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Background: The systemic inflammatory response index (SIRI) is a novel
inflammatory-immune biological marker that has prognostic value in various
cardiovascular diseases. This study aims to investigate the relationship between
SIRI and short-term and long-term prognosis in patients with acute type A aortic
dissection (AAAD) underwent surgical treatment.

Methods: We conducted a retrospective analysis of patients with AAAD who
underwent emergency surgical treatment at our center. Through multifactorial
logistics regression analysis and cox proportional hazards regression analysis, we
identified SIRI as an independent risk factor for major adverse events (MAEs) and
long-term aorta-related adverse events (ARAEs) post-surgery. The optimal cutoff
value of preoperative SIRI was determined using receiver operating characteristic
(ROC) curve analysis, and patients were divided into low SIRI group and high SIRI
group. The prognostic outcomes at different time points post-surgery for the
two groups of patients were analyzed using Kaplan-Meier survival analysis, and
the significance was determined by log-rank test.

Results: A total of 691 AAAD patients were included in this study. Among them,
50 patients (7.2%) died within 30 days post-surgery, and 175 patients (25.3%)
experienced MAEs. A total of 641 patients were followed up, with an average
follow-up time of 33.5 + 17.5 months, during which 113 patients (17.6%)
experienced ARAEs. The results of multifactorial logistics regression analysis
and cox proportional hazards regression analysis showed that SIRI was an
independent risk factor for postoperative MAEs (OR=3.148, 95%CI[1.650-
6.006], p<0.001) and ARAEs (HR=2.248, 95%CI[1.050-4.809], p<0.037). Kaplan-
Meier analysis demonstrated that the MAEs-free survival in the high SIRI group
was significantly lower than that in the low SIRI group, and a similar trend was
observed in the ARAEs-free survival during follow-up (log-rank test, p<0.001).
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Conclusion: Preoperative SIRI is significantly associated with the short-term and
long-term prognosis of AAAD patients underwent emergency open surgery,
demonstrating its valuable prognostic value. Therefore, preoperative SIRI is a
reliable biological marker that can serve as a valuable tool for preoperative risk
stratification and decision management.

KEYWORDS

systemic inflammatory response index, acute type A aortic dissection, major adverse
events, aorta-related adverse events, prognostic marker

Introduction

Acute type A aortic dissection (AAAD) is a life-threatening
cardiovascular emergency characterized by sudden onset and
rapid progression. If not treated promptly, the mortality rate
increases by approximately 1%-2% per hour, with a mortality
rate of up to 50% within 24 hours (1-3). Surgery to repair the
diseased aorta is the only effective way to save the lives of patients
with AAAD. However, due to the severity of the condition before
surgery and the difficulty of the operation, the rate of
postoperative complications and mortality remains high, and
the prognosis is poor (4). Research has reported that the
mortality rate of AAAD patients after emergency open surgery
is about 10%-25%, which is much higher than other types of
cardiovascular surgery (5). Therefore, if some biomarkers can be
used to assist clinicians in risk stratification of AAAD patients
before surgery, high-risk patients with poor prognosis can be
identified early, and appropriate treatment strategies can be
developed to improve postoperative survival.

Inflammation has been confirmed to play a significant role in
various cardiovascular diseases, and as the most important
pathophysiological change throughout the development of aortic
dissection (AD), the inflammatory response is closely related to the
occurrence and progression of AD (6). Studies have reported
significant changes in the levels of inflammatory and immune-
related biomarkers in the peripheral blood of AD patients (such as
white blood cells, neutrophils, monocytes, lymphocytes, and C-
reactive protein). Moreover, increasing clinical evidence indicates
that these inflammatory and immune-related biomarkers are closely
associated with the prognosis of AD (7). However, due to the
limited predictive value of single indicators, novel composite
biomarkers combining multiple indicators [such as neutrophil-to-
lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR),
and platelet-to-lymphocyte ratio (PLR)] can further enhance their
prognostic value. These composite biomarkers are easy to obtain
results for, less influenced by physiological conditions, provide
more comprehensive information, and offer more valuable
references for the prognosis of AD.

Recently, the systemic inflammatory response index (SIRI) has

been discovered as a more comprehensive inflammatory and
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immune biomarker that integrates changes in multiple cell types,
better representing the current level of inflammation and immune
status of the body. Its potential predictive value has been confirmed
in many diseases, especially in cardiovascular diseases (8, 9).
However, few studies have investigated the impact of SIRI on
AAAD patients receiving surgical treatment. Therefore, this study
aims to clarify the effect of SIRI on postoperative prognosis of
AAAD patients through data analysis from a large sample size in a
single center.

Materials and methods
Study population

This study included a total of 691 AAAD patients who
underwent emergency surgical treatment at our center from
January 2018 to January 2022. The inclusion criteria were: (1)
age>18 years; (2) confirmed diagnosis of Stanford type A aortic
dissection by thoracic aortic angiography or echocardiography; (3)
underwent emergency open surgical treatment after admission. The
exclusion criteria were: (1) patients who had previously undergone
open chest surgery; (2) patients with conditions that could affect
inflammatory cell counts, including but not limited to active
malignant tumors, acute infections, long-term use of drugs
affecting blood cell counts, hematological disorders, and
autoimmune diseases. All patients had venous blood samples
taken for blood tests in a medication-free state before
emergency surgery.

Outcomes and definitions

This study’s primary outcome events included major adverse
events (MAEs) during hospitalization and aortic-related adverse
events (ARAEs) during follow-up. Evaluated MAEs included major
complications during the perioperative period and all-cause
mortality within 30 days postoperatively. According to the
grading criteria for complications in postoperative clinical
outcomes consensus for aortic arch surgery, the major
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postoperative complications were determined to include (10): (1)
cardiovascular complications [myocardial infarction, malignant
arrhythmias, and heart failure requiring mechanical support
with an intra-aortic balloon pump (IABP)]; (2) pulmonary
complications (acute lung injury, acute respiratory distress
syndrome, prolonged mechanical ventilation, tracheostomy
and respiratory failure requiring extracorporeal membrane
oxygenation (ECMO) treatment); (3) new-onset acute kidney
injury (serum creatinine levels increased more than 3 times the
baseline value, absolute increase requiring prolonged mechanical
ventilation or CRRT for renal failure); (4) wound complications
requiring reoperation or requiring re-thoracotomy for hemostasis;
(5) gastrointestinal bleeding. ARAEs included leakage during
follow-up, distal aortic expansion > 5mm, progression of aortic
disease, and aortic-related mortality.

