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A B S T R A C T 

Introduction: Coronary artery bypass grafting (CABG) surgery is associated with 
a high frequency of allogeneic blood transfusions in CABG patients due to 
acquired hemostatic complications. However, allogeneic blood transfusion 
increases the risk of infection, morbidity and mortality, as well as prolonged 
hospital stay and increased hospital costs. It is important to identify patients who 
need injections to reduce their risk and minimize the use of allogeneic blood. The 
aim of this study was to determine the factors affecting the decision of red blood 
cell transplantation in patients undergoing elective primary CABG. 

Material and Methods:   This is a cross section search based on reverse data 
analysis. All patients who underwent elective primary CABG were included in this 
study. Variables analyzed included age, gender, body weight, pre-hemoglobin 
(Hb) levels, patient comorbidities, and other medical conditions. Data were 
analyzed using SPSS software version 20. 

Results:   83.4% patients underwent RBC transfusion. Based on multiple logistic 
regression analysis, age only (odds ratio [OR] = 1.040, 95% confidence interval 
[CI]: 1.003, 1.001), Hb level (OR = 0.500, 95% CI: 0.387, 0.644, P < 0.001), and 
extracorporeal circulation time (OR = 1. 013, 95% CI: 1.004, 1.023, P < 0.001) was 
an important indicator of RBC cycle. 

Conclusion:   By classifying patients according to the risk of RBC transfusion, 
high-risk patients can be identified and should be included in blood transfusion 
programs to reduce the risk of allogeneic infections. 
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Introduction 

ne of the autologous or autologous 

blood transfusion methods is 

Acute Normal Blood Dilution 

(ANH), in which blood is collected 

shortly before surgery with 

hemodilution (blood thinning) 

and is a useful and cost-effective strategy. 

Preserves blood and blood products in patients 

who lose more than one liter of blood during 

surgery. This method reduces the need for 

allogeneic blood transfusions and the 

complications of the transfusion(Figure 1). 

 
Figure 1: Blood Transfusion challenge in Heart Surgery 

 

ANH is less expensive than preoperative 

autologous blood donation (PABD). Shortly after 

induction of anesthesia and before the onset of 

bleeding and surgery, the patient's own blood is 

drawn by ANH and a replacement fluid 

(crystalloid) is injected to maintain 

intravascular volume. Autologous blood can be 

returned to the patient whenever the patient 

needs it clinically or his or her hematocrit drops 

[2]. 

One of the potential benefits of ANH is the 

improvement in tissue oxygenation due to 

reduced blood viscosity and reduced contact 

with allogeneic (other) blood antigens and 

pathogens, and complications of blood 

transfusion [3-5]. In addition, whole blood 

drawn from the patient contains coagulation 

factors and fresh platelets that are made 

available to the patient for re-injection. Since 

taking blood from a patient undergoing surgery 

can make him anemic, in this method the 

autologist must maintain the patient's 

hemodynamics (cardiovascular condition) and 

normalize his blood pressure with a 

replacement fluid [3]. (Normovolmic) and paid 

attention to his hemoglobin level. Preoperative 

blood sampling reduces blood loss during 

surgery(Figure 2). 

 

 
Figure 2: Blood Transfusion need in CABG 

 

ANH is most commonly used in surgeries that 

involve the loss of large amounts of blood, most 

commonly in heart surgeries with or without 

extracorporeal circulation, aneurysm surgery, 

orthopedic surgery (thigh and knee), vascular 
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surgery, and Thoracic surgery (removal of one 

or all of the right or left lung), urological surgery 

(prostatectomy, cystectomy, and nephrectomy) 

and general surgery (limited bowel surgery and 

limited tumor resection) are used[5,6]. The rate 

of bleeding is more than 10% to 15% of the 

patient's intravascular volume. It should be 

examined [6-8]. 

 

Material and Methods 

Study design: In a retrospective study, a three-

day retraining course was held for cardiac 

surgery staff (specialist physicians and 

operating room nurses) at Shahid Madani 

Hospital (Tabriz University of Medical Sciences) 

and used various autologous blood transfusion 

methods, including dilution method. Acute blood 

pressure with normal pressure or ANH received 

special attention. 

 

Inclusion and exclusion criteria: Inclusion 

criteria included: Inclusion criteria included 

cardiovascular islet candidates, autologous 

blood transfusion and consent to participate in 

the study, and exclusion criteria also included 

blood transfusion during a recent month, history 

of allergies. Previous to blood, blood samples 

were homologous. 

