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Purpose: All umbilical cord blood (UCB) used for hematopoietic cell transplantation (HCT) must pass through a series of strict tests,
including volume, total nucleated cell count, microbial contamination, hematopoietic stem cells content, and activity. A strictly
standardizing collection procedures for UCB within hospitals is a critical step in preserving hematopoietic stem cells resources.
Methods: The study included a total of 560 participants, with 337 in the control group and 223 in the observation group, collected from
January 2022 to December 2024. Participants were randomly assigned to two groups. The UCB collected from newborns before the
initiation of Quality Control Circle (QCC) activities served as the control group, whereas those collected after the initiation of QCC activities
formed the observation group. Through the establishment of QCC nursing management, the reasons for UCB storage failures within the
department were analyzed, and corresponding countermeasures were formulated. Statistical analyses were performed to compare the
reasons for failure of UCB storage, success rate, and quality indicators of successfully stored UCB between the two groups.

Results: There were no statistically significant differences in the general clinical data of the newborns between the two groups. After
the implementation of QCC activities, the rate of successfully stored UCB samples in the observation group was 90.6%, which was
significantly higher than that of 84.3% in the control group (P=0.031). There were no statistically significant differences in the quality
indicators of successfully stored UCB between the two groups.

Conclusion: The implementation of QCC in UCB collection increased the success rate by 6.3 percentage points without compromis-
ing cellular quality, supporting its application as a continuous improvement strategy in obstetric settings.
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Introduction

Umbilical cord blood (UCB) contains many special types of stem cells,’ among which hematopoietic stem cells (HSCs) are
more primitive and abundant than those found in the bone marrow. The advantages of UCB HSCs include wide availability
and simple collection, making them an important third source of HSCs after bone marrow and peripheral blood.*"
Allogeneic hematopoietic stem cell transplantation (HCT) is an effective and curative therapy for various types of
malignancies, non-malignancies, hematological disorders, congenital conditions, and metabolic diseases.* Unfortunately,
the preferred option that a fully matched related donor is not always available for most patients (about 70%). In China, due
to the implementation of the one-child policy in the past, such matching donors have become even scarcer. Searching for
matching unrelated donors through the registration system is also very difficult and time-consuming. This has led to
significant development of umbilical cord blood hematopoietic stem cell transplantation in China over the past 30 years.
Research has shown that by 2018, the public bank of Guangdong Cord Blood Bank had released 1350 units of UCB for the
treatment of various diseases, especially HCT.® As of May 2024, this number has been updated to 4877 units. For the private
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bank, the number of umbilical cord blood applications has also reached 499 units, covering various fields such as blood
diseases, cerebral palsy, diabetes, and more. These data demonstrating significant medical value of UCB.

The process of collecting and delivering UCB to the hospital involves several steps, during which there is a risk of
microbial contamination and loss of activity in the HSCs. Because all UCB used for HCT must pass through a series of
strict tests, including volume, microbial contamination, HSC content, and activity, UCB that do not meet the storage
standards will be discarded, leading to a waste of HSCs resources.” Therefore, strictly standardizing collection
procedures for UCB within hospitals is a critical step in preserving HSCs resources.

The Quality Control Circle (QCC) was firstly employed in business management and company operation, refers to
effective quality control and proactive activities aimed at addressing issues related to corporate strategy, policies, and
problems in various positions, with the goal of improve the work flow and eventually solve the problems.® The main
feature of the QCC is the continuous improvement in quality, which targets a series of existing issues.” With China’s
rapid economic development and ongoing healthcare reforms, there is an urgent need for improvement.'® Continuous
quality improvement management can be achieved through QCC. In these activities, circle members spontaneously
identify weaknesses at work and implement effective countermeasures based on actual situations. All circle members
must participate in specific management tasks, continuously improving overall quality management levels. QCC is
increasingly being applied in nursing, with impressive results.'" After childbirth, many nursing tasks are performed in the
operating room and quality management can be challenging. UCB collection requires a high level of professionalism
from nurses, and post-collection assistance from mothers, obstetricians, operating room nurses, and cord blood bank staff
is necessary to ensure that the collected UCB meets the storage criteria of the cord blood bank. This study hypothesized
that the QCC activities implemented during the UCB collection workflow would also be beneficial in improving the
success rate of high-quality UCB collection.

