Liu et al. Mil Med Res 2024
http://mmrjournal.biomedcentral.com

MMNR MILITARY MEDICAL RESEARCH

RESEARCH Open Access

Effectiveness of chest pain center accreditation on the
hospital outcome of acute aortic dissection: a nationwide

study in China

Li-Wei Liu"***, Yi-Kai Cui"***, Lin Zhang®", Dai-Le Jia"***", Jing Wang®, Jia-Wei Gu’, Jin-Yan Zhang'***,

Zhen Dong'***, Xue-Juan Jin'?, Xiao-Yi Zou®, Guo-Li Sun®, Yu-Xiang Dai'"***, Ai-Jun Sun'*** and Jun-Bo Ge'***

Abstract

Background: The National Chest Pain Center Program (NCPCP) is a nationwide, quality enhancement program aimed
at raising the standard of care for patients experiencing acute chest pain in China. The benefits of chest pain center
(CPC) accreditation on acute coronary syndrome have been demonstrated. However, there is no evidence to indicate
whether CPC accreditation improves outcomes for patients with acute aortic dissection (AAD).

Methods: We conducted a retrospective observational study of patients with AAD from 1671 hospitals in China, using
data from the NCPCP spanning the period from January 1, 2016 to December 31, 2022. The patients were divided
into 2 groups: pre-accreditation and post-accreditation admissions. The outcomes examined included in-hospital
mortality, misdiagnosis, and Stanford type A AAD surgery. Multivariate logistic regression was employed to explore
the relationship between CPC accreditation and in-hospital outcomes. Furthermore, we stratified the hospitals based
on their geographical location (Eastern/Central/Western regions) or administrative status (provincial/non-provincial
capital areas) to assess the impact of CPC accreditation on AAD patients across various regions.

Results: The analysis encompassed a total of 40,848 patients diagnosed with AAD. The post-accreditation group
exhibited significantly lower rates of in-hospital mortality and misdiagnosis (12.1% vs. 16.3%, P<0.001 and 2.9% vs.
5.4%, P<0.001, respectively) as well as a notably higher rate of Stanford type A AAD surgery (61.1% vs. 42.1%, P<0.001)
compared with the pre-accreditation group. After adjusting for potential covariates, CPC accreditation was associated
with substantially reduced risks of in-hospital mortality (adjusted OR=0.644, 95% CI 0.599-0.693) and misdiagnosis
(adjusted OR=0.554, 95% CI 0.493-0.624), along with an increase in the proportion of patients undergoing Stanford
type A AAD surgery (adjusted OR=1.973, 95% CI 1.797-2.165). Following CPC accreditation, there were significant
reductions in in-hospital mortality across various regions, particularly in Western regions (from 21.5% to 14.1%).
Moreover, CPC accreditation demonstrated a more pronounced impact on in-hospital mortality in non-provincial
cities compared to provincial cities (adjusted OR: 0.607 vs. 0.713).

Conclusion: CPC accreditation is correlated with improved management and in-hospital outcomes for patients with
AAD.

Key words Acute aortic dissection (AAD), Chest pain center (CPC), Accreditation, In-hospital outcomes

Background

Acute aortic dissection (AAD) represents a critical
cardiovascular emergency with high mortality rates[1-4]
attributed to its rapid progression and potential for
severe complications such as aortic rupture and cardiac
tamponade[S-7]. Without prompt surgical intervention, acute
Stanford type A AAD often leads to fatal outcomes[7,8].
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Therefore, accurate diagnosis and effective management of
patients with AAD are essential for improving their in-hospital
outcomes[9].

The National Chest Pain Center Program (NCPCP) is a
pioneering, nationwide, hospital-based program designed to
comprehensively and continuously enhance the quality of
care for patients with acute chest pain in China. AAD presents
primarily as chest pain and often requires differentiation
from acute coronary syndrome (ACS) and acute pulmonary
embolism (APE)[10,11]. Despite AAD having a lower
incidence than ACS, its in-hospital mortality rate of AAD is
significantly higher[12-14]. Non-standardized procedures
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or misdiagnosis may result in catastrophic hemorrhage or
exacerbation of AAD, particularly when thrombolytic drugs are
used inappropriately[15,16]. Therefore, some countries have
implemented accreditation programs for chest pain centers
(CPCs) to improve the quality of medical care for patients
with chest pain. Previous studies conducted in both developed
and developing countries have shown that CPC accreditation
has effectively improved outcomes for ACS[17-20]. Although
CPC accreditation imposes more stringent diagnostic and
treatment processes for AAD[21], there is currently no
evidence demonstrating its impact on patient management and
in-hospital outcomes.

To the best of our knowledge, this study represents the
initial exploration into whether CPC accreditation can improve
in-hospital outcomes for AAD patients. Additionally, it
illustrates the influence of CPC accreditation on the in-hospital
outcomes of AAD patients across different geographical
regions. Given the high in-hospital mortality rates associated
with current treatment strategies for AAD, this study implies
that CPC accreditation could offer a promising management

strategy to improve outcomes for AAD patients.

