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Purpose: The postoperative survival of patients with acute type A aortic dissection (aTAAD) remains unsatisfactory. The current
study developed an easy-to-use survival prediction model and calculator.

Methods: A total of 496 patients with aTAAD undergoing surgical repair were included in this study. The systemic immune-
inflammation index (SII) and other clinical features were collected and subjected to logistic and Cox regression analyses. The survival
prediction model was based on Cox regression analyses and exhibited as a nomogram. For convenience of use, the nomogram was
further developed into calculator software.

Results: We demonstrated that a higher preoperative SII was associated with in-hospital death (OR: 4.116, p < 0.001) and a higher
postoperative overall survival rate (HR: 2.467, p < 0.001) in aTAAD patients undergoing surgical repair. A survival prediction model
and calculator based on SII and four other clinical features were developed. The overall C-index of the model was 0.743. The areas
under the curves (AUCs) of the 1- and 3-month and 1- and 3-year survival probabilities were 0.73, 0.71, 0.71 and 0.72, respectively.
The model also showed good calibration and clinical utility.

Conclusion: Preoperative SII is significantly associated with postoperative survival. Based on SII and other clinical features, we
created the first easy-to-use prediction model and calculator for predicting the postoperative survival rate in aTAAD patients, which
showed good prediction performance.
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Introduction

Acute type-A aortic dissection (aTAAD) is a fatal disease with high mortality.! Without surgery, the risk of death is 1% to
2% per hour, and 50% of patients die within the first 24 hours after diagnosis. Surgical repair is a life-saving therapy for
patients with aTAAD, but the postoperative mortality and prevalence of complications remain high. Multiple databases
report that the surgical mortality of these patients ranges from 11% to 25%,>> which is still unsatisfactory. Establishing
a survival prediction model may help clinicians identify patients at high risk for postoperative death and develop

appropriate strategies to improve survival.
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Inflammation is related to the pathogenesis and acute stress of aortic dissection.®” Immunological-related biomarker
changes are observed in the peripheral blood of aTAAD patients, such as white blood cells, C-reactive protein,
neutrophils, platelets, and lymphocytes.® ! Several clinical investigations reported that a high level of inflammatory
markers was related to a poor prognosis in aTAAD.'®™"* Considering relative small sample size in previous study might
be underpowered to confirm the association between elevated inflammation markers and poor outcomes, the true
predictive ability of these biomarkers remains controversial. Moreover, we believe that the use of an isolated inflamma-
tory marker might not be competent for predictive outcomes in patients with aTAAD undergoing surgical repair. Because
changes in single inflammatory markers might not represent the comprehensive level of the inflammatory response,
besides, the neglect of other clinical characteristics of the patient might lead to the prediction model’s lack of accuracy
and application value. In our opinion, more representative biomarkers cooperated with more clinical details could be
helpful to provide more information for outcomes in patients with aTAAD undergoing surgical repair.

The systemic immune-inflammation index (SII) is a better index of systemic inflammation, and it is based on
peripheral lymphocyte (Lym), neutrophil (Ne), and platelet (Plt) counts. Its potential prognostic value has been confirmed
in a variety of diseases.'*'® Three recent studies reported that a high SII was associated with short-come mortality and
other poor outcomes in aortic dissection.'®!”"'® However, there is no study attempt to build a survival prediction model
based on SII combined with other clinical information. In our study, we aim to examine the prediction ability of SII in
patients with aTAAD undergoing surgical repair and develop a simple prediction model base on SII and other clinical

characteristics.

Methods

Patients

This retrospective study enrolled patients who were diagnosed with aTAAD and underwent surgical repair at Nanjing
Drum Tower Hospital from January 2016 to December 2018. A total of 496 aTAAD patients undergoing surgical repair
were included in our study.

The institutional ethics committee of Nanjing Drum Tower Hospital approved this study. Some of the data were
obtained from the database of Jiangsu Commission of Health, and the acquisition of these data required patient
authorization. It was not possible to obtain informed consent from all patients. There was no risk to patients in this
study. Therefore, the requirement for informed consent was waived by the institutional ethics committee.

The privacy of all medical records and other individually identifiable health information in our study were protected
at all times. Information relating to a patient’s health care history, diagnosis, condition, treatment, or evaluation were
considered individually identifiable health information. Health information was not used for non-research purposes. This
study strictly adhered to the Declaration of Helsinki (seventh revision, 2013)'’ and was supervised by the ethics
committee.

