Russian Military Medical

DISCUSSION Vol 44 (1) 2025 Academy Reports

13
DOL: https://doi.org/10.17816/rmmar654012 ' ».)
Diagnosis of Acute Aortic Syndromes Using Skt

Computed Tomography

Vladimir V. Ryazanov, Gulnaz K. Sadykova, Alla R. Gozheva,
Valery P. Kutsenko, Svetlana V. Menshikova

Saint Petershurg State Pediatric Medical University, Saint Petersburg, Russia

ABSTRACT

Acute aortic syndrome refers to a group of life-threatening conditions characterized by acute injury to the aortic wall, primarily
involving disruption of the intima and media. Acute aortic syndrome encompasses a spectrum of interrelated and overlapping
clinical and morphological entities, including classic aortic dissection, intramural hematoma, penetrating aortic ulcer, and
limited intimal tear. Differentiation of these variants based on clinical presentation and physical examination findings is not
feasible. Imaging plays a pivotal role, and definitive diagnosis and classification of acute aortic syndrome variants are possible
only through imaging studies. Multidetector computed tomography, transesophageal echocardiography, and magnetic reso-
nance imaging are the primary imaging modalities used for the diagnosis of acute aortic syndrome, with contrast-enhanced
multidetector computed tomography considered the gold standard. When classical imaging signs of a specific type of acute
aortic syndrome are present, diagnosis is generally straightforward. However, a broad spectrum of imaging findings exists.
In some cases, a single computed tomography scan may not allow for reliable differentiation among acute aortic syndrome
variants. This limitation arises from the fact that these pathological entities may occur independently, progress from one to
another, or coexist. The pathophysiology and clinical course of intramural hematoma and penetrating atherosclerotic ulcer of
the aorta remain subjects of ongoing debate. In particular, the classification of intramural hematoma as a distinct acute aortic
syndrome variant continues to be controversial. This article provides a concise overview of the current understanding of the
pathophysiology, natural history, prognosis, and multidetector computed tomography-based diagnosis of the less common
acute aortic syndrome variants, specifically intramural hematoma and penetrating atherosclerotic ulcer.
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ﬂMarHOCTMKa OCTpoOro aoprtaJibHoro CUHApoMa
NpU KOMMNbIOTEPHOU ToMorpaguu
B.B. Psizanos, K. CagbikoBa, A.P. ['oxeBa, B.[1. KyueHko, C.B. MeHbLMKoBa

CaHKT-leTepbyprckuii rocyAapCTBEHHbINA NeAUaTPUHECKUI MeAULIMHCKIIA YHUBepcuTeT, CaHKkT-[eTepbypr, Poccus

AHHOTALMA

OcTpbiit aopTasbHbIi CUHAPOM — 3TO BHE3AMHO BO3HMKLLME COCTOSHUS B OCHOBE KOTOPbIX JIEXUT NOpaXKeHUe CTEHKU aopTbl
B BU/E Pa3pyLUEHUs UHTUMbI U Meun. OCTPbIA aopTanbHbIi CUHAPOM BKITIOYAET B Cebsl B3aMMOCBA3aHHbIe, NepeceKatoLmecs
KIIMHUYeCKN 1 MOpPhONOrMYEeCKM NaTonorMyeckne COCTOSHWSA: KITAaCCMYecKoe PaccioeHne aopThbl, MHTPaMypasbHYyl0 reMato-
My, NMEHETPUPYIOLLYI0 aOpTasbHYI0 A3BY, 04aroBbIM HAAPLIB A0PTbl. Pa3nMunTL BapuaHTbl OCTPOro aopTasibHOr0 CUHAPOMA
Mo CUMNTOMaM W Npu Gu3MKanbHOM 06cnes0BaHNM HEBO3MOXHO. Bu3yanusaums urpaet BeayLLyio posib U BapuaHTbl OCTPOrO
aopTanbHOro CUHApOMa MoryT AuddepeHUMpOBaTLCA TONBKO C MOMOLLBI0 BU3Yanu3aLMOHHbIX MeTo0B. MynbTucnupanbHas
KOMIbloTepHas ToMorpadus, YpecnuLLeBOAHAs 3X0KapaMorpaus U MarHUTHO-pe30HaHCHas ToMorpadus SBASKTCA 0CHOB-
HbIMM METO[LaMM1 BU3YaslbHOM AMArHOCTUKM OCTPOr0 aopTabHOr0 CUHAPOMA, HO Be3YCNI0BHbINA NPUOPUTET NPUHALIEKUT KOM-
NbIOTEPHON TOMOrpaduu C BHYTPMBEHHLIM BBEAEHWUEM KOHTPACTHOMO BellecTBa. B cnyyae Knaccuyeckux BU3yanu3aLMOHHbIX
NPOSBNEHMIA OTAENBHO B3ATOTO BapWaHTa OCTPOro aopTabHOT0 CMHAPOMA CNOXHOCTEN B MOCTAHOBKE AMAarHo3a, Kak npa-
BMJIO, HE BO3HWKAET, HO CYLLECTBYET LUMPOKMIA CMEKTP pe3ynbTaToB BU3yanusauuu. B page cnyyaes anddepeHumpoBath Ba-
PUaHTbI OCTPOro a0PTabHOTO CMHAPOMA MpY OJHOKPATHOM KOMMbIOTEPHO-TOMOrpaMyecKoM UCCe0BaHM HEBO3MOKHO.
370 00yCNOBNEHO TeM, YTO NATONOrMYECKUE COCTOSHMA MOTYT CyLLLeCTBOBaTb CaMOCTOATE/bHO, MEpPexoauTb U3 0HOT0 B ApY-
roe WM coyeTaTbCa Apyr ¢ ApyroM. B HacToswee BpeMs NpesMETOM MHOMOYMUCIIEHHBIX CMOPOB OCTAKOTCA NaTou3nonoris
U TeYEHWe MHTPaMypanbHOW reMaToMbl, MEHETPUPYHOLLEN aTepOCKIEPOTUMHECKON A3BbI aopThl. OcnapuBaeTcs Lienecoobpas-
HOCTb BKJTHOYEHMS B KNAcCU(UKaLMI0 OCTPOro a0pPTasbHOr0 CMHAPOMA MHTPaMypabHOM reMaToMbl Kak 0TAEeNIbHOr0 BapuaHTa.
B paMKax cTaTbu KpaTKo NpeAcTaBieHO COBPEMEHHOE MOHUMaHWe NaTodM3noNoruu, TeYEeHUs, NPOrHo3a, KOMMbITEPHO-TO-
Morpadu4ecKom AnMarHoCTUKM PeaKo BCTPEYaIoLLMXCS BapUaHTOB OCTPOTO aopTaibHOr0 CUHAPOMA: MHTpaMypasibHOW reMaTo-
Mbl 1 MEHETPUPYIOLLIEN aTepOCKNEPOTUYECKON SI3BbI A0pPTI.

