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Objective: This study aimed to evaluate the effect of closed-loop management on nursing 
disruption risk.
Methods: Using a quasi-experimental research method, convenient sampling was used to 
extract 20 nurses working at our hospital as the research objects. The control group members 
were selected from January to March 2018 via the traditional method, and the experimental 
group members were selected from April to June 2018 via the closed-loop management 
method. At three months before and after the implementation of the management model, 
a self-designed quantitative test form and satisfaction questionnaire were used to analyze the 
frequency of nursing disruption events, the accuracy rate of doctors’ advice, the average drug 
delivery time of the static distribution center, the implementation rate of personal digital 
assistant (PDA) code scanning, and the report rate of risk-outcome nursing disruption events.
Results: After the implementation of the management model, the frequency of nursing 
disruptions and average drug delivery time of the static distribution center were significantly 
lower than before, and the differences were statistically significant (p < 0.05). Moreover, the 
accuracy rate of doctors’ advice, the implementation rate of PDA code scanning, and the 
reporting rate of risk-outcome nursing disruption events were significantly higher than 
before, and these differences were statistically significant as well (p < 0.05).
Conclusion: The application of a closed-loop management model could significantly reduce 
the occurrence and optimize the outcomes of nursing disruption events and improve the work 
processes of medical care.
Keywords: closed-loop management, nursing interruption, risk control, personal digital 
assistant, PDA, management mode

Introduction
A nursing interruption is a sudden interruption that delays or distracts a nurse from 
delivering care to a patient at a specific time or in a specific role or environment.1 In 
recent years, the United States Joint Commission on the Accreditation of Medical 
Institutions, American Institute of Medicine, and American Institute of Health 
Services and Quality have noted that disruptive events can lead to inevitable 
medical errors. It has also been proven in Australia, Canada, Britain, Italy, and 
other developed countries that such events are closely correlated with medication 
errors.2,3 A previous study has revealed that nursing disruption events increase the 
incidence of nursing risk overall, the risk of process errors by 12.1%, and the risk of 
clinical errors by 12.7%.4 In their study on nursing disruptions during drug 
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administration, Odberg et al5 reveal that they mainly stem 
from patients, family members, and nursing colleagues 
and that the incidence of negative outcomes due to this 
is the highest in drug administration. Studies on nursing 
disruption events in drug delivery in the general surgery 
ward and drug medication in the digestive and endocrine 
departments have concluded that negative disruption 
events are predominant.6 At the time of most interruptions, 
nurses are primarily performing drug administration and 
are in direct contact with patients. During the 136 hours 
observed by Kalisch and Aeberselel, interruptions in treat-
ment management increased the risk of errors by 60%.7 

Kopp et al have reported that 40% of medication errors are 
due to errors and memory lapses,8 while Westbrook et al 
have shown that, in their study, 25% of 3177 drugs were 
administered with treatment errors, the likelihood of which 
more than doubled if there were four or more interruptions 
compared with no interruptions.9 Frequent interruptions 
interfere with nurses’ attention and prospective memory 
and affect nursing outcomes. Powerful interruptions can 
cause recipients to forget prospective tasks and make it 
difficult for them to return to the execution state of their 
original tasks, increasing the risk of errors and posing 
a threat to patient safety.

Closed-loop management (CLM) was first applied in 
the field of automatic control and is a management 
method used to implement the concept of risk prevention. 
“Closed-loop” refers to the continuous improvement 
cycle of management and control, in which the output 
signal is used as part of the input, following the process 
of “decision–control–feedback–decision–feedback”.10 

Closed-loop management integrates a closed-loop sys-
tem, closed management principle, management control, 
information system, and other principles. It not only 
focuses on forward-looking control but also considers 
the post-analysis, which organically combines the struc-
ture, process, and results to form the CLM.11 As an 
important achievement in the development of modern 
management science, CLM has become a common 
method to strengthen hospital medical quality manage-
ment, improve medical quality, and standardize medical 
service behaviors. In recent years, closed-loop systems 
have been widely used in the medical field for clinical 
blood use, safe drug use, critical value management, and 
adverse event reporting, achieving good results.12,13 

However, the application of CLM in nursing interruption 
risk management has not been reported either at home or 
abroad.

