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Objective: This study aimed to reduce the incidence of hypoglycemia following endoscopic polypectomy by implementing Quality
Control Circle (QCC) interventions.

Methods: Quality Control Circle (QCC) empowered clinicians to implement PDCA-driven protocol refinements, standardizing care
processes to mitigate hypoglycemia risk. Establish a QCC team to investigate the current incidence of hypoglycemia in post-
polypectomy patients, conduct a root cause analysis to identify the true causes, formulate corresponding countermeasures, and
implement them in phases. The study was conducted in two phases: before-QCC (517 patients from March 13 to May 31, 2023)
and after-QCC (1090 patients from June 1 to November 30, 2023). The primary outcome was the incidence of hypoglycemia.
Results: Before QCC implementation, the incidence of hypoglycemia was 6.63%. Following the introduction of QCC interventions,
the incidence significantly decreased to 2.94% (p<0.01). Monthly data revealed a continuous decline in hypoglycemia incidence, with
rates dropping from 4.12% in June to 1.47% in November, and the results are statistically significant (»p<0.001). Other confounding
factors, including age, gender, education level, diabetes history, polyp size, site, and fasting duration, were not significantly associated
with the outcome (p>0.05).

Conclusion: This study effectively reduced the incidence of hypoglycemia in patients following endoscopic polypectomy through the
implementation of QCC activities, significantly enhancing patient safety and treatment outcomes. The successful implementation of
the project validated the important role of QCC in continuous quality improvement, providing valuable experience and methods for
future clinical nursing management.
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Introduce
Endoscopic polypectomy is a minimally invasive procedure used to excise polyps from the gastrointestinal tract, most
commonly during a colonoscopy. Polyps, which can be benign or precancerous, are removed using biopsy forceps or
a snare that cauterizes the base, thereby preventing potential malignancies.' This procedure is essential for colorectal
cancer screening and prevention.” By enabling the histopathological examination of excised polyps, endoscopic poly-
pectomy aids in early diagnosis and management of various gastrointestinal conditions, significantly contributing to
patient outcomes and overall public health.’

Hypoglycemia is defined as a fasting blood glucose concentration below 2.8 mmol/L in adults.” In diabetic patients,
a blood glucose value of <3.9 mmol/L can be diagnosed as hypoglycemia.* Hypoglycemia is a clinical syndrome
characterized by abnormally low plasma glucose levels, with symptoms predominantly due to adrenergic activation and
neuroglycopenia, resulting from various etiologies.5 Common symptoms include diaphoresis, hunger, palpitations,
tremors, and pallor, while severe hypoglycemia can present with cognitive impairment, agitation, irritability, seizures,

and even coma.’® In this continuous quality improvement project, any occurrence of similar symptoms is considered as
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potential hypoglycemia. Patients are required to undergo bowel preparation prior to endoscopic procedures, leading to
reduced caloric intake, fasting for 12 hours preoperatively, and continued fasting for 4—6 hours or longer postoperatively.
Often, blood glucose monitoring is insufficient, and fluid supplementation is inadequate, frequently precipitating
hypoglycemic events that can result in serious complications such as neurological impairment or mortality.’

Quality Control Circles (QCCs) in healthcare are groups of healthcare professionals who voluntarily meet to identify,
analyze, and solve work-related problems.® They have been found to improve standards of practice, enhance professional
development, and increase psychological well-being among general practitioners.” For instance, a problem-solving
oriented QCC might focus on reducing the rate of surgical site infection.'® QCCs have also been associated with
enhancing perceptions of patient safety culture among hospital staff.” Despite the significant clinical implications of post-
polypectomy hypoglycemia, evidence-based preventive strategies remain limited. Previous studies have predominantly
focused on perioperative glucose management in diabetic patients,'" with scant evidence addressing procedure-specific
risks in heterogeneous populations. Furthermore, although Quality Control Circle (QCC) have proven effective in

reducing hospital-acquired infections'? and medication errors,'*'*

their application to complications following thera-
peutic endoscopy has not been documented. This study addresses these gaps by implementing a structured QCC initiative

to mitigate hypoglycemia following polypectomy.