KnioueBble cnoBa: aunccekuma aopTbl; MHTPaMypanbHad reMatoMa aopTbl; KOMMbKOTEpPHaAd TOMOFpad)MH; OCprIﬁ
aDpTaﬂbelﬁ CMHAPOM; NeHeTpUpyroLLlana aTepocKyiepoTuyecKan A3Ba; A3Ba a0PThl.
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INTRODUCTION

Acute aortic syndrome (AAS) is a sudden-onset of
conditions with similar clinical manifestations, accom-
panied by aortic wall damage. Various manifestations of
AAS are due to aortic intima and media disruption [1].
AAS includes interrelated and clinically and morpho-
logically overlapping conditions: classic aortic dissec-
tion (AD), intramural hematoma (IMH), penetrating aortic
ulcer (PAU), and localized aortic rupture.

Rubin et al. proposed an alternative classification of
AAS based on electrocardiography (ECG)-gated computed
tomography (CT) angiography, encompassing AD, PAU,
and ruptured aortic aneurysm. The authors did not in-
clude IMH in the classification, indicating that it should be
regarded as an imaging marker of an acute pathological
process [2].

Most studies considered IMH and PAU as variants of
aortic dissection within the unified AAS classification.
However, the pathophysiology and natural course of IMH
and PAU remain debatable, and these conditions are not
always associated with aortic dissection [3].

Variants of AAS have similar clinical presentation,
with chest pain being the most common symptom—of-
ten described as sudden in onset, sharp, intense, and
tearing [4]. Distinguishing among AAS variants based on
symptoms and physical examination alone is not feasi-
ble. Imaging plays a crucial role in differential diagnosis.
This may seem to be a straightforward task; however,
owing to the wide spectrum of imaging findings, particu-
larly when only a single study is performed, it is often
difficult to identify the specific pathology. This limitation
is because of the fact that these pathological entities may
occur independently, evolve from one into another, or co-
exist. For example, IMH may progress to aortic dissec-
tion, coexist with dissection in separate aortic segments
as a mixed lesion, or result from a penetrating athero-
sclerotic ulcer [5]. The present study aim to evaluate the
differences among the three AAS variants: classic AD,
IMH, and PAU.

GENERAL COMPARATIVE
CHARACTERISTICS OF ACUTE AORTIC
SYNDROME VARIANTS

In the general population, AAS incidence is estimated
at 3.5-6 cases per 100,000 individuals per year, with AD
being the most common manifestation, accounting for
85%-95% of all cases [6]. The incidence of aortic ulcer
among patients with AAS is 2%-7% of cases. In contrast
to AD and PAU, the prevalence of IMH within AAS range
from 5% to 27%. Notably, the incidence of IMH was higher
in Asian cohorts compared with the International Regis-
try of Acute Aortic Dissection: 28.9% vs 5.7%. This may
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be because IMH is diagnosed more frequently in Asian
hospitals than in Western centers. Moreover, the low
IMH rate in the international registry may be attributed
to the fact that the registry’s participating centers are
specialized hospitals, and some IMH cases may have
gone undiagnosed at primary care centers. Additionally,
discrepancies in reported incidence may result from the
use of different imaging modalities [2, 6-8].

Typically, patients with IMH and PAU are older than
those with classic AD (69+10 vs 62+14 years). IMH and
PAU usually occur in individuals in their 70s, 80s, or 90s
with a history of hypertension. Patients with PAU fre-
quently have advanced atherosclerosis and calcification
of the aorta and of the visceral, brachiocephalic, and pe-
ripheral arteries [7, 9].