Data collection

The preoperative variables in this study include: gender, age, body
mass index (BMI), left ventricular ejection fraction (LVEF), smoking
and alcohol history, hypertension, diabetes, previous coronary artery
disease (CAD), previous cerebrovascular disease (CVD), previous
chronic kidney disease (CKD), Marfan syndrome, aortic valve
regurgitation (moderate or above), pericardial effusion (moderate or
above), white blood cells, platelets, hemoglobin, alanine transaminase
(ALT), aspartate transaminase (AST), albumin (ALB), creatinine, D-
dimer, fibrinogen, B-type natriuretic peptide (BNP), neutrophil-to-
lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR),
platelet-to-lymphocyte ratio (PLR), systemic immune inflammation
index (SII), systemic inflammatory response index (SIRI).

NLR = neutrophil count/lymphocyte count, MLR = monocyte
count/lymphocyte count, PLR = platelet count/lymphocyte count,
SII = platelet count * NLR. SIRI = monocyte count * NLR.
Perioperative data recorded in this study include the main
surgical procedure, total operation time, cardiopulmonary bypass
(CPB) time, aortic cross clamp (ACC) time, deep hypothermic
circulatory arrest (DHCA) time, and intraoperative blood product
transfusion situation (red blood cell (RBC), plasma, platelet). All
data are sourced from the hospital’s electronic medical record
system. Follow-up data are assessed based on the final medical
records or telephone interviews.

Statistical analysis

The data were statistically processed and analyzed using SPSS
25.0 and R 4.2.1. Continuous variables were compared using
Student’s t-test or Mann-Whitney U test, and the results were
presented as mean + standard deviation (SD) or median
[interquartile range (IQR)]. Categorical variables were compared
using chi-square test or Fisher’s test, and the results were presented
as frequencies or percentages. Univariate analysis was performed to
analyze the factors associated with MAEs and ARAEs. Variables
with statistically significant differences in the univariate analysis
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were further included in multivariable logistics regression analysis
and cox proportional hazards regression analysis to determine
independent risk factors for postoperative MAEs and ARAEs. The
accuracy of SIRI in predicting MAEs and ARAEs was evaluated
using receiver operating characteristic (ROC) analysis. The results
were presented as area under the curve (AUC), and the optimized
cutoff value, sensitivity, and specificity were recorded. Additionally,
the cutoff point corresponding to the maximum value of the
Youden index was chosen as the optimal cutoff value for
preoperative SIRI. Based on the optimized cutoff value of SIRI,
patients were divided into high SIRI group and low SIRI group. The
clinical outcomes after surgery were compared between the two
groups. Kaplan-Meier survival curves were used to compare short-
term and long-term prognostic outcomes after surgery, and their
significance was determined using the log-rank test. A two-sided p
value < 0.05 was considered statistically significant.

Results
Patient characteristics

According to the inclusion and exclusion criteria for patient
selection, the workflow chart is shown in Figure 1. A total of 691
patients were included in this study, with 438 males (63.4%) and the
average age of 53.2 + 11.8 years. In this study, there were 175 cases
(25.3%) of MAEs, and 50 cases (7.2%) of all-cause mortality within
30 days. The perioperative characteristics of patients in the MAEs
and non-MAEs groups are shown in Supplementary Table 1. A total
of 641 patients participated in follow-up, with the average follow-up
time of 33.5 £ 17.5 months, and 113 cases (17.6%) experienced
ARAEs during follow-up. The perioperative characteristics of
patients in the ARAEs and non-ARAEs groups are shown in
Supplementary Table 2. The SIRI level increased significantly in
both the MAEs and ARAEs groups compared to their respective
non-event groups (Figure 2).

Patients with AAAD undergoing surgical repair (n=734)

Exclude cases (n=43)

(1) long-term use of drugs affecting blood cell counts (n=3)
(2)Hematological disorders (n=6)

(3)Autoimmune disease (n=10)

(4)Previous open chest surgery(n=13)

(5)Data was not available (n=11)

Available patients for analysis and follow up (n=691)

FIGURE 1
Flow chart for patients inclusion and exclusion of this study.
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SIRI between the tow groups (p<0.001)
.

SIRT level

Non-ARAEs group ARAEs group

Comparison of SIRI between different groups. (A) Comparison of SIRI between non-MAEs group and MAEs group; (B) Comparison of SIRI between
non-ARAEs group and ARAEs group. (SIRI, Systemic inflammatory response index; MAEs, Major adverse events; ARAEs, aorta-related adverse events).

Logistic regression analysis and cox
proportional hazards regression analysis

To further clarify the clinical variables associated with MAEs,
we used logistic regression analysis to identify independent risk
factors for postoperative MAEs in patients with AAAD undergoing
surgical treatment. The results showed that PLT (p=0.006), ALB
(p=0.007), creatinine (p=0.001), SIT (p=0.029), SIRI (p=0.001), and
operative time (p=0.001) were independent risk factors for
postoperative MAEs in AAAD patients (Table 1). Subsequently,
we used Cox proportional hazards regression analysis to determine
independent predictors of ARAEs during follow-up. The results of
the multivariable Cox regression analysis showed that Fibrinogen
(p=0.009) and SIRI (p=0.037) were independent risk factors for
ARAE:s (Table 2).