Methods

Study design

In this retrospective observational study, a longitudinal self-
contrast comparison design was employed to assess the impact
of CPC accreditation on AAD patients based on the NCPCP.
The NCPCP, also referred to as the CPC Accreditation
Program, stands as an extensive nationwide initiative based
in hospitals aimed at continuous enhancement of quality
care provision. Its primary objective is establishing a regional
emergency care network dedicated to managing patients
with acute chest pain (including ACS, AAD, and APE)[22].
Participating hospitals were required to improve the quality
of acute chest pain care while submitting relevant data. Upon
completion of a minimum of 6-month data submission
period, each hospital will undergo thorough online and on-
site evaluations conducted by 3 experts from the NCPCP
headquarters. The assessment covers various performance
indicators, encompassing S accreditation standards.
Hospitals meeting these criteria will be granted formal CPC
accreditation. Those falling short are encouraged to refine their
practices before reapplying for assessment. The accreditation
criteria for NCPCP serve as a mechanism to enhance quality
delineated across S dimensions. (1) Facility conditions,
including the organization of CPCs and professional personnel.
(2) Diagnosis and treatment process, including early and

rapid screening of patients with acute chest pain and diagnosis
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and treatment of acute aortic dissection. (3) Integration of
pre-hospital and hospital care. CPCs should establish a close
cooperation mechanism with the pre-hospital emergency
system. (4) Training and education, including training within
the hospital and for other hospitals as well as community
healthcare institutions in the region. (5) Capacity for continuous
quality improvement. Hospitals should formulate plans and
measures to promote process and quality improvement. The
NCPCP headquarters provides training to assist in identifying
and resolving any existing issues or obstacles.

The accreditation criteria for NCPCP for the diagnosis and
management of AAD are as follows. (1) For patients with a
high clinical suspicion of aortic dissection, an “enhanced CT
scan” should be performed within 30 min from notification
to the start of scanning. (2) In cases of suspected type A
dissection, cardiac ultrasound examination should commence
within 30 min. (3) An early emergency treatment plan
for aortic dissection must be developed. Upon confirmed
diagnosis and in the absence of contraindications, a treatment
plan focusing on (3-blockers and intravenous medications for
blood pressure reduction and pain relief should be promptly
implemented to mitigate the risk of aortic dissection rupture
and expedite subsequent treatment. (4) A diagnostic and
treatment flowchart for different types of aortic dissection
needs to be established. If the hospital is equipped for
surgical treatment of AAD, it is imperative to establish a
multidisciplinary cooperation mechanism to ensure that
patients receive appropriate treatment within the specified
time frame outlined by professional guidelines. If the hospital
lacks capacity for surgical treatment of AAD, it should establish
referral relationships with hospitals possessing such capabilities
to facilitate prompt transferal of unstable patients to facilities
capable of providing optimal care. (S) Emergency physicians
need to possess comprehensive knowledge regarding the
clinical manifestations, diagnostic methods, and available
treatments for AAD.

Ethics approvals for this study were obtained from
the Institutional Review Boards of the Peking University
Committee (2020-242). Informed consent was obtained from
registered hospitals to collect data for research purposes.
Study population
From January 1, 2016 to December 31, 2022 (with data
updated as of September 30, 2023), a total of 43,845 patients
with a confirmed diagnosis of AAD were included for
analysis from the CPC database. Exclusions comprised 2131
patients admitted to hospitals without accreditation and 866
patients with incomplete in-hospital outcome data. Finally,

the dataset comprised 40,848 patients from 1671 accredited
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hospitals (Fig. 1; Additional file 1: Table S1). Consistent
with prior research[23], patients admitted to hospitals before
the corresponding accreditation date were categorized into
the pre-accreditation group, while those admitted after the
corresponding accreditation date were classified into the post-
accreditation group.

To further examine the impact of the accreditation process
status, the pre-accreditation group can be divided into two
sub-groups: before accreditation and ongoing accreditation.
Patients admitted to hospitals 6 months or more before the
accreditation date are classified as ‘before accreditation, while
patients admitted within 6 months before the accreditation

date are classified as ‘ongoing accreditation) and those admitted

after the accreditation date are classified as ‘post-accreditation’
The association between surgery and in-hospital mortality
is statistically significant among patients diagnosed with
Stanford type A AAD. To validate the findings, all Stanford
type A AAD patients were categorized into surgical and non-
surgical groups, which were subsequently subdivided into
pre- and post-accreditation groups. Regional disparities have a
notable impact on hospital outcomes for AAD. By categorizing
hospitals according to their locations within Eastern, Central,
and Western regions or based on their provincial capital/
non-provincial capital status as per geographical location and
previous research[24], we conducted further analysis to assess

the influence of CPC accreditation across diverse regions.