The localization and extent of AD and IMH are clas-
sified using the DeBakey and Stanford systems (Fig. 1).
In emergency settings, the Stanford classification is
preferred because it determines management strategy:
surgical treatment for type A and conservative treatment
for type B [5, 8].

Classic AD begins with an intimal tear, allowing cir-
culating blood to enter the media and form an intimo-
medial flap that separates the aortic lumen into true and
false lumens (Fig. 2a). IMH and PAU are not character-
ized by the formation of an extensive intimo-medial flap
or presence of two distinct lumens within the aorta [7]
(Fig. 2b, c). This study focuses on IMH and PAU, whereas
computed tomography features of AD at different stages
can be found in the authors’ article [10].

In classic Stanford type A and B dissections, the in-
timal tear occurs at sites of greatest hydraulic stress,
namely, along the right lateral wall of the ascending aorta
or in the descending thoracic aorta near the ligamentum

DeBakey
Stanford

Type 1
Type A

Type 2
Type A

Type 3
Type B

Fig. 1. DeBakey and Stanford classifications of aortic pathology.
Puc. 1. Knaccudmkaumm nopakeruin aoptsl no [le beiikn u CtaH-

dopay.
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Fig. 2. Aortic dissection (a), intramural hematoma (b), and penetrating atherosclerotic ulcer (c) in the descending aorta, with correspon-

ding schematic illustrations.

Puc. 2. Paccnoenve aoptsl (@), MHTpaMypanbHas rematoMa (b), neHeTpupyloLLas aTepocKiepoTUYecKas A3Ba (C) B HUCXOAALLEN aopTe

C COOTBETCTBYHOLLMMU CXEMaMU.

arteriosum. PAU and IMH predominantly affect the de-
scending aorta (90% of PAU cases and 50%-85% of IMH
cases). When IMH occurs in combination with PAU, the
descending aorta is commonly involved, with the ascend-
ing aorta affected in only 9% of cases. Conversely, in
isolated IMH, the ascending aorta is involved in 26% of
cases [6, 8].

Notably, IMH and PAU frequently occur in aortas with
larger diameters than those observed in classic dissec-
tion (6.2 and 5.5 cm vs 5.2 ¢cm) and are mostly associated
with an underlying aortic aneurysm [11].

Unlike classic dissection, IMH and PAU do not result
in damage to or occlusion of aortic branches and are not
commonly associated with limb or visceral ischemia.

Clinically, IMH and PAU follow a more malignant
course, particularly when they occur in combination, and
are associated with a higher risk of aortic rupture com-
pared with classic AD [8, 11]. Furthermore, IMH and PAU
located in the ascending aorta or proximal descending
aorta present a higher overall complication rate [2].

IMAGING DIAGNOSIS OF ACUTE
AORTIC SYNDROME

Currently, imaging findings play a central role in fa-
cilitating timely and appropriate management of AAS.

In AAS, imaging primarily aim to detect abnormalities
of the aortic wall and assess the location, extent, and
complications of the disease. Radiology reports should
specify the type of aortic involvement according to the
Stanford classification, maximum aortic diameter, maxi-
mal thickness of the intramural hematoma, presence of

DO https://doi.org/ 10.17816/ rmmarb54012

focal contrast enhancement within the hematoma, length
and depth of any ulcer-like projection, presence of pleu-
ral or pericardial effusion, and changes in the periaortic
fat [5].

Multidetector CT, transesophageal echocardiography
(TEE), and magnetic resonance imaging (MRI) are the
primary modalities for the imaging evaluation of AAS
[7, 8]. CT is the preferred imaging modality in emergency
departments owing to its availability, rapid data acquisi-
tion, high diagnostic accuracy, noninvasiveness, and wide
field of view enabling comprehensive anatomic assess-
ment of the entire aorta and its branches, whereas MRI
and TEE are used as supplementary techniques [4, 5, 7,
8, 12]. Color Doppler echocardiography may be preferable
to any other imaging modality for detecting subtle intimal
injuries; however, this topic is beyond the scope of the
present study.

CT should be performed with and without contrast
enhancement to detect acute hematoma. The use of
ECG-gated CT allows for motion artifact-free imaging,
although it is not always feasible because of additional
time requirements and technical constraints [4, 5, 12].

Thin-section CT images (<1.25 mm) are used for as-
sessment; however, non-contrast images reconstructed
with @ 5 mm slice thickness can be useful for visual-
ization of IMH owing to volume averaging and reduced
image noise. Applying a narrow window setting (width:
200 HU; level: 40 HU) enhances hematoma visualization
on non-contrast CT scans [5].

CT angiography should be performed using a high-
concentration iodine contrast agent (300-350 mg/mL),
injected at 2-5 mL/s, to achieve an aortic enhance-
ment of 150-250 HU during the arterial phase [5, 12].
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Contrast-enhanced imaging should include the entire
aorta, from the proximal segments of the arch branches
to the iliac arteries. This approach is confirmed by the
potential for aortic dissection to extend into the supra-
aortic vessels and propagate distally over a considerable
length.