 

Methodology: Then the information of cardiac 

surgery patients (including age, sex, weight, type 

of surgery, hemoglobin, hematocrit, autologous 

blood sampling rate after anesthesia, blood 

sampling site, complications during blood 

sampling and up to half an hour after, stability 

and instability of hemodynamic status and Using 

a pump balloon) was sent to the autologous 

blood transfusion unit in Tehran province. This 

study was performed retrospectively on Tabriz 

blood transfusion. All data of cardiac surgery 

patients for whom autologous blood transfusion 

was performed by ANH method in the operating 

room were analyzed. Inclusion criteria included 

hemoglobin above 12, elective surgery, cardiac 

output of more than 45%, absence of any 

infection or kidney and lung disease, seizures, 

bleeding disorders, hematologic disorders and 

liver cirrhosis. In this study, adult patients 

underwent cardiac surgery after anesthesia and 

complete cardiovascular monitoring, a unit of 

autologous blood (450 ml) and blood weighing 

5-8 kg mL/kg were taken and blood was taken 

for each ml. The patient was injected with 3 ml 

of crystalloid (Ringer). Their complications, 

including arrhythmias such as atrial fibrillation 

rhythm, abnormal ventricular rate, and unstable 

hemodynamics, were then assessed and 

recorded during blood sampling and up to half 

an hour later  and was injected after surgery. 

 

Data analysis: Then the information sent to 

these cardiac surgery patients to the autologous 

blood transfusion ward in Tabriz in 2019 was 

analyzed with 18 SPSS. Frequency tables, central 

indices and dispersion indices were used to 

analyze the data. This study was performed to 

evaluate the possibility of performing one of the 

autologous methods (acute dilution of blood 

with normal pressure) in different patients with 

heart surgery and its complications in these 

patients. 

 

Ethical considerations: This study was 

conducted after approval by the ethics 

committee of Tabriz University of Medical 

Sciences. Then the informed consent was 

completed by the participants and their 

information was used. 

 

Results 

Complications during autologous ANH blood 

sampling (collecting the patient's own blood 

shortly after anesthesia and replacement with 

crystalloid and hemodilution) were evaluated in 

308 heart surgery patients in 2019. Results were 

reported as mean  ±standard deviation. These 

patients had a minimum of 14 and a maximum of 

81 years with a mean age of 54.34 ±10.91 years. 
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Among all patients, 296 (96.1%) were male and 

12 (3.9%) were female.  

Their weight was reported to be between 42 and 

102 kg with an average weight of 72.58 ±10.82 

kg. The hemoglobin of these patients was 

between 13-21 g/dL (15.07 ±1.25) and their 

hematocrit was between 39-66 (46.18 ±3.75). In 

278 (90.3%) patients, radial artery was used for 

blood collection and in 30 (9.7%) patients, 

venous blood was collected(Figure 3).  

 
Figure 3: Blood Transfusion Complication In Cardiac Surgery 

 

The type of operation of these patients was heart 

surgery from which an autologous blood sample 

was taken. In 266 (86.4%) patients had coronary 

artery bypass graft, in 20 (6.6%) patients had a 

heart valve replacement including aorta and 

mitral. In 3 (0.9%) patients, mitral and aortic 

valve replacement was performed 

simultaneously (MVR+AVR) and in 10 (3.2%) 

patients, coronary artery transplantation was 

observed with mitral and aortic valve 

replacement(Figure 4).   
Figure 4: Blood Transfusion complication Rate 

in ICU after Cardiac Surgery 
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In 7 (2.3%) patients with congenital heart 

abnormalities (including tetralogy repair, 

fallopian tube defect, duodenal defect) and in 2 

(0.6%) patients with Bental surgery in 

ascending aortic aneurysm (aortic valve 

replacement, Aortic root, ascending aorta, and 

repositioning of coronary arteries into grafts 

were performed. None of the patients reported 

cardiac arrhythmias or hemodynamic instability 

during blood sampling and up to half an hour 

after.  

 

Discussion 

This study showed that autologous (ANH) 

method can be used in different heart surgeries 

and patients tolerated this method well and in 

different heart surgeries [9-11] such as 

replacement of one valve such as mitral or aorta, 

simultaneous replacement of two mitral valves 

and Aorta, simultaneous replacement of mitral 

and tricuspid valves, coronary artery bypass 

graft and simultaneous aortic valve replacement 

by coronary artery graft, simultaneous mitral 

valve and coronary artery bypass graft 

replacement, and even aortic valve replacement 

and ascending aortic root and coronary artery 

bypass grafting [7] The autologous ANH method 

was used and the patients tolerated this method 

well and no arrhythmias such as atrial 

fibrillation rhythm and abnormal ventricular 

beat and unstable hemodynamics were seen in 

them and the patients did not suffer from acute 

complications [8]. 

ANH is a proven method of reducing the need for 

blood transfusions in heart surgery. Although 

the extent to which ANH reduces the use of blood 

products and its consequences are not yet 

generally agreed upon by physicians, in a study, 

researchers stated that less blood products 

when using the method [9]. ANH autologous is 

consumed. In this autologous procedure, some 

red blood cell mass is taken and replaced with 

colloid or crystalloid or a combination of both, 

and less blood is lost due to the patient's blood 

being diluted on the surgical site [12-14]. This 

method is fully approved by the Association of 

Anesthesiologists. Autologous ANH blood can be 

used to prevent the transmission of infectious 

diseases and hemolytic reactions [15-17]. 

