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Abstract: (1) Background: Spontaneous isolated intramural hematoma of the superior mesenteric
artery (SIHSMA) is a rare entity often considered as a subset of spontaneous isolated dissection
of the superior mesenteric artery (SIDSMA). It is characterized by a completely thrombosed false
lumen with or without an ulcer-like projection with computed tomography (CT) imaging. The
recent literature describes few reports with a relatively short-term follow-up. The natural course,
prognosis, and treatment options for SIHSMA still lack consensus. We present two cases of acute
abdominal pain in a young man due to IMH of the superior mesenteric artery with an extensive
literature review. (2) Case report: A 46-year-old male patient was submitted to an urgent CTA for
acute abdominal pain, showing the presence of an isolated dissection of the superior mesenteric artery,
determining significant stenosis of the vessel with collateral vessel patency. The patient referred to
a recent COVID-19 infection, whose course was paucisymptomatic. He was conservatively treated
with antiplatelet therapy and corticosteroid treatments, and, after a few days, the symptomatology
completely regressed; also, the 2-month-control CTA showed complete IMH regression and the
absence of any signs of residual stenosis. The second patient was a 61-year-old male patient who
was submitted to an urgent CTA for acute abdominal pain, showing the presence of an isolated
dissection of the superior mesenteric artery, not determining significant vessel stenosis. He was
conservatively treated with antiplatelet therapy and corticosteroid treatment, and after a few days,
the symptomatology completely regressed and the radiological control showed complete dissection
regression. (3) Conclusion: SISHSMA is a rare entity of vascular pathology, and conservative
management represents the best medical strategy. We propose corticosteroid treatment as one of the
most appropriate tools in the conservative treatment of SISHSMA.

Keywords: intramural hematoma; superior mesenteric artery; treatment; steroid

1. Introduction

Spontaneous isolated intramural hematoma of the superior mesenteric artery (SIHSMA)
represents a sporadic event, often considered as a subset of spontaneous isolated dissection
of the superior mesenteric artery (SIDSMA) [1]. IMH was first described by Krukenberg in
1920 as a “dissection without intimal tear”. It is defined as clotted blood within the artery
wall (tunica media), in the absence of an identifiable continuum with the arterial lumen,
as an intimal tear. The IMH has historically been considered a ruptured vasa vasorum in
the arterial media; however, recent studies have shown that a small intimal tear could be
detected. Thus, some considered IMH as a subset of spontaneous isolated dissection [2–5].
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The natural course, prognosis, and treatment options for SIHSMA still lack consensus.
We report a case of complete clinical and radiological regression, after a high dose of
corticosteroid treatment.

2. Case Report
2.1. Case A

A 46-year-old male patient with a history of controlled moderate hypertension was
admitted to the emergency department for severe sudden-onset epigastric pain. The patient
was apyretic during his stay. The patient referred to a recent COVID-19 infection, whose
course was paucisymptomatic. No history of trauma was found. The abdomen was
tractable and not painful or sore on superficial and deep palpation. Peristalsis was present.
Blood examination revealed elevated inflammatory markers (increased C-reactive protein
and white blood cell count, without procalcitonin elevation). Blood cultures and urine
cultures were negative. Inflammatory, immunological, and genetic analysis panels revealed
an increase in inflammatory index without a genetic or immunological correlation. A thorax–
abdomen–pelvis CT angiography (Figure 1) exam revealed the presence of a subintimal
eccentric parietal thickening, neatly hyperdense, extended along the entire course of the
SMA vessel and more prominent in the proximal section, approximately 1 cm from the
origin, not determining a significant lumen stenosis (Figure 1a). The imaging confirmed the
diagnosis of intramural hematoma of the superior mesenteric artery (SIHSMA). Since the
patient was hemodynamically stable, conservative medical therapy was started based on
antiplatelet therapy, antalgic drugs, and blood pressure control. According to the systemic
inflammatory condition and in the absence of clinical or laboratory signs of infection,
starting a high dose of corticosteroid treatment was deemed necessary, beginning with
25 mg of prednisone twice daily. Soon after therapy started, the symptoms resolved and,
after 2 months of conservative treatment with corticosteroids, the control CTA (Figure 1b,d)
revealed the SMA patency with complete intramural hematoma regression in the absence
of residual stenosis.
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Figure 1. Thorax–abdomen–pelvis computed tomography angiography (CTA) showing (a) in the
sagittal section and (c) in the transverse section a hypodense area around the superior mesenteric
artery determining significant stenosis at the origin of the vessel. (b) The two-month-control CTA
after corticosteroid treatment revealed a complete absorption of the edema and the vessel’s patency
without any stenosis visible in the sagittal section, (d) as well as clearly in the transverse section.
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2.2. Case B

A 61-year-old male patient was submitted to an urgent CTA (Figure 2) for acute
abdominal pain, showing the presence of an isolated SIHSMA not determining significant
vessel stenosis. The patient reported no fluctuations in his symptoms and was stable.
Abdomen physical examination was devoid of signs. Past medical history did not reveal
any immunological or rheumatological disease. The inflammatory panel showed a systemic
inflammation with C-reactive protein elevation and increased white blood cell count. No
signs of infectious disease were found, considering procalcitonin levels and the negative
results of the blood cultures, urine tests, and cultures. Considering the case’s complexity, a
conservative management approach consisting of antiplatelet therapy and a high dose of
corticosteroid treatment was opted for. After a few days, the symptomatology completely
resolved, and the radiological follow-up performed after two months showed complete
IMH regression (Figure 2b,d).
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Figure 2. (a) Emergency thorax–abdomen–pelvis computed tomography angiography (sagittal
section) showing subintimal eccentric parietal thickening extended along the entire course of the
SMA vessel, not determining significant stenosis of the vessel (c) with caliber alterations leading
to rosary chain stenosis. (b) The two-month-control CTA after corticosteroid treatment revealed
complete absorption of the hematoma and a complete patency of the vessel (d) without any sign of
vessel interruption.