INTRAMURAL HEMATOMA

IMH has been attributed to spontaneous rupture of the
vasa vasorum, resulting in hemorrhage within the aortic
wall without overt intimal disruption. The preserved in-
tegrity of the intimal layer is a key distinction between
IMH and classic AD. However, several reports have de-
scribed small intimo-medial tears that are not visible
on preoperative imaging but are found during surgery.
With advances in modern imaging, particularly the im-
proved spatial resolution of thin-slice multidetector CT,
such subtle intimo-medial tears can now be identified in
patients with IMH [2, 5, 6, 9].

There is ongoing debate regarding the role of micro-
intimal tears and the primary triggering factor in IMH
pathogenesis. Is it a microintimal tear or rupture of the
vasa vasorum? Which event occurs first—the rupture of
the vasa vasorum or the intimal-medial tear? Several
specimens from patients with AD and IMH have demon-
strated erythrocyte extravasation from the vasa vasorum,
even in the absence of detectable intimal-medial tears.
In both AD and IMH, aortic wall dissection has been ob-
served to follow the path of the vasa vasorum. Some
studies showed that dysfunction of the vasa vasorum
due to prolonged ischemia may be the common initiating
event in both AD and IMH, with rupture of the vasa vaso-
rum and development of intimal-medial tears occurring
secondarily [5].

According to current understanding, IMH may be a
subtype or precursor of AD. Many studies considered IMH
as a variant of AD with a sealed and thrombosed false
lumen [2, 6, 8, 9]. Approximately 12%-47% of patients
with IMH progress to AD, supporting the impression of a
continuum between these conditions. Currently, it is as-
sumed that some cases of AAS that were misclassified as
IMH on CT imaging were cases of AD with a small entry
tear that spontaneously sealed, with no distal reentry and
a completely thrombosed false lumen [2, 5, 6].

Gutschow et al. proposed using the number of inti-
mal-medial tears for distinguishing IMH from AD: AD is
characterized by two intimal-medial tears—an entry tear
(from the lumen into the wall) and exit tear (from the
wall back into the lumen)—whereas IMH involves only
an entry intimal-medial tear. Moreover, the mean size
of the intimal-medial tear is significantly smaller in IMH
(1.8£1.0 cm) than in AD (2.9+1.2 cm) [5].

Hemorrhage from the vasa vasorum may play a
primary pathogenic role in true cases of IMH, wherein
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no intimal-medial tear is identified on imaging or dur-
ing surgery [9]. Additionally, IMH may occur secondari-
ly in the context of a penetrating aortic ulcer. In PAU,
the hematoma is limited in extent, despite the pres-
ence of direct communication between the aortic lumen
and media [2].

IMH may regress with complete resolution or prog-
ress to classic dissection, limited intimal tear, or pseu-
doaneurysm formation. The most serious complication is
aortic rupture [2, 4, 11, 13].

There are two types of limited intimal tears associ-
ated with IMH. The first type is characterized by an intima
disruption with an ulcer-like projection that develops
during hematoma evolution. This is believed to repre-
sent the true entry tear in AD with a completely throm-
bosed false lumen [4]. The second type is manifested by
an intimal disruption at the origin of the aortic branch
vessel.

Notably, an ulcer-like projection observed during
the acute phase of IMH, particularly in the ascending
aorta or aortic arch, is associated with poor prognosis
and frequently progresses to AD, pseudoaneurysm, or
rupture. In contrast, an ulcer-like projection identified
in the subacute or chronic phase may regress or re-
sult only in aortic dilatation. Greater length and depth
of the projection correlate with a higher rate of com-
plications. The proposed threshold values for identifying
high-risk patients are a length of 10-20 mm and depth of
5-10 mm [4, 5, 7]. The second type of tear occurs more
commonly in the descending aorta and is not associated
with IMH progression, although it may lead to incomplete
hematoma resorption [2, 5].

On non-contrast CT, IMH appears as circular (ring-
shaped) or semicircular (crescent-shaped) aortic wall
thickening with increased attenuation, demonstrating at-
tenuation values up to +60-70 Hounsfield units. In the
subacute phase, IMH may be isodense with the blood in
the aortic lumen on non-contrast CT. The thickened aor-
tic wall does not enhance after intravenous contrast ad-
ministration [4, 5, 7, 12]. Normally, aortic wall thickness
is <3—4 mm on any imaging modality; therefore, a thick-
ness >5 mm is considered pathologic [7, 12]. On CT, high-
attenuation wall thickening extends longitudinally and
transversely, but does not follow a spiral course [14].
In most IMH cases, no aortic lumen narrowing or intima
displacement into the aortic lumen is observed. If in-
tima displacement occurs, it is directed toward the lu-
men [4, 12]. On post-contrast CT, IMH is characterized
by a single aortic lumen, a smooth inner aortic surface,
and the absence of an intimal-medial flap [6] (Fig. 3a—c;
Fig. 4a—c).

A localized area of contrast enhancement within the
IMH on post-contrast CT images shows a limited inti-
mal tear with contrast extravasation into the hematoma.
An ulcer-like projection extends from the aortic lumen
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Fig. 3. Intramural hematoma in the descending aorta in sagittal (a), coronal (b), and axial (c) planes during the postcontrast phase, seen
as a crescentic thickening of the aortic wall without luminal narrowing.

