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The purpose of this study is to investigate the association between the aortomesenteric angle (AMA)
and the occurrence and image characteristics of spontaneous isolated superior mesenteric artery
dissection (SISMAD). This is a single-centre retrospective case-control study. Between Janvary 1

2013 and December 13 2022, consecutive patients with computed tomography angiography (CTA)
confirmed symptomatic SISMAD were included. Controls were selected with 1:1 matches in patients
with CTA of the superior mesenteric artery but without SISMAD using propensity score matching for
age, sex, and body mass index. Patient demographics, symptoms, and dissection characteristics were
recorded. Logistic regression was performed to assess the association between AMA and SISMAD. The
study also evaluated the association between AMA and SISMAD using restricted cubic splines (RCS).
The associations between AMA and the characteristics of SISMAD were evaluated. One hundred and
five SISMAD patients (mean age, 54.8 +8.9 years) were included, and most patients were male (87.6%).
Univariable analysis revealed hypertension, hyperlipemia, and AMA (all p<.001) were associated

with SISMAD. An increasing AMA (adjusted OR, 1.03 per 1 ° increase in angulation) and hypertension
(adjusted OR, 3.52) were identified as risk factors for SISMAD. Compared with small AMA level (<50°),
intermediate (50-71°) (adjusted OR, 2.62; 95% Cl, 1.23-5.58; p=.013) and large angle level (>71°)
(adjusted OR, 4.50; 95% Cl, 2.07-9.82; p <.001) were significantly associated with SISMAD. No obvious
associations between AMA and the SISMAD imaging characteristics were found. Greater AMA and
hypertension were independent risk factors for SISMAD.

Keywo rds Superior mesenteric artery, Dissection, Aortomesenteric angle, Risk factors, Restricted cubic
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Spontaneous isolated superior mesenteric artery dissection (SISMAD) was used to be considered a rare
disease'. However, with the widespread utilisation of computed tomography angiography (CTA), SISMAD has
been increasingly reported?. Although most SISMAD patients can be successfully managed with conservative
treatment®?, patients may still encounter dissecting aneurysm rupture, intestinal ischaemia, or even death®>.
Currently, there is no consensus on the most effective treatment regimen for SISMAD!. Besides, most previous
studies focused on the characteristics or treatment of SISMAD. In contrast, the aetiology of SISMAD is yet
unknown?. Arterial wall pathologies are frequently mentioned as possible causes of superior mesenteric artery
(SMA) dissection®. However, none of these pathologies can be found in the majority of SISMAD patients®’.
Based on current evidence, male gender, hypertension, smoking, dyslipidaemia®*, and large aortomesenteric
angle (AMA)* have been reported as potential risk factors for SISMAD.

Previous studies have demonstrated that large AMA may play an important role in the development of
SISMAD*68-11 The association between AM A and SISMAD was first evaluated by Park et al.® using computational
fluid dynamic models, and they found that SISMAD occurrence may be related to a haemodynamic force at
convexity curvature following large AMA. This result was further demonstrated by Jia et al.® and Wu et al.!’.
However, most studies had limited sample sizes®!?, or lacked control groups®. Unfortunately, no study has
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evaluated the association between AMA on a continuous scale and SISMAD risk. Moreover, the associations
between AMA and the characteristics of SISMAD have not been evaluated.

The purpose of the present study is to evaluate whether an increasing AMA on a continuous scale is associated
with an increasing risk of SISMAD. The impact of AMA levels (small, intermediate, and large) on the risk of
SISMAD was evaluated. Moreover, the associations between AMA and image characteristics of SISMAD were
evaluated.

