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Abstract

Due to its nonspecific symptoms, in several cases, Acute
Aortic Dissection (AAD) is a difficult-to-diagnose urgent condi-
tion. The torn intimal layer initiates a false lumen, which can
potentially propagate and cause life-threatening ruptures or organ
ischemia. Intramural hematoma can rarely develop inside the false
lumen, resulting in compression of surrounding structures and
worsening the patient’s prognosis. We report a case of AAD -
Stanford Type A complicated by an intramural hematoma com-
pressing the pulmonary artery, accompanied by a discussion of rel-
evant literature. This patient presented to the emergency depart-
ment with acute respiratory distress; clinical and initial diagnostic
findings mimicked pulmonary embolism. However, a systematic
differential evaluation supported by point-of-care ultrasound
allowed a prompt diagnosis of AAD and avoided fixation errors.

Highlights

- Acute aortic dissection is a difficult-to-diagnose,
must-not-miss condition in emergency medicine.

- Intramural hematoma is a rare but worrisome complication
of aortic dissection, potentially compressing surrounding
structures and worsening the patient s prognosis.

- Rarely acute aortic dissection can present with shortness of
breath. This presentation can be misleading and can be
associated with worse prognosis.

- A case of Stanford A aortic dissection presenting with
respiratory distress and mimicking pulmonary embolism —
due to an intramural hematoma compressing the pulmonary
artery — is reported here, along with relevant literature.

Introduction

Acute Aortic Dissection (AAD) is a serious, difficult-to-diag-
nose medical emergency.'?

Caused by traumatic injury or predisposed by a series of con-
ditions (e.g., connective tissue disorders, hypertension, pre-exist-
ing aortic aneurysm, pregnancy, vasculitis, or atherosclerosis),
AAD starts from a tear of the intimal layer which creates a false
lumen within the aortic wall. As the most frequent acute aortic syn-
drome (85-95%),? the pathophysiology of AAD entails proximal or
distal propagation of the false lumen, potentially resulting in com-
plications such as organ ischemia — due to compression of the true
lumen or branch vessel involvement and obliteration — or life-
threatening ruptures. Treatments range from non-invasive medical
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support to surgical management, according to the severity of the
case. Symptoms of AAD vary from the classical severe chest
and/or back pain with sudden or “tearing” features to atypical pre-
sentations; the absence of classical signs and symptoms character-
ize less than 5%.* Intramural hematoma is associated with a worse
prognosis than AAD alone.’

An overview of Acute Aortic Dissection

Chest pain is the most common symptom reported in patients
affected by AAD,° but subtle or uncommon symptoms have been
described as well.” A retrospective cohort study conducted in the
UK suggests that emergency physicians initially consider AAD in
the differential diagnosis but finally exclude it as symptoms
resolve, especially in atypical presentations.® Overall, acute chest
pain can potentially represent the manifestation of serious medical
conditions but, unfortunately, is one of the most common reasons
to attend the Emergency Department (ED). Chest pain accounts for
approximately 10% of non-injury-related visits, with an incidence
of 8-19 per 1000 person-years - higher in urban than rural hospitals
- with a mean age of 52-61 years and mostly men (49-57%).7 It is,
therefore, tempting for the emergency medicine practitioner to take
advantage of heuristic shortcuts, missing atypical manifestations
among such a numerous and undifferentiated group.

According to the DAShED study,” of all the patients presenting
in the United Kingdom’s EDs with potential AAD symptoms, only
0.3% have an acute aortic syndrome.

Some AADs are painless, presenting with syncope or acute
neurological symptoms, usually affecting younger patients with
fewer comorbidities. For these reasons, Usui ef al. suggested that
stroke patients should always have a Computed Tomography (CT)
full-aortogram.”!® Among other possible findings, AADs can pre-
sent with hypertension (especially in Stanford type B), while pulse
deficits or asymmetry are uncommon. More than 20% of patients
with confirmed AAD lacked abnormalities of the mediastinum or
aortic contour on chest X-rays.® However, recent data showed that,
when AAD was taken into differentials, ED physicians were false-
ly reassured by clinical findings such as symmetrical upper limbs
blood pressures and radial pulses or normal appearances of the
mediastinal contour on chest X-rays.!"1?

