
Imaging and clinical findings in segmental
arterial mediolysis (SAM)

Kinan Alhalabi ,1 Christine Menias,1 Robert Hines,2 Ihsan Mamoun,3 Sailendra Naidu1

1Department of Radiology, Mayo Clinic in Arizona, 5777 E. Mayo Blvd, Phoenix, AZ 85054, USA
2Baptist-Brookwood Health System, 701 Princeton Ave SW, Birmingham, AL 35211, USA
3Department of Radiology, Cleveland Clinic, 2049 E. 100th St, Cleveland, OH 44195, USA

Abstract

Segmental arterial mediolysis (SAM) is an uncommon,
non-atherosclerotic, non-inflammatory arteriopathy that
tends to affect the medium-sized splanchnic branches of
the aorta along with renal, carotid, cerebral, and coro-
nary arteries. The clinical presentation ranges from
asymptomatic to severe, life-threatening intra-abdominal
hemorrhage and shock. SAM overlaps clinically and
radiologically with other inflammatory vasculitides. This
article describes the pathologic–radiologic correlation,
imaging findings, and the management of the disease.
Radiologists should be familiar with this disease entity as
imaging plays a crucial role in the diagnosis.
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Background

Segmental arterial mediolysis (SAM) is an uncommon,
non-atherosclerotic, non-inflammatory arteriopathy that
tends to affect the medium-sized splanchnic and renal
arteries in a ‘skip’ pattern. Carotid, cerebral, and coronary
arteries can be affected less commonly. The disease affects
patients in their fifth and sixth decade with a slight male
predominance [1, 2]. Pulmonary arteries can rarely be in-
volved [3]. Slavin and Gonzales, in 1976, first reported
three autopsy cases of ruptured aneurysms which resulted
in massive hemorrhage and death [4]. Slavin, at first, used
the term ‘‘SegmentalMediolytic Arteritis’’ to describe this
condition [4]. After lengthy histological studies, and to
emphasize the absence of inflammatory changes, he re-
named it to ‘‘Segmental Arterial Mediolysis’’ as a more
appropriate term [2, 5]. SAM was initially thought to be
rare, with only 19 cases reported in the literature until 1997
[1]. SAM reports are becoming more frequent, probably

due to the increasing use of computed tomography (CT)
and CT angiography (CTA) [6].

In this article, we discuss the pathology of SAM along
with its imaging features including arterial dissections,
intramural hematomas, aneurysms, and its end-organ
complications of ischemia and hemoperitoneum. Imag-
ing plays an important role in the evaluation, and follow-
up of patients with SAM, while catheter angiography is
performed for confirmation and management. Famil-
iarity with the pathogenesis, imaging features, and
treatment of SAM can aid radiologic diagnoses and
guide appropriate patient management.

Pathogenesis

The pathology of SAM appears to be a dynamic process
consisting of two phases: the initial injurious phase and
the reparative phase [2, 5]. The initial phase begins with
mediolysis, which is the pathologic hallmark of SAM [2].
Mediolysis involves varying sized vacuolar degenerations
and lysis within the smooth muscle in the outer media of
the arterial wall. Subsequently, a tear develops and sep-
arates the outer medial muscle from the adventitia layer
(Fig. 1). This process may involve a sector of the arterial
circumference or its entirety, and it exhibits a segmental
distribution leaving normal arterial segments in between
[2, 5, 7]. Eventually, arterial gaps develop in place of the
destroyed internal elastic lamina and the intima layer.
The resultant gaps loosen the arterial wall and render it
more susceptible to dissections and aneurysms. The
blood within the gaps progressively dissects and forms
intramural hematoma and dissecting aneurysms. The
shape of the aneurysm depends on the size of the arterial
gaps. Saccular aneurysms develop if the gaps are small,
while bigger gaps form fusiform aneurysms [2, 5]. After
the initial arterial injury (mediolysis), the reparative
phase starts with granulation tissue growing in the arte-
rial gaps. Subsequently, fibrosis replaces the granulation
tissue to heal the arterial wall and helps restore its shapeCorrespondence to: Kinan Alhalabi; email: kinan.alhalabi@live.com
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[2, 5]. Unlike vasculitides, the process shows mild or no
inflammatory cell infiltrate [8]. The extent and degree of
the mediolysis and separation processes, along with their
subsequent evolution in the reparative phase, is respon-
sible for the variety of manifestations of SAM displays
[5].

