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Objective: To examine the effectiveness of Quality Control Circles (QCC)in remote Electrocardiography (ECG) network manage-
ment, with a particular focus on evaluating their impact on improving operational standardization.

Methods: Electrocardiogram data from Qingdao Central Hospital was selected as the research subject. Among them, 402 cases
collected from January to April 2024 were before the implementation of QCC activities, and 356 cases collected from January to
April 2025 were after the implementation of QCC activities. The irregularity rates of the electrocardiogram data between the two
groups were compared. By establishing QCC teams, issues related to non-standardized operations at the 12-lead ECG acquisition
endpoints were analyzed, and targeted improvement measures were developed.

Results: Following QCC implementation, the non-compliant operation rate at 12-lead ECG collection endpoints within the network
system significantly decreased, from 17.66% to 6.17% (P<0.05), After QCC activities, members’ team spirit, QC techniques, mental
development, communication and coordination, activity confidence, responsibility and honorall show positive improvement.
Conclusion: QCC activities can effectively standardize ECG network operational procedures, enhancing the level of operational
standardization and reducing the risk of misdiagnosis and missed diagnoses caused by non-standardized operations, thereby demon-
strating clinical application value.
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Introduction
Electrocardiography (ECG) is a fundamental technique for clinical cardiovascular assessment, and its diagnostic value
highly depends on the standardization of the operational procedure and the precision of signal acquisition. This non-
invasive method captures the temporal and spatial variations of myocardial electrical activity, providing direct diagnostic
evidence for common cardiac conditions such as arrhythmias and myocardial ischemia.' Moreover, it plays a crucial
role in perioperative risk assessment, monitoring drug efficacy, predicting cardiovascular diseases, and long-term health
management.> However, as the scenarios for ECG testing extend from traditional cardiology to multiple areas such as
emergency departments, intensive care, and primary healthcare,® there is significant heterogeneity in the professional
backgrounds of the operators. A growing risk of disconnect in technical competence and quality awareness is emerging
between highly concentrated ECG diagnostic specialists and an expanding pool of operators.

ECQG is susceptible to interference from multiple factors in clinical applications, resulting in the formation of artifacts
that substantially compromise the quality of ECG signals and diagnostic accuracy.” Artifacts refer to abnormal wave-
forms caused by non-cardiac electrical activity, whose formation mechanisms are complex and primarily originate from
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four dimensions: technical factors include hardware issues such as device calibration deviations and poor electrode
contact;® operational factors involve human errors like inaccurate electrode placement and improper skin preparation;
patient-related factors encompass individual variations such as body position changes and underlying medical conditions;
environmental factors include external influences like electromagnetic interference and mechanical vibrations. These
interferences not only obscure critical ECG features such as ST-segment changes and T-wave abnormalities but may also
generate artifacts resembling arrhythmias, posing a significant risk of clinical misdiagnosis. Research indicates that ECG
artifacts caused by non-standardized procedures are a major contributor to misdiagnosis and missed diagnosis.” To
systematically address this clinical challenge, the scientific management tool of quality circles has been integrated into
ECG quality management systems. Through standardized process development and continuous quality improvement, this
approach effectively enhances the standardization of ECG acquisition.

QCC is a scientific quality management methodology first proposed in 1962 by Japanese quality management expert
Kaoru Ishikawa.® Its core concept involves establishing cross-departmental, cross-level collaborative teams that system-
atically address quality issues in the workplace through the application of scientific tools such as Plan-Do-Check-Act
(PDCA) cycles.’ In the healthcare sector, QCC is widely applied to improve the quality of services, optimize diagnosis
and treatment processes, and improve patient outcomes. A study by Chen et al'® in an oral hospital in Shandong showed
that combining QCC with PDCA cycles increased healthcare workers’ hand hygiene compliance from 60.1% to 97.2%,
establishing a “monitor-evaluate-feedback” model for infection control. In a study by Wang at Sichuan Friendship
Hospital,!' QCC activities reduced the failure rate of Surgical Instrument Preprocessing from 2.9% to 1.1%, while
simultaneously enhancing team members’ professional knowledge and collaborative capabilities. The Xiamen
Zhongshan Hospital study'” provided the first evidence demonstrating the effectiveness of QCC in increasing the rate
of early rehabilitation intervention in stroke patients from 45.23% to 59.55%. Standardized procedures have been
established to institutionalize these interventions over time. These studies not only confirm QCC’s effectiveness in
addressing healthcare quality issues but also provide replicable quality management models for medical institutions,
demonstrating the method’s broad application potential in enhancing healthcare quality.

