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Purpose: The inflammatory response of the body is intimately linked to the quick onset and high in-hospital mortality of Acute Type
A Aortic Dissection (ATAAD). The purpose of the study was to examine the connection between in-hospital mortality in patients with
ATAAD upon admission and the Pan-Immune-Inflammation Value (PIV).

Patients and Methods: 308 patients who were diagnosed with ATAAD between September 2018 and October 2021 at Fujian
Provincial Center for Cardiovascular Medicine had their clinical data retrospectively examined. PIV was assessed at the time of study
population admission, with in-hospital mortality serving as the main outcome measure. Patients were divided into two groups, the high
PIV group (PIV > 1807.704) and the low PIV group (PIV < 1807.704), based on the PIV ROC curve and the best threshold of the
Youden index. The clinical results of the two groups were then compared.

Results: Among ATAAD patients, postoperative in-hospital mortality was higher in the high PIV group (54.7% vs 10.6%, P < 0.001),
and the high PIV group had significantly higher rates of postoperative acute kidney injury, acute liver insufficiency, and gastro-
intestinal hemorrhage (P < 0.05). Additionally, the high PIV group’s ICU stays lasted longer than the low PIV group’s (P < 0.05). The
results of multifactorial logistic regression analysis, which controlled for other variables, indicated that the mechanical ventilation time
(OR = 1.860, 95% CI: 1.437, 2.408; P < 0.001), the high PIV group (> 1807.704) (OR = 1.939, 95% CI: 1.257, 2.990; P = 0.003), the
cardiopulmonary bypass time (OR = 1.011, 95% CI: 1.004, 1.018; P = 0.002), and the white blood cell count (OR = 1.188, 95% CI:
1.054, 1.340; P = 0.005) were independent risk factors for postoperative in-hospital mortality in ATAAD patients.

Conclusion: Postoperative death in ATAAD patients was independently predicted by high PIV levels at admission. Patients should be
informed about their preoperative inflammatory status and actively participate in prompt clinical decision-making and treatment.
Keywords: Acute Type A Aortic Dissection, the Pan-Immune-Inflammation Value, Inflammation, Cardiac surgery, In-hospital
mortality

Introduction

Acute Type A Aortic Dissection (ATAAD) is a condition that is associated with a high mortality rate and severe comorbidities,
necessitating immediate surgical intervention." ATAAD is characterized by a tear in the aortic intima forming a fissure through
which blood gushes out, resulting in the separation of the inner and middle layers of the aorta and the formation of a false
lumen.> ATAAD can result in fatality if blood penetrates the aortic wall and leads to hemorrhaging.” Individuals suffering from
ATAAD primarily exhibit neurological symptoms related to reduced blood flow to the brain. Additionally, they frequently
encounter abrupt and intense pain in the chest, back, and abdomen.* Recently, the survival rate of patients with ATAAD has
greatly improved due to the use of effective therapeutic options such as Bentall surgery and the frozen elephant trunk

Journal of Inflammation Research 2024:17 5223-5234 5223
Received: 8 March 2024 © 2024 Yu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
A 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 25 June 2024
Published: 5 August 2024

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0001-8953-7549
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Yu et al Dove

approach. However, the prognosis for these patients remains unfavorable, with in-hospital mortality rates ranging from 9% to
30%.*® It is clinically significant to predict the risk of postoperative mortality in patients with ATAAD and develop measures
to reduce postoperative mortality and decrease the number of deaths in these patients. Owing to the significant variation in the
clinical outcomes of patients with ATAAD, precise risk assessment can impact subsequent clinical decisions (such as selecting
the surgical procedure type) and the judicious use of healthcare resources (such as medication).*” Therefore, prompt
identification and immediate intervention can be beneficial. Timely identification of high-risk patients can help improve the
overall prognosis of ATAAD patients.

