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latrogenic Aortic Root Injury from Coronary Interventions:
Early and Follow-up CT Imaging Findings
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Aortic injury represents a rare but potentially fatal complication of invasive coronary angiography. The authors present a series of
four patients with aortic injury after invasive coronary angiography and intervention (mean age, 71 years; three women). In three
patients, CT showed subintimal staining from undiluted contrast media (CM) in the aortic root with no communication to the
aortic lumen. Short-term follow-up CT showed resolution of CM staining in all patients. Classic aortic dissection occurred in one
patient, with undiluted CM from invasive angiography in the false lumen in the aortic root. Preliminary evidence suggests that iat-
rogenic injury from invasive coronary angiography resulting in subintimal CM staining of the aortic wall at CT, without evidence
of communication with the lumen of the aortic root, shows favorable short-term outcome.
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The number of invasive coronary angiography (ICA)
procedures and percutaneous coronary interventions
(PCls) is constantly increasing, with an estimated 1.02
million catheterizations performed annually in the
United States (1). Parallel to the increase in the num-
ber of interventions, there is escalating case complexity
(2). While ICA and PCI are considered safe, there is a
small risk of major complications occurring in around
0.082% of procedures (1). Of those, iatrogenic aortic
dissection can be seen in 0.02%-0.07% (3) and coro-
nary perforations in 0.19%-1.46% of procedures (4).
Coronary injury occurs more often (4.8%) during in-
terventions of chronic total occlusion (CTO) (5) and
during PCI of the right coronary artery (RCA) (3,6-8)
and often extends to the aortic root (9).

The suspicion of iatrogenic coronary and/or aortic
injury first occurs during ICA, which shows extravasa-
tion of contrast media (CM). However, the true extent
of injury is often underestimated (10), necessitating sec-
ond-line imaging including CT, which combines speed,
noninvasiveness, and high accuracy for disease classifica-
tion (11,12), hereby guiding further management. Dun-
ning et al (3) classified iatrogenic aortic injury from ICA
into three groups: local involvement of the ipsilateral
aortic cusp, representing type I; less than 40-mm exten-
sion along the ascending aorta, representing type II; and
greater than 40-mm extension along the ascending aorta,
representing type III. Patients with injury types I and II
were proposed to be managed conservatively, while the
more extensive type III should undergo surgery (3).

In this case series, we report on early and follow-up
CT imaging findings in four patients with iatrogenic
aortic root injury from ICA and PCI.

Case Presentations
Case 1

A 68-year-old female patient with known three-vessel

coronary artery disease had atypical chest pain and ele-
vated high-sensitivity cardiac troponin levels after pelvic
surgery. The patient underwent ICA with the aim of cir-
cumflex artery recanalization (Table E1 [supplement]).
After the first CM injection in the aortic root, extrava-
sation was noticed. No emergency intervention was
performed. Emergency transthoracic echocardiography
(TTE) showed no pericardial hematoma. CT performed
30 minutes after ICA demonstrated a crescent-shaped
hyperattenuation reflecting undiluted CM from ICA in
the aortic wall extending 40 mm above the aortic an-
nulus, representing Dunning type III (Fig 1). There was
no perfusion or contrast enhancement of the aortic wall
from intravenously administered CM. Follow-up CT
after 21 hours showed complete resolution of the CM
accumulation. The patient was managed conservatively
and recovered completely.

Case 2

A 72-year-old male patient with typical angina, known
three-vessel coronary artery disease, and previous coro-
nary artery bypass graft surgery to the left anterior de-
scending and circumflex arteries underwent PCI for
recanalization of a CTO of the RCA (Table E1 [supple-
ment]). After placement of an ostial stent, extravasation
of CM near the ostium of the proximal RCA occurred.
A covered stent was immediately implanted. Emergency
TTE showed no pericardial hematoma. CT performed
1.5 hours after PCI showed a hematoma including un-
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Summary

Early CT shows in the majority of patients with iatrogenic injury
isolated subintimal contrast media staining in the aortic wall without
imaging evidence of communication with the lumen of the aortic
root. This finding is associated with excellent short-term prognosis.

Key Points

m Accumulation of undiluted contrast media (CM) in the wall of the
aortic root can be found at CT performed early after complicated
invasive coronary angiography and intervention.

= Preliminary experience in our small patient series suggests that
subintimal CM staining of the aortic wall, without imaging evi-
dence of communication with the lumen of the aortic root, shows
favorable short-term outcome.