Sensitivity and specificity of SIRI in
predicting prognosis outcomes

Through ROC curve analysis, the optimal cutoff value of SIRI in
predicting postoperative MAEs and ARAEs was determined
(Figure 3). The results showed that compared to other composite
inflammatory immune indicators, SIRI performed the best in
predicting postoperative MAEs in AAAD patients, with an AUC
of 0.698, an optimal cutoff value of 10.764, a sensitivity of 70.3%,
and a specificity of 64.7% (Supplementary Table 3). We also verified
the predictive value of SIRI for the long-term prognosis of AAAD
patients after surgery. The results indicated that SIRI continued to
demonstrate the best predictive performance, with an AUC of
0.822, an optimal cutoff value of 10.764, a sensitivity of 84.7%,
and a specificity of 68.4% (Supplementary Table 4).

Comparison of clinical outcomes between
the high SIRI and low SIRI groups

To further evaluate the impact of SIRI on prognosis outcomes
in AAAD patients, we chose the optimal cutoft value for SIRI as
10.764 and divided patients into low SIRI group (<10.764) and high
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SIRI group (>10.764). The comparison of preoperative and
intraoperative conditions for both groups of patients is shown in
Table 3. We compared the prognosis outcomes of the two groups of
patients and found that the incidence of postoperative MAEs was
significantly higher in the high SIRI group than in the low SIRI
group. The incidence of postoperative complications such as CRRT
treatment, ECOM treatment, acute kidney injury, permanent
neurological dysfunction, low cardiac output syndrome, and
gastrointestinal bleeding also increased significantly in the high
SIRI group. In addition, the hospital stay time, ICU stay time, and
mechanical ventilation time were significantly prolonged in the
high SIRI group (Table 4). The Kaplan-Meier analysis in Figure 4
compared the survival condition for MAEs-free and ARAEs-free
among different SIRI groups. The results showed that the MAEs-
free survival in the high SIRI group was significantly lower than that
in the low SIRI group, and a similar trend was observed in the
ARAEs-free survival during follow-up (log-rank test, p<0.001).

Subgroup analysis

Subgroup analysis was conducted to determine the association
between SIRI and different clinical indicators, as well as its impact
on prognosis outcomes. The results are shown in Tables 5, 6. There
was no significant difference in the relationship between SIRI and
MAEs or ARAEs among different subgroups (interaction p>0.05).
Across all subgroups, an increase in SIRI levels was closely
associated with an increase in postoperative MAEs and ARAEs in
AAAD patients

Discussion

For the extremely dangerous and poor-prognosis cardiovascular
emergency known as AD, numerous treatment challenges still exist.
While advancements in surgical techniques and extracorporeal
circulation technology have contributed to improved treatment
outcomes (11), multicenter studies have reported postoperative
mortality rates as high as 10%-25% for AAAD (5), with medium-
to long-term survival rates of only around 85% and 70% (5, 12-14).
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TABLE 1 Univariate and multivariate logistics regression analysis for perioperative characteristics predictive of postoperative MAEs.

Univariate analysis

Multivariate analysis

Valuables 95% ClI 95% Cl
P value
Lower Upper Lower Upper
WBC (>13.86x10°9/L) 2.190 1.541 3.113 <0.001 - - - -
PLT (<173x10"9/L) 2.006 1418 2.840 <0.001 1.937 1.210 3.098 0.006
ALT (>45IU/L) 1.947 1.308 2.897 0.001 - - - -
ALB (<39g/L) 1.910 1.325 2754 0.001 1.825 1.182 2.817 0.007
Creatinine (>131umol/L) 3.457 2271 5261 <0.001 2347 1.412 3.900 0.001
D-dimer (>7.319ug/mL) 2.049 1.417 2.964 <0.001 - - - -
Fibrinogen (<2.21g/L) 1.961 1.379 2789 <0.001 - - - -
BNP (>165pg/mL) 1.601 1.101 2329 0.014 - - - -
NLR (>13.413) 2.499 1.748 3,572 <0.001 - - - -
MLR (>0.773) 3.146 2151 4.603 <0.001 - - - -
SIT (>2783.016) 1.830 1.292 2593 0.001 1.839 1.064 3.178 0.029
SIRI (>10.764) 3.031 2.125 4323 <0.001 3.148 1.650 6.006 0.001
Operative time (>309min) 3.836 2359 6.237 <0.001 2.891 1.524 5.486 0.001
CPB time (>172min) 1.882 1.292 2.741 0.001 - - - -

OR, Hazard ratio; CI, Confidence interval; MAEs, Major adverse events; WBC, White blood cell; PLT, Platelet; ALT, Alanine transaminase; ALB, Albumin; BNP, B-type natriuretic peptide; NLR,
Neutrophil-to-lymphocyte ratio; MLR, Monocyte-to-lymphocyte ratio; SII, Systemic immune inflammation index; SIRI, Systemic inflammatory response index; CPB, Cardiopulmonary bypass.

TABLE 2 Univariate and multivariable cox proportional hazards regression analyses for perioperative characteristics predictive of ARAEs.

Univariate analysis

Multivariate analysis

Valuables 95% ClI 95% ClI
P value
Lower Upper Lower Upper
WBC (>15.33x10°9/L) 2.525 1.728 3.688 <0.001 - - - -
D-dimer (>6.93pg/mL) 1.624 1.085 2430 0.018 - - - -
Fibrinogen (<2.16g/L) 1.784 1.230 2.587 0.002 1.739 1.145 2.64 0.009
NLR (>14.198) 3.764 2467 5.744 <0.001 - - - -
MLR (>0.892) 4.684 2.976 7.373 <0.001 - - - -
PLR (>237.255) 2285 1.56 3.347 <0.001 - - - -
SII (>3087.391) 3.158 2177 4580 <0.001 - - - -
SIRI (>10.764) 5.673 3.555 9.053 <0.001 2248 1.050 4.809 0.037

HR, Hazard ratio; CI, Confidence interval; ARAE, aorta-related adverse events; WBC, White blood cells; NLR, Neutrophil-to-lymphocyte ratio; MLR, Monocyte-to-lymphocyte ratio; PLR,
Platelets-to-lymphocyte ratio; SII, Systemic immune inflammation index; SIRI, systemic inflammatory response index.