3. Material and Methods
3.1. Literature Review

A systematic literature search and critical appraisal of the collected studies were
conducted according to the Preferred Reporting Items for Systematic Review (PRISMA)
standards. An electronic search was performed on PubMed from December 2022 to April
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2023. The search terms were (“intramural hematoma of the superior mesenteric artery” OR
“intramural hematoma of visceral artery“ OR “intramural hematoma of digestive artery”
OR “ intramural hematoma of aorta“ OR “acute pulmonary haemorrhage” OR “acute pul-
monary haemorrhage”) AND (“idiopathic” OR “isolated” OR “acute”) AND (“treatment”
OR “corticosteroid treatment” OR “conservative treatment” OR “management” OR “im-
munological disease” OR “infective disease” “genetic disease” “autoimmune correlation”).
The bibliographies of all identified articles were reviewed and cross-referenced to search
for additional relevant literature. Methodological evaluation of each study was conducted
according to PRISMA standards, including bias assessment.

Data collection involved study selection and data extraction. Articles with titles
or abstracts relevant to our review were analyzed, and those studying the clinical pre-
sentations, disease management, outcomes, and pharmacological choices in conserva-
tive treatment were selected. A consensus process resolved disagreements on eligibility
between researchers.

Unpublished, pre-print, or non-English language literature was excluded.
Other exclusion criteria were publications dated prior to 2000, no apparent correlation

with the topic sought, generalization of IMH to non-visceral digestive districts (brain, upper
or lower limbs), or districts of major interest (heart, aortic arch, ascending aorta, descending
thoracic aorta, abdominal aorta). Data extraction was performed by two researchers and
verified by two others.

3.2. Results

A review of the titles and abstracts and a manual search of the reference lists were car-
ried out. The reference lists of all identified articles were reviewed to find missed-out papers.
This search identified 48 articles screened after reading the full articles. Thirty-two articles
were discarded as unrelated to the topic. The resulting 16 articles were screened to exclude
duplicates and irrelevant papers. Four non-English papers and five papers published
before 2000 were discarded after reading and analysis based on the exclusion criteria.

The following inclusion criteria were used: (1) observational and retrospective and
multicentric studies, (2) reviews and mini-reviews, and (3) case reports/series. These
publications were carefully evaluated, considering the review’s main aims. This evaluation
left seven scientific papers comprising one observational study, three retrospective studies,
and three case reports.

Of the seven articles, only two specifically address SIHSMA. Three papers discuss the
dissection of the SMA, with intramural hematoma described as a potential subset. Another
paper presents a case report on intramural hematoma of the gastric artery, while the final
article details a case report of multiple dissections and visceral intramural hematoma. The
search strategy is depicted in Figure 3 for clarity.

Fifty-five cases of superior mesenteric artery intramural hematoma were found in
the explored database. The main characteristics of the articles included in this review are
summarized in Table 1. The studied population was composed of 10 females and 45 males.
The main symptoms were gastrointestinal symptoms such as abdominal pain (83.63%),
and few asymptomatic cases were found (16%). The main risk factors were recorded as
the same in the vascular population: hypertension (19 patients), diabetes mellitus (2),
smoke (8), coronary artery disease (5). No reference to genetic disease (Marfan syndrome
or Ehlers–Danlos syndrome) or immunological disease was found. Laboratory analysis
and instrumental analysis were not available in almost all cases.
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Table 1. The table shows a summary of the findings of all reported clinical cases of intramural
hematoma of the superior mesenteric artery (SISHMA) in the literature. (M, male; F, female).

N.
(Patient) Reference Type of Article Onset Symptom Risk of Factors

31
(M/24; F/7) Wang, Yingliang et al. [1] Observational study

- 6 (6/31, 19%)
asymptomatic
with incidental
diagnosis

- 25 (25/31, 81%)
gastrointestinal
symptoms

Hypertension, 11 (35%)
Atherosclerosis, 6 (19%)

Diabetes mellitus,
2 (6%)

Smoking, 5 (16%)
Valvular heart disease,

3 (10%)
Coronary arterial
disease, 4 (13%)

Hyperlipidemia, 2 (6)

24
(M/21; F/3) Xiaoq, Z et al. [6] Retrospective study

- 21/24
Gastrointestinal
symptoms
(abdominal pain)

- 3/24
asymptomatic
(occasional
occurrence)

Hypertension, 8 (32%)
Coronary artery
disease, 1 (4%)

History of abdominal
surgery, 3 (12%)
Current smoker,

3 (12%)

Computed tomography angiography (CTA) was performed in all cases where in-
strumental data were reported. The IMH was described as the presence of a circular or
crescent-shaped thickening of the aortic wall of >5 mm in the absence of detectable blood
flow. It is classified according to their size and position along the SMA and the follow-up
frequencies (Table 2).

Table 2. Data collection of laboratory and imaging findings of SIHSMA from a systematic review
of the current literature. (N/A, not available; CTA, computed tomography angiography; IMH,
intramural hematoma).