In provincial hospital evaluations, QCC activities have become a strict standard for assessing hospital management
performance. Reducing internal errors, cutting costs, improving satisfaction, enhancing work quality, and boosting
economic performance are the main focus areas of QCC initiatives. These measures have greatly promoted the hospital’s
proactive role in quality management and control."?

However, the complexity of medicine requires quality control circle members to engage in cross-professional
collaboration, which leads to high demands for both personalization and standardization of the quality control
circles."! Therefore, the selection criteria for members are stringent, and members need specialized training to be
competent in quality control circle work. Setting target values for the quality control circles is also a major challenge.
If the target values are too low, it means the goals can be easily achieved, resulting in a low confidence level; if the target
values are too high, it indicates an inaccurate assessment of the team’s capabilities, making it difficult to achieve the
desired improvement. These factors have caused quality control circle activities to be primarily limited to tertiary
hospitals, making them difficult to implement and popularize in medium- and small-sized hospitals.

The personalized and standardized characteristics of the quality control circle provide significant advantages for
standardized electrocardiogram (ECG) practice. By bringing together cardiologists, nurses, network engineers, instru-
ment engineers, and other professionals, it creatively combines individual working memory with tools to achieve process
optimization.'* At the same time, the quality control circle can encompass the entire ECG workflow, standardize
processes, and develop detailed and clear standard guidelines for reference. To enhance compliance with ECG network
operational standards and deliver improved patient care, this study implemented a QCC initiative within ECG network
management from January to April 2025. Through the integration of Internet data management, the ECG diagnosis is
analyzed in all aspects and dimensions. There was no previous precedent for implementing QCC in the field of
electrocardiography, so this is a pioneering study. Through multidimensional attribution analysis, the study identified
the root causes of nonconforming practices and established a replicable and practical approach to improve the quality of

ECG performance.
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Materials and Methods

This study utilized a pre-post comparative design based on the hospital’s ECG network database, analyzing ECG
examination data from two periods: January to April 2024 (pre-intervention) and January to April 2025 (post-
intervention). A total of 758 ECG examination records were included, and statistical analysis of procedural compliance
was conducted through a standardized evaluation process. We used all the data from ECG network database of our
hospital during this time period as a sample, classified the samples into standardized and non-standardized categories
based on the established criteria, and used the chi-square test to verify the effectiveness of QCC implementation in
improving operational compliance. The study approved by the Ethical Committee of Qingdao Central Hospital grant
number KY202209902. The study complied with the Declaration of Helsinki. All participants had signed informed
consent forms.

Establishment of the QCC Team

A QCC team was established on December 1, 2015, under the name “Lianxin Circle.” Its mission is to foster unity and
collaboration across hospital departments, centered around the ECG network. Aligning with the broader Internet Plus
environment, the team aims to fully explore and actively develop the Internet of Things (IoT), applying big data
information management models to promote the development of hospital informatization. The team consists of nine
members: two associate chief physicians, two attending physicians, three physicians, one nurse practitioner, and one
senior engineer. QCC activities follow the PDCA cycle monthly: Plan (set monthly goals at the beginning of each month)
— Do (implement countermeasures) — Check (analyze data at month-end) — Act (optimize deficiencies; eg, in
February 2025, upon identifying “poor cooperation from elderly patients,” the countermeasure “involve multiple family
members in procedures” was added).'> The QCC activities ran from January to April 2025. The circle leader strictly
followed the 3:4:2:1 principle to create a Gantt chart for activity planning. Weekly meetings were held to discuss
progress, assign responsibilities, and set deadlines for each task, ensuring activities advanced according to schedule.