With the rapid development of medical technology, the 
expansion of nursing functions, and the high risk of nur-
sing, disruptions to nurses’ work are increasing, accom-
panied by unpredictable risks.14–16 Nursing disruption 
events seriously reduce nurses’ work efficiency and may 
cause medical errors and threaten patient safety.17–19 

Therefore, effectively managing these events is the core 
issue of this project. The CLM model aims to manage the 
risk outcomes of nursing disruption events by establishing 
control standards, evaluating the effectiveness of activ-
ities, correcting wrong means, and eliminating deviations 
from standards and plans among other comprehensive 
measures. Since 2018, through the implementation of the 
whole-process CLM model for nursing disruption events 
for risk outcomes at all levels of nursing quality (struc-
ture, process, results), the incidence of risk outcomes 
caused by such events has reduced. This study reports 
on the effects of CLM on the risk outcomes of nursing 
disruptions.

Materials and Methods
Study Subjects and Setting
A quasi-experimental research method was used to extract 
20 nurses from our hospital as the research objects. As the 
clinical nursing posts in our hospital are set as “responsi-
ble” nursing posts (shifts A, P, and N) and auxiliary posts 
(7:00–12:00/15:00–18:00), convenience sampling was 
used to select three responsible nurses and one assistant 
nurse from each of the five studied departments using 
a personal digital assistant (PDA). There were 2 males 
and 18 females, with an average age of 34.6 years. 
Among them were five nurses, eight senior nurses, five 
supervisor nurses, and two co-chief superintendent nurses. 
Two had technical secondary school degrees, seven had 
associate degrees, nine had undergraduate degrees, and 
two had graduate degrees.

The traditional method was adopted from January to 
March 2018 to form the control group, and the CLM method 
was implemented from April to June 2018 to form the 
experimental group. At three months before and after the 
implementation of the management model, a self-designed 
quantitative test form and satisfaction questionnaire were 
used to analyze the frequency of nursing disruption events, 
the accuracy rate of doctors’ advice, the average drug deliv-
ery time of the static distribution center, the implementation 
rate of PDA code scanning, and the reporting rate of risk- 
outcome nursing disruption events.
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Implementation Method of the CLM 
Model
The CLM model was applied at every level of the “structure– 
process–result” quality management. An open management 
system was constructed as positive-feedback CLM: A) estab-
lishing control standards; B) evaluating the effectiveness of 
activities; and C) correcting wrong means to eliminate devia-
tion from standards and plans. Strong excitement was gener-
ated for the system itself by improving the functions of the 
management system and efficiency, which is fundamental to 
ensuring nursing quality.

Structure Level
Control standards were designed to find the hidden nursing 
disruption events that lead to adverse risks to achieve the 
control objective (ie, to reduce their frequency and incidence), 
improve the creation of a nursing information system in our 
hospital, and use electronic mobile nursing equipment to 
ensure that responsible nurses complete all nursing work at 
the bedside. A project management and quality control team 
was established to monitor the hidden nursing disruption 
events, strengthen the construction of the ward without accom-
panying care, implement access control management, and 
provide security guards and paramedics to decrease the accom-
paniment rate to reduce the exogenous factors of disruptive 
events.