Methods

Study design

During the study period from January 1 2013 to December 31 2022, patients presented with sudden chest or
abdominal pain and received aortic or SMA CTA to rule out aorta or visceral artery disease at the study hospital
were screened. Consecutive hospitalised patients with CTA confirmed symptomatic SISMAD were included.
During the study period, non-SISMAD patients who underwent CTA were allocated 1:1 to the control group
based on propensity scores matching by age, sex, and body mass index. Patient demographics (age, sex, and body
mass index), symptoms (abdominal pain, back pain, nausea/vomiting, diarrhoea, bloody stools, and syncope),
comorbidities or risk factors (hypertension, diabetes mellitus, coronary heart disease, hyperlipaemia, peripheral
artery disease, prior vascular dissection, prior aneurysm, cerebral infarction cancer, connective tissue disorder,
smoking, and prior revascularization procedure), and laboratory findings (neutrophil count, lymphocyte
count, D-dimer, triglyceride, and total cholesterol) were recorded and analysed. Dissection characteristics
(AMA, dissection point, dissection length, dissection aneurysm, branch vessel involvement, and subtypes)
were recorded. Arterial wall pathologies, including segmental arterial mediolysis, connective tissue disorders,
cystic medial necrosis, vasculitis, and fibromuscular dysplasia, were not evaluated. The study was conducted in
accordance with the Declaration of Helsinki. The Institutional Review Board of Nanjing First Hospital approved
the study protocol on March 3 2023, and informed consent was waived due to the retrospective study design.

Diagnosis of SISMAD and measurement of AMA

CTA was performed using a 128-slice CT (Dual Source CT, SOMATOM Definition Flash, Siemens, Germany)
that included contrast-enhanced 1.0 mm thick slices to allow for proper arterial analysis. SISMAD was
diagnosed by CTA with the following criteria'?: (a) intimal flap formation in SMA; (b) dual-lumen structure in
SMA with contrast agent filling; (c) crescent intramural hematoma in SMA with or without ulcer-like projection
communicating with the arterial lumen; and (d) crescent intramural hematoma in the SMA with arterial lumen
occlusion. Dissecting aneurysm formation was defined as 1.5 times larger than the individual normal parent
mesenteric artery!?. Patients with coexisting dissection in other arteries were excluded. The subtype of SISMAD
was categorised as I, IIa, IIb, and III according to Yun’s classification as follows!*. Type I: Patent true and false
lumen revealing entry and re-entry sites; Type II: Patent true lumen but no re-entry flow from the false lumen;
Type Ila: Visible false lumen but not visible re-entry site; Type IIb: Not visible false luminal flow (thrombosed
false lumen); Type III: Dissection with occlusion of SMA.

AMA was measured in the sagittal view of CTA. AMA was defined as the angle between the inferior SMA
origin, a point 1 cm along the posterior wall of the SMA and a point 1 cm along the anterior wall of the distal
aorta (Fig. 1)!1%12, The diagnosis of SISMAD and measurement of the AMA was independently performed by
two board-certificated radiologists blinded to the study purpose. A senior radiologist was consulted to reach a
consensus when there was a disagreement between the two reviewers. Based on priorly measured AMA results,
the patients were equally allocated into small, intermediate, and large angle levels, with 35 patients in each level.

Statistical analysis

The distribution of continuous data was tested by Kolmogorov-Smirnov test. Data with normal distribution
were presented as mean + standard deviation and 95% confidence interval. Data with asymmetric distribution
were presented as the median and interquartile range (IQR). The intraclass correlation coefficient was
calculated to evaluate inter-observer reliability. The difference between continuous data was compared using
the Student t test, Mann-Whitney U test, or one-way variance analysis. The difference between categorical data
was compared using the chi-square test or Fisher’s exact test. The Pearson correlation coefficient was used to
evaluate the correlation between two variables. Univariate and multivariable logistic regression models were
performed to estimate the association between the SISMAD and AMA levels with an odds ratio (OR) and 95%
CI. Variables included in the multivariable regression model were based on a combination of clinical relevance
and statistical significance. The association between SISMAD and AMA was evaluated on a continuous scale
with restricted cubic splines (RCS) based on a logistic regression model. Knots are set at the 5th, 35th, 65th, and
95th percentiles of AMA'®. All statistical analyses were performed by statistic software R (http://www.R-projec
t.org; R Foundation for Statistical Computing, Vienna, Austria). A two-tailed p value <0.050 was considered to
be statistically significant.