Reference Laboratory Data Instrumental Analysis Other

Wang, Yingliang et al. [1] N/A

Computed tomography
angiography (CTA):

- 21 (21/31, 68%) cases with the
IMH involving the branches
of the SMA (ileocolic or distal
ileal arteries)

- 10 (10/31, 32%) cases with the
IMH limiting to the trunk
of SMA.

CTA or ultrasound images as
follow-up at 1 month,

3 months, 6 months, and
12 months and every

year thereafter

Xiaoq, Z et al. [6] N/A

Computed tomography
angiography (CTA): arteries were

measured and classified
according to anatomic descriptors

CTA control: 7 days after the
initial diagnosis, and 1 month
and 6 months after admission.

The screening of the updated literature revealed the effectiveness of conservative treat-
ment in 76 percent of the patients. The progression of intramural hematoma to dissection
or aneurysm was found in 5 patients (9%), with one case needing endovascular treatment
after 1.5 months.

Six patients underwent endovascular treatment during the hospitalization for persis-
tent abdominal pain symptoms, with only one needing open surgery.
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There was no mention of using steroids or other therapeutics (as increasing antiplatelet
therapy) as part of the conservative management, even in patients whose pain symptoms
persisted (Table 3).
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Table 3. Data collection of treatment management and outcomes from a systematic review of current
literature. Also underlining the use of corticosteroid as a possible management treatment. (IMH,
intramural hematoma).

Reference Treatment Management Outcomes Use of Corticosteroid

Wang, Yingliang et al. [1]

- 28 patients (26/31, 87%)
were conservatively
treated (fasting, pain
management, blood
pressure control,
vasodilator drugs,
anticoagulation drugs,
anti-aggregant drugs).

- 3 patients (3/31,
9.67%) underwent
endovascular stenting
for persistent abdominal
pain symptoms

- 1/31 progression of
intramural hematoma to
penetrating ulcer at CT and
underwent stent implantation
and coil embolization
1.5 months later due to
persistent abdominal pain

- 1/31 progression from
hematoma to dissection
7 months later but
remained stable.

- 27/31 no progression
of hematoma

- All the patients who had stent
implantation (n = 3)
maintained a patent vascular
lumen and complete
absorption of IMH.

NO
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Table 3. Cont.

Reference Treatment Management Outcomes Use of Corticosteroid

Xiaoq, Z et al. [6]

- 20\24 conservative
treatment using fasting,
pressure control,
vasodilators,
antiaggregants,
anticoagulants
(LMWH—enoxaparin;
warfarin; rivaroxaban) *

- 1\24: Exploratory
laparotomy +
embolectomy +
arteriotomy.

- 3\24: visceral vessel
stenting **

- 15/24 (62.5%)
Complete remodeling

- 4/24 (16.67%)
Partial remodeling

- 2/24 (8.33%) No change
- 3/24 (12.5%) Dissection

remodeling or
aneurysm change

- 22 patients (91.6%) showed
angiographic improvement to
complete remodeling.

NO

* Conservative treatment duration: between 3 and 5 days; treatment with anticoagulants for 3 to 6 months.
** Endovascular stent placement was deemed necessary if pain symptoms were resistant to pain-relieving treatment.

4. Discussion

Spontaneous isolated intramural hematoma of the superior mesenteric artery (SIHSMA)
is a rare, complex pathology to clinically define and identify.

The literature of the last 50 years discusses SIHSMA in relation to the isolated dissec-
tion of the superior mesenteric artery (SIDSMA). Only 27 cases of SIDSMA [7] are described
with an estimated incidence of less than 0.06% [6]. Nevertheless, the superior mesenteric
artery (SMA) is the most common incident site of isolated dissection among all digestive
visceral arteries. SIDSMA predominantly affects the male population (ratio 3:1) and the
sixth–seventh decade of age (between 60 and 70 years) [8].

With the increased use of CTA, which has enhanced the diagnosis of spontaneous
isolated IMH and dissection, there has been a rise in the number of studies published
concerning the management and clinical outcomes of both SISMAD and SIHSMA [1,8–11].

Only two recent Asian studies [1,8] had specifically investigated the SIHSMA both
observationally and retrospectively but with a relatively short-term follow-up.

Some different authors such as Li [9], Sakamoto [12], Yun [13], and Yoo [14] have
suggested their classification of SIHSMA using similar criteria, such as the false lumens’
partial or complete thrombosis, the presence of penetrating ulcers, and true lumen occlusion.
However, there is still no standardized classification for SIHSMA.

The etiology of SIHSMA is still unclear; however, the presence of vascular wall
inflammation has been hypothesized by some authors [3,15,16] as the leading cause of
intramural hematoma. There are multiple associations between IMH and artery dissection
along with risk factors such as hypertension, arteriosclerosis, smoke, dyslipidemia, genetic
diseases (Marfan’s disease, Elhers–Danlos disease), and systemic infections (mainly viral)
as shown by the study of Nienaber from 2003 [5]. Hypertension is considered the primary
risk factor for IMH and dissection; in fact, it directly causes parietal stress on the vessel
wall and indirectly activates proinflammatory agents during macrophage recruitment.

Based on the literature, intramural hematoma is recognized as a form of vascular wall
inflammation. Given that the systemic inflammatory profile serves as a predictive factor
for SIHSMA (akin to acute aortic syndrome), exploring all potential causes of systemic
inflammatory disease is essential. This encompasses the examination of immunological,
genetic, and infectious correlations to elucidate the multifactorial events in SISHMA.