Recently, numerous scholars have utilized biomarkers as precise and measurable indicators for diagnosing and predicting
outcomes, such as the OPG/TRAIL ratio and a-2-MG. These biomarkers are crucial in developing risk prediction models and
stratifying high-risk patients.®® Nevertheless, attaining the intended prediction using the evaluation instruments offered by
a solitary biomarker is challenging.'® Simultaneously, healthcare providers do not prioritize using this test due to its draw-
backs, including its expensive nature and the difficulty in obtaining specimens. While the exact cause of ATAAD is not yet
understood, research has shown that inflammatory factors play varying roles in the medial degeneration of different sections of
the aortic wall.'" The increase in systemic inflammation serves as an additional indicator of the seriousness of ATAAD.
Several readily identifiable blood immuno-inflammatory biomarkers, including neutrophils, platelets, and monocytes, have
been discovered in patients with ATAAD. These biomarkers hold significant value in predicting the clinical outcome of
patients with ATAAD.'?>™'> Therefore, it is necessary to identify appropriate prognostic indicators to better predict the
prognosis of patients and to improve the survival of ATAAD patients.

Research has demonstrated that hematologic characteristics, particularly the quantities of lymphocytes and monocytes, can
serve as reliable biomarkers for assessing inflammation.'® Recently, there has been notable progress in the research of
immune-inflammatory biomarkers that are pertinent to cardiovascular well-being. These biomarkers have exceeded the
traditional biomarkers linked to cardiovascular health.'” A novel indicator called the Pan-Immune-Inflammation Value
(PIV) has been developed to assess the extent of inflammation. It can serve as a biomarker to forecast the prognosis of
various malignancies, such as colorectal, breast, and prostate cancers.'’'? Platelets, neutrophils, monocytes, and lymphocytes
are all quantitatively assessed during the PIV technique. Compared with other single inflammation indicators or commonly
used inflammation indices such as SII, PLR, and NLR, PIV integrates blood cell populations that are more comprehensively
assessed in routine evaluations and can reflect the overall state of systemic inflammation.'”'*?' Among the several measures
of inflammation, the SII bears the closest resemblance to the PIV. Research has indicated that the PIV exhibits superior
prediction accuracy compared to the SII, potentially because it incorporates monocytes. Monocytes possess significant
prognostic significance in predicting the prognosis of ATAAD. Based on our current understanding, it is important to explore
the complex pathological pathways that connect the body’s immune response, inflammation, and the development of ATAAD.
Hence, it is imperative to establish more inclusive immune-inflammatory markers to accurately forecast patient prognosis and
enhance survival rates among individuals with ATAAD.

Currently, there is no documented correlation between PIV readings upon admission and surgical mortality in patients
with ATAAD. This study retrospectively reviewed the clinical data from 308 patients who received surgical treatment for
ATAAD. The aim was to investigate the correlation between admission PIV and postoperative mortality in ATAAD
patients. The findings of this study can provide a valuable basis for making clinical decisions.

Methods

Participants

The study comprised a retrospective analysis of 308 patients diagnosed with ATAAD between September 2018 and
October 2021 at Union Hospital of Fujian Medical University. The diagnostic criteria for ATAAD were established based
on the findings of computed tomography angiography (CTA) and magnetic resonance imaging (MRI) exams. In the case
of patients identified with ATAAD using CTA, the most common surgical approach is the implantation of a modified
triple-branched stent graft for descending aorta replacement. This operation is often performed in 90% of ATAAD
patients, along with the Bentall procedure.
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The inclusion criteria encompassed adult patients, aged 18 years or older, who were undergoing surgery for ATAAD.
The exclusion criteria for this study are as follows: (1) patients with diseases that impact the initial counts of blood cell
populations and/or in-hospital mortality, such as malignancies, hematologic diseases, and infectious diseases; (2) patients
with severe dysfunction of organs, such as hepatic or renal failure; (3) patients taking medications that may influence the
parameters of the complete blood count; (4) patients with suspected sub-clinical involvement of the myocardium (such as
chronic inflammatory conditions or a history of acute infections); (5) patients utilizing IABP; (6) patients with
incomplete clinical data.

Ultimately, a total of 308 patients were included in the study. The medical records were used to gather the fundamental
clinical features, imaging findings, surgery data, and clinical outcomes of the subjects. The study was approved by the Ethics
Committee of Fujian Medical University Union Hospital (No. 2020KY082). Consent was gained from all subjects and their
legal guardians after providing them with relevant information. This study was a retrospective observational analysis of
informed consent according to the principles outlined in the Declaration of Helsinki. We guaranteed the confidentiality and
anonymity of all patient data, which were exclusively utilized for data analysis purposes. Figure 1 illustrates the procedure of
including patients.