Patient

This study is a prospective study divided into two major groups. The investigation group (before QCC) included all
patients in our department who underwent endoscopic polypectomy from March 13 to May 31, 2023, totaling 517
patients. The improvement group (after QCC) included all patients in our department who underwent endoscopic
polypectomy from June 1 to November 30, 2023, totaling 1090 patients.

Ethics and Confidentiality Statement

This study was approved by the Ethics Committee of Ningbo Yinzhou No.2 Hospital and the methods were carried out in
accordance with the approved guidelines. Given the retrospective nature of the study and the use of de-identified patient
data, the requirement for informed consent was waived by the IRB. The study was conducted in accordance with the
ethical standards of the Declaration of Helsinki and its later amendments. All patient data were anonymized and handled
in accordance with applicable data protection regulations. Personal identifiers were removed prior to analysis to ensure
confidentiality.

Study Design

Quality Control Circle (QCC) activities are conducted based on QCC theory and are divided into three phases. First,
a QCC team is established, selecting the objective of reducing the incidence of hypoglycemia following endoscopic
polypectomy. Second, the team analyzes the reasons for the high incidence of post-polypectomy hypoglycemia,
formulates strategies, and implements them. Third, the results are validated, and standardized protocols are developed.
Hypoglycemic events were identified if any of the following criteria were met: (a) Fingerstick glucose <2.8 mmol/L in
non-diabetic individuals; (b) Fingerstick glucose <3.9 mmol/L in diabetic patients; (c) Acute neurogenic or neuroglyco-
penic symptoms (eg, palpitations, diaphoresis, seizures, or cognitive impairment) resolving promptly after oral/intrave-
nous glucose administration, regardless of glucose documentation. Capillary blood glucose was measured using
standardized glucometers (Accu-Chek® Performa, Roche Diagnostics).

QCC Activity

QCC Team

The QCC team consists of ten healthcare professionals from the Department of Gastroenterology at Ningbo Yinzhou
NO.2 Hospital. The team includes one advisor, one circle leader, and eight circle members. The members range in age
from 28 to 52 years, with an average age of 33 years. The QCC team comprises four gastroenterologists and six
gastroenterology nurses, including one head nurse.
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Theme Selection

The QCC members collect issues encountered in their work or clinical practice and systematically extract several themes
from the feedback. These themes are evaluated using a scoring method based on four criteria: leadership attention,
feasibility, urgency, and circle capability. Each member rates all themes on these four criteria using a scale where 5 is the
highest score, 3 is moderate, and 1 is the lowest. The theme with the highest overall score is selected as the focus of the
activity. Ultimately, we identified “Reducing the Incidence of Hypoglycemia in Patients Following Endoscopic
Polypectomy” as the theme. The evaluation criterion for this theme is the “Incidence of Hypoglycemia in Patients
Following Endoscopic Polypectomy” [Incidence = (Number of patients with hypoglycemia after endoscopic polypect-
omy + Total number of patients who underwent endoscopic polypectomy during the study period) x 100%].

QCC Plan

Status Survey

This activity begins with a survey of the incidence of hypoglycemia following endoscopic polypectomy in our
department from 2023/03/13 to 2023/04/30. The detailed assessment process is outlined in Figure 1. The survey
results indicated that from 2023/03/13 to 2023/04/30, a total of 300 patients were monitored post-polypectomy, with
20 cases of hypoglycemia reported. Based on the survey results, the overall incidence of hypoglycemia before the
QCC activity was 6.67%. The ten QCC members rated the causes of hypoglycemia in the 20 patients, as shown in
Figure 2. Using the 80/20 rule and Pareto analysis, the primary reasons for hypoglycemia following endoscopic
polypectomy were identified as patients’ lack of awareness about hypoglycemia, inadequate preventive measures by
healthcare providers, and insufficient screening for high-risk patients by healthcare providers. These three factors
accounted for a cumulative percentage of 81.25%.