Electrocardiogram (ECQG) is inaccurate in the diagnosis of
AAD. When altered, signs of myocardial ischemia or criteria for
ventricular hypertrophy can bias the interpretation of the underly-
ing disease. Specifically, in 5% of AADs - Stanford type A, signs
of acute myocardial infarction have been described, caused by the
dissection’s propagation back to a coronary ostium and the conse-
quent compression of the proximal coronary artery exerted by an
expanding false lumen. Since aortic dissection flaps usually origi-
nate from the right-anterior aspect of the ascending aorta, above
the right coronary sinus, the right coronary artery is typically
involved, therefore manifesting with an inferior ST-Elevation
Myocardial Infarction (STEMI) pattern.' Isolated anterior STEMI
drops the likelihood of aortic dissection but does not eliminate it.'*
Such variability also depends on the predominance pattern of coro-
nary arteries, which is mostly a right pattern.

Among laboratory testing, D-dimer is promising, but support-
ing evidence is conflicting.?

Suzuki et al. suggested a possible role of D-dimer in risk-strat-
ifying patients within the first 24 hours after symptom onset."
According to the ADVISED Prospective Multicenter Study, among
patients presenting with D-dimer <500 ng/mL and an Aortic
Dissection Detection (ADD) risk score of 0, 1 over 300 is missed,
whereas with an ADD risk score >1, 4% of dissections are
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missed. !

Many clinical decision tools are available for the ruling in/out
of AAD, but none of them has been proven to be superior to clini-
cal gestalt.

Point-of-Care Ultrasound (POCUS) is currently fundamental
in evaluating the undifferentiated patient in the ED,!” and has dra-
matically changed the management of AAD patients.!® In some
series, the sensitivity of this tool in the diagnosis of ascending aor-
tic dissection was reported to be 78-90% but only 31-55% in
descending aortic dissection; similarly, specificity for Stanford
type A aortic dissection ranged between 87 and 96%, and was
lower for type B (60-83%)." The advantages of POCUS are the
absence of radiation, a fast learning curve, the capacity to rapidly
answer clinical questions, and the opportunity to perform the exam
at the patient’s bedside or even in the prehospital arena. Among the
different protocols suggested in emergency medicine, the
Sonographic Protocol for the Emergent Evaluation of aortic
Dissection (SPEED) is specifically meant for diagnosing acute
aortic dissection, and it has been recently tested in a prospective
observational study.? The Rapid Ultrasound for Shock and
Hypotension (RUSH) protocol includes the visualization of the
aortic root in the Parasternal Long Axis (PLAX) view and abdom-
inal aorta, thus seems helpful in evaluating potential AAD.?!
Therefore, to improve the assessment of the aorta, its other seg-
ments should be visualized in the remaining Transthoracic
Echocardiography (TTE) projections and completed with a trans-
abdominal window extending the assessment to the abdominal
aorta for the construction of a sort of aortic map in 4 points."”
Moreover, POCUS allows the evaluation of other signs, such as
pericardial effusions or aortic regurgitation, making differential
diagnosis easier and faster. Transesophageal Echocardiography
(TEE) is even better in diagnosing AAD, approaching 100% sensi-
tivity and specificity in some series, but it is not routinely available
in the ED.22%3

Finally, a CT angiogram of the aorta is currently considered the
gold-standard diagnostic test for aortic dissection.!?*

Materials and Methods

We report a case of AAD with intramural hematoma causing
compression of the pulmonary artery and consequent pulmonary
blood flow obstruction mimicking massive pulmonary embolism.
The ultimate goal is to describe the peculiarities of this patient’s
clinical presentation and first assessment to increase awareness by
disseminating it among emergency medicine practitioners.

