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Background: Acute type A aortic dissection (ATAAD) is a heterogeneous systemic inflammatory response syndrome. Identification
of distinct inflammatory phenotypes may allow more precise therapy and improved care. We aim to investigate whether distinct
inflammatory subphenotypes exist in ATAAD patients and respond differently to pharmacotherapies.
Methods: Retrospective analysis of data sets was conducted from the Additive Anti-inflammatory Actions for Aortopathy &
Arteriopathy (5A) III study. Inflammatory subphenotypes were derived among 2008 ATAAD patients who received surgical repair
at 11 Chinese hospitals (2016–2020) using latent class analysis applied to 14 laboratory signatures within 6 hours of hospital
admission. Outcomes included operative mortality (Society of Thoracic Surgeons definition), derived subphenotype frequency, and
the potential consequences of phenotype frequency distributions on the treatment effects.
Results: The median (interquartile range) age of patients was 54 (45–62) years, and 1423 (70.9%) were male. A two-class (two
subphenotype) model was an improvement over a one-class model (P<·001), with 1451 (72.3%) patients in the hypoinflammatory
subphenotype group and 557 (27.7%) in the hyperinflammatory subphenotype group. Patients with the hyperinflammatory subphe-
notype had higher operative mortality (71 [12.7%] vs 127 [8.8%]; P=0·007) than did those with the hypoinflammatory subphenotype.
Furthermore, the interaction between ulinastatin treatment and subphenotype is not significant for operative mortality (P=0.15) but for
ventilator time (P=0·04).
Conclusion: Two subphenotypes of ATAAD were identified in the 5A cohort that correlated with clinical outcomes, with significant
interaction effect between anti-inflammatory treatment and subphenotypes for ventilator time, suggesting these phenotypes may help in
understanding heterogeneity of treatment effects.
Trial Registration: Clinical Trials. Gov: number NCT04918108.
Keywords: aortic dissection, inflammatory response, latent class analysis

Background
Previous studies have demonstrated that patients with acute Type A aortic dissection (ATAAD) have a marked
inflammatory response.1 Given the heterogeneity of these critically ill patients and their underlying illnesses, it is
plausible that several subphenotypes of ATAAD exist, analogous to those in asthma,2 acute respiratory distress
syndrome3 and sepsis.4 It is not known, most importantly, whether they might respond differently to pharmacotherapies.
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Since the time of the original classification of aortic dissection, there has been recognition of anatomopathological
heterogeneity within aortic dissection; this heterogeneity might reflect our incomplete understanding of the disease char-
acteristics and probably contributes to the poor treatments for patients with aortic dissection.5 As a result, some investigators
have proposed subdividing aortic dissection on the basis of dissection’s extension, primary entry location and end-organ
malperfusion as well as clinical presentation, without deep insight into concomitant systemic inflammatory response.6 It is
well recognized that ATAAD is usually complicated by extensive systemic inflammatory response to its aetiopathologies;
however, little knowledge exists on identifying inflammatory subphenotypes among aortic dissection patients.7 We hypothe-
size that TAAD is a heterogeneous inflammatory syndrome that might have inflammatory subphenotypes.

Ulinastatin, a type of urinary trypsin inhibitor, is a glycoprotein and a nonspecific protease inhibitor, which could
suppress proinflammatory cytokine elevation and upregulate the release of anti-inflammatory mediators.8 Recent
evidence has demonstrated that ulinastatin can reduce pulmonary injury, improve pulmonary function,9 and improve
intensive care unit length of stay in cardiopulmonary bypass patients.10 However, little is known regarding whether
distinct inflammatory subphenotypes exist in ATAAD patients and respond differently to pharmacotherapies.

Accordingly, we use a combination of clinically available laboratory data of ATAAD patients from Chinese multi-
center cohort aimed at identifying inflammatory subphenotypes of ATAAD and investigating whether distinct subphe-
notypes respond differently to pharmacotherapies.