Procedures

During the surgical procedure, patients underwent a median sternotomy, and a cardiopulmonary bypass (CPB) was
established by inserting two venous cannulas into the right atrium and two arterial return cannulas in the femoral and
right axillary arteries. After establishing access to extracorporeal circulation, cold blooded cardioplegia fluid is injected
directly into the coronary orifices for cardiac arrest and myocardial protection. When the temperature in the nasopharynx
reached 25-28°C, the circulation was halted and blood flow to the brain was redirected by a cannula implanted in the
right axillary artery (flow rate, 10 mL-kg '-min~', temperature 20°C). While inserting and securing the altered three-
branch stent graft, the retrograde cerebral perfusion was temporarily stopped. The perfusion cannula was inserted into the
left common carotid artery through its lateral stent to provide bilateral retrograde brain perfusion. Through the transverse
incision of the aorta, the main tube graft is implanted into the true lumen of the arch and proximal descending aorta, and
then each lateral brachiocephalic tube graft is placed correspondingly into the corresponding arch vessel. Finally, the arch
stent graft is placed proximal to the main tube graft and sutured to complete the total aortic arch replacement. After the

Consecutive patients with ATAAD from
September 2018 to October 2021 were enrolled.

(n = 355)
Excluded (n = 47):
»| 1) Lacking data at admission (n = 2)
2) Did not undergo surgery (n = 45)
Y

Patinets analyzed (n = 308)

Y \ 4
Survivors Non-survivors
(n =252) (n=56)

Figure | Study design and groups.
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surgery, the patient’s systemic circulation was restored and they were rewarmed. All patients included in the study
underwent identical surgical therapy, and there were no significant differences in the parameters related to total aortic
arch replacement, cerebral protection methods, and aortic cannulation type.

Data Collection

Examine electronic medical records to collect and record clinical information about patients in a retrospective manner.
The pertinent patient information, such as age, gender, hypertension, coronary artery disease, and smoking status, was
recorded. In addition, venous blood samples were obtained to evaluate lactate levels, hemoglobin levels, neutrophil
count, and lymphocyte count. The demographic, medical, and laboratory data were acquired from the hospital database.

Variables

PIV was calculated using the following formula: PIV = neutrophil count (10%/L) x monocyte count (10°/L) x platelet count
(10°/L) / lymphocyte count (10°/L)."® The aforementioned blood cell population counts were acquired from the initial blood
test conducted upon admission to the hospital. The main objective of this study was to determine the rate of death occurring
within the hospital. Other outcomes of interest included various complications that occurred after surgery while the patient was
still in the hospital, such as gastrointestinal hemorrhage, acute kidney injury, acute liver failure, MODS, stroke, and
neurological complications. Additionally, the length of stay in the intensive care unit (ICU) and the duration of mechanical
ventilation were also documented. Acute kidney injury is characterized by a rise in Serum Creatinine (SCr) of at least 0.3 mg/
dL within 48 hours after surgery or an increase in creatinine to at least 1.5 times the baseline level within 7 days after surgery.**
Acute liver failure was characterized as having a MELD score greater than 12 after surgery. The MELD score was computed
with the subsequent standardized formula: The MELD score can be calculated using the following formula: MELD score =
11.2 multiplied by the natural logarithm of the international normalized ratio (INR), plus 3.78 multiplied by the natural
logarithm of the serum total bilirubin in milligrams per deciliter (mg/dL), plus 9.57 multiplied by the natural logarithm of SCr
in mg/dL, and finally adding 6.43. During the initial 24-hour period after surgery, postoperative liver failure was defined using
the highest MELD score.”> MODS is characterized by the simultaneous dysfunction of two or more organs, including the
respiratory, cardiovascular, cerebrovascular, renal, hepatic, gastrointestinal, hematologic, and central neurological systems.