Patients with confirmed diagnosis of AAD
from CPC database between January 1, 2016
and December 31, 2022 (n=43,845)

—>| accreditation (n=2131)
Patients with imcomplete in-hospital
outcomes data (n=866)

Y

Excluded:
Patients admitted to hospitals without

Final population with complete data (n=40,848)

Y

Patients admitted in hospitals
before the accreditation
(pre-accreditation group) (n=8620)

Fig. 1 Flow diagram of selection of the study population.
AAD. Acute aortic dissection; CPC. Chest pain center

Y

Patients admitted in hospitals
after the accreditation
(post-accreditation group) (n=32,228)

Data collection

The data for this study were obtained from the Chinese
Cardiovascular Association Database-CPC. Participating
hospitals, such as Zhongshan Hospital, and Fudan University,
submitted data on patients with AAD through a centralized
web-based registry system. AAD patients were identified
using discharge diagnosis codes based on the 10th revision
of the International Statistical Classification of Diseases
ICD-10).

Outcome indicators

The primary outcome was in-hospital mortality. The secondary
outcome included misdiagnosis and Stanford type A AAD
surgery. In-hospital mortality was defined as death occurring
during hospitalization. Misdiagnosis was characterized by a
disparity between the initial diagnosis upon admission and the

confirmed diagnosis. Stanford type A AAD surgery refers to

surgical procedures performed on patients with Stanford type A
AAD during hospitalization.

Covariates

Patient demographic variables, onset symptoms, co-morbidities,
Stanford type A AAD, hospital location, and admission time
(year) were recorded in the database. Patient demographic
data encompassed age, sex (male or female), heart rate, and
systolic blood pressure. Onset symptoms comprised dyspnea,
sympathetic symptoms, abdominal pain, pain in the back or
shoulders, toothache, and persistent chest pain.

Statistical analysis

According to the Kolmogorov-Smirnov test, none of the
continuous variables conform to a normal distribution.
Therefore, the continuous variables were presented as median
(Q,, Q,), while categorical variables were presented as n(%).

Wilcoxon test was used for those exhibiting non-normal
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distribution. Chi-squared tests were utilized to compare
categorical variables.

We adopted a self-contrasted design between the pre-
accreditation and post-accreditation groups to evaluate the
management and in-hospital clinical outcomes in these
hospitals before and after CPC accreditation. Mixed-effect
models, including logistic regression models for in-hospital
mortality, misdiagnosis, and Stanford type A AAD surgery,
were applied. In the case of in-hospital mortality, adjustments
were made for sex, age, heart rate, blood pressure, co-
morbidities (malignant arrhythmia, heart failure, syncope),
type of aortic dissection, hospital location, and admission time
(or not). For misdiagnosis, adjustments included sex, age,
heart rate, blood pressure, symptoms (dyspnea, sympathetic
symptoms, abdominal pain, shoulder and back pain,
toothache, persistent chest pain), co-morbidities (malignant
arrhythmia, heart failure, syncope), hospital location, and
admission time (or not). For Stanford type A AAD surgery,
adjustments involved sex, age, heart rate, blood pressure, co-
morbidities (malignant arrhythmia, heart failure, syncope),
hospital location, and admission time (or not). Multivariate
logistic regression models were employed to explore the
impact of CPC in the surgical or non-surgical groups among

patients with Stanford type A AAD. Sensitivity analysis was

performed by grouping patients based on age (265 years),
gender, and hospital type. A two-tailed P<0.0S was considered
statistically significant in all analyses. All statistical analyses

were performed using SPSS software (version 27).

Results

Characteristics of patients in pre-accreditation group and
post-accreditation group

In this study, a total of 40,848 patients were enrolled from
1671 hospitals. The cohort included 8620 patients in the
pre-accreditation group and 32,228 patients in the post-
accreditation group (Fig. 1). Baseline characteristics are
presented in Table 1. Compared with the pre-accreditation
group, the post-accreditation group exhibited younger ages
(57 vs. 59, P<0.001), a higher proportion of males (77.2% vs.
75.0%, P<0.001), and a higher incidence of Stanford type A
AAD (38.4% vs. 32.5%, P<0.001). Patients in the post-
accreditation group more frequently presented with syncope as
a concurrent complication (1.1% vs. 0.7%, P=0.002), whereas
occurrences of heart failure were less common (0.2% vs. 0.4%,
P<0.001).

CPC accreditation improves the hospital outcomes and
management of patients with AAD

The in-hospital mortality rate was significantly lower in post-

Table 1 Baseline characteristics and in-hospital outcomes of patients in pre-accreditation group and post-accreditation group

Characteristics Pre-accreditation (n=8620) Post-accreditation (n=32,228) P-value
Age [year, median (Q,, Q)] 59(49, 70) 57(48, 67) <0.001
Sex [n(%)]
Male 6463(75.0) 24,883(77.2) <0.001
Female 2157(25.0) 7345(22.8) <0.001
Admission time [year, n(%)] <0.001
2016 592(6.9) 719(2.2)
2017 1398(16.2) 1576(4.9)
2018 2027(23.5) 2823(8.8)
2019 2089(24.2) 4299(13.3)
2020 1545(17.9) 6373(19.8)
2021 748(8.7) 7620(23.6)
2022 221(2.6) 8818(27.4)
Heart rate [beat/min, median (Q,, Q)] 77(66, 88) 77(67, 88) 0.383
SBP [mmHg, median (Qy, Q;)] 152(128, 179) 150(128, 175) 0.001
Symptom [n(%)]
Dyspnea 301(3.5) 1230(3.8) 0.159
Sympathetic symptoms 369(4.3) 2400(7.5) <0.001
Abdominal pain 1011(11.7) 3215(10.0) <0.001
Pain in the back or shoulders 509(5.9) 4544(14.1) <0.001
Toothache 68(0.8) 419(1.3) <0.001
Persistent chest pain 5644(65.5) 19,859(61.6) <0.001
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(Continued)