Process Level
The key points of the head nurse’s rounds were adjusted via 
finding and controlling the hidden nursing disruption events 
that lead to risk outcomes as one of the indexes used to 
evaluate the head nurse’s risk management ability. The full- 
time nursing staff members of the doctor–patient communica-
tion office were responsible for handling negative disputes to 
provide the nurses with a quiet and orderly working environ-
ment. Moreover, 96 standard operation procedures of nursing 
quality management were formulated to guide and standardize 
the nursing work. For example, the CLM mode of blood 
transfusion was adopted. With this method, the medical staff 
used PDAs to read information and create electronic real-time 
records of the whole blood transfusion process, including the 
blood transfusion preparation ordered by doctors, bedside 
blood collection, blood sample submission, blood cross- 
matching in the hematology department, blood collection by 
nursing staff, blood infusion, and observation of adverse reac-
tions. Closed-loop drug management was achieved with the 
help of the PDA mobile information system. The whole pro-
cess of quick response code follow-up was as follows: Doctors 

issued medical orders after review, the pharmacy confirmed 
the concurrent drugs and, with the ward, completed the hand-
over, and then, the nursing staff implemented the information 
for bedside drug delivery. The drug delivery process could be 
checked through the supervision system.

Result Level
Nursing disruptions that may have hidden risk outcomes 
were monitored; root cause analyses and system tracking 
were conducted to continuously improve the nursing 
quality.

Nursing CLM can effectively change traditional working 
modes and processes, effectively improve patients’ medical 
experiences, and ensure nursing safety. It has the following 
advantages: (1) Patient identification is diversified. Through 
the application of quick response codes and mobile nurse 
workstations, identification methods are increased, the occur-
rence of human error is reduced, and zero errors occur in 
patient identification. (2) The whole life cycle of medical 
orders is realized, each link is accurately tracked and 
recorded, and responsibility is delegated to track the staff 
members, processes, scientific statistics, comprehensive ana-
lyses, practical operations, and individual corrections. (3) 
The whole process of nursing documentation is computer-
ized, reducing manual writing or copying mistake. (4) 
Through the application of a mobile information system, 
nurses’ working efficiency is improved, their workload can 
be accurately accounted for, and scientific performance man-
agement can be achieved.

Data Acquisition Methods
The research and control groups filled out a unified self- 
designed quantitative examination form designed to collect 
their data, and expert consultation was used to compile the 
satisfaction questionnaire on the application of the CLM mode. 
All original data were compiled by five graduate students who 
were strictly trained to master unified data collection and entry 
methods. The recorder went into the clinics to collect the 
nursing outcome data of the observed subjects three months 
before and after the implementation of the CLM mode from 
Monday to Friday at 8:00~18:00. The data were entered by two 
people to ensure authenticity and accuracy. The data were 
timely collected and sorted every day, timely modified and 
supplemented when misfiling occurred or missing data were 
found, and logic checked. A sampling check was repeated each 
week, and timely feedback on the supervision results was 
provided for error correction and improvement to ensure the 
accuracy and integrity of the data. To avoid subjective bias, 
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a blind method was adopted for the input personnel, and the 
researcher himself did not participate in the data entry.

Observation Indexes
The main observation indexes included the frequency of 
nursing disruption events, the accuracy rate of doctors’ 
advice, the average drug delivery time of the static dis-
tribution center, the implementation rate of PDA code 
scanning, the reporting rate of risk-outcome nursing dis-
ruption events, and the nurses’ job satisfaction rating.

Statistical Analysis
The study data were analyzed using statistical software 
SPSS 25.0. The measurement data were expressed as the 
mean ± standard deviation. The count data were expressed 
as percentages (%). The normality was tested via the W-test. 
The homogeneity of variance was tested using the F-test. 
Intergroup comparison was conducted using a t-test. The 
non-normally distributed means of multiple samples or nor-
mally distributed means of multiple samples with heteroge-
neity of variance were compared using a nonparametric test. 
The count data were compared using a chi-square test. A p 
value <0.05 was considered statistically significant.

Ethical and Legal Considerations
The present study met the requirements of the Declaration of 
Helsinki of the World Medical Association. The ethics com-
mittee of the First Hospital of Shanxi Medical University 
reviewed and approved this study. As this research did not 
require any patient-related interventions or experiments, 
patient informed consent was not required. Prior to complet-
ing the questionnaire, all nurse participants gave their 
informed consent, confirming that they knew their participa-
tion was voluntary and anonymous, that they could withdraw 

at any time, and that their data would be kept completely 
confidential and stored and analyzed on a secure computer 
for research purposes only.

