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Abstract 

Background Acute aortic syndrome (AAS) is a life‑threatening condition. Inflammation plays a key role in the patho‑
genesis, development and progression of AAS, and is associated with significant mortality and morbidity. Understand‑
ing the inflammatory responses and inflammation resolutions is essential for an appropriate management of AAS.

Method Thirty Chinese cardiovascular centers have collaborated to create a multicenter observational registry 
(named Chinese Additive Anti‑inflammatory Action for Aortopathy & Arteriopathy [5A] registry), with consecutive 
enrollment of adult patients who underwent surgery for AAS that was started on Jan 1, 2016 and will be ended 
on December 31, 2040. Specially, the impact of inflammation and anti‑inflammatory strategies on the early and late 
adverse events are investigated. Primary outcomes are severe systemic inflammatory response syndrome (SIRS), 
multiple organ dysfunction syndrome (MODS), Sequential Organ Failure Assessment (SOFA) scores at 7 days follow‑
ing this current surgery. Secondary outcomes are SISR, 30‑day mortality, operative mortality, hospital mortality, new‑
onset stroke, acute kidney injury, surgical site infection, reoperation for bleeding, blood transfusion and length of stay 
in the intensive care unit.

Discussion The analysis of this multicenter registry will allow our better knowledge of the prognostic importance 
of preoperative inflammation and different anti‑inflammatory strategies in adverse events after surgery for AAS. 
This registry is expected to provide insights into novel different inflammatory resolutions in management of AAS 
beyond conventional surgical repair.

Trial registration ClinicalTrials.gov Identifier: NCT04398992 (Initial Release: 05/19/2020).
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Introduction
Aortopathy represent a major clinical challenge and are 
regarded as one of the leading causes of mortality among 
cardiovascular disorders [1]. However, the pathologi-
cal mechanisms underlying aortopathy are still far from 
being well understood, which makes treating this life-
threatening challenging [2]. It is increasingly clear that 
inflammation plays a key role in the development and 
progression of acute aortic syndrome (AAS) independent 
of cholesterol and other traditional risk factors, and char-
acterizes both systemic and local condition [3, 4].

Currently, surgery is considered the best treatment 
option for patients with AAS. In addition to systemic 
inflammatory responses triggered by AAS itself [5], 
however, procedural factors including surgical trauma, 
anesthesia, cardiopulmonary bypass, hypothermia, circu-
latory arrest, and blood transfusion as well as mechani-
cal ventilation initiated a cascade of inflammation, which 
further exacerbates “inflammatory storm”, and is associ-
ated with significant postoperative mortality and mor-
bidity [6]. Along with surgical evolutions, scientists have 
made new discoveries and achievements in the underly-
ing mechanism and understanding of inflammation of 
AAS, which greatly encourage us to optimize treatment 
for these patients. Going beyond traditional surgery, anti-
inflammatory action is crucially important to target the 
residual cardiovascular risk by specific anti-inflammatory 
interventions as a crucially adjunct therapeutic strategy 
to improve the well-being of patient [7].

A better understanding of the interaction between 
patient’s inflammatory responses and anti-inflammatory 
strategies which may limit the residual cardiovascular 
risk is essential for the development of novel preventive, 
diagnostic, and therapeutic approaches, providing a criti-
cal pathophysiological insight into the role of inflamma-
tion  in risk assessment and anti-inflammatory targeting 
[8, 9]. The epidemiological observation that biomarkers 
of inflammation are associated with clinical cardiovas-
cular risk supports the theory that targeted anti-inflam-
matory treatment appears to be a promising strategy in 
reducing residual cardiovascular risk on the background 
of traditional surgical repair as well as basic therapy [10]. 
Previous researches have shown that ulinastatin used in 
cardiac surgery may be effective in prevention of car-
diovascular events through an anti-inflammatory effect 
[11, 12]. This residual inflammatory risk has increasingly 
become a viable therapeutic targeting on the background 
of validated surgical repair as well as basic medical ther-
apy for AAS.