This dysfunction can occur either after surgery or at the time of hospital discharge.?**

Statistical Analysis

The statistical analysis was conducted using IBM SPSS® 26.0. Continuous variables that followed a normal distribution
were represented as mean =+ standard deviation (Mean + SD), while non-normally distributed data were represented as
median (P55, P;s5). Count variables are represented as either frequencies or percentages. The Student’s #-test was used to
compare regularly distributed continuous variables between groups, whereas the Mann—Whitney U-test was employed to
examine information on continuous variables that did not adhere to normal distribution. The chi-square test or Fisher
exact test was used to compare count data between different groups. The Youden index and optimal threshold for PIV for
all-cause mortality were determined by computing the Receiver Operating Characteristic Curve (ROC) and selecting the
threshold that maximizes the sum of sensitivity and specificity. Initially, univariate logistic regression analysis was used
to determine the potential risk factors for in-hospital mortality (P < 0.1), and then multivariate logistic regression analysis
was used to confirm that the previously significant variables were independent factors (P < 0.05).

Results

Baseline Characterization

This study included a cohort of 355 patients diagnosed with ATAAD between September 2018 and October 2021. After
eliminating 2 patients with incomplete data and 45 patients who did not have surgery, a total of 308 patients were included in
the analysis. Among these patients, 255 survived while 53 died. According to the data presented in Figure 1, the death rate
among patients with ATAAD was 18.1%. The population consisted of 238 individuals (77.3%) who were male and 70
individuals (22.7%) who were female. The median age of the population was 54 years, with a range of 45 to 62 years.
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Sensitivity and Specificity of PIV at Admission

PIV is a reliable indicator of in-hospital death in patients with ATAAD. The area under the receiver operating
characteristic curve (AUC) was 0.732 (95% CI: 0.651, 0.813; P < 0.001). The best cutoff value was determined to be
1807.704, with a sensitivity of 51.8% and a specificity of 90.5%. Figure 2 displays the ROC curve.

Relationship Between Various PIV Groups and Preoperative Clinical Features

The fundamental attributes of PIV, categorized according to the ROC threshold, are presented in Table 1 and Table 2. The PIV
cutoff value was 1807.704. Statistical analysis of neutrophil counts, leukocyte counts, platelet counts, lactate levels, urea
levels, serum creatinine levels, and PIV showed a significant difference (P < 0.05) between the two groups. There was no
statistically significant difference seen in the comparison of hemoglobin and albumin levels between the two groups.

Relationship Between Various PIV Groups and Intraoperative Clinical Features

Table 3 demonstrates that there was a statistically significant difference (P = 0.009) in operative time, aortic block time,
and mechanical ventilation time between the high and low PIV groups. However, there was no statistically significant
difference (P > 0.05) in cardiopulmonary bypass (CPB) time between the high and low PIV groups.

Relationship Between Various PIV Groups and Postoperative Clinical Features

Table 4 demonstrates that the high PIV group had a larger in-hospital mortality rate compared to the low PIV group
(54.7% vs 10.6%, P < 0.001). Additionally, the high PIV group had a greater likelihood of experiencing acute kidney
injury, acute liver failure, and gastrointestinal hemorrhage following surgery (P < 0.001). The duration of ICU stays for
patients in the high PIV group was considerably longer compared to the low PIV group, and this difference was

1.0
0.8
0.6
2
=
Z
[5)
A
0.4
0.2
— PIV(AUC =0.732)
0.0 1 baseline
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Figure 2 Cut-off of PIV for all caused mortality. PIV, the Pan-Immune-Inflammation Value.

Journal of Inflammation Research 2024:17 hetps: 5227

Dove:


https://www.dovepress.com
https://www.dovepress.com

Yu et al

Dove

statistically significant (P < 0.05). There was no statistically significant difference in the occurrence of cerebral infarction

Table | Preoperative Baseline Data of Patients Grouped Between the Survivors and Non-Survivors (n = 308)

Variables Overall (n = 308) Outcome P
Survivors (n = 252) Non-Survivors (n = 56)

Age (years), Median (IQR) 54 (45, 62) 54.50 (45.00, 62.00) 51.50 (45.00, 62.00) 0.747
Male, n (%) 238 (77.3%) 195 (77.4%) 43 (76.8%) 0.923
Hypertension, n (%) 222 (72.1%) 175 (69.4%) 47 (83.9%) 0.079
Coronary Artery Disease, n (%) 4 (1.3%) 3 (1.2%) 1 (1.9%) 0.722
Smoker, n (%) 144 (46.8%) 115 (45.6%) 29 (51.8%) 0.405
Drinker, n (%) 131 (42.5%) 112 (44.4%) 19 (33.9%) 0.150
Heart Rate, Mean (SD) 84.16 + 18.27 79.77 + 1545 81.84 £ 17.71 0.417
Systolic BP (mm/Hg), Median (IQR) 142.50 (120.00, 160.00) | 140.00 (120.00, 158.75) | 149.00 (118.50, 167.75) 0.198
Diastolic BP (mm/Hg), Median (IQR) | 75 (65, 88) 75.00 (66.00, 88.00) 72.00 (62.00, 90.00) 0.574
PP (mm/Hg), Median (IQR) 64 (50, 79) 62.50 (48.25, 78.00) 70.00 (52.25, 85.75) 0.106
Postoperative LVEF (%), mean (SD) 6433 +7.44 63.16 +7.33 61.87 +7.40 0.007*

