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Objective: To investigate the application and feasibility of PDCA circulation
method in the treatment of patients with severe neurological diseases in In-
ternet + smart first aid, with a view to promoting the sustainable construction
of smart first aid. Methods: A total of 105 patients with severe neurological
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diseases in Zhuji people’s Hospital and cooperative units were selected, and
52 cases in the research group and 53 cases in the control group were divided
according to the single and double number visiting time: In this paper,
through reading the literature, the development of Internet + wisdom first aid
treatment of patients with severe neurological diseases was investigated, and
the common problems were analyzed and summarized, and the research
group used the PDCA circulation method to sort out the existing problems,
analyze the causes of the problems and improve them. The difference in
treatment time between the two groups was compared, and the patient’s sa-
tisfaction was evaluated for the time of being transferred to the hospital
emergency room by 120 ambulances, the time from emergency admission to
surgery (Cath lab), and the satisfaction of the patient. Results: The time from
emergency treatment to the operation room (catheter room) in the study
group was significantly shortened, and patient satisfaction was significantly
improved compared with that in the control group, with a statistically signif-
icant difference (P < 0.001). Conclusion: Through the application of PDCA
circulation method in the Internet + smart emergency treatment of neuro-
logically severe preoperative patients, the Internet + smart emergency mode

*The authors have the same contribution.
*Corresponding author.

DOI: 10.4236/wjns.2023.132006

Apr. 12,2023 91

World Journal of Neuroscience


https://www.scirp.org/journal/wjns
https://doi.org/10.4236/wjns.2023.132006
https://www.scirp.org/
https://doi.org/10.4236/wjns.2023.132006
http://creativecommons.org/licenses/by/4.0/

L. D. Zhao et al.

can be continuously improved, the treatment process can be significantly op-
timized, the first aid time can be shortened, and the treatment efficiency of
neurocritical ill patients can be improved. Therefore, it has been expected to
improve the success rate of treatment and improve the success rate of neuro-
logical patients.
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1. Introduction

Internet + intelligent first aid system is a new first aid system developed in re-
cent years. It has been widely used in medical institutions at all levels because of
its significant advantages compared with the traditional first aid system [1]. The
system is mainly composed of three parts: pre-hospital first aid platform, in-hospital
care platform and specialized center, which fully connect all aspects of first aid,
reasonably allocate medical resources, shorten the time cost of first aid and im-
prove the quality of first aid [2] [3] [4]. Neurocritical patients have complex and
changeable conditions and severe symptoms, early intervention can effectively
prevent complications and improve the prognosis of patients [5] [6] with severe
neurological conditions. In order to further explore and improve the practice
and first aid quality of Internet + intelligent first aid system, PDCA circulation

method is applied to improve it. The report results are as follows.

2. Materials and Methods
2.1. General Information

A total of 105 neurocritical patients admitted to our hospital from October 2020
to October 2021 were selected as research objects and randomly divided into a
study group (n = 52) and a control group (n = 53). There were 33 males and 19
females in the study group, aged from 34 to 72 years, with an average age of
(51.52 + 6.40) years. There were 35 males and 18 females in the control group,
aged from 35 to 71 years, with an average age of (52.00 + 6.34) years. Inclusive
criteria: 1) Preoperative Glasgow Coma Index (GCS) score < 8; 2) aged between
25 and 75 years old; 3) Family members were informed of the study and signed
the consent form. Exclusion criteria: 1) The patient has a history of severe car-
diovascular and cerebrovascular diseases; 2) Patients with multiple organ failure
and parenchymal organ disease; 3) Poor patient compliance. There was no sig-
nificant difference in baseline data (gender, age, etc.) between the two groups
(P > 0.05, Table 1), indicating comparability. The study was approved by the
hospital ethics committee. (Ethical batch No. Z]YY-LL-WT-2020382175)

2.2. Method

The control group received the Internet + intelligent first aid, and the whole
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Table 1. Comparison of preoperative basic information between study group and control group.