The target value for this QCC activity is calculated using the formula: Improvement Value = Current Value x
Improvement Focus x Circle Capability = 6.67% x 81.25% X 65.9% = 3.57%. Therefore, the target value is: Current
Value — Improvement Value = 6.67-3.57% = 3.1%. The objective of this activity is to reduce the incidence of
hypoglycemia following endoscopic polypectomy to below 3.1%.

Based on these three major factors, organize the QCC team members to conduct a brainstorming session, gather ideas,
and list all possible causes related to these three factors. Use the four main categories—Human, materials, Management,
and Environment—to create three fishbone diagrams, as shown in Figures3-5.

In-Depth Analysis

During May 1-31, 2023, QCC members investigated 217 cases of endoscopic surgery patients to verify the true causes
identified. This was done through the use of checklists, retrospective review of electronic medical records, on-site
interviews, and direct questioning/observation. A Pareto chart was drawn based on the findings, as shown in Figure 6.
According to the 80/20 rule, the top six true causes of post-endoscopic polypectomy hypoglycemia were identified as
follows: incomplete postoperative blood glucose assessment, incomplete educational materials, unreasonable blood
glucose monitoring orders, lack of knowledge related to fluid replacement, single preaching method, and not paying
attentions to the patient’s glycation results.

Countermeasure Formulation

The QCC team conducted another brainstorming session to propose multiple countermeasures for the identified root
causes. The ten QCC members evaluated these countermeasures based on feasibility, effectiveness, and circle capability.
Countermeasures scoring above 90 were selected as refined strategies for this activity.

Strategy 1: Review and streamline the current evaluation and management process for hypoglycemia in patient
post-endoscopic polypectomy. Develop and implement the “Evaluation and Management Process for
Hypoglycemia in Patients Post-Endoscopic Polypectomy”. The improved process flowchart is shown in the
Figure 7.

Strategy 2: Enhancing healthcare providers’ awareness of hypoglycemia risk prevention in patients after endoscopic
polypectomy. Organize and identify high-risk groups prone to hypoglycemia based on departmental characteristics, and
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Figure | The blood glucose assessment process for patients after endoscopic polypectomy (before QCC).

provide a risk notification and emergency response signature for hypoglycemia. Organize training sessions for depart-
mental nurses on fluid therapy-related knowledge. Supervise doctors to ensure the appropriate prescription of blood

glucose orders and timely blood glucose monitoring.
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Figure 2 Pareto analysis of the reason for hypoglycemia after endoscopic polypectomy.
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Figure 3 The reasons for inadequate screening of high-risk populations for post-polypectomy hypoglycemia by healthcare professionals in a fishbone diagram.

Strategy 3: Enhancing Patient Awareness of Hypoglycemia. Develop and implement “Hypoglycemia Prevention”
warning signs for clinical use. Create and display “Beware of Hypoglycemia” educational posters on walls. Conduct two

health seminars focused on hypoglycemia.

Statistical Analysis
The data were analyzed using SPSS version 24.0. Comparisons between two groups of quantitative data were performed

using the f-test. For comparisons among multiple groups of quantitative data, analysis of variance (ANOVA) was
employed. Chi-square tests were used to analyze categorical data between two groups. To detect trends across multiple
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Figure 5 Reasons for patients’ lack of awareness about hypoglycemia in a fishbone diagram.
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Figure 6 Pareto analysis of the primary factors of hypoglycemia in patients following endoscopic polypectomy.

groups of categorical data, linear regression analysis was applied. Multivariable logistic regression to examine the impact

of multiple factors on categorical variables. p<0.01 was considered statistically significant.

Result

Tangible Results

From March 13th to May 31st, the preliminary investigation phase, a total of 517 post-polypectomy patients were
recorded, of which 33 patients experienced hypoglycemia, resulting in a hypoglycemia incidence rate of 6.63%. After the
gradual implementation of countermeasures, from June to November, a total of 1090 post-polypectomy patients were
recorded. There were no statistically significant differences between the two groups in terms of age, gender, education
level, history of diabetes, duration of postoperative fasting, polyp size, or polyp location (p>0.05), as shown in the
Table 1. The incidence of hypoglycemia after polypectomy before the QCC (March 13th to May 31st) was 6.63%, while
the total incidence of hypoglycemia after the QCC (June 1st to November 30th) was 2.94%. The difference in the
incidence of post-polypectomy hypoglycemia between these two groups was statistically significant (»p<0.01), as shown
in the Table 2.