Although aortic dissection registries have been estab-
lished during the last years, such as the International 
Registry of Acute Aortic Dissection (IRAD) [13], the 
Nordic Consortium for Acute Type A Aortic Dissection 

(NORCAAD) Registry [14], German Registry for Acute 
Aortic Dissection type A (GERAADA) [15], the Soci-
ety of Thoracic Surgeon (STS) database [16], and Euro-
pean Registry of Type A Aortic Dissection (ERTAAD) 
[17], there are currently no dedicated registry to pro-
spective collections and characteristics of inflammatory 
responses, anti-inflammatory strategies, and clinical out-
comes especially for AAS patients. We have established 
a multicenter research collaboration (named “Chinese 
Registry of Additive Anti-inflammatory Action for Aor-
topathy  & Arteriopathy [5A]”) and planned a prospec-
tively observational study to understand the patient’s 
inflammatory responses, characterize the potential anti-
inflammatory strategies, and evaluate clinical outcome 
and prognosis of AAS patients at 15 years in a large study 
of Chinese population.

Study objective
The objectives of the study are:

– To understand the epidemic  trends, contempo-
rary therapeutic strategies, and clinical outcomes 
in China.

– To identify risk factors associated with poor progno-
sis and to determine whether there is a relationship 
between therapeutic strategy and prognosis.

– To explore novel inflammatory markers that pro-
vided insight into early detection, early diagnosis, 
and early warning of disease deterioration.

– To evaluate perioperative treatment responses and 
the short, mid and long -term outcomes of AAS.

– To develop risk assessment or prediction tools that 
can be used for early warning and proper interven-
tion selection and to improve prognosis for patients 
using artificial intelligence methods.

– To facilitate attention and interest on inflammatory 
responses and anti-inflammatory strategies in AAS.

– To describe the demographic and socioeconomic 
characteristics, comorbidities, and symptom severity 
of patients in Chinese hospitals.

– To detail the diagnosis, treatment, and procedures as 
well as critical care of AAS during hospitalization.

– To investigate the development, the progres-
sion, prognosis or outcome of AAS patients.

Methods and analysis
Study design
This investigator-initiated study is a prospective, ongo-
ing, national, multicenter, registry-based, real-world 
study with consecutive enrollment of adult patients 
who underwent surgery for AAS that was started on 
Jan 1, 2016 and will be ended on December 31, 2040 in 
more than Chinese 20 hospitals. This registry is the first 
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program specifically designed to investigate the inflam-
matory responses and anti-inflammatory strategies for 
AAS. Data management and analysis were performed by 
the 5A investigators. The study design and flowchart are 
depicted in Fig. 1.

Ethics and trial registration
This present study was conducted in accord with the 
Declaration of Helsinki and registered in Clinical Trials. 
gov with No. NCT04398992. The Institutional Review 
Board of Beijing Anzhen Hospital of Capital Medical 
University and Nanjing Medical University approved 
this study (first version 1.0, KL20153256, updated ver-
sion 2.0, No. 2021-SR-281). Patient written consent for 
the publication of the study data was waived due to this 

retrospectively observational study. The paper complies 
with the SPIRIT guidelines for study protocols adapted 
for designing and reporting registry [18].

Setting
Participating site inclusion criteria is an acute care hos-
pital providing 24/7 emergency care for AAS. Enroll-
ment of patients was started in January 2016 and will 
end in December 2040. As 31 December of 2023, this 
study has been conducted at approximately 30 hospitals 
across China (Fig. 2), and the number of hospitals will 
be increased in case more hospitals continue to partici-
pate into this Chinese 5A Registry in the future.

Fig. 1 The flow chart of China 5A Registry. AAS Acute aortic syndrome, 5A Additive Anti‑inflammatory Action for Aortopathy & Arteriopathy, SIRS 
Systemic inflammatory response syndrome (SIRS), MODS multiple organ dysfunction syndrome, SOFA Sequential Organ Failure Assessment
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Patient and public involvement
Patients with AAS are recruited from multiple centers 
across China. In the course of the study, the subjects’ per-
sonal privacy and data confidentiality are protected and 
health managers are specified to maintain further contact 
with the patient. The feedbacks of patients are also be 
regularly recorded into the system. Neither participants 
nor the public has been or will be involved in the process 
of designing, conducting, or reporting this study.

Target population and diagnostic criteria
Aortopathy and arteriopathy are diagnosed based 
on the International Classification of Diseases 

(ICD)-10th  revision. AAS is diagnosed by computed 
tomography angiography (CTA), and is classified accord-
ing to the Stanford system: type A involves the ascend-
ing aorta, regardless of the site of the primary intimal 
tear, and type B involves only the descending aorta [19]. 
Inclusion, exclusion and withdrawn criteria are showed 
in Table 1.

