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Abstract

Hemorrhage extending to the pulmonary artery is an uncommon complication of Stanford type A aortic dissection that has a poor
prognosis. Diagnosis of this complication is mainly dependent on imaging studies, especially computed tomography. High atten-
uation can be seen along the wall of the pulmonary artery on the non-enhanced study, while the enhanced study shows luminal
narrowing and wall thickening of the pulmonary artery. We report three cases with different imaging findings of hemorrhage ex-
tending to the pulmonary artery from Stanford type A aortic dissection.
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1. Introduction

Hemorrhage extending along the pulmonary artery
from the ruptured aorta is an uncommon complication
of Stanford type A aortic dissection. It can occur when
the posterior wall of an aorta is ruptured because the pul-
monary trunk and ascending aorta have a common adven-
titia (1, 2). Only a few reports were published previously on
this subject (2-6). It can be diagnosed by an imaging study
such as computed tomography (CT).

We report three cases of hemorrhage extending to the
pulmonary artery from Stanford type A aortic dissection
and review general features, diagnosis and management
of this complication.

2. Case Presentation

2.1. Case 1

An 87-year-old female patient arrived at our emergency
department with general weakness and dizziness. She had
a history of hypertension, and electrocardiography (ECG)
showed atrial fibrillation. Chest radiography showed car-
diomegaly with bulging opacity in the right hilar area.
Cardiac biomarkers such as creatine kinase muscle and
brain (CK-MB) (4.15 ng/mL), pro-B-type natriuretic peptide
(BNP) (151.37 pg/mL), and creatine phosphokinase (CPK)
(210 IU/L) were elevated, and echocardiography was per-
formed to evaluate heart function. Findings suggested the

presence of an ascending aortic aneurysm with intramu-
ral hematoma and penetrating ulcer. No regional wall mo-
tion abnormality was seen in echocardiography. Conse-
quently, an ECG-gated CT aortography was performed on
a 64 detector-row CT scanner (Brilliance 64, Philips Med-
ical Systems, Cleveland, OH, USA). CT revealed a Stanford
type A dissection involving the aortic root with saccular
aneurysmal dilatation (maximal diameter = 8.5 cm). Aortic
dissection did not involve coronary arteries. On contrast-
enhanced images, wall thickening and luminal narrowing
of the main and right pulmonary arteries were observed.
Corresponding region showed high attenuation on non-
enhanced images that indicated a hemorrhage. Further-
more, in lung window setting, interstitial thickening and
ground-glass opacity in the lung parenchyma suggested
hemorrhage extension into the alveoli (Figure 1). Unfortu-
nately, while waiting for emergency surgery, the patient’s
blood pressure and heart rate dropped, and she eventually
died even after vigorous resuscitation efforts.

2.2. Case 2

A 72-year-old female patient visited our emergency de-
partment with complaints of right thigh pain and mild
chest discomfort. She had a history of hypertension, and
an initial chest radiography showed mild cardiomegaly.
Cardiac enzyme levels were normal. Lower extremity CT
arteriography was performed due to pulseless and pale
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Figure 1. An 87-year-old woman who complained of general weakness and dizziness. A, Axial enhanced CT image in a mediastinal window setting demonstrates a dissection
flap (arrow) in the proximal ascending aorta with aortic aneurysm. B, Axial non-enhanced CT image in a mediastinal window setting demonstrates hemorrhage along the
main and right pulmonary artery as high attenuation (arrows). C, Axial enhanced CT image in a mediastinal window setting demonstrates wall thickening with severe luminal
narrowing (arrows). D, Axial enhanced CT image in a mediastinal window setting demonstrates interstitial thickening and ground-glass opacity in lung parenchyma suggest
hemorrhage extension into the alveoli (arrowheads).

