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ABSTRACT

BACKGROUND A novel hematologic parameter, systemic coagulation-inflammation (SCI) index reflecting inflammation
and coagulation pathways could be easily obtained from clinically routine laboratory findings. We hypothesize that the
SCl index has prognostic implication in predicting operative mortality for patients with acute type A aortic dissection
(ATAAD).

OBJECTIVES This study aims to investigate the prognostic value of the SCI index and to establish an SCl-adding
nomogram for mortality prediction in ATAAD patients.

METHODS A total of 1,967 ATAAD patients surgically repaired were collected from 12 Chinese cardiovascular centers by
the 5A (Additive Anti-inflammatory Action for Aortopathy & Arteriopathy [Multicenter Retrospective Study]) study IlI
(2016-2020). SCI index was calculated as platelet count x fibrinogen/white blood cell count on admission. By adding SCI
index, a nomogram was developed and evaluated for 90-day mortality prediction with conventional predictors via the
Cox model with 10-fold cross-validation.

RESULTS Patients were stratified with low SCI (<40), middle SCI (40-100), or high SCI (>100). The 90-day survival
rates increased with SCI index (low 86.9%; [95% Cl: 84.9%-89.0%], middle 92.7% [95% Cl: 90.9%-94.9%], and high
96.4% [95% Cl: 94.2%-98.6%]; log-rank P < 0.001). SCI index is independently associated with 90-day mortality
(adjusted hazard ratio: 0.549; 95% Cl: 0.424-0.710; P < 0.001). The addition of SCI index provided significantly in-
cremental prognostic value to base model including age, serum creatinine, DeBakey class, and location of intimal entry
(area under the curve: 0.677; 95% Cl: 0.641-0.716 vs 0.724; 95% Cl: 0.685-0.760; P = 0.002), which was confirmed by
net reclassification improvement index (0.158; 95% Cl: 0.065-0.235; P < 0.001) and integrated discrimination
improvement index (0.070; 95% Cl: 0.007-0.036; P < 0.001).

CONCLUSIONS SClI index is easily obtainable, performs moderately well as a predictor of short-term mortality in
ATAAD patients, and may be useful for risk stratification in emergency settings. (Additive Anti-inflammatory Action for
Aortopathy & Arteriopathy [Multicenter Retrospective Study] Ill NCT04918108) (JACC: Asia 2022;2:763-776) © 2022
The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ABBREVIATIONS
AND ACRONYMS

ATAAD = acute type A aortic

dissection

AUC = the area under the curve

DHCA = deep hypothermic

circulatory arrest

SCI = systemic coagulation-

inflammation index

SlI = systemic immune-
inflammation index

cute type A aortic dissection
(ATAAD) is a life-threatening emer-
gency which comprises a subset of
patients characterized by major anatomopa-
thological changes, systemic inflammatory
response, and other devastating comorbid
conditions that potentially can contribute to
significant morbidity and mortality."* It is
well recognized that the initiation and pro-
gression of aortic dissection is closely associ-
ated with systemic inflammatory and
coagulopathic disorders.>* Risk stratification for
short-term mortality is recommended to drive clinical
management in the acute phase of this disease; how-
ever, it does not account for the inflammatory
predisposition.®
There has been a recent emphasis on the systemic
immune-inflammation (SII) index that shows favor-

able predictive value of clinical outcome in a

noncardiac setting and in some cardiac settings such
as coronary heart diseases and valvular diseases.®”
However, different from these aforementioned set-
tings, the SII index will lose its capacity for predicting
prognosis of aortic dissection because the alteration
of the SII index might be offset against lower platelet
and higher neutrophile counts in this exclusive
disease.®

Moreover, white blood cells, platelets, and fibrin-
ogen as well as systemic inflammatory and coagulo-
pathic biomarkers, which are simple and rapidly
available assessments, have been shown to correlate
with adverse outcome in patients with ATAAD.®" For
better prediction of short-term mortality, we have
proposed a novel hematologic parameter called the
systemic coagulation-inflammation (SCI) index;
calculated as platelet count x fibrinogen level/white
blood cell count) that organically reflects coagulo-
pathic and inflammatory pathways. Therefore, the
aim of this study was to investigate the characteristic
and prognostic value of the SCI index in ATAAD
patients.

