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ARTICLE INFO ABSTRACT
Keywords: Background: Acute aortic dissection has a high mortality rate, especially for Stanford type A with a
Aortif: dissection dissected ascending aorta. Cardiac tamponade is one of the most common complications of acute
Cardiac tamponade type A aortic dissection (ATAAD) and can cause death. However, the pathogenesis is often un-
Chemokine . . .. .
Macrophage clear. We aimed to examine laboratory findings at the onset of disease and macrophage
T prag involvement.

roponin I

Methods: Hematological and biochemical parameters, and D-dimer, brain natriuretic peptide
(BNP), and high-sensitivity troponin I (hs-cTnI) levels in 70 patients with ATAAD at our hospital
were investigated. Additionally, the myocardium and aorta after autopsy of an ATAAD case with
cardiac tamponade were pathologically examined.

Results: Forty-four ATAAD cases were complicated by cardiac tamponade. The mean age of pa-
tients with cardiac tamponade and proportion of patients over 70 years of age were both
significantly higher than for those without cardiac tamponade. Evaluable D-dimer values were
higher than 0.5 pg/mL in all patients. Significantly elevated laboratory parameters in patients
with cardiac tamponade included: lactate dehydrogenase, aspartate aminotransferase, C-reactive
protein, lactate, BNP, and hs-cTnl. However, multivariate analysis showed only hs-cTnl was
significantly associated with cardiac tamponade. Histological examination revealed numerous
M2-like macrophages infiltrating the myocardium and dissecting aorta, expressing CC chemokine
ligand (CCL)2 together with vascular endothelial growth factor-C and matrix metalloproteinase-9.
The peripheral monocyte-to-neutrophil ratio (MNR) was also significantly higher in cardiac
tamponade.

Conclusions: In ATAAD patients with cardiac tamponade, hs-cTnl was significantly elevated and
CCL2 expression was observed, which may be involved in the expression of M2-like macrophages
via an increased MNR.
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1. Introduction

Acute aortic dissection is a disease that is occasionally encountered in the emergency room. In Japan, an average of 17.6 out of
100,000 people are affected annually, of which an average of 9.9 per 100,000 die. According to the Stanford classification system,
acute aortic dissection is classified into type A, with dissection of the ascending aorta; the other is known as type B. Of these, acute
Stanford type A aortic dissection (ATAAD) has an incidence of 64.2 %, while it accounts for 89.9 % of fatal cases [1]. Mortality rates
reportedly increase over time so prompt diagnosis is essential [2].

In various countries, laboratory tests for the prognostic indicators of aortic dissection have been studied (e.g., D-dimer, peripheral
neutrophil-to-lymphocyte ratio [NLR], C-reactive protein [CRP], and lactic acid, among others) [3]. In our previous study of patients
with acute aortic dissection, we investigated the prognostic value of high-sensitivity troponin I (hs-cTnl) as a predictor of aortic
dissection by investigating laboratory data and biomarkers related to the myocardium. High-sensitivity troponin I was significantly
elevated in ATAAD compared to Stanford type B aortic dissection and was useful for a prognosis [4]. Cardiac tamponade is one of the
major complications [5], and the most common cause of death, in ATAAD [6]. A complication of cardiac tamponade was thought to
underlie a poor prognosis in ATAAD; however, its pathogenesis remains unclear. Macrophages are the predominant infiltrating cells in
acute aortic dissection, and their role via the chemokine C-C motif chemokine ligand (CCL)2, a potent monocyte migration factor, has
recently attracted attention [7]. In addition, macrophages are responsible for restoring tissue homeostasis through wound healing [8].

The early prediction of the complication of cardiac tamponade in ATAAD by laboratory data is quite difficult in the emergency
room. We hypothesized that a significant increase of hs-Tnl in ATAAD would be associated with the complication of cardiac tam-
ponade. In this study, we assessed the utility of laboratory data, including hs-Tnl, for predicting cardiac tamponade in ATAAD and
examined the relevance of macrophages in this disease.