Patients and Methods
Patients
Form an investigator-initiated Additive Anti-inflammatory Action for Aortopathy & Arteriopathy (5A) III Project, we
retrospectively identified 2008 adult patients with ATAAD who underwent open surgical repair for ATAAD from 11
Chinese cardiovascular centers (the First Affiliated Hospital of Nanjing Medical University; the First Affiliated Hospital
of Guangzhou Medical University; the First Affiliated Hospital of Shantou University Medical College; Nanjing First
Hospital; the Affiliated Hospital of Qingdao University; Xiamen Cardiovascular Hospital; Teda International
Cardiovascular Hospital; Shanghai East Hospital; Xiangya Hospital; Beijing Anzhen Hospital; Tianjin Chest Hospital)
between Jan 2016 and Dec 2020. Patients with chronic aortic dissection/aneurysms and traumatic aortic rupture and those
with only endovascular or medical management were excluded (Figure 1). The study protocol conformed to the ethical
guidelines of the 1975 Declaration of Helsinki and was approved by the Institutional Review Board of Aortic
Collaborative Institutions involved (2021-SR-381). This study was registered with ClinicalTrials.gov number
NCT04918108. Considering this retrospective study, the committee gave up the written informed consent, and the data
has been analyzed anonymously and all personal information of the participants was confidential.

Candidate Variables for Phenotyping
We selected 14 candidate laboratory variables based on their association with aortic dissection onset or outcome and their
availability in the electronic health record at hospital presentation. These included neutrophils, lymphocytes, monocyte,
platelet, neutrophils-lymphocyte ratio (NLR), platelet–lymphocyte ratio (PLR), lymphocyte–monocyte ratio (LMR),
systemic inflammation-immune index (SII), creatinine, blood urea nitrogen, alanine aminotransferase, fibrinogen, and
D-dimer. For each variable, we extracted the most abnormal value recorded within the first 6 hours of hospital
presentation. In addition, we recorded whether patients received ulinastatin (a human urinary trypsin inhibitor) therapy
immediately after surgery within intensive care unit (ICU) admission. The main surgical techniques used in this study
have been described before.11

Outcome
The primary outcome was operative mortality, defined as any death, regardless of cause, occurring within 30 days after
surgery in or out of the hospital, and after 30 days during the same hospitalization subsequent to the operation, according
to the Society of Thoracic Surgeons criteria.12 Secondary outcomes included the 30-day, 90-day, hospital, and ICU
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mortality, as well as mechanical ventilation duration, ICU length of stay, and hospital length of stay. All outcomes were
adjudicated independently by an event collaborative team.

Latent Class Analysis
To estimate the optimal number of classes in the data, we fitted latent class models in Mplus v8 using 14 available
baseline laboratory data of interest as class-defining variables, without consideration of clinical outcomes.13 We
estimated models ranging from one to four classes to identify the optimal number of classes, using Bayesian
Information Criteria, the Vuong-Lo-Mendell-Rubin likelihood ratio test, class size, and entropy.3,14 To estimate model
parameters, we placed continuous variables on a Z scale with a mean of 0 and SD of 1.15

Figure 1 Patient selection flow chart.
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Statistical Analysis
Once we established the optimal number of classes, we assigned study participants to their most likely class, and
compared their baseline characteristics using t-tests, Pearson’s χ2, or Wilcoxon rank-sum test depending on the nature of
the variable. We used Kaplan–Meier curves with Log rank test to test for inflammatory categorization of survival (time to
death). We assessed the association of inflammatory categorization class with the odds ratio (OR) of operative mortality
with 95% confidence interval (CI) using crude and adjusted logistic regression model for potential risk factors. We
explored traditional analyses of heterogeneity to understand the potential consequences of different phenotype frequency
distributions on the estimation of the treatment effects in a similar adjusted multivariable model. We did analyses other
than latent class analysis using Stata version 14 (Stata Corp, College Station, TX, USA) and R software (version 3.2.0).
The p values of less than 0.05 were considered statistically significant.

Results
A total of 2008 patients with ATAAD were included in this study with a median (IQR) age of 54 (45–62) years and
1423 (70.9%) male, of which 1556 (77.5%) underwent total arch replacement plus frozen elephant trunk and 1715
(85.4%) underwent circulatory arrest of lower body. Baseline, clinical and procedural characteristics are listed in
Table 1.