METHODS

PATIENTS. From an investigator-initiated 5A (Addi-
tive Anti-inflammatory Action for Aortopathy &
Arteriopathy) III project, we retrospectively identified
patients with ATAAD from 12 Chinese cardiovascular
centers between January 2016 and December 2020.
Patients aged 18 years or older were included in this
study provided that counts for white blood cells,
platelets, and fibrinogen were available on hospital
admission, they presented symptom duration within
72 hours, and they received open surgical repair for
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the dissected aorta. In particular, we also included
DeBakey type III patients (retrograde ATAAD) in our
study who failed in medical management along with
important cardiovascular risk factors including total
aortic diameter >50 mm, hematoma thickness >11
millimeters, pericardial effusion, or aortic regurgita-
tion, and whose anatomy was not favorable for
thoracic endovascular aortic repair without an
adequate proximal landing zone for the stent graft.
Patients were excluded if they had received antico-
agulants or antiplatelet therapy in the most recent
3 months or if they had hematological or immune
system diseases (Figure 1). The study protocol con-
formed to the ethical guidelines of the 1975 Declara-
tion 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 NCT04918108.
Informed consent was waived for this observational
study.

number

DATA COLLECTION. The laboratory signatures were
evaluated using the first venous blood samples ob-
tained during admission to the emergency depart-
ment. All laboratories involved among 12 Chinese
cardiovascular centers were certificated via the China
National Conformity
Assessment, which ensures consistency and homo-
geneity of laboratory results.

Accreditation Service for

We collected baseline data, including sex, age, and
previous medical histories (hypertension, diabetes
mellitus, hyperlipidemia, chronic lung diseases,
stroke), and smoking and drinking status from
structured electronic medical records. Other recorded
characteristics included the dissected features and
procedural characteristics. The rationale and strategy
of surgical techniques were determined by surgeons
in the department of cardiovascular surgery at each
hospital. The main surgical techniques used in this
study have been described previously."

For each patient the following, the parameters
were calculated: SCI index (platelet count x fibrin-
ogen level/white blood cell count), SII index (platelet
count x neutrophil count/lymphocyte count), platelet
lymphocyte ratio (PLR) (platelet count/lymphocyte
count) and neutrophil to lymphocyte ratio (NLR)
(neutrophil count/lymphocyte count). All patients
were followed up from the date of index admission
until at least 3 months after surgery. Outcome data
were obtained by reviewing medical records for all
deaths recorded following discharge.

OUTCOME. The primary outcome was 90-day mor-
tality, defined as any death, regardless of cause,
occurring within 90 days after surgery in or out of the
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FIGURE 1 Patient Selection Flow Chart

Adult with type A aortic dissection based on ICD-10
between January 2016 and December 2020 (n=3521)
from 12 Chinese university cardiovascular centers*

Chronic aortic dissection/aneurysms (n=258)
>7 days from onset to hospital arrival (n=175)
latrogenic/ traumatic aortic dissection (n=45)

Y

A4

Emergency department arrival within 7 days of clinical onset (n=3043)

Expectant management (n=92)
Death before emergency surgery (n=62)

v
Emergency surgery with 24 hours of hospital arrival (n=2889)

Received endovascular treatment alone (n=328)
Refuse treatment (n=66)

v

Patients who received aortic surgery (n=2495)

Incomplete medical records (n=198)
Missing data of fibrinogen (120)
Duplicate medical records (n=69)
Less than 3 months of follow-up (141)

A4

\4
Patients included in this analysis (n=1967)

Patients were from 12 Chinese university cardiovascular centers: the First Affiliated Hospital of Nanjing Medical University, Nanjing; the First
Affiliated Hospital of Guangzhou Medical University, Guangzhou; the First Affiliated Hospital of Shantou University Medical College, Shantou;
Nanjing First Hospital, Nanjing Medical University, Nanjing; the Affiliated Hospital of Qingdao University, Qingdao; Xiamen Cardiovascular
Hospital, Xiamen University, Xiamen; Teda International Cardiovascular Hospital, Chinese Academy of Medical Sciences, Tianjin; Shanghai
East Hospital, Tongji University, Shanghai; Xiangya Hospital, Central South University, Changsha; Beijing Anzhen Hospital, Capital Medical
University, Beijing; the First Affiliated Hospital of Bengbu Medical College, Bengbu; the First Affiliated Hospital of Guilin Medical College,

Guilin. ICD 10 = International Classification of Diseases, 10th revision.
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hospital, according to the Society of Thoracic Sur-
geons criteria."”> Secondary outcomes included
30-day, hospital, and intensive care unit (ICU) mor-
tality as well as mechanical ventilation duration, ICU
length of stay, bleeding, and stroke. All outcomes
were adjudicated independently by an event collab-
orative team.