Data collection and definition criteria
Information including but limited to anthropomet-
rics, demography, medical history, family history, 
clinical risk factors, medication, treatment strategies, 
critical care pattern, postoperative outcomes, and 

Fig. 2 Geographic distribution of the institutions participating China Additive Anti‑inflammatory Action for Aortopathy & Arteriopathy (5A) Registry
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prognosis and follow-up information are collected after 
the patient is admitted to emergency department or 
department of cardiovascular surgery in each hospital.

– Anthropometric and demographic characteristics: 
age, sex, race, height, weight, body mass index, and 
body surface aera, ect.

– Baseline clinical assessments: clinical features, 
vital signs, physical examination, time from symp-
tom onset to operation, medical history (smoking, 
drinking, systemic hypertension, pulmonary hyper-
tension, diabetes mellitus, hypercholesterolemia, 
stroke or transient ischemic attack, chronic pul-
monary disease, chronic renal disease [20], etc.), 
family history, genetic syndrome (Mafan syndrome, 
Loeys–Dietz syndrome, Ehlers–Danlos syndrome, 
and Turner syndrome, ect [21]), etc.)

– Critical preoperative state: Preoperative cardiac 
shock, resuscitation, inotropes, and ventilation 
before anesthetic room. These conditions will be 
reported as separate variables.

– Functional scores: Acute Physiology and Chronic 
Health Evaluation II scores, NYHA class, Euro-
Score, Glasgow Coma Scale Score, etc.

– Laboratory profiles: complete  blood  count, bio-
chemistry, blood-gas test, coagulation routine, 
myocardial markers, and myocardial enzyme pro-
files, etc.

– Inflammatory biomarkers: C-reactive protein, inter-
leukins, tumor necrosis factor-alpha, ect.

– Instrumental examinations: CTA, electrocardiogra-
phy, echocardiography, magnetic resonance imaging, 
X-chest, gastrointestinal endoscope, and bronchos-
copy, etc.

– Medication use at last month before surgery: anti-
diabetic, blood-lowering, or antithrombotic drugs 
(exposure to any of the following antithrombotic 
drugs within one week before surgery: aspirin, 
clopidogrel, ticagrelor, prasugrel, ticlopidine, hepa-
rin, fondaparinux, direct oral anticoagulants and/
or warfarin). All concomitant medications will be 
documented with generic drug name (INN) or trade 
name, with start and stop dates.

In particular, malperfusion refers to acute organ 
ischemia secondary to aortic branch vessel hypoperfu-
sion. This severe condition is usually classified based on 
clinical signs and symptoms [22, 23]. Attention is paid 
to the information of AAS: type of the dissection, extent 
of the dissection, and malperfusion (cerebral, coronary, 
visceral, renal, and peripheral), as well as the location of 
entry site.

General

– Malperfusion is defined as clinical or biochemi-
cal evidence of end-organ dysfunction and required 
radiographic evidence of arterial obstruction of the 
requisite vascular bed [24].

Table 1 Inclusion, exclusion and withdrawn criteria

AAS Acute aortic syndrome, CTA  Computed tomography angiography

Inclusion criteria
 – Aged 18 years or older

 – Patients with diagnosis of AAS confirmed by CTA, including aortic dissection, penetrating aortic ulcer or intramural hematoma

 – Symptoms started within 14 days from surgery

 – Patients received medical therapy, open surgical, endovascular, or hybrid repair

 – Any other major cardiac surgical procedure concomitant with surgery for AAS, such as coronary artery bypass grafting or carotid artery replace‑
ment;

 – The patient or guardian agrees to participate in this study

Exclusion criteria
 – Patients aged < 18 years

 – Onset of symptoms > 14 days from surgery

 – AAS secondary to traumatic or iatrogenic injury

 – Patients who declined participation in registration and follow‑up investigation

Withdrawn criteria
 ‑Patients presenting with one or more of the following conditions will be withdrawn from this study:

 ‑The patient dissatisfies the inclusion criteria

 ‑The patient withdraws the informed consent form

 ‑Any situation where the investigators believe that the patient should discontinue from this study for safety reasons or conflict of interest 
of the patient
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Specific

– Cerebral malperfusion is defined as clinical evidence 
of focal or generalized neurologic deficit involving 
the brain, presenting with acute stroke.