Materials and Methods
Setting and Sample

Pregnant women who delivered at the Obstetrics Department of Nanfang Hospital Zengcheng campus, Southern Medical
University, Guangzhou, according to the inclusion and exclusion criteria. The period of data collection and analysis was
from January 2022 to December 2024. The inclusion Criteria were: (1) maternal age between 18 and 45 years. (2) Signed
informed consent for UCB collection. (3) Complete maternal information records. The exclusion Criteria were as
follows: (1) high-risk pregnant women deemed unsuitable for UCB collection during surgery, as assessed by a doctor
prenatally. Secondary exclusion criteria: (1) many or foreign objects present in the collected UCB. (2) Incomplete filling
out of the cord blood collection information form. (3) Contamination with UCB during laboratory processing. No QCC
activity was proceeded in the control group. The observation group conducted QCC activities with the following specific
contents. Before being admitted to the hospital, the parturients were randomly assigned to these two groups according to
the proportion through a software-based randomization method. Due to the UCB volume, total nucleated cell count
(TNC) and CD34+ cell levels exhibit substantial inter-individual variability influenced by maternal physiological
factors.'> The criteria for UCB storage success were as follows: (1) Successful collection of UCB; (2) Timely
transportation of the UCB to the Guangdong Umbilical Cord Blood Bank within 24 hours; (3) The UCB was not
polluted by viral or bacterial; (4) The TNC was not extremely low (TNC>1*10%), meeting the minimum threshold for
priviate bank storage. All data collection was conducted with the consent of the pregnant women who signed informed
consent forms. General clinical data such as newborn sex, premature birth weight, blood type, and transfer to the neonatal
department were recorded and organized.

An internal investigation of Guangdong Cord Blood Bank prior to this study found that the storage success rate of
UCB for private bank was.83. Based on our experience, we hypothesized that QCC implementation would increase this
rate to 0.93. Set a two sides Cronbach’s a =0.05, and the degree of assurance (1-p) is.9. The sample size ratio between the
observation group and the control group was 1:1.5, and the Superiority Margin was 0. Using the 2-Sample Non-
Inferiority or Superiority test, the sample size of the control group should be more than 291 cases and the sample size
of the observation group should be more than 194 cases.
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Study Design

Establishment of the QCC Group

Experienced medical personnel and laboratory technicians were selected from the obstetrics department of the Nanfang
Hospital Zengcheng Campus and Guangdong Cord Blood Bank to form the QCC group. Ultimately, the QCC group
consisted of 10 medical personnel, including 2 physicians, 7 nurses, and 1 staff member from the Guangdong Cord Blood
Bank. The head nurse served as the mentor responsible for guiding and coordinating QCC activities. A senior nurse with
strong professional skills was appointed as the circle leader, responsible for organizing group discussions, overall
planning, and ensuring the quality of activities. The remaining 8 members were responsible for implementing these
activities. All members worked together, following the Plan-Do-Check-Act (PDCA) cycle principle, using brainstorming
methods to identify root causes and formulate implementation strategies. The slogan of the QCC group was as follows:
“Improve the success rate of high-quality UCB collection”. After the group was established, a series of QCC training
sessions were organized, covering basic concepts of QCC, commonly used tools, problem-solving methods, etc., to
ensure that all group members acquired the necessary knowledge and skills related to QCC.

Determination of the Theme

The QCC group analyzed the factors affecting the success rate of high-quality UCB collection and selected the activity
theme “Improving the Success Rate of High-Quality UCB Collection”. The theme aligns with the SM criteria for QCC topic
selection, which are Manageable: Within the group’s capabilities. Measurable: Outcomes were quantified. Moderate
Duration: The project can be completed within a reasonable timeframe. Management Appreciation: This theme is
recognized and supported by management. Members Pride: This theme instills a sense of pride among the group members.