STATISTICAL ANALYSIS. The continuous data were
presented as the mean 4+ SD or median (IQR) and
compared using a Student t-test (parametric) for
normal distribution or the Kruskal-Wallis test
(nonparametric) for skewed distribution, and the
categorical data were reported as percentages and
compared using chi square or Fisher exact testing.
The correlation was evaluated using the Pearson co-
efficient test. In this study, C-reaction protein (CRP)
levels on admission were incomplete (398 of 1,967
patients without CRP on admission). Missing CRP
levels were assumed to be missing at random and
were imputed using multiple imputation of chained
equations.’* Based on the proportion of incomplete
cases, we determined that 5 imputed datasets and 10
iterations were needed to minimize the simulation
error (Monte Carlo).

We fitted the functional relationship between SCI
index and 90-day mortality using restricted cubic
spline curves in the multiple Cox regression
model.”>'® The thresholds for SCI index that were
output from the predictive model that was used to
classify patients into different clusters were defined
as SCI index that gave the largest log-likelihood value
in the piecewise regression model.'”” Accordingly,
patients were stratified by the threshold (inflection
point) of SCI index.

Survival curves were assessed using the Kaplan-
Meier method with log-rank test (time-to-death).

We used unadjusted and multivariable-adjusted
Cox proportional hazards regression models to esti-
mate HRs and 95% CIs of 90-day mortality associated
with each category of SCI index vs the lowest category
as the reference group. We performed tests for linear
trend by entering the median value of each category
of SCI index as a continuous variable in the model."®
In addition to the crude model (unadjusted for any
covariates), the adjusted model was constructed
including relevant variables as confounders which
appeared in any of the existing clinical scores for
mortality prediction (ie, the additive and logistic
EuroSCORE [European system for cardiac operative
risk evaluation], the Parsonnet score, the Cleveland
score, OPR[Ontario Province Risk] score, SinoSCORE
[Sino System For Coronary Operative Risk
Evaluation], and the GERAADA [German Registry of
Acute Aortic Dissection Type A] score) such as
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demographics, baseline,
characteristics.'”2°

clinical and procedural

The prognostic value of the individual and com-
bined laboratory signatures for predicting primary
outcome was analyzed by calculating the area under
the curve (AUC) from time-dependent receiver
operating characteristics.’® Moreover, the Cox
hazards model was used to identify the potential
risk factors correlated with 90-day mortality in
addition to clinical importance criteria for variable
selection. Variables with a P < 0.10 in the uni-
variable analysis were then entered into a multi-
variable Cox regression, in which covariates
showing significant associations (P < 0.05) with
were modeled together to develop a nomogram
model for predicting 90-day mortality using multi-
variate Cox regression.

Subsequently, we compared the prognostic value
of SCI adding the prediction model with this base
risk prediction model in predicting 90-day mortal-
ity. The performance of the predictive models was
evaluated with a 10-fold cross-validation scheme,
including discrimination (time-dependent AUC, net
reclassification index, and integrated discrimination
index) and calibration (calibration plots).?”?8
Meanwhile, we generated the functional curves to
assess the association of AUC with the number of
days after surgery based on the method proposed
by Chambless and Diao.”® We also plotted decision
curves to assess the net benefit of inflammation-
based decisions.?°

We calculated 95% CIs of the AUC and then
compared the model predictive accuracies using the
10 AUCs obtained from the 10 cross-validation folds

31

following the method of DeLong et al.’* Overall per-
formance was reported as the mean AUC and SD over
10 cross-validation folds.

Additional analysis was performed to investigate
the effect modification of deep hypothermic circula-
tory arrest (DHCA) on the association between SCI
index as a continuous variable and 90-day mortality
using interaction terms in a multivariable mode, in
which heterogeneity was evaluated using the likeli-
hood ratio test.

We did analyses using Stata version 14 (Stata Corp)
and R software (version 3.2.0). A P values <0.05 was
considered statistically significant.