In clinical practice, the assessment of prognostic risk for AAAD
patients largely depends on the clinical experience of the physician,
as there is a lack of objective parameter indicators to provide
valuable reference information. Therefore, finding simple and
reliable preoperative biological indicators to assist clinical
physicians in judging prognostic outcomes can better guide their
clinical decision-making.

In this study, we discussed the association between SIRI and the
prognosis of AAAD patients underwent emergency open surgical
treatment. The research results indicate that SIRI is a key
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influencing factor for both short-term and long-term prognosis in
AAAD patients. Elevated preoperative SIRI (>10.764) is closely
associated with an increased rate of MAEs postoperatively as well as
mid- to long-term ARAEs. Therefore, SIRI can serve as a simple and
reliable biological marker for risk stratification and management
decision-making in AAAD surgical patients.

AD is characterized by degenerative changes in the middle layer
of the aortic wall, leading to weakening of the aortic wall.
Inflammatory reactions and immune activation have been proven
to play significant roles in this process (15-17). Many studies have
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FIGURE 3

A receiver operating characteristic (ROC) curve to compare the value of several preoperative inflammatory biomarkers to identify postoperative
(A) major adverse events and (B) aorta-related adverse events. (NLR, Neutrophil-to-lymphocyte ratio; MLR, Monocyte-to-lymphocyte ratio; PLR,
Platelet-to-lymphocyte ratio; SlI, Systemic immune inflammation index; SIRI, Systemic inflammatory response index).
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reported the value of certain inflammatory biomarkers in the
prognosis of AD. However, a single indicator often only reflects
changes in a specific pathological pathway and cannot fully
represent the complete pathophysiology of AD. Additionally, due
to limitations in sample size, these studies cannot fully establish the
correlation between inflammatory and immune factors and the
prognosis outcomes of AD (18-20). Composite inflammatory
indices, which are based on combinations of individual markers
along the inflammatory pathophysiological axis, can more
comprehensively reflect the results mediated by multiple

pathological pathways (21, 22). Utilizing data from large sample
sizes may provide a more reliable reference for predicting the
prognosis outcomes of AD.

In recent years, SIRI has been identified as a novel composite
biomarker that can comprehensively reflect systemic inflammation
and immune status. Initially reported by Qi et al., its application in
predicting the post-chemotherapy survival rate of pancreatic cancer
patients was studied (23). As inflammatory responses and immune
activation have been shown to play important roles in the
development of cardiovascular diseases, SIRI has also gradually

TABLE 3 Subgroup analysis of the correlation between SIRI and postoperative MAEs.

Valuables P value P value for interaction

PLT 0.668
<173x10°9/L 306 1.0 (ref)) 4.939 [2.947,8.277] <0.001
>173x10"9/L 385 1.0 (ref)) 4.184 [2.405,7.279] <0.001

ALB 0.099
<39g/L 404 1.0 (ref.) 3.540 [2.263,5.539] <0.001
>39g/L 287 1.0 (ref)) 7.212 [3.523,14.763) <0.001

Creatinine 0.400
<131umol/L 578 1.0 (ref)) 4.650 [3.002,7.203] <0.001
>131umol/L 113 1.0 (ref)) 3.174 [1.463,6.885] 0.003

SI 0.338
<2783.016 434 1.0 (ref)) 4.818 [2.958,7.847] <0.001
>2783.016 257 1.0 (ref.) 3.238 [1.691,6.202] <0.001

Operative time 0.610
<309min 614 1.0 (ref)) 4.167 [2.761,6.291] <0.001
>309min 77 1.0 (ref)) 5.492 [2.067,14.597) 0.001

MAEs, Major adverse events; PLT, Platelet; ALB, Albumin; SII, Systemic immune inflammation index; SIRI, Systemic inflammatory response index.
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TABLE 4 Subgroup analysis of the correlation between SIRI and ARAEs during follow-up.

Valuables P value P value for interaction
Fibrinogen 0.986

<2.16g/L 212 1.0 (ref)) 6.214 [3.110,12.418] <0.001

>2.16g/L 429 1.0 (ref)) 5.759 [2.996,11.070] <0.001

ARAEs, aorta-related adverse events; SIRI, Systemic inflammatory response index.

TABLE 5 The comparison of preoperative and intraoperative conditions TABLE 5 Continued
in different SIRI groups.

