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Objective: To compare the hemodynamic factors involved in the occurrence of
superior mesenteric atherosclerotic stenosis (SMAS) and superior mesenteric
artery (SMA) dissection (SMAD).
Methods: Hospital records were searched to identify consecutive patients who
were diagnosed with SMAS or SMAD between January 2015 and December
2021. A computational fluid dynamics (CFD) simulation method was used to
assess the hemodynamic factors of the SMA in these patients. Histologic
analysis was also performed on SMA specimens obtained from 10 cadavers, and
scanning electron microscopy was used to evaluate collagen microstructure.
Results: A total of 124 patients with SMAS and 61 patients with SMAD were
included. Most SMASs were circumferentially distributed at the SMA root,
whereas the origin of most SMADs was located on the anterior wall of the
curved segment of the SMA. Vortex, higher turbulent kinetic energy (TKE), and
lower wall shear stress (WSS) were observed near plaques; higher TKE and
WSS were seen near dissection origins. The intima in the SMA root
(388.5 ± 202.3 µm) was thicker than in the curved (243.8 ± 100.5 µm; p= .007)
and distal (183.7 ± 88.0 µm; p < .001) segments. The media in the anterior wall
(353.1 ± 37.6 µm) was thinner than that in the posterior wall (473.7 ± 142.8 µm;
p= .02) in the curved segment of the SMA. The gaps in the lamellar structure in
the SMA root were larger than in the curved and distal segments. The collagen
microstructure was more substantially disturbed in the anterior wall than in the
posterior wall in the curved segment of the SMA.
Conclusion: Different hemodynamic factors in different portions of the SMA are
related to local pathological changes in the SMA wall and may lead to the
occurrence of SMAS or SMAD.
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Abbreviations

SMA, superior mesenteric artery; SMAS, superior Mesenteric Atherosclerotic Stenosis; SMAD, superior
mesenteric artery dissection; CFD, computational fluid dynamics; CTA, computed tomography
arteriography; TKE, turbulent kinetic energy; BFV, blood flow velocity; WSS, wall shear stress.
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Introduction

Superior mesenteric atherosclerotic stenosis (SMAS) and superior

mesenteric artery (SMA) dissection (SMAD) are two of the most

common causes of mesenteric ischemia (1). With the development of

imaging techniques, SMAD, once considered as a rare disease, is

increasingly diagnosed in recent years (2). However, these disease

processes differ in terms of their characteristics and the pathological

changes involved. For instance, SMAS is always located at the root of

the SMA (3, 4), whereas SMAD occurs at the convex surface of the

SMA trunk, 1 to 3 cm away from the root (5, 6). Studies have

speculated that this difference in location may be related to the

hemodynamic factors of the SMA (7–9). However, individual

hemodynamic parameters in patients with SMAS or SMAD have not

been analyzed. Different from aortic dissection, patients with SMAS

and SMAD are mostly treated by conservative or endovascular therapy

(10). Therefore, it is difficult to obtain pathological tissue specimens of

patients with these two diseases, and data regarding the exact

relationship among these hemodynamic factors, pathologic changes,

and the disease characteristics of SMAS and SMAD are still limited.

The pathogenesis of SMAS and SMAD is poorly understood at present.

In this study, we therefore sought to explore the role of

hemodynamic factors in the occurrence of SMAS and SMAD

using personalized SMA models and patient-specific boundary

conditions based on a computational fluid dynamics (CFD)

simulation method. We also sought to identify the pathologic

changes caused by hemodynamic factors that may be associated

with the occurrence of SMAS and SMAD.
Materials and methods

Patients

This retrospective study was approved by our institutional review

board with a waiver of informed consent. Our hospital records were
FIGURE 1

Measurements obtained using findings from computed tomography angiograp
of the superior mesenteric atherosclerotic plaque (white arrow). (B) Measurem
to the origin of the superior mesenteric artery dissection (white arrow).
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searched to identify consecutive patients who had been diagnosed

with SMAS or SMAD between January 2015 and December 2021

[via contrast-enhanced computed tomography (CT)]. SMAS was

diagnosed if wide base calcification or a filling defect with low

density was seen on CT after contrast agent injection (11). SMAD

was diagnosed if the true and false lumens and the intima flap

between them were seen on CT, as outlined previously (12).