In the second part, we summarize the published literature
about this rare condition, discussing the complexities of managing
undifferentiated patients presenting to the ED complaining of dys-
pnea or chest pain.

A scoping review was performed through a search on Google
Scholar or Pubmed for publications about aortic dissection with
intramural hematoma compressing the pulmonary artery. The fol-
lowing keywords were searched in titles and abstracts: aortic dis-
section; acute aortic dissection; aortic syndrome; hypoxia; dysp-
nea; intramural hematoma; and pulmonary artery. Only articles
with available full texts were included. Two authors independently
screened titles and abstracts of all potential studies for inclusion,
seeking a third opinion in case of conflict.

The case
An 80-year-old woman was transported by ambulance to the
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ED of the Azienda Ospedaliera-Universita di Padova, complaining to the contralateral.

of acute chest pain, respiratory distress, nausea, vomiting, and Intravenous analgesic therapy with 0.1 mg fentanyl and
right leg pain. antiemetic treatment with 10 mg metoclopramide were adminis-

Her medical history was relevant for hypertension, hypothy- tered, achieving a reduction of symptoms. A CT angiogram
roidism, and previous breast and kidney cancers in regular follow- acquired from the supra-aortic to the iliac vessels confirmed a Type
up after remission. Daily therapy consisted of acetylsalicylic acid, A aortic dissection extending from the valvular plane to the first
levothyroxine, and an Angiotensin-Converting Enzyme (ACE) tract of the common left carotid artery, left subclavian artery, down
inhibitor. to both iliac arteries, with occlusion of the right iliac artery. Of

After triage, the patient was promptly placed under complete ~ note, the CT angiogram documented a hematoma of the aortic wall
monitoring, showing Peripheral Oxygen Saturation (SpO,) of 88%  compressing the pulmonary artery lumen, with signs of active
in room air; respiratory rate of 36 breaths per minute; non-invasive ~ bleeding inside the wall of the ascending aorta. No lung and
blood pressure of 170/80 mmHg; heart rate of 80 bpm, sinus  abdominal organ alterations were detected (Figure 2).

rhythm. Oxygen was administered through a non-rebreather mask, The elevated blood pressure was treated with a continuous
slightly reducing respiratory rate and improving SpO, to 98%. infusion of labetalol and gradually titrated to achieve an invasively
Cardiac and pulmonary examinations were unremarkable. monitored arterial pressure of 120/60 mmHg. The patient was
Interestingly, the right leg showed signs of hypoperfusion (temper- directly admitted to the cardiothoracic surgery operating room,
ature slightly colder and femoral and popliteal pulse strength ~ where the ascending aorta was successfully replaced with an aortic
severely reduced). prosthesis. After 14 days of admission, the patient was transferred

The ECG showed sinus rhythm with poor R wave progression  to a cardiologic rehabilitation center.
in precordial leads but no alterations in depolarization or repolar-
ization (Figure 1). An Arterial Blood Gas (ABG) analysis obtained
immediately after the admission - before oxygen administration -

was relevant for hypoxia and hypocapnia. POCUS demonstrated: Results

a preserved lung sliding without pleural alterations or effusion; a After the literature search, we found one case series of 4
collapsing inferior vena cava; no pericardial effusion; a hyper-  patients, 18 case reports, and a radiology retrospective cohort study
trophic left ventricle and both left and right chambers without focusing on the radiologic features (Supplementary Table 1).254
signs of acute strain or wall motion abnormalities. Despite an aor- Only one article was published in an emergency medicine the-

tic bulb diameter within the normal range, the parasternal long-axis matic journal,* while most were published in radiology or cardio-
view (supplemental material) of the heart showed an enlarged thoracic surgery journals. Among the 22 described cases, chest
ascending aorta (46 mm) containing an intimal flap that continued ~ pain was the most prevalent symptom, usually radiating to the back
through the aortic arch and the abdominal aorta. Compression (17 patients). In this subset of patients, dyspnea was a fairly com-
ultrasound of lower extremity veins was normal, with the right mon symptom (9 patients).?52629,33-35.38,39.43