2. Materials and methods
2.1. Patients’ backgrounds

Blood samples from 70 patients with ATAAD, taken when admitted to hospital between 2012 and 2022, were collected from the
Kitakyushu City Yahata Hospital, Kitakyushu, Japan. The background of each patient in this study was as follows: a computed to-
mography scan confirmed dissection of the ascending aorta (mean inner diameter + standard deviation [SD]: 44.97 mm + 8.35).
Patient samples (females, 40; males, 30; aged 41-94 years average + SD: 73.87 + 14.21) were obtained at diagnosis. Of these patients,
38 (54.3 %) had known hypertension (Table 1) and two (2.9 %) had diabetes. Patients with known connective tissue disease causing
aortic dissection, acute infectious conditions, non-compensated liver disease, or acute myocardial infarction status by evaluable
electrocardiograph were excluded.

These retrospective, research-related examinations were conducted in accordance with the guidelines of the Declaration of Helsinki
and were approved by the Research Ethics Committee of the Kitakyushu City Hospital Organization (permission number: 202112001).

2.2. Laboratory data on admission

Lactate dehydrogenase (LD), aspartate aminotransferase (AST), creatine kinase (CK), C-reactive protein (CRP), white blood cell
count (WBC), peripheral NLR, lactate, D-dimer, brain natriuretic peptide (BNP), and hs-cTnl were measured by blood collection
immediately after each patient’s visit. The following instruments were used: XN-2000 (Sysmex, Kobe, Japan) for blood tests;
BioMajestyJCA-BM6070 (JEOL, Tokyo, Japan) and JCA-BM6010 (JEOL) for biochemistry tests; RADIOMATERABL9O0 FLEX for lactate;
and Coapresta CP3000 (Sekisui Medical, Tokyo, Japan) and CS-2000i (Sysmex, Kobe, Japan) for coagulation tests. Brain natriuretic
peptide and hs-cTnl were measured by PATHFAST (LSI Medience Corporation, Tokyo, Japan) using plasma; measurement ranges were
4~2000 pg/mL and 0.02-50 ng/mL, respectively. Two instruments (Coapresta CP3000 and CS-2000i) were used for D-dimer mea-
surements. A correlation test at our institution showed that Y(CP3000) = The correlation test at our hospital, which showed that Y
(CP3000) = 0.6369x (CS-2000i) + 0.493, r = 0.9838, and X was converted to Y (measurement range: 0.5-60 pg/mL). The normal

Table 1

Characteristics of patients with acute aortic dissection.
Parameters Tamponade (+) Tamponade (—) Total P-value
No. of patients (total%) 44 (62.9 %) 26 (37.1 %) 70
Mean age + SD, years (range) 77.23 + 13.40 (47-94) 68.19 + 13.95 (41-94) 73.87 + 14.21 (41-94) 0.011%*
Age (>70 years) 31 (75.6 %) 10 (38.5 %) 41 (58.6 %) 0.012*
Gender (female) 27 (61.4 %) 13 (50.0 %) 40 (57.1 %) 0.455
History of hypertension 20 (45.5 %) 18 (69.2 %) 38 (54.3 %) 0.082
Aortic rupture 6 (13.6 %) 6 (23.1 %) 12 (17.1 %) 0.341
Death within 24 h 36 (81.8 %) 6 (23.1 %) 42 (60.0 %) <0.001***
D-dimer (>0.5 pg/mL) 15/15 15/15 30/30 -
Mean inner diameter of ascending aorta +SD, mm 45.25 + 8.46 44.51 + 8.30 44.97 + 8.35 0.721

SD: standard deviation. For parameters that could not be evaluated in all cases, the denominator is listed as the number of cases surveyed. *p < 0.05
and ***p < 0.001.
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reference ranges for these assays are summarized in Table 2. Hemolyzed samples were excluded from biochemical and D-dimer tests.
2.3. Histopathological stains

Aortic and myocardial samples were obtained from the autopsy of an 85-year-old man with ATAAD in whom aortitis syndrome, an
autoimmune disease, or coronary artery occlusion were ruled out. Conservative treatment was chosen at the patient’s request but he
died 3 days after admission due to cardiac tamponade complications. This case was an autopsy case with a clear time course from the
onset of ATADD to the complication of cardiac tamponade.