Low SIRI High SIRI
Low SIRI High SIRI p Valuables group group
Valuables group group value (n=386) (n=305)
(GEX[9)] (n=305) .
Preoperative laboratory results
Demographical data
ALB (g/L), median[IQR] 38.10 38.20 0711
. 53.00 54.00 [35.00,40.90] [34.70,40.80] '
A, , I 51
ge (years), median(IQR] [45.00,62.00] [45.00,63.00] 0519
Creatinine (mol/L), 76.00 80.00 0915
Gender (Male), n (%) 252 (65.28) 186 (60.98) 0.244 median[IQR] [63.40,104.00] [56.00,118.00] ’
Body mass index (Kg/ 24.49 24.35 D-dimer (ug/mL),
0.94 8.91[3.39,18.57 9.23[4.64,20.00 0.183
m"2), median[IQR] [22.49,26.67) [22.96,26.17] 49 median[IQR] { ! [ I
4.2 . Fibri , median[IQR 2.66[1.93,3.95 2.69[1.95,3.54 0.636
LVEF (%), median[IQR] 64.20 63.60 0.049 ibrinogen, median[IQR] [ ] [ ]
[60.50,67.90] [60.10,66.20]
BNP (pg/mL), 256.00 257.00 0510
Risk factors and comorbidities median[IQR] [117.00,630.00] [134.00,601.00] ’
) o .
Smoking, n (%) 175 (45.34) 134 (43.93) 0.713 NLR, median[IQR] 10.13[6.26,14.43) 17.53 <0.001
[12.97,24.85]
Alcohol, n (%) 60 (15.54) 58 (19.02) 0.228
MLR, median[IQR] 0.60[0.44,0.76] 1.38[1.05,1.75] <0.001
Hypertension, n (%) 286 (74.09) 225 (73.77) 0.924
PLR, median[IQR] 190.54 266.06
Diabetes, n (%) 9 (2.33) 11 (3.61) 0.321 [136.78,258.90] [185.06,382.98] <0.001
Previous CAD, n (%) 1 (0.26) 3(0.98) 0.213 SII, median[IQR] 1725.01 3087.39 0001
) [1097.902588.18] = [2160.09,4693.84] =
Previous CVD, n (%) 9 (2.33) 11 (3.61) 0.321
Intraoperative conditions
Previous CKD, n (%) 6 (1.55) 2 (0.66) 0.273 P
Ascendi t
Marfan Syndrome, n (%) 7 (1.81) 8 (2.62) 0.468 scending aorta 385 (99.74) 305 (100.00) 1.000
replacement, n (%)
Pericardial effusion
20 (5.1 2 (104 X Root 0.529
(Medium or above), n (%) 0 (5.18) 32 (10.49) 0.009 oot surgery
Aortic valve reeuritation Untreated 144 (37.31) 113 (37.05)
ortic valve regurgltatio 92 (23.83) 59 (19.34) 0.156
(Medium or above), n (%) Reconstruction of sinus
160 (41.45) 123 (40.33)
. of valsava
Preoperative laboratory results
WEC (x10°9/1 18 Bentall 75 (19.43) 56 (18.36)
,(X ) 10.84(8.65,13.04] ’ <0.001
median[IQR] [11.64,17.13] Wheat 5 (1.30) 11 (3.61)
HB (g/L), median[IQR] 131.00 131.00 0.677 David 1 (0.26) 1(0.33)
[119.00,142.00] [119.00,144.00] ’
CABG (n, %) 13 (3.37) 11 (3.61) 0.865
PLT (x10"9/L), 179.00 179.00 0734
median[IQR] [148.00,219.00] [145.00,215.00] ’ Mitral surgery (n, %) 6 (1.55) 4 (1.31) 0.791
ALT (U/L), median[IQR] 25.00 26.00 0359 TVP (n, %) 7 (1.81) 4(1.31) 0.601
[15.00,39.00] [17.00,39.00] :
Operation time (min), 254.00 245.00 0.888
AST (U/L), median[IQR] 25.00 26.00 0756 median[IQR] [225.44,281.00] [228.00,285.00] '
[20.00,41.00] [18.00,51.00] ’
(Continued)
(Continued)
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TABLE 5 Continued

Valuables

Low SIRI
group
(n=386)

Intraoperative conditions

High SIRI

group
(n=305)

CPB time (min), 153.00 148.00 o7
median[IQR] (137.56,175.00] [137.07,171.00] :
ACC time (min), 60.00 60.00 0010
median[IQR] 45.00,78.00] (52.96,77.00] :
DHCA time (min), 13.00 13.00 .
median[IQR] [12.00,13.00] [12.00,14.00] :
Plasma transfusion volume 200.00 250.00 0.083
(mL), median[IQR] [200.00,350.00] [200.00,400.00] :
RBC transfusion vol
ranstusion voiume 3.50[0.00,4.00] 4.00[2.00,4.00] 0253
(U), median[IQR]
Platelet transfusion 1.00[0.80,10.00] | 2.00[1.00,10.00]  0.068
volume (U), median[IQR] T TR :

IQR, Interquartile range; LVEF, Left ventricular ejection fraction; CAD, Coronary artery
disease; CVD, Cerebrovascular disease; CKD, Chronic kidney disease; WBC, White blood cell;
HB, Heamoglobin; PLT, Platelet; ALT, Alanine transaminase; AST, Aspartate transaminase;
ALB, Albumin; BNP, B-type natriuretic peptide; NLR, Neutrophil-to-lymphocyte ratio; MLR,
Monocyte-to-lymphocyte ratio; PLR, Platelets-to-lymphocyte ratio; SII, Systemic immune
inflammation index; SIRI, Systemic inflammatory response index; CABG, Coronary artery
bypass grafting; TVP, Tricuspid valvuloplasty; CPB, Cardiopulmonary bypass; ACC, Aortic
cross clamp; DHCA, Deep hypothermic circulatory arrest; RBC, Red blood cell.

become a reliable indicator for predicting the prognosis of
cardiovascular diseases (8, 24). Although we have found that
elevated preoperative SIRI can be used to predict the
postoperative prognosis of AAAD patients at different time
points, the exact mechanisms remain unclear and require
further research.

Compared to other inflammatory biomarkers, we believe that
SIRI can more reliably predict the prognosis of AAAD due to the
cellular functions of the three white blood cell subtypes that make
up SIRI, including neutrophils, lymphocytes, and monocytes.
Firstly, neutrophils, as an important cell type in the inflammatory
response, not only secrete inflammatory mediators and regulate
inflammation but also possess strong chemotactic and phagocytic
abilities. They can adhere, engulf, and release various
pro-inflammatory factors, thereby promoting vascular wall
inflammation and damage (25). In contrast to the inflammatory
activation caused by neutrophil activation, lymphocytes, as an
important component of the immune system, primarily function
to regulate and suppress the inflammatory response. Studies have
reported that the presence of lymphocytes can alleviate
inflammation, promote tissue repair, help maintain vascular wall
integrity, and also regulate the activity of other immune cells and
inhibit the release of inflammatory mediators, thereby reducing
vascular wall inflammation and damage (26). Lymphocyte
reduction has been shown to be associated with adverse outcomes
in many cardiovascular diseases and is decreased in AAAD patients
(27-29). As the main effector cells of the inflammatory response,
monocytes are recruited from the bone marrow to the bloodstream
and aortic tissue earliest during the initial stages of inflammation
(30). Monocytes can activate the immune system through
phagocytosis, chemotaxis, antigen presentation, and lymphocyte
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activation, determining the progression of systemic inflammation
(31). These mechanisms may explain why SIRI can provide more
prognostic information.