Table 1 Baseline and Clinical Characteristics and Class-Defining Variables Between Subphenotypes

Hypo-Inflammatory
Subphenotype (n = 1451)

Hyper-Inflammatory
Subphenotype (n = 557)

P value*

Demographic profiles
Age (year) 55 (46–63) 51 (43–60) <0.001
Male sex (%) 1017 (70.1) 406 (72.9) 0.21

Weight (kg) 71.0 (62.0–80.0) 75.0 (65.0–82.6) <0.001

Body mass index (kg/m2) 25.1 (22.5–27.6) 25.6 (23.2–28.1) 0.01
Body surface area (m2) 1.91 (1.77–2.05) 1.96 (1.81–2.08) <0.001

Time onset to operation (hour) 16 (6–31) 15 (5–29) 0.91

NYHA classification, n (%) 0.05
I–II 320 (22.1) 101 (18.1)

III–IV 1131 (78.0) 456 (81.9)

Smoking, n (%) 616 (42.5) 261 (46.9) 0.08
Alcohol drinking, n (%) 422 (29.1) 176 (31.6) 0.27

Preoperative comorbidities, n (%)
Hypertension 1139 (78.7) 446 (80.4) 0.41
Diabetes 80 (5.5) 41 (7.4) 0.11

Chronic renal disease 34 (2.3) 14 (2.5) 0.82

Chronic pulmonary disease 45 (3.0) 18 (3.1) 0.97
Ischemic heart disease 156 (10.7) 49 (8.8) 0.45

Cerebrovascular accident 83 (5.7) 32 (5.8) 0.97

Hyperlipidemia 168 (11.2) 70 (12.6) 0.53
Arrhythmia 113 (7.8) 40 (7.2) 0.65

Main surgical procedures
Aortic root procedures, n (%)
Aortic valve replacement only 90 (6.2) 19 (3.4) <0.001

Root repair 316 (21.8) 129 (23.2) 0.50

Root replacement 291 (20.1) 124 (22.3) 0.22
Bentall 279 (19.0) 118 (21.0)

AVSRR 12 (0.8) 6 (1.1)

(Continued)
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Analysis of latent-class models showed that a two-class model provided the best fit (Table 2), with 1451 (72.3%)
patients assigned to class one (hypoinflammatory subphenotype) and 557 (27.7%) patients to class two (hyperinflamma-
tory subphenotype). The average latent class probabilities were 0.957 for class one and 0.915 for class 2. Specifically,
patients in hyperinflammatory subphenotype had higher values of neutrophils, lymphocytes, monocyte counts, NLR, SII,
creatinine, blood urea nitrogen, alanine aminotransferase, and D-dimer, and lower platelet counts, PLR, LMR, and
fibrinogen than did those in hypoinflammatory subphenotype (Figure 2; Table 1).

Besides, patients in hyperinflammatory subphenotype were more likely to have younger age (P < 0.001), heavier
weight (P < 0.001), and worse cardiac function as evidenced by the NYHA classification (P = 0.05). With respect to the
procedures, patients in hyperinflammatory subphenotype were more likely to receive less aortic valve replacement only
(P < 0.001), more graft inclusion technique (P = 0.01), more total arch replacement (P = 0.001), more FET implantation
(P < 0.001), and more circulatory arrest of lower body (P = 0.006). In contrast, there were similar distributions between

Table 1 (Continued).

Hypo-Inflammatory
Subphenotype (n = 1451)

Hyper-Inflammatory
Subphenotype (n = 557)

P value*

Ascending procedure, n (%)

Ascending aorta replacement involved 1451 (100) 557 (100) 1.0
Graft inclusion technique 386 (26.6) 179 (32.1) 0.01

Arch procedure, n (%) 0.001

Hemiarch replacement 122 (8.4) 29 (5.2)
Total arch replacement 1113 (76.7) 469 (84.2)

FET implantation, n (%) 1100 (75.8) 467 (83.8) <0.001

Total arch replacement plus FET, n (%) 1090 (75.1) 466 (83.7) <0.001
Circulatory arrest of lower body, n (%) 1220 (84.1) 495 (88.9) 0.006

Cardiopulmonary bypass time (min) 169 (143–220) 196 (167–251) <0.001

Aortic cross-clamping time (min) 104 (71–148) 129 (82–164) <0.001
Circulatory arrest time (min) 23 (18–34) 25 (19–36) 0.06

Concomitant Procedures, n (%)

Coronary artery bypass grafting 83 (5.7) 32 (5.7) 0.98
Other valve surgery 35 (2.4) 12 (2.2) 0.73

Anti-inflammatory therapy, n (%)

Postoperative use of Ulinastatin 418 (28.8) 161 (28.9) 0.96
Class-defining laboratory signatures
Leukocyte (×109/L) 9.91 (7.69–12.05) 16.92 (15.36–19.34) <0.001