Characteristics Pre-accreditation (n=8620) Post-accreditation (n=32,228) P-value
Complication [n(%)]

Malignant arrhythmia 12(0.1) 28(0.1) 0.168

Heart failure 34(0.4) 55(0.2) <0.001

Syncope 60(0.7) 345(1.1) 0.002

Stanford type A aortic dissection [n(%)] 2803(32.5) 12,361(38.4) <0.001
Hospital location: provincial capital [n(%)] 2350(27.3) 11,509(35.7) <0.001
In-hospital outcomes [n(%)]

In-hospital mortality 1408(16.3) 3909(12.1) <0.001
Type A AAD 856/2803(30.5) 2661/12,361(21.5) <0.001
Type B AAD 552/5817(9.5) 1248/19,867(6.3) <0.001

Misdiagnosis 461(5.4) 934(2.9) <0.001
ACS 327(3.8) 686(2.1)

STEMI 90(1.0) 239(0.7)
NSTEMI 71(0.8) 152(0.5)
UA 166(1.9) 295(0.9)

Pulmonary embolism 16(0.2) 79(0.3)

Other cardiogenic chest pain 37(0.4) 96(0.3)

Non-cardiac chest pain 17(0.2) 21(0.1)

Unknown etiology 64(0.7) 52(0.2)

Standford type A AAD surgery 1179(42.1) 7554(61.1) <0.001

Data are expressed as median (Qy, Q;) or [n(%)]. SBP Systolic blood pressure; ACS. Acute coronary syndrome; STEMI ST-segment elevation
myocardial infarction; NSTEMI Non-ST-segment elevation myocardial infarction; UA. Unstable angina; AAD. Acute aortic dissection

accreditation group compared with pre-accreditation group
(12.1% vs. 16.3%, P<0.001; Table 1). Specifically, for Stanford
type A AAD, the in-hospital mortality rate decreased from
30.5% to 21.5% after accreditation, while for Stanford type B
AAD, it decreased from 9.5% to 6.3% (Table 1). Univariate

logistic regression analysis further demonstrated a significant

reduction in in-hospital mortality associated with accreditation
(OR=0.707, 95% CI 0.662-0.755, P<0.001; Table 2). After
adjusting for potential covariates, CPC accreditation was linked
to a notable decrease of up to 36% in in-hospital mortality
(adjusted OR=0.644, 95% CI 0.599-0.693, P<0.001; Table 2;
Additional file 1: Table S2).

Table 2 Univariate and multivariate logistic regression analysis for the association between in-hospital outcomes and CPC
accreditation

Multivariate analysis without
admission time

Multivariate analysis with

Univariate analysis Y
admission time

Variable

Post-accreditation Post-accreditation Post-accreditation

[OR(95% CI)] ol [OR(95% CI)] ol [OR(95% CI)] ol
In-hospital mortality 0.707(0.662-0.755  <0.001  0.644(0.599-0.693¢ <0001  0.727(0.671-0.789)°  <0.001
Misdiagnosis 0.528(0.471-0.592)  <0.001  0.554(0493-0624)° <0001  0.604(0.531-0.689)°  <0.001
Standford type A AAD surgery  2.165(1992-2353)  <0.001  1973(1797-2.165° <0.001  1461(1319-1617)  <0.001

°Adjusted for sex, age, heart rate, systolic blood pressure, co-morbidities (malignant arrhythmia, heart failure, syncope), hospital location,
and Stanford type A AAD; "Adjusted for sex, age, heart rate, systolic blood pressure, symptom (dyspnea, sympathetic symptoms,
abdominal pain, pain in back or shoulders, toothache, persistent chest pain), co-morbidities (malignant arrhythmia, heart failure,
syncope) and hospital location; ‘Adjusted for sex, age, heart rate, systolic blood pressure, co-morbidities (malignant arrhythmia, heart
failure, syncope), and hospital location; dAdjusted for admission time (year), sex, age, heart rate, systolic blood pressure, co-morbidities
(malignant arrhythmia, heart failure, syncope), hospital location, and Stanford type A AAD; *Adjusted for admission time (year), sex, age,
heart rate, systolic blood pressure, symptom (dyspnea, sympathetic symptoms, abdominal pain, pain in back or shoulders, toothache,
persistent chest pain), co-morbidities (malignant arrhythmia, heart failure, syncope) and hospital location; ‘Adjusted for admission time
(year), sex, age, heart rate, systolic blood pressure, co-morbidities (malignant arrhythmia, heart failure, syncope), and hospital location.
OR. Odds ratio; CI. Confidence interval; AAD. Acute aortic dissection; CPC. Chest pain center
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The misdiagnosis rate of AAD was significantly lower in the
post-accreditation group compared with the pre-accreditation
group (2.9% vs. 5.4%, P<0.001; Table 1). Further analysis
of the misdiagnosis revealed that over 70% of misdiagnosed
patients were initially diagnosed with ACS upon admission
(Table 1). Univariate analysis showed that CPC accreditation
was associated with a lower misdiagnosis (OR=0.528, 95% CI
0.471-0.592, P<0.001). After adjusting for possible confounding
variables, particularly symptoms, CPC accreditation was
associated with a significantly decreased risk of misdiagnosis
(adjusted OR=0.554, 95% CI 0.493-0.624, P<0.001; Table 2;
Additional file 1: Table S3).