After fixation of tissues in 10 % formalin and embedding in paraffin, tissue sections (3-pm thick) underwent hematoxylin and eosin,
Azan, and Elastica van Gieson (EVG) staining.

2.4. Immunohistochemical analysis

Tissues were fixed with 10 % formalin and embedded in paraffin. Sections (4-pm thick) were used for immunohistochemical ex-
aminations with an Histostainer 36A automated immunostainer (Nichirei Biosciences Inc., Tokyo, Japan). Mouse monoclonal anti-
bodies against human CD68 (clone KP1, 1:100), histidine decarboxylase (HDC; 1:100), and a-smooth muscle actin (SMA; clonelA/4,
1:100) were obtained from Dako (Kyoto, Japan). Mouse monoclonal antibody against human CD163 (clone 10D6, 1:100) was from
Leica (Tokyo, Japan) and mouse monoclonal antibody against D2-40 (clone D2-40, 1:1) was from Nichirei (Tokyo, Japan). Rabbit
polyclonal antibodies to CCL2 (1:200) and CCL22 (1:100) were obtained from Abcam (Tokyo, Japan). Rabbit polyclonal antibody to
HDC (1:200) was obtained from Progen Biotechnik (Heidelberg, Germany).

2.5. Immunofluorescence examinations

Immunofluorescence examinations were performed on 4-um thin sections using rabbit polyclonal anti-human CCL2 from Abcam
(1:200; Tokyo, Japan). Mouse monoclonal antibody against human complement component (C) 9 (53, 1:50) was from Abcam (Tokyo,
Japan). Mouse monoclonal antibody against vascular endothelial growth factor (VEGF)-C (MMO0006-2E65, 1:50) was from Novus
Biologicals (Centennial, CO, USA). Mouse monoclonal antibody against matrix metalloproteinase (MMP)-9 (E11, 1:100) was obtained
from Santa Cruz (Dallas, Texas, USA). Rhodamine-conjugated goat anti-rabbit IgG (H + L; 1:200; Merck, Tokyo, Japan) or fluorescein
isothiocyanate (FITC)-conjugated goat anti-mouse IgG (H + L; 1:200; Merck) were used as secondary antibodies. A 6-diamidino-2-phe-
nylindole (DAPI; GeneTex, Hsinchu City, Taiwan) stain was used as a nuclear stain. Inmunofluorescent sections were observed with a
Nikon ECLIPSE E600 inverted fluorescence microscope (Nikon, Tokyo, Japan) and analyzed by LuminaVision software (version 2.2.2;
Mitani Corporation, Tokyo, Japan).

2.6. Statistical analysis

Statistical analyses of data between groups were performed using Welch’s t-test, a Brunner—-Munzel test, and Fisher’s exact test,
respectively. Odds ratios and corresponding 95 % confidence intervals were calculated from multiple imputation methods to address
missing data (data set: m = 20, analysis software: mice ver. 3.13.0). All p-values <0.05 were considered statistically significant. All
statistical analyses were performed using the R commander (The R Foundation for Statistical Computing, Vienna, Austria, version
3.6.1) designed to add statistical functions frequently used in biostatistics. Lactate, hs-cTnl, and BNP levels were validated using cut-off
scores based on the results of a receiver operating characteristic (ROC) curve analysis to define the optimum cut-off value.

Table 2

Overview of normal reference ranges for laboratory data.
Parameters Lower limit Upper limit Unit
LD 124 222 U/L
AST 13 30 U/L
CK female 41 153 U/L

male 59 248

CRP 0.00 0.14 mg/dL
WBC 3.3 8.6 x 10%/pL
Lactate 0.5 1.6 mmol/L
D-dimer - <1.0 pg/mL
BNP - <19.5 pg/mL
hs-cTnl - <0.028 ng/mL

AST: aspartate aminotransferase, BNP: brain natriuretic peptide, CI: confidence interval, CK: creatine kinase, CRP: C-reactive peptide, hs-cTnlI: high-
sensitivity troponin I, LD: lactate dehydrogenase, WBC: white blood cell count.