Neutrophils (×109/L) 8.14 (5.79–10.10) 14.64 (13.46–16.96) <0.001
Lymphocytes (×109/L) 1.00 (0.65–1.44) 1.20 (0.69–1.43) 0.02

Monocyte (×109/L) 0.60 (0.43–0.85) 0.99 (0.72–1.34) <0.001

Platelet (×109/L) 160 (124–210) 157 (116–199) 0.007
Neutrophils-Lymphocyte Ratio 8.3 (4.7–13.6) 15.6 (10.6–22.6) <0.001

Platelet-Lymphocyte Ratio 165.0 (114.7–247.8) 150.7 (100.9–225.7) <0.001

Lymphocyte-Monocyte Ratio 1.56 (1.00–2.51) 1.03 (0.70–1.55) <0.001
Systemic inflammation-immune index 1298 (546–3106) 2291 (1102–4719) <0.001

Creatinine (μmoI/L) 83.0 (65.4–110.6) 102.3 (76.3–144.9) <0.001

Blood urea nitrogen (mmol/L) 7.2 (5.4–9.4) 8.1 (6.2–11.0) <0.001
Alanine aminotransferase (U/L) 24.7 (15.0–42.0) 31.0 (19.7–60.2) 0.03

Fibrinogen (g/L) 2.98 (2.19–4.02) 2.48 (1.71–3.59) <0.001
D-dimer (mg/L) 2.58 (1.02–6.09) 4.39 (1.78–14.49) <0.001

Notes: Data are mean (SD), n (%) or median (IQR). *P value represents chi-square analysis for categorical variables and Kruskal–Wallis rank sum for
continuous variables.
Abbreviations: FET, frozen elephant trunk; AVSRR, aortic valve-sparing root replacement.
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hypoinflammatory and hyperinflammatory subphenotype in terms of demographic profiles, preoperative comorbidities
and surgical procedures in Table 1.

Patients with the hyperinflammatory subphenotype had higher operative mortality (71 [12.7%] vs 127 [8.8%]; crude
OR 1.523 [95% CI 1.119–2.073]; P = 0.008) than did those with the hypoinflammatory subphenotype. After adjustment
for potential risk factors, hyperinflammatory subphenotype remained significantly associated with higher risk of
operative mortality than hypoinflammatory subphenotype: adjusted for demographic profiles OR 1.513 [1.091–2.100],
P = 0.013; additional adjusted for preoperative comorbidities OR 1.745 [1.222–2.491], P = 0.002; and additional adjusted
for surgical procedures OR 1.912 [1.323–2.761], P < 0.001.

Furthermore, hyperinflammatory subphenotype was significantly associated with higher risk of 30-day mortality, 90-
day mortality, ICU mortality, and hospital mortality, as well as longer ventilation support time and ICU stay compared

Table 2 Model Fit Statistics for One to Four Latent Classes of Subjects with ATAAD

Number of Classes

One Two Three Four

Individual number assigned to class 2008 1451/557 812/979/217 773/885/167/183

Average latent class Probabilities 1.000 0.957/0.915 0.924/0.918/0.931 0.929/0.903/0.913/0.942
Akakie Information Criteria 116,112 114,230 113,030 111,793

Bayesian information criteria 116,213 114,387 113,243 112,062

Sample-size adjusted BIC 116156 114,298 113,122 111,909
Entropy* NA 0.811 0.828 0.856

Vuong-Lo-Mendell-Rubin LRT NA 1901 1219 1074

†P value (k vs k-1 classes) NA 0.4862 0.6579 0.6151
Lo-Mendell-Rubin adjusted LRT NA 1877 1204 1060

†P value (k vs k-1 classes) NA 0.492 0.661 0.617

Parametric bootstrapped LRT NA 1902 1219 1074
†P value (k vs k-1 classes) NA <0.001 <0.001 <0.001

Notes: *Entropy is an index of how well the classes are separated: it ranges from zero to one and values of about 0.8 or higher are thought to
be a sign of a useful model. †By LRT, testing whether the number of classes provides improved model fit compared with a model using one fewer
class.
Abbreviations: LRT, likelihood ratio test; ATAAD, acute type A aortic dissection; BIC, Bayesian information criteria.