To assess the impact of various factors on the outcome, we performed a multivariable logistic regression analysis,
controlling for potential confounders. The results are summarized in Table 3. The QCC intervention was significantly
associated with a reduced likelihood of the outcome (aOR = 0.44, 95% CI: 0.27-0.72, p<0.01). Age, gender, educational
qualifications, and diabetes status were not significantly associated with the outcome. Postoperative fasting time, polyp
size, and polyp site had also no significant effect on the outcome (p>0.05).
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Figure 7 The blood glucose assessment process for patients after endoscopic polypectomy (after QCC).

Monthly data reveals the following: In June, 194 post-polypectomy patients were recorded, with 8 cases of
hypoglycemia, resulting in an incidence rate of 4.12%. In July, among 192 patients, 7 experienced hypoglycemia,
yielding a rate of 3.65%. August saw 198 patients with 6 cases of hypoglycemia, leading to a 3.03% incidence rate. In
September, 142 patients were recorded, with 4 cases of hypoglycemia and a rate of 2.82%. October included 160 patients,
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Table | Patient Characteristics Before QCC and After QCC

characteristics Before QCC (n=517) | After QCC (n=1090) | t/x’ p
Age, Mean+SD 48.89+16.79 48.88+16.71 0.010 | 0.990
Gender; n

Male 201 445 0.553 | 0.457
Female 316 645

Educational qualifications, n

<Primary school 183 367 3.715 | 0.156
Middle and high school 243 556

2Bachelor 91 167

Diabetes, n 47 101 0.013 | 0910
Postoperative fasting time, n

4-6H 416 855 1.091 | 0.580
6-12H 53 130

>12H 48 105

Polyp size, n

<5mm 356 789 3.333 | 0.189
Smm-10mm 134 238

>10mm 27 63

Polyp site, n

Gastric 125 301 2.651 | 0.266
Colon or Rectum 369 734

Both 23 55

Abbreviation: SD, Standard Deviation.

Table 2 Comparison of Hypoglycemia Incidence in Patients After Endoscopic Polypectomy Before and

After QCC
Group Total, n | Postoperative Hypoglycemia, n | Incidence (%) x2 P
Before QCC (3.13-5.31) 517 33 6.63% 10.737 | <0.01
After QCC (6.1-11.30) 1090 32 2.94%

4 of whom experienced hypoglycemia, resulting in a 2.50% rate. By November, 204 patients were recorded, with 3 cases
of hypoglycemia, bringing the incidence down to 1.47%. Following the implementation of QCC-related measures, the

monthly incidence of hypoglycemia in post-polypectomy patients gradually decreased. The differences in the probability

of hypoglycemia occurrence across different months were statistically significant (p<0.001), as shown in the Table 4 and

Figure 8.

Linear regression analysis (Table 5) demonstrated a significant inverse relationship between months post-QCC imple-

mentation and hypoglycemia incidence (B=—0.943, p<0.001). For each additional month of intervention, the incidence
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Table 3 Multivariable Logistic Regression Analysis of
Factors ~ Associated  with Post-Polypectomy

Hypoglycemia

Variable aOR | 95% CI P

QCC Intervention 044 | 0.27-0.72 | < 0.0l
Age (per year) 1.00 | 0.98-1.01 | 0.810
Gender 0.87 | 0.52-1.44 | 0.580
Educational qualifications 0.75 | 0.52-1.09 | 0.130
Diabetes status 1.61 | 0.78-3.35 | 0.199
Postoperative fasting time | 1.04 | 0.70-1.52 | 0.857
Polyp size 1.02 | 0.66-1.56 | 0.937
Polyp site 0.89 | 0.55-1.44 | 0.623

Notes: Gender (Male, Female); Educational qualifications (<Primary
school, Middle school and high school, 2Bachelor); Diabetes status
(diabetes, non-diabetes); Postoperative fasting time (4—6H, 6—12H,
>12H); polyp size (S5mm, 5mm-10mm, >10mm); Polyp site (Gastric,
Colon or Rectum, Both).