The immunology department was consulted to examine all possible immunological
profiles. Initially, the focus was on autoantibodies associated with the coagulation sys-
tem, including cardiolipin antibodies, beta-2 glycoprotein 1 antibodies, Antiphospholipid
Antibodies (APAs), and Lupus Anticoagulants (LAs). Subsequently, investigations were
conducted for systemic autoimmune diseases using autoantibody tests such as antinuclear
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antibodies (ANAs), extractable nuclear antigens (ENAs), Anti-Neutrophil Cytoplasmic
Antibodies (ANCAs), Anti-Double-Stranded DNA (anti-dsDNA), Anticentromere Anti-
bodies (ACAs), antihistone antibodies, Cyclic Citrullinated Peptide Antibodies (CCP),
extractable nuclear antigen antibodies (e.g., anti-SS-A (Ro) and anti-SS-B (La), anti-RNP,
anti-Jo-1, anti-Sm, Scl-70), and Rheumatoid Factor (RF). All immunological tests, specific
for coagulation and systemic inflammation, yielded negative results.

Genetic profiles were also examined, focusing on prevalent genetic pathologies in
arterial diseases, including Marfan syndrome, Ehlers–Danlos disease, and Loeys–Dietz
syndrome. In these instances, all tests yielded negative results. Consequently, no corre-
lations between genetic and immunological factors were identified in any of the cases.
In evaluating the inflammatory condition in SIHSMA patients as a potential infectious
etiology, it was noted that none of the patients presented with pyrexia during their hospital
stay. Comprehensive investigations were undertaken, encompassing blood cultures, urine
tests, urine cultures, and a series of primary viral tests. These tests included immunoglobu-
lin blood evaluations for varicella-zoster virus, measles, rubella, herpes simplex virus 1,
herpes simplex virus 2, and cytomegalovirus. Notably, all these investigations returned
negative results.

In the first patient, SARS-CoV-2 was considered as a potential primary inflammatory
factor. Several authors have described the pathogenesis of coagulopathy associated with
COVID-19 (CAC) as a predominant cause of COVID-19-related vasculopathy [17–22]. In
this instance, the conventional risk factor, combined with systemic inflammation attributed
to the SARS-CoV-2 virus, might provide a foundation for the proliferation of wall inflam-
mation in the superior mesenteric artery. In subsequent cases, no discernible association
was observed with their systemic inflammatory status.

Conservative management was opted for following the guidelines and classifying our
patients as uncomplicated cases.

The ESVS [23] for IMH and SIDSMA and the ACC/AHA guidelines [24] for aortic
suggest conservative management (Ia in ESVS; Ib-NR in ACC/AHA) in uncomplicated
cases, with pressure control, and anticoagulant/antiplatelet and analgesic drugs [11,25].
Hemodynamically unstable patients or those presenting with complicated IMH/dissection
need endovascular or open surgery vascular treatment (IIa ESVS). In addition, the studies
of Xiao et al. [6] and Wang et al. [1], which represent the most recent and complete studies
on SIHSMA, suggest conservative management in hemodynamically stable patients with
no progression of IMH in 87% of cases [1] and complete remodeling in 62,5% of patients [6].
Antiplatelet and anticoagulant drugs, analgesics, and pressure control as conservative
management were used. On the other hand, hemodynamically unstable patients presenting
with complicated IMH or dissection with the persistence of abdominal pain with or without
other clear clinical and radiological signs of acute mesenteric ischemia, require endovascular
or open surgical vascular treatment (IIa ESVS). However, if acute mesenteric ischemia
is doubtful, a preventive laparoscopy might be a good clinical practice to finalize the
endovascular treatment of SIHSMA.

As Xiao and Wang’s studies have shown, seven patients (out of 55 cases) indicated
immediate surgical intervention due to hemodynamically unstable conditions. The six-
month CTA control depicted the progression of IMH to dissection or aneurysm in four
patients, with just one case indicating an endovascular approach after 1.5 months since the
beginning of symptoms, for exacerbation of abdominal pain and clear CTA evidence of a
penetrating ulcer.

In this context, a conservative strategy was employed among the non-complicated
patients identified in this study. This involved arterial pressure stabilization, pain manage-
ment, and antiplatelet and anticoagulant therapy standardization. However, one patient
from this cohort remained unresponsive to analgesic therapy and continued to report pain,
necessitating the exploration of an alternative strategy.

In order to consider the inflammatory condition as the primary cause of the SIHSMA
etiopathology, anti-inflammatory treatments are ideal therapeutic agents. Furthermore,
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this massive systemic inflammation was devoid of immunological, genetic, or infectious
associations based on our previously debated laboratory studies. Thus, the corticosteroid
drugs were suggested as the main anti-inflammatory agent. Considering SISHMA a
systemic inflammation and categorizing the two patients from this study as uncompli-
cated, the administration of corticosteroid drugs was deemed suitable as a conservative
management approach.

The optimal dosage and specific corticosteroids were selected in consultation with
the immunology department for maximal efficacy against systemic inflammatory disease.
A regimen of 25 mg of prednisone was administered twice daily for a minimum of two
months. Subsequently, the symptoms in the initial patient subsided.