Stanford type A AAD surgery was used as a metric to assess
the management of patients with AAD. The post-accreditation
group exhibited a significantly higher Stanford type A AAD
surgical rate than the pre-accreditation group (61.1% vs. 42.1%,
P<0.001; Table 1). Both univariate and multivariate logistic
regression analyses indicated a positive correlation between CPC
accreditation and Stanford type A AAD surgery (OR=2.165,
95% CI 1.992-2.353, P<0.001; adjusted OR=1.973, 95% CI
1.797-2.165, P<0.001; Table 2; Additional file 1: Table S4).

The mortality rate of AAD has decreased over time due
to improved awareness of the disease and advancements in
surgical techniques. Admission time may play a significant
role in patient outcomes. Even after adjusting for admission
time, CPC accreditation remains associated with superior in-
hospital management and outcomes for AAD patients (Table 2;
Additional file 1: Tables S5-7).

Given that surgical intervention is the preferred treatment
for Stanford type A AAD and has been shown to reduce in-
hospital mortality, we conducted a comparative analysis of
baseline data between patients who underwent surgery and
those who did not for Stanford type A AAD (Additional file 1:
Table S8). Patients who underwent surgery were found
to be younger and more frequently admitted to provincial
capital hospitals (Additional file 1: Table S8). Even after
adjusting for surgery and other potential influencing factors,
CPC accreditation remained significantly associated with a
reduction in in-hospital mortality among Stanford type A AAD
patients (Additional file 1: Table S9). We also compared the
baseline data and outcomes between pre-accreditation and
post-accreditation periods for both surgical and non-surgical
patients (Additional file 1: Table S10). In both the surgical
and non-surgical groups, there was a decrease in in-hospital
mortality among Stanford type A AAD patients following
CPC accreditation. After adjusting for confounders, CPC
accreditation consistently demonstrated an association with

reduced in-hospital mortality in both the surgical and non-
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surgical groups (Additional file 1: Table S11).
CPC accreditation status affected patients with AAD
Based on the accreditation process status, the pre-accreditation
group can be divided into two sub-groups: before accreditation
and ongoing accreditation. A comprehensive analysis was
conducted to assess the impact of CPC accreditation status
(before accreditation, ongoing accreditation, and post-
accreditation) on various factors such as in-hospital mortality,
misdiagnosis, and Stanford type A AAD surgery while
controlling for potential confounding variables (Table 3).
When compared with before accreditation group, ongoing
accreditation group demonstrated a modest decrease in
suspected misdiagnosis (adjusted OR=0.810, 95% CI 0.664—
0.988, P=0.038), but no significant change was observed in
predicted in-hospital mortality (adjusted OR=1.014, 95%
CI0.892-1.152, P=0.832) or Stanford type A AAD surgery
(adjusted OR=0.940, 95% CI 0.792-1.115, P=0.478). After
completing CPC accreditation, the post-accreditation group
exhibited significant improvements in in-hospital management
and prognosis. Specifically, there was a decrease in the risk
of in-hospital mortality (adjusted OR=0.648, 95% CI 0.592—
0.710, P<0.001) and misdiagnosis (adjusted OR=0.510, 95%
CI 0.443-0.586, P<0.001), as well as a notable increase in the
surgery for Stanford type A AAD (adjusted OR=1.923,95% CI
1.711-2.161, P<0.001) (Table 3).
CPC accreditation affected patients with AAD in different
regions
After stratifying hospitals by Eastern, Central, and Western
regions or by segmenting them into provincial capital/non-
provincial capital status based on geographical location and
previous research[24], we further investigated how CPC
accreditation impacts improvements for AAD patients across
various regions. Across different areas, CPC accreditation
consistently demonstrates effective reductions in in-hospital
mortality rate, and misdiagnosis rate, while increasing Stanford
type A AAD surgical intervention rate (Table 4). Notably,
AAD patients from the Western region exhibited higher in-
hospital mortality rates compared with their counterparts from
the Eastern and Central regions. Following CPC accreditation
implementation, a substantial reduction in in-hospital
mortality was observed among Western region’s patient
outcomes (from 21.5% to 14.1%) (Table 4). Additionally,
despite initially having lower rates of Stanford type A AAD
surgery than other regions before accreditation; there was a
significant increase post-accreditation in the Western (from
30.5% to 57.7%).