RESULTS

PATIENTS CHARACTERISTICS. A total of 1,967
patients with ATAAD were included in the final
analysis, with median age of 54 (IQR: 45-62) years,
1,399 male (71.1%), and median body mass index of
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TABLE 1 Patients Characteristics and Outcomes by Stratification of SCI Index

High SCI (N1 = 275) Middle SCI (N2 = 658) Low SCI (N3 = 1,034) P Value®
Demographics
Age, y 55 (44-63) 53 (43-62) 54 (46-62) 0.162
Male 189 (68.7) 479 (72.8) 731 (70.7) 0.415
Body mass index, kg/m? 24.9 (22.5-27.0) 25.2 (22.4-27.9) 25.2 (22.7-27.7) 0.151
Body surface area, m? 1.89 (1.76-2.01) 1.92 (1.78-2.07) 1.92 (1.79-2.05) 0.096
Comorbidities
Smoking 116 (44.8) 267 (43.3) 398 (44.4) 0.879
Alcohol drinking 72 (27.8) 191 (30.9) 263 (29.3) 0.628
Hypertension 225 (81.8) 509 (77.4) 822 (79.6) 0.281
Diabetes mellitus 17 (6.2) 38 (5.8) 61(5.9) 0.971
Hyperlipidemia 38 (13.8) 65 (9.9) 105 (10.2) 0.168
Cerebrovascular accident 23 (8.4) 31(4.7) 57 (5.5) 0.085
Chronic pulmonary disease 12 (4.4) 14 (2.1) 35(3.4) 0.148
Arrhythmia 31(11.3) 50 (7.6) 75 (7.3) 0.084
Creatinine, pmol/L 77 (60-98) 84 (66-110) 94 (72-136) <0.001
Hematologic signatures
White blood cell, x10°/L 7.87 (5.99-10.24) 10.16 (7.79-12.70) 13.52 (10.91-16.35) <0.001
Neutrophils, x10%/L 5.84(3.82-7.96) 8.20 (5.78-10.60) 11.52 (9.28-14.38) <0.001
Lymphocytes, x10°/L 1.28(0.95-1.78) 1.12 (0.73-1.60) 0.88 (0.58-1.23) <0.001
Monocytes, x10%/L 0.60 (0.41-0.82) 0.69 (0.47-0.97) 0.75 (0.51-1.04) <0.001
Platelets, x10°/L 247 (205-294) 177 (143-215) 134 (100-165) <0.001
Fibrinogen, g/L 4.36 (3.52-5.96) 3.47 (2.80-4.35) 2.10 (1.63-2.74) <0.001
C-reaction protein, mg/L 26.4 (12.5-42.7) 38.1 (17.4-51.3) 48.8 (22.5-66.2) <0.001
D-dimer, pg/mL 5.1(1.2-15.9) 8.3 (1.9-18.6) 13.6 (2.5-22.8) <0.001
Platelet lymphocyte ratio 192 (142-290) 161 (110-247) 148 (98-218) <0.001
Neutrophils lymphocyte ratio 4.3 (2.6-7.7) 7.8 (4.7-12.6) 13.6 (9.2-19.9) <0.001
SlI index 826 (402-2,065) 1,201 (523-3,145) 2,033 (956-4,052) <0.001
SCl index 140 (116-176) 60 (50-76) 21 (14-30) <0.001
Disease-specific conditions
DeBakey class 0.015
Type | 206 (74.9) 511 (77.7) 849 (82.1)
Type Il 65 (23.6) 128 (19.5) 163 (15.8)
Type I1I® 4 (1.5) 19 (2.9) 22 (2.1)
Extension of the dissection
Arch 217 (78.9) 544 (82.7) 917 (88.7) <0.001
Descending 185 (67.3) 487 (74.0) 846 (81.8) <0.001
Location of primary entry tear <0.001
Ascending 188 (68.4) 455 (69.1) 709 (68.6)
Arch 25 (9.1) 50 (7.6) 152 (14.7)
Descending 11 (4.0) 15 (2.3) 323.0)
Invisible 51 (18.5) 138 (21.0) 141 (13.6)
Cardiac tamponade 24 (8.6) 59 (9.0) 98 (9.5) 0.899
Malperfusion® 85 (30.9) 235 (35.7) 444 (42.9) <0.001
Any pulse deficit 41 (15.0) 125 (19.0) 241 (23.3)
Acute renal failure 24 (8.9) 68 (10.3) 155 (15.0)
MI at presentation 9 (3.2 24 (3.6) 45 (4.4)
TIA in the last 24 hours 1 3.9) 33 (5.0) 64 (6.2)
Cardiogenic shock 28 (10.2) 90 (13.9) 188 (18.2)

Values are median (IQR) or n (%). °P value represents chi square analysis for categorical variables and Kruskal-Wallis rank sum for continuous variables. YIndicated those
retrograde Stanford type A acute aortic dissection. “Defined as one of the following conditions: coronary malperfusion, renal malperfusion, cardiogenic shock (cardiac tam-
ponade, low cardiac output), cerebral perfusion (cerebrovascular accident in the previous 24 hours), and any pulse deficit/limb ischemia.

