
fcvm-09-840715 April 20, 2022 Time: 14:30 # 1

ORIGINAL RESEARCH
published: 27 April 2022

doi: 10.3389/fcvm.2022.840715

Edited by:
Xiaofeng Yang,

Temple University, United States

Reviewed by:
Rongxue Wu,

University of Chicago, United States
Refai Showkathali,

The Essex Cardiothoracic Centre,
United Kingdom

*Correspondence:
Zhijie Xia

janexia@fudan.edu.cn

Specialty section:
This article was submitted to
Cardiovascular Therapeutics,

a section of the journal
Frontiers in Cardiovascular Medicine

Received: 21 December 2021
Accepted: 03 March 2022

Published: 27 April 2022

Citation:
Cao J, Ge Z, Zhao H, Ma K and

Xia Z (2022) Practice and Evaluation
of a Protocol for Collating Information

Related to the Emergency Clinical
Pathway for Patients With Acute

ST-Segment Elevation Myocardial
Infarction.

Front. Cardiovasc. Med. 9:840715.
doi: 10.3389/fcvm.2022.840715

Practice and Evaluation of a Protocol
for Collating Information Related to
the Emergency Clinical Pathway for
Patients With Acute ST-Segment
Elevation Myocardial Infarction
Jun Cao, Zi Ge, Hui Zhao, Ke Ma and Zhijie Xia*

Department of Emergency and Critical Care Medicine, Huashan Hospital North, Fudan University, Shanghai, China

Acute ST elevation myocardial infarction (STEMI) is a common acute and critical disease
that requires rapid treatment within a limited window of time. In this study, we attempt to
introduce a clinical pathway for the whole-process management of emergency STEMI
based on the creation of a specific information system that matches the characteristics
of emergency clinical work and evaluates their clinical value by quality control analysis.
We deployed this system for 3 years and found that complications, heart failure, and
medical costs during hospitalization were significantly reduced (p = 0.019) in patients
with STEMI. By analyzing each link in the clinical pathway, our research indicates the
clear clinical importance of developing methods to continuously improve data quality.
Collectively, out research led to the optimization of an information system that will
facilitate the clinical management of patients with STEMI.

Keywords: ST elevation myocardial infarction, clinical pathway, quality control, time to treatment, information
system

INTRODUCTION

Acute ST-segment elevation myocardial infarction (STEMI) is one of the most critical diseases that
requires emergency quality control. The area affected by myocardial necrosis is known to be linearly
correlated with the duration of time elapsed during myocardial infarction (1). Delaying reperfusion
of the coronary artery is known to increase the incidence of heart failure and death (2, 3). Mortality
of STMEI is 4–5% (4). Therefore, it is critical that we diagnose STEMI as early as possible as there is
a very high requirement for timely therapeutic intervention. In China, we have some standards
to evaluate the effectiveness of treatment and management. Some diseases such as STEMI and
stroke are under control. We send these data each year to health superior. In order to improve
the efficiency of emergency management, reduce clinical errors, standardize clinical management
strategies, and ensure the safety of patients, we investigated the “single disease management” of
hospitalized patients and proposed the concept of a “Clinical Pathway for STEMI in the Emergency
Department” based on the clinical characteristics of patients in the emergency room. In January
2018, we constructed an emergency clinical pathway information system to promote the continuous
improvement of diagnosis and therapy. In the present study, we evaluated the implementation
of our emergency clinical pathway and the practical a value of the system by following-up and
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analyzing the clinical data from a cohort of emergency STEMI
patients between January 2015 and December 2020.

MATERIALS AND METHODS

Study Design
This was a retrospective cohort study. The diagnostic criteria
used for STEMI was in accordance with the global definition of
myocardial infarction (4–7). We screened all emergency patients
who had been diagnosed with STEMI between January 2015
and December 2020. The diagnostic criteria of STEMI is severe
squeezing pain in the retrosternal or precordial area (usually
more than 10–20 min), which can radiate to the left upper
arm, mandible, neck, back, or shoulder; often accompanied by
nausea, vomiting, sweating and dyspnea. Some patients may
have syncope, and nitroglycerin cannot completely relieve the
symptom. Electrocardiography (ECG) will show ST-segment arch
elevation (monophasic curve) with or without pathological Q
wave and depressed R wave, often accompanied by mirror ST
segment depression in corresponding leads. If the first ECG could
not help diagnosis, it should be reexamined in 15–30 min. The
follow-up time nodes were calculated based on the confirmed
ECG. Patients with thoracic pain caused by non-coronary
artery disease (CAD) and non-ST-segment elevation myocardial
infarction (NSTEMI) were excluded. The primary endpoint of
our evaluation was death, the discontinuation of treatment, or
the reperfusion of vessel, including thrombolysis and direct
percutaneous coronary intervention (PCI). All enrolled patients
were divided into Group 1 (prior to the implementation of the
emergency clinical pathway; 2015–2017) and Group 2 (after the
implementation of the emergency clinical pathway; 2018–2020).