Two months post initiation of the treatment, a follow-up CTA was conducted and
revealed complete resolution of the SIHSMA in both patients, with no residual vessel
stenosis. Consequently, the decision was made to discontinue the therapy. Furthermore,
a six-month follow-up CTA was performed indicating the long-term effects of steroids,
confirming the complete resolution of the IMH without vessel remodeling or other enhance-
ment differences after stopping conservative steroid treatment. Contrary to the guidelines
recommending conservative treatment and suggesting potential IMH regression six months
post-symptom onset, the case report presented here demonstrates complete IMH reabsorp-
tion just two months after and no dissection and/or aneurysm progression after six months
of symptom onset through CTA control, following the initiation of conservative treatment
with corticosteroid drugs. Furthermore, as discussed in the Literature Review section,
neither the specific SIHSMA studies by Xiao et al. [6] and Wang et al. [1], nor any papers
and reports from recent literature on visceral IMH or aortic IMH [15], refs. [25–45] have
documented the use of corticosteroids as a primary conservative treatment for intramural
hematoma. This study represents the first instance of corticosteroids being considered
an effective treatment for IMH of the superior mesenteric artery, deemed an “off-label
treatment”, with complete regression observed after two months. However, the findings
are constrained by a limited sample size and data from a single institution. Additionally, the
observation period was insufficient to ascertain the potential progression of IMH requiring
annual control in order to evaluate the impact of steroids on IMH, long-term effects, and
possible complications.

5. Conclusions

This case highlights a rare vascular pathology, SIHSMA, characterized by ambiguous
etiology and uncertain management strategies. Critical evaluation and conservative man-
agement are the optimal medical strategies in hemodynamically stable patients. In this
study, it is demonstrated that in uncomplicated cases, devoid of any infective, immunologi-
cal, or genetic correlations, a high dose of corticosteroid treatment can be considered an
‘off-label treatment’ and a viable option in the conservative treatment arsenal for SIHSMA.
However, it is imperative to note that the relationship between IMH and corticosteroid
treatment remains elusive, primarily due to the limited number of cases in the present
study. Consequently, further scientific investigations, taking into account the patient’s med-
ical history, are indispensable to formulate the most effective medical treatment strategy
for SIHSMA.

Author Contributions: Conceptualization, M.A., W.M. and A.D.G.; methodology, M.A.; software
R.C.; validation, W.M.; formal analysis, M.A. and W.M.; investigation, M.A. and W.M.; resources,
M.A.; data curation, M.A.; writing—original draft preparation, M.A.; writing—review and editing,
M.A., A.M. (Alireza Mohseni) and R.C.; visualization, A.M. (Antonio Marzano) and A.M. (Andrea
Molinari); supervision, L.D.M.; project administration, W.M. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study due
to case report and systematic review article since we obtained informed consent.



Diagnostics 2023, 13, 3581 10 of 11

Informed Consent Statement: Written informed consent has been obtained from the patients to
publish this paper.

Data Availability Statement: Data sharing is not applicable; no new data were created or analyzed
in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Wang, Y.; Li, T.; Chen, Y.; Liu, J.; Shi, Q.; Yang, C.; Huang, S.; Zhou, C.; Xiong, B. Management of Spontaneous Isolated Intramural

Hematoma of the Superior Mesenteric Artery: A Single-Center Experience. Langenbeck’s Arch. Surg. 2022, 407, 1217–1224.
[CrossRef] [PubMed]

2. Gutschow, S.E.; Walker, C.M.; Martínez-Jiménez, S.; Rosado-de-Christenson, M.L.; Stowell, J.; Kunin, J.R. Emerging Concepts in
Intramural Hematoma Imaging. RadioGraphics 2016, 36, 660–674. [CrossRef] [PubMed]

3. Nienaber, C.A.; Richartz, B.M.; Rehders, T.; Ince, H.; Petzsch, M. Aortic Intramural Haematoma: Natural History and Predictive
Factors for Complications. Heart 2004, 90, 372–374. [CrossRef] [PubMed]

4. Kitai, T.; Kaji, S.; Yamamuro, A.; Tani, T.; Kinoshita, M.; Ehara, N.; Kobori, A.; Kim, K.; Kita, T.; Furukawa, Y. Detection of Intimal
Defect by 64-Row Multidetector Computed Tomography in Patients with Acute Aortic Intramural Hematoma. Circulation 2011,
124, S174–S178. [CrossRef]

5. Nienaber, C.A.; Eagle, K.A. Aortic Dissection: New Frontiers in Diagnosis and Management. Circulation 2003, 108, 628–635.
[CrossRef]

6. Xiaoq, Z.; Hao, M.; Lin, L.; Jiao, Y.; Zou, J.; Zhang, X. Clinical and CT Angiographic Follow-Up Outcome of Spontaneous Isolated
Intramural Hematoma of the Superior Mesenteric Artery. CardioVascular Interv. Radiol. 2019, 42, 1088–1094. [CrossRef] [PubMed]

7. Kieffer, É. Chirurgie Des Artères Digestives. Available online: https://www.em-consulte.com/article/18448/chirurgie-des-
arteres-digestives (accessed on 6 May 2023).

