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Background and Purpose: To explore the feasibility of the modified blood collection method in pre-deposit autotransfusion in 
patients undergoing thoracotomy surgery.
Methods: This double-blinded randomised controlled trial enrolled 92 patients from the cardiothoracic surgery department from 
February 2019 to October 2020.
Results: Compared with the conventional blood collection method, the modified blood collection method avoided blood overflow 
from the oblique plane of the needle (χ2 = 61.986, P < 0.01) and reduced the diameter of the bruising area after 24 hours (χ2 = 24.611, 
P < 0.01). Furthermore, due to optimising the blood collection method, diastolic blood pressure reduced slightly before and after blood 
collection (t = 2.036, P < 0.05), and patients in the test group had less pain (based on the numerical rating score) (t = 5.556, P < 0.01). 
Meanwhile, the time required to collect 400 mL of blood was shortened (t = 17.744, p < 0.01).
Conclusion: An improved blood collection method can enhance the blood donation experience, avoid blood spillage, lessen pain and 
reduce adverse reactions. This may be of great significance in ensuring blood quality and the safety of subsequent transfusions.
Clinical Trials Registration: ClinicalTrials.gov Identifier: NCT05539846.
Keywords: pre-deposit autotransfusion, extracorporeal circulation, open heart surgery

Introduction
Autologous blood transfusion has the advantages of saving blood resources, decreasing allogeneic blood consumption,1 

avoiding immunosuppression caused by allogeneic blood transfusion,2 reducing the risk of blood transfusion and 
blocking blood-borne diseases.3 However, perioperative blood transfusion during cardiac surgery may cause postopera-
tive complications.4 Pre-deposit autotransfusion (also called pre-deposit autologous blood transfusion) has no age 
limitations and is safe if the cardiovascular condition is stable, even for elderly patients undergoing cardiovascular 
surgery.5,6 It is especially suitable for patients with rare blood types undergoing heart surgery.7 Therefore, pre-deposit 
autologous blood transfusion has been promoted and used earlier in clinical practice.8 Due to different blood collection 
subjects, there are still many problems with the blood collection method at the same in the blood station. Although there 
are many benefits to pre-deposit autologous blood transfusions, safe, effective and individualised blood collection 
methods have not yet been reported.

The front of the blood sampling needle is wedge-shaped and the middle is an empty core. When the blood sampling 
needle tip enters the blood vessel, but the wedge-shaped inclined plane of that needle does not fully enter that blood 
vessel, there is a short moment when the venous vascular cavity is connected with the outside, resulting in blood 
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overflow. Second, the diameter of the bruised area after 24 hours is greater than 5 mm. Third, blood clotting occurs after 
an autologous blood transfusion. Thus, whether the bevel direction influences the safety and comfort of patients in the 
pre-deposit autotransfusion remains unknown.

The study aims to investigate the effect of improved blood collection methods on patients having pre-deposit 
autotransfusion while undergoing open heart surgery.

Materials and Methods
Participants
A total of 92 patients admitted to the cardiothoracic surgery department from February 2019 to October 2020 who had 
planned mitral valve surgery were included in this study. The study was in accordance with the Declaration of Helsinki 
and was reviewed and approved by the Taizhou Hospital of Zhejiang Province affiliated to Wenzhou Medical 
University’s ethics committee (Approval No. K20200618). Written informed consent was obtained from all participants.

The inclusion criteria were as follows:9 ① weight: ≥50 kg; ② haemoglobin ≥110 g/L; ③ heart function: I–II; ④ 
patients who were expected to have a large amount of surgical bleeding and may require blood transfusion; and ⑤ with 
surgical indications and surgical conditions. The exclusion criteria included ① having a history of hematophobia; ② 

having communication difficulties and being unable to cooperate; and ③ having blood collection interruption caused by 
various accidents.

Study Design
All participants were randomly divided into two groups by SPSS software, which generated random numbers and groups. 
Control group: According to the conventional blood collection method, the bevel of the blood collection needle head was 
upward, and the needle was inserted at a 30–45 degrees angle to the patient’s blood vessel. Test group: The bevel of the 
blood collection needle head was downward, and the needle was inserted into the skin with the bevel of the needle 
parallel to the skin. The other blood collection operations of the two groups were the same: The blood collection volume 
was 400 mL, and the routine treatment was performed after the blood collection. In total, there were 45 cases in the test 
group, including 21 males and 24 females, and 47 cases in the control group, with 24 males and 22 females. The blood 
collection process is presented in Supplementary Table 1.