– Spinal malperfusion is defined as clinical evidence of 
focal or generalized neurologic deficit involving the 
spine, presenting with paraparesis/paraplegia.

– Coronary or myocardial malperfusion is defined as 
evidence of any changes in ST level in electrocardio-
gram, and or an increase in cardiac enzymes such as 
troponin or creatine kinase indicative of myocardial 
ischemia.

– Visceral or mesenteric malperfusion is defined as 
sudden, mild-to-severe abdominal pain with elevated 
lactate, signs of peritonitis, elevated liver enzymes, 
with or without nausea and vomiting, which is 
accompanied or not by rectal bleeding or bloody 
diarrhea [25].

– Radiographic renal malperfusion is defined on 
radiographic grounds involving asymmetric con-
trast enhancement secondary to static or dynamic 
obstruction of any renal vessel or any renal vessel 
coming off the false lumen.

– Clinical renal malperfusion is defined as evidence of 
biochemical or clinical criteria with elevated creati-
nine levels or decreased urine output.

– Peripheral malperfusion is defined as loss of pulse 
with or without sensory or motor deficits of any limb.

– Other definitions and terminologies refer to the Soci-
ety of Thoracic Surgeons database [26].

Intervention and procedure
Surgical repair

– Timing of surgery which is classified in five catego-
ries based on increasing severity of hemodynamic 
instability and the need and timing of cardiopulmo-
nary resuscitation: urgent, emergency grade 1, emer-
gency grade 2, salvage grade 1, and salvage grade 2 
[17].

– Aortic surgery: open surgical repair (hemiarch, par-
tial arch, and total arch replacement), endovascular 
repair, or hybrid repair. The choice of technique is 
primarily determined by comprehensive considera-
tion of the condition of the individual, characteristics 
of the dissected aorta, and the surgeon’s preferences 
and experiences [27].

– Procedure-related variables: Main surgical proce-
dure and concomitant procedures, cannulation site, 
nasopharyngeal and rectal temperature, duration of 
Unilateral antegrade cerebral perfusion time, Cross 

clamp time, myocardial ischemia, cardiopulmonary 
bypass, hypothermic circulatory arrest, Rewarming 
time, and cerebral perfusion mode will be collected.

Other aspects of clinical care such as medication (anti-
hypertensive, antibiotic, and lipid-decreasing drug, ect.) 
is at the discretion of the local physicians and are based 
on the Chinese and international guidelines or expert 
consensus.

Intraoperative findings

– Data on the anesthetic profiles, including Ameri-
can Society of Anesthesiologists Physical Status  
(ASA-PS), anesthetic approach, anesthetic drugs, and  
duration;

– Data on the intraoperative findings of the pericar-
dium, ascending aorta and aortic arch will be col-
lected. Importantly, the location of entry site, the 
extent of aortic dissection at the level of the Valsalva 
sinuses and morphology of the aortic valve will be 
described.

Anti‑inflammatory therapeutics
Pharmacological
The details including dosage, administration approach, 
frequency of use, maintenance time, and adverse reac-
tions as well as manufacturer are collected (ulinastatin, 
Xuebijing, Phlegmyheatclear, statin, and colchicine, ect).

Mechanical
The details including administration approach, use dura-
tion, and adverse reactions as well as manufacturer are 
collected (cytokine adsorption, ultrafiltration during 
CPB, and leukocyte depletion, ect).

All concomitant pharmacological medications and 
mechanical devices will be documented with trade name, 
with start and stop dates.

Outcome and definition criteria
Primary outcome
Severe systemic inflammatory response syndrome (SIRS)
Following the International Pediatric Sepsis Consensus: 
Definitions for Sepsis and Organ Dysfunction in Pedi-
atrics, SIRS was defined as the presence of at least 2 of 
the 4 age-specific criteria: temperature, heart rate, res-
piratory rate, and leukocyte count, one of which must be 
abnormal temperature or leukocyte count. severe SIRS 
was defined as meeting all 4 aforementioned criteria, 
measured immediately following surgery through post-
operative day 7, hospital discharge, or death, whichever 
occurred first [28, 29].
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Multiple organ dysfunction syndrome (MODS)
MODS is defined as dysfunction of two or more organs 
(involving the respiratory, cardiovascular, renal, hepatic, 
gastrointestinal, hematological, and central nervous sys-
tem) following surgical repair, measured immediately 
following surgery through postoperative day 7, hospital 
discharge, or death, whichever occurred first [30, 31].