Note: *Significant difference at P value < 0.05.

Abbreviations: BP, blood pressure; PP, pulse pressure; LEVF, left ventricular ejection fraction; SD, standard deviation; IQR, interquartile range.

Table 2 Preoperative Laboratory Test Data of the Patients Grouped by PIV (n = 308)

Variables Overall (n = 308) PIV P
Low PIV (n = 255) High PIV (n = 53)

Neutrophil (x10°/L), Median (IQR) | 9.30 (7.08, 11.67) 8.54 (6.81, 10.31) 13.00 (10.82, 15.52) <0.001*
Hb (g/L), Median (IQR) 130.00 (119.00, 141.75) | 130.00 (123.00, 143.50) | 138.00 (130.00, 149.75) | 0.064
PLT(x10%/L), Mean (SD) 175.80 + 71.68 131.29 = 15.13 139.17 = 11.36 0.005*
ALB (g/L), Median (IQR) 84.00 (68.52, 111.95) 38.40 (34.95, 42.60) 37.15 (32.73, 38.85) 0.206
WBC(x10°/L), Median (IQR) 11.20 (8.89, 13.60) 10.40 (8.28, 12.89) 15.39 (12.79, 18.37) <0.001*
Lac (mmol/L), Mean (SD) 624 £ 5.16 5.66 + 4.84 10.60 £+ 5.79 < 0.001*
Urea (mmol/L), Mean (SD) 6.51 +3.03 6.44 + 3.11 7.03 +2.44 <0.001*
SCr (umol/L), Mean (SD) 96.05 + 65.42 94.95 + 68.46 104.33 + 38.20 < 0.001*
PIV, Mean (SD) 1082.95 + 824.58 851.29 + 474.80 282041 * 842.61 < 0.001%*

Note: *Significant difference at P value < 0.05.
Abbreviations: Hb, hemoglobin; PLT, platelet; ALB, albumin; WBC, white blood cell; Lac, lactic acid; SCr, serum creatinine; PIV, the Pan-lmmune-
Inflammation Value; SD, standard deviation; IQR, interquartile range.

Table 3 The Clinical Data of Intraoperative Patients Were Grouped by PIV (n = 308)

Variables Overall (n = 308) PIV P

Low PIV (n = 255) | High PIV (n = 53)
Operating Time (min), Mean (SD) 316.73 £ 99.20 306.24 + 90.82 395.33 £ 132.00 < 0.001*
CPB Time (min), Mean (SD) 156.90 + 58.29 151.76 + 50.83 195.50 + 95.99 0.019*
Aortic Block Time (min), Median (IQR) | 68.00 (51.00, 98.50) | 60.00 (43.00, 94.50) | 91.00 (66.75, 108.50) | 0.455
Duration of MV (h), Mean (SD) 117.58 £ 159.80 95.20 + 146.44 28542 + 168.42 < 0.001*

Note: *Significant difference at P value < 0.05.
Abbreviations: PIV, the Pan-Immune-Inflammation Value; CPB, cardiopulmonary bypass; MV, mechanical ventilation; SD, standard deviation; IQR,

interquartile range.

and MODS between the two groups (P > 0.05).