Keywords
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diluted CM from the intervention adjacent to the proximal
RCA extending to the ascending aorta, the latter showing
lower attenuation, to around 40 mm above the level of the
aortic annulus (Dunning IIT). There was extension of the he-
matoma in the wall of the pulmonary trunk and pulmonary
arteries, eventually reaching the lobar pulmonary arteries of
both lungs. There was no perfusion or contrast enhancement
of the aortic wall from intravenous CM. Perihilar, perivascu-
lar ground-glass opacities compatible with alveolar hemor-
rhage in this patient, who presented with hemoptysis, was
found in all pulmonary lobes, corresponding to extension of
the hematoma to the alveoli (Fig 2). Follow-up CT after 2
days showed marked reduction of intramural hematoma of
the aortic root, complete resolution of intramural hematoma
of the pulmonary trunk and pulmonary and lobar pulmonary
arteries, and reduction of mediastinal hematoma and alveolar
hemorrhage. The patient was managed conservatively and re-
covered completely.

Case 3

A 72-year-old woman with known two-vessel coronary artery
disease and previous non-ST-elevation myocardial infarc-
tion treated with PCI of the RCA and circumflex artery had
intermittent atypical angina. Stress perfusion MRI revealed
inducible ischemia in the RCA territory (Table E1 [supple-
ment]). ICA revealed subtotal in-stent restenosis of the RCA.
During intervention, extravasation of CM at the RCA ostium
occurred, which was immediately treated with placement of
a stent overlapping the proximal stent and extending it to the
coronary ostium. Emergency TTE showed no abnormality.
Thirty minutes after PCI, CT demonstrated a small, crescent-
shaped hyperattenuation of the aortic wall adjacent to the
RCA ostium (Dunning I) (Fig 3). There was no perfusion
or contrast enhancement of the aortic wall from intravenous
CM. Follow-up CT after 24 hours showed complete resolu-
tion of the findings.

Case 4

A 70-year-old female patient with chest pain and non-ST-el-
evation myocardial infarction underwent PCI for recanaliza-

tion of an acute-on-chronic occlusion of the RCA (Table E1
[supplement]). Following balloon predilation of the proximal
to mid RCA, extravasation of CM into the wall of the aortic
root occurred. No further intervention was performed. Emer-
gency TEE showed acute dissection of the ascending aorta.
CT performed 30 minutes after PCI helped confirm Stanford
type A acute aortic dissection extending to the origin of an
arteria lusoria, including hyperattenuated CM from invasive
angiography in the aortic root (Dunning III), along with
mild mediastinal hematoma (Fig 4). The patient underwent
emergency replacement of the ascending aorta and aortic
arch. Follow-up CT 12 hours after PCI showed progression
of the dissection to the level of the left common iliac artery.
Eight days after PCI, CT showed unchanged findings. The
patient is currently stable and undergoes regular outpatient
clinical and imaging follow-up.

Discussion

This case series illustrates early and follow-up CT imaging

findings in four patients with iatrogenic aortic root injury
from ICA and PCI. In three patients, findings from early CT
performed less than 2 hours after the intervention showed
a crescent-shaped CM staining from ICA in the wall of the
aortic root. Follow-up CT in these three patients showed
complete resolution of the subintimal CM staining, with re-
sidual intramural hematoma remaining in one. Classic aortic
dissection occurred in one patient, including undiluted CM
from ICA in the false lumen in the aortic root. This patient
underwent subsequent repair of the ascending aorta.

latrogenic injury to the aortic root from ICA is rare (1).
Most aortic root injuries in our series occurred during inter-
vention of the RCA, which is compatible with the literature
(14). While one patient developed a classic Stanford type
A aortic dissection, in the majority, early CT, performed
less than 2 hours after the intervention, showed a crescent-
shaped staining from undiluted CM in the wall of the aortic
root. This CT imaging finding has been previously reported
only rarely (12, 14-16). Garcia Iglesias et al (15) showed
a case with subintimal staining with undiluted CM in the
right coronary sinus after PCI (the time interval between in-
tervention and CT was not provided), showing a complete
resolution after 4 days. Song (16) showed a case with cres-
centic aortic wall thickening with undiluted CM after ICA
(time interval not provided), which showed complete reso-
lution at CT performed after more than 2 months. Tanasie
et al (14) showed two cases with CT performed less than 1
hour after ICA and PCI, both showing highly attenuated,
undiluted CM in the aortic wall. In one patient, regression
was demonstrated in findings at CT performed 48 hours
later, while one patient died within hours after failed RCA
stenting due to massive right ventricular infarction, without
available follow-up imaging (14). In their review, Goerne et
al (12) showed images in two patients with highly attenuat-
ing CM from ICA in the ascending aorta, with the hyper-
attenuated CM accumulation extending to the descending
aorta in one patient.
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Figure 1: Serial chest CT images in a
68-year-old female patient (patient 1). (A)
Axial chest CT image at the level of the aortic
roof. The nongated chest CT examination was
performed to rule out pulmonary embolism
before the actual hospitalization. The arrow
indicates a normal aortic wall. Two weeks
later, the patient underwent invasive coronary
ongiogrophy for recanalization of the circum-
flex artery. After the first contrast media injec-
tion in the aortic root, extravasation of contrast
media info the aortfic wall was noficed (image
not shown). CT performed 30 minutes after
invasive coronary angiography demonstrated
a crescent-shaped hyperattenuation, reflect-
ing undiluted contrast media in the aortic wall
(Dunning type III; arrow on B, an electrocar-
diographically [ECG]-gated nonenhanced
chest CT image and €, an ECG-gated
contrast-enhanced chest CT image). Follow-
up CT the following day showed complete
resolution of the contrast media accumulation
(arrow in D).