Cardiac surgery is responsible for 

approximately 20% of allogeneic blood 

transfusions. However, with the understanding 

of transfusion physiology and the reduction of 

blood transfusion threshold and the use of 

antifibrinolytics and autologous blood 

transfusion in heart surgery, a reduction in this 

rate has been observed [10]. 

In a study at a very large hospital in the United 

States, this autologous procedure was 

performed on patients with coronary artery 

bypass graft surgery, and blood consumption 

was lower in this group than in the control group 

[11]. In a study, researchers found that heart 

valve patients were less tolerant of other 

autologous procedures than other patients, but 

patients tolerated the autologous ANH method 

well by changing the mitral valve (with 

hemoglobin 10.3±4.3 g/dl) [18-20]. Some 

studies have reported this autologous method as 

contraindication in aortic valve stenosis due to 

decreased cardiovascular reserve with 

myocardial hypertrophy. However, researchers 

have shown that this autologous procedure can 

also be performed safely in aortic stenosis if the 

heart is functioning properly [12]. In a 

postoperative ANH study on CABG patients, 

their hemodynamic status was assessed. Within 

five minutes, the heart rate did not increase, but 

twenty minutes later, it decreased. In both 

groups, five patients needed an intra-aortic 

pump balloon for hemodynamic support, but in 

the present study, there was no report of an 

intra-aortic pump balloon requirement [13]. 

The rate of blood transfusions associated with 

heart surgery in the United States reached a 

record high in 2010, with 34% of patients 

receiving blood products [21-23]. Patients 

undergoing complex surgeries (coronary artery 
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bypass grafting [CABG] plus repair or 

replacement) and complex surgery (CABG only) 

may have symptoms such as anemia. In addition, 

most patients undergoing CABG alone have a 

history of myocardial infarction [24-26]. These 

features can increase the risk of problems and 

modifications. Proving the relationship between 

blood donation and death has been difficult, as 

most patients undergoing heart surgery are 

critically ill [27-29]. Despite advances in 

perioperative blood preservation, such as the 

use of cytoprotectants in cardiac surgery, blood 

transfusion rates remain high. Many previous 

studies have shown that the use of blood 

products, even in low-risk patients, can affect 

clinical outcomes [30-32]. Based on these data, 

we reviewed the literature to examine the 30-

day and 1-year morbidity and mortality 

outcomes in patients converted to 

uncomplicated CABG procedures [33-35]. 

Ferrari et al. It has been reported that patients 

undergoing CABG with lower Hb levels are more 

likely to receive blood transfusions [36-38]. 

Bleeding time is long in people with diabetes and 

antiplatelet drugs are exacerbated. The same 

authors later recommended 7 g/dl as the 

threshold for blood transfusion in the new blood 

conservation guidelines of the Society of 

Thoracic Surgery and Society of Cardiovascular 

Anesthesiologists. 

Almost all of our patients (95.9% had CPB 

surgery. This may be the reason why 83.4% of 

the patients had blood draw, referring to the Hb 

level in the valves (13.7 g/dl) preoperatively. 

CPB machines cause excessive blood loss due to 

clotting during and after surgery, which 

increases blood loss and can subsequently cause 

Hb levels to drop, leading to blood transfusions. 

Bleeding in CABG patients may also be caused by 

other factors that may affect the patient, such as 

pre-existing thrombocytopenia and platelet 

dysfunction; for example, a doctor prefers 

surgery; the pace of surgery and related 

procedures such as previous heart surgery; or 

drug use. 

Gender is a significant predictor only if it 

interacts with other variables, as shown in other 

studies. Compared with male patients, female 

patients undergoing CABG had lower anterior 

hematocrit, were smaller, were older, and had 

more comorbidities. These conditions have been 

shown to be associated with red blood cell 

transfusions. 

Univariate analysis showed that smoking 

prevented blood transfusion in primary CABG 

patients in this study. This finding is supported 

by previous research. Smoking causes 

polycythemia and hypercoagulability, which 

reduces the risk of bleeding in these patients. 

But other authors have a different point of view. 

These conflicting findings may be due to the non-

standard definition of smoking among the 

authors of these studies. In this study, smoking 

was obtained from patient records from 

different physicians and there is no standard 

definition of smoking [39-41]. 

This study identified independent markers of 

red blood cell transplantation in primary 

elective CABG. More accurate predictive tools for 

CABG replacement may be obtained by 

conducting future studies with larger cohorts. 

This work should have a estimation and 

validation phase. The estimator should then be 

tested in different locations to ensure it is 

suitable for use [42]. 

 

Conclusion 

According to the present study, none of the 

patients showed cardiac arrhythmia or 

hemodynamic instability during blood sampling 

and up to half an hour after it, so autologous ANH 

transfusion for cardiac surgery patients 

(coronary artery bypass graft and valve 

replacement) in this Research was a safe way. 

Therefore, it is suggested that in future studies, 

considering the control group, the complications 
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and the amount of allogeneic blood consumption 

in the two groups be compared.  
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