MI = myocardial infarction; SCI = systemic coagulation-inflammation; SIl = systemic immune-inflammation index; TIA = transient ischemic attack.
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FIGURE 2 Functional Relationship Between SCI Index and the Risk of 90-Day Mortality
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TABLE 2 Procedural Characteristics and Outcomes by Stratification of SCI Index
High SCI Middle SCI Low SCI
(N1 = 275) (N2 = 658) (N3 =1,034) P Value®
Procedural characteristics
Root procedure 0.201
Root repair only 45 (16.4) 143 (21.7) 250 (24.2)
Aortic valve replacement only 15 (5.4) 45 (6.8) 50 (4.8)
Bentall 57 (20.4) 123 (18.5) 214 (20.5)
David 4 (1.5) 5(0.8) 8(0.8)
Arch procedure <0.001
Hemiarch replacement 25 (9.1) 53 (8.1) 66 (6.4)
Total arch replacement 192 (69.8) 491 (74.6) 851 (82.3)
ET implantation 186 (67.6) 490 (74.5) 848 (82.0) <0.001
Hypothermic circulatory arrest 213 (77.5) 537 (81.6) 910 (88.0) <0.001
Total arch replacement plus FET implantation 185 (67.3) 481 (73.1) 842 (81.4) <0.001
Concomitant operation
CABG 10 (3.6) 41 (6.2) 55 (5.3) 0.275
Valve surgery® 8 (2.9) 12 (1.8) 26 (2.5) 0.523
Primary outcome
90-day mortality 10 (3.6) 47 (7.1) 135 (13.1) <0.001
Secondary outcomes
30-day mortality 10 (3.6) 40 (6.1) 118 (11.4) <0.001
Hospital mortality 10 (3.6) 47 (7.1) 136 (13.2) <0.001
Cardiac death 5 19 44
Neurologic death 2 13 36
Respiratory death 0 3 7
ICU stay, days 4 (2-7) 4 (2-7) 5(3-1) <0.001
Ventilation support, h 26 (17-78) 33 (17-81) 43 (19-115) <0.001
Hospital stay, days 20 (14-28) 18 (13-25) 18 (12-27) 0.367
Re-exploration for bleeding 13 (4.8) 35 (5.3) 65 (6.3) 0.520
Stroke 16 (5.8) 41 (6.2) 71 (6.9) 0.772
Values are n (%) or median (IQR). 2P value represents chi square analysis for categorical variables and Kruskal-Wallis rank sum for continuous variables. ®Indicated the surgery
including mitral, tricuspid, pulmonary valve surgery, but not aortic valve surgery.
AVSRR = aortic valve-sparing root replacement; CABG = coronary artery bypass grafting; FET = frozen elephant trunk; ICU = intensive care unit; SCI = systemic coagulation-
inflammation; Sl = systemic immune-inflammation index.

25.2 (22.7-27.7) kg/m?. There were no significant dif-
ferences regarding baseline demographics and medi-
cal history between each group. A flow chart
describing participants is presented in Figure 1.
Baseline demographic and clinical characteristics are
summarized in Table 1. Preoperative malperfusion
was significantly negatively correlated with SCI index
(correlation coefficient: -0.107; 95% CI: -0.152 to
0.063; P < 0.001).

Patients were divided into 3 groups based on the
threshold of SCI index of the cubic spline curve of the
HR for 90-day mortality: lower SCI (<40, n = 1,034),
middle SCI (40-100, n = 658), or high SCI (>100,
n = 275) (Figure 2A, Supplemental Table 1). Patients
with low SCI were more likely to have more extensive
dissected involvement compared to those with mid-
dle and high SCI. Significant differences were found

in individual laboratory signature as well as com-
bined laboratory variables across groups (all P < 0.05)
(Table 1, Supplemental Figure 1).

Procedural characteristics of the 3 groups are
summarized in Table 2. With respect to procedure,
patients with low SCI were more likely to have higher
rates of arch replacement, frozen elephant trunk im-
plantation, and DHCA than those with middle and
high SCI (Table 1).