G Number

roup of cases
The study group 52
The control group 53

Statistical value

P value

120 Time from reception Preoperative
Man Age .
to emergency room (min) GCS score
33 (63.5%) 51.52 £ 6.40 31.10 £4.21 6.35+1.73
35 (66.0%) 52.00 £ 6.34 31.38 £3.85 6.13 £1.98
0.076 0.387 0.373 0.820
0.782 0.700 0.710 0.412

process of first aid was supervised and guided through the network platform. The
emergency vehicle is equipped with corresponding monitoring instruments. Af-
ter obtaining the patient’s condition information in the first time, it is transmit-
ted to the hospital emergency department of the hospital in real time through
the 4G/5G network system, and the situation in the emergency vehicle is broad-
cast live, and the rescues will be carried out jointly inside and outside the hospit-
al. After collecting patient information to the maximum extent, discussion and
analyzes of the patient’s condition were carried out in the hospital, correspond-
ing diagnosis and treatment plans were formulated to reduce the time between
each link of preoperative preparation for patients and ensure the continuity of
the first aid process.

In the study group, PDCA circulation management was performed on the ba-
sis of intelligent first aid in the control group, and the specific measures were as

follows.

2.2.1.Plan

Establish Management Team

First of all, set up the Internet + wisdom first aid quality management team.
The team members included: 1 head nurse of neurosurgery, 1 chief physician, 2
attending physicians of neurosurgery and emergency department, 2 neurosur-
gical nurses, and 2 nurses in the operating room, a total of 8 people. The chief
physician, as the team leader, is responsible for determining the specific opera-
tion process, evaluation standards, inspection system, etc. All team members
should point out and report the corresponding irregular operation in time, coo-
perate with each other and complete each part of the PDCA.

Problem Analysis

Through the analysis of the influencing factors that lead to the flow of patients
from entering the emergency vehicle to the completion of preoperative prepara-
tion, it is concluded that the adverse factors affecting the continuity of all links
of preoperative preparation mainly included the following five aspects: insuffi-
cient medical staff, insufficient hardware conditions, insufficient patients, insuf-
ficient procedures, and insufficient system, and the corresponding fishbone dia-
gram (Figure 1) was drawn to point out the specific causes of the adverse factors

in detail. Meanwhile, by analyzing the percentage of the corresponding specific
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causes in the whole PDCA, seven important reasons affecting the preoperative
preparation of patients were summarized, including medical staff were not fa-
miliar with intelligent first aid, patients’ lack of understanding of intelligent first
aid, samples are submitted for a long time, ambulance travel time is long, intel-
ligent first aid quality management is insufficient, in-hospital scheduling is not

timely, and first aid personnel training is not performed. (Figure 2)

samples are submitted
for long time

The inspection
time is too long

insufficient hardware conditions ‘ insufficient procedures

The condition feedback
is not timely
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hospital platform

The equipment in the
car is not repaired
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Figure 1. Fishbone diagram of adverse factors in first aid process.
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Figure 2. Frequency and proportion of adverse factors in emergency treatment process.
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Optimization strategy

The quality management team analyzed and summarized the prominent prob-
lems by consulting to literature, conducting group discussion brainstorming, and
formulated the corresponding optimization strategies: 1) Medical staff are not
familiar with smart first aid: Medical staff’s understanding of the new Internet +
smart first aid mode can be enhanced by holding in-hospital lectures, learning
exchange meetings, public account tweets, so as to encourage medical staff to
summarize problems encountered in practice and make continuous improve-
ment. 2) Patients have insufficient knowledge of intelligent first aid: Outside the
hospital through network publicity, radio publicity and other ways to increase
the public’s awareness of intelligent first aid; the hospital popularized the Inter-
net plus smart first aid model to patients through education, small cards and
other means. 3) Excessive sample submission time: Through the application of a
medical UAV system, the collected samples shall be sent to the hospital for ex-
amination in the first place. According to the condition of the patient arriving,
samples from emergency patients are tested first, thus reducing the waiting time
for test results. 4) Untimely dispatching in the hospital: A special first aid com-
mand team is established to collect first aid information, dispatch first aid per-
sonnel and dispatch emergency vehicles, and supervises the progress of each link
in real time to ensure the coherence of emergency activities. 5) Long travel time
of crash cart: avoid traffic congestion on road segments by applying new GPS
and intelligent transportation systems to reduce the travel time of ambulance. 6)
Insufficient quality management of intelligent first aid: Through the establish-
ment of a quality management team, the process of intelligent first aid each time
shall be recorded, analyzed and summarized, the existing problems in the
process of first aid shall be corrected, and high-quality first aid activities shall be
ensured. 7) Insufficient training of emergency personnel: Through regular
training of emergency medical staff, assessment after training, timely feedback
on the business ability of emergency personnel, enhance adaptability to Internet

+ intelligent first aid, and improve the quality of first aid.