Topic Selection

Team members employed brainstorming techniques and utilized the 531 scoring method'” to evaluate potential topics
based on their impact on 12-lead ECG diagnostic accuracy, importance, urgency, and team capability. The topic
“Reducing Non-Compliance Rates in 12-Lead ECG Procedures” was ultimately selected as the activity focus.

Current Status Assessment

After thoroughly understanding the service process of the ECG network,'® a workflow diagram was drawn. An
investigation was conducted on the ECG network database from January to April 2024 and January to April 2025.
Using the SW2H method, a checklist was created to investigate the number of non-standard ECG operation cases and
their causes,'’ totaling 758 cases. According to the hospital’s monthly quality control statistics, the non-compliant
operation rate = number of non-compliant operations / total number of operations = 17.66%. As shown in Figure 1
(Pareto chart), the primary causes of non-compliant procedures included: data collection artifacts, insufficient acquisition
time, data transmission failures, data analysis software malfunctions, patient skin allergies, patient refusal due to
dissatisfaction, computer malfunctions, data reception failures, data information asymmetry, and network failures.
Based on the Pareto principle'® (80/20 principle), addressing the two issues of “data collection artifacts” and “insufficient
acquisition time” is the primary focus of this activity. Data collection artifacts refer to waveform abnormalities caused by
non-cardiac factors such as environmental or electrode interference. Insufficient acquisition time refers to situations
where the ordinary electrocardiogram is recorded for less than 10 seconds, or a 24-hour ambulatory electrocardiogram is
recorded for less than 24 hours.

Goal Setting
Based on the current value, improvement priorities, and circle capability, the target value is calculated as: Target Value =
Current Value - Improvement Value = Current Value - (Current Value X Improvement Focus % Circle Capability) =
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Figure | ECG Network Data in Medical Consortium. Data collection artifacts and Insufficient acquisition time are the two most significant reasons. Data collection artifacts
is closely related to various factors such as the environment, equipment, and patients, while Insufficient acquisition time depends more on the operator.

17.66% - (17.66% % 81.69% x 80.51%) = 6.05%. Considering comprehensive factors, the activity group ultimately set

the target value for the non-standard operation rate at 7.05%.

Analysis of Non-Compliant Operation Causes

All QCC members first employed brainstorming techniques to conduct a comprehensive analysis across five dimensions:
personnel, machinery, materials, methods, and environment. They visualized findings using a fishbone diagram
(Figure 2), '® identifying 20 potential influencing factors. Subsequently, the 531 scoring method was applied to
quantitatively evaluate each terminal factor, and six key factors were selected based on the Pareto principle. The research
team developed a detailed factor verification plan, employing a combination of on-site observation, in-depth interviews,
and literature review for empirical validation. This process ultimately identified four core factors affecting operational
standardization: insufficient professional skills of operators, poor patient cooperation, unstable equipment performance,
and non-compliant examination environments. These factors interact synergistically, collectively forming key barriers to
ECG acquisition quality.

Strategy Formulation and Implementation
Based on the four key factors identified through fishbone diagram analysis, a systematic improvement plan comprising
four components was developed by establishing an integrated quality improvement system encompassing personnel,

equipment, patients, and environment:
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Figure 2 Fishbone Diagram of Factors Affecting Operations. Personnel, Equipment, Materials, Methods, and Environment. The factors of improper operation were analyzed
from the human perspective, where human-related reasons include both the patient and the operator.