PRIMARY AND SECONDARY OUTCOME. Overall, 9.8%
(n = 196 of 1,967) patients died within 90 days of
surgery. In Kaplan-Meier analysis, overall survival
was 90.2% (95% CI: 88.9%-91.6%) at 90 days
(Figure 3A). SCI index subgroups showed a significant
trend for 90-day mortality: low 86.9% (95% CI:
84.9%-89.0%), middle 92.7% (95% CI: 90.9%-94.9%);
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FIGURE 3 Kaplan-Meier Curves Overall and by Stratification of SCI Index
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(A) Kaplan-Meier survival plot of overall patients. (B) Kaplan-Meier survival plot by
stratification of SCI index. Abbreviation as in Figure 2.
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and high 96.4% (95% CI: 94.2%-98.6%; log-rank
P < 0.001) (Figure 3B). After additional adjustment
for demographics, comorbidities, disease-specific
conditions, and procedural confounders, the risk of
90-day mortality remained significant higher in
the low and middle SCI group than in the high SCI
group, respectively (Table 3). Similarly, there were
significant differences regarding 30-day mortality,
hospital mortality, ICU stay, ventilation support,
and re-exploration for bleeding among 3 groups (all
P < 0.05). Secondary outcomes are summarized in
Table 2.

ASSOCIATION OF SCI INDEX WITH OUTCOME.
Restricted cubic spline model showed a significant
inverse linear trend between 90-day mortality risk
and SCI index on a continuous scale among all pa-
tients in a crude multivariate Cox model (HR: 0.514;
95% CI: 0.407-0.649 per-SD increase; P < 0.0001),
which is consistent with the main analysis
(Figure 2A). With adjustments of confounders, the
inverse linear trend remained significant between
90-day mortality and SCI index (all P for
trend <0.01) (Table 3, Figures 2B to 2E). At subgroup-
specific analysis, the risk reduction of 90-day mor-
tality is greatest in those with low SCI index (HR:
0.085; 95% CI: 0.037-0.198 per-SD increase; P <
0.0001) but was modest in those patients with
middle and high SCI index (HR: 0.741; 95% CI: 0.537-
1.022 per-SD increase; P = 0.068), with significant
threshold effect in piecewise regression model (P <
0.001) (Figure 2A).

PROGNOSTIC VALUE OF SCI INDEX ALONE. For the
prediction of 90-day mortality, the AUC of SCI index
(AUC: 0.662; 95% CI: 0.626-0.703) was significantly
greater than that of individual hematologic signature
(CRP: 0.583, 95% CI: 0.542-0.623; D-dimer: 0.515,
95% CI: 0.471-0.559; white blood cell count: 0.581,
95% CI: 0.538-0.621; platelet count: 0.611, 95% CI:

TABLE 3 Multivariable Cox Models of 90-day Mortality Associated With SCI Index Among Groups

High SCI Group

Middle SCI Group

Low SCI Group®

Per-SD Increase®

Crude 1.000
Adjusted for demographics® 1.000
Adjusted for demographics and comorbidities““ 1.000
Adjusted for demographics, comorbidities, and dissection 1.000
Adjusted for demographics, comorbidities, dissection, and procedures® 1.000

1.984 (1.003-3.927)
2.312 (1.1293-4.732)
2.874 (1.284-6.434)
2.492 (1.10-5.595)
2.426 (1.078-5.458)

3.773 (1.985-7.172)
4.058 (2.060-7.987)
4.868 (2.256-10.505)

3.976 (1.833-8.623)
4.048 (1.862-8.799)

0.514 (0.407-0.649)
0.527 (0.416-0.667)
0.519 (0.403-0.668)
0.557 (0.431-0.721)
0.549 (0.424, 0.710)

Values are HR (95% Cl). ?P for trend <0.001. "Demographics including age, sex, and body mass index. “Comorbidities including smoking, drinking, diabetes mellitus, hypertension, hyperlipidemia, chronic
lung disease, arrhythmia, and stroke. “Disease-specific conditions including DeBakey classification, the extent of the dissected involvement, and location of entry. ®Procedures including root procedure, arch
procedure, frozen elephant trunk implantation, hypothermic circulatory arrest, and concomitant coronary artery bypass graft as well as concomitant valve surgery.
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0.568-0.651; and fibrinogen level: 0.640, 95% CI:
0.598-0.680; SCI index vs each variable, P < 0.05,
respectively) and collaborative hematologic signa-
tures (SII: 0.531, 95% CI: 0.488-0.572; PLR: 0.579,
95% CI: 0.535-0.623; and NLR: 0.513, 95% CI: 0.473-
0.551; SCI index vs each variable, P < 0.05, respec-
tively) (Figure 4). For predicting secondary outcomes,
the AUCs of SCI index were 0.661 (95% CI: 0.616-
0.707) for 30-day mortality and 0.662 (95% CI:
0.620-0.705) for hospital mortality, respectively
(Supplemental Figure 2).