Puc. 3. VHTpamypanbHas reMatoMa B HUCXOASLLEN aopTe B CaruTTanbHOM (a), KopoHapHoW (b), akcuanbHoiA (C) MAOCKOCTAX B MOCTKOH-
TpacTHylo dasy B BUAE NONYLMPKYNIAPHOIO YTONILLEHNS CTEHKN 6e3 Cy)eHus NpocBeTa aopThl.

Fig. 4. Temporal changes in intramural hematoma in the descending aorta shown in Fig. 3 (a). Not visualized 11 months after the initial

study (b), aortic dissection detected 1 month after the last scan (c).

Puc. 4. NHTpamypanbHas reMatoMa, NpeAcTaBeHHas Ha puc. 3 B HUCXOAALLei aopTe (a) B AMHaMuKe. Yepes 11 Mec oT nepBoHaYabHoOro
WUCCreL0BaHMA reMaToMa He BU3yanuaupyetcs (b), Yepe3 MecsiLl OT MOC/eiHero UCCef0BaHUS MOSBUIOCh PaccrioeHue aopTsi ().

into the IMH, with a visible communication of >3 mm in

type 1 [7]. In contrast, type 2 intramural flow is char-

acterized by the absence of a visualized communication

with the aortic lumen, typically measuring <2 mm. Type 2

is more frequently found in the descending aorta, and the

vessel course can be followed [5].

CT enables identification of features associated with
poor prognosis in patients with IMH [2, 4, 5, 7, 14], in-
cluding the following:

+ involvement of the ascending aorta;

+ maximal aortic diameter >48-55 mm in the ascending
aorta and >40-41 mm in the descending aorta;

+ maximal hematoma thickness >10 mm;

+ limited intimal-medial disruption with or without an
ulcer-like projection during the acute phase of the
hematoma;

+ ulcer-like projection depth >10 mm; and

+ presence of periaortic hematoma.

Recently, a novel CT finding, namely, the broken
crescent sign, has been described and may indicate
impending aortic rupture in patients with acute IMH.
On non-contrast CT, it presents as a focal defect within

DO https://doi.org/ 10.17816/ rmmarb54012

the hyperdense crescentic hematoma. On post-contrast
CT, itis characterized by a smooth, focal defect with blunt
margins in the crescentic hematoma, corresponding to
a localized bulge of the contrast-filled aortic lumen with-
out contrast extravasation. According to the authors, this
reflects a small adventitial tear with partial outward dis-
placement of the intramural thrombus, resulting in the
disrupted crescentic configuration on CT. Conversely,
a PAU appears on CT as a contrast-filled outpouching
with irregular, sharply angulated margins extending into
the aortic media [14].

The prognostic significance of pleural and pericar-
dial effusions in IMH remains controversial; however,
most studies revealed an association with adverse out-
comes [5].

PENETRATING ATHEROSCLEROTIC ULCER

PAU was first described by Stanson et al. in 1986. It is
a pathological process characterized by ulceration of the
surface of an atheromatous plaque extending through the
internal elastic lamina into the aortic media [7, 8, 11-13].
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However, not all aortic ulcers represent PAUs.
The term aortic ulcer is a general morphological des-
ignation. It may reflect either a primary etiology—ath-
erosclerotic, inflammatory, infectious, traumatic, or iat-
rogenic—or a secondary process occurring during IMH
evolution [7, 8, 13, 15]. Penetrating aortic ulcers present
as crater-like lesions extending from the aortic lumen
into the periaortic space. These are focal abnormalities
that do not propagate longitudinally [13, 16].

In AAS, the term most commonly refers to a PAU
arising in the setting of progressive atherosclerosis [13].
In patients with PAU, the site of dissection corresponds to
the ulcer location. Multiple PAUs of varying lengths and
depths are identified simultaneously [11].

PAUs are frequently accompanied by hemorrhage into
the aortic media, resulting in the formation of a local-
ized IMH [7, 8, 11]. In the presence of an aortic ulcer,
the associated IMH does not extend, possibly because
of surrounding transmural inflammation and relative ad-
hesion between the layers of the aortic wall. However,
based on observations of IMH in the ascending aorta aris-
ing from a PAU in the descending aorta, some studies
have reported the possibility of retrograde extension of
IMH from the descending to the ascending segment [13].
IMH is considered a marker of acute and potentially un-
stable disease in patients with PAU [12].

The natural course of PAU remains controversial.
Previously, it was believed that PAU followed a malignant
course, with a high risk of rupture or progression to overt
AD; however, subsequent studies have shown that its
clinical trajectory may be more favorable in certain cas-
es [7]. Although spontaneous aortic rupture rarely occurs
in PAU in the absence of marked progressive dilatation,
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it appears to occur more frequently in PAU than in AD
[7, 8]. Additionally. PAU may lead to the formation of fis-
tulous communications with adjacent anatomical struc-
tures [12].

On CT, the primary sign of PAU is a contrast-filled
ulcer crater, frequently seen as a saccular outpouching
within a thickened aortic wall in the setting of advanced
atherosclerosis [7, 11, 12]. A crucial feature of PAU is
the presence of irregular crater margins accompanied
by unevenly thickened and calcified intima [8]. PAU does
not involve formation of an intimal flap dividing the aorta
into true and false lumens. PAU size may vary from a few
millimeters to 2.5 cm, with a depth of up to 3 cm [12].
On non-contrast CT, the hematoma adjacent to the ulcer
appears as a hyperdense area (Fig. 5a-d).