8. Gouëffic, Y.; Costargent, A.; Dupas, B.; Heymann, M.F.; Chaillou, P.; Patra, P. Superior Mesenteric Artery Dissection: Case Report.
J. Vasc. Surg. 2002, 35, 1003–1005. [CrossRef] [PubMed]

9. Li, D.L.; He, Y.Y.; Alkalei, A.M.; Chen, X.D.; Jin, W.; Li, M.; Zhang, H.K.; Liang, T.B. Management Strategy for Spontaneous
Isolated Dissection of the Superior Mesenteric Artery Based on Morphologic Classification. J. Vasc. Surg. 2014, 59, 165–172.
[CrossRef]

10. Zettervall, S.L.; Karthaus, E.G.; Soden, P.A.; Buck, D.B.; Ultee, K.H.J.; Schermerhorn, M.L.; Wyers, M.C. Clinical Presentation,
Management, Follow-up, and Outcomes of Isolated Celiac and Superior Mesenteric Artery Dissections. J. Vasc. Surg. 2017, 65,
91–98. [CrossRef]

11. Zhu, Y.; Peng, Y.; Xu, M.; Wei, Y.; Wu, S.; Guo, W.; Wu, Z.; Xiong, J. Treatment Strategies and Outcomes of Symptomatic
Spontaneous Isolated Superior Mesenteric Artery Dissection: A Systematic Review and Meta-Analysis. J. Endovasc. Ther. 2018, 25,
640–648. [CrossRef]

12. Sakamoto, I.; Ogawa, Y.; Sueyoshi, E.; Fukui, K.; Murakami, T.; Uetani, M. Imaging Appearances and Management of Isolated
Spontaneous Dissection of the Superior Mesenteric Artery. Eur. J. Radiol. 2007, 64, 103–110. [CrossRef]

13. Yun, W.S.; Kim, Y.W.; Park, K.B.; Cho, S.K.; Do, Y.S.; Lee, K.B.; Kim, D.I.; Kim, D.K. Clinical and Angiographic Follow-up of
Spontaneous Isolated Superior Mesenteric Artery Dissection. Eur. J. Vasc. Endovasc. Surg. 2009, 37, 572–577. [CrossRef] [PubMed]

14. Yoo, J.; Lee, J.B.; Park, H.J.; Lee, E.S.; Park, S.B.; Kim, Y.S.; Choi, B.I. Classification of Spontaneous Isolated Superior Mesenteric
Artery Dissection: Correlation with Multi-Detector CT Features and Clinical Presentation. Abdom. Radiol. 2018, 43, 3157–3165.
[CrossRef] [PubMed]

15. Maslow, A.; Atalay, M.K.; Sodha, N. Intramural Hematoma. J. Cardiothorac. Vasc. Anesth. 2018, 32, 1341–1362. [CrossRef]
16. Du, Y.; Yang, L.; Liu, Y.; Yang, B.; Lv, S.; Hu, C.; Zhu, Y.; Zhang, H.; Ma, Q.; Wang, Z.; et al. Relation between Quantity and Quality

of Peri-Coronary Epicardial Adipose Tissue and Its Underlying Hemodynamically Significant Coronary Stenosis. BMC Cardiovasc.
Disord. 2020, 20, 226. [CrossRef] [PubMed]

17. Asakura, H.; Ogawa, H. COVID-19-Associated Coagulopathy and Disseminated Intravascular Coagulation. Int. J. Hematol. 2021,
113, 45–57. [CrossRef]

18. Leentjens, J.; van Haaps, T.F.; Wessels, P.F.; Schutgens, R.E.G.; Middeldorp, S. COVID-19-Associated Coagulopathy and An-
tithrombotic Agents—Lessons after 1 Year. Lancet Haematol. 2021, 8, e524–e533. [CrossRef]

19. Beyerstedt, S.; Casaro, E.B.; Rangel, É.B. COVID-19: Angiotensin-Converting Enzyme 2 (ACE2) Expression and Tissue Suscepti-
bility to SARS-CoV-2 Infection. Eur. J. Clin. Microbiol. Infect. Dis. 2021, 40, 905–919. [CrossRef]

20. Hanff, T.C.; Mohareb, A.M.; Giri, J.; Cohen, J.B.; Chirinos, J.A. Thrombosis in COVID-19. Am. J. Hematol. 2020, 95, 1578–1589.
[CrossRef]

21. Gómez-Mesa, J.E.; Galindo-Coral, S.; Montes, M.C.; Muñoz Martin, A.J. Thrombosis and Coagulopathy in COVID-19. Curr. Probl.
Cardiol. 2021, 46, 100742. [CrossRef]

22. Mouawad, N.J.; Cuff, R.F.; Hultgren, R.; Chuen, J.; Galeazzi, E.; Wohlauer, M. The Vascular Surgery COVID-19 Collaborative
(VASCC). J. Vasc. Surg. 2020, 72, 379–380. [CrossRef] [PubMed]

https://doi.org/10.1007/s00423-022-02429-4
https://www.ncbi.nlm.nih.gov/pubmed/34994827
https://doi.org/10.1148/rg.2016150094
https://www.ncbi.nlm.nih.gov/pubmed/27163587
https://doi.org/10.1136/hrt.2003.027615
https://www.ncbi.nlm.nih.gov/pubmed/15020504
https://doi.org/10.1161/CIRCULATIONAHA.111.037416
https://doi.org/10.1161/01.CIR.0000087009.16755.E4
https://doi.org/10.1007/s00270-019-02212-x
https://www.ncbi.nlm.nih.gov/pubmed/30949761
https://www.em-consulte.com/article/18448/chirurgie-des-arteres-digestives
https://www.em-consulte.com/article/18448/chirurgie-des-arteres-digestives
https://doi.org/10.1067/mva.2002.122152
https://www.ncbi.nlm.nih.gov/pubmed/12021719
https://doi.org/10.1016/j.jvs.2013.07.014
https://doi.org/10.1016/j.jvs.2016.08.080
https://doi.org/10.1177/1526602818796537
https://doi.org/10.1016/j.ejrad.2007.05.027
https://doi.org/10.1016/j.ejvs.2008.12.010
https://www.ncbi.nlm.nih.gov/pubmed/19208448
https://doi.org/10.1007/s00261-018-1556-6
https://www.ncbi.nlm.nih.gov/pubmed/29550960
https://doi.org/10.1053/j.jvca.2018.01.025
https://doi.org/10.1186/s12872-020-01499-w
https://www.ncbi.nlm.nih.gov/pubmed/32414371
https://doi.org/10.1007/s12185-020-03029-y
https://doi.org/10.1016/S2352-3026(21)00105-8
https://doi.org/10.1007/s10096-020-04138-6
https://doi.org/10.1002/ajh.25982
https://doi.org/10.1016/j.cpcardiol.2020.100742
https://doi.org/10.1016/j.jvs.2020.04.463
https://www.ncbi.nlm.nih.gov/pubmed/32334050