Surgical Techniques

Combined intravenous—inhalation anesthesia (CIVIA) was commonly used. Routine intraoperative detection included
endotracheal intubation, upper and lower extremity arterial puncture monitoring blood pressure, bilateral cerebral oxygen
saturation measurement and esophageal ultrasound. Surgical repair was performed via standard median sternotomy, and all
patients were cannulated before sternotomy. Right axillary artery and (or) femoral artery cannulation was established directly
or through an 8-mm Dacron graft that was anastomosed with the artery. The ascending aorta or aortic arch cannulation under
the guidance of esophageal ultrasound was performed in some patients. For venous cannulation, a single venous cannula was
placed into the right atrium through the right atrial appendage or superior and inferior vena cava if open-heart surgery was
needed. Cardiopulmonary bypass (CPB) was initiated when the whole-blood active clotting time (ACT) was longer than 480
s after heparin infusion, and the patient started to cool to the target temperature. During this period, cold blood cardioplegia
was retrogradely perfused routinely through the coronary sinus, then antegrade cardioplegia was administered into the

coronary ostia to ensure sufficient cardioprotection. The aortic root and valve were inspected to determine the subsequent
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root procedure. After reaching the hypothermic circulatory arrest (HCA) temperature, CPB was arrested, and the cerebral
tissue was perfused with selected cerebral perfusion (SCP) or retrograde cerebral perfusion (RCP).

The arch was repaired as dictated by the pathology and the surgeon’s preference. For patients with arch dilation
(>45 mm), tears located on the arch and damaged arch structure, total arch replacement with frozen elephant trunk was
generally used. Hemi arch replacement or fenestrated arch stent implantation was also selected. Rewarming was started
after completion of distal repair. During rewarming, the root procedure and/or supracommissural replacement of the
ascending aorta was performed. Generally, supracommissural replacement of the ascending aorta was performed in
patients without root involvement and no aortic valve insufficiency. Otherwise, the Bentall procedure or David procedure
was performed when root replacement was necessary. The root reconstruction procedure was introduced by our center
and called the “double jacket wrapping” technique.?’

Data Collection and Definitions

Patient baseline characteristics, laboratory features, operative details, and outcome data were obtained from our electronic
medical record database. Follow-up data were assessed from the last medical records or telephone interviews. The complete
blood count was collected after admission and analyzed immediately in an auto hematology analyzer (BC-6800Plus,
Mindray, China). The last analysis report before surgery was selected when multiple blood samples had been tested.

The SII was calculated using the following formula: SII = platelet count (Plt) % neutrophil to lymphocyte ratio (N/L)
(SII = P x N/L ratio). Diagnosis and classification were established using contrast-enhanced computed tomography or
magnetic resonance imaging and confirmed during surgery. The type of aortic dissection was defined according to the
Stanford classification.?! Acute dissection was defined as symptom onset within 14 days before medical admissions.
Limb ischemia was defined as a diminished pulse or pulselessness with pain, pallor, paresthesia, poikilothermia, or
paralysis at the involved extremity.*” Isolated radiographic evidence of compromised blood flow in the extremity was not
considered limb ischemia.

Statistical Analysis

Statistical analyses were performed using SPSS version 28.0 (IBM, USA) and R version 4.2.1. Continuous variables
were compared using Student’s z-test or the Mann—Whitney U-test, and the results are presented as means with standard
deviation or medians with interquartile range. The categorical variables were compared using the chi-squared test or
Fisher’s exact test and are presented as frequencies with percentages. The receiver operating characteristic (ROC) curve
and Youden index* were used to explore the predictive value of SII for in-hospital death. The formula of the Youden
index was sensitivity + specificity — 1. The SII value corresponding to the maximum value of the Youden index was
selected as the cut-off point.

Logistic and Cox regression analyses were used to examine the independent risk factors for in-hospital death and
postoperative survival. Variables with p < 0.1 in the univariate analysis or that were thought to be important were selected
for the multivariate analysis. The Enter method was used to determine independent risk factors in the multivariate
analysis. The Kaplan-Meier (KM) method and Log rank test were performed to analyze postoperative survival. The
nomogram was constructed using the ‘rms’ R package. The prediction accuracy of the nomogram was tested using the
concordance index (C-index) and time-dependent receiver operating characteristic curves with areas under the curves
(AUCs). The calibration curve was used to determine consistency between the predicted survival probability of the
nomogram with bootstrap resamples. Decision curve analysis (DCA) was used to evaluate the net benefit of the
nomogram. Two-sided P <0.05 was considered statistically significant.