Results of Multivariate Logistic Regression Analysis

Table 5 demonstrates the utilization of logistic regression to further examine the independent risk factors associated with
postoperative in-hospital mortality in patients with ATAAD. Univariate logistic regression analysis revealed that several
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Table 4 In-Hospital Outcomes After ATAAD Surgery Were Grouped by PIV (N= 308)

Variables Overall (n = 308) PIV P

Low PIV (n = 255) | High PIV (n =53)
Acute Kidney Injury, n (%) 28 (9.1%) 15 (5.9%) 13 (24.5%) < 0.001*
Acute Liver Failure, n (%) 67 (21.8%) 42 (16.5%) 25 (47.2%) < 0.001*
Gastrointestinal Hemorrhage, n (%) | 28 (9.1%) 15 (5.9%) 13 (46.4%) < 0.001*
Cerebral Infraction, n (%) 18 (2.6%) 13 (5.1%) 5 (9.4%) 0.289
MODS, n (%) 9 (2.9%) 6 (2.4%) 3 (5.7%) 0.193
In-Hospital Mortality, n (%) 56 (18.2%) 27 (10.6%) 29 (54.7%) < 0.001*
ICU Stays (d), Mean (SD) 7.40 £ 7.84 722 +791 1542 + 6.73 0.040%*

Note: *Significant difference at P value < 0.05.
Abbreviations: PIV, the Pan-Immune-Inflammation Value; MODS, multiple organ dysfunction syndrome; ICU, intensive care unit; SD,
standard deviation.

Table 5 Determine the Risk Factors of in-Hospital Mortality by Logistic Regression
Analysis (n = 308)

Independent variables Univariate Analysis Multivariate Analysis
OR 95% CI P OR 95% CI P
PIV (> 1807.704) 2.382 | 1.733,3.273 | <0.001* | 1.939 | 1.257,2.990 | 0.003*
Hypertension 2.167 | 1.040,4.518 | 0.039* 1.458 | 0.497, 4.278 0.493
Mechanical Ventilation (h) | 1.973 | 1.546,2.517 | <0.001* | 1.860 | 1.437,2.408 | < 0.001*
CPB time (min) 1.011 | 1.006, 1.016 | <0.001* | 1.011 | 1.004, 1.018 | 0.002*
WBC (10°/L) 1.296 | 1.188, 1.414 | <0.001* | 1.194 | 1.058, 1.348 | 0.004*
ALB (g/dL) 0.937 | 0.886,0.992 | 0.026* | 0.972 | 0.898, 1.052 0.487
Urea (mmol/L) 1.083 | 1.017, 1.153 | 0.012* 1.038 | 0.945, 1.139 0.439

Note: *Significant difference at P value < 0.05.
Abbreviations: Cl, confidence interval; PIV, the Pan-Immune-Inflammation Value; CPB, Cardiopulmonary bypass;
WABC, white blood cell; ALB, albumin.

factors, including PIV on admission, hypertension, CPB time, duration of mechanical ventilation, white blood cell (WBC)
count, albumin, and urea, were significantly associated with in-hospital mortality (P < 0.1). These findings suggest that
these factors may serve as risk factors for postoperative in-hospital mortality in patients with ATAAD. Following
a multivariate logistic regression analysis, the findings indicated that several factors were independently associated
with an increased risk of postoperative in-hospital mortality in patients with ATAAD. These factors included a high
PIV (> 1807.704) at admission (OR = 1.939; 95% CI: 1.257, 2.990; P = 0.003), prolonged mechanical ventilation
(OR = 1.860; 95% CI: 1.437, 2.408; P < 0.001), extended duration of cardiopulmonary bypass (OR = 1.011; 95% CI:
1.004, 1.018; P = 0.002), and elevated white blood cell count (OR = 1.194; 95% CI: 1.058, 1.348; P = 0.004).

Discussion
ATAAD is a life-threatening cardiac condition. The preferred approach for treating ATAAD is immediate surgical
intervention.?® Timely detection of risk factors in individuals with ATAAD has the potential to significantly decrease
their mortality risk. This study examines the potential correlation between the presence of PIV during admission and the
mortality rate in patients with ATAAD undergoing surgical procedures. It is the first study to investigate this relationship.
The results of the multivariate logistic regression analysis indicate that patients diagnosed with ATAAD who had a high
PIV at the time of admission were more likely to experience postoperative death in the hospital. Upon considering
additional variables, it was discovered that a high PIV maintained a substantial association with patient mortality
following surgery for ATAAD (P < 0.05).