Construction of an Emergency Clinical
Pathway Information System
We developed an information system for the STEMI clinical
pathway so that we could grade the management of emergency
patients, improve disease assessments, and guide clinical
physicians to standardize therapy. First, we separated the
entire clinical sequence into several different components and
generated a flowchart (Figure 1). Then, we focused on three
key components within the system to become the focal area
for quality control (Figure 2), including the time of first
grading, electrocardiogram (ECG) completion, and door-to-
balloon (DTB). The function of this information system was to
facilitate the collection of first-hand clinical data and analysis
during the course of management. This system was designed
in a specific format and linked to a standard database which
provided up-to-date clinical guidelines for the treatment and
management of STEMI.

Data and Analysis
To demonstrate the continuity of quality control, we collected
a range of emergency data over a 6 year period, baseline
demographics (gender, age, previous medical history), the time
of symptom onset, the time to arrive at the emergency room,

the time of the first ECG and PCI, the length of stay in the
hospital, cost, and the incidence of complications or mortality.
The complications are pathologic processes that affect patients
after STEMI and require medical interventions. They may be
related to the disease or the treatment. Complications included
heart failure, arrhythmia, dysfunction in other organs (infection
of the respiratory system, gastrointestinal bleeding, renal failure,
and cerebral hemorrhage) and adverse drug reactions during
STEMI treatment. Heart failure could be recognized by the
clinical symptoms and signs such as shock, shortness of breath,
rales in ausculation after STEMI. All these were related to pump
failure and acute cardiogenic pulmonary edema. In statistics,
continuous variables are expressed as mean with standard
deviation (SD) and categorical data are expressed as percentages.
The independent Student’s t-test or Mann-Whitney U-test was
used to compare continuous variables when appropriate, and
the Chi-squared test or Fisher’s exact test was used to compare
categorical variables between two groups. Statistical tests were
two-sided and p < 0.05 was considered statistically significant.
All statistical analysis was conducted using SPSS 24.0 (IBM SPSS
statistics, United States).

RESULTS

Table 1 shows the total number of emergency visits, STEMI
patients, and patients who received PCI between 2015 and 2020.
A total of 243 patients were included in this study. Table 2 shows
a comparison of the demographic characteristics between the two
groups. There were no significant differences between the two
groups in terms of age, gender, and basic diseases, except for the
history of CAD (1.6% vs. 8.5%, p < 0.05). However, time to visit
emergency was different significantly between two groups while
the time in group 2 was shorter obviously (p = 0.024). There was
no significant difference between the two groups in terms of ECG
completion time. The mean DTB times for group 1 and group 2
were 152.3 ± 106.1 min and 111.1 ± 56.1 min, respectively; these
were significantly different (p < 0.05) (Table 3). The incidence
of complications and heart failure events were significantly
reduced in the STEMI patients in group 2, although there
was no significant difference between the two groups in terms
of mortality and length during hospitalization (Table 4). We
also found that delayed DBT time was positively correlated
with medical costs during hospitalization (Figures 3, 4). Next,
we analyzed the reasons for a delay in door-to-balloon time
and identified three main factors: (1) patients were hesitant
with regards to receiving PCI treatment (22.7%), (2) critical
illness with complications requiring initial cardiopulmonary
resuscitation (63.6%), and (3) occupation of the PCI room and
the availability of the PCI team (13.6%).

DISCUSSION

Our analysis showed that the morbidity of patients with STEMI
remained stable over 6 years, although the total number of
visits to the emergency room in 2020 was lower than that in
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FIGURE 1 | Flowchart depicting the management of STEMI patients in the emergency clinical pathway. (DSA-Digital Subtraction Angiography;
ECG-Electrocardiogram).

FIGURE 2 | Developmental plan for the information system for patients with STEMI. (FMC-first medical contact; ER-emergency room).

previous years, presumably due to the COVID-19 pandemic. The
proportion of cases involving PCI increased year by year. Two of
the most important time points in the pathway, ECG and DTB,
showed improvement after our emergency information system
was deployed. Although, there was no significant difference
with regards to ECG time, this change achieved our goal for
quality control. Because the total number of deaths remained

low in both groups, we compared survival data to identify
potential advantages of this information system with regards to
complications, hospital admission duration, and medical costs.
The new information system also helped to reduce the incidence
of complication and events associated with heart failure by
achieving better temporal control. Furthermore, the new system
also helped us to control hospitalization expenses.
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TABLE 1 | Total number of emergency visits and STEMI patients in 2016–2020.