Results
Patients
A total of 975 patients with abdominal or back pain underwent CTA of SMA. After excluding 7 patients with
dissection of other arteries, 105 SISMAD patients were identified and assigned to the SISMAD group. The
remaining patients without SMA dissection were 1:1 matched for the SISMAD group. Finally, 210 patients were
included in this study, and the inclusion flowchart is presented in Fig. 2.

The mean age of SISMAD patients was 54.8 +8.9 years, and most patients were male (87.6%). The mean
BMI of SISMAD patients was 22.2+3.7 kg/m% Most SISMAD patients had abdominal pain with a median
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Fig. 1. Flowchart of patient inclusion in the SISMAD group and control group. CTA = computed
tomography angiography; SMA =superior mesenteric artery; SMAD = superior mesenteric artery dissection;
SISMAD = spontaneous isolated superior mesenteric artery dissection.

symptom-to-diagnosis time of 2.0 days. Other symptoms included back pain (6.7%), nausea/vomiting (9.5%),
diarrhoea (9.5%), bloody stools (1.9%), and syncope (1.0%). The leading comorbidities of SISMAD patients were
hypertension (53.3%) and hyperlipaemia (34.3%) (Table 1).

Characteristics and outcomes of SISMAD

All the entry tears of dissections were located at the anterior wall and around the convexity of the SMA. Based
on Yun’s classification, type I, Ila, IIb, and III were noted in 10 (9.5%), 11 (10.5%), 74 (70.5%), and 10 (9.5%)
patients, respectively. The median distance between the SMA ostium and dissection origin was 22.9 mm (IQR,
17.3-30.0 mm), and the median dissection length was 36.0 mm (IQR, 20.0-65.0 mm). Dissecting aneurysm was
found in 37.1% (39/105) of patients. Branch vessel involvement and true lumen stenosis>70% were noted in
33.3% (35/105) and 20.0% (21/105) of patients, respectively (Table 2).

The AMA of SISMAD patients ranged from 24.0 ° to 129.7 °, and the mean angle was 69.6 +23.1 °. As for all
included patients, the AMA ranged from 18.1 ° to 129.7 °. The 33rd and 66th percentiles of overall AMA values
were 50 °and 71 °, respectively. Therefore, AMA was divided into small (< 50 °), intermediate (50-71 °), and large
(>71 °) angle levels with the same sample size.

All SISMAD patients achieved notable pain resolution after a median treatment time of 2.0 days. No patients
experience bowel resection or SMA haemorrhage. After a median length of hospital stay of 9.0 days, all patients
were discharged uneventfully.

Association between AMA and SISMAD incidence and characteristics

The intraclass correlation coefficient of AMA measured by the two radiologists was 0.90 (95% CI, 0.88-0.93).
Figure 3 shows the density plots of AMA in SISMAD patients and non-SISMAD patients. The mean AMA
of the SISMAD group was significantly larger than the Control group (69.6+23.1 ° vs. 54.0+22.3 °, p<.001).
The univariant analysis also identified hypertension (p<.001) and hyperlipaemia (p<.001) were statistically
significantly associated with SISMAD (Table 1).
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Fig. 2. The aortomesenteric angle was determined as the angle between the posterior wall of the superior
mesenteric artery and the anterior wall of the distal aorta. (A) The aortomesenteric angle in one patient
with SISMAD was 102.11 °. (B) The aortomesenteric angle in one patient without SISMAD was 71.57 °.
SISMAD = spontaneous isolated superior mesenteric artery dissection

Compared to small AMA level, univariate logistic regression analysis revealed intermediate levels were
significantly associated with the SISMAD occurrence (Table 3).