The pathogenesis is thought to be related to an
underlying vasoconstrictive process. Many patients
diagnosed with SAM, report a clinical history of a
‘‘vasoconstriction-related’’ event including migraine,
stroke, hypertensive episode, pulmonary hypertension,
hypoxemic event, or recent prior anesthesia. This
observation has led to the belief that repetitive vaso-
constrictive responses in the splanchnic bed may result in
arterial mediolysis [6, 9, 10]. This vasoconstrictive-SAM
correlation is further supported by the finding that
arteries with chronic vasospasm have histologic features
similar to SAM [6].

Clinical presentation and diagnosis

SAM is a relatively rare entity with a slight male pre-
dominance (M:F ratio of 1.5:1) [7]. It most commonly
presents during the sixth decade in 33% of patients [2,
11]. Recently, SAM has been reported in all age groups
[7]. The presentation of SAM ranges from an asymp-
tomatic patient with incidental imaging features to pa-
tients who present with acute, life-threatening intra-
abdominal or retroperitoneal hemorrhage. The most
common clinical presentation is abdominal pain in 62%
of cases [12]. Abdominal pain was followed by shock in
32%, abdominal distension in 13%, hematochezia in
11%, and stroke in 6%, and 9% of the patients were
asymptomatic [13]. A smaller study reported abdominal

pain in 50% of patients followed by headache, stroke,
chest pain, flank pain, and suprapubic fullness (7% each)
[14]. Arterial occlusion complicates SAM, often associ-
ated with an underlying dissection (Fig. 2). This can re-
sult in end-organ ischemia, most commonly renal
infarcts, and bowel ischemia. Rarely, the vessels of the
head and neck can be involved with SAM. To date, only
13 cases of intracranial arterial dissection coexisting with
visceral involvement have been reported [15]. With
intracranial involvement, patients may present with
subarachnoid hemorrhage, and cerebral infarction [1]. It
has been reported that hemoperitoneum may ensue fol-
lowing an episode of subarachnoid hemorrhage due to
SAM in the perioperative period. Thus, abdominal CTA
is recommended to screen the abdominal arteries in pa-
tients who present with multiple intracranial dissecting
aneurysms [1].

SAM may mimic other inflammatory vasculitides
such as polyarteritis nodosa (PAN), Kawasaki disease,
Takayasu arteritis, Behcet disease, allergic granuloma-
tous angiitis, Wegener granulomatosis, Churg-Strauss
syndrome, rheumatoid vasculitis, or systemic lupus ery-
thematosus (SLE) [7]. As SAM is a non-inflammatory
arteriopathy, its workup includes the exclusion of
inflammatory and immune markers seen in these other
vasculitides including C-reactive protein (CRP), ery-
throcyte sedimentation rate (ESR), antinuclear antibod-
ies (ANA), anti-neutrophil cytoplasmic antibodies
(ANCA), rheumatoid factor (RF), and the presence of
immune complexes. Other laboratory abnormalities used
for exclusion include anemia, leukocytosis, thrombocy-
tosis, reduced serum albumin concentration, and
abnormal urinalysis results.

Fig. 1. Vacuolar degeneration and lysis of the media layer, hence the name ‘‘Mediolysis.’’ Aneurysms and dissections develop
at the gaps, separating the media from the adventitia. Note the absences of inflammatory infiltrates in this process.
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Connective tissue disorders such as Ehlers–Danlos
syndrome, Marfan syndrome, Loeys–Dietz syndrome,
and neurofibromatosis are excluded by detailed clinical
history and genetic profile testing. Atherosclerosis, arte-
rial trauma, and infection (mycotic aneurysms) should
also be considered in the differential diagnosis.