Results
Comparison of the Frequency of Nursing 
Disruptions Before and After CLM 
Implementation
After the implementation of the CLM mode, the frequency of 
nursing interruptions in the experimental group (1764 times) 
was significantly lower than that in the control group (2340 
times) during the three months, and the difference was sta-
tistically significant (χ2 =11.177, p = 0.025 < 0.05) (Table 1).

The sources of the nursing interruption events before 
and after the implementation are shown in Table 2.

Comparison of the Accuracy Rate of 
Doctors’ Advice Before and After CLM 
Implementation
After the implementation, the accuracy rate of doctors’ 
advice in the experimental group (95%) was higher than 
that in the control group (75%), and the difference was 
statistically significant (χ2 = 17.316, p <0.001) (Table 3).

Comparison of the Average Drug 
Delivery Time of Static Distribution 
Center Before and After CLM 
Implementation
After the implementation, the average drug delivery time of 
the static distribution center of the experimental group 
(41.42 ± 5.17 min) was significantly shorter than that of 

Table 1 Comparison of the Frequency of Nursing Disruption Before and After Implementation

Time Department 1 Department 2 Department 3 Department 4 Department 5 χ2 value p value

Before implementation 460 500 390 475 515 11.177 0.025

After implementation 300 360 356 364 384

Table 2 The Sources of Nursing Disruption Events Before and After Implementation

Time Environment Nurse 
Colleagues

Nurses 
Themselves

Doctors Other Health 
Workers

χ2 

value
p value

Before implementation 400 390 402 361 430 16.467 0.006

After implementation 259 350 338 265 274
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the control group (57.53 ± 15.73 min), and the difference 
was statistically significant (χ2 = 6.087, p <0.001) (Table 4).

Comparison of the Standard Rate of 
Process Implementation Before and After 
CLM Implementation
After the implementation, the standard rate of process imple-
mentation in the experimental group (95%) was significantly 
higher than that in the control group (75%), and the difference 
was statistically significant (χ2 = 12.549, p = 0.001) (Table 5).

Comparison of the Implementation Rate 
of PDA Code Scanning Before and After 
CLM Implementation
From July to December 2018, the implementation rate 
of PDA code scanning in our hospital after the CLM 
implementation was investigated. The results showed 
that the rate in infusion, injection, oral administration, 
skin testing, and other important tasks after CLM imple-
mentation was significantly higher (92%) than that 
before implementation (69%), and the difference was 
statistically significant (χ2 = 9975.106, p = 0.000) 
(Table 6).

Comparison of the Reporting Rate of 
Risk-Outcome Nursing Disruption Events 
Before and After CLM Implementation
After the implementation, the reporting rate of falls/falling 
out of bed in the experimental group (37.4%) was higher than 
that in the control group (22.9%). Similarly, the reporting rate 
of pressure sores was higher in the experimental group 
(17.8%) than in the control group (14.6%), but the reporting 
rate of administration errors was lower (24.3% and 51.0%, 
respectively). Moreover, the reporting rate of unplanned extu-
bation in the experimental group (20.1%) was higher than 
that in the control group (11.5%). The differences were 
statistically significant (χ2 = 16.115, p = 0.001) (Table 7).

Comparison of Nurse/Patient Satisfaction 
Rate (%) Before and After 
Implementation
The results of this study showed that after the implementa-
tion of the CLM mode, the patient satisfaction rate rose 
from 92.63% to 98.95%, an increase of 6.32%. Moreover, 
the nurse job satisfaction rate rose from 80.26% to 
87.55%, an increase of 7.29%.

Discussion
The Significance of Project Management 
for Nursing Disruptions
Ensuring patient safety is the most basic requirement of 
global public health services as well as the most basic 
element to improve the quality of medical and nursing 
services.20,21 Due to the high risk of nursing itself, the 
rapid development of medical technology, the transforma-
tion of nursing, the expansion of nursing functions, and the 
widespread application of new nursing technologies and 
products in clinical practice, nursing disruptions are 
increasing, and unpredictable nursing risks remain present.