]

Figure 2: Imagesin a 72-year-old male patient (patient 2) undergoing coronary intervention for recanalization of a chronic fotal occlusion of
the right coronary artery. (A) Coronary angiogram shows extravasation of contrast media recognized during the procedure (yellow arrow). The
perforation was treated with immediate implantation of a covered stent. CT performed 1.5 hours after percutaneous coronary intervention showed
afocal hyperattenuated layering of contrast media adjacent to the proximal right coronary artery, with additional inframural hematoma extending to
the ascending aorta (Dunning IIl; yellow arrows on B, €, axial non-contrast-enhanced and D, contrast-enhanced CT images) and to the pulmonary
arferies to the level of the lobar arteries of both lungs (yellow arrows on €, non-contrast-enhanced and D, contrast-enhanced CT images). Perivas-
cular ground-glass opacities compatible with alveolar hemorrhage in this patient with hemoptysis were found in all pulmonary lobes, corresponding
to extension of the hematoma to the alveoli (category Ill, according to Sueyoshi et al [13]; yellow arrows in E). Follow-up CT after 2 days revealed
marked reduction of intframural hematoma of the aorfic root and complete resolution of the inframural hematoma in the pulmonary trunk (yellow
arrows) and lobar pulmonary arteries, along with F, a reduction of mediastinal hematoma and alveolar hemorrhage.
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Figure 3:

right coronary artery (RCA). There was focal extravasation of contrast media at the RCA osfium (yellow arrow in A). The extravasation was immediately

Images in a 72-year-old female patient (patient 3) undergoing infervention for recandlization of a subtotal (99%) in-stent restenosis of the

treated with sfent extension to the RCA ostium. Thirty minutes after the intervention, CT demonstrated a small, focal, crescent-shaped hyperattenuation

of the aortic wall adjacent to the RCA ostium, compatible with subintimal contrast media staining (Dunning I; yellow arrow on B, axial and €, contrast-

enhanced CT images and D, multiplanar reformation of contrast-enhanced CT images). Follow-up CT after 24 hours showed complete resolution of

the undiluted contrast media accumulation (yellow arrow on E, axial non—contrast-enhanced and F, contrast-enhanced CT images).

In our series, two of the three patients with subintimal
CM staining (one with Dunning type III and one with Dun-
ning type I) showed complete resolution of abnormalities at
short-term follow-up CT, while one patient (with Dunning
type III) showed resolution of CM staining with residual in-
tramural hematoma in the aortic root. On the basis of our
preliminary experience in a limited number of patients, it ap-
pears that subintimal CM staining alone—without imaging
evidence of direct communication between the aortic lumen
and wall—seems to resolve, even in the case of intramural
hematoma of the pulmonary arteries, and even if extending
beyond 4 cm above the level of the aortic annulus. This is in
line with the literature reporting good outcome for patients
sustaining iatrogenic aortic injury from invasive coronary in-
terventions, with adequacy of medical management in most
cases (7,11,14,17-19).

We hypothesize that in patients with subintimal CM stain-
ing, at some point there had to be a communication, even if
very small, through which the CM entered the aortic wall. If
small enough and in a normal aorta, this does not lead to a
large tear or dissection and seals off once the catheter or wire
is retracted. In the patient with dissection, underlying media
degeneration must have been present, and in this situation, the
tear triggered a classic dissection.

In line with the literature, we consider CT the imaging
modality of choice when aortic root injury is suspected. The
protocol should be performed with electrocardiographic
gating including a nonenhanced and a contrast-enhanced
arterial phase.

In conclusion, in most patients with iatrogenic injury,
early CT shows isolated subintimal CM staining in the aortic
wall without imaging evidence of communication with the
lumen of the aortic root. This finding is associated with excel-
lent short-term prognosis.
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Figure 4: Images in a 7O-year-old female pafient (patient 4) undergoing recanalization of
an acute-on-chronic occlusion of the right coronary artery (RCA). Following balloon predilation
of the proximal to mid RCA, extravasation of contrast media in the wall of the ascending aorta oc-
curred (yellow arrow in A). (B, €) Emergency transthoracic echocardiography showed dissection
of the ascending corta. CT performed 30 minutes after percutaneous coronary intervention helped
confirm a Stanford type A acute aortic dissection, extending fo the origin of an arteria lusoria (Dun-
ning Ill), with partial layering of hyperattenuated contrast media from the intervention in the aortic
root [yellow arrow in D-G). (H) Follow-up CT performed 12 hours after the intervention and after
emergency replacement of the ascending aorta and cortic arch showed progression of the dissec-
tion to the descending aorta.
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