Patients were excluded from the study if they had aortic or any

other artery dissection; if they had previously undergone SMA

surgery; or if other factors affecting the aortomesenteric angle, such

as scoliosis or intra-abdominal tumor, were present.
Image acquisition and lesion localization

CT angiography (CTA) was performed on a 64-detector row

scanner (Philips Core128, Rotterdam, The Netherlands). The

scanning parameters were as follows: 120 kV; 312 mA; field of

view, 362 × 362 cm; matrix, 512 × 512; and slice thickness, 0.5 mm.

The locations of the plaque and dissection origins were assessed

on the volume viewer using multiplanar reformatting and

maximum intensity projections. The aortomesenteric angle was

defined as the angle between the abdominal aorta major axis and

the SMA ostium major axis (Figure 1A). The aortomesenteric

angle and SMA-related distances were measured based on CTA

findings (Figure 1B). All images were analyzed separately by 2

independent radiologists, both with >10 years’ experience in

vascular radiology. The measurements were repeated 20 days later,

and the mean of the 2 sets of values was used for analysis.
Model reconstruction and simulation

The 3D surface of the SMA was abstracted from the CTA data

using Mimics Research 19.0 (Materialise HQ, Louvain, Belgium).

The models were then modified based on data from 60 patients,
hy. (A) Measurement of the aortomesenteric angle (red lines) and location
ent of the distance (red d ) from the root of the superior mesenteric artery

frontiersin.org

https://doi.org/10.3389/fcvm.2023.1121224
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Mei et al. 10.3389/fcvm.2023.1121224
with SMAD (n = 30) and SMAS (n = 30), thirty-one SMAD

patients who lack thin-slice CTA data or have poor image quality

were excluded in the CFD analysis. At the same time, thirty

SMAS patients meeting the including criteria were randomly

included. For each model, dissections or plaques were removed

and the main morphology features of the SMA trunk were

retained to simulate the hemodynamic conditions in the SMA
FIGURE 2

The schematic diagram of the progress of removing the plaques and dissection
mesenteric artery (SMA) and dissection at the curved segment of the SMA. (A1
mesenteric artery dissection (SMAD) models before repairing. (A2,B2) the SMA
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before the onset of SMAD or SMAS; this procedure was

performed using Geomagic Wrap 2017 (Geomagic Studio,

Raindrop, Research Triangle Park, NC, USA) and SolidWorks

2017 (Dassault Systemes SE, Paris, France) (Figure 2). The SMA

models was divided into three segments: the root, the curved

segment, and the distal segment. The root was identified as the

region 0 to 5 mm away from the SMA ostium; the curved
s from the models. (A,B) CTA image of plaques at the root of the superior
,B1) The superior mesenteric atherosclerotic stenosis (SMAS) and superior
models before the onset of SMAS and SMAD.
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segment was identified as the region 15 to 30 mm away from the

ostium; and the distal segment was identified as the region 40 to

55 cm away from the ostium.

Tetrahedral mesh was divided and the prism layer was created

by using ICEM-CFD (Ansys, Canonsburg, PA, USA). Steady-state

flow simulations corresponding to the flow conditions at the

patient-specific systolic peak were performed using the CFD

solver in Fluent (Ansys, Canonsburg, PA, USA) by solving a k-ω

SST transition turbulence model (13). Blood was treated as an in

compressible Newtonian fluid with a density of 1,045 kg/m3 and

a dynamic viscosity of 0.00365 Pa·s (14). For the initial boundary
FIGURE 3

Computational fluid dynamics simulation outcomes from six typical patients
dissection (SMAD), P4, P5 and P6 represent three patients with superior me
images showing location of the dissections (white arrows). P4, P5 and P6:
arrows). P1–P6: (B) Blood flow velocity (BFV) pattern of the superior mesente
SMA. (D,E) Turbulent kinetic energy (TKE) distribution at the wall of the super
SMA root (E in P1–P3 and D in P4–P6). red arrows and circles represent the
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conditions at the vascular openings, we assumed a constant

velocity inlet of the patient-specific peak systolic blood flow

velocity (cross-section of the abdominal aorta, 5 cm above the

SMA ostium) and zero pressure outlet at SMA and cross-section

of the abdominal aorta above the common iliac artery for the

geometry were applied (15). The mean values of turbulent kinetic

energy (TKE), blood flow velocity (BFV), and wall shear stress

(WSS) in the three segments of the SMA were then calculated

and compared in the 60 patients models. The nephograms of the

hemodynamic characteristics in six of them was then displayed:

SMAD (P1, P2 and P3), SMAS (P4, P5 and P6) (Figure 3).
. P1, P2 and P3 represent three patients with superior mesenteric artery
senteric atherosclerotic stenosis (SMAS). P1, P2 and P3: (A) Sagittal CT
(A) Sagittal and Axial CT images showing location of the plaques (white
ric artery (SMA). (C) Wall shear stress (WSS) distribution at the wall of the
ior mesenteric artery (SMA) (E in P1–P3) and cross-sectional plane at the
hemodynamic abnormality regions.
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Histopathologic analysis

To explore precursor histopathologic changes occurring in the

SMA wall, we obtained SMA specimens from 10 cadavers (all

males, aged 45–65 years) with noncardiovascular causes of death.

Individuals who died from other cardiovascular-related diseases

but experienced SMAS or SMAD before death were excluded.

SMA sections were stained with hematoxylin and eosin to

measure the thickness of each layer of vascular wall and to

analyze the cell composition and degenerative changes. The

tissues of the SMA were also divided into root, curved segment,

and distal segment same as the model reconstruction method.

Each of the three segments was also dissected into posterior and

anterior walls. The collagen and lamellar microstructure in the

three segments of the SMA was analyzed using scanning electron

microscopy (SEM).
Statistical analysis

SPSS 26.0 (SPSS Inc., Chicago, IL, USA) was used for statistical

analysis. Kolmogorov-Smirnov test method was used for the test of

normality. Normally distributed continuous measurements were

calculated as mean ± standard deviation. Patient characteristics,

lesion locations, and morphologic features of the SMA were

compared between patients with SMAS and those with SMAD

using independent sample t-tests and chi-square tests or Fisher

exact test (for small samples or highly imbalanced table cells). The

thickness of each layer and the mean values of WSS, TKE, and

BFV in the different segments of the SMA were compared using

independent sample t-tests. Statistical significance was set at p < .05.
TABLE 2 CT findings in study patients.

Characteristic Patients with
SMAS (n = 124)

Patients with
SMAD (n = 61)

p value

Aortomesenteric angle, ° 56.3 ± 17.2 62.5 ± 20.4 .031

Distance, mm 1.3 ± 4.4 21.4 ± 11.4 <.001

Location of plaque or dissection
Anterior 68 (54.8) 59 (96.7) <.001

Anterior middle 19 (15.3) 33 (54.1) <.001

Anterior and left 23 (18.6) 14 (23.0) .482

Anterior and right 15 (12.1) 12 (19.7) .170
Results

Patients

A total of 124 consecutive patients with SMAS (66 men, 58

women; mean age, 71.5 ± 10.3 years; range, 31–96 years) and 61

consecutive patients with SMAD (51 men, 10 women; mean age,

56.1 ± 9.1 years; range, 35–83 years) were included in this analysis.

Table 1 summarizes the clinical characteristics of study patients.
TABLE 1 Clinical characteristics of study patients.

Characteristic Patients with
SMAS (n = 124)

Patients with
SMAD (n = 61)

p value

Age, y 71.5 ± 10.3 56.1 ± 9.1 <.001

Male 66 (53.2) 51 (83.6) <.001

Body mass index 23.7 ± 3.0 24.6 ± 2.7 .053

Smoking history 44 (35.5) 24 (39.3) .609

Hypertension 71 (57.3) 30 (49.2) .300

Diabetes mellitus 38 (30.7) 7 (11.5) .004

Hyperlipidemia 41 (33.1) 21 (34.4) .854

High uric acid level 14 (11.3) 4 (6.6) .307

Data are presented as n (%) or mean± standard deviation. SMAS, superior

mesenteric atherosclerotic stenosis; SMAD, superior mesenteric artery dissection.
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CT findings

The mean aortomesenteric angle was larger in patients with

SMAD than in patients with SMAS (62.5° ± 20.4° vs. 56.3° ±

17.2°; p = .031). The distance from the root of the SMA to the

dissection origin in patients with SMAD was longer than the

distance from the root of the SMA to the plaque in patients with

SMAS (21.4 ± 11.4 mm vs. 1.3 ± 4.4 mm; p < .001). Of note,

88.7% of plaques were located at the SMA root, whereas 96.7%

of dissection origins were located at the anterior wall of the

SMA. Table 2 summarizes the information regarding these

plaque and dissection locations.
Hemodynamic factors

The SMAD group had higher WSS than the SMAS group in the

curved segment (19.74 ± 3.63 pa vs. 17.09 ± 2.48 pa; p = .002); and

the WSS in the curved segment was higher than in the other two

segments in both groups. Compared with the SMAD group, the

SMAS group had higher TKE in the root (0.125 ± 0.035 m2s−2 vs.