Cause Analysis

Using the SW1H management tool, the QCC group conducted brainstorming meetings and mutual communication to
familiarize themselves with the entire UCB collection and transportation processes. This includes signing informed
consent for UCB collection before delivery, disinfection and collection of UCB after delivery, short-term storage of UCB
within the hospital, and handover of UCB to the Guangdong Cord Blood Bank staff. Based on the existing workflow and
actual conditions, an analysis fishbone diagram is created (Figure 1). Each cause was analyzed to exclude non-primary
factors, followed by the exclusion of uncontrollable factors. Ultimately, the processes imperfection was determined as the
primary influencing factor. The main reasons for the failure of high-quality UCB collection before the initiation of QCC
are summarized (Figure 2).

Implementation of QCC Countermeasures

To enhance the comprehensive system for UCB collection and storage in clinical departments, Standard Operating
Procedures were developed and integrated into training programs to standardize and refine the work process. This
improves the cultural and professional competencies of the nursing staff and enhances communication with pregnant
women and their families. The question “Do you wish to retain the umbilical cord blood?” is now a mandatory inquiry
during patient admission, transfer to the labor room, and transfer to the operating theatre. This ensures mutual reminders
and confirmation of the UCB retention at each stage. Upon admission, the patient wished to retain the UCB and the
collection bag was prepared. Before entering the labor room or operating theatre for a caesarean section, proper
handovers are conducted. Additionally, reminder labels are added for patients who decide to retain umbilical cord
blood, with a prominent label placed on their medical records and a wristband provided to indicate UCB collection. To
enhance standardized umbilical cord disinfection and comprehensive training for UCB collection, training on standar-
dized UCB disinfection™'* and the entire process of UCB collection is strengthened. This reinforces the sense of
responsibility among the staff and regularly promotes the medical value of UCB. Training sessions were held every
two weeks to ensure that all staff were familiar with the UCB collection process, standardized collection steps, and
proper disinfection methods. The 5M cultural elements (manageable, measurable, moderate duration, management
appreciation, and members’ pride) are integrated into training and learning to foster self-awareness, enthusiasm, and
proactivity among nursing staff. To prevent collection bag quality issues, backup UCB collection bags were placed in the
labor room and the operating theatre.
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Regular Monitoring of Nursing Quality

Every two weeks, issues in nursing work, process improvements, service attitudes, and the application of nursing forms
and procedures were summarized and discussed. Subsequently, the processes are redesigned and redefined according to
the PDCA cycle. Deputy chief nurses intensify the evaluation of nursing staff, requiring them to strictly adhere to
operational procedures. These requirements were incorporated into daily performance evaluation systems.

Laboratory Quality Control

Blood samples were processed in a certified laboratory (AABB, ISO9001 accredited) with a comprehensive quality
control system. The laboratory maintains a robust quality management framework including: (1) daily internal quality
control with at least two control rules for all equipment; (2) semi-annual internal proficiency testing for all analytical
equipment; (3) biennial external proficiency testing through the National Center for Clinical Laboratory, National Health
Commission of the People's Republic of China (NCCL EQA Certificate); (4) quarterly professional maintenance of all
equipment by certified engineers; and (5) annual equipment calibration with traceable standards.

Data Collection

The reasons for failure and success rates in the collection of high-quality UCB by the nursing staff before and after
implementation were compared. The quality indicators of successfully collected and stored UCB before and after
implementation were compared, including UCB volume, TNC, and CD34" content. In this study, all collected UCB
were transported to the Guangdong Cord Blood Bank for quality testing and subsequent processing.

UCB Volume and TNC: Upon arrival at the Guangdong Cord Blood Bank, paper records were double-checked, and
the blood bags were weighed to determine the cord blood volume. One milliliter of UCB was analyzed using an
automatic blood cell analyzer (Sysmex XE-5000, Japan) to calculate TNC.

Bacterial Contamination: In a Class 10,000 cleanroom, 10 mL of plasma separated from UCB via centrifugation was
inoculated into both aerobic and anaerobic blood culture bottles. These were then incubated for seven days using an
automated bacterial culture system to detect any aerobic or anaerobic bacterial contamination.