Diagnostics 2023, 13, 3581 11 of 11

23. Björck, M.; Koelemay, M.; Acosta, S.; Bastos Goncalves, F.; Kölbel, T.; Kolkman, J.J.; Lees, T.; Lefevre, J.H.; Menyhei, G.; Oderich,
G.; et al. Editor’s Choice—Management of the Diseases of Mesenteric Arteries and Veins: Clinical Practice Guidelines of the
European Society of Vascular Surgery (ESVS). Eur. J. Vasc. Endovasc. Surg. 2017, 53, 460–510. [CrossRef] [PubMed]

24. Isselbacher, E.M.; Preventza, O.; Black, J.H.; Augoustides, J.G.; Beck, A.W.; Bolen, M.A.; Braverman, A.C.; Bray, B.E.; Brown-
Zimmerman, M.M.; Chen, E.P.; et al. 2022 ACC/AHA Guideline for the Diagnosis and Management of Aortic Disease: A Report
of the American Heart Association/American College of Cardiology Joint Committee on Clinical Practice Guidelines. Circulation
2022, 146, E334–E482. [CrossRef] [PubMed]

25. Cho, B.S.; Lee, M.S.; Lee, M.K.; Choi, Y.J.; Kim, C.N.; Kang, Y.J.; Park, J.S.; Ahn, H.Y. Treatment Guidelines for Isolated Dissection
of the Superior Mesenteric Artery Based on Follow-up CT Findings. Eur. J. Vasc. Endovasc. Surg. 2011, 41, 780–785. [CrossRef]
[PubMed]

26. Yuan, Z.; Sheng, S.; You, Y.; Li, D.; Wei, Q.; Yan, K.; Wang, J. Relationship between Morphological Remodeling and Angiographic
Types of Spontaneous Isolated Superior Mesenteric Artery Dissection after Conservative Management: Determinant Affecting
Serial Radiologic Courses. Front. Cardiovasc. Med. 2022, 9, 1838. [CrossRef]

27. Yoshioka, Y.; Yoshioka, K.; Ikeyama, S. Large Gastric Intramural Hematoma Mimicking a Visceral Artery Aneurysm: A Case
Report. J. Med. Case Rep. 2018, 12, 61. [CrossRef]

28. Suzuki, S.; Furui, S.; Kohtake, H.; Sakamoto, T.; Yamasaki, M.; Furukawa, A.; Murata, K.; Takei, R. Isolated Dissection of the
Superior Mesenteric Artery. Abdom Imaging 2004, 29, 153–157. [CrossRef]

29. Sakatani, A.; Doi, Y.; Kitayama, T.; Matsuda, T.; Sasai, Y.; Nishida, N.; Sakamoto, M.; Uenoyama, N.; Kinoshita, K. Pancreaticoduo-
denal Artery Aneurysm Associated with Coeliac Artery Occlusion from an Aortic Intramural Hematoma. World J. Gastroenterol.
2016, 22, 4259–4263. [CrossRef]

30. DeAnda, A.; Kasirajan, V.; Henry, D.; Myers, S.I. Complete Regression of an Intramural Hematoma of the Aorta after Distal
Reperfusion. J. Vasc. Surg. 2005, 42, 149–152. [CrossRef]

31. Sakata, N.; Takebayashi, S.; Shimizu, K.; Kojima, M.; Masawa, N.; Suzuki, K.; Takatama, M. A Case of Segmental Mediolytic
Arteriopathy Involving Both Intracranial and Intraabdominal Arteries. Pathol. Res. Pract. 2002, 198, 493–497. [CrossRef]

32. Ghannam, M.; Ghazaleh, D.; Beran, A.; Miller, B.; Berry, B. Arteriopathy of Unknown Etiology: Pathologic, Radiologic, and
Cytogenetic Investigations. Am. J. Case Rep. 2019, 20, 1235–1240. [CrossRef] [PubMed]

33. Macari, M.; Chandarana, H.; Balthazar, E.; Babb, J. Intestinal Ischemia versus Intramural Hemorrhage: CT Evaluation. Am. J.
Roentgenol. 2003, 180, 177–184. [CrossRef] [PubMed]

34. Bax, M.; Romanov, V.; Junday, K.; Giannoulatou, E.; Martinac, B.; Kovacic, J.C.; Liu, R.; Iismaa, S.E.; Graham, R.M. Arterial
Dissections: Common Features and New Perspectives. Front. Cardiovasc. Med. 2022, 9, 1055862. [CrossRef] [PubMed]

35. Martin, Z.; Dorairaj, J.; O’Brien, G.C.; Cloete, N.; Haider, S.N.; Colgan, M.P.; McGovern, E.; Meaney, J.; O’Neill, S.M.; Moore, D.J.;
et al. Hybrid Repair of a Symptomatic Thoracic Intra-Mural Haematoma. Ir. J. Med. Sci. 2012, 181, 381–383. [CrossRef]