0.106 ± 0.035 m2s−2; p = .044) but lower TKE in the curved

segment (0.090 ± 0.031 m2s−2 vs. 0.074 ± 0.029 m2s−2; p = 0.046);

there was no difference between groups in the TKE of the distal

segment. The TKE values in the root and the curved segment

were higher than in the distal segment in both groups. The BFV

in patients with SMAS was lower than in patients with SMAD in

root (0.44 ± 0.16 m/s vs. 0.53 ± 0.18 m/s; p = 0.034); there was no

difference between the groups in the BFV values in the other

segments (Figure 4).
Anterior and bilateral 11 (8.9) 0 (0) .017

Side 37 (29.8) 1 (1.6) <.001

Left 17 (13.7) 0 (0) .002

Right 11 (8.9) 1 (1.6) .108

Bilateral 9 (7.3) 0 (0) .031

Posterior 14 (11.3) 1 (1.6) .023

Posterior middle 4 (3.2) 1 (1.6) >.990

Posterior and left 7 (5.7) 0 (0) .098

Posterior and right 3 (2.4) 0 (0) .552

Posterior and bilateral 0 (0) 0 (0) N/A

Round 5 (4.0) 0 (0) .173

Data are presented as n (%) or mean± standard deviation. SMAS, superior

mesenteric atherosclerotic stenosis; SMAD, superior mesenteric artery

dissection; N/A, not available. Distance = distance from the root of the superior

mesenteric artery to the location of the plaque or dissection origin. Round = All

directions around the SMA wall.
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FIGURE 4

The comparison of hemodynamic parameters, including Wall shear stress (WSS) (A), turbulent kinetic energy (TKE) (B), and blood flow velocity (BFV) (C), in
the three segments (root, curved and distal segment) of the superior mesenteric artery (SMA) in the superior mesenteric artery dissection (SMAD) and
superior mesenteric atherosclerotic stenosis (SMAS) groups.

Mei et al. 10.3389/fcvm.2023.1121224
In the 6 SMA models (P1 to P6), the regions of high TKE were

mainly distributed around the SMA root and almost overlapped

with the low BFV vortex regions. In the curved segment of the

SMA, the regions of high TKE and BFV coexisted below the

anterior convex wall of the SMA. The distribution of high WSS

was consistent with the dissection origin (P1 to P3). The high

TKE and low BFV regions at the SMA root were consistent with

the location of plaques (P4 to P6). An annular low WSS zone

appeared at the root of the SMA, whereas the WSS level in the

anterior convex wall of the SMA curve was substantially

increased. Flow recirculation was observed below the anterior

and side walls of the SMA root (Figure 3).
FIGURE 5

Representative images of hematoxylin and eosin–stained sections of the super
each layer of the vascular wall in the different regions of the SMA. (A–D and A
curved segment (A2), and distal end (A3) of the SMA. Thickening of the intima (r
arrows) can be observed. (B–D) The thickness of each intima is shown. (B1–D
foam cells. I, intima; M, media.
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Histopathology

Hematoxylin and eosin–stained sections are shown in Figure 5.