Year 2015 2016 2017 2018 2019 2020

Emergency visits 107,234 126,024 126,070 124,969 131,429 110,501

STEMI patients 34 47 44 44 29 45

STEMIh 0.32 0.37 0.35 0.35 0.22 0.41

Direct PCI 19 43 38 43 29 45

PCI% 55.9 91.5 86.4 97.7 100 100

TABLE 2 | Comparison of age, gender and history between two groups.

Group 1 2 p

Age (year) 62.93 ± 12.782 63.30 ± 11.302 0.817

Time to visit (h) 12.802 ± 21.166 7.381 ± 12.364 0.024

Gender Male 102 (81.6%) 101 (85.6%) 0.404

Female 23 (18.4%) 17 (14.4%)

History Hypertension 56 (44.8%) 66 (55.9%) 0.083

Diabetes type 2 24 (19.2%) 25 (21.2%) 0.700

CAD 2 (1.6%) 10 (8.5%) 0.013

Cerebral infarction 9 (7.2%) 8 (6.8%) 0.898

Hyperlipemia 2 (1.6%) 3 (2.5%) 0.605

Tumor 3 (2.4%) 5 (4.2%) 0.422

TABLE 3 | Comparison of two time points between two groups.

Group 1 2 t p

Time point
(min)

ECG completion (min) 12.6 ± 16.0 8.2 ± 7.1 1.679 0.100

Door-to-balloon time (min) 152.3 ± 106.1 111.1 ± 56.1 3.475 0.001

TABLE 4 | Comparison of outcome between two groups.

Group 1 2 p

Mortality 4 (3.2%) 7 (5.9%) 0.306

Survivor Complication 38 (31.4%) 20 (18.0%) 0.019

Heart failure 20 (16.5%) 6 (5.4%) 0.007

Length in hospital (d) 11.0 ± 5.9 10.1 ± 5.8 0.283

Cost (U) 55802.9 ± 25206.6 46018.9 ± 20862.8 0.002

The diagnosis and treatment of STEMI patients is subject
to specific published guidelines (4–7). The core guidelines for
STEMI therapy are relatively fixed, although the implementation
of any diagnosis and treatment is not a simple medical decision,
especially for emergency clinicians in a complex and changing
environment. In addition to the objective state of illness, medical
decision making also involves the cognitive ability, economic
endurance, emergency response, professional judgment, and
the ability of coordinated departments to respond rapidly,
including the triage system, medical laboratory, imaging facility,
and cardiovascular specialty; this pathway also involves non-
medical personnel who facilitate the transfer of information).
The behavior of patients from different sources (urban and
rural locations) and different disease histories will also affect
the follow-up treatment (8). Medical staff from different
backgrounds may also make different decisions when dealing
with the same patient. Medical behavior affects prognosis, and
errors in medical behavior can be an important factor that leads

FIGURE 3 | A comparison of time points between the groups. (The vertical
axis is in minutes).

FIGURE 4 | A comparison of cost between the groups. (The vertical axis is in
RMB ¥).

to death. Previous researchers have made several attempts to
reduce clinical errors and optimize the management of STEMI
patients (9–18). These efforts have included value judgment from
a single indicator such as troponin (19), the improvement of a
single factor (such as deciding who initiates the PCI response)
(20), simulation of the treatment process for a single case (21),
evaluation of a chest pain center (22), and improvements in the
health system (23). In order to change the prognosis of patients
and promote human health, it is not only necessary to find new
techniques and new ideas in clinic, it is also vital that we carry out
reasonable actions at the appropriate times (24).
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The introduction of a clinical pathway would reduce the
subjective influence of medical personnel, avoid errors, improve
the efficiency of diagnosis and treatment, and reduce the cost
of operation (25). In 2009, the Ministry of Health in China
promoted the management of “Single disease species” with each
disease being associated with a matching clinical path. However,
researchers have yet to consider the management of time-
effective requirements for inpatients with STEMI. Therefore,
in this study, we created an emergency clinical pathway to
improve the management of patients with STEMI. In order to
promote the use of this emergency clinical pathway, improve the
enthusiasm of medical staff, and reduce workload, we constructed
an information system that could be operated at the bedside.
The format and logic of our emergency clinical pathway were
specifically designed to improve the efficiency and accuracy of
information flow.

The emergency clinical pathway for STEMI emphasizes the
control of time nodes (26) and highlights the requirements for
specific quality control points, including the time of completion
for the first ECG, the time of anti-thrombotic treatment, the
time of consultation, and the door-to-balloon time. Particular
emphasis was placed on the timing of ECG and DTB for
PCI treatment. Data showed that our information system
reduced these critical times and reduced the incidence of
complications and the costs involved. Repetition of the diagnostic
and treatment process will lead to more standardized care and
help to educate patients, so that decisions can be made rapidly
and effectively.