Results

Baseline Characteristics

A total of 496 aTAAD patients undergoing surgical repair were included in our retrospective cohort (Figure 1). There
were 366 (73.79%) males, and the average age of the patients was 53.61 + 14.13 years. A total of 379 (76.41%) patients
had hypertension. A total of 495 (99.80%) patients received ascending aorta replacement. The most common root surgery
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Patients with aTAAD undergoing surgical repair from
January 2016 to December 2018
(n=551)

Exclude (n=55)

o Chomic TAAD (n=21)

o Connective tissue disease (n=6)
* Autoimmune disease (n=9)

* Previous cardiac surgery (n=11)
o Data was not available (n=8)

[ Available patients for analysts and follow up (n=496)

Figure | Flowchart of participant selection.

option was root reconstruction using the “Double Jacket Wrapping” technique (53.23%), and the most common arch
surgery option was total arch replacement with frozen elephant trunk (48.99%). ROC curve analysis was used to examine
the predictive value of the preoperative SII for in-hospital death. The area under the curve (AUC) was 0.61 (95% CI,
0.70-0.53) (Figure 2). The optimal cut-off value was 3324.5. Patients were divided into two groups by the cut-off value:
SI1<3324.5 group (n = 405, 81.65%) and SI[>3324.5 group (n = 91, 18.35%). The baseline characteristics of the two
groups are shown in Table 1. Patients in the SI1<3324.5 group had higher proportions of cerebral ischemia (40, 9.88% vs
3, 3.30%, p = 0.044) and coronary artery involvement (66, 16.30% vs 25, 25.47%, p = 0.013). The WBC, neutrophil and
platelet counts were significantly higher in the SII>3324.5 group (14.46 + 3.85x10*9/L vs 11.97 + 3.89x10*9/L,
p<0.001; 13.42 £ 5.55x10*9/L vs 10.16 + 3.33x10*9/L, p<0.001; 177.00 £ 51.43x10*9/L vs 145.09 £ 60.37x10*9/L,
p<0.001). The SII<3324.5 group had higher albumin and lymphocyte counts (38.09 = 3.19 vs 37.86 + 3.26, p = 0.044),
[0.94 (0.60, 1.20) vs 0.60 (0.40, 0.70), p<0.001]. There were no significant differences in other biomarkers or clinical
details between the two groups.