(1) Standardized ECG Operator Training: The research team collaborated with the Nursing Department and Medical
Technology Department to establish a multi-tiered training system. By engaging ECG specialists to conduct standardized
operational training, emphasis was placed on enhancing operators’ technical proficiency and quality control awareness.
Concurrently, a rigorous training management system was implemented, requiring all new hires to complete a one-month
rotation training in the ECG lab. A quarterly assessment mechanism was introduced to ensure training effectiveness.
Statistical data revealed a 95% training participation rate, average assessment scores exceeding 95 points, and knowledge
retention rates rising to 96%, significantly elevating operators’ professional competence.

(2) Improving ECG Acquisition Methods for Special Patient Groups: The research team developed differentiated
solutions. For anxious or tense patients, psychological interventions such as playing soothing music and guiding deep
breathing were implemented. For elderly and cachectic patients, Electrode patch-assisted fixation and multi-person
coordination techniques were developed. Standardized sedation protocols were applied for infant and pediatric patients.
For patients with limb impairments, innovative adjustments were made to electrode placement, including elevating upper
limb electrodes and combining lower limb leads. By establishing a supervision and inspection mechanism, the standar-
dized implementation of all specialized acquisition protocols was ensured, effectively improving the examination success
rate for special patient groups.

(3) Ensuring High-Quality Equipment Operation: The study implemented a systematic upgrade and maintenance plan.
Priority was given to procuring new electrocardiograph machines with sampling rates exceeding 1000Hz, equipped with
high-resolution displays and low-noise amplifiers. These were complemented by professional-grade hypoallergenic
electrode pads, ensuring signal acquisition quality at the hardware level. The Medical Technology Department estab-
lished a comprehensive equipment maintenance system, including daily functional inspections, quarterly performance
calibrations, and a 30-minute rapid response mechanism. This ensures equipment remains in optimal working condition,
significantly reducing operational non-compliance issues caused by equipment failures.

(4) Improving the ECG recording environment: Systematic improvements were implemented across both physical and
human dimensions. The physical environment can affect the accuracy of equipment, while stress and other emotional
factors can cause temporary abnormalities in cardiac electrical activity.'® Physically, examination beds are preheated with
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electric blankets or an Infrared heating lamp during autumn and winter to maintain comfortable temperatures, while
strictly eliminating electromagnetic interference sources like smartwatches. Culturally, standardized communication
protocols were implemented, including assisting patients with clothing adjustments, removing metal accessories, and
providing psychological reassurance. This comprehensive optimization of environmental conditions creates favorable
circumstances for ECG examinations, effectively reducing data collection artifacts caused by environmental factors.

Experimental Results

Following QCC implementation, the non-compliant operation rate at 12-lead ECG collection endpoints within the
network system significantly decreased, from 17.66% to 6.17% (P<0.05), After QCC activities, members’ team spirit,
QC techniques, mental development, communication and coordination, activity confidence, responsibility and honorall
show positive improvement.

This study employed the PDCA cycle and quality circles to reduce non-standardized medical data collection rates and
complaint rates, demonstrating the effectiveness of quality circles in standardizing medical processes. Statistical analysis
was conducted using SPSS30.0 software, with comparisons made via chi-square tests. P < 0.05 was
considered statistically significant.

Problem Improvement

The study findings indicate that the implementation of quality circles has yielded significant quality improvement
outcomes. Data sourced from the ECG Network Database, as shown in Table 1, through systematic interventions and
team collaboration, the rate of non-standard ECG procedures decreased significantly from 17.66% pre-intervention to
6.17%, exceeding the predetermined target of 7.05%. A paired chi-square test was used to compare the pre- and post-
intervention non-compliance rates between the two groups. Since both samples originated from the same ECG network
system, there were no statistically significant differences in baseline patient characteristics (eg, age, underlying diseases)
between the groups (P>0.05). The sample size discrepancy (402 vs 356 cases) resulted from natural fluctuations in patient
volume and was adjusted for through “monthly patient volume normalization.” This adjustment was validated as
statistically significant via y* testing (3°=23.12, P<0.01). Further analysis (Figure 3) revealed marked improvement
trends across all non-compliant categories. The two most critical issues—“data collection artifacts” and “insufficient
acquisition time”—showed the most pronounced reduction, with their incidence rates dropping from 13.43% to 3.93%,
representing a 71% decrease. Particularly noteworthy is the substantial reduction in “ data collection artifacts,” which
dropped from 9.2% to 2.25%, demonstrating especially significant improvement. During the three-month consolidation
period follow-up, the rate of non-standardized procedures decreased further by 1.82% compared to the active phase,
while the rate of standardized procedures increased by 4.11%. This sustained improvement trend fully validates the
effectiveness and sustainability of the implemented countermeasures.