DIFFERENTIAL DIAGNOSIS OF
INTRAMURAL HEMATOMA AND
PENETRATING ATHEROSCLEROTIC
ULCER ON COMPUTED TOMOGRAPHY

From an imaging standpoint, the primary differential
diagnosis of IMH includes classic AD with a completely
thrombosed false lumen and mural thrombus formation.

When distinguishing IMH from other aortic conditions
involving mural thrombi, the first diagnostic step is to
identify the intimal layer and assess the inner surface
of the thickened aortic wall. IMH is differentiated from
mural thrombus based on its relationship to the intima:
the mural thrombus lies external to the intima, whereas
the hematoma in IMH is located beneath it, resulting in
outward and inward displacement of the intimal layer.

Fig. 5. Penetrating atherosclerotic ulcer in the frontal and axial planes at corresponding levels (a—d).
Puc. 5. MeHeTpupyloLLas aTepocKiepoTuyeckas f38a BO (POHTASIbHOM MIOCKOCTU W B AKCWasbHOM MIOCKOCTM Ha COOTBETCTBYHOLLMX

ypoBHAX (a—d).
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DISCUSSION

The inner margin of an IMH appears smooth, whereas
mural thrombi exhibit irregular borders. On non-contrast
CT, acute IMH presents as a hyperdense area, whereas
mural thrombi are usually hypodense [2, 4, 17].

Acute-phase IMH can be differentiated from AD when
classic signs of dissection are present, namely, an in-
timal-medial flap dividing the aorta into two communi-
cating lumens. However, early diagnosis of IMH may be
challenging when the false lumen in AD is completely
thrombosed. In such cases, contrast-enhanced CT may
reveal a small intimal tear or contrast communication;
however, these findings are rarely detected in the acute
phase. In select cases, a definitive diagnosis may only
be established intraoperatively by identifying the entry
tear [2, 4].

The differential diagnosis of PAU includes ulcer-like
projections associated with IMH and ulcerated athero-
sclerotic plaques [7].

An ulcerated atherosclerotic plaque is marked by ir-
regular margins and confinement to the intimal layer; it
does not extend beyond the calcified intima and is not
associated with an IMH. In contrast, a PAU is an ulcer-
ative lesion that penetrates through the intima into the
aortic wall and is identified by a saccular outpouch-
ing in the aortic wall surrounded by a hematoma [7, 8,
11, 171.

One of the most diagnostically challenging distinctions
is that between PAU and an ulcer-like projection associ-
ated with IMH. A PAU may give rise to an IMH, whereas
an ulcer-like projection may develop during the natural
course of IMH, and both may appear identical on CT.
A distinguishing feature is that an ulcer-like projection
is not visualized on initial CT but becomes detectable on
follow-up imaging. Some studies considered an ulcer-
like projection to represent a newly formed intimal de-
fect, whereas other studies indicated that a preexisting
intimal-medial tear may not have been visible on initial
imaging. In the acute phase of IMH (within 14 days of
symptom onset), an ulcer-like projection is usually not
associated with an intimal-medial flap, whereas in the
subacute or chronic phase (after 14 days), a short flap is
often detectable [5, 71.
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Ultimately, PAU cannot be differentiated from an ul-
cer-like projection in IMH without follow-up imaging [5].
Given the time-dependent morphological changes in AAS
variants and diagnostic limitations of a single CT scan,
follow-up CT examinations are critical.

CONCLUSION

Patients with different morphological variants of AAS
often present with similar clinical manifestations. How-
ever, the underlying pathophysiology and CT features
differ. In contrast to IMH and PAU, an extensive intimal-
medial flap is identified in classic AD, dividing the aor-
tic lumen into true and false lumens. In certain cases, a
single CT scan is insufficient for distinguishing between
AAS variants. Follow-up CT imaging and comparison with
prior studies are required to differentiate aortic dissec-
tion with complete thrombosis of the false lumen from
IMH and distinguish an ulcer-like projection in IMH from a
PAU. At present, no formal guidelines exist regarding the
timing and frequency of follow-up CT imaging in patients
with AAS. Therefore, decisions should be individualized
and guided by a multidisciplinary team—including a ra-
diologist—based on clinical and radiologic findings.

ADDITIONAL INFO

Author contribution. All authors have made a significant contribu-
tion to the development of the concept, research and preparation of
the article, read and approved the final version before publication.
Competing interests. The authors declare that they have no com-
peting interests.

Funding source. This study was not supported by any external
sources of funding.

AONOJIHUTENBbHAA UHOOPMALUA

Bruniag aBTopoB. Bce aBTOpbl BHEC/M CyLUECTBEHHbIN BKaZ, B Mpo-
Be[leHWe UCCef0BaHMs U MOATOTOBKY CTaTbi, NMPOYIM M 0fobpunun
dburHanbHyto Bepcuio nepes nybauKaumen.

KoHdnukT uHTepecoB. ABTOpbI LEKNapupylOT OTCYTCTBUE SBHbIX
W MOTEHUMANbHBIX KOHQIMKTOB MHTEPECOB, CBA3AHHBIX C Myb/MKa-
LiMei HacTosLLIeN CcTaTbu.