Sequential Organ Failure Assessment (SOFA) scores
The mean daily Sequential Organ Failure Assessment 
(SOFA) score while the patient was in the ICU, as meas-
ured since ICU admission immediately after surgery to 
a maximum of 28 days. The daily SOFA score after sur-
gery was calculated for each patient on the basis of six 
organ systems: cardiovascular, neurologic, respiratory, 
renal, hepatic, and coagulation systems. (Scores for each 
system range from 0 to 4, with higher scores indicating 
more severe organ-system dysfunction; maximum score, 
24) [32, 33]. Daily scores were totaled for each patient’s 
ICU stay and divided by the number of days that they 
remained in the ICU in order to calculate the mean 
SOFA score for that patient.

Secondary outcome
-Mortality: 30-day mortality, operative mortality, ICU 
mortality, and in-hospital mortality during the index 
hospitalization.

Of note, operative mortality, defined as any death, 
regardless of cause, occurring within 30  days after sur-
gery in or out of the hospital and after 30 days during the 
same hospitalization subsequent to the operation accord-
ing to The Society of Thoracic Surgeons criteria [34].

-Major morbidity: neural (stroke, paraplegia, and hemi-
plegia, ect), renal (major acute kidney event [defined as 
death, new requirement for renal-replacement therapy, 
or sustained renal failure [stage 2 or 3 acute kidney 
injury] at 30  days]) [35], visceral (liver failure, gastroin-
testinal bleeding, and mesenteric ischemia, ect), cardio-
vascular (myocardial infarction, ventricular arrhythmia, 
acute heart failure, refractory hypotension, pericardial 
tamponade, distal aneurysm rupture, and shock, ect), 
pulmonary (pulmonary edema, tracheotomy, pulmonary 
hypertension, severe pulmonary infection, acute respira-
tory distress syndrome, and re-intubation, ect), infection 
(sternal infection, mediastinitis, bacteremia, septicemia, 
and sepsis, etc.), bleeding (fatal bleeding, intracranial 
bleeding, bleeding with a hemoglobin decrease of > 5  g/
dL [3.1 mmol/L], and bleeding requiring reoperation).

Mechanical support
Perioperative use of intra-aortic balloon pump (IABP), 
extracorporeal membrane oxygenation (ECMO), ventric-
ular assist device (VAD), continuous renal replacement 

therapy (CRRT), and artificial liver support system 
(ALSS) for various comorbidities as appropriate, and the 
duration of these treatments will be documented.

-Time endpoint: length of stay of mechanical ventila-
tion, ICU, and hospital duration.

Late outcomes
Data on patient’s survival status will be collected. Patients 
lost to follow-up will be reported. Information regarding 
all-cause death, readmission, and repeat cardiovascular 
procedures regardless of surgical, endovascular, or hybrid 
repair will be reported along with its urgency, indications 
and aortic segment treated. Routine follow-up was car-
ried out routinely every 12 months by letter, phone call, 
contact with the patients’ primary doctor, or review of 
medical records.

Harms
No harmful events will occur during data collection 
because of the nature of an observational study without 
interventions.

Sample size calculation
According to the sample size design scheme of this reg-
ister study, the sample size has been taken to be about 20 
times of the number of independent variables [17]. About 
200 baseline, clinical and procedural and postoperative 
outcome as well as follow-up variables are expected to 
be included in the analysis. Taking into account a lost-to-
follow-up and culling rate of 10%, estimated number of 
patients to be included in the study is 4500.

Statistical analysis
Continuous variables will be reported as means ± stand-
ard deviation (SD) or as medians (interquartile ranges 
[IQR]) and compared using Student’s T test and Mann–
Whitney test or Kruskall-Wallis test if appropriate. Cat-
egorical variables will be stated as absolute and relative 
frequencies and compared using the χ2 test or Fisher’s 
exact test if appropriate. Missing data will be handled 
with multiple imputation as appropriate. Statistical tests 
are considered significant when the two-sided P value 
is < 0.05.