36. Reddy, N.; Metwalli, Z.A. Ruptured Pancreaticoduodenal Artery Aneurysm Presenting with Duodenal Obstruction. Radiol. Case
Rep. 2019, 14, 568–571. [CrossRef]

37. Li, Y.L.; Ye, J.C.; Yancu, H.; Liu, B.; Wang, Y.Z.; Wang, W.J.; Wang, W.; Li, D.; Chang, H.Y. Thoracic Endovascular Aortic Repair for
Type B Aortic Dissection Associated with Retrograde Type A Intramural Hematoma. J. Vasc. Interv. Radiol. 2020, 31, 1334–1341.
[CrossRef]

38. Abdu, R.W.; Long, G.W.; Baker, D.; Boudiab, E.; Callahan, R.E.; Studzinski, D.M.; Brown, O.W. Intramural Hematoma of the
Thoracic Aorta: A Single-Institution, 12-Year Experience. J. Vasc. Surg. 2022, 75, 1872–1881.e1. [CrossRef]

39. Mussa, F.F.; Horton, J.D.; Moridzadeh, R.; Nicholson, J.; Trimarchi, S.; Eagle, K.A. Acute Aortic Dissection and Intramural
Hematoma: A Systematic Review. JAMA 2016, 316, 754–763. [CrossRef]

40. Evangelista, A.; Mukherjee, D.; Mehta, R.H.; O’Gara, P.T.; Fattori, R.; Cooper, J.V.; Smith, D.E.; Oh, J.K.; Hutchison, S.; Sechtem, U.;
et al. Acute Intramural Hematoma of the Aorta: A Mystery in Evolution. Circulation 2005, 111, 1063–1070. [CrossRef]

41. Kaji, S.; Akasaka, T.; Katayama, M.; Yamamuro, A.; Yamabe, K.; Tamita, K.; Akiyama, M.; Watanabe, N.; Tanemoto, K.; Morioka, S.;
et al. Long-Term Prognosis of Patients with Type B Aortic Intramural Hematoma. Circulation 2003, 108 (Suppl. S1), II-307–II-311.
[CrossRef]

42. Sueyoshi, E.; Imada, T.; Sakamoto, I.; Matsuoka, Y.; Hayashi, K. Analysis of Predictive Factors for Progression of Type B Aortic
Intramural Hematoma with Computed Tomography. J. Vasc. Surg. 2002, 35, 1179–1183. [CrossRef]

43. Vaccari, G.; Caciolli, S.; Calamai, G.; Acquafresca, M.; Montesi, G.; Braconi, L.; Cassai, M.; Perna, A.M. Intramural Hematoma of
the Aorta: Diagnosis and Treatment. Eur. J. Cardiothorac. Surg. 2001, 19, 170–173. [CrossRef] [PubMed]

44. Sundt, T.M. Intramural Hematoma and Penetrating Aortic Ulcer. Curr. Opin. Cardiol. 2007, 22, 504–509. [CrossRef] [PubMed]
45. Oderich, G.S.; Kärkkäinen, J.M.; Reed, N.R.; Tenorio, E.R.; Sandri, G.A. Penetrating Aortic Ulcer and Intramural Hematoma.

Cardiovasc. Interv. Radiol. 2019, 42, 321–334. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.ejvs.2017.01.010
https://www.ncbi.nlm.nih.gov/pubmed/28359440
https://doi.org/10.1161/CIR.0000000000001106
https://www.ncbi.nlm.nih.gov/pubmed/36322642
https://doi.org/10.1016/j.ejvs.2010.12.022
https://www.ncbi.nlm.nih.gov/pubmed/21333559
https://doi.org/10.3389/fcvm.2022.945141
https://doi.org/10.1186/s13256-018-1595-1
https://doi.org/10.1007/s00261-003-0110-2
https://doi.org/10.3748/wjg.v22.i16.4259
https://doi.org/10.1016/j.jvs.2005.03.036
https://doi.org/10.1078/0344-0338-00290
https://doi.org/10.12659/AJCR.917353
https://www.ncbi.nlm.nih.gov/pubmed/31431606
https://doi.org/10.2214/ajr.180.1.1800177
https://www.ncbi.nlm.nih.gov/pubmed/12490499
https://doi.org/10.3389/fcvm.2022.1055862
https://www.ncbi.nlm.nih.gov/pubmed/36561772
https://doi.org/10.1007/s11845-010-0473-7
https://doi.org/10.1016/j.radcr.2019.02.002
https://doi.org/10.1016/j.jvir.2020.01.017
https://doi.org/10.1016/j.jvs.2021.12.077
https://doi.org/10.1001/jama.2016.10026
https://doi.org/10.1161/01.CIR.0000156444.26393.80
https://doi.org/10.1161/01.cir.0000087425.86049.74
https://doi.org/10.1067/mva.2002.123683
https://doi.org/10.1016/S1010-7940(00)00651-5
https://www.ncbi.nlm.nih.gov/pubmed/11167107
https://doi.org/10.1097/HCO.0b013e3282f0fd72
https://www.ncbi.nlm.nih.gov/pubmed/17921736
https://doi.org/10.1007/s00270-018-2114-x
https://www.ncbi.nlm.nih.gov/pubmed/30413917

	Introduction 
	Case Report 
	Case A 
	Case B 

	Material and Methods 
	Literature Review 
	Results 

	Discussion 
	Conclusions 
	References