INCREMENTAL PROGNOSTIC VALUE OF ADDING SCI
INDEX. Based on the conventional independent risk
factors (age, creatinine, DeBakey class, and location
of primary entry tear) (Supplemental Table 2), we
developed a nomogram (base model) using multi-
variable Cox regression to predict the probability of
90-day mortality (Supplemental Figure 3). By addi-
tion of SCI index to this base model, we further
developed an inflammation-adding nomogram for
risk prediction (Figure 5A). When we compared the
base model and the inflammation-adding model (base
model plus SCI index), a significant improvement in
90-day mortality prediction was noted regarding
mean AUC (base model: 0.677, 95% CI: 0.641-0.716;
SD: 0.018 vs inflammation-adding model: 0.724,
95% CI: 0.685-0.760; SD: 0.012; P = 0.002) (Figure 5B),
which was also confirmed by net reclassification
improvement index (0.158; 95% CI: 0.065-0.235;
P < 0.001) and integrated discrimination improve-
ment index (0.070; 95% CI: 0.007-0.036; P < 0.0001).
The performances of the model including accuracy,
and false-positives and false-negatives were also
shown (Supplemental Table 3). A calibration plot was
generated for evaluation of calibration regarding both
models (Figure 5C). The time-dependent AUC of the
inflammation-adding model maintained better per-
formances ranging from 0.68 to 0.85 since the num-
ber of days after surgery, which indicates that our
distributed Cox model works better for prediction
relative to base model ranging from 0.62 to 0.75 (both
AUC >0.50) (Figure 5D). Furthermore, the decision
curves showed that the inflammation-adding model
had better performance in clinical application
(Figure 5E).

ADDITIONAL ANALYSIS. Overall, the cumulative
incidence of 90-day mortality was higher for those
with DHCA relative to those without DHCA (n = 16 of
307 vs n = 176 of 1,660; HR: 2.076; 95% CI: 1.245-
3.464; P = 0.005) (Figure 6). At subgroup-specific
analysis, the risk of 90-day mortality was signifi-
cantly associated with SCI index in both those
without DHCA (HR: 0.428; 95% CI: 0.195-0.940 per-SD
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FIGURE 4 Comparative Performance of Hematologic Signatures
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in Figure 2.

increase; P = 0.035) and those with (HR: 0.541;
95% CI: 0.424-0.689 per-SD increase; P < 0.0001),
with no evidence of interaction between DHCA and
SCI index (P for interaction = 0.537).
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FIGURE 5 Establishment and Evaluation of Inflammation-Based Nomogram for 90-Day Mortality Prediction
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DISCUSSION

The main findings of the study are: 1) SCI index is
independently associated with 90-day mortality in
ATAAD patients; 2) SCI index provided incremental
prognostic value to base risk prediction model that
included age, serum creatinine, DeBakey classifica-
tion, and location of primary entry tear (Central
Illustration); and 3) a significant inverse trend existed
between SCI index and 90-day mortality, in which
significant threshold effect is observed at the 40 of
SCI index. These findings highlight that the hemato-
logic parameter SCI index provides additional prog-
nostic value for ATAAD patients.

Previous studies had found that platelet and
fibrinogen were primary determinants of throm-
bosis and coagulopathy and plays an important role
in coagulopathic function.’® Dey et al® found that
SII index could predict major adverse cardiac and
cerebrovascular events after elective off-pump cor-
onary artery bypass grafting. Wang et al®* estab-
lished the risk prediction model including age, D-
dimer, red cell distribution width, and platelet
distribution width to predict in-hospital death in
ATAAD patients. However, the hematologic param-
eter that can well reflect inflammation and coagu-
lation pathway 1is still limited in predicting
outcome for ATAAD patients. The coexistence of
increased inflammation and decreased coagulation
function in ATAAD patients has been well
known.>'%*33 Therefore, we proposed a novel he-
matologic parameter SCI index that could propor-
tionately integrate inflammation and coagulation
and can easily be derived and obtained from clin-
ically routine laboratory findings. To the best of
our knowledge, this is the first study to investigate
the clinical value of the novel hematologic param-
eter SCI index in ATAAD patients.

Our findings have shown that this novel hemato-
logic parameter SCI index is superior to both indi-
vidual and collaborative hematologic parameters in
predicting short-term mortality in ATAAD patients.
The remarkable advantage of this index is the prop-
osition that the addition of fibrinogen to platelet and
leucocyte to compute SCI index bestows a simulta-
neous evaluation of the fibrinolysis pathway besides
the aggregation and inflammation pathway.** The
results suggest that a comprehensive assessment of
both inflammatory and coagulopathic characteristic
changes is necessary to risk-stratify ATAAD patients.
The underlying mechanisms of the relationship
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FIGURE 6 Kaplan-Meier Survival Plot by DHCA Use
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Differences was observed in 90-day survival after surgery between patients with and
without deep hypothermic circulatory arrest (DHCA).

between inflammation, coagulation, fibrinolysis, and
prognosis require further research.