Economic Impact

This study achieved remarkable results in enhancing healthcare service quality through the implementation of quality
circles. Statistical analysis of complaint records from the Patient-Physician Communication Office revealed a marked
downward trend in patient complaints post-intervention. The monthly average decreased from 32 to 23 cases,

Table | Statistical Data Comparison Before and After Improvement (Three-Line Chart). The Non-Compliance Rate Before QCC
Was 17.66%, and the Non-Compliance Rate After QCC Was 6.17%. Its Effectiveness Was Confirmed Through a Chi-Square Test
(¢*=23.12,P<0.01)

Project Before Improvement | After Improvement ' P-value 95% CI
(2024.1-4) (2025.1-4)

Number of cases 402 356 - - -

Number of non-standardized cases 71 22 23.12 <0.01 [7.89%, 15.10%]

Non-compliance rate 17.66% 6.17% - - -
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Figure 3 Pre- and Post-Activity Electrocardiogram Network Data.

representing a 28.13% reduction. This change reflects a substantial improvement in clinical service quality. At the same
time, patient commendations increased from an average of 46 per month to 51 per month, representing a 10.87% rise.
These data shifts not only demonstrate heightened patient satisfaction but also indirectly indicate improved efficiency in
healthcare resource utilization, reducing wasteful practices such as redundant tests caused by non-standard procedures.

Intangible Outcomes

These QCC activities yielded multifaceted gains in enhancing the team’s overall capabilities. Through sustained quality
improvement practices, members achieved significant proficiency in applying quality management tools, including
proficient use of quality control techniques such as Pareto charts and fishbone diagrams. More importantly, team
members demonstrated substantial growth in problem-solving skills, innovative thinking, and quality awareness. The
cross-departmental collaboration mechanism established during the activity not only improved work efficiency but also
fostered a spirit of cooperation and a sense of responsibility among team members.”’ These intangible gains have laid
a solid foundation for building a culture of continuous quality improvement within the hospital and provided valuable
experience for future quality improvement projects. Through regular experience sharing and the establishment of
standardized operating procedures, these achievements will generate a lasting impact on a broader scale (Figure 4).

Discussion

ECG operation is a common and significant problem in clinical ECG collection, as it reduces both collection efficiency
and accuracy. Through a QCC activity, we analyzed the reasons for irregular operations and developed solutions,
successfully reducing the occurrence of non-compliant operations the main reasons for improper operation. The reasons
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Figure 4 Group Scores Before and After the Activity. QCC members rated each other within the group according to a standard scoring sheet before and after the activity,
and all scores showed significant improvement after the activity.

include collection data artifacts, insufficient collection time, data transmission failures, data analysis software malfunc-
tions, patient skin allergies, patient dissatisfaction and refusal of examination, computer malfunctions, data reception
failures, information asymmetry, and network failures, among which “data collection artifacts” and “insufficient collec-
tion time” are the two primary causes.

The collection time for a routine ECG should be at least 10 seconds, while a 24-hour Holter monitor ECG requires
a duration of more than 24 hours. Insufficient collection time can easily lead to missed abnormal cardiac activities,
resulting in misdiagnosis. Clinicians must ensure the required collection duration when performing ECG collection, and
patients wearing a 24-hour Holter monitor should be instructed to wear it for at least 24 hours.