The value of a clinical pathway is not only to ensure that
we can meet the “90 min of DTB time” goal (4), but also to
analyze the factors that might influence each link, particularly
in cases where the goal is not achieved, thus ensuring the
continuous promotion of quality control. Clinical pathway
research aims to provide a comprehensive analysis of various
behaviors involved in diagnosis and treatment (27). The results
of this study showed that emergency activities, such as ECG
and antithrombotic treatment, can be completed within the
required time frame, and that the main factors responsible for
a delay in the door-to-balloon time were patient hesitancy, a
lack of knowledge with regards to the severity of the disease,
fear of surgery, or limited economic conditions. It is important
that we highlight that our hospital is located in the suburbs.
With the promotion of municipal reconstruction projects, a
large proportion of the population are introduced to our district
every year, including those from urban populations and other
provinces. There are highly significant differences between these
populations in terms of culture, this may affect the time required
for pre-operative conversation. In view of this, our hospital
has undertaken various forms of health publicity activities,
emphasizing the urgency for critical cardiovascular disease in
the emergency department and the need to shorten the time
before surgery as much as possible. In this study, we found
that the interval from symptom onset to the ER had been
reduced and also that the proportion of PCI procedures had
increased significantly. This reflects the increased understanding
and vigilance of STEMI patients in our region. This improvement

of great significance to treatment efficacy and the reduction
of complications.

In order to ensure that PCI is performed in good time, our
clinical pathway information system showed that ECG time
and DTB time both need to be improved. Via continuous
data analysis and consideration of the actual situation in our
hospital, the entire process of diagnosis and treatment was
improved in a three-dimensional manner by five mechanisms.
First, the 120 warning: the initial diagnosis and ECG carried
out in the ambulance created first-hand data. The 120 warning
was sent to the emergency triage system directly by telephone
and started the green channel immediately. Second, the
combination of the emergency clinical pathway, the emergency
diagnosis system, and the green channel system, ensures
that patients with STEMI do not have to wait. Third, ECG
examinations were carried out sooner; patients with chest pain
were guided by a nurse to complete ECG examinations as
soon as possible so as to avoid a delay in treatment and
promote the rapid progression of follow-up diagnosis and
treatment. Fourth, the use of point of care testing (POCT)
such as rapid TnI represents a valuable step. Finally, antiplatelet
drugs are provided in one box so that they can be located
quickly. The emergency clinical pathway includes different
aspects of clinical and nursing work. Medical staff actively
participate in the continuous quality improvement of the STEMI
management process and jointly promote the realization of
treatment objectives; this system is highly advantageous for the
patients involved.

It is relatively common for patients with STEMI to experience
serious complications. Some patients suffer from malignant
arrhythmia and cardiogenic shock when they first arrive at the
emergency room. Due to their critical condition, emergency
physicians should commence the rescue process according to
the emergency information system. The emergency physician
should establish a vein pathway and protect the airway and
circulation. PCI is now performed for vascular reperfusion
by cardiologists under monitoring. The rapid availability of
emergency physicians provides a guarantee for follow-up
treatment. Efficient cooperation between departments is vital if
we are to ensure the safety of patients.

Another factor that affects the goal time is the initiation
of PCI. This requires that equipment and professionals can
become available rapidly. The hospital manager should ensure
that the arrangement of the PCI room is appropriate and
that there is a specific emergency plan in place; this will
allow the PCI team to respond rapidly. The hospital should
formulate a series of management systems and provide training
for relevant departments, especially with regards to professional
skills in the emergency department. The hospital should also
organize emergency drills on a regular basis. The realization of
this part requires decision-making and persistent promotion at
senior levels within the hospital. Information system records
can provide effective data feedback to evaluate the efficacy of
the improvement measures. The vitality of a clinical pathway
is reflected in the continuous self-evaluation and renewal of
clinical practice. The proportion of patients who were transferred
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to another hospital during the initial phases was high but
improved over time.

There are some limitations to our information system that
need to be considered. For example, the software is operated
independently by emergency physicians independently; however,
the clinical pathway for STEMI begins with getting the patients
to hospital. An ideal information system should begin with
pre-inspection, timing at every point, and information should
be transferred by the unit at the next level. Each member of
personnel completed the work within the period required by
quality control requirements and submitted the reasons for any
deviations from the clinical pathway. The final receiver was
able to review all details of the process to formulate more
individualized treatment plans for patients. This type of system
will integrate all participants in diagnosis and treatment into
one system to improve handover efficiency and reduce the
errors caused by link changes, thus leading to a safer and more
effective protocol.

CONCLUSION

This study applied a new emergency clinical pathway to STEMI
patients over a specific period of time and generated an
information system for emergency situations according to a
specific clinical pathway. The efficacy of the clinical pathway in
flow management was evaluated over 6 years of data. The system
is highly advantageous in that it considers each link in the clinical
process for STEMI and continuously improves data quality.
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