required transfusion rates of RBC (5.3-

6.9 units), FFP (3.2-7.5 units) and platelet (1.0-2.3 units) 

products (Table 2). 

Table 3 provides more specific information concern-

ing the spectrum of total units for red cell component 

supplied per transfused patients with antibody screen-

ing and identification positive during the periopera-

tive and postoperative periods.  The data suggest that 

transfusions of more RBC units are associated with a 

higher likelihood of positive antibody screening and 

identification throughout both periods.  Notably, more 

than 15 RBC units were administered to transfused 

patients in cardiac surgery throughout both periods, which 

observed a case of additional numbers of screening and 

identification antibody positivity.  A 70-year-old Thai 

man with an aneurysm extending through the upper 

or the entire descending thoracic aorta was admitted 

to the hospital.  He needed to be performed total arch 

replacement with a frozen elephant trunk.  Twenty-five 

units of red cells were requested.  Laboratory testing 

results showed that he was group A, Rh(D) positive.  

Antibody screening test in his plasma by column aggluti-

nation test (CAT) was negative with all 3 screening cells. 

Following an intraoperative 24-unit red cell transfusion, ten 

units of red cells were additionally requested during the 

postoperative hospitalization period. Antibody screening 

test in his plasma by CAT was positive (3+) with two 

out of three screening cells.  Antibody identification 

using the conventional tube test (CTT) demonstrated 

anti-Mia at the room temperature phase. Subsequently, 

nine compatible red cell units lacking the Mia antigen 

were transfused in the Intensive Care Unit.

Discussion

The use of blood components in cardiac surgery has 

been evaluated and standardized through several global 

activities13.  However, an ongoing argument in this  

discipline over the appropriate use of blood components, 

particularly the value of universal transfusion triggers 

such as a hemoglobin level below 7 to 8 g/dL10,14.  More 

restrictive compliance to transfusion algorithms and 

consideration of the influence of point-of-care diagnos-

tics may result in diminished RBC transfusions during 

cardiac surgery.  Consequently, transfusion guidelines 

and standard cardiac operating procedures are highly 

encouraged to be implemented for hospital-internal use 

individually.  The PBM program could investigate com-

pliance with the hospital-internal guidelines and their 

defined restrictive indication criteria for transfusions10. 

Table 3  Number of patients with positive results from the tests for antibody screening and identification

Red cell transfusions (units)
Number of patients

Perioperation Postoperation

1 1 1

2 1 1

3 5 5

4 6 6

5 9 9

6 4 4

7-10 10 10

11-15 11 11

> 15 7 8*

*Anti-Mia was identified after 24-unit red cell transfusions



Phakwalan  Puobon, et al.28

J Hematol Transfus Med  Vol. 35  No. 1  January-March 2025

In general, transfusions have been related to high 

rates of mortality and morbidity among patients in 

critical condition and increasing evidence exists that 

RBC transfusions have been independently related to 

infectious complications, respiratory and cardiac mor-

bidity, extended hospital stays and death after cardiac 

surgery12,15.  The data obtained from our retrospective 

study on the total blood consumption of RBC, FFP and 

platelet units in cardiac surgery is consistent with pub-

lished results1-3,16,17, which suggests higher blood utiliza-

tion for surgical procedures.  Despite the proportion of 

patients in need of RBCs, FFP and SDP units remaining 

notably stable, in 2024 exhibited a notable increase in 

the total number of LPPC and Cryo units per patient in 

comparison with those in 2023.  This may have been 

caused by the confounding factors underlying our data, 

rendering it challenging to draw definitive inferences. 

Similar demands during cardiac surgery were divided 

by sex, age groups and ABO blood group, which may 

be due to the equilibrium incidence of pre-operative 

anemia or a much smaller hemoglobin margin among 

all patients.

Indeed, as demonstrated in Tables 1 and 2, our data 

management system enables the validation of more 

specific information about patient subgroups or patients 

in clinical performance groups.  This type of resolution 

makes it possible to correlate blood consumption closely 

with the severity of the diagnosis inside the institution. 

As expected, the highest transfusion demand was found 

in invasive heart surgery and the use of cardiac devices, 

both with respect to the proportion of transfusion cases 

and the number of transfused units.  However, due to 

their frequency - valve repair or replacement, CABG, 

and both CABG and valve repair or replacement (roughly 

> 85%) - the total consumption of blood units per year 

is significantly considerable both intraoperative and 

postoperative cares, whereas the congenital and other 

surgeries are the two minor surgical procedures 

responsible for the least of the blood supply required.  

Therefore, it might be potentially demonstrated that 

upcoming minimally invasive surgical techniques are 

associated with reduced blood consumption18,19. 

Transfusion services now employ more sophisticated 

methods and are more likely to embrace improved practices 

to avoid such results, such as pretransfusion testing that 

can identify autoantibodies and alloantibodies.  Pregnancy 

or repeated or massive transfusions are examples of the 

irregular antibody production that follows exposure to 

foreign antigens from genetically different cells, causing 

alloimmunization, an immunological response20.  Due 

to the immune system’s exposure to numerous foreign 

antigens, triggering a rapid immune response, usually 

after the second exposure, multi-transfused patients are 

more likely to develop alloantibodies21.  The results from 

our retrospective study revealed an intriguing anti-Mia 

(IgM) in postoperative transfusion support after receiving 

a 24-unit red cell transfusion during the intraoperative 

phase.  Despite the alloimmunisation in massive trans-

fusions where patients receive crossmatched red blood 

cells can occur, the transfusion of phenotyped units for 

selected patients in all transfusion services represents 

important measures to increase transfusion safety. Once 

the anti-Mia is identified from this case, compatible 

blood is easy to find because 90% of ABO-compatible 

donors are negative for the corresponding antigen in 

our population22. 