Short and Mid-Term Outcomes
Patients’ short- and mid-term outcomes are shown in Table 2. A total of 70 (14.11%) patients died (all-cause deaths) in
the hospital. Patients in the SII>3324.5 group had higher short-term mortality (30, 32.97% vs 40, 9.88%, p<0.001) and
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Figure 2 Receiver operating characteristic curve (ROC) analysis with the area under the curve, sensitivity and specificity of systemic immune-inflammation index (Sll) in
predicting in-hospital death.
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Table | Baseline Characteristics
Variables S11<3324.5 (n=405) S11>3324.5 (n=91) P value
Age (year) 53.58+13.03 53.71£13.69 0.931
Gender (male, %) 300 (74.07) 66 (72.53) 0.762
Body mass index (kg/m?) 25.9+4.31 25.25+3.28 0.175
Hypertension (n, %) 305 (75.31) 74 (81.32) 0.222
Diabetes mellitus (n, %) 14 (3.46) 2 (2.20) 0.775
Stroke (n, %) 22 (5.43) 5 (5.49) 0.981
COPD (n, %) 3 (0.74) 1 (1.10) 0.730
Atrial fibrillation (n, %) 14 (3.46) 1 (1.10) 0.235
ESRD (n, %) 10 (2.47) 1 (1.10) 0.423
Smoking (n, %) 79 (19.51) 15 (16.48) 0.506
Alcohol drinking (n, %) 64 (15.80) 11 (12.09) 0.371
CAD (n, %) 6 (1.48) 2 (2.20) 0.624
Preoperative conditions (n, %)
Hypotension 14 (3.46) 2 (2.20) 0.539
Cerebral ischemia 40 (9.88) 3 (3.30) 0.044
Limb ischaemia 55 (13.58) 15 (16.48) 0.472
Bowel ischaemia 25 (6.17) 6 (6.59) 0.881
Coronary artery involvement 66 (16.30) 25 (27.47) 0.013
AST (U/L) 96.32+£207.32 106.13+232.45 0.210
ALT (U/L) 7231%137.25 93.72+185.38 0.690
LDH (U/L) 680.60+816.26 597.84+268.24 0.340
Crea (umol/L) 107.49+93.47 103.71£73.12 0.646
WBC (x10*9/L) 11.97+3.89 14.46+3.85 <0.001
Neut (x10*9/L) 10.16+3.33 13.42+5.55 <0.001
ALB (g/L) 38.09+3.19 37.86+3.26 0.044
Lymphocyte (x10%9/L) 0.94 (0.60, 1.20) 0.60 (0.40, 0.70) <0.001
PLT (x10%9/L) 145.09+60.37 177.00+51.43 <0.001
D-dimer (mg/L) 13.43+18.99 11.04+8.28 0.241
Fbg (g/L) 2.36%1.15 2.28+1.13 0.344
CRP (mg/L) 47.55£52.94 47.86+56.00 0.961
Operative details (n, %)
Ascending aorta replacement 404 (99.75) 91 (100) 0.635
Root surgery (n, %) 0.306
Untreated 94 (23.21) 25 (27.47)
Bentall 83 (20.49) 19 (20.88)
Valve sparing 10 (2.47) 1 (1.10)
Root reconstruction 218 (53.83) 46 (65.93)
Arch surgery (n, %) 0.429
Untreated 24 (59.26) 5 (5.49)
Hemi arch replacement 74 (18.27) 15 (16.48)
Total arch replacement with FET 200 (49.38) 43 (47.25)
Arch stent 107 (26.42) 28 (30.77)
Cerebral perfusion (n, %) 377 (93.09) 86 (65.93) 0.624
CABG (n, %) 27 (66.67) 11 (12.09) 0.079
MVP/R (n, %) 3 (0.74) 1(1.10) 0.557
TVP (n, %) 5(1.23) 1 (1.10) 0915
Atrial fibrillation ablation (n, %) 1 (0.25) 0 (0) 1.000
Operation time (h) 8.14x1.91 8.43%1.91 0.198
CPB time (min) 247.62+76.69 262.87+93.13 0.101
Crossclamp time (min) 172.20+58.08 180.69+64.48 0.218
DHCA time (min) 29.63+10.86 29.93+11.70 0818
Abbreviations: COPD, chronic obstructive pulmonary disease; ALT, alanine aminotransferase; Neut, neutrophil; CRP, C-reactive
protein; ESRD, end-stage renal disease; LDH, lactate dehydrogenase; ALB, albumin; FET, frozen elephant trunk; CAD, coronary artery
disease; Crea, creatinine; PLT, platelet; CABG, coronary artery bypass graft; AST, aspartate transaminase; VWBC, white blood cells; Fbg,
fibrinogen; MVP/R, mitral valvuloplasty/mitral valve replacement; TVP, tricuspid valvuloplasty; CPB, cardiopulmonary bypass; DHCA, deep
hypothermic circulatory arrest; Sll, systemic immune-inflammation index.
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Table 2 Short- and Mid-Term Outcomes

Variables

S11<3324.5 (n=405)

S1123324.5 (n=91)

P value

Short-term (n, %)
In-hospital death
Re-intubation
Intracranial hemorrhage
Stroke

Paraplegia

ARF

Bowel ischemia

Gl bleeding

Surgical site infection
CRRT

Mid-term (n, %)
Death
Re-intervention

40 (9.88)
25 (6.17)
5(1.23)

20 (4.94)
4(0.99)
110 (27.16)
4(0.99)

2 (0.49)

16 (3.95)
53 (13.09)

16 (4.38)
33 (9.04)

30 (32.97)
8 (8.79)
| (1.10)
3 (3.30)
I (1.10)
23 (25.27)
5 (5.49)
I (1.10)
2 (2.20)
15 (16.48)

3 (4.92)
6 (9.84)

<0.001
0.365
0915
0.501
0.924
0.714
0.004
0.456
0.419
0.395

0.852
0.842

Abbreviations: ARF, acute renal failure; Gl, gastrointestinal; CRRT, continuous renal replacement therapy.

postoperative bowel ischemia (5, 5.49% vs 4, 0.99%, p=0.004). Other short-term outcomes, such as reintubation,
intracranial hemorrhage, stroke, paraplegia, acute renal failure (ARF), use of continuous renal replacement therapy
(CRRT), gastrointestinal (GI) bleeding, and surgical site infection, were similar between the two groups. During
a median follow-up period of 23.52 (15.20, 34.23) months, the overall mid-term mortality (all-cause deaths) was
4.38% in the SI1<3324.5 group and 4.92% in the SII>3324.5 group (P=0.852).Six (9.84%) patients in the SI[>3324.5
group needed reintervention, which was similar to the SI1<3324.5 group (P = 0.842). The Kaplan—Meier curves showed
that the overall survival was significantly different between the two groups (HR: 0.32; 95% CI: 0.21-0.49, p<0.001)