S. Kimura et al. Heliyon 9 (2023) e20791

3. Results
3.1. Characteristics of ATAAD cases complicated by cardiac tamponade

The mean age of patients with cardiac tamponade was significantly higher than that of patients without cardiac tamponade.
Significantly more patients with cardiac tamponade were also over 70 years of age, which is considered a high risk for developing
aortic dissection. In addition, the mortality rate within 24 h was significantly higher in patients with cardiac tamponade (Table 1).
These findings suggest that increased age is a risk factor for developing cardiac tamponade and subsequent death. In comparison, no
significant difference was noted with regard to a history of hypertension and the mean inner diameter of the ascending aorta between
the two patient groups (Table 1).

3.2. Comparison of laboratory data of blood samples from patients with and without cardiac tamponade complications

General biochemical tests in patients with ATAAD showed significantly elevated LD, AST, and CRP levels in those with cardiac
tamponade complications (Fig. 1A, B, and D, respectively). In contrast, no significant difference was noted in the CK level between
those with and without cardiac complications (Fig. 1C). For leukocytes, no significant differences in the WBC and NLR were found
between the two ATAAD patient groups (Fig. 1E, and F, respectively).

Significant differences were observed in lactate, BNP, and hs-cTnl levels (Fig. 2A, C, and D, respectively) for ATAAD cases with and
without cardiac tamponade complications. No significant differences were found between these two patient groups for the results of
the D-dimer test, which is commonly used to diagnose aortic dissection (Fig. 2B). The ROC curves for lactate, D-dimer, BNP, and hs-
cTnl were 0.757, 0.624, 0.764, and 0.834, respectively, with hs-cTnl having the highest value (Fig. 2-ROC). Thus, LD, AST, and CRP
levels, as well as lactate, BNP, and hs-cTnl levels, were significantly increased in ATAAD patients with cardiac tamponade
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Fig. 1. Biochemistry and blood count data findings on admission

Lactate dehydrogenase (LD), aspartate aminotransferase (AST), creatine kinase (CK), C-reactive protein (CRP), white blood cell counts (WBC), and
peripheral neutrophil-to-lymphocyte ratios (NLR) were compared in Stanford type A aortic dissection (ATAAD) cases, with and without cardiac
tamponade complications. Mean values for LD, AST, and CRP were significantly increased in patients with cardiac tamponade complications (p =
0.023, p = 0.035, and p = 0.034, respectively; Figures A, B, and D).

These statistical analyses were based on one-sided tests.
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Fig. 2. Lactate, D-dimer, and cardiac biomarker findings Lactate, D-dimer, brain natriuretic peptide (BNP), and high-sensitivity troponin I (hs-
cTnl) were compared in Stanford type A aortic dissection (ATAAD) cases, with and without cardiac tamponade complications. Receiver operating
characteristic (ROC) curves were developed for determining cut-off values. The central tendencies of lactate, BNP, and hs-cTnl were significantly
increased in patients with cardiac tamponade complications (p = 0.0011, p = 0.002, and p < 0.001, respectively; Figures A, C, and D, respectively).
The areas under the curve (AUCs) for lactate, D-dimer, BNP, and hs-cTnl by ROC curve were 0.757, 0.624, 0.764, and 0.836, respectively (Figures A-
, B-, C-, and D-ROC). Horizontal bars represent the 10th to 90th percentile range, and boxes indicate the 25th to 75th percentile range. The hor-
izontal lines in each box correspond to the median.

These statistical analyses were based on one-sided tests.