A higher SIRI may indicate more severe inflammatory response
and a state of immune dysregulation in the body. The systemic
inflammatory storm caused by AD releases a large number of
inflammatory mediators and cytokines into the blood, negatively
affecting multiple organs and potentially leading to early
postoperative complications such as multiple organ dysfunction
syndrome, increasing the incidence of MAEs during hospitalization.
Inflammation also further promotes intraluminal thrombosis and
fibrous tissue proliferation, leading to the progression of aortic
dissection, while also increasing the fragility of the vascular wall and
further increasing the risk of distal aortic dilation or even rupture,
thereby affecting medium-term and long-term prognosis.

Currently, perioperative treatment strategies for patients
undergoing AAAD surgery typically prioritize preoperative blood
pressure control and maintaining hemodynamic stability, often
overlooking the impact of systemic and local inflammatory states
on prognosis. The application of SIRT may change this situation and
further provide evidence-based support for perioperative
management strategies for AAAD patients. Identifying high-risk

TABLE 6 Short- and long-Term Outcomes of different SIRI group.

Low SIRI High SIRI
Valuables group group
(n=386) (n=305)

Hospital stay (day), 17.00 18.76 <0.001

median[IQR] [13.00,20.00] [16.00,26.88] ’
ICU stay (day), median[IQR] 4.00[2.00,6.00] 5.00[3.76,15.21] <0.001
Thoracic drainage (mL/48h), 740.00 775.00 0.097

median[IQR] [530.00,1021.25] [520.00,1180.00] ’
Mechanical ventilation time 42.00 64.69 <0.001

(h), median[IQR] [24.00,75.00] [48.03,168.00] '
Need CRRT, (n, %) 31 (8.03) 68 (22.30) <0.001
Need ECOM, (n, %) 1(0.26) 13 (4.26) <0.001
AKI (n, %) 39 (10.10) 92 (30.16) <0.001
PND (n, %) 18 (4.66) 31 (10.16) 0.005
LCOS (n, %) 9 (2.33) 20 (6.56) 0.006
GB (n, %) 7 (1.81) 24 (7.87) <0.001
Sepsis (n, %) 1 (0.26) 4 (1.31) 0.105
Secondary intubation (n, %) 20 (5.18) 38 (12.46) <0.001
Tracheotomy (n, %) 15 (3.89) 32 (10.49) <0.001
Secondary thoracotomy o 2 (0.66) 1000

(n, %)

In-hospital mortality (%) 3(0.78) 47 (15.41) <0.001
MAEs (n, %) 52 (13.47) 123 (40.33) <0.001
ARAEs (n, %) 22 (5.74) 91 (35.27) <0.001

IQR, Interquartile range; CRRT, Continuous renal replacement therapy; ECOM,
Extracorporeal membrane oxygenation; AKI, Acute renal injury; PND, Permanent
neurological dysfunction; LCOS, Low cardiac output syndrome; GB, Gastrointestinal
bleeding; MAEs, Major adverse events; ARAEs, Aorta-related adverse events.
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Kaplan-Meier analysis compared the survival condition for MAEs-free and ARAEs-free among different SIRI groups. (A) Kaplan-Meier analysis
compared the survival condition for MAEs-free among two groups; (B) Kaplan-Meier analysis compared the survival condition for ARAEs-free among
two groups. (SIRI, Systemic inflammatory response index; MAEs, Major adverse events; ARAEs, aorta-related adverse events).

patients early through SIRI can assist clinicians in stratifying
preoperative risks and thereby assessing the risk levels of patients
for postoperative MAEs. Additionally, for patients with elevated
preoperative SIRI, more attention should be paid to the long-term
prognosis after surgery, and more targeted follow-up measures
should be implemented, such as increasing the frequency of
follow-up examinations, incorporating inflammatory and immune
markers into routine blood tests, and shortening the intervals for
imaging examinations, in order to reduce the incidence of ARAEs.

Our study still has some limitations that need to be addressed:
Firstly, this is a single-center retrospective study, which may
introduce selection bias and information bias. Therefore, further
rigorous multi-center prospective randomized controlled trials are
needed to evaluate its external validity before it can be applied in
clinical practice. Secondly, the specific mechanisms underlying the
predictive value of SIRI levels for different timepoint outcomes are
still unclear. Further research into its potential molecular and
biological mechanisms may provide new insights. Additionally,
although SIRI is a novel composite inflammatory and immune
biomarker, when predicting outcome, it still needs to be combined
with more perioperative clinical data, including hemodynamic
indicators, use of vasoactive drugs, and imaging examination
results, to better assist clinicians in decision-making and
management. Nonetheless, our study results still provide
important clinical evidence for the potential relationship between
preoperative SIRI and outcomes at different timepoints in
AAAD patients.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding authors.

Frontiers in Immunology

Ethics statement

The studies involving humans were approved by Ethics
Committee of Fujian Medical University Affiliated Union
Hospital. The studies were conducted in accordance with the
local legislation and institutional requirements. Written informed
consent for participation was not required from the participants or
the participants’ legal guardians/next of kin because Due to the
retrospective nature of the study, informed consent was
not required.

Author contributions

LX: Writing - review & editing, Writing — original draft. QX:
Writing - review & editing, Writing - original draft. WG:
Writing - review & editing, Writing - original draft, Visualization,
Validation, Data curation. QW: Writing — review & editing, Writing
- original draft. XL: Writing - review & editing, Writing — original
draft, Software, Data curation. ZQ: Writing - review & editing,
Writing - original draft, Resources, Methodology. LC: Writing —
review & editing, Writing - original draft, Resources, Methodology,
Funding acquisition.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This
research was sponsored by the Fujian Provincial Special Reserve
Talents Fund (2021-25) and the Startup Fund for Scientific
Research, Fujian Medical University (2022QH2019).