Conclusion

Regarding changes in demographics and progress in 

medicine, this institution is expected to encounter an 

ongoing increase in cardiac operations.  Our research 

suggests that considering cardiac surgery is one of 

the main medical specialties with the highest trans-

fusion requirements, especially in the CCIT; the PBM 

should be set up hospital-internally in this procedure.  

Interdisciplinary cooperation will continue to be used 

to improve bloodless surgical procedures, treat greater 

preoperative anemia and identify the causes of unnec-

essary blood transfusions.



Blood use in cardiac surgery at CCIT 29

J Hematol Transfus Med  Vol. 35  No. 1  January-March 2025

References
1.	 Anderson SA, Menis M, O’Connell K, Burwen DR.  Blood use by 

inpatient elderly population in the United States.  Transfusion. 

2007;47:582-92.

2.	 Gombotz H, Rehak PH, Shander A, Hofmann A.  Blood use in 

elective surgery: the Austrian benchmark study.  Transfusion. 

2007;47:1468-80.

3.	 Seifried E, Klueter H, Weidmann C, Staudenmaier T, Schrezen-

meier H, Henschler R, et al.  How much blood is needed?  Vox 

Sang. 2011;100:10-21.

4.	 Shander AS, Goodnough LT.  Blood transfusion as a quality 

indicator in cardiac surgery.  JAMA. 2010;304:1610-1.

5.	 Weiser TG, Regenbogen SE, Thompson KD, Haynes AB, Lipsitz 

SR, Berry WR, et al.  An estimation of the global volume of 

surgery: a modelling strategy based on available data.  Lancet. 

2008;372:139-44.

6.	 Vamvakas EC, Taswell HF.  Epidemiology of blood transfusion. 

Transfusion. 1994;34:464-70.

7.	 Ali A, Auvinen MK, Rautonen J.  The aging population poses a 

global challenge for blood services.  Transfusion. 2010;50:584-8. 

8.	 Greinacher A, Fendrich K, Hoffmann W.  Demographic changes: 

the impact for safe blood supply.  Transfus Med Hemother. 

2010;37:141-8.

9.	 Yazer MH, Waters JH.  How do I implement a hospital-based 

blood management program?  Transfusion. 2012;52:1640-5.

10.	 Casselman FPA, Lance MD, Ahmed A, Ascari A, Blanco-Morillo 

J, Boliger D, et al.  2024 EACTS/EACTAIC Guidelines on patient 

blood management in adult cardiac surgery in collaboration with 

EBCP.  Eur J Cardiothorac Surg. 2024:ezae352. doi: 10.1093/

ejcts/ezae352.

11.	 Hessel EA 2nd, Levy JH.  Guidelines for perioperative blood 

transfusion and conservation in cardiac surgery: lessons and 

challenges.  Anesth Analg. 2010;111:1555-9.

12.	 Hajjar LA, Vincent JL, Galas FR, Nakamura RE, Silva CM, Santos 

MH, et al.  Transfusion requirements after cardiac surgery: the 

TRACS randomized controlled trial.  JAMA. 2010;304:1559-67.

13.	 Ferraris VA, Brown JR, Despotis GJ, Hammon JW, Reece TB, Saha 

SP, et al.  2011 update to the Society of Thoracic Surgeons and 

the Society of Cardiovascular Anesthesiologists blood conservation 

clinical practice guidelines.  Ann Thorac Surg. 2011;91:944-82.

14.	 Murphy GJ, Reeves BC, Rogers CA, Rizvi SI, Culliford L, Angelini 

GD.  Increased mortality, postoperative morbidity, and cost after 

red blood cell transfusion in patients having cardiac surgery. 

Circulation. 2007;116:2544-52.

15.	 Marik PE, Corwin HL.  Efficacy of red blood cell transfusion in 

the critically ill: a systematic review of the literature.  Crit Care 

Med. 2008;36:2667-74.

16.	 Geißler RG, Franz D, Buddendick H, Krakowitzky P, Bunzemeier 

H, Roeder N, et al.  Retrospective analysis of the blood component 

utilization in a university hospital of maximum medical care. 

Transfus Med Hemother. 2012;39:129-38.

17.	 Barr PJ, Donnelly M, Morris K, Parker M, Cardwell C, Bailie KE. 

The epidemiology of red cell transfusion.  Vox Sang. 2010;99:239-50.

18.	 Bonatti J, Wallner S, Crailsheim I, Grabenwöger M, Winkler B. 

Minimally invasive and robotic coronary artery bypass grafting-a 

25-year review.  J Thorac Dis. 2021;13:1922-44.

19.	 Geissler RG, Rotering H, Buddendick H, Franz D, Bunzemeier 

H, Roeder N, et al.  Utilisation of blood components in cardiac 

surgery: a single-centre retrospective analysis with regard to diag-

nosis-related procedures.  Transfus Med Hemother. 2015;42:75-82.

20.	 Hairston HC, Ipe TS, Burdine L, Sexton K, Reif R, Jensen H, 

et al.  Incidence of red cell antibody formation following massive 

transfusion protocol: experience of a single institution.  Am Surg. 

2023;89:4715-9.

21.	 Valle Neto OGD, Alves VM, Pereira GA, Moraes-Souza H, Martins 

PRJ.  Clinical and epidemiological profile of alloimmunized and 

autoimmunized multi-transfused patients against red blood cell 

antigens in a blood center of Minas Gerais.  Hematol Transfus 

Cell Ther. 2018;40:107-11.

22.	 Palacajornsuk P, Nathalang O, Tantimavanich S, Bejrachandra S, 

Reid ME.  Detection of MNS hybrid molecules in the Thai popu-

lation using PCR-SSP technique.  Transfus Med. 2007;17:169-74.