UcTouHnk dmHaHcupoBaHus. ABTopbl 3asBnslOT 00 OTCYTCTBUM
BHELLHEro (GUHaHCUPOBaHNSA NpY NPOBEAEHUN UCCTIe0BaHMS.

terization continues to advance. Radiology. 2014;271(3):633-652.
doi: 10.1148.radiol.14132232

4. Ferrera C, Vilacosta |, Cabeza B, et al. Diagnosing Aortic Intra-
mural Hematoma: Current Perspectives. Vasc Health Risk Manag.
2020;16:203-213. EDN: PXTUEE doi: 10.2147.VHRM.S193967

5. Gutschow SE, Walker CM, Martinez-Jiménez S, et al. Emerg-
ing Concepts in Intramural Hematoma Imaging. Radiographics.
2016;36(3):660—674. doi: 10.1148.rg.2016150094



https://elibrary.ru/ypakrp
https://doi.org/10.1590.1677-5449.180119
https://doi.org/10.1148.radiol.14132232
https://elibrary.ru/pxtuee
https://doi.org/10.2147.VHRM.S193967
https://doi.org/10.1148.rg.2016150094

JVICKYCCA

6. WeiC, LiJ, DuE, etal Clinical and imaging differences between
Stanford Type B intramural hematoma-like lesions and classic aor-
tic dissection. BMC Cardiovasc Disord. 2023;23:378. EDN: SOJUXJ
doi: 10.1186.512872-023-03413-6

7. Evangelista A, Maldonado G, Moral S, et al. Intramural he-
matoma and penetrating ulcer in the descending aorta: differ-
ences and similarities. Ann Cardiothorac Surg. 2019;8(4):456—470.
doi: 10.21037.acs.2019.07.05

8. Maddu KK, Shuaib W, Telleria J, et al. Nontraumatic acute aortic
emergencies: Part 1, Acute aortic syndrome. AJR Am J Roentgenol.
2014;202(3):656—665. doi: 10.2214.AJR.13.11437

9. Pitrone P, Cattafi A, Mastroeni G, et al. Aortic intramural he-
matoma and classic aortic dissection: two sides of the same
coin within the acute aortic syndrome for an interventional ra-
diologist. BJR Case Rep. 2022;7(6):20210019.EDN: EMDQAJ
doi: 10.1259.bjrcr.20210019

10. Sadykova GK, Zheleznyak IS, Amosov VI, et al. Aortic dissection:
computed tomography characterization of the true and false lumen in
acute and chronic stages. Russian Military Medical Academy Reports.
2023;42(1):55-64. EDN: EUOWRYV doi: 10.17816/rmmar167873

11. Coady MA, Rizzo JA, Elefteriades JA. Pathologic variants of
thoracic aortic dissections. Penetrating atherosclerotic ulcers
and intramural hematomas. Cardiol Clin. 1999:17(4):637-657.
doi: 10.1016/s0733-8651(05)70106-5

AUTHORS' INFO

Vladimir V. Ryazanov, MD, Dr. Sci. (Medicine), Associate
Professor; ORCID: 0000-0002-0037-2854; eLibrary SPIN: 2794-6820;
e-mail: 79219501454@yandex.ru

Gulnaz K. Sadykova, MD, Dr. Sci. (Medicine);

ORCID: 0000-0002-6791-518X; eLibrary SPIN: 3115-7430;
e-mail: kokonya1980@mail.ru

*Alla R. Gozheva; address: 2, Litovskaya str, Saint Petersburg,
Russia, 194100; ORCID: 0009-0004-9295-9821;

eLibrary SPIN: 5597-7266; e-mail: gozhevaaa@mail.ru

Valery P. Kutsenko, MD, Dr. Sci. (Medicine);

ORCID: 0000-0001-9755-1906; eLibrary SPIN: 5760-0218;
e-mail: val9126@mail.ru

Svetlana V. Menshikova; ORCID: 0000-0003-2448-6116;
eLibrary SPIN: 6879-2474; e-mail: s-menshikovaé9@mail.ru

* Corresponding author/ ABTop, 0TBETCTBEHHBI 3@ NEPENUCKY

Tom 44,N° 1, 2025

DO https://doi.org/ 10.17816/ rmmarb54012

V138ecTua Poccuiickonm
BOEHHO-MeMLIHCKOM aKaaemmm

12. Dev R, Gitanjali K, Anshuman D. Demystifying penetrating ath-
erosclerotic ulcer of aorta: unrealised tyrant of senile aortic changes.
J Cardiovasc Thorac Res. 2021;13(1):1-14. EDN: UPQDBZ
doi: 10.34172.jcvtr.2021.15

13. Kaul P, Paniagua R, Petsa A, et al. Sequential ruptures of
penetrating atherosclerotic ulcers of ascending aorta, aortic arch
and descending thoracic aorta. J Cardiothorac Surg. 2020;15:298.
EDN: VIPVNU doi: 10.1186.513019-020-01311-y