Table 3
Univariate and multivariate analyses used to identify independent predictors for a diagnosis of Stanford type A acute aortic dissection with cardiac
tamponade.
Parameters Tamponade Univariate Multivariate
OR 95 % CI P-value OR 95 % CI P-value
) ) lower higher lower higher
LD (U/L) >222 37 11 1.811 0.440 7.445 0.399
<222 11 7
AST (U/L) >30 8 3 11.720 1.949 70.478 0.009** 1.430 0.044 45.962 0.830
<30 11 15
CRP (mg/dL) >0.14 18 1 1.896 0.538 6.690 0.310
<0.14 8 14
hs-cTnl (ng/mL) >0.025 30 3 28.667 5.684 144.584 <0.001%** 13.429 1.164 154.873 0.038*
<0.025 7 20
BNP (pg/mL) >32.7 19 5 6.831 1.573 29.659 0.012* 4.584 0.532 39.478 0.160
<32.7 3 8
Lactate (mmol/mL) >2.8 27 5 13.462 1.219 148.713 0.036* 3.648 0.097 137.751 0.456
<2.8 0 5

AST: aspartate aminotransferase, BNP: brain natriuretic peptide, CI: confidence interval, CRP: C-reactive peptide, hs-cTnl: high-sensitivity troponin I,

LD: lactate dehydrogenase, OR: odds ratio: *p < 0.05, **p < 0.01, and ***p < 0.001.
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complications.

These significant factors were analyzed by univariate and multivariate analyses. We used the upper limit of standard reference
intervals as cut-off values for tests (LD, AST, and CRP; Table 3). We used the cut-off values calculated from ROC curves for tests without
reference intervals (hs-cTnl, BNP, and lactate; Table 3). Univariate analysis showed significant differences in AST, hs-cTnI, BNP, and
lactate levels (p = 0.009, p < 0.001, p = 0.012, and p = 0.036, respectively) between ATAAD cases with and without cardiac tam-
ponade complications. Furthermore, when these factors were analyzed in a multivariate analysis only hs-cTnI (p = 0.038) was an
influential factor affecting cardiac tamponade complications (Table 3). Thus, ATAAD with cardiac tamponade was associated with
increased hs-cTnl.

3.3. Relationship between aortic dissection and macrophages

Macrophages have a variety of roles with respect to wounds. We investigated the function and differentiation of macrophages
involved in vascular wall injury due to aortic dissection to evaluate any associations between laboratory data.

Fig. 3A shows the edge of the dissection. Smooth muscle and collagen fibers were observed with tears (Fig. 3A-EVG and -SMA) but
were not completely dissected. Partial granulation tissue (Fig. 3A-HE high-power) was observed that was surrounded by macrophage
infiltration (Fig. 3A-CD68). Around the macrophages, vascular vessel growth was observed (Fig. 3A-CD34) some of which was positive
for D2-40 (Fig. 3A-D2-40).

Fig. 3B shows a portion of a complete dissection. In the dissected aortic tunica media, elastic fibers were completely ruptured and
smooth muscle was fragmented (Fig. 3B-EVG and -SMA). Numerous macrophages were seen in the dissociated tunica media and false
lumen (Fig. 3B-CD68). Macrophages in Fig. 3A and B were positive for CD163 and CCL22, markers of M2-like macrophages (Fig. 3A-,
3B-CD163, and CCL22). In addition, HDC-positive macrophages (Fig. 3B-HDC) and macrophages showing the phagocytosis of iron
(Fig. 3B-Berlin blue) were also observed. The lesions showed a large number of CCL2-positive cells that co-expressed VEGF-C and
MMP-9 (Fig. 3A-VEGF-C and 3B-MMP-9). Thus, M2-like macrophages were found to be frequently present and expressed a variety of
molecules in acute aortic dissection lesions.

HE HEhigh-power  CD34 . =

_ theg

EVG L

Fig. 3. Expression of macrophages in Stanford type A aortic dissection tissue

Figures A and B show the edge of a dissection and a completely dissected portion of Stanford type A aortic (ATAAD) tissue, respectively. In Figure A,
complete detachment of the media is not evident, but obscuration of the smooth muscle and breakage of the elastic fibers are observed (A-EVG and
-SMA). Figure A-HE high power is derived from the inset of Figure A-HE. Figures A-CD68, -CD163, and -CCL22 show the same sites as in Figure A-HE
high power. Figures A-CD34 and -D2-40 show vascularized areas of the media. Aggregation sites of CD68-positive cells were fluorescently stained
with anti-VEGF-C (green) and -CCL2 (red) (A-VEGF-C and -CCL2) antibodies.