2.2.2. Performed (Do)
The optimization measures implemented by the Internet + Intelligent First Aid
Quality Management Team specifically include the following points. The imple-
mentation time is 2 months after the status quo analysis, and circular improve-
ment is performed within the next 12 months.

Increasing the familiarity of medical staff with intelligent first aid

First of all, establish Internet + intelligent first aid expert group to regularly
preach and publicize the personnel of each department, and irregularly conduct
sampling inspection on each department to examine the understanding of intel-
ligent first aid by each medical staff. Use media software such as hospital public
account and microblog to write introductions about Internet + intelligent first
aid and popularize relevant knowledge. Departments closely related to first aid,

such as emergency department, specialty and anesthesiology department, will be
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listed as key departments to deepen and increase the depth and intensity of
propaganda, organize the personnel of key departments to conduct learning and
exchange meetings every week, to publish their deep understanding and learning
experience of Internet + wisdom first aid, and to share the problems encoun-
tered in the practice process and discuss them in a unified way. The members of
expert group shall record and summarize each exchange meeting and give guid-
ance. Every month, relevant lectures on Internet + intelligent first aid shall be
held throughout the hospital, relevant experts and professors shall be invited to
guide the work. The expert group of the hospital will conduct in-depth analysis
on the relevant issues on the practice of Internet + intelligent first aid in the hos-
pital, so as to further increase the cognition of medical staff on intelligent first
aid.

Increased patient awareness of intelligent first aid

Through popularization and publicity, improve people’s awareness of intelli-
gent first aid. Standard operation: When emergency personnel arrive at the scene
for first aid activities, they should standardize the first aid operation, explain the
necessary situations to the patients and their families, and give certain humanis-
tic care. Network publicity: Through the public number, microblog, hospital
publicity website, etc., write the relevant introduction to introduce the specific
process of intelligent first aid, the instruments and equipment involved and their
advantages compared with traditional first aid, and make animation short films
to help readers better understand. Radio publicity: Set up special lectures on in-
telligent first aid, further explain intelligent first aid, and interact with the listen-
ers, answer the questions concerned and worried by the masses, eliminate the
doubts and misunderstandings of the public. In-hospital education: Introduce
the relevant knowledge of intelligent first aid to inpatients, and post the flow
chart of intelligent first aid in ward, nurse station and other places. Through the
above ways to help the masses understand and understand the Internet + intelli-
gent first aid, so that they can better cooperate with the work of medical staff in
the process of first aid development.

Reduce sample submission time

Through cooperation with telecom, mobile and other companies, the medical
UAV system is introduced, which is connected with the hospital command plat-
form and simultaneously subject to the dispatching and supervision of the
emergency command team. The UAV system can automatically locate the loca-
tion where the first aid occurs and start at the same time as the crash cart after
receiving the first aid order. After the relevant first aid personnel take samples of
the patient, the samples can be sent to the hospital for inspection the first time,
so as to improve the efficiency of first aid. A special UAV team shall be estab-
lished under the first aid command team, which is mainly responsible for the
normal operation of UAV after the occurrence of first aid, sampling and inspec-
tion after delivery of samples, and the possible technical problems. Due to its

unique air transportation advantages, UAV can transport patient samples in a
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straight-line distance, obtain test results before the patient arrives at the hospital,
facilitate emergency personnel to make decisions and save the cost of emergency
time.

Expedite in-hospital scheduling

Through the establishment of emergency command team, coordinate and ar-
range various emergency activities. Upon receipt of the first aid information, the
command team should immediately respond, contact the relevant emergency
personnel through telephone, WeChat, nail group and other means, and notify
the corresponding departments to make preparations; synchronize the emer-
gency information to the crash cart and UAV system, dispatch the appropriate
vehicle type to the emergency scene and notify the UAV team to make prepara-
tions; contact the corresponding expert departments for remote consultation af-
ter receiving the basic information and disease evaluation of the patients; notify
the relevant personnel to take samples and contact the clinical laboratory and
the operating room to open the green channel for emergency preparation after
the samples arrive in the hospital with the UAV. Through the intervention and
supervision of each link of intelligent first aid, each step is connected smoothly
and the efficiency of the operation of the first aid process is improved.

Reducing Crash Cart Travel Time

By upgrading the in-vehicle GPS system and equipped with intelligent trans-
portation system, driving efficiency can be improved. After the emergency ve-
hicle receives the dispatch, the GPS system in the cart automatically locates, au-
tomatically calculates the shortest driving distance, and combines with the intel-
ligent traffic system to avoid the road congestion section and automatically plans
the driving route. The intelligent traffic systems can also carry out real-time
monitoring of road conditions along the road and reflect the road conditions in
the cab, helping emergency vehicles reach the emergency scene faster. At the
same time, the emergency command team should be on standby at any time and
be responsible for the technical support for the smooth itinerary of the crash cart
and the equipment failure in the cart.