Crescent-shaped intimal thickening was observed at the root of the

SMA (Figure 5A1). Foam cells with lipid droplets in the cytoplasm

were more common in the intima at the SMA root than in other

segments (Figures 5B1–D1). Translamellar mucoid extracellular

matrix accumulation breaking through the lamellar units was

observed in the media of the anterior wall at the curved segment

of the SMA (Figure 5A2). At the distal segment of the SMA, the

structure of the circumferential arterial wall was uniform, with

no obvious degenerative changes (Figure 5A3).
ior mesenteric artery (SMA) wall and comparison of the mean thickness of
1–D1) Hematoxylin and eosin staining of the wall located at the root (A1),
ed arrow) and translamellar mucoid extracellular matrix accumulation (blue
1) Local magnification of the images in B–D. # represents the location of
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The mean thickness of the intima at the root of the SMA (388.5 ±

202.3 µm) was greater than that in the curved (243.8 ± 100.5 µm; p

= .007) and distal (183.7 ± 88.0 µm; p < .001) segments. However,

there was no significant difference in the mean thickness of the other

2 layers across the 3 locations of the SMA. In the curved segment of

the SMA, the mean thicknesses of the intima (256.8 ± 118.4 µm),

media (353.1 ± 37.6 µm), and adventitia (338.2 ± 107.2 µm) at the

anterior wall were lower than the mean thicknesses of the intima

(230.7 ± 83.2 µm; p= .58), media (473.7 ± 142.8 µm; p= .02), and

adventitia (451.4 ± 191.8 µm; p = .12) at the posterior wall. There was

no significant difference between the anterior and posterior walls in

the mean thicknesses of the 3 layers at the other 2 locations of the

SMA (Figures 6A–D).

Each segment of the SMAwas separated into anterior and posterior

walls (Figure 7A). The gaps in the lamellar structure were larger in the

SMA root than in the curved and distal segments (Figures 7D–F). In the

curved segment, the delamination of each layer was not obvious in the

anterior wall (Figure 7B), whereas a clear 3-layer structure could be

seen in the posterior wall (Figure 7C). Microstructure analysis of the

collagen fibers between the intima and media showed that the fibers

in the anterior wall were of uneven thickness and were interlaced in a

disorderly manner (Figure 7B1), whereas the fibers in the posterior

wall had a uniform thickness, with all fibers generally positioned in

the same direction (Figure 7C1). In the other two segments of the

SMA, the above phenomenon was not obvious.
Discussion

In this study, we found that SMAS always occurred near the

SMA root and most commonly in the anterior wall (54.8%),
FIGURE 6

(A) broken-line graphs of the mean value of the thickness of each layer of the v
The thickness of each layer of the vascular wall in the root (B), curved segme
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whereas the origin of SMAD was most commonly seen in the

anterior wall of the curved section of the SMA (96.7%). Through

CFD analysis, we found that high TKE regions were distributed

in the root of the SMA and the anterior wall of the curved

portion of the SMA, whereas regions of vortex, low flow velocity,

and low WSS were seen near the plaque at the root of the SMA.

Plaques were commonly observed at the aortic bifurcation.

Previous studies have demonstrated associations between

hemodynamic abnormalities and high concentrations of low-

density lipoprotein (LDL) and lower levels of endothelial nitric

oxide synthase gene expression, both of which are necessary for

the formation of plaque (16–19). In the current study, regions of

high flow velocity and high WSS were observed at the curved

segment of the SMA, near the origin of the dissection. Previous

studies have linked abnormally elevated WSS to medial

degeneration, loss of smooth muscle cells, and internal elastic

lamina fracture, factors associated with dissection and aneurysm

(20, 21). The results from our current study support these

findings and confirm the relationship between high WSS and the

occurrence of SMAD demonstrated in previous research (18).

Histopathologic analysis in this study demonstrated that more

foam cells were present in the intima of the SMA root and that the

intima was thicker at the SMA root than in the other SMA

segments. Based on the SEM images we obtained, we believe that

the larger gaps in the lamellar structure in the SMA root

facilitate the migration and multiplication of lipids under the

intima, with the rotation and stagnation of blood flow at the root

of the SMA also aggravating this process. These factors explain

the high incidence of SMAS at the SMA root (22).

In the curved segment of the SMA, the anterior wall was found

to be significantly thinner than the posterior wall. Previous
ascular wall in the three superior mesenteric artery (SMA) segments. (B–D)
nt (C), and distal segment (D) of the SMA.
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FIGURE 7

Images of the superior mesenteric artery (SMA) wall from an SMA specimen. (A) SMA specimen divided into anterior and posterior walls. (B,C) Cross-
sectional scanning electron microscopy images of the anterior (B) and posterior (C) wall of the curved segment of the SMA. (B1, C1) Collagen
microstructure skeletonization images showing the area between the intima and media of the anterior (B1) and posterior (C1) walls in the curved
segment of the SMA. (D–F) Scanning electron microscopy images showing the lamellar structure between the intima and media in the root (D),
curved segment (E), and distal segment (F) of the SMA. The widths of some gaps have been marked.
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research has shown that thinning of the anterior wall is closely

related to the loss of smooth muscle cells (23). The current study

also demonstrated translamellar mucoid extracellular matrix

accumulation breaking across laminar units in the anterior wall.