Figure 3 Kaplan-Meier survival ¢

urve analysis and Log rank test.
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Logistic Regression Analyses and Cox Regression Analyses

We used logistic regression methods to further analyze the independent risk factors for in-hospital deaths for patients with
aTAAD undergoing surgical repair. The results of univariate and multivariable logistic regression analyses are shown in Table 3.
Univariate logistic regression analyses showed that coronary artery involvement, concomitant CABG, SI[>3324.5, albumin,
WBC count, cardiopulmonary bypass (CPB) time, cross-clamp time and neutrophils were potential risk factors for in-hospital
deaths. Multivariable logistic analyses showed that SII>3324.5 was an independent risk factor for in-hospital death (OR: 4.116;
95% CI: 1.13-2.47, p < 0.001, Table 3).

Cox regression analyses were used to determine the independent predictors of the overall survival rate after surgical repair.
SI1>3324.5 and sex, age > 70, hypertension, diabetes mellitus, CAD, COPD, ESRD, preoperative cerebral ischemia, preoperative
limb ischemia, preoperative bowel ischemia, postoperative CRRT use, coronary artery involvement, concomitant CABG, CPB
time and cross-clamp time were analyzed using univariate Cox regression analyses. Variables with p < 0.1 in the univariate
analyses were included in the multivariate analyses. The results showed that SI>3324.5 (HR: 2.467; 95% CI: 1.573-3.868, p <
0.001, Table 4), age>70, preoperative limb ischemia, postoperative CRRT use, and concomitant CABG were independent risk
factors for the overall survival rate after surgical repair.

Table 3 Univariate and Multivariable Logistic Regression Analyses of Clinical Parameters

Variables Univariate P Multivariate P
OR(95% CI) OR(95% CI)

Cerebral ischemia (n, %) 1.20 (0.09, 1.03) 0.670

Coronary artery involvement (n, %) | 2.371 (1.346, 4.179) 0.003 1.667 (0.875, 3.176) 0.120
WBC (x10*9/L) 1.054 (0.992, 1.120) 0.089 0.847 (0.901, 1.090) 0.991
Neut (x10*9/L) 1.019 (0.981, 1.058) 0.034 1.011 (0.929, 1.100) 0.801
ALB (g/L) 0.978 (0.906, 1.056) 0.572

PLT (x10*9/L) 0.998 (0.994, 1.002) 0.388

SI123324.5 (n, %) 4.488 (2.601, 7.744) <0.001 4.116 (2.280, 7.431) <0.001
CABG (n, %) 3.183 (1.523, 6.654) 0.002 2.227 (0.960, 5.167) 0.062
CPB time (min) 1.005 (1.002, 1.007) 0.042 1.009 (1.003, 1.017) 0.088
Crossclamp time(min) 1.004 (1.000, 1.008) 0.082 0.996 (0.986, 1.005) 0.379

Abbreviations: WBC, white blood cells; Neut, neutrophil; ALB, albumin; PLT, platelet; SlI, systemic immune-inflammation index; CABG,
coronary artery bypass graft; CPB, cardiopulmonary bypass.

Table 4 Univariate and Multivariable Cox Regression Analyses of Clinical Parameters

Variables Univariate P Multivariate P
HR (95% CI) HR (95% CI)

Male (n, %) 0.753 (0.481, 0.108) 0.216

Age>70 (n, %) 1.616 (0.875, 2.742) 0.069 1.908 (1.054, 3.455) 0.033
Hypertension (n, %) 1.230 (0.733, 2.065) 0.433

Diabetes mellitus (n, %) 1.039 (0.328, 3.286) 0.948

CAD (n, %) 1.592 (0.392, 6.470) 0.516

COPD (n, %) 4.339 (1.371, 13.734) 0.013 2.511 (0.748, 8.423) 0.136
ESRD (n, %) 2.119 (0.777, 5.779) 0.142

Cerebral ischemia (n, %) 0.918 (0.424, 1.986) 0.827

Limb ischaemia (n, %) 2.177 (1.333, 3.556) 0.002 1.882 (1.141, 3.102) 0.013
Bowel ischaemia (n, %) 6.748 (2.942, 15.479) <0.001 1.500 (0.683, 3.291) 0.312
CRRT (n, %) 2.773 (1.719, 4.345) <0.001 1.919 (1.169, 3.151) 0.010
Coronary artery involvement (n, %) | 1.815 (1.135, 2.901) 0.013 1.127 (0.649, 1.954) 0.672
S11=3324.5 (n, %) 3.042 (1.970, 4.700) <0.001 2.467 (1.573, 3.868) <0.001
CABG (n, %) 2.663 (1.504, 4.717) <0.001 1.127 (1.149, 1.954) 0.050
CPB time (min) 1.001 (0.999, 1.003) 0.046 1.059 (0.615, 1.824) 0.595
Crossclamp time(min) 1.004 (1.000, 1.007) 0.033 1.001 (0.997, 1.005) 0.683