Insufficient quality management of intelligent first aid

Through the establishment of Internet + intelligent emergency quality man-
agement team, record and supervise the process of each emergency activity, in-
cluding the supervision on the response and dispatching of emergency com-
mand team, the supervision on the travel planning of crash cart team, the super-
vision on the quality of emergency treatment on the spot of emergency team, the
supervision on the control of drone in UAV team, the analysis and supervision
on the guidance of emergency treatment process and the formulation of diagno-
sis and treatment plan by hospital emergency expert group, and the evaluation
on the preoperative preparation of patients before going to the hospital. After
summarizing and analyzing, the quality management report meeting of intelli-
gent first aid was held every week, and the problems and shortcomings occurred

in the process of first aid at present stage were pointed out and continuously
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improved.

Intensify the training of emergency personnel

By setting up the first aid system assessment criteria for medical staff, stan-
dardize the first aid operation of medical staff, and reflect the familiarity and
practice of each person with intelligent first aid operation and process. For those
who have insufficient mastery, they shall regularly participate in intelligent first
aid training and participate in quantitative assessment after training, and the

compliance can continue the first aid activities.

2.2.3. Check
The patient was transported to the hospital emergency room by 120 ambulances
and admitted to the emergency room (catheter).

Room time and patient satisfaction were evaluated as indicators. Statistical
analysis was performed for neurocritical patients from October 2020 to October
2021. After analysis, it was concluded that the time to transfer patients to the
hospital before and after PDCA circulation was 20.15 + 3.68 points in the con-
trol group and 19.60 + 3.47 points in the study group, and the difference was not
statistically significant, which may be related to more nearby medical care after
120 admission, relatively short transport distance, and small number of cases.
The time from emergency admission to admission to the operating room (ca-
theterization laboratory) was 24.83 * 5.34 points in the control group, 15.67 £
3.50 points in the study group after application, and 9.16 points in the study
group, and the difference was statistically significant (P < 0.01, Table 2). In ad-
dition, patient satisfaction increased from 87.75 + 4.56 to 94.60 + 4.65. The dif-
ference was statistically significant (P < 0.01, Table 2). On the basis of PDCA
cycle, we continue to analyze the possible influencing factors, such as low cohe-
rence in each link, there are still problems in communication between emergen-
cy personnel, and each intelligent device leads to delayed information transmis-
sion due to external factors such as the network, and further improves the PDCA

cycle.

2.2.4. Continuous Improvement (Action)
In view of the problems in the cycle process at the problems occurred in the cir-
culation process, the corresponding improvement plan is formulated: Regular

intelligent first aid simulation training, quantitative analysis of training results,

Table 2. Comparison of relevant conditions between the two groups after PDCA circulation.

Number Emergency room to Patient Total hospitalization
Group . . .. Length of stay GOS score . .
of cases  operating room time (min) satisfaction (%) expenses (Yuan)
The study group 52cases 29.10 +5.30 18.32 £3.99 3.12+0.76  94.60 + 4.65 6.06 +1.25
The control group 53cases 44.51 +10.50 19.56 £5.76  2.77+0.80  87.75+4.56 7.58 £1.33
Statistical value 9.525 0.750 2.248 7.615 6.050
P value <0.001 0.454 0.025 <0.001 <0.001
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constantly strengthen the coordination ability and response ability among de-
partments; upgrading the first aid communication environment, including emer-
gency personnel equipped with special communication equipment, crash cart
network environment upgrading, regular maintenance of first aid equipment
and so on. PDCA circulation was applied to optimize the management of the
improved process plan, and was extended to the pre-emergency management of

critical patients in other departments of the hospital after maturity.

3. Results

The results showed that after improving Internet + intelligent first aid by PDCA
circulation method, the study group took 24.83 + 5.34 points compared with the
control group: the time from emergency admission to admission to the operat-
ing room (catheterization laboratory).

After application, the study group took 15.67 + 3.50 points, shortened 9.16
points, and the emergency efficiency was significantly improved. The patient sa-
tisfaction increased from 87.75 + 4.56 to 94.60 + 4.65, and the emergency process

was significantly optimized.