The association remained after applying adjustment Model 2, which revealed that intermediate (adjusted
OR, 2.62; 95% CI, 1.23-5.58; p=.013) and large (adjusted OR, 4.50; 95% CI, 2.07-9.82; p<.001) AMA
levels significantly associated with SISMAD (Table 3). Model 2 was adjusted for age, sex, hypertension, and
hyperlipidaemia. In model 2, hypertension was also identified as a risk factor (adjusted OR, 3.52; 95% CI, 1.88-
6.56; p<.001). Besides, multivariant logistic regression analysis revealed that AMA was significantly associated
with SISMAD (OR, 1.03 per 1 ° increase of AMA; 95% CI, 1.02-1.05; p<.001). RCS based on the logistic
regression model adjusted by age, sex, hypertension, and hyperlipidaemia showed that the increasing AMA was
associated with consistently increasing OR of SISMAD (overall p < .001, nonlinear p = .45). The OR of SISMAD
was > 1.0 when the AMA was >59.6 ° (Fig. 4).

No correlation between AMA and dissection initial position (r=.030, p=.76) or dissection length (r=.065,
p=.51) was noted. In addition, no significant difference in AMA of patients with and without dissecting
aneurysm was found (70.2+22.9 ° vs. 69.3+23.4 °, p=.86) was noted. The mean AMA for type I, IIa, IIb, and III
SISMAD dissection were 65.0+17.5 °, 67.3£13.6 °, 70.2+24.2 °, and 73.0+28.9 °, respectively. No significant
difference was noted regarding AMA in different subtypes (p=.86).

Discussion

The present study found that hypertension and AMA were risk factors for SISMAD. Moreover, an increasing
AMA represents an increasing SISMAD risk. Compared with the small AMA level, intermediate and large AMA
levels were significantly associated with increased SISMAD risk.

The aetiology of SISMAD has not been well elucidated>!4. Hypertension, middle-aged male gender,
dyslipidaemia, and smoking history were potential risk factors for SISMAD!, whereas few studies have evaluated
these risk factors. Wu et al.!” reported that hypertension and smoking history were independent risk factors for
SISMAD. The present study also identified hypertension (adjusted OR, 3.52) as a risk factor, whereas smoking
history was not identified. Only 21% of SISMAD patients in our study had a smoking history. No other studies
have validated smoking history as a risk factor for SISMAD. Moreover, the percentage of smoking reported by
Wu et al.'® was much higher than the data from the European Society of Vascular Surgery guidelines (62% vs.
38%). The association between smoking and SISMAD still needs to be further investigated. Various arterial wall
pathologies have been mentioned as possible causes of SISMAD?, whereas none of these can be found in the
majority of SISMAD patients®”. It has been suggested that the anatomical characteristics of the transitional zone
in the SMA, from a fixed to an unfixed segment, maybe a potential underlying cause of SISMAD'6. However, this
speculation remains unverified by any study.

Previous studies have revealed that large AMA may play an important role in developing SISMA
In our study, the mean AMA of SISMAD patients was 69.6+23.1 °, which was comparable to the results from
Park et al.® (estimated mean angle: 63.7 °), Wu et al.!? (73.0+£19.8 °), and Kim et al.!! (74.9£17.5 °). The mean
AMA (59.7 £21.4 °) reported by Jia et al.b. was slightly smaller than our results, which may be attributed to the
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Variable SISMAD group (n=105) | Control group (n=105) | p
Age-y 54.8+8.9 (53.1-56.5) 55.3+15.2 (52.4-58.3) 0.77
Male 92 (87.6%) 89 (84.8%)

Female 13 (12.4%) 16 (15.2%) 0.55
BMI - kg/m2 22.2+3.7 (18.6-23.5) 22.8+2.6 (21.0-24.7) 0.64
Symptom onset to diagnosis - d 2.0 (1.0-7.0) 2.0 (1.0-5.0) 0.78
Symptoms

Abdominal pain 100 (95.2%) 95 (90.5%) 0.18
Back pain 7 (6.7%) 12 (11.4%) 0.23
Nausea/vomiting 10 (9.5%) 8 (7.6%) 0.62
Diarrhoea 10 (9.5%) 6 (5.7%) 0.30
Bloody stools 2(1.9%) 3(2.9%) 1.00
Syncope 1(1.0%) 0 1.00
Comorbidities