Compared to provincial capital cities, patients with AAD

in non-provincial capital cities exhibited higher mortality
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Table 3 Univariate and multivariate logistic regression analysis for the association between in-hospital outcomes and CPC

accreditation status

Before accreditation

Ongoing accreditation

Post-accreditation

Variable [OR(95% CD)] [OR(95% CD)] P-value [OR(95% CD)] Prvalue
In-hospital mortality
Unadjusted Ref 1.027(0.914-1.152) 0.657 0.715(0.658-0.776) <0.001
Adjusted Ref 1.014(0.892-1.152)° 0.832 0.648(0.592-0.710)° <0.001
Misdiagnosis
Unadjusted Ref 0.839(0.692-1.018) 0.076 0.492(0.430-0.564) <0.001
Adjusted Ref 0.810(0.664-0.988)° 0.038 0.510(0.443-0.586)° <0.001
Stanford type A AAD surgery
Unadjusted Ref 0.891(0.765-1.038) 0.140 2.064(1.860-2.291) <0.001
Adjusted Ref 0.940(0.792-1.115)° 0.478 1.923(1.711-2.161)° <0.001

°Adjusted for sex, age, heart rate, systolic blood pressure, comorbidities, hospital location, and Stanford type A AAD; bAdjusted for
sex, age, heart rate, systolic blood pressure, symptom (dyspnea, sympathetic symptoms, abdominal pain, pain in back or shoulders,
toothache, persistent chest pain), comorbidities (malignant arrhythmia, heart failure, syncope) and hospital location; “‘Adjusted for sex,
age, heart rate, systolic blood pressure, comorbidities, and hospital location. CPC. Chest pain center; OR. Odds ratio; CI. Confidence

interval; Ref. Reference; AAD. Acute aortic dissection

rates, misdiagnosis rates and lower Stanford type A AAD
surgery rates (Table 4). Following the CPC accreditation of
the hospital, the improvement was more significant for AAD
patients in non-provincial cities.

Sensitivity analysis

To further validate the robustness of the findings presented in
Table 2 against potential confounding factors, sensitive analyses

were conducted based on age (65 years), sex, and hospital

type. All analyses adjusted for the model utilized in Table 2,
except for the stratified variable. The results from all analyses
consistently demonstrated a positive association between CPC
accreditation and improvements in AAD management and
outcomes (Fig. 2). Notably, a significant interaction effect was
observed between city type and CPC accreditation, showing
a correlation with Stanford type A AAD surgery (P=0.016).

Specifically, CPC accreditation led to a substantial increase in

Table 4 In-hospital outcomes of patients in the pre-accreditation group and post-accreditation group among different hospital

locations [n(%)]

Hospital location Group In-hospital mortality Misdiagnosis St;rxiéosrgr;)g; A
Regions
Pre-accreditation (n=3408) 567(16.6) 195(5.7) 453(43.1)
Eastern Post-accreditation (n=14,145) 1661(11.7) 398(2.8) 3441(62.1)
P-value <0.001 <0.001 <0.001
Pre-accreditation (n=3263) 422(12.9) 150(4.6) 514(48.6)
Central Post-accreditation (n=10,304) 1155(11.2) 293(2.8) 2459(62.4)
P-value 0.002 <0.001 <0.001
Pre-accreditation (n=1949) 419(21.5) 116(6.0) 212(30.5)
Western Post-accreditation (n=7779) 1093(14.1) 243(3.1) 1654(57.7)
P-value <0.001 <0.001 <0.001
Provincial capital/Non-provincial
capital
Pre-accreditation (1=6270) 1091(17.4) 368(5.9) 586(30.6)
Non-provincial capital Post-accreditation (n=20,719) 2668(12.9) 698(3.4) 3514(49.5)
P-value <0.001 <0.001 <0.001
Pre-accreditation (n=2350) 317(13.5) 93(4.0) 593(66.8)
Provincial capital Post-accreditation (n=11,509) 1241(10.8) 236(2.1) 4040(76.7)
P-value <0.001 <0.001 <0.001

AAD. Acute aortic dissection
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the Stanford type A AAD surgical rate among non-provincial
capital hospitals (adjusted OR=2.171, 95% CI 1.935-2.436),
surpassing that seen in provincial capital hospitals (adjusted
OR=1.683, 95% CI 1.437-1.972; Fig. 2). Moreover, it was

found that CPC accreditation has a more pronounced impact
on in-hospital mortality in non-provincial cities compared
with provincial cities (adjusted OR: 0.607 vs. 0.713).