Abbreviations: CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; ESRD, end-stage renal disease; SlI,
systemic immune-inflammation index; CABG, coronary artery bypass graft; CRRT, continuous renal replacement therapy; CPB, cardio-
pulmonary bypass.
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Survival Prediction Model and Calculator

To quantitatively predict the survival of patients with aTAAD undergoing surgical repair, we established a nomogram
including significant indicators for the overall survival rate (Figure 4). This nomogram showed that the preoperative SII
contributed the most to the prognosis, followed by postoperative CRRT use, preoperative limb ischemia, concomitant
CABG and age. All of these variables were assigned a score on the points scale. Summation over The variable points
were summed, and a total point was obtained and located on the Total Points scale. A line was drawn straight down to
the 1-/3-month and 1-/3-year survival probability scales, and the estimated survival probability at each time point is
shown.

The accuracy of the nomogram was examined. The overall C-index of the nomogram was 0.743 (95% CI: 0.691—
0.797, p < 0.001). Time-dependent ROC with AUCs were also used to assess the predictive accuracy of the nomogram.
Our model showed good prediction ability in overall survival rate in each time point, as reflected by the AUC of 1-/3-
month and 1-/3- year survival probability was 0.73 (95% CI: 0.66-0.79), 0.71 (95% CI: 0.65-0.78), 0.71 (95% CI: 0.65—
0.78), 0.72 (95% CI: 0.64-0.79) respectively (Figure 5). The calibration plots showed good consistency between the
nomogram predictions and actual observations for the overall survival rate at each time point (Figure 6). Decision curve
analysis (DCA) curves were used to examine the clinical usefulness of our model. The results showed good clinical
applicability of our model in predicting the 1-/3-month and 1-/3-year survival probability of patients with aTAAD
undergoing surgical repair. (Figure 7).

To make our predictive model more convenient for clinicians to use in practice, we developed a calculator based on
the nomogram. This calculator was developed in the C# language and may be used on any computer that has the NET
platform. The estimated survival probability across time may be easily shown by inputting and choosing clinical features
for the calculator. The calculator version 1.0 was implemented and may be downloaded at https://github.com/
GitttttMuMu/calculator.
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Figure 4 Nomogram for predicting 1-/3- month and |-/3- year survival of patients with aTAAD undergoing surgical repair.
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Figure 6 Calibration plots of the nomogram for |-/3- month and |-/3- year survival prediction.

Discussion
The present study investigated the relationship between the preoperative SII and in-hospital death and postoperative
overall survival rates in aTAAD patients undergoing surgical repair. We developed a survival prediction model and
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Figure 7 DCA of the nomogram for |-/3- month and |-/3- year survival prediction (A-D).

a compact calculator based on the SII and other clinical features. Our survival model and calculator provide a useful and
simple tool for risk stratification of aTAAD patients undergoing surgical repair.

Acute type A aortic dissection is a life-threatening condition caused by an intimal tear in the aorta that creates a false
lumen between the intimal and middle layers of the aortic wall in the ascending aorta.>* Based on the evidences, all
patients with aTAAD should be treated by surgery.>> Although mortality after surgical repair has improved over the past
decades,”®? but according to reports from multicenters studies around the world, postoperative mortality still reach up to
11-25%.7 Mid- and long-term survival rate of surviving patients was 85% and 68%.°®>? In clinical practice,
estimations of an aTAAD patient’s postoperative survival rate often rely on the clinician’s experience. This assessment
method lacks accredited standards and cannot provide more precise information to support decision-making. Therefore,
the creation of an effective tool to quantitatively improve assessment survival would be helpful for risk stratification and
decision-making.

Two previous studies tried to achieve this goal. Sergey Leontyev et al used age, critical preoperative state, and
malperfusion syndrome to create an easy-to-use scorecard to predict in-hospital death for patients with aTAAD.>* Martin
Czerny et al created the GERAADA score to predict the 30-day mortality rate for patients with aTAAD undergoing
surgery and developed a web-based application.* However, there were some deficiencies in these two studies. First, the
evaluation of these preoperative indicators was relatively complex and may be susceptible to subjective factors.
Therefore, standard evaluation criteria may be difficult to apply. Second, only the preoperative variables were used in
the prediction models in both studies, and there may be unmeasured perioperative confounders that were not accounted
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for in their analyses. Third, only two-thirds of patients were alive at three years if they survived the initial
hospitalization,*® which provides a method of predicting mid-term survival rates that may benefit postoperative treatment
and mid-term outcomes. Unfortunately, both models only predicted a short-term survival rate after surgery.