Hypertension 56 (53.3%) 25 (23.8%) <0.001
Diabetes mellitus 9 (8.6%) 15 (14.3%) 0.19
Coronary heart disease 5(4.8%) 9 (8.6%) 0.27
Peripheral artery disease 6 (5.7%) 4 (3.8%) 0.52
Any prior vascular dissection 2 (1.9%) 0 0.50
Any prior aneurysm 1 (1.0%) 1 (1.0%) 1.00
Hyperlipaemia 36 (34.3%) 23 (21.9%) 0.046
Stroke 3(2.9%) 8 (7.6%) 0.12
Cancer 2 (1.9%) 4(3.8%) 0.68
Connective tissue disorder 2 (1.9%) 1 (1.0%) 1.00
Smoking 22 (21.0%) 20 (19.0%) 0.73
Any prior revascularization procedure | 7 (6.7%) 9 (8.6%) 0.60
Aortomesenteric angle - ° 69.6£23.1 (65.2-74.1) 54.0+22.3 (65.2-74.1) <0.001
Laboratory findings

Neutrophil count —10°/L 5.15 (3.47-7.02) 4.60 (3.45-6.80) 0.55
Lymphocyte count — 10°/L 1.34 (1.00-1.78) 1.34 (0.98-2.02) 0.76
D-dimer - ug/mL 1.30+5.6 (0.2-2.4) 1.25+3.4 (0.3-1.5) 0.66
Triglyceride - mmol/L 1.65+1.2 (1.4-1.9) 1.48+1.4 (1.2-1.8) 0.37
Total cholesterol - mmol/L 3.65+1.0 (3.0-4.3) 3.79+1.4 (3.5-4.1) 0.74

Table 1. Baseline characteristics in patients with and without SISMAD. Data are presented as n (%), median
(interquartile range) or mean + standard deviation (95% confidence interval). SISMAD = spontaneous isolated
superior mesenteric artery dissection; BMI=body mass index.

Variable SISMAD patients (n=105)
Distance between the SMA ostium and dissection origin - mm | 22.9 (17.3-30.0)

36.0 (20.0-65.0)

39 (37.1%)

35 (33.3%)

21 (20.0%)

Dissection length - mm

Dissecting aneurysm formation

Branch vessel involvement

True lumen severe stenosis (>70%)

Yun’s classification

I 10 (9.5%)
Ia 11 (10.5%)
IIb 74 (70.5%)
I 10 (9.5%)

Table 2. Image characteristics for 105 patients with SISMAD. Data are presented as median (interquartile
range) or n (%). SISMAD =spontaneous isolated superior mesenteric artery dissection; SMA =superior
mesenteric artery.
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Fig. 3. Density plots of the aortomesenteric angle of the SISMAD group and control group.
SISMAD = spontaneous isolated superior mesenteric artery dissection.

different measurement methods. Previous studies consistently reported that SISMAD patients had larger AMA
than non-SISMAD patients®'®!!. In one study including 37 SISMAD patients and 148 control patients, Wu et
al.!% evaluated the association between AMA and SISMAD and found that the OR of SISMAD increased with
increasing AMA (1, 10, 57, and 73 for <50 °, 50-69 °, 70-90 °, and > 90 °, respectively; p <.05). Jia et al. reported
that compared with AMA <30 °, large AMA levels were significantly associated with increased OR of SISMAD
(4.33 and 51.15 for 60-90 ° and > 90 °, respectively; p <.05)3. The present study also found that the intermediate
(50-71 °) and large (>71 °) AMA levels were significantly associated with SISMAD risk when compared to the
small (<50°) AMA level. The present study further revealed that an increasing AMA (adjusted OR, 1.03 per
1 ° increase in angulation) was identified as a risk factor for SISMAD. Furthermore, the association between
AMA on a continuous scale and SISMAD based on RCS revealed that an increasing AMA was associated with a
consistently increasing OR of SISMAD.