4. Discussion

In recent years, with the development of high and new technologies such as the
Internet, the Internet of Things and artificial intelligence, the modern Internet
medical system is gradually integrated with traditional first aid, which has im-
proved the quality of first aid [7] [8] [9]. Patients with severe neurological con-
ditions are critical, rapidly changing, complex and diverse. Glasgow Outcome
Scale is often used to assess the patient’s condition before surgery, and the score
level is positively correlated with the severity of the disease [10]. For critically ill
patients, emergency measures should be taken immediately and preparation
time before rescue should be minimized [11] [12]. In the traditional first aid
mode, after dialing the first aid telephone number, the local hospital immediate-
ly dispatched the nearby ambulance to the scene for rescue, and evaluates the
patient’s condition. After the crash cart arrived at the hospital, the patient’s con-
dition will be assessed again, and sampling and submission, disease analysis, and
diagnosis and treatment plan discussion were started. After contacting relevant
personnel such as the operating room and anesthesiology department, a series of
preoperative preparation are completed before surgical treatment is performed
on the patient [13] [14]. For prehospital critically ill patients, rapid rescue and
timely surgical treatment are effective ways to prevent complications and im-
prove the prognosis of patients. The Internet plus + intelligent emergency sys-
tem can effectively solve the shortcomings of traditional first aid, crash cart rush
is timely, more objective for first-aid personnel to conduct on-site emergency
treatment, more smooth handover before the hospital and in the hospital, and
shorter rescue time.

With the wide application of Internet + intelligent first aid system in primary
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hospitals, compared with traditional first aid, the treatment cost increases mod-
erately, the consistency of emergency treatment process increases, and the qual-
ity and efficiency of emergency treatment improves [15]. After receiving the
emergency telephone number of the patient, the Internet + intelligent emergen-
cy system starts to dispatch the crash cart and notify the expert team to arrive at
the emergency command center for remote guidance through the camera con-
nected with the crash cart and screen shot [16]. The real-time synchronous traf-
fic information of the collision vehicle is used to optimize its driving route to
avoid the time cost caused by road problems. After the emergency vehicle arrives
at the scene, the patient’s condition information can be input, such as detecting
the patient’s heartbeat, blood oxygen, respiration and other indicators. The
emergency personnel can also fill in the electronic medical record in the crash
cart and make a preliminary diagnosis, which can be simultaneously uploaded to
the hospital platform for the expert group’s reference. The discussion and de-
velopment of the rescue plan can be completed during the operation of the
emergency vehicle [17] [18]. The ambulance is equipped with small operating
tables and corresponding emergency equipment in order to cope with emergen-
cies in critically ill patients’ status [19]. Through real-time information exchange,
before the patient arrives at the hospital, the relevant surgical preparation can be
completed, including surgical staff preparation, anesthesia staff preparation, CT
and other auxiliary examination. After the patient arrives at the hospital, the
green channel for rescue is opened, and the patient is given surgical treatment at
the first time, so that the connection between the hospital and the out-of-hospital
rescue is smooth. Through real-time information exchange, the in-hospital re-
sources can be reasonably allocated, the first aid time can be shortened, and the
first aid efficiency can be improved.

In the practice and application of the Internet + intelligent first aid system, its
own advantages have been proved and reflected, but its own problems also ap-
pear [20]. PDCA circulation method is a commonly used quality management
mode at present, which mainly includes four parts: plan, execution, check and
continuous improvement [21]. It also keeps circulating to continuously improve
the quality and achieve the expected goals. The results showed that after the ap-
plication of PD CA cycle method to improve Internet + intelligent first aid,
compared with the control group, the study group spent 44.51 + 10.50 minutes
in the first aid process, while the study group spent 29.10 + 5.30 minutes after
the application, which was shortened by 15.41, and the first aid cost was signifi-
cantly reduced. The GOS score of the control group was 2.77 + 0.80 and that of
the study group was 3.12 £ 0.76. The prognosis of the patients was significantly
improved. Patient satisfaction increased from 87.75 * 4.56 to 94.60 + 4.65. In
conclusion, the application of PDCA circulation method in the quality manage-
ment of Internet + intelligent first aid for the treatment of critically ill neurolog-
ical patients can constantly improve the Internet + intelligent first aid model,

optimize the treatment process, shorten the preparation time, effectively im-
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prove the treatment efficiency of patients and improve patient satisfaction. In the

practice and application of Internet + intelligent emergency system, its own ad-

vantages have been continuously confirmed and reflected.
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