Disrupting nurses’ work and increasing their risk of mis-
takes can have catastrophic consequences. Nursing risk and 
nursing quality are two sides of the same coin, and risk 
management could be an effective way to improve the latter. 
Therefore, an in-depth analysis on the risk factors of the 

Table 3 Comparison of the Correct Rate of Doctor’s Advice 
Before and After Implementation (n/%)

Time Number of 
Doctor’s 
Advice

Correct 
Rate

χ2 

value
p value

Before implementation 80 70 17.316 <0.001

After implementation 80 95

Table 4 Comparison of the Average Drug Delivery Time of Static 
Distribution Center Before and After the Implementation (min)

Time Drug 

Delivery 
Times

Average 

Drug Delivery 
Time

t value p value

Before implementation 36 57.53±15.73 6.087 <0.001

After implementation 36 41.42±5.17

Table 5 Comparison of the Standard Rate of Process Implementation Before and After Implementation (n/%)

Time Implementation Times Standard Rate χ2 value p value

Before implementation 80 75 12.549 0.001

After implementation 80 95
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entire process before, during, and after a disruption event 
should be conducted to better avoid the risks and improve the 
nursing quality.5,6,22,23 It is important to establish a complete 
nursing safety CLM method to reduce the incidence of nur-
sing interruptions. This study’s investigation results showed 
that the nursing process CLM model could effectively guar-
antee nursing safety and risk management, achieve the secur-
ity work forward, turn terminal care quality supervision for 
the link and the continuous improvement of quality control 
and routine, do dynamic assessment unsafe factors, make up 
for the loopholes in time, improve protection systems, and 
effectively reduce safety risks to promote nurse safety. 
Research on nursing disruptions in China is in its infancy, 
so Chinese scholars should intervene and manage these inter-
ruptions to further promote nurse and patient safety.

The Scientific Nature of the Application 
of the CLM Model in the Intervention of 
Nursing Disruption Events Leading to 
Hidden Risk Outcomes
The CLM model forms a continuous closed loop regarding 
the management of a system and its subsystems and keeps the 
system activities in balance. Regarding the objective reality of 
change, sensitive, accurate, and powerful informational feed-
back should be provided, and corresponding changes should 
be made to timely resolve disputes and problems. Decision, 
control, feedback, re-decision, re-control, re-feedback to 
improve continuously throughout the cycle.

The project belongs to the field of hospital manage-
ment. With patient safety as the ultimate goal, the CLM 
model was used to control and eliminate the risks of 
nursing disruptions. In the early stage, risk management 
theory was used to establish an indicator of the nurses’ 
ability to identify patient risks and the ability they should 

have as nursing managers, after training, based on the 
positive-feedback CLM model. This was meant to improve 
and control the frequency of nursing disruption events that 
could produce 80–90% risk outcomes to optimize the 
patient outcomes and ensure nursing quality.24–26

The “Plan Outline of National Medical and Health 
Service System (2015–2020)” explicitly proposed that 
China would carry out the Healthy China Cloud Service 
Plan, promote the application of healthy big data, and 
improve the service ability and management level. By 
2020, China was to achieve informationized big data 
health management. The research and design ideas of 
this project conformed to the general trends of contempor-
ary social development.

The central task of hospital management is ensuring 
the safety of every patient. The decision-making and 
design of nursing informationization are conducted to 
ensure patient safety, facilitate service processes, improve 
work efficiency, and increase the standard of management. 
At present, there are few studies on the risk management 
of nursing disruptions in China. Based on a four-year 
research series on hospital nursing risk management, our 
hospital also performed two years of research on the risk 
outcome management of nursing disruptions, the founda-
tion of which was solid.