In Figure B, the elastic fibers of the complete aortic media were completely dissected and smooth muscle showed fragmentation (B-EVG and -SMA).
Figure B-HE high power is derived from the inset of Figure B-HE. Figures B-CD68, -CD163, -CCL22, -HDC, and -Berlin blue show the same sites as in
Figure B-HE high power. The inset of the B-Berlin blue image shows a high-power magnification of the smaller inset. Aggregation sites of CD68-
positive cells were fluorescently stained with antibodies against MMP-9 (green) and CCL2 (red) (A-MMP-9 and -CCL2). Blue (DAPI) indicates the
nuclei of cells.

Scale bars: 1 mm in A-HE, -EVG, and -SMA; 200 pm in B-HE, -EVG, and -SMA; 50 pm in A and B-HE high power, -CD68, -CD163, -CCL22, A-CD34, A-
D2-40, B-HDC, and -Berlin blue; 10 pm in A and B-CCL2, A-VEGF-C, and B-MMP-9.

CCL, C-C motif chemokine ligand; DAPI, 6-diamidino-2-phenylindole; EVG, Elastica van Gieson; HE, hematoxylin eosin; HDC, 1-histidine decar-
boxylase; MMP, matrix metalloproteinase; SMA, a-smooth muscle actin; VEGF, vascular endothelial growth factor.
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3.4. Relationship between myocardium and macrophages in Stanford type A aortic dissection with cardiac tamponade

The CCL2 expressed by macrophages plays an important role in the myocardium via monocyte migration. Myocardial status and
macrophage expression were examined to evaluate the elevated hs-cTnl level.

Fig. 4A-HE shows the myocardium with tamponade, mechanical fragmentation of the myocardium, and inflammatory cell infil-
tration into the stroma. Scattered contraction band necrosis was observed in the myocardium under high-power magnification
(Fig. 4A-HE high-power and -Azan). Cardiomyocytes were observed to be partially positive for C9 and simultaneously expressed CCL2
(Fig. 4A-C9 and -CCL2). Macrophages were positive for CCL2 (Fig. 4A-CCL2; arrowheads). Inflammatory cells in the stroma were
predominantly CD68-positive macrophages, which were also positive for CD163 and CCL22 (Fig. 4A-CD68, -CD163, and -CCL22).
Histidine decarboxylase—positive cells were found in the intravascular and perivascular areas of the stroma (Fig. 4A-HDC). CD68 and
CD163-positive macrophages were also distributed in the interstitial and perivascular space, endocardial endothelium, and endo-
cardium and epicardium (Fig. 4B-CD68 and -CD163). Hence, our findings suggest that cardiomyocytes expressed CCL2 and many M2-
like macrophages infiltrated the heart in ATAAD with cardiac tamponade.

3.5. Troponin I and aspartate aminotransferase to lactate dehydrogenase ratio

AST and LD are elevated simultaneously in a variety of diseases, whereas the ratio of elevation depends on the characteristics of the
disease. Mean values of AST and LD were also significantly increased in ATAAD patients with cardiac tamponade (p = 0.023 and p =
0.035), with AST and LD being about 6.43 and 2.00 times higher, respectively, than in ATAAD patients without cardiac tamponade
(Fig. 1A and B). This resulted in a more pronounced and significant difference when comparing the AST/LD ratio between ATADD
patients with and without cardiac tamponade (p < 0.001: Fig. 5A). In a new attempt, we investigated the correlation between troponin
I and the AST/LD ratio, and the similarity of elevation between troponin I and AST/LD ratios. Troponin I and the AST/LD ratio were
found to be significantly correlated (r = 0.601, p = 0.039: Fig. 5B). Accordingly, ATAAD with cardiac tamponade was associated with
an increased AST/LD ratio.