The immune-inflammatory mechanisms that occur in aortic dissection give us ideas to solve the above problems. The
main histopathologic change in aTAAD is arterial wall weakening caused by medial degeneration, which consists of
degradation of the extracellular matrix (ECM) related to smooth muscle cell (SMC) depletion, elastic fiber fragmentation,
and collagen degradation, and immune-inflammatory mechanisms have been proven contribute greatly to aortic wall
remodel.**° Inflammatory cells have been indicated that are present in the aortic media in aortic dissection, which
contribute to smooth muscle cell apoptosis through activation of death-promoting pathways.*”** What we were most
interested in was the systemic inflammatory reaction induced by aTAAD. Although the etiological backgrounds of the
systemic inflammatory reaction remain to be clarified, multiple evidences have demonstrated that more intensive
systemic Inflammation might be related to unfavorable short-term or mid-term outcomes in patients with aTAAD.?>"*

The systemic immune-inflammation index (SII) is a novel biomarker to assess patients’ inflammatory and immune
status quantitatively. SII is calculated as Platelets count (Plt) x Neutrophil to-Lymphocyte ratio (N/L) (SII = P x N/L
ratio). In previous studies, higher SII was associated with poor outcomes in patients with various cancers and had the
ability to predict mid-term outcomes.*> ™ Platelets, neutrophils, and lymphocytes have an important function in the
inflammatory state. False lumen blood flow and tearing vascular tissue surface are powerful activators of the platelets.*®
Platelet activation was seen as the “first stress response” in the pathogenesis of aTAAD.*’ During this process, activated
and aggregated platelets could release inflammatory factors into the blood, which could activate neutrophils and
monocytes, promote lymphocyte migration to peripheral lymph nodes, further promote platelet adhesion, aggregation,
and break the balance between coagulation and fibrinolytic systems.**** Activated neutrophils could release proteolytic
enzymes, arachidonic-acid derivatives, and reactive oxygen intermediate, increasing vascular endothelial damage.’® In
addition, the interplay between platelets and neutrophils could enhance neutrophil functions, which play an important
role in inflammatory responses.’’ As opposed to activation of neutrophils representing active inflammation, lymphocyte
variation reflects overall physiological stress.”> Lymphopenia was proven to has relevant to poor outcomes in many
cardiovascular disease.”®> > As a compositive index, SII combines different biomarkers across the pathobiological axes
of system inflammatory response. Thus, we believe that SII could serve as a potential tool for risk stratification for
aTAAD patients. Xu et al reported that SII could predict postoperative short-term adverse outcomes in aTAAD patients
after surgery.'® Another retrospective study reported that SII is associated with in-hospital and mid-term survival in
patients with type B aortic dissection undergoing thoracic endovascular repair.'” Our study also identified similar results.
In our study, we demonstrated that high preoperative SII was related to in-hospital death in patients with aTAAD
undergoing surgical repair. Furthermore, Kaplan—-Meier analysis and multivariable Cox analysis illustrated that high
preoperative SII was related to higher short-term and mid-term mortality rates in such patients.

An elevated preoperative SII may represent a special subset of aTAAD patients who are at greater risk of mortality
after surgery. In addition, other high-risk factors should not be neglected. In the present study, by using Cox analysis, we
identified four other perioperative major independent predictors of depressed postoperative survival: age > 70, pre-
operative limb ischemia, postoperative CRRT use, and concomitant CABG. Previous studies showed a significant effect
of advanced age on mortality and complication rate.’®>” The significantly higher mortality might attribute to more
comorbidities before surgery in old patients.’® Peripheral vascular complications were a powerful risk factor for
increased postoperative mortality of patients with aTAAD.’® We found that only the preoperative limb ischemia was
the independent risk factor of increased postoperative mortality in such peripheral vascular complications. Besides, some
studies declared that they found no association between preoperative limb (or extremity) ischemia and poor

outcomes,5 9,60

reported conflicting results with our study. Our findings could be explained by “delayed intervention”
because the interval between symptoms onset to definitive diagnosis was significantly longer at our center compared with
Massachusetts General Hospital.®' Thus, our patients who were considered with preoperative limb ischemia might
actually be more critical because of the primary care and referral systems’ heterogeneity between the United States and
China. Moreover, the first and most commonly used method of assessing preoperative limb ischemia is diminished pulses