This reduces the strength of the wall and is therefore considered

an important index for the evaluation of medial degeneration

(24). In our study, the microstructure of collagen fibers was also

found to be substantially different between the anterior and

posterior walls; the collagen fibers in the anterior wall had more

cross-kinking and were of uneven thickness, whereas the collagen

fibers in the posterior wall were generally uniform in thickness

and direction. Previous research has shown that there are more

cross-linked collagen fibers in the wall of aneurysms than in

healthy arteries, and an increase in cross-linking reflects

weakening of the renewal ability of collagen fibers (25, 26). In

the extracellular matrix, collagen fibers provide resistance to

dissection and rupture (23), and so weakness in these fibers can

allow for the occurrence of SMAD.

The complex mechanical loads from blood flow can also

cause changes in the function and structure of the vascular wall
Frontiers in Cardiovascular Medicine 08
either directly or indirectly. In the intima, blood flow may

directly cause realignment, stiffness, and dysfunction of

endothelial cells (27, 28). Smooth muscle cells and extracellular

matrix in the media and adventitia are not directly exposed to

blood flow, but blood flow can still indirectly influence these

areas through the signaling molecules produced by endothelial

cells (29). The media and adventitia may also be affected by

the interstitial flow between the smooth muscle cells and

extracellular matrix (30), which may increase migration,

phenotypic changes, and apoptosis of smooth muscle cells (31)

and reduce production of the surrounding extracellular matrix

(30, 32), thus affecting the elasticity, tensile stiffness, and

strength of the wall. Recent investigations have demonstrated

that elevated WSS may be a predictor of media degeneration,

which causes the thinning of media and reduction of elastin

and smooth muscle cells (33, 34) and eventually leads to the

occurrence of dissection or aneurysm (23). Mechanical stretch

and pressure also affect the vascular wall. However, the cell

signaling pathway involved in mechanical stimulation of the

intima, media, and adventitia is still unclear (21).
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This study had several limitations. First, the number of SMA

specimens in this study was limited, so quantitative

histopathologic studies with larger sample sizes are needed.

Second, although we were able to evaluate the vascular wall

structure in various locations of the SMA, the relationship

between changes in tissue structure and biomechanical properties

needs to be verified using other testing methods such as biaxial

biomechanical testing. Third, although we assessed the intact

portion between matrix fissures as far as possible when observing

collagen fibers on SEM, the process of manually splitting the

intima and media inevitably causes damage to the natural

collagen fiber structure. Fourth, the histologic analysis in this

study was based on prodromal changes of the vascular wall in

healthy individuals; tissues obtained from patients with SMAS or

SMAD may be more reliable for analysis. Fifth, the progress of

removing the plaques and dissections from the models was

manual, which may cause restoration distortion in some cases.

Finally, steady-state flow simulations were performed in our CFD

analysis. Personalized CFD simulations or 4D flow magnetic

resonance imaging examinations should be performed in larger

studies to further verify the link between hemodynamic

abnormalities and lesion occurrence sites, and more

hemodynamic indices (eg, oscillatory shear index) should be

included in future studies.

In conclusion, this study demonstrated that the locations of

SMAS and SMAD differ based on hemodynamic factors. Further,

histopathologic analysis demonstrated that early atherosclerotic

changes and local vascular wall degeneration can be seen near

SMAS and SMAD. These findings suggest that various

hemodynamic factors and vascular wall characteristics play an

important role in the occurrence of SMAS and SMAD.
A summary statement

Hemodynamic factors play a different but equally important

role in the pathogenesis and occurrence of SMAS and SMAD.
Key results

124 patients diagnosed with SMAS and 61 patients diagnosed

with SMAD were included. Abnormal hemodynamic regions in

the root and anterior wall of the curved segment of the superior

mesenteric artery, and corresponding histopathologic changes

were found, which were in accordance with frequent incidence

location of SMAS and SMAD, respectively.
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