Data collection artifacts occur due to various reasons, resulting in ECG artifacts that do not reflect the heart’s true
electrical activity, which can easily lead to misdiagnosis. The generation of ECG artifacts involves complex interactions
among multiple factors, including equipment, operator, patient, and environment. These artifacts not only compromise
signal acquisition quality but may also lead to clinical misinterpretation.”’ Through systematic analysis, this study
identified key factors affecting ECG quality and proposed targeted improvement strategies. The findings are explored in
depth across three dimensions below:

Equipment and Operational Level

At the equipment and operational level, electrode issues represent a primary cause of artifacts. Poor contact or
displacement of electrodes can directly lead to signal interruption or distortion, closely related to factors such as
inadequate skin cleansing, excessive body hair not shaved, poor electrode quality, or dried conductive gel.”
Equipment problems such as aging, broken, or tangled lead wires, along with poor battery contact or low battery
power, can also cause intermittent signal interference. Non-standardized operational procedures significantly
impact quality, particularly the common practice of improper electrode placement that fails to avoid areas with
dense muscle or fat. The study found that operators’ familiarity with equipment performance directly affects
procedural quality, with most operational errors stemming from insufficient understanding of device
characteristics.
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Patient-Related Factors and Environmental Interference

Patient-related factors and environmental interference are equally critical. During dynamic ECG monitoring, vigorous
activities like chest expansions, lifting heavy objects, or frequent upper limb movements can generate electromyographic
interference. Additionally, the patient did not stay away from electromagnetic fields such as cell phones and microwave
ovens as instructed, and wearing static-prone synthetic fabrics may introduce external electromagnetic interference. Some
chronic disease patients may experience electrode detachment or contact dermatitis due to excessive sweating or skin
sensitivity, further compromising signal quality. Environmental factors account for a significant proportion of total
artifacts, with electromagnetic interference being the most prevalent.”?

Operator Proficiency

Operator proficiency is another critical factor affecting examination quality. Trainees and new operators in primary care
settings are prone to errors, such as mixing up left and right electrode leads or performing procedures in the incorrect
order. This primarily stems from inadequate training before deployment, particularly insufficient patient education.
Patients often lack understanding of the examination’s purpose and precautions, leading to poor compliance.
Establishing a robust quality management system and training mechanism is crucial, including standardizing operational
procedures, enhancing pre-service training and assessment, and improving health education.

Conclusion

As a vital tool in clinical diagnosis, the standardization of ECG procedures directly impacts the accuracy and reliability
of diagnostic outcomes. This study systematically applied the QCC management method to conduct an in-depth analysis
of key factors contributing to non-standard ECG practices across five dimensions: personnel, equipment, materials,
methodology, and environment. Targeted improvement measures were subsequently developed. Results demonstrated
that through interventions including establishing a standardized training system, optimizing management protocols for
special patient groups, improving equipment maintenance procedures, and enhancing examination environment condi-
tions, the non-compliance rate in ECG operations significantly decreased from 17.66% pre-intervention to 6.17%,
exceeding the predetermined target. This improvement not only standardized the ECG network operation procedures
for medical staff but also comprehensively elevated the service quality of ECG examinations.

More importantly, this study yielded multiple positive effects: clinically, It effectively reduces the occurrence of
irregular ECG operations.; administratively, it established a sustainable quality improvement mechanism; and at the
personnel level, it enhanced the team’s professional skills and collaborative capabilities. Looking ahead, the integration
of emerging technologies like artificial intelligence with quality management approaches such as quality circles holds
promise for continuously elevating ECG examination quality. This advancement will provide more reliable diagnostic
foundations for clinical practice, ultimately benefiting a broader patient population. Future research will further explore
the application of intelligent technologies in quality improvement and the feasibility of extending this model to other
medical examination procedures.
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