Figure 2 Differences in standardised values of each continuous variable by subphenotype. Variables are sorted on the basis of the degree of separation between the
subphenotypes, from maximum positive separation on the left (ie, hyperinflammatory subphenotype higher than hypoinflammatory subphenotype) to maximum negative
separation on the right (ie, hyperinflammatory subphenotype lower than hypoinflammatory subphenotype). The y-axis represents standardised variable values, in which all
means are scaled to 0 and SDs to 1. A value of +1 for the standardised variable signifies that the mean value for a given subphenotype was 1 SD higher than the mean value in
the cohort as a whole. Mean values are joined by lines to facilitate display of subphenotype profiles.
Abbreviations: NLR, neutrophils-lymphocyte ratio; PLR, platelet–lymphocyte ratio; LMR, lymphocyte–monocyte ratio; SII, systemic inflammation-immune index; BUN,
blood urea nitrogen; ALT, alanine aminotransferase.
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with hypoinflammatory subphenotype, respectively (Table 3). When stratified by inflammatory subphenotype, the
survival curve was significantly lower for the hyperinflammatory subphenotype than for the hypoinflammatory sub-
phenotype in ATAAD patients (hypoinflammatory vs hyperinflammatory, 0.913 [95% CI 0.899–0.928] vs 0.873 [95% CI
0.845–0.900], respectively; P for Log rank test = 0.005, Figure 3).

Operative mortality was similar in patients with the hypoinflammatory subphenotype and in patients with the
hyperinflammatory subphenotype regardless of ulinastatin, without interaction between ulinastatin and subphenotype
(Pinteraction= 0.15). Importantly, ventilator time in the hyperinflammatory subphenotype was numerically lower in patients
with ulinastatin than in those without, in contrast to patients with the hypoinflammatory subphenotype, for whom
ventilator time was the same in patients with and without ulinastatin, with significant interaction between treatment and
subphenotype (Pinteraction= 0.04) (Table 4).

Table 3 Clinical Outcomes by ATAAD Inflammatory Subphenotype

Hypoinflammatory
Subphenotype (N1= 1451)

Hyperinflammatory
Subphenotype (N2= 557)

P value*

Primary outcome
Operative mortality (%) 127 (8.8) 71 (12.7) 0.007

Secondary outcomes
30-day mortality (%) 107 (7.4) 63 (11.3) 0.005

In-hospital mortality (%) 127 (8.8) 71 (12.7) 0.007

ICU mortality (%) 107 (7.4) 68 (12.2) <0.001
90-day mortality (%) 126 (8.9) 71 (12.7) 0.006

Ventilation duration (hours) 35 (17–90) 44 (19–134) <0.001
ICU stay (days) 4.0 (2.0–8.0) 5.0 (3.0–11.0) <0.001

Hospital stay (days) 18.0 (13.0–26.0) 19.0 (12.0–27.0) 0.86

Notes: Data are n (%) or median (IQR) unless otherwise specified. *P value indicated the interaction between treatment and subphenotype for
mortality.
Abbreviations: ATAAD, acute type A aortic dissection; ICU, intensive care unit.

Figure 3 Kaplan-Meier survival curves. 90-day patient survival in stratified by acute type A aortic dissection inflammatory subphenotype.
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Discussion
In this study, two inflammatory subphenotypes were derived using routinely available clinical data of ATAAD patients at
the time of hospital presentation. Hyperinflammatory subphenotype was more strongly correlated with abnormal values
of inflammatory response biomarkers and 30-day, ICU, 90-day, and hospital mortality, as well as ventilation time in
comparison to hypoinflammatory subphenotype.

Patients with these two subphenotypes of ATAAD responded differently to ulinastatin, with evidence of shorter
ventilator time uniquely among those with hyperinflammatory subphenotype of ATAAD rather than hypoinflammatory
subphenotype, with interaction between treatment and subphenotype.

More efforts were made to optimize the classification systems of aortic dissections mainly based on the anatomopatho-
logical and clinical characteristics of ATAAD,16–18 however, it does not account for different systemic inflammatory responses
to its aetiopathologies. Thus, we introduced a novel inflammatory aortic dissection classification to create a new system that
categorizes the extent of inflammatory response. These phenotypes can be identified at the time of patient presentation to the
emergency department, and thus it will provide physicians with inflammatory information in anti-inflammatory management
of TAAD patients. Only routinely available data were used in the clustering models, and the phenotypes were derived from
a large multicenter observational cohort to ensure generalizability. Furthermore, this proof-of-concept sub-phenotyping could
be incorporated prospectively in future study designs that test new biologically active therapeutics.