Abbreviations: aOR, adjusted odds ratio; Cl, confidence interval.

Table 4 Monthly Comparison of Hypoglycemia Incidence in Post-Polypectomy Patients Following
QCC Implementation

Month Total, n | Postoperative Hypoglycemia, n | Incidence (%) p
Before QCC (3.13-5.31) 517 33 6.38% < 0.001
June 194 8 4.12%

July 192 7 3.65%

August 198 6 3.03%

September 142 4 2.82%

October 160 4 2.50%

November 204 3 1.47%

decreased by 0.9% (B=—0.009), with the model explaining 88.7% of variance (aR?=0.887). This reflects the cumulative
effect of QCC measures—hypoglycemia risk declined linearly as quality improvement processes matured, free from
multicollinearity concerns (VIF=1.0). Coupled with prior logistic regression findings (aOR=0.44), these results confirm
that QCC not only provides immediate benefits but also exhibits progressively strengthening protection over time.

Intangible Results

The self-evaluation questionnaire regarding awareness of hypoglycemia risk, team cohesion, communication skills,
personal self-confidence, sense of responsibility, activity enthusiasm, problem detection ability, and quality control skills
has been completed. The circle members rated each item with a maximum score of 5 and a minimum score of 1, with
a total score of 50, and the results were presented in the form of a radar chart. As shown in the Figure 9, after completing
the QCC activities, the circle members’ abilities in the above aspects have significantly improved.

Standardization

The QCC team developed a flowchart for hypoglycemia assessment and management in patients after endoscopic
polypectomy, as well as the “Prevention Plan for Hypoglycemia in Post-Polypectomy Patients of the Gastroenterology
Department”. Additionally, the team completed the production of a wall-mounted educational chart titled “Beware of

Hypoglycemia” and warning signs labeled “Prevent Hypoglycemia”, all of which have been applied in clinical practice.
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Figure 8 Line chart showing monthly hypoglycemia rates in post-polypectomy patients following QCC implementation.

Discussion

Postoperative hypoglycemia is a common and potentially serious complication,'> especially after procedures like
endoscopic polypectomy. The risk of hypoglycemia increases postoperatively due to continued fasting and insufficient
fluid supplementation. Hypoglycemia can trigger a range of symptoms, such as sweating, palpitations, tremors, and
mental confusion.'®!” In severe cases, it may lead to altered consciousness, seizures, or coma,'® thereby impacting
overall recovery and treatment outcomes. Studies have shown that postoperative hypoglycemia following elective
craniotomy is associated with increased mortality rates, with patients experiencing hypoglycemia post-surgery having
a relatively higher risk of death.'® Articles report that effective blood glucose management can significantly reduce the
risk of postoperative infections, thereby improving outcomes for diabetic patients undergoing complex neurosurgical
procedures.”® There are also reports linking postoperative hypoglycemia with outcomes in cardiac surgery patients,
showing an association between hypoglycemia and higher complication rates, prolonged hospital stays, and increased
mortality.?! Timely blood glucose monitoring, nutritional support, and fluid supplementation are essential in post-
operative care. Increasing hypoglycemia awareness among the medical team, especially for high-risk patients, along
with educating patients and families on symptoms and responses, can reduce hypoglycemia incidents and improve safety

and satisfaction. Standardized glucose monitoring and management protocols are crucial for postoperative safety.