A . B CD68 CD163

intravascular

< TRt ' &

¥ — ; —
£ R L ‘
D an o . 7 gy
S S oW af
— (% & <) Z g
S Sl g
8 . S M g
o~ = S S
o " - Sl g ¥,
=5 s = ;
5 - e
o < = % o / - S
© ) N Y
O = . ?
[o% %
[0} -~ - .. -

Fig. 4. Histological findings and expression of macrophages in the myocardium of patients with cardiac tamponade

Figure A shows histological findings of the myocardium, including the expression of macrophages in myocardial tissue. A-HE high power and -Azan
were high-power magnified images of myocardial fibers with fragmentation and rupture showing contraction band necrosis.
Immunofluorescence staining showed C9 (green: A-C9), CCL2 (red: A-CCL2), and a merged image of these (A-merge). Arrowheads indicate CCL2-
positive macrophages.

Figure Bshows the localization of CD68 and CD163-positive monocytes/macrophages in intravascular vessels, pericardial endocardium, and
epicardium of the myocardium.

Scale bars: 500 pm in A-HE; 100 pm in A-CD68, -CCL22, and -CD163; 50 pm in A-HDC and B; 20 pm in A-HE high power, -Azan, -C9, -CCL2, and
-merge.

C9, complement component 9; CCL, C-C motif chemokine ligand; HDC, r-histidine decarboxylase; HE, hematoxylin eosin.
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Fig. 5. Aminotransferase to lactate dehydrogenase ratio and monocyte-to-neutrophil ratio.

Figure Ashows the relationship between the aspartate aminotransferase (AST) to lactate dehydrogenase (LD) ratio and cardiac tamponade. Figure B
shows the correlation between the AST to LD ratio and high-sensitivity troponin I (hs-cTnlI). Figure C shows the relationship between the monocyte-
to-neutrophil ratio (MNR) and cardiac tamponade.

These statistical analyses were based on two-sided tests.

3.6. Monocyte-to-neutrophil ratio in peripheral blood

Since macrophages, but not neutrophils, were the significant infiltrate in the hearts of cardiac tamponade cases, unlike in
myocardial infarction cases, the monocyte-to-neutrophil ratio (MNR) in peripheral blood was examined. A significant increase was
observed in the MNR in patients with cardiac tamponade complications (Fig. 5C). Thus, the MNR was increased in ATAAD with cardiac
tamponade.

4. Discussion

Shock is classified into various types: Hemodynamic failure due to cardiac tamponade must be clearly distinguished from
cardiogenic shocks, such as myocardial infarction, because cardiac tamponade represents obstructive shock that is due to decreased
venous return and/or excessive afterload caused by anatomical damage [9]. Obstructive shock is a state of shock with tissue hypoxia in
all organ systems due to a critical decrease in cardiac output and systemic oxygen supply, with a sudden decrease in cardiac output and
blood pressure as common clinical features [10].

In the present study, we examined the histopathological findings of a case with a clear history of cardiac tamponade complication
from the onset of ATAAD and the laboratory data for a cohort of 70 patients with ATAAD. High-sensitivity troponin I was significantly
elevated with scattered contraction band necrosis in cardiac tamponade associated with ATAAD. Cardiac troponin is known to reflect
not only myocardial ischemia, with dissection of the coronary artery entry or occlusion by a flap, but also abnormalities in the
myocardial oxygen supply-demand balance [11]; obstructive shock was thought to be a contributing factor. These responses suggested
that elevated troponin led to a poor prognosis in ATAAD [4,12]. Although contraction bands are also seen in artifacts, in this case they
were scattered with C9, which was positive at the time of myocardial injury [13].