Data collection and evaluation indicators were as follows: ① blood spilling from the bevel of the needle when the 
needle was inserted;10 ② the diameter of the bruised area being greater than 5 mm after 24 hours;11 ③ a blood clot 
during the autologous blood transfusion when checked;12 ④ changes of heart rate and blood pressure before and after 
blood collection;13 ⑤ the patient pain score (numerical rating scale score);11 ⑥ the time required to collect 400 mL of 
blood;14 and ⑦ adverse reactions, such as dizziness, palpitations, pale complexion and low volume shock.15

Statistical Analysis
SPSS 25.0 statistical software was used for statistical analysis of the data. The measurement data were normally 
distributed and expressed as mean ± standard deviation (�x� s). The independent samples t-test was used for inter- 
group comparison. The paired sample t-test was used for comparison before and after treatment. The counting data were 
expressed by rate or constituent ratio (%), and the chi-squared test was used for inter-group comparison (χ2), with the 
inspection level being α = 0.05. The statistical power was calculated using the PASS 15 software (NCSS, LLC., 
Kaysville, Utah, USA, ncss.com/software/pass). Group sample sizes of 47 in control group 1 and 45 in test group 
achieved a 99.995% power, detecting a difference between the group proportions of 0.5050. The proportion in the control 
group) was assumed to be 0.1330 under the null hypothesis and 0.6380 under the alternative hypothesis. The proportion 
in the test group was 0.1330. The test statistic used was the two-sided z-test with unpooled variance. The significance 
level of the test was 0.0500.
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Results
A total of 92 participants were enrolled. There was no difference in age, height, weight, atrial fibrillation, oral warfarin, 
coagulation function and haemoglobin between the test and control groups (Table 1). Figure 1 shows the wound by bevel 
up (left) and bevel down (right).

The incidence of blood overflow and the diameter of the bruised area in the control group were higher than in 
the experimental group (P < 0.001). The incidence of a blood clot was higher than that in the experimental group 
(P = 0.073), and the incidence of dizziness was similar to that in the experimental group (P = 0.975) (Table 2).

Table 3 shows a comparison of the heart rates and blood pressures of the two groups of patients before and after blood 
collection. There was no difference in the heart rates and blood pressures between the two groups before and after blood 
collection (P > 0.05). Intra-group comparison: There was no difference in the heart rates and blood pressures before 
blood collection in the control group compared with that after blood collection (P > 0.05). There was no difference in 
heart rate and systolic blood pressure before blood collection (P > 0.05), and the diastolic blood pressure before blood 
collection was higher than that after blood collection (P > 0.05) (Table 3). The two groups had significant differences in 
pain scores and blood collection time (Table 4).

Discussion
The results showed that compared with the control group (bevel up), the test group (bevel down) had lower pain scores, 
blood collection times and blood spills with similar safety according to the vital signs.

The modified method may be expected to overcome these problems. First, the test group let the wedge-shaped 
inclined plane of the blood collection needle into the needle parallel to the skin to avoid the possibility of connecting the 
vascular cavity with the outside world so there would be no blood in the blood collection process. Second, an in vitro 
simulation test shows that in the conventional blood collection scheme, the skin damage is oval-shaped, while in the 
improved method, the skin damage appears as a clear arc, which is also confirmed in practice, as Figure 1 shows. Third, 
in the conventional blood collection method, the wedge-shaped inclined plane of the blood collection needle enters the 
blood vessel. Then, the pinhole of the blood collection needle into the blood vessel is covered with a sterile dressing. The 
tail end of the blood collection needle is fixed on the forearm with an adhesive tape with the blood collection needle 
parallel to the direction of the corresponding blood vessel, resulting in the wedge-shaped inclined plane of the blood 
collection needle.