14. Ko SF, Lu CY, Sheu JJ, et al. Broken-crescent sign at CT in-
dicates impending aortic rupture in patients with acute aortic in-
tramural hematoma. Insights Imaging. 2020;11:73. EDN: GVJXBX
doi: 10.1186.513244-020-00880-9

15. Khubulava GG, Efendiev VU, Sadovoy SV, et al. A clinical case
of syphilitic aortic arch aneurysm. Medicine: theory and practice.
2023;8(5):135-138. EDN: XXUNVW doi: 10.56871/MTP.2023.35.21.060
16. Sadykova GK, Ivanov DO, Bagaturia GO, et al. Possibilities of
X-ray computed tomography with the construction of multi-plane
reformations oriented to the axis of the heart in the diagnosis of
transpositions of the main vessels. Pediatrician. 2018;9(4):28-35.
EDN: YLTTZZ doi: 10.17816/PED9428-35

17. Macura KJ, Corl FM, Fishman EK, Bluemke DA. Pathogenesis
in acute aortic syndromes: aortic dissection, intramural hematoma,
and penetrating atherosclerotic aortic ulcer. AJR Am J Roentgenol.
2003;181(2):309-316. doi: 10.2214.ajr.181.2.1810309

0b ABTOPAX

Bnagumup BuktopoBuy Pa3aHoB, [JOKT. Mefl. HayK, AOLEHT;
ORCID: 0000-0002-0037-2854; eLibrary SPIN: 2794-6820;
e-mail: 79219501454@yandex.ru

l'ynbHa3 KamanbauHoBHa CafblkoBa, KaHA. Mef. Hayk;
ORCID: 0000-0002-6791-518X; eLibrary SPIN: 3115-7430;
e-mail: kokonya1980@mail.ru

*Anna PomaHoBHa lMoxkeBa; agpec: 194100, Poccus, r. CaHKT-
Metepbypr, yn. Jiutosckas, a. 2; ORCID: 0009-0004-9295-9821;
eLibrary SPIN: 5597-7266; e-mail: gozhevaaa®@mail.ru
Banepwii MNetpoBuy KyueHko, kaHa. Me[l. Hayk;

ORCID: 0000-0001-9755-1906; eLibrary SPIN: 5760-0218;
e-mail: val9126@mail.ru

CeetnaHa BanepbeBHa MeHbLunkoBa; ORCID: 0000-0003-2448-6116;
eLibrary SPIN: 6879-2474; e-mail: s-menshikovaé9@mail.ru

121


https://orcid.org/0000-0002-0037-2854
https://www.elibrary.ru/author_profile.asp?spin=2794-6820
https://orcid.org/0000-0002-0037-2854
https://www.elibrary.ru/author_profile.asp?spin=2794-6820
https://orcid.org/0000-0002-6791-518X
https://www.elibrary.ru/author_profile.asp?spin=3115-7430
https://orcid.org/0000-0002-6791-518X
https://www.elibrary.ru/author_profile.asp?spin=3115-7430
https://orcid.org/0009-0004-9295-9821
https://www.elibrary.ru/author_profile.asp?spin=5597-7266
https://orcid.org/0009-0004-9295-9821
https://www.elibrary.ru/author_profile.asp?spin=5597-7266
https://orcid.org/0000-0001-9755-1906
https://www.elibrary.ru/author_profile.asp?spin=5760-0218
https://orcid.org/0000-0001-9755-1906
https://www.elibrary.ru/author_profile.asp?spin=5760-0218
https://orcid.org/0000-0003-2448-6116
https://www.elibrary.ru/author_profile.asp?spin=6879-2474
https://orcid.org/0000-0003-2448-6116
https://www.elibrary.ru/author_profile.asp?spin=6879-2474
https://elibrary.ru/sojuxj
https://doi.org/10.1186.s12872-023-03413-6
https://doi.org/10.21037.acs.2019.07.05
https://doi.org/10.2214.AJR.13.11437
https://doi.org/10.1259.bjrcr.20210019
https://elibrary.ru/euowrv
https://doi.org/10.17816/rmmar167873
https://doi.org/10.1016/s0733-8651(05)70106-5
https://elibrary.ru/upqdbz
https://doi.org/10.34172.jcvtr.2021.15
https://elibrary.ru/vipvnu
https://doi.org/10.1186.s13019-020-01311-y
https://elibrary.ru/gvjxbx
https://doi.org/10.1186.s13244-020-00880-9
https://elibrary.ru/xxunvw
https://doi.org/10.56871/MTP.2023.35.21.060
https://elibrary.ru/ylttzz
https://doi.org/10.17816/PED9428-35
https://doi.org/10.2214.ajr.181.2.1810309

	Diagnosis of Acute Aortic Syndromes Using Computed Tomography

	Abstract

	To cite this article



	Диагностика острого аортального синдрома при компьютерной томографии

	Аннотация

	Как цитировать


	Introduction

	General Comparative Characteristics of Acute Aortic Syndrome Variants

	Imaging Diagnosis of Acute Aortic Syndrome

	Intramural Hematoma

	Penetrating Atherosclerotic Ulcer

	Differential Diagnosis of Intramural Hematoma and Penetrating Atherosclerotic Ulcer on Computed Tomography

	Conclusion

	Additional Info 
	Дополнительная информация

	References | Cписок литературы  
	Authors' Info

	Об авторах