CD34" Cell Content: CD34 is a transmembrane glycoprotein that is specifically expressed on immature hematopoietic
stem and progenitor cells, but not in mature blood cells. It serves as a critical marker for assessing the transplantation
potential of UCB HSCs.'* In this study, a flow cytometer (FACSCalibur, BD Biosciences) was used to quantify the
CD34" cells in the UCB samples. This was achieved using monoclonal antibodies directed against the common leukocyte
antigens, CD45 and CD34.

Data Analysis

Statistical analyses were performed using SPSS version 26.0. Categorical data are presented as n (%) and were analyzed
using the chi-square test for two independent samples. Continuous variables are expressed as mean + standard deviation
(x+s) and were compared between the two groups using an independent samples z-test. Multivariate logistic regression was
used to assess the risk factors for the primary outcome. The continuous variables were determined to follow a normal
distribution through the histogram analysis. Confidence intervals were set at 95.0%. Statistical significance was set P <0.05.

Ethical Consideration

The ethics committee of GDCBB approved this study (Ethical number: IRB-2024001). All procedures followed were in
accordance with the ethical standards of the responsible committee on human experimentation (institutional and national)
and with the Helsinki Declaration of 1975, as revised most recently in 2013. All participants had provided their written
informed consent to this study. The study data did not involve information that could identify individual participants.

Results

General Clinical Data of Newborns Between Two Groups
A total of 590 parturients were recruited, and 560 parturients were finally analysed because of partial data loss. A total of
337 parturients were included in the control group and 223 parturients were included in the observation group. Flow
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diagram is shown in Figure 3. The general clinical data of the newborns in the two groups are shown in Table 1. There

were no statistically significant differences between the two groups in terms of sex, prematurity, transfer to the

neonatology department, or birth weight (P >0.05).

Comparison of UCB Storage Between the Two Groups
The comparison of UCB storage for these two groups are shown in Table 2. The reasons for storage failure of Control

group were: 34 cases of collection failure in 53 cases (64.2%), low cell count 5 cases (9.4%), and viral or bacterial

pollution 14 cases (26.4%). The reasons for storage failure of observation group were: 17 cases of collection failure in 21

Enrollment ]

Figure 3 Flow diagram.
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Table |1 General Clinical Data of Newborns Between Two Groups

Sex n (%) Prematurity n (%) Transfer to the Neonatology Birth Weight (Kg)
Department n (%)
Man Female Yes No Yes No
Control group (n=337) 182 (54.0) | 155 (46.0) | 4 (1.2) | 333 (98.8) 121 (35.9) 216 (64.1) 3.11+0.44
Observation group (n=223) | 125 (56.1) | 98 (43.9) | 5(2.2) | 218 (97.8) 75 (33.6) 148 (66.4) 3.14+0.46
xt 0.227 0.945 0.305 -0.717
P 0.634 0.331 0.581 0.474

Table 2 Comparison of Umbilical Cord Blood Storage Between the Two

Groups
Group Storage Failure n (%) | Storage Success n (%)
Control group (n=337) 53 (15.7) 284 (84.3)
Observation group (n=223) 21 (94) 202 (90.6)
e 4.659
P 0.031

cases (81.0%), low cell count 1 case (4.8%), and viral or bacterial pollution 3 cases (14.3%). After the implementation of
QCC, the storage failure rate decreased to 9.4%. The storage success rate was significantly higher in the QCC group
(90.6% vs 84.3%, RR=0.091, 95% CI: 0.035-0.043, P =0.031). We also employed multivariate logistic regression to
assess the risk factors influencing the success of UCB storage. UCB storage success was regarded as the dependent
variable, while whether QCC implementation was considered as the main exposure. All confounding factors were input
as continuous or categorical predictors. After adjusting for all confounders, the QCC intervention remains significantly
associated with increased UCB storage success (OR=2.091, 95% CI: 1.172-3.732, P =0.013).

Comparison of Quality Indicators of Successfully Stored UCB Between the Two
Groups

A comparison of the quality indicators for successfully stored UCB between the two groups is presented in Table 3.
There were no statistically significant differences in the UCB volume, TNC, or CD34" cell content between the two
groups (Control group vs Observation group: UCB volume 95% Cl: 51.33-56.51 vs 52.03-59.22, P >0.05; TNC 95 Cl:
6.21-7.02 vs 6.03-6.93, P >0.05; CD34" cell content 95% CI: 0.28-0.33 vs. 0.28-0.33, P >0.05).