According to previous studies, SISMAD typically begins at the superior convexity of SMA®!%17-1% The
present study found all entry tears of the dissections were located at the anterior wall around the convexity of
the SMA, which was consistent with previous studies'”!®. The development of SISMAD may be attributed to
hemodynamic and histopathological changes in the SMA superior convexity. AMA plays an important role in
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Model 1° Model 2°
OR [95%CI |p OR [95%CI |p
Aortomesenteric angle
Small (<50°) 1.00 1.00
Intermediate (50-71°) | 3.15 | 1.56-6.34 | 0.001 | 2.62 | 1.23-5.58 | 0.013
Large (>71°) 4.79 | 2.34-9.80 | <0.001 | 4.50 | 2.07-9.82 | <0.001
Age 1.01 | 0.99-1.04 | 0.37
Men 1.27 | 0.52-3.06 | 0.60
Hyperlipidaemia 1.38 | 0.69-2.74 | 0.36
Hypertension 3.52 | 1.88-6.56 | <0.001

Table 3. Logistic regression model for the association between AMA and SISMAD. * Model was not adjusted.
b Model was adjusted for age, sex, hypertension, and hyperlipidemia. SISMAD = spontaneous isolated superior
mesenteric artery dissection; AMA = aortomesenteric angle; OR = odds ratio; CI = confidence interval.

Nonlinear p = 45

Overall p <.001

OR of SISMAD (95%Cl)

59.6°

40

60

Aortomesenteric angle (°)

Fig. 4. The OR of SISMAD versus aortomesenteric angle is modelled using logistic regressions with restricted
cubic splines with 95% confidence limits (red ribbon). Analyses were adjusted for age, sex, hypertension, and
hyperlipidaemia. The black dashed lines indicate reference lines for no association at an OR of 1.0. The arrow
indicates the minimum angle for no association with SISMAD risk. OR = odds ratio; SISMAD = spontaneous
isolated superior mesenteric artery dissection.
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haemodynamic changes at the SMA convexity. Wu et al.!® found that a larger AMA is associated with higher
stress in the arterial wall and a higher oscillatory shear index at the SMA superior convexity. Jia et al.® further
demonstrated that larger AMA and SMA curvatures were associated with higher and more concentrated wall
shear stress at the SMA superior convexity. Increased wall shear stress can cause the breakdown and disruption
of cell-matrix connections®, as well as promote inflammation?®!, thus leading to the development of SISMAD.
These studies may explain the consistent association between the increased AMA and increased SISMAD risk.
Regarding the histopathological causes of SISMAD, Park et al.® found no specific arterial wall pathology in the
histopathologic examination. However, Jia et al.® found a significantly smaller mean media thickness and area
fractions of elastin and collagen in the anterior wall of the SMA curve compared to the posterior wall. Elastin
and collagen provide elasticity and strength to the arterial wall?2. The reduction of elastin and collagen at SMA
superior convexity may impair the strength of the arterial wall, thus leading to SISMAD occurrence. Due to the
impact of different AMA on haemodynamic changes, the imaging characteristic of SISMAD may be influenced.
The present study evaluated the possible associations, whereas no meaningful finding was noted.

It is important to note that there are several limitations in the current study. The evidence level of the present
study is limited by retrospective design and small sample size. SISMAD was found to be more prevalent in Asian
countries as compared to European countries!. Thus, the results of the present study need to be verified by
large-scale international studies. The retrospective study design may lead to selection bias, which may influence
the final results. Despite these limitations, the present study is the first study to investigate AMA and SISMAD
risk on a continuous scale. Future multicentre prospective studies, including Asian and Western countries, are
needed to verify these findings.

In conclusion, an increasing AMA was consistently associated with an increasing risk of SISMAD. Intermediate
and large AMA levels were associated with statistically significantly increased SISMAD risk compared to the
small AMA level. AMA seems not to impact the image characteristics of SISMAD. These findings could aid in
comprehending the significance of AMA in the development of SISMAD.

Data availability
The datasets used or analysed during the current study are available from the corresponding author on reason-
able request.
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