Differences in primary and secondary outcomes 
between groups such as the proportion of SIRS and 
MODS at 7 days, and the occurrence of all-cause mortal-
ity at 30 days and ICU discharge and hospital discharge 
will be compared using binary logistic regression, meas-
ured by odd ratios (OR) with their 95% confidence inter-
val (CI). The analysis will be adjusted for confounders, 
including anthropometric and demographic features, 
baseline clinical assessments, critical preoperative state, 
functional scores, laboratory profiles, inflammatory 
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biomarkers, imaging examinations, and medication use. 
Linear regression will be used to evaluation the relation-
ship between these predictors and continuous outcomes 
(such as SOFA score), measured by regression coefficient 
(β) with their 95% CI.

Analysis of time-to-event will be conducted using 
Kaplan–Meier method and compared with log-rank test. 
Differences in time-to-event will be compared using Cox 
proportional hazards method with hazard ratios (HR) 
with their 95% CI. Competing risk analysis with the 
Gray’s test will be performed for late non-fatal adverse 
events because patient’s death might hinder the obser-
vation of these events, in which risk estimates will be 
reported as sub-distribution HR with their 95% CI.

Sensitivity analysis will test the robustness of these 
outcomes in complete data and imputation data. The 
outcomes will be further analyzed by the following sub-
groups: (1) sex (male vs female), (2) age (< 60 vs > 60 
yrs), (3) BMI (< 25 VS > 25 kg/m2), (4) timing of surgery 
(urgent, emergency, or selective), (5) aortic surgery (prox-
imal vs extensive repair), and (6) inflammatory responses 
(hyperinflammatory vs hypoinflammatory), and so on.

Discussion
So far, there has been a few researches on inflammation 
of aortopathy and arteriopathy in national and interna-
tional level and reports on the anti-inflammatory ther-
apy are limited. In China, there is a lack of multicenter 
research on aortopathy and arteriopathy population and 
most studies are retrospective type. So, a relatively per-
fect national population registration research cohort 
database may be beneficial. This study, in collaboration 
with the Chinese AAS collaboration Database, aims to 
optimize  anti-inflammatory strategies and develop new 
anti-inflammatory approaches for patients with AAS. 
This will help provide evidence-based medical evidence 
for the inflammation resolutions of patients and the 
selection of related techniques.

Major innovations of our study are: First, this is the 
first large-scale prospective multi-center registry study 
to focus on inflammation and anti-inflammatory strate-
gies in the cardiovascular field, especially for aortopathy 
and arteriopathy. Second, we apply artificial intelligence 
combination with multi-omics analysis and bioinformat-
ics to make new scientific discoveries such as risk predic-
tion constructions, to improve the accuracy of evaluation 
of morbidity and mortality for aortopathy and arteriopa-
thy. Furthermore, we investigate the inflammation-based 
risk factors influencing the prognosis and investigate 
the interplay between inflammation and anti-inflamma-
tory strategies. individualized treatment effect predic-
tion will advance our better knowledge of treating the 
right patients, which help guide shared decision-making 

by discriminating patients who benefit most from anti-
inflammatory treatment, to improve clinical outcome.

However, this study has several limitations. In terms of 
sample selection, many patients with AAS who admitted 
to department of vascular surgery will not be included 
in the study. Another limitation could be selection bias 
due to involvement of researchers from various centers 
and broad selection criteria. In terms of inclusion and 
exclusion criteria, the conditions are relatively broad, and 
more interference factors are not considered. In terms 
of prognostic evaluation, there are few indicators to be 
examined, and detailed cognitive evaluation will not be 
done in the follow-up.

Conclusion
This Chinese 5A registry will advance our better knowl-
edge of prognostic importance of perioperative inflam-
mation and different anti-inflammatory strategies in 
morbidity and mortality fowling AAS surgery, which is 
expected to provide insights into novel inflammatory res-
olutions to improve the operative survival and prognosis 
of patients with AAS beyond conventional surgical repair 
as well as basic medical treatment. Nevertheless, future 
research detailing the inflammatory pathways and their 
link with AAS as well as chronic inflammatory disorders 
are also wanted to explore etiological and pharmacologi-
cal therapeutic strategies.
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