Acute Stanford type A aortic dissection and elevated troponin I are associated with elevated serum or myocardium CCL2 expression
[14,15]. In this study, widespread CCL2 expression with VEGF-C and MMP9 expression was observed in macrophages at the site and tip
of the dissociation, as well as in cardiomyocytes. Unexpectedly, in an autopsy case with a cardiac tamponade complication, the
majority of macrophages were found to be positive for CD163 and CCL22. Such macrophages were identified as M2-like macrophages,
which are thought to stabilize dissociated tissue [7,16]. Vascular endothelial growth factor is generally a vascularizing factor, although
VEGF-C is important for the formation of granulation tissue and processing of necrotic tissue [17]. Matrix metalloproteinase 9 pro-
motes cell migration and plays an important role in tissue repair [18-20] with the promotion of vascular proliferation by VEGF-C [21].
However, tissue repair mechanisms through these expressions may lead to a temporary weakening of tissue structures [22]. Aortic
dissection is thought to be initiated by M1-like macrophages [23]. However, dissection is caused by repeated tissue damage and repair,
constant force, and a predisposition to connective tissue abnormalities [24]. M2-like macrophages exhibit potent anti-inflammatory
activity and play an important role in wound healing by regulating M1-like macrophages [8]. In particular, CD163-positive macro-
phages are responsible for processing hemoglobin as well as directly inducing anti-inflammatory cytokine secretory signals [25].

Of the laboratory data generally associated with acute myocardial damage, mean values for CK and WBC did not significantly differ
between ATAAD patients with and without cardiac tamponade, while mean values of AST and LD were significantly elevated.
Therefore, it was necessary to consider causes other than myocardial damage for the elevated AST and LD levels. Aspartate amino-
transferase as an indicator of organ damage [26], and LDH as an indicator of biological reactions due to thrombolysis [27], were found
to be significantly increased in cardiac tamponade cases. The cause appears to be the effect of severe organ damage and the presence of
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an extensive false lumen. Furthermore, we found that the AST/LD ratio correlated with troponin I. This suggested that patients with
organ damage and without thrombosis in a false lumen were more prone to the complication of cardiac tamponade. It was also thought
that patients with cardiac tamponade have a longer cycle of damage and repair because of wide dissection in the vicinity of the heart.
Because monocytes are required for repair, the blood MNR was found to be significantly elevated and M2-like macrophages may have
infiltrated the lesion.

Macrophage aggregation in arterial lesions is associated with an increase in peripheral blood monocytes [28,29]. In an animal
model of angiotensin II-induced aortic dissection, vascular accumulation of M1 macrophages was initially observed but these cells
were replaced by M2 macrophages in the chronic phase [30]. Although the MNR is often discussed in terms of tumor progression [31]
this may be due to the similarity of the tissue damage repair environment with the tumor microenvironment, which includes the
proliferation of various cell types such as macrophages and angiogenesis.

In the present study, HDC, a histidine-converting enzyme that implies histamine expression along with CCL2, was identified in the
lesions. Histamine is thought to promote the migration of CCL2 monocytes into tissues [32] and also enhances tissue healing and
phagocytosis of macrophages and dendritic cells [33]. In addition, CCL22 cooperates with CCL2 to promote differentiation into
M2-like macrophages [15,34,35]. In myocardium, the CCL2-induced migration of macrophages to the heart has been suggested to be
associated with a blood pressure response or inflammation [36]. It was speculated that the various mechanisms involved in this
transition from monocytes to macrophages may be one of the causes of the development of ATAAD with cardiac tamponade by making
the aortic wall vulnerable and affecting blood hemodynamics.

This study has several limitations. First, the sample size was relatively small. In addition, it was a single-center study. Third,
because it was a retrospective study, some values were missing, and laboratory data were collected only at the time of admission.
However, at present, few studies have examined the characteristics of cardiac tamponade associated with aortic dissection, which we
consider to be significant. It would therefore be beneficial to accumulate more such data in future.

5. Conclusions

In the present study, cardiac tamponade complications in ATAAD patients showed an association with an increased hs-cTnl level
and were accompanied by elevated MNR via the expression of CCL2 and histamine. These observations may be associated with
macrophage migration, suggesting an important role for M2-like macrophages in the development of a cardiac tamponade compli-
cation in ATAAD. Correlation with an elevated hs-cTnl level and LD/AST ratio also suggest an association of cardiac tamponade and
ATAAD with the presence of extensive, communicating false lumens.
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