09 frontiersin.org


https://doi.org/10.3389/fimmu.2024.1388109
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Xie et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Evangelista A, Isselbacher EM, Bossone E, Gleason TG, Eusanio MD, Sechtem U,
et al. Insights from the international registry of acute aortic dissection: A 20-year
experience of collaborative clinical research. Circulation. (2018) 137:1846-60.
doi: 10.1161/CIRCULATIONAHA.117.031264

2. Pape LA, Awais M, Woznicki EM, Suzuki T, Trimarchi S, Evangelista A, et al.
Presentation, diagnosis, and outcomes of acute aortic dissection: 17-year trends from
the international registry of acute aortic dissection. ] Am Coll Cardiol. (2015) 66:350-8.
doi: 10.1016/j,jacc.2015.05.029

3. Milewicz DM, Ramirez F. Therapies for thoracic aortic aneurysms and acute
aortic dissections. Arteriosclerosis thrombosis Vasc Biol. (2019) 39:126-36. doi: 10.1161/
ATVBAHA.118.310956

4. Shang W, Ma M, Ge YP, Liu N, Zhu JM, Sun LZ. Analysis of risk factors of type a
aortic dissection (TAAD) operation of frozen elephant trunk and total arch
replacement. Eur Rev Med Pharmacol Sci. (2016) 20:4586-92.

5. Nienaber CA, Clough RE. Management of acute aortic dissection. Lancet. (2015)
385:800-11. doi: 10.1016/S0140-6736(14)61005-9

6. Luo F, Zhou XL, Li JJ, Hui RT. Inflammatory response is associated with aortic
dissection. Ageing Res Rev. (2009) 8:31-5. doi: 10.1016/j.arr.2008.08.001

7. Kato K, Nishio A, Kato N, Usami H, Fujimaki T, Murohara T. Uptake of 18F-
FDG in acute aortic dissection: a determinant of unfavorable outcome. ] Nucl medicine:
Off publication Soc Nucl Med. (2010) 51:674-81. doi: 10.2967/jnumed.109.065227

8. Jin Z, Wu Q, Chen S, Gao J, Li X, Zhang X, et al. The associations of two novel
inflammation indexes, SII and SIRI with the risks for cardiovascular diseases and all-
cause mortality: A ten-year follow-up study in 85,154 individuals. J Inflamm Res. (2021)
14:131-40. doi: 10.2147/JIR.S283835

9. Xu H, Wang H, Wu L, Xu T, Han L, Lu F, et al. Prognostic value of systemic
inflammation response index in acute type A aortic dissection. World J Surg. (2023)
47:2554-61. doi: 10.1007/500268-023-07079-1

10. Yan TD, Tian DH, LeMaire SA, Hughes GC, Chen EP, Misfeld M, et al.
Standardizing clinical end points in aortic arch surgery: a consensus statement from
the International Aortic Arch Surgery Study Group. Circulation. (2014) 129:1610-6.
doi: 10.1161/CIRCULATIONAHA.113.006421

11. Wu Q, Xiao J, Qiu Z, Yan L, Shen Y, He J, et al. Long-term outcomes of
treatment with different stent grafts in acute DeBakey type I aortic dissection. J cardiac
Surg. (2020) 35:3078-87. doi: 10.1111/jocs.14996

12. Trimarchi S, Nienaber CA, Rampoldi V, Myrmel T, Suzuki T, Mehta RH, et al.
Contemporary results of surgery in acute type A aortic dissection: The International
Registry of Acute Aortic Dissection experience. J Thorac Cardiovasc Surg. (2005)
129:112-22. doi: 10.1016/j.jtcvs.2004.09.005

13. Tsai TT, Evangelista A, Nienaber CA, Trimarchi S, Sechtem U, Fattori R, et al.
Long-term survival in patients presenting with type A acute aortic dissection: insights
from the International Registry of Acute Aortic Dissection (IRAD). Circulation. (2006)
114:1350-6. doi: 10.1161/CIRCULATIONAHA.105.000497

14. Pan E, Gudbjartsson T, Ahlsson A, Fuglsang S, Geirsson A, Hansson EC, et al. Low
rate of reoperations after acute type A aortic dissection repair from The Nordic Consortium
Registry. ] Thorac Cardiovasc Surg. (2018) 156:939-48. doi: 10.1016/j.jtcvs.2018.03.144

15. Wei X, Yi X, Zhu XH, Jiang DS. Histone methylation and vascular biology. Clin
Epigenet. (2020) 12:30. doi: 10.1186/5s13148-020-00826-4

16. Shen YH, Zhang L, Ren P, Nguyen MT, Zou S, Wu D, et al. AKT2 confers
protection against aortic aneurysms and dissections. Circ Res. (2013) 112:618-32.
doi: 10.1161/CIRCRESAHA.112.300735

Frontiers in Immunology

10

10.3389/fimmu.2024.1388109

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2024.1388109/
full#supplementary-material

17. Guo X, Fang ZM, Wei X, Huo B, Yi X, Cheng C, et al. HDACG6 is associated with
the formation of aortic dissection in human. Mol Med. (2019) 25:10. doi: 10.1186/
$10020-019-0080-7

18. Sakakura K, Kubo N, Ako J, Wada H, Fujiwara N, Funayama H, et al. Peak C-
reactive protein level predicts long-term outcomes in type B acute aortic dissection.
Hypertension. (2010) 55:422-9. doi: 10.1161/HYPERTENSIONAHA.109.143131

19. Tian L, Fan X, Zhu J, Liang Y, Li J, Yang Y. Plasma D-dimer and in-hospital
mortality in patients with Stanford type A acute aortic dissection. Blood coagulation
fibrinolysis: an Int ] haemostasis Thromb. (2014) 25:161-6. doi: 10.1097/
MBC.0000000000000013

20. Vrsalovic M. Prognostic effect of cardiac troponin elevation in acute aortic
dissection: A meta-analysis. Int J Cardiol. (2016) 214:277-8. doi: 10.1016/
jijcard.2016.03.230