A definitive diagnosis of SAM requires biopsy of the
affected artery and pathologic evaluation. Even though it
is highly recommended, biopsies and histological studies
are rarely performed due the location of the involved
arteries deep in the abdomen [16]. Instead, the clinical

and imaging features of SAM are used for diagnosis.
Three diagnostic criteria (clinical, radiological, and
serological) can be used to diagnose SAM without the
need for tissue sampling procedures to obtain a patho-
logic evaluation [17]. The diagnostic criteria include the
following:

1. Exclusion of connective tissue diseases (Ehlers–Dan-
los, Marfan, Loeys–Dietz), atherosclerosis, fibro-
muscular dysplasia (FMD), and other types of
vasculitides.

Fig. 2. Superior
mesenteric artery (SMA)
dissection found incidentally
on routine follow-up in a
43-year-old male after
Roux-en-Y
cystojejunostomy for a
recurrent pancreatic
pseudocyst. A Sagittal CTA
shows SMA dissection with
fusiform aneurysm
formation, mural
thrombosis, and middle colic
occlusion (arrow). B Digital
subtraction angiography
(DSA) shows middle colic
occlusion (arrow).
C Coronal CTA shows focal
left common iliac artery
saccular aneurysm in the
absence of atherosclerosis,
presumably also related to
SAM (arrow).

Table 1. Kalva et al. criteria for non-invasive diagnosis of SAM [17]

Clinical criterion Absence of congenital predisposition for dissections (Ehlers-Danlos, Marfan, Loeys-Dietz)
Absence of more common diagnosis such as FMD, collagen vascular disorder, or arteritis
Acute presentation like abdominal or flank pain, back pain, chest pain, hypotension, hematuria, or stroke
Chronic presentation like abdominal pain, hypertension, hematuria, or possibly no symptoms

Imaging criterion Presence of dissection/ fusiform aneurysm/ occlusion/ beaded appearance/ wall thickening of the mesenteric or renal
arteries with or without organ infarction

Absence of associated contiguous aortic dissection or atherosclerosis
Serological criterion Absence of inflammatory markers like ANA, ANCA, ESR, and CRP

ANA antinuclear antibodies, ANCA anti-neutrophil cytoplasmic antibodies, CRP C-reactive protein, ESR erythrocyte sedimentation rate, FMD
fibromuscular dysplasia
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2. Evidence of dissection and/or an aneurysm with or
without organ infarction in one or more of the
mesenteric or renal arteries.

3. The absence of inflammatory markers such as ery-
throcyte sedimentation rate (ESR), antinuclear anti-
bodies (ANA), and C-reactive protein (CRP). [17]
(Table1).

All three criteria must be met to establish the diag-
nosis of SAM. These criteria are based on the reports
from the literature, and they are the most used when
diagnosing SAM. However, further studies are required
to validate the diagnostic criteria [14].

SAM and FMD

Fibromuscular dysplasia (FMD) is the one vasculopathy
that is most difficult to differentiate from SAM. How-
ever, they differ in demographics and distribution of the
affected arteries and clinical symptoms. FMD presents in
young to middle-aged women, is rarely painful, and is
usually asymptomatic or associated with symptoms of
occlusive disease or premature hypertension [7]. On the
other hand, SAM presents at any age, has no gender
predilection, and more associated with hemorrhage and

arterial dissections [18]. In FMD patients, involvement
of the renal and internal carotid arteries is more common
than the visceral arteries (only 9%), direct opposite of
SAM where visceral arteries are predominantly affected
[6] (Fig. 3) (Table 2). Despite these differences, some
authors assume that SAM is fundamentally a precursor
of a variant of FMD, based on the observation that
healed SAM lesions resemble FMD [10, 17].