At present, some selected retrograde ATAAD pa-
tients could have a better prognosis after being
treated with medical management or endovascular
coverage of the primary entry tear.’>3® However,
these retrograde patients included in our study were
those who failed in medical management along with
important cardiovascular risk factors including total
aortic diameter >50 mm, hematoma thickness
>11 mm, pericardial effusion, or aortic regurgitation,
and those whose anatomy was not favorable for
thoracic endovascular aortic repair on cross-sectional
imaging without an adequate proximal landing zone
for the stent graft.>” Therefore, our results must be
interpreted in the context of dissection characteris-
tics of patients included.

The composite contribution of the corpuscular
lines in the occurrence, development, and progres-
sion process of aortic dissection highlights a collabo-
rative hematologic biomarker SCI index. Despite the
confirmatory relationship between leukocytes and
the underlying inflammatory responses, a better un-
derstanding of dissection-mediated thrombocyto-
penia and fibrinogenopenia was advanced and
emphasized as a result of systemic fibrinolytic hy-
peractivity, regional thrombosis, and peripheral
thrombocyte redistribution.>'°-'»3®  Furthermore,
platelets and fibrinogens are intriguing regarding
the diversity of pathophysiological roles beyond
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CENTRAL ILLUSTRATION Clinical Markers Predictive for Mortality in Acute Type A Aortic

SCI Index

We focused on routine preoperative baseline and clinical features to develop a risk score model for predicting 90-day mortality in Chinese
patients with acute type A aortic dissection who underwent surgical repair, composed of 1 novel derived hematologic marker (systemic
coagulation-inflammation [SCI] index) and conventional model 4 conventional factors (age at surgery, serum creatinine, DeBakey class, and
location of intimal entry tear). Our results suggest that this inflammation-based model is useful for early prediction of operative mortality
risk in that patient population. SCI index was calculated as peripheral platelet count x fibrinogen/white blood cell count on admission.

hemostasis-thrombosis-fibrinolysis to inflammation
mediators, compelling the multiple interactions
between inflammation, immune, and coagulation
pathways.*° Finally, we did not find a significant ef-
fect of DHCA on outcomes, although it is plausible
that both hypothermia and circulatory arrest may
still play important roles in determining patient
outcomes.

In addition to 90-day mortality, the SCI index also
showed adequate discrimination with respect to

30-day mortality, hospital mortality, as well as ICU
stay, ventilation support time, re-exploration for
bleeding, and stroke. Thus, our model has the poten-
tial to evaluate the risk of perioperative mortality and
morbidity more objectively than conventional models,
even in emergency clinical settings, due to the clinical
accessibility and availability of the hematological pa-
rameters used for derivation of SCI index.

STUDY LIMITATIONS. This study is subject to the
limitations of its retrospective, observational design,
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in which treatment was left to the discretion of the
attending physicians and this could have somehow
influenced the patients’ outcome. Because the pre-
sent study was observational in nature, unknown
confounders may have affected the results, even after
adjustments were made. And because data were not
available for the identification of cardiovascular-
specific mortality, future studies with more specific
survival analysis such as heart failure death and
sudden cardiac death are needed. Although blood
samples were collected upon admission, the interval
between symptom onset and the first blood exami-
nation could not be accurately evaluated. Important
operative details that might influence patient
outcome (such as cannulation sites, cross clamp vs
open distal anastomosis or core temperature) were
not recorded. Finally, the inflammation-based pre-
diction model will need external validation in case
series from other countries before it can be adopted
outside China.

CONCLUSIONS

SCI index is a novel hematologic marker available
from routine laboratory examinations and is associ-
ated with systemic inflammation and coagulation
disorders reflected by leukocytosis, thrombocyto-
penia, and fibrinogenopenia in ATAAD patients.
There was a significantly negative dose-response
relationship between the SCI index and 90-day mor-
tality in ATAAD patients, highlighting that anti-
inflammatory therapy should be individualized to
patients according SCI index. Furthermore, the
addition of SCI index will significantly improve mor-
tality prediction into the conventional risk mode
composed of age, serum creatinine, DeBakey class,
and location of primary entry tear, indicating the
clinical application of SCI measurement in risk
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