The study found that the mortality rate of postoperative patients following ATAAD was 18.1%, which aligns with the
findings of earlier studies.*?’ At present, several risk factors, including older age, acute renal failure, prolonged

Journal of Inflammation Research 2024:17 hetps: 5229

Dove!


https://www.dovepress.com
https://www.dovepress.com

Yu et al Dove

extracorporeal circulation, pericardial tamponade, and shock, have been identified as independent factors that increase the
risk of in-hospital mortality after surgery in patients with ATAAD, but these factors still do not meet the needs of clinical
practice.*® Efforts are underway to identify uncomplicated, economical, and effective biomarkers that can better
forecast unfavorable outcomes in patients with ATAAD, while also reducing the financial burden of diagnostic testing
for patients. Research has indicated that certain immuno-inflammatory indicators, such as high-sensitivity CRP and
D-dimer, might predict mortality in patients with ATAAD. These markers are frequently linked to a negative prognosis
and their levels stay high even after entrapment correction.”” The prognostic value of prognosis is necessarily limited by
the intricate interactions between ATAAD and the immune-inflammatory response, which are not adequately captured by
metrics based on simple calculations.

Research has indicated that ATAAD is a condition characterized by inflammation and abnormalities in the coagulation
system, resulting from multiple variables. The inflammatory response and the formation of blood clots are significant
contributors to the progression of ATAAD.* The presence of inflammation in the body is strongly linked to the occurrence
of ATAAD. The use of CPB, surgical procedures, and anesthetic drugs also stimulate and release pro-inflammatory
substances, which worsen the inflammatory response of the epithelium following ATAAD episodes. This can increase the
risk of aorta entrapment and rupture, leading to systemic inflammatory response syndrome (SIRS) or even MODS.'#*° Studies
have shown that platelet counts are associated with poor cardiovascular prognosis.>'~** ATAAD can trigger SIRS, leading to
a condition characterized by extensive inflammation throughout the body. This response can immediately initiate platelet
activation, leading to a subsequent elevation in platelet count. Platelets aggregate and cling to the damaged cells lining the
arteries, leading to the secretion of various chemicals and the recruitment of inflammatory cells such as monocytes. This
procedure exacerbates the inflammatory response and leads to the onset of acute cardiovascular events.'” Platelets cause
inflammation through eosinophil recruitment and activation, activate neutrophils and monocytes, and promote lymphocyte
migration to peripheral lymph nodes.**** This series of inflammatory responses accelerate the degradation of the extracellular
matrix, leading to programmed cell death and a decrease in vascular smooth muscle cells. The infiltration and activation of
immune cells within the aorta wall intensify this process. The complex interaction between leukocytes and platelets leads to
the production of reactive oxygen species (ROI), which in turn causes damage to the endothelial cells due to reduced blood
flow, potentially increasing the risk of aortic dissection.'* The persistent inflammatory response results in a substantial
augmentation in platelet synthesis. Therefore, an elevated platelet count serves as an indicator of the present state and
magnitude of inflammation. In summary, relying solely on the presence of inflammation or coagulation signs is insufficient for
appropriately evaluating the advancement of ATAAD. In contrast, the combination of biochemical signals between inflam-
mation and coagulation markers may be able to better reflect the complete pathophysiological process of ATAAD.

PIV is a recently established indicator that measures inflammation and coagulation-related factors, including the levels of
neutrophils, lymphocytes, monocytes, and platelets. PIV, in contrast to prior indices such as PLR, includes a greater number of
regularly evaluated blood cell types that can indicate systemic inflammatory and immunological conditions.'**3*¢ Therefore,
it provides a more comprehensive representation of the host’s condition and possesses a more dependable predictive
significance for ATAAD. PIV serves as an early prognostic indication for various diseases, including metastatic colorectal
cancer, breast cancer, prostate cancer, and ST-segment elevation myocardial infarction.'®!>?7 The PIV was markedly
elevated in the bad clinical result group compared to the excellent prognosis group in these disorders, indicating a strong
correlation between high PIV and unfavorable clinical outcomes. This additionally presents compelling evidence for our
investigation into the correlation between PIV and ATAAD.