Imaging findings

This article focuses on the imaging features of SAM with
visceral involvement, as well as appearances of end-or-
gan ischemia and infarction. Similar features are seen
with non-splanchnic involvement such as the carotid and
cerebral vessels as the imaging features reflect the char-
acteristic histological changes of the disease.

SAM most commonly affects the main aortic
abdominal branches, and it rarely affects peripheral
arteries not related to the aorta [6]. A study of 85 patients
reported the involvement of the celiac axis and branches
(55%), SMA and branches (38%), IMA and branches
(13%), iliac arteries (5%), hepatic artery (27%), and renal
arteries (25%), as well as the carotid and cerebral arteries

Fig. 3. Celiac and SMA dissecting aneurysms in a 63-year-
old male with incidental findings during the workup of renal
cell carcinoma. A CTA 3D-VRT shows celiac (red arrow) and
superior mesenteric artery (yellow arrow) dissecting aneur-
ysms. B CTA coronal MIP image shows irregular ‘‘beaded’’

appearance of the left renal artery. This case displays an
overlap of findings also seen in fibromuscular dysplasia
(FMD) with the beaded appearance of the left renal artery.
SAM is the presumed diagnosis in this case given the pre-
dominant findings of splanchnic dissecting aneurysms.

Table 2. Comparison of SAM and FMD [24]

Disease SAM FMD

Population Males to females ratio is (1.5:1), >50–60 years Mostly young and middle-aged females
Presentation Asymptomatic; hemorrhagic shock from ruptured aneurysm

or dissection; ischemia and infarction of abdominal
organ(s) or brain

Asymptomatic renovascular hypertension; headache and
neurological symptoms

Imaging features Dissection hematomas; fusiform aneurysm(s); rind sign/wall
thickening; beaded appearance; occlusion with or without
organ(s) infarction

Irregularities in the renal arteries; ‘’String of beads’’
appearance, renal stenosis

Pathological features Lysis of the smooth muscles in the media layer of the arteries Collagen deposition and/or smooth muscle hyperplasia in
one or all of the arterial wall layers

Serological markers None None
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(17.6%) [11]. A smaller study with pooled data showed
the involvement of the splanchnic arteries in 76%, renal
arteries in 7%, iliac arteries in 2.3%, extracranial cerebral
arteries in 3.3%, and intracranial arteries in 4.5% [13].

Computed tomography angiography (CTA), mag-
netic resonance angiography (MRA), and catheter
angiography are used to differentiate the imaging find-
ings of SAM from those of small- to medium-sized vas-
culitides such as polyarteritis nodosa (PAN) and Wegner
granulomatosis [6, 12]. Imaging features of SAM overlap
broadly with those of vasculitides, and it is often a
challenge to distinguish between both entities based so-
lely on imaging appearances. Fortunately, inflammatory
vasculitides can be diagnosed based on associated clinical
manifestations and specific serological markers. How-
ever, imaging clues that help differentiate SAM include
its distribution of involvement, its hallmark imaging
features, and associated secondary findings [6]. DSA was
the preferred modality to accurately diagnose SAM. A
retrospective study by Michael et al. [6] compared the
imaging features of DSA with those of CTA in four cases
and reported similar findings. The study concluded that
CTA provides sufficient evidence to diagnose SAM and
substitutes DSA as a non-invasive modality to radio-
logically diagnose SAM and follow-up its progression
(Fig. 2). MRA is equally sensitive in detecting SAM

features without the risk of radiation, but it is limited by
lengthy scan time and low spatial resolution [7]. Yoshida
also proposed the use of maximum intensity projection
(MIP) reformats of the CTA findings to vividly mark the
imaging irregularities [19] (Fig. 3B).