In-hospital death
Subgroups Adjust OR(95% CI) P for interaction

Sex . 0.611
Male - 0.645(0.592-0.703)

Female - 0.617(0.536-0.711)

Age 0.007
>65 years - 0.701(0.623-0.789)
<65 years - i 0.594(0.541-0.653)

City type 0351
Provincial capital - 0.713(0.619-0.821)

Non-provincial capital - 0.607(0.557-0.662)
0 1 2
OR(95% CI)
Misdiagnosis
Subgroups Adjust OR(95% CI) P for interaction

Sex 0.343
Male - 0.530(0.462-0.607)

Female - 0.597(0.472-0.756)

Age 0.194
>65 years - 0.585(0.493-0.696)
<65 years - 0.511(0.435-0.601)

City type 0.713
Provincial capital - 0.529(0.411-0.682)
Non-provincial capital - 0.548(0.480-0.627)

0 1 2
OR(95% CI)
Type A AAD surgery
Subgroups Adjust OR(95% CI) P for interaction

Sex 0.330
Male 1.949(1.750-2.171)

Female — 2.150(1.799-2.568)

Age 0.165
>65 years I 2.179(1.832-2.591)
<65 years - 1.921(1.722-2.143)

City type : 0.016
Provincial capital —— 1.683(1.437-1.972)
Non-provincial capital - 2.171(1.935-2.436)

0 1 2 3
OR(95% CI)
Fig. 2 Sensitive analyses for the association between in-hospital outcomes and CPC accreditation.
OR. Odds ratio; CI. Confidence interval; AAD. Acute aortic dissection; CPC. Chest pain center

Discussion

To the best of our knowledge, this study represents a
comprehensive investigation into the impact of CPC
accreditation on the management and clinical outcomes
of patients with AAD. Our findings are as follows: 1) CPC
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accreditation demonstrates a significant reduction in in-
hospital mortality among patients; 2) It markedly enhances
the diagnostic accuracy of AAD and increases surgical
intervention rates for Stanford type A AAD; 3) After CPC

accreditation, improvements in the management and in-
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hospital outcomes of AAD patients were more pronounced in
non-provincial capital areas compared with those in provincial
capital areas. Taken together, these results suggest that
CPC accreditation effectively improves both the in-hospital
management and outcomes for AAD patients, providing
a promising strategy for enhancing patient care. CPC
accreditation has been demonstrated to effectively improve
standard medical care procedures and services in countries
where it was implemented early[18]. Research conducted
in China has established a strong correlation between CPC
accreditation and improvements in hospitalized patient
outcomes related to ACS[23]. The positive effects resulting
from CPC accreditation regarding ACS have also been well-
documented[17-20]. In addition to ACS being a leading
cause of acute chest pain; however, its influence on managing
and clinically impacting individuals suffering from AAD
remains uncertain. Numerous factors contribute to predicting
prognoses among those diagnosed with AAD, including their
initial health status at presentation, categorization based on
AAD, immediate interventions undertaken, and as well as
hospital’s healthcare capabilities. Adjustments were made for
potential confounders using multivariate regression analysis
revealing increased age along with multiple co-morbidities
or Stanford type A AAD posed elevated risks associated with
mortality, which is consistent with previous studies[25,26].
Moreover, hospitals located in provincial capital cities or those
with CPC accreditation may contribute to a reduction in the
mortality risk of AAD, indicating the positive impact of higher
hospital management quality on the prognosis of AAD. Our
study illustrates that CPC accreditation leads to a significant
improvement in the in-hospital outcomes of patients with
AAD. After accounting for confounding variables, we have
found that CPC accreditation is closely linked to a decrease
in the in-hospital mortality rates of these patients. Given the
current lack of effective medications specifically targeting
AAD, surgery remains the primary treatment option upon
admission[27]. This highlights the importance of prioritizing
CPC accreditation to improve the in-hospital outcomes of
patients with AAD.

Our research indicates that CPC accreditation improves
the diagnostic accuracy of AAD, potentially leading to
enhanced patient outcomes. Acute chest pain resulting from
serious cardiovascular conditions such as ACS, AAD, and
APE, is a common clinical presentation in emergency care
settings. Accurate diagnosis is crucial for avoiding unnecessary
treatments for non-target diseases, thereby minimizing harm
to patients and conserving valuable healthcare resources[28].
Misdiagnosing AAD as ACS or APE can lead to severe

consequences, such as catastrophic bleeding or exacerbation
of AAD[15,29], particularly if thrombolytic or anti-platelet
medications are incorrectly administered[16]. Reducing
the rate of AAD misdiagnosis is essential for proper patient
management and treatment with the ultimate goal of
improving their outcomes. The main reason for misdiagnosing
patients with AAD, ACS, or APE lies in their similar
symptoms’ presentations and the lack of diagnostic tools to
differentiate these diseases. Electrocardiograms and chest
X-rays have limited sensitivity and specificity, and definitive
confirmatory techniques, such as computed tomography
scans and magnetic resonance imaging, are often restricted
or unavailable in emergency departments[9]. Therefore, the
initial diagnosis of AAD heavily depends on the evaluation
of the patient’s symptoms upon admission. The reduction in
the misdiagnosis rate associated with CPC accreditation may
be due to educational programs that enhance understanding
and awareness of the acute state of AAD. Although CPC
accreditation may not guarantee a correct diagnosis in every
case, it does promote accurate prioritization and management
of patients based on their symptoms. In ACS, enhancing
diagnostic accuracy through the emergency medical dispatch
system has the potential to reduce pre-hospital delays and
improve survival outcomes[30,31]. Thus, we speculate that
the reduction in misdiagnosis rate due to CPC accreditation
is a key factor contributing to improvements in the surgical
rates and prognosis of patients with AAD. Our study not only
revealed that CPC accreditation effectively improves diagnostic
accuracy of AAD, but also demonstrated that the misdiagnosis
rate for AAD is approximately 10%-20% in China. In reality,
this percentage may be even higher as many AAD patients pass
away before receiving an accurate diagnosis[32]. Furthermore,
our findings have identified ACS as the primary condition
commonly misdiagnosed, highlighting the necessity for further
training to distinguish it from AAD.