Table 3 The Comparison of Quality Indicators for Successfully Stored Umbilical Cord Blood
Between the Two Groups

Group The Volume of Umbilical | Total Nucleated Cell | CD34" Cell
Cord Blood (mL) Count (x10° cells) Content (%)

Control group (n=284) 54.14+22.52 6.65+3.54 0.30+.19

Observation group (n=202) 55.62+25.75 6.47+3.24 0.31+.18

t —0.674 0.588 —0.202

P 0.501 0.556 0.840

Abbreviations: HSCs, hematopoietic stem cells; HCT, hematopoietic stem cells transplantation; PDCA, Plan-Do-Check-
Act; QCC, Quality Control Circle; TNC, total nucleated cell count; UCB, umbilical cord blood.
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Discussion

In this study, UCB samples were prepared and tested by the Guangdong Cord Blood Bank, which has a cleanroom
facility compliant with the College of American Pathologists interlaboratory quality assessment standards, is accredited
by the Association for the Advancement of Blood & Biotherapies, and is certified under the ISO9001 quality manage-
ment system. Cord blood was collected using a triple-bag system to ensure that it remained isolated from the external
environment during processing. Cord blood samples were prepared and separated under sterile conditions. The results of
our research showed that, after implementing QCC activities, the success rate of UCB collection in our department
statistically increased from 84.3% to 90.6% (P =0.031). There was no statistically significant difference in the general
clinical data of the newborns between the two groups (P >0.05). There was also no statistically significant difference
(P >0.05) when comparing the quality indicators of the UCB that was successfully stored between the two groups. This
suggests that implementing QCC activities can increase the success rate of high-quality UCB collection without affecting
the quality of UCB, making it suitable for application in clinical work.

QCC are activities that require full participation from all members, where brainstorming is used to propose high-
quality work methods from each individual’s perspective on their job, aiming to solve difficulties encountered in the
workplace.'* The QCC reduces human error through two interconnected mechanisms: (1) fostering a proactive safety
culture that transforms error reporting from punitive to preventive, and (2) bringing in standardized workflow with real-
time feedback. First, QCC reduce individual subjective errors through established procedures and systems. Second,
during the QCC process, the workflow is dynamically adjusted through real-time group meetings for discussion. To be
specific, after a series of QCC group activities within the gynecology and obstetrics departments, several issues in the
UCB collection process were identified. @ There is a lack of effective management of surgical instruments such as UCB
collection bags and disposable needles, and items are not properly placed in designated locations.'® Effective manage-
ment of medical supplies is crucial for successful collection of high-quality UCB. @ Refrigerators storing UCB lack
labels, leading to the incorrect placement of collected samples or forgetting to return them to a designated refrigerator. 3
UCB collection procedures are incomplete and there is a lack of training in these procedures. @® The skill levels of
nursing staff in the UCB collection varied widely. (® Disinfection procedures for the umbilical cord before collection are
not standardized,'" and a standardized operating procedure must be established. ®There is a lack of verification steps to
ensure that the UCB must be collected or that the collected samples are returned to the designated location. D There is
insufficient communication and coordination among departments and institutions, and staff members lack clear aware-
ness of responsibility. During the UCB collection process, they completed the assigned tasks without showing any
initiative or teamwork. ®Effective communication and handover processes are lacking between healthcare providers and
Guangdong Cord Blood Bank staff before and after the collection. To address these issues, the QCC group members took
a series of measures and conducted timely reflections. This effectively enhances every nursing staff member’s sense of
involvement in the activity, while respecting everyone is viewpoints throughout the process.'”> All participating nurses
felt a sense of satisfaction and accomplishment from managing their work environment in an enjoyable manner. Nurses at
all levels were included in the discussions, forming an interactive model that fosters vertical collaboration. This allows all
nursing staff to see different hierarchical views on the same problems and measures taken to resolve them, stimulating
their initiative to participate and actively share. It also enables nursing management to understand the thoughts of nursing
staff and to guide and invigorate them, thereby strengthening the cooperative spirit among all members of the
department, improving work efficiency, and enhancing overall management capabilities. After implementing the QCC
activities in this research, we identified issues in the collection of UCB and used brainstorming to develop detailed
measures for UCB collection. We refined the process from UCB collection to handover to the Guangdong Cord Blood
Bank and incorporated this process into the standardization. The head nurse supervised, evaluated, and continuously
improved the UCB collection work based on these standards. Nurses in the QCC group inspired each other and reflected
on the issues present in the UCB collection. Under the leadership of the team leader, solutions were developed to address
the problems that arose, thereby significantly improving work efficiency. While reducing overall oversights in the UCB
collection process,'® the team’s collaborative abilities also improved.