Slavin et al. described six possible angiographic
appearances of SAM as (1) arterial dilation, (2) single
aneurysm, (3) multiple aneurysms, (4) dissecting hema-
tomas, (5) arterial stenosis, and (6) arterial occlusion [4].
The principle imaging hallmark of SAM is dissecting
aneurysms [6] (Fig. 4, 5). CTA helps demonstrate the
classical appearance of arterial wall irregularity with
perivascular inflammation and alternating aneurysms
and stenosis in a ‘‘beading’’ pattern involving the aortic
abdominal arteries, which may be elongated and kinked
[20]. Other imaging findings include segmental arterial
wall thickening and arterial occlusions (Fig. 2). Dissec-
tions may be fusiform or saccular in shape, depending on
the size of the arterial gaps [6, 21]. A study by Inada et al.
found dissections in 78% and multiple aneurysms in 33%
of cases [7]. Single or multiple aneurysms may be seen in
an artery in a segmental, skip pattern with circumferen-
tial involvement or involvement of only a portion of the
arterial wall [6]. Lesions may affect one or more arteries
simultaneously or at different times [6, 9]. The presence
of a peripheral isolated arterial dissection unrelated to

Fig. 4. SMA dissection in
a 44-year-old male with
acute onset abdominal pain.
A Sagittal CTA image
shows SMA dissection with
a fusiform aneurysm
(arrow). B Axial CTA image
shows the SMA dissection
with surrounding fat
stranding (arrow). Follow-up
axial (C) and Coronal
(D) CTA images 18 months
after the initial presentation
show a new celiac artery
dissection and aneurysm
formation (arrows). Note the
new periceliac inflammation
and resolution of the soft
tissue hue surrounding the
SMA dissection on the
coronal view (arrow).
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the aorta is uncommon and should suggest the diagnosis
of SAM [6].

Mild surrounding inflammatory response can be seen
in acute cases, but the more typical perivascular feature is
a rind of wall ‘‘cuffing.’’ This finding is presumably due
to the reparative fibrosis seen in cases of chronic SAM
resulting in vessel remodeling and restoration of a
smooth arterial wall [14] (Fig. 6).

The most feared complication of SAM is aneurysmal
rupture in one or multiple arteries and subsequent intra-
abdominal hemorrhage. CT is the gold standard in
detecting omental, mesenteric, or retroperitoneal hema-
tomas [6]. Retroperitoneal hematoma is frequently due
to bleed from the renal arteries or its branches [5]. Intra-
abdominal hematoma is illustrated as a collection of free
or loculated fluid collection. The fluid collection is of
higher density compared with bland ascites, consistent
with clotted blood [22] (Fig. 7A). Colonic wall thicken-
ing may be detected. CT also offers the advantage of
detecting the features of end-organ injury such as pneu-
matosis, pancreatitis, and renal or splenic infarction.
Areas of infarction are demonstrated as interspersed
areas of hypodensity suggestive of chronic infarction [6,
20, 23] (Fig. 7B).

Despite the increasing use of CTA studies in evalu-
ating SAM and the advancement of using a multi-de-
tector row CT with three-dimensional (3D)
reconstruction, catheter angiography still plays an
important role in the diagnosis and particularly the
management of SAM [6]. Angiography helps with
intervention and endovascular treatment at the time of
diagnosis. Also, it has more sensitivity in visualizing the
rare complication of SAM, arteriovenous fistula [6].

Treatment

SAM is usually a self-limited disease [16]. The mainstay
management strategy of SAM is primarily supportive
with pain control, antihypertensive regimens, and anti-
platelet therapy. Intervention is reserved for patients that
are hemodynamically unstable, developing significant

Fig. 5. Celiac artery saccular aneurysm in a 49-year-old
male, with sudden onset of sharp, stabbing left upper quad-
rant abdominal pain. Axial CTA image shows a partially
thrombosed saccular aneurysm of the celiac artery with
associated wall thickening and a soft tissue rind (arrow).

Fig. 7. SAM
complications. A Axial CTA
image shows a large
hemorrhage centered in the
root of the mesentery (red
arrow), associated with
peripherally calcified celiac
artery (yellow arrow).
B Axial CTA demonstrating
artery dissection and renal
infarction, a fairly common
presentation of SAM.