dorsum of the right foot. CT scan revealed aortic dissec-
tion from the abdominal aorta to both common iliac arter-
ies. Right proximal common iliac artery was compressed
by thrombus filled false lumen. To evaluate the origin of
aortic dissection, an ECG-gated CT aortography was per-
formed 40 minutes after lower extremity CT arteriogra-
phy. On enhanced CT, dissection of the aortic root along
with wall thickening and luminal narrowing of the pul-
monary artery were observed. This suggested that the
hemorrhage from the aortic dissection extended to the
pulmonary artery. However, unlike the previous case, we
could not distinguish the high attenuation along the pul-
monary arterial wall from the pulmonary arterial lumen
on pre-contrast CT. This was because previously injected
contrast media from the lower extremity CT arteriography
had not completely washed out, which resulted in high at-
tenuated lumen on pre-contrast CT (69 Hounsfield unit). In

addition, ground glass opacity was seen on the right cen-
tral lung, suggesting hemorrhage extension to the alve-
oli in lung window setting (Figure 2). Blood pressure and
heart rate continued to fall while waiting for emergency
surgery. Despite careful management, the patient died on
the following day.

2.3. Case 3

An 86-year-old female patient arrived at our emergency
department with acute onset chest pain radiating to the
back and mild dyspnea. She had a history of hypertension,
and initial vital signs were stable. Electrocardiography
suggested left ventricular hypertrophy. Cardiac enzyme
levels were normal. D-dimer was elevated (3.36 ug/mL). Ini-
tial chest radiography showed dilated and tortuous aortic
shadowing along with mild cardiomegaly. A pulmonary
embolism CT scan was further performed to evaluate the
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Figure 2. A 72-year-old woman who complained of right thigh pain and mild chest discomfort. A, Axial non-enhanced CT image in a mediastinal window setting. Hemorrhage
is concealed due to previously injected contrast media, resulting in high attenuated lumen (69 Hounsfield unit). B, Axial enhanced CT image in a mediastinal setting. Wall
thickening and luminal narrowing of the pulmonary artery suggest hemorrhage from ruptured aorta extending to the pulmonary artery (arrows). C, Axial enhanced CT image
in a lung window setting. Ground glass opacity in the right central lung suggests hemorrhage extension to the alveoli (arrows).

patient’s symptom and D-dimer elevation. There was no
pulmonary embolism, but Stanford type A aortic dissec-
tion from the aortic root was noted. In addition, narrowing
of both pulmonary arteries indicated that these findings
together suggested extension of hemorrhage from aortic
dissection to both pulmonary arteries. However, we were
not able to evaluate high-attenuated hemorrhage because
non-enhanced images were not included in our routine
pulmonary embolism CT protocol. On lung window set-
ting, patchy ground glass opacity in the right upper and
central lung suggested hemorrhage extension to the alve-
oli (Figure 3). Emergency operation was considered but
was not performed due to patient’s old age and poor gen-
eral condition. The patient was transferred to a nursing
hospital for conservative management.

3. Discussion

Aortic dissection is the most common cause of aortic
emergency and has a high mortality rate (7). Therefore,
rapid diagnosis and management are necessary. Fortu-
nately, recent advancement in imaging techniques, such
as ECG-gated CT aortography and MRI, contributes to di-
agnosing acute aortic dissection more rapidly and easily.
CT is the preferred modality over MRI in emergency situ-
ations due to shorter scanning time. This imaging modal-
ity not only differentiates aortic dissection types but is also
capable of evaluting fatal complications of aortic dissec-
tion such as hemopericardium, hemothorax, and organ is-
chemia (7).

Among those complications, hemorrhage extending
along the pulmonary artery is an uncommon complica-
tion of Stanford type A aortic dissection. This complica-
tion reduces pulmonary circulation, which eventually de-
creases left ventricle preload resulting in a devastating out-
come. Only a few reports were published previously (2-

6). Sueyoshi et al. found 21 cases (9%) of 232 patients with
Stanford A aortic dissection (2), but the true prevalence of
this complication is still unclear because this complication
is probably under-recognized. Anatomically, pulmonary
trunk and ascending aorta have a single common adventi-
tia at the roots of the great vessels, and the ascending aorta
is anterior to the pulmonary artery at the roots of the great
vessels. Therefore, hemorrhage resulting from the rupture
of the posterior wall of the aorta can extend into the space
between the media of the pulmonary artery and common
adventitia. This can compress and narrow the pulmonary
arterial lumen as the aortic pressure is higher than the pul-
monary artery pressure (1, 2).