The leading cause of in-hospital mortality among patients
with AAD is Stanford type A AAD[27,33]. Guidelines
recommended surgery as the primary treatment option to
improve their prognosis[7]. Our research indicates that
CPC accreditation significantly increases the surgical rate for
Stanford type A AAD. Therefore, we hypothesize that this rise
in surgical rates following CPC accreditation may be attributed
to the standardization of acute chest pain assessment processes,
improvements in interdepartmental collaboration systems, and
enhancements in medical staff education.

Hospitals undergo a continuous process consisting of
3 stages to achieve accredited status.: before accreditation,

ongoing accreditation, and post-accreditation. When seeking
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accreditation, hospitals are required to submit their data
to NCPCP headquarters’ website for at least 6 months and
undergo training provided by NCPCP headquarters aimed at
enhancing their in-hospital chest pain diagnostic processes.
This period is considered to be the ongoing accreditation stage.
Our analysis indicates that the post-accreditation status yields
the most positive impact on AAD outcomes. However, Sun
et al.[17] have reported that notable improvements in in-
hospital mortality resulting from acute myocardial infarction
occur during the ongoing accreditation rather than post-
accreditation stage. We speculate that this variance may
be related to the timing of CPC accreditation program
implementation and specific disease types.

The regional disparities in the management and
prognosis of patients with AAD are multifaceted[27,34,35].
Potential factors contributing to these variations may
include the accessibility of medical resources, the standard
of care provided by physicians, and the integration of the
healthcare systems[27,35-37]. Generally speaking, patients
with AAD received suboptimal treatment and had poorer
prognoses in hospitals located in Western regions and non-
provincial capitals. This may be attributed to lower economic
development and limited medical resources in these areas.
Importantly, following the implementation of the CPC
accreditation program, there was a marked improvement in the
management and prognosis of AAD patients in the Western
region and non-provincial capital areas, leading to a reduction
in regional differences. The primary driver behind this
improvement is that CPC accreditation requires standardized
care for all AAD patients, effectively reducing regional
differences while promoting treatment standardization and
improving service consistency for AAD patients. Nevertheless,
regional discrepancies still exist even after accreditation. In
the future, heightened attention and measures are imperative
to elevate the level of management and care in remote regions
while striving to eliminate inequalities in treatment quality
across different regions.

According to the data from the International Registry
of Acute Aortic Dissection[14,38], the overall in-hospital
mortality rate of Stanford type A AAD has decreased from
approximately 30% to 15% over the past few decades. Our
findings indicate that following CPC accreditation, the in-
hospital mortality rate of Stanford type A AAD decreased
from 30% to 20%. When compared with the data from the
International Registry of Acute Aortic Dissection, which
primarily includes hospitals in Europe and North America,
the mortality rate in our study seems to be higher, possibly

due to the inclusion of more non-provincial hospitals. This
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also suggests that further improvements are needed for AAD
treatment in China.

The improvements in the management and in-hospital
outcomes of AAD following CPC accreditation can be
attributed to several factors. (1) Accreditation has optimized
in-hospital diagnostic and treatment processes, leading to
more accurate identification of AAD in patients and reduced
misdiagnosis rate. (2) CPC accreditation promotes closer
collaboration between the emergency department and
emergency medical services, resulting in decreased time
for managing acute-phase blood pressure and heart rate.
Additionally, the wider promotion of CPC accreditation may
have contributed to increased awareness among healthcare
providers and the public regarding proper AAD diagnostic and
treatment practices.

This study possesses several limitations. Being a retrospective,
observational investigation entails inherent design deficiencies.
This inclusion of sole patients from hospitals applying for
CPC accreditation precludes comparison between those
engaged and unengaged with the program’s enhancement
efforts. Future endeavors should consider incorporating non-
participating hospitals or conducting randomized controlled
trials for comprehensive exploration. Furthermore, our scrutiny
exclusively centers on immediate hospital-based consequences
without addressing the enduring effects of CPC accreditation,
an area warranting further inquiry. Finally, since this study was
conducted in China, its findings should be carefully generalized
to other countries. It is worth exploring whether this model will

work as well in other countries.

Conclusions

Leveraging a comprehensive, nationwide registry dataset,
CPC accreditation demonstrates an association with enhanced
management of patients experiencing AAD during emergency
admission and improved inpatient clinical outcomes.
These include reduced in-hospital mortality rate, decreased
misdiagnosis rate, and increased Stanford type A AAD surgical
rate. This investigation indicates that CPC accreditation serves
as an effective measure for augmenting the diagnosis and
treatment of AAD, thereby leading to improved prognostic

outcomes.
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