This project combined hospital nursing informationiza-
tion system creation and quality management process 
reengineering. The former considers the risk outcomes of 
nursing disruption events and implements the entire pro-
cess of CLM for such events in nursing quality manage-
ment module and online quality monitoring design in 
China.

Nurses are always with patients during the process of 
medical treatment; therefore, they monitor the patients’ 
conditions in real time. However, the traditional nursing 

Table 6 Comparison of the Implementation Rate of PDA Code Scanning Before and After Implementation (n/%)

Time Code Scanning Times Implementation Rate (%) χ2 value p value

Before implementation 58,958 69 9975.106 <0.001
After implementation 59,638 92

Table 7 Comparison of the Reporting Rate of Risk-Outcome Nursing Disruption Events Before and After Implementation (n/%)

Time n Falls/Falling 
Out of Bed

Pressure 
Sores

Administration 
Error

Unplanned 
Extubation

χ2 value p value

Before implementation 96 22 (22.9) 14 (14.6) 49 (51.0) 11 (11.5) 16.115 0.001

After implementation 107 40 (37.4) 19 (17.8) 26 (24.3) 22 (20.1)
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management model lacks mechanisms of analysis, sum-
mary, rectification, or effect re-feedback. The frequency of 
nursing disruption events can be as high as 12–14 times/ 
hour. The positive-feedback CLM model can avoid the 
omission of nursing work and compensate for a lack of 
nursing. Without missing a step of the entire nursing 
process, a complete closed loop cannot be formed. 
A combination of the internet, an informationization nur-
sing system, and risk management theory to reduce the 
nursing disruption events that cause risk outcomes can 
circumvent nursing risks and reduce adverse events.

Development Space of the Combination 
of CLM and Informationization 
Construction to Intervene in Nursing 
Disruptions
At present, the informatization creation of our hospital has 
passed the Healthcare Information and Management 
Systems Society level six and interconnection level four 
review standards, and the nursing quality informationization 
system of all 73 nursing units has been put online. Based on 
the informationization creation, in this study, the CLM 
model was applied to the management of nursing disruption 
events. These effective intervention measures reduced the 
frequency of nursing disruption events, extend the interval 
between their occurrence, optimize their outcomes, and 
reduce their frequency from 12–14 to 9.8 times/hour, sig-
nificantly improving nurses’ ability to handle and control the 
risk of disruptions. The accuracy rate of doctors’ advice, 
standard rate of process implementation, implementation 
rate of PDA code scanning for intravenous infusion, oral 
administration, skin testing, and injection in the static dis-
tribution center were improved, while the average time of 
drug delivery of the static distribution center was reduced. 
Moreover, the patient satisfaction rate increased from 78.9% 
to 93.3%. The quality and efficiency of nursing work 
improved, and the nurses’ self-efficacy was enhanced. 
Furthermore, the intervention enabled managers to handle 
drug administration disruption events more comprehen-
sively, reducing their occurrence and improving the manage-
ment efficiency of patient safety. Nurse managers and nurses 
were able to deepen their knowledge of nursing disruption 
events and create a scientific treatment plan for such events 
to avoid nursing risks and ensure patient safety. Finally, the 
nurses’ satisfaction rate with the nursing work environment 
was improved.

This study had the following limitations: Firstly, the 
results revealed that the implementation of the CLM 
model achieved certain results, but no in-depth analysis 
of the risks associated with nursing disruption events was 
performed. Second, this study did not design detailed 
management content or a standardized operation process 
based on the informationization creation. Therefore, this 
project took up obvious research space in the application 
and exploration of the CLM model to the risk outcome 
management of nursing disruption events. The next study 
will effectively research and further discuss the CLM 
model of nursing disruption events to ensure patient safety, 
improve the quality and efficiency of nursing, and reduce 
nurses’ burden based on improvement of the mobile infor-
mation system.

In conclusion, the application of the CLM model could 
significantly reduce the occurrence and optimize the outcomes 
of nursing disruption events, improve the working processes 
of medical care, and improve nurses’ job satisfaction rate.
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