Since the first transplantations of UCB in 1988, over 40000 UCB transplantations has been performed, and over half
of the patients have been cured with this technique.'” Allogeneic HCT is of vital importance in the treatment of
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hematological malignancies. These tumors may also cause some complications, such as infections and endothelial injury
syndrome.'® Therefore, a high-quality umbilical cord blood hematopoietic stem cell is extremely important. With the
advancement of regenerative medicine, UCB is not only applicable for HCT but also for the regeneration and repair of
damaged nerves.'® With the declining birth rate in China, UCB has become a valuable therapeutic resource. The
collection of UCB from consenting mothers has become a routine part of obstetric research. The quality of UCB is
directly influenced by the effectiveness of the UCB collection technique, which in turn affects the potential clinical
application of HSCs therapy. The TNC count and CD34+ cell content in UCB represent critical parameters prioritized by
clinicians for HCT and regenerative medicine applications.?*?! However, these metrics are based on the premise that all
UCB units of the banks must first meet strict entry criteria. Both TNC and CD34+ cell levels exhibit substantial inter-
individual variability influenced by maternal physiological factors.'> Some studies have indicated that the total bacterial
pollution rate in cord blood ranges from 6% to 10.3%, and contamination is primarily associated with poor collection
techniques, inadequate staff training, and vaginal delivery, leading to exposure to the gut and vaginal microbiota.”**
Therefore, in UCB collection protocols, obstetricians and midwives primarily focus on standardizing procedural practices
to maintain TNC and CD34+ cell concentrations within acceptable ranges around population means while simultaneously
minimizing the risk of storage failure caused by various reasons. A few studies have explored the factors influencing the
quality of UCB?® and methods for improving the collection of umbilical cord blood.?® However, very few studies have
focused on how to enhance the success rate of umbilical cord blood storage from the perspective of healthcare
administrators. To the best of our knowledge, this study demonstrated the first implementation QCC methodology in
UCB collection workflows, significantly increased the success rate of Storage.

The QCC workflow of the research exhibits a certain degree of operability and influence. Nationally, it adheres to the
technical guidelines for UCB banks in China. Internationally, it also complies with the AABB’s technical guidelines. On this
basis, the research further refines the work within two time - windows: one is the period after the parturient is admitted to the
hospital’s obstetrics department but before delivery, and the other is the period after UCB collection but before it is transported
to the UCB bank. Based on the QCC management system, it can be replicated and implemented at a relatively low cost in an
environment with limited resources, which is conducive to increasing the global cord blood inventory.

This study has certain limitations. First, it was conducted in a single hospital, and future research could expand to
include more hospitals to enhance generalizability. Second, several confounding factors, such as mode of delivery and the
clamping timing of UCB collection, were not included in the analysis. These factors may influence the quality of UCB
and the success rate of collection. Third, while the study mentions that strict disinfection and procedural protocols
reduced the risk of microbial contamination, UCB contamination could still occur from either intrauterine or extrauterine
infections. Futhur study can focus on the potential operational variations in different country, to discuss a suitable
workflow to improve UCB collection of their own region.

Conclusion

The implementation of QCC in UCB collection increased the success rate by 6.3 percentage points without compromis-
ing cellular quality, supporting its application as a continuous improvement strategy in obstetric settings. Given the
potential variations in operational challenges faced by healthcare institutions across different regions, future research
could prioritize investigating these contextual disparities to develop targeted quality improvement frameworks.
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