21. Xin'Y, Zhang X, Li Y, Yang Y, Chen Y, Wang Y, et al. A systemic inflammation
response index (SIRI)-based nomogram for predicting the recurrence of early stage
hepatocellular carcinoma after radiofrequency ablation. Cardiovasc interventional
Radiol. (2022) 45:43-53. doi: 10.1007/500270-021-02965-4

22. Cui S, Cao S, Chen Q, He Q, Lang R. Preoperative systemic inflammatory
response index predicts the prognosis of patients with hepatocellular carcinoma after
liver transplantation. Front Immunol. (2023) 14:1118053. doi: 10.3389/
fimmu.2023.1118053

23. Qi Q, Zhuang L, Shen Y, Geng Y, Yu S, Chen H, et al. A novel systemic
inflammation response index (SIRI) for predicting the survival of patients with
pancreatic cancer after chemotherapy. Cancer. (2016) 122:2158-67. doi: 10.1002/
cncr.30057

24. Xia Y, Xia C, Wu L, Li Z, Li H, Zhang J. Systemic immune inflammation index
(SII), system inflammation response index (SIRI) and risk of all-cause mortality and
cardiovascular mortality: A 20-year follow-up cohort study of 42,875 US adults. J Clin
Med. (2023) 12(3):1128. doi: 10.3390/jcm12031128

25. Silvestre-Roig C, Braster Q, Ortega-Gomez A, Soehnlein O. Neutrophils as
regulators of cardiovascular inflammation. Nat Rev Cardiol. (2020) 17:327-40.
doi: 10.1038/s41569-019-0326-7

26. Nuiiez ], Mifiana G, Bodi V, Nufez E, Sanchis ], Husser O, et al. Low lymphocyte
count and cardiovascular diseases. Curr Med Chem. (2011) 18:3226-33. doi: 10.2174/
092986711796391633

27. Majmundar M, Kansara T, Park H, Ibarra G, Marta Lenik J, Shah P, et al.
Absolute lymphocyte count as a predictor of mortality and readmission in heart failure
hospitalization. Int J Cardiol Heart vasculature. (2022) 39:100981. doi: 10.1016/
j.ijcha.2022.100981

28. Giede-Jeppe A, Bobinger T, Gerner ST, Madzar D, Sembill J, Liicking H, et al.
Lymphocytopenia is an independent predictor of unfavorable functional outcome in
spontaneous intracerebral hemorrhage. Stroke. (2016) 47:1239-46. doi: 10.1161/
STROKEAHA.116.013003

29. Ommen SR, Hodge DO, Rodeheffer R], McGregor CG, Thomson SP, Gibbons
RJ. Predictive power of the relative lymphocyte concentration in patients with advanced
heart failure. Circulation. (1998) 97:19-22. doi: 10.1161/01.CIR.97.1.19

30. Shi C, Pamer EG. Monocyte recruitment during infection and inflammation. Nat
Rev Immunol. (2011) 11:762-74. doi: 10.1038/nri3070

31. Auffray C, Sieweke MH, Geissmann F. Blood monocytes: development,
heterogeneity, and relationship with dendritic cells. Annu Rev Immunol. (2009)
27:669-92. doi: 10.1146/annurev.immunol.021908.132557

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2024.1388109/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1388109/full#supplementary-material
https://doi.org/10.1161/CIRCULATIONAHA.117.031264
https://doi.org/10.1016/j.jacc.2015.05.029
https://doi.org/10.1161/ATVBAHA.118.310956
https://doi.org/10.1161/ATVBAHA.118.310956
https://doi.org/10.1016/S0140-6736(14)61005-9
https://doi.org/10.1016/j.arr.2008.08.001
https://doi.org/10.2967/jnumed.109.065227
https://doi.org/10.2147/JIR.S283835
https://doi.org/10.1007/s00268-023-07079-1
https://doi.org/10.1161/CIRCULATIONAHA.113.006421
https://doi.org/10.1111/jocs.14996
https://doi.org/10.1016/j.jtcvs.2004.09.005
https://doi.org/10.1161/CIRCULATIONAHA.105.000497
https://doi.org/10.1016/j.jtcvs.2018.03.144
https://doi.org/10.1186/s13148-020-00826-4
https://doi.org/10.1161/CIRCRESAHA.112.300735
https://doi.org/10.1186/s10020-019-0080-7
https://doi.org/10.1186/s10020-019-0080-7
https://doi.org/10.1161/HYPERTENSIONAHA.109.143131
https://doi.org/10.1097/MBC.0000000000000013
https://doi.org/10.1097/MBC.0000000000000013
https://doi.org/10.1016/j.ijcard.2016.03.230
https://doi.org/10.1016/j.ijcard.2016.03.230
https://doi.org/10.1007/s00270-021-02965-4
https://doi.org/10.3389/fimmu.2023.1118053
https://doi.org/10.3389/fimmu.2023.1118053
https://doi.org/10.1002/cncr.30057
https://doi.org/10.1002/cncr.30057
https://doi.org/10.3390/jcm12031128
https://doi.org/10.1038/s41569-019-0326-7
https://doi.org/10.2174/092986711796391633
https://doi.org/10.2174/092986711796391633
https://doi.org/10.1016/j.ijcha.2022.100981
https://doi.org/10.1016/j.ijcha.2022.100981
https://doi.org/10.1161/STROKEAHA.116.013003
https://doi.org/10.1161/STROKEAHA.116.013003
https://doi.org/10.1161/01.CIR.97.1.19
https://doi.org/10.1038/nri3070
https://doi.org/10.1146/annurev.immunol.021908.132557
https://doi.org/10.3389/fimmu.2024.1388109
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	The prognostic value of preoperative systemic inflammatory response index in predicting outcomes of acute type A aortic dissection patients underwent surgical treatment
	Introduction
	Materials and methods
	Study population
	Outcomes and definitions
	Data collection
	Statistical analysis

	Results
	Patient characteristics
	Logistic regression analysis and cox proportional hazards regression analysis
	Sensitivity and specificity of SIRI in predicting prognosis outcomes
	Comparison of clinical outcomes between the high SIRI and low SIRI groups
	Subgroup analysis

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