The authors’ hospital has carried out pre-deposited autotransfusion for patients undergoing open heart surgery from 
early stage. In recent years, the use of the optimised needle insertion method during blood collection can ensure that: ① 
no blood overflows in the process of blood collection; ② there is almost no bruising at the needle entry point after blood 
collection; ③ the patient complains of only mild pain; ④ the blood collection process is smooth without any blood clots; 

Table 1 Comparison of General Baseline Data Between the Two Groups

Variable Control Group  
(n=47)

Test Group  
(n=45)

t/χ2 value p value

Age (years) 65.13±6.96 64.40±7.84 t=0.471 0.639a

Gender          Male 21 (44.68%) 21 (46.67%) χ2=0.037 0.848b

Female 26 (55.32%) 24 (53.33%)

Height (cm) 166.53±5.61 166.58±5.65 t=0.039 0.969 a

Weight (kg) 64.4±5.93 64.42±5.74 t=0.015 0.988 a

Body mass index (kg/m2) 23.27±2.38 23.27±2.37 t=0.006 0.996 a

Hemoglobin (g/L) 131.55±10.07 131.51±9.49 t=0.021 0.984 a

With atrial fibrillation      No 31 (65.96%) 30 (66.67%) χ2=0.005 0.943 b

Yes 16 (30.04%) 15 (33.33%)

Oral Warfarin       No 30 (63.83%) 30 (66.67%) χ2=0.082 0.775 b

Yes 17 (36.17%) 15 (33.33%)

Notes: aIndependent sample t-test, bChi square test.
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⑤ the vital signs are stable; and ⑥ there are no obvious adverse reactions. This method may be of great significance in 
improving the patient’s blood collection experience, avoiding extravasation of the blood, lessening pain and reducing the 
incidence of adverse reactions, ensuring blood quality and subsequent blood transfusion safety.

This study’s results showed no blood spill during the needle insertion process in the test group, mainly because the 
bevel of the blood collection needle was downward and parallel to the skin to avoid the possibility of the vascular cavity 
communicating with the outside world.10 Twenty-four hours after blood collection in the control group: The enlarged 
image of the puncture point shows an oval shape with blood clots in the middle. The incidence of bruises was 63.8%. 
Twenty-four hours after blood collection in the test group: The enlarged image of the puncture point showed a clear arc 
shape, and the incidence of bruises was 13.3%. Since there was no significant difference in coagulation function between 
the two groups of patients using the same pressing method, the bruises may be related to blood extravasation caused by 
the different levels of local tissue damage.11 Also, the severity of the pain patients complained about was consistent with 
the size of the bruises. The incidence of blood clots in the control group was 10.6%, significantly higher than 0.086% in 
the normal blood donors.16,17 In the blood collection method of the test group, there was no bevel of the needle head 
sticking to the blood vessel wall, the blood flow was smooth and there were no blood clots in this group. Before and after 
blood collection, the diastolic blood pressure in the test group decreased slightly, likely related to the rapid change of 
blood volume,15,18,19 and other vital signs were stable, with the patients experiencing no discomfort.

Table 2 Comparison of Blood Spill (Cases), Bruise Area (Cases), Blood Clot 
(Cases), and Dizziness (Cases) Between the Two Groups

Variable Control Group  
(n=47)

Test Group  
n=45)

χ2 value p value

Blood spill No 9 (19.1%) 45 (100%) 61.986 <0.001

Yes 38 (80.9%) 0 (0.0%)

Bruise area No 17 (36.2%) 39 (86.7%) 24.611 <0.001
Yes 30 (63.8%) 6 (13.3%)

Blood clot No 42 (89.4%) 45 (100%) 3.204 0.073

Yes 5 (10.6%) 0 (0.0%)
Dizziness No 46 (97.9%) 44 (97.8%) 0.001 0.975

Yes 1 (2.1%) 1 (2.2%)

Note: Chi-square test was used.

Figure 1 Routine blood collection method (bevel up) and optimized needle insertion method (bevel down). (A) Routine blood collection method; (B) Optimized needle 
insertion method.
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There are still some limitations: The sample size is limited. In addition, although the optimised blood collection 
method has advantages in open heart surgery patients, it is still uncertain whether people who donate blood at blood 
stations can benefit.

Conclusion
An improved blood collection method (bevel down) can enhance the blood donation experience, avoid blood spillage, 
lessen pain and reduce adverse reactions. This may be of great significance in ensuring blood quality and the safety of 
subsequent transfusions.

Disclosure
The authors report no conflicts of interest in this work.
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