Table 5 The Linear Regression Analysis of the Incidence of
Hypoglycemia in Post-Polypectomy Patients with the Implementation
of QCC Over Subsequent months

B Std. E [} aR? T VIF P
Constant | 0.069 0.001 - - - - < 0.001
Month —0.009 | 0.000 | —0.943 | 0.887 | 1.000 | 1.000 | < 0.001

Abbreviations: B, Unstandardized Coefficients; Std. E, Standardized Error; B, Standardized
Coefficients; aR?, Adjusted R Square; T, Tolerance; VIF, Variance Inflation Factor.
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This study investigated the efficacy of implementing a Quality Control Circle (QCC) to reduce the incidence of
hypoglycemia following endoscopic polypectomy. The findings demonstrate that QCC-led interventions significantly
lowered the rate of post-polypectomy hypoglycemia, achieving a reduction from 6.63% to 2.94% over the study period.
These results indicate that the systematic use of QCC methods can be highly effective in addressing specific patient
safety issues, particularly in the prevention of hypoglycemia, which has not been a common focus in endoscopic
procedures previously.

The marked improvement can be attributed to the multifaceted approach undertaken by the QCC team. By identifying
critical factors, such as the lack of patient education, incomplete postoperative blood glucose assessments, and
inadequate screening of high-risk patients, targeted interventions were formulated. These strategies, including enhanced
blood glucose monitoring, improved staff education, and the development of standardized care protocols, directly
addressed the root causes of hypoglycemia in this patient cohort. The use of a structured fishbone diagram and Pareto
analysis to isolate key issues demonstrates the utility of QCC tools in systematically improving healthcare quality.

The core triggers of perioperative hypoglycemia (such as prolonged preoperative fasting, effects of sedation/
anesthesia, delayed postoperative feeding, and variations in diabetes management) are commonly observed in many
patient populations undergoing similar short-term procedures or interventions. Departments involved in day surgeries or
endoscopic procedures face similar challenges in postoperative glucose management.”*** The core of this project lies in
the systematic framework provided by Quality Control Circle (QCC), rather than being limited to specific technical
details, giving it broad applicability for wider implementation. For instance, a multidisciplinary team collaboration
model, where a QCC team comprising doctors, nurses, and anesthesiologists works together to analyze issues, develop,
and implement improvement measures, is highly applicable. The use of a fishbone diagram to analyze the various factors
leading to hypoglycemia is also a universal analytical method. Additionally, the standardized process tools produced by
this project, including the postoperative assessment flowchart, the “Post-Polypectomy Hypoglycemia Prevention Plan”
for gastroenterology patients, and the “Beware of Hypoglycemia” educational wall chart, are valuable outputs that can be
directly adopted or localized by other institutions. Furthermore, support from leadership at the institutional level, such as
the establishment of a quality improvement center to provide training and coordinate resource sharing, will greatly

facilitate successful implementation.
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However, several limitations should be acknowledged. First, the implementation of QCC may have introduced

a Hawthorne effect,24’25

where healthcare providers modify their behavior due to awareness of being observed,
potentially inflating the observed effectiveness. This bias could be mitigated by extending the monitoring period and
implementing further blinded or multi-center studies to confirm the findings.?® Second, the intervention in this study is
multifaceted (including optimization and evaluation of management processes, raising awareness among healthcare
professionals, organizing staff training, and multiple patient education efforts), which is a typical feature of QCC in
addressing complex system problems. As the components work synergistically to drive the final improvement, it is
challenging to isolate the independent contribution of each individual component. However, through process evaluation,
we can explore the key driving factors. During debriefing meetings and interviews with the project team, QCC members
generally agreed that optimizing the postoperative blood glucose assessment process and improving educational materials
were crucial, though this conclusion was based solely on internal voting among members without objective data to
support it. Nevertheless, we cannot deny that the coordination effect within the QCC project may also have been a key
factor in its success, even though it limits the ability to precisely quantify the contribution of each independent
component. Based on this, it is suggested that future studies adopt a stepwise wedge design to introduce different
components in phases across departments or time periods. Alternatively, more in-depth process evaluations can be
conducted, including more systematic observations, more frequent measurement of indicators, and in-depth interviews
with participants, to illustrate how each component functions and in which contexts they are most effective.

In conclusion, the application of QCC in the context of reducing hypoglycemia after endoscopic polypectomy has
proven to be a successful intervention. The study underscores the importance of comprehensive quality improvement
frameworks in enhancing patient safety and optimizing clinical outcomes. Further research should focus on extending
these interventions across different hospitals and evaluating their long-term sustainability in clinical practice.
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