Diagnosis of this complication is mainly dependent on
imaging studies. According to previous reports, chest ra-
diographic findings are variable from normal to mimick-
ing pulmonary edema. Transthoracic echocardiography
can detect aortic dissections and some complications such
as hemopericardium (8), however, it has limitations when
it comes to evaluating the pulmonary artery. As a result,
CT is the most sensitive method to evaluate the complica-
tion of aortic dissection. On nonenhanced CT, hemorrhage
is visible as high attenuation along the wall of the pul-
monary artery. On enhanced CT, it is usually interpreted as
pulmonary arterial wall thickening with narrowed lumen
(2-4). Accurate diagnosis is guaranteed only when both pre
and post contrast enhanced scans are obtained. For exam-
ple, our first case showed wall thickening and luminal nar-
rowing of the pulmonary artery on enhanced CT, and the
wall thickening was confirmed as hemorrhage by high at-
tenuation in the corresponding region on non-enhanced
CT. However, not all cases reveal both findings. In our sec-
ond case, pre-contrast CT was performed just after lower ex-
tremity CT angiography, so highly attenuated hemorrhage
was concealed by previously injected contrast-media. On
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Figure 3. An 86-year-old woman who had acute onset chest pain radiating to the back and mild dyspnea. A, Axial enhanced CT image in a mediastinal window setting.
Hemorrhage from the ruptured aorta extends along both pulmonary arteries resulting in narrowing of both pulmonary arteries (arrows). B, Axial enhanced CT image in a
lung window setting. Patchy ground glass opacity in the right upper and central lung suggests hemorrhage extension to the alveoli (arrows).

the other hand, sometimes contrast media from a previ-
ous study remains in the aortopulmonary adventitia and
is seen as a high density lesion. This should be differen-
titated from hemorrhage (6). Therefore, if any contrast-
enhanced CT was performed before CT aortography, physi-
cians should consider the effect of previously injected con-
trast media. Furthermore, like in our third case, non-
enhanced CT images are not always routinely included in
CT scans. Therefore, in these situations, enhanced images
should be more carefully evaluated.

Sueyoshi et al. (2) classified this complication into
three catergories based on the extent of hemorrhage
shown by the CT image. The first category includes abnor-
mal density limited only to the pulmonary artery, indicat-
ing hemorrhage is localized around the pulmonary artery.
The second category includes the presence of interlobular
septal thickening on CT, which indicates hemorrhage ex-
tension into the interlobular septa. The third category is
defined as hemorrhage extension into the alveoli, and the
CT image shows ground-glass opacity in the affected lung
field. Higher category is associated with worse prognosis
(2). Therefore, we also have to carefully assess lung images.
All three of our cases can be classified into the third cate-
gory.

Stanford type A aortic dissection itself has a poor prog-
nosis, but when it is combined with complications, the
prognosis is even worse. Hemorrhage extending to the
pulmonary artery is one of the most fatal complications
of Stanford type A aortic dissection and emergent surgi-
cal management needs to be considered (9). Therefore, a
quick and accurate imaging evaluation can help the pa-
tient receive appropriate management. Typical imaging
findings of a hemorrhage extending to the pulmonary ar-

teries are noted by high attenuation along the wall of the
pulmonary artery on nonenhanced CT, while enhanced CT
images show wall thickening and luminal narrowing of
the artery. However, not all cases reveal both findings and
different CT findings can make diagnosis difficult. There-
fore, we should keep this complication in mind when aor-
tic dissection is considered.
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