Our investigation revealed that elevated PIV levels (>1807.704) were a reliable indicator of in-hospital mortality following
surgery in patients with ATAAD. This association remained statistically significant even after accounting for factors such as
hypertension, albumin levels, and urea levels (P < 0.05). The findings align with the research conducted by Giovanni, Lee
et al.'”*® Furthermore, the researchers discovered that individuals with elevated PIV levels experienced notably reduced survival
durations and increased mortality rates, maybe due to the makeup of PIV.'*** The SII, comprising neutrophils, platelets, and
lymphocytes, closely resembles PIV. However, it is worth noting that monocytes are not included in the compositional index of
SII. Monocytes are widely recognized as one of the most significant subpopulations of leukocytes. In their study, Pamukcu et al*®
discovered a strong correlation between monocytes and the onset of acute coronary syndrome. They also observed that a high
monocyte count upon admission was strongly linked to a negative outcome in acute coronary syndrome. Li et al®® discovered that

5230  hues Journal of Inflammation Research 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Yu et al

the introduction of monocytes into the ATAAD mice model led to a rise in aortic dissection. Shota et al* discovered that by
inhibiting the concentration of monocytes and their ability to migrate through endothelial cells, they were able to greatly decrease
the occurrence of ATAAD in an animal model that involved the infusion of B-aminopropionitrile and angiotensin II. Therefore,
the control of monocyte phenotype has become a distinct therapeutic focus for preventing and treating cardiovascular diseases.'
Thus, PIV demonstrates a higher level of consistency and reliability in predicting unfavorable prognosis compared to measures
that have been previously examined. PIV on admission is a clinically relevant determinant in the development of ATAAD and
serves as an early prognostic indicator for postoperative in-hospital mortality in patients with ATAAD. Implementing proactive
management of inflammation and coagulation upon admission could potentially enhance the in-hospital survival of patients with
ATAAD in the future. Another discovery from this study is that we examined the disparities in hospitalization outcomes among
groups with varying levels of PIV. We observed a notably greater occurrence of postoperative renal insufficiency in patients with
high PIV levels compared to those with low PIV levels. Extracorporeal circulation frequently causes a reduction in blood flow
during surgery and low blood pressure, which increases the likelihood of inadequate blood supply to the kidneys during the
operation. Upon the termination of extracorporeal circulation, the kidneys receive sufficient blood flow again. However, this
restoration of blood flow leads to ischemia-reperfusion injury (IRI), which triggers the production of reactive oxygen species.
These reactive oxygen species then encourage the release of many types of inflammatory proteins, including proinflammatory
transcription factors.*"** Furthermore, cytokines and chemokines will stimulate the activation and recruitment of inflammatory
cells, including neutrophils, lymphocytes, and macrophages, to the renal parenchyma. This process causes inflammation in the
kidney, ultimately resulting in acute kidney injury.***** This demonstrates the presence of clinical deleterious effects of high PIV
on acute kidney injury.

The four blood cells in PIV are obtained from standard blood samples that are frequently evaluated in clinical settings.
These samples are easily obtained and analyzed, without incurring any additional costs for the patient or the healthcare
system. This economic advantage would be particularly significant if implemented in impoverished regions. PIV, a novel
biomarker parameter, surpasses prior inflammatory indicators in its comprehensiveness and can aid in the early prognosis
prediction of ATAAD hospitalized patients following surgery. Identifying indicators that indicate changes in the
inflammatory and coagulation status of patients might be crucial in optimizing their therapy in clinical practice. These
indicators serve as an important addition to prognostic indicators.

Limitations

There are several limitations to this study. Given the small number of participants and the fact that this study looked back
at past data, it is possible that biases and confounding factors could have influenced the results. For example, differences
in the treatment methods used after surgery among patients could affect the outcomes. Thus, it is imperative to improve
oversight of confounding variables to bolster the dependability of the results. Moreover, the precise mechanisms that
elucidate the relationship between increased levels of PIV and more unfavorable clinical results are still unidentified.
Engaging in future prospective studies may provide further insight into this matter. Future research should prioritize the
development and enhancement of prediction models that incorporate admission of PIV in patients with ATAAD.
Moreover, carrying out multi-center research will serve to validate the feasibility of implementing these models in
a clinical environment.

Conclusion

This study establishes that elevated levels of PIV pose a distinct risk for mortality within the hospital setting among
patients who have ATAAD surgery. Biochemical tests provide the benefits of being fast, uncomplicated, and cost-
effective, and show potential for use in clinical settings. We are certain that PIV holds significant promise as
a straightforward and expeditious indicator of postoperative in-hospital mortality in patients having ATAAD.
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