Based on our analysis of all patients with ATAAD from 11 cardiovascular centers, more than 50% of them were
categorized as hypo-inflammatory subphenotype. Emergency aortic repair was performed for patients included in this
study, including ascending replacement in all patients and aortic arch replacement in three quarters of the patients in this
study. Our finding showed that patients with hyper-inflammatory subphenotype were associated with higher 30-day
mortality, 90-day mortality, ICU mortality and in-hospital mortality, as well as longer ventilation duration and ICU stay
than those with hypo-inflammatory subphenotype. Recognition of the differences in inflammatory response will advance
our best knowledge of acute aortic syndrome and improve our decision-making for better therapies19.

Knowledge is limited regarding the role of ulinastatin in the setting of aortic dissection. A prospective, randomized
and double-blinded study from Xu et al investigated the effects of high-dose ulinastatin on the release of proinflammatory
cytokines and lung injury in patients with aortic dissection after cardiopulmonary bypass under deep hypothermic
circulatory arrest,20 suggesting that high-dose ulinastatin attenuates the elevation of cytokines, reduces the pulmonary
injury and improves the pulmonary function after surgical repair. Despite no significant difference in ventilator time
between patients without and with Ulinastatin, it may be anticipated that Ulinastatin is most effective in the hyperin-
flammatory patients, due to its anti-inflammatory effects, which is only 25% of the patients. Importantly, our subgroup
analysis showed a significant interaction between ulinastatin treatment and subphenotype existed for ventilator time,
suggesting that the patients with hyperinflammatory subphenotype were more likely to benefit from postoperative
ulinastatin use than patients with hypoinflammatory subphenotype, especially in improving the lung function.9,21,22

ATAAD hyperinflammatory subphenotype patients preferentially responding to Ulinastatin have biological plausi-
bility on the basis of the presumed mechanism of action of ulinastatin in ATAAD. Ulinastatin can systematically cause
inflammation and injury in both animal models of lipopolysaccharide-induced acute inflammatory injury and preclinical

Table 4 Analysis of Clinical Outcome of Interest Across Patients Stratified by Ulinastatin Treatment and
Subphenotype

Without Ulinastatin (n = 1429) With Ulinastatin (n = 579) P value*

Operative mortality n (%) 142 (9.9) 56 (9.7) 0.85

Hypo-inflammatory subphenotype 91 (8.8) 36 (8.6) 0.90

Hyper-inflammatory subphenotype 51 (12.9) 20 (12.4) 0.88
Ventilator time (hours, median [IQR]) 40 (19–97) 36 (17–94) 0.07

Hypo-inflammatory subphenotype 36 (18–94) 34 (16–88) 0.22

Hyper-inflammatory subphenotype 54 (24–138) 41 (18–128) 0.048

Note: *P value represents chi-square analysis for categorical variables and Kruskal–Wallis rank sum for continuous variables.
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human experimental studies and have lysosomal and protease stabilizing properties.23–25 Thus, patients with more
systemic inflammations, such as those with the hyperinflammatory subphenotype, could be most likely to respond to
this therapy.

Limitations
To our knowledge, our study is the first to report a differential response to pharmacotherapy by inflammatory
subphenotype in ATAAD. Still, this study is not without limitations. First, the associations cannot be interpreted as
causal and residual confounding cannot be excluded, owing to the observational nature of this study. Second, the analysis
of anti-inflammatory treatment × subphenotype interactions may be limited by small sample sizes. Third, no genetic
information was known about these patients included in this study, such as FBN1 mutations. Marfan patients have very
little inflammation in their aortic aneurysm compared to the typical inflammatory thoracic aneurysms, thus hypoin-
flammatory patients are likely to have genetic variants in extracellular matrix-related genes. Also, our study lacked the
information regarding the anatomical morphologies of aortic valve for included patients, such as bicuspid aortic valve
(BAV). Patients with BAV may also have less inflammation, just like the Marfan patients. Therefore, the addition of the
aforementioned genetic and anatomical information would advance our better understanding of these two phenotypes in
the further studies. Finally, the ulinastatin treatment might be rarely used in the treatment of ATAAD in other countries;
therefore, the specific expertise may differ from those of other countries, potentially limiting the generalizability of these
results in other institutions.

Conclusion
Our analysis identified two distinct subphenotypes of ATAAD, one of which had significantly improved ventilation with
ulinastatin therapy in comparison to those without. These findings support further pursuit of predictive enrichment
strategies in critical care clinical trials.
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