in our clinical practice. This simple method itself has been reported to be useful for identifying a high-risk subgroup of
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aTAAD patients.®? Therefore, we chose preoperative limb ischemia as a significant independent predictor for the
prediction model was reasonable. Evidence from the previous studies reported the incidence of postoperative CRRT
use in patients undergoing surgery with aTAAD was 11-27%, and the mortality in such patients was significantly higher
than in patients who were not.>®> Our study confirmed these phenomena. We performed concomitant CABG in two
clinical scenarios, type B and type C coronary artery involvement clarified via intraoperative exploration®® and difficult
CPB weaning considered to be related to insufficient coronary artery blood flow. This results in most concomitant CABG
being unscheduled and rescued. Concomitant CABG significantly prolongs ACC time and CPB time, which leads to an
increase in myocardial ischemia period and inflammatory response.®” At the same time, although concomitant CABG
was one of the few ways to save patients, it also might expose surviving patients to the potential risks of CABG. Results
from two studies supported these theories effectively.®”*® To sum it up, both postoperative CRRT use and concomitant
CABG were considered independent risk factors of mortality in aTAAD patients undergoing surgical repair.

Based on results from Cox analysis, we built a survival prediction model for patients with aTAAD undergoing
surgical repair. This model was constructed by combining preoperative SII, age, preoperative limb ischemia, post-
operative CRRT use, and concomitant CABG. Our model was plotted as a nomogram. The overall C-index of the
nomogram was 0.743 (95% CI: 0.691-0.797, p < 0.001). Furthermore, our model showed good prediction ability in
overall survival rate at each time point, as reflected by the AUC of 1-/3- month and 1-/3- year survival probability was
0.73 (95% CI: 0.66-0.79), 0.71 (95% CI: 0.65-0.78), 0.71 (95% CI: 0.65-0.78), 0.72 (95% CI: 0.64-0.79) respectively.
The calibration and clinical utility of the model were also good. In addition, we developed a calculator based on the
nomogram.

The advantages of the present model and calculator are as follows. First, we introduced the SII to reflect the
compositive preoperative state of patients, which greater simplified and increased the standardization of the assessment,
especially beneficial to non-cardiothoracic surgeons and physicians. Second, we also introduced the perioperative risk
factors, which could reflect the variation and actual condition of the patient during the clinical treatment process. In
practical using, our model and calculator could implement the dynamic evaluation at different key points in hospitaliza-
tion. Third, to our knowledge, the present study provided the first assessment method for short- and mid-term survival
prediction in patients with aTAAD undergoing surgical repair. Based on the above advantages, our model has optimistic
clinical implications. In addition to predicting a clinical outcome, our model will help identifying patients who in the
highest risk category. If a high risk patient has a very low estimated survival rate, the alternate therapeutic schedule such
as endovascular techniques or more conservative surgical strategies could be considered to improving short-term survival
as much as possible. With the exception of assisting decision-making in emergency situations, our model can assist
clinical decision-making in the rehabilitation of surviving patients, as well as guide the allocation of healthcare resources
and reduce costs. But what needs to be emphasized is our model was not designed to help clinicians determine whether
the life-saving surgical intervention was required.

Limitations

The present study was not exempt from limitations. First, this study was a retrospective study, which makes it susceptible
to selection bias. It was difficult to evaluate all patients who were not diagnosed or referred to our center with aTAAD
during the study start and end times. However, it is an inevitable limitation that has plagued all correlative studies.
Second, this study was based on data from a single center. Whether the results of the study are applicable to other centers
requires further testing. One preoperative measurement of routine blood tests may not represent an individual’s actual
state before surgery. Changes in patients’ condition may have occurred between the blood draw and surgery, which lacks
adjusted SII variance over the perioperative period and was not dynamically monitored in this study.

Conclusions

The surgical repair of patients with aTAAD remains a challenge, and the postoperative survival rate is not satisfactory.
We provide evidence that the preoperative SII is significantly associated with postoperative survival. Based on the SII in
combination with other clinical features, we created the first easy-to-use prediction model and calculator for predicting
the postoperative survival rate of these patients, which showed good accuracy and applicability. We recommend the
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conventional application of this tool for assisting clinical decision-making in aTAAD patients undergoing surgical repair
throughout their treatment process.

Supplementary Materials
Supplementary material associated with this article can be found, in the online version, at https:/github.com/
GitttttMuMu/calculator.
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