Fig. 6. The rind sign. Axial CTA image demonstrating the
‘‘rind sign,’’ a layer of thickened connective tissue cuff sur-
rounding the artery (arrow).
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end-organ ischemia or at high morbidity and mortality
risk. Acute hemorrhagic emergencies are life threatening,
and immediate surgical or vascular intervention is indi-
cated [8, 12, 15, 16]. Patients with aneurysms may need to
be treated depending on size or evidence of growth on
interval imaging. Occasionally, intervention is warranted

in patients with an arteriovenous fistula. Angiography
can confirm the imaging diagnosis of SAM and be a
guide for endovascular therapies. In a study involving 85
patients, intervention was reported in 24 cases (28%).
The most common endovascular technique used was coil
embolization of aneurysms (79%). Stenting was another

Fig. 8. Extensive abdominal and cerebral arterial involve-
ment in a 58-year-old female. Axial CTA of A aneurysmal
dilation of the celiac artery (arrow) and B dissection of the
proximal SMA with contrast extending into both the true and
false lumens (arrow). C, D CTA and 3D reconstruction
showing beaded appearance of the right renal artery (arrows).

E, F, G Axial CTA and 3D reconstruction showing aneurysmal
dilatation of both common iliac arteries and focal dissection
within the left external iliac artery (arrows). H, I MR angiogram
showing aneurysm at the right posterior communicating artery
origin and endovascular coil therapy afterward (arrows).
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technique reported (Fig. 8, 9). The intervention was
successful in 88% of cases, with 3 cases requiring open
surgical management [1]. Open surgery was most com-
monly described in the form of emergency exploratory
laparotomy, with ligation of bleeding vessels and/or
resection of aneurysmal portions, often with vascular
reconstruction.

Prognosis

An overall mortality of 25% has been reported with
SAM [11], but advanced endovascular treatment options
along with close imaging follow-up and optimization of

medical therapy will likely continue to improve mor-
bidity and mortality in these patients. Three outcomes
are associated with the disease: progression (worsening),
stabilization, and improvement (resolution). Progression
refers to either extended involvement of a previously
existing aneurysm or dissection or newly evolved
abnormality in a different location that was not present
at the initial presentation (Fig. 10).

Conclusion

SAM is a systemic disease with life-threatening compli-
cations if not detected early and managed properly. SAM

Fig. 9. Hepatic artery aneurysm found incidentally in a
53-year-old female. A Disruption of the smooth muscle in the
media (arrows) with associated mucoid intimal changes. Note
the lack of significant inflammation (H&E, 200X). B Loss of the
internal elastic lamina (between arrowheads) of the same
small hepatic artery (Van Gieson, 400X). C Disordered
smooth muscle in the media (smooth muscle actin immuno-
histochemical stain, 200X). D Axial CTA image shows the
largest 2.4-cm aneurysm (yellow arrow) and right hepatic
perfusion anomaly (red arrow). E Subsequent hepatic arteri-
ogram shows multiple hepatic artery (HA) aneurysms (arrows)
with fistulous connection to the portal vein (PV). F Following

coil embolization of the two largest hepatic artery aneurysms
improved HA branch flow and decreased PV shunting. 2.5-
month follow-up CTA showed persistent anterior right PV
arterioportal shunting. Therefore, repeat angiogram was per-
formed. G After further embolization with 500–700 micron
PVA performed, no residual PV shunting was present. Ultra-
sound-guided liver biopsy was performed during the same
session as the hepatic arteriogram. Although this patient did
not present with clinical symptoms, the multiple large saccular
aneurysms are high risk for rupture. Furthermore, the arteri-
oportal shunting is likely to result in portal hypertension if not
treated.
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most commonly affects the splanchnic and renal arteries
with dissections, aneurysms, beading, or occlusion.
Radiologists should be familiar with the imaging findings
of SAM as imaging plays a large role in the diagnosis of
this disease.
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