femoral artery’s flow present but reduced in amplitude compared In 9 patients, the diagnosis was achieved with echocardiogra-
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Figure 1. Patient's Electrocardiogram (ECGQ) at the presentation in the Emergency Department (ED). Poor R wave progression in the pre-
cordial leads could be associated with right ventricle overload.
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phy (one with TEE), with echocardiographic findings reported.
Specifically, pulmonary hypertension has been described; most
patients presented with a Pulmonary Artery Systolic Pressure
(PASP) greater than 70 mmHg. In particular, Dong ef al. reported
a PASP of 75 mmHg,* Sheu et al. 70 mmHg,* Can et al. 80
mmHg,* Okiwelu e al. 64 mmHg.>¢ Podbregar reported a transtri-
cuspidal gradient of 45 mmHg.?* Gros-Gean reported 2 cases with
normal-sized right-side chambers* and a case with an enlarged
right ventricle at the CT scan. Masuo et al. reported elevated right
ventricular pressure on right cardiac catheterization.” On ECG,
only 3 cases reported ST abnormalities, 6 patients were tachy-
cardic; none of the retrieved cases met STEMI criteria, nor were
clear signs of right-side overload noted. D-dimer was reported to
be >500 mg/L in 4 cases and normal in 2 cases. On chest X-ray, six
cases reported a widened mediastinum.

Discussion

The peculiarities of this case can be summarized in two over-
lapping features of AAD diagnosis in emergency medicine: its
subtle nature and the importance of rule-out/rule-in clinical rea-
soning.

First, a patient presenting with respiratory distress could have
diverted the attention of the treating team towards a “respiratory
problem”, prompting a totally different case processing than that
of an AAD. That could have led to inappropriate treatment or
diagnostics, such as a contrast-enhanced CT scan for pulmonary
embolism only, whose prevalence is higher than that of AAD and
which has a presentation matching the clinical aspect and the
arterial blood gas analysis. Considering that — in many centers —
double rule-out CT scans for AAD and pulmonary embolism are
not routinely performed, this fixation error could have led to a
missed diagnosis. However, the presence of clinical signs con-
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flicting with the suspect of pulmonary embolism and the ultra-
sound-integrated approach created an alternative hypothesis,
which ultimately led to a correct and timely diagnosis.

Second, this case represents how fast thinking alone or pure
heuristic reasoning, without an analytical re-check (slow think-
ing), could have perpetrated fixation errors and potentially trans-
lated into diagnostic delays in front of a masked medical emer-
gency.*

Instead, a second reassessment of the patient’s clinical pic-
ture, challenging the initial suspected diagnoses, allowed the
team to reveal an unexpected AAD.

Intramural hematoma is an infrequent complication of AADs,
in which blood penetrates along the connective sheath or in the
adventitia of the aorta. It has been reported as an independent risk
factor for death.®!'> Given the limited number of patients retrieved
and the lack of guidelines specific to AADs with intramural
hematoma compressing the pulmonary artery, it is difficult to
elaborate valid recommendations; however, some suggestions
can be abstracted from the present and the collected cases. In par-
ticular, while keeping emergency medicine reasoning accurate
but fast, atypical conditions should be considered when the clin-
ical picture and diagnostic data are conflicting, as demonstrated
by the reasoning described in this case. Dyspnea was found as the
most common presentation symptom within the collected cases,
which is atypical for acute aortic syndromes, as is compression of
the pulmonary artery by an intramural hematoma. In the broader
context of AADs, dyspnea can be justified by acute aortic regur-
gitation, potentially present in Stanford type A dissections*’ and
leading (if severe) to elevated left ventricle preload and filling
pressure and eventually to acute heart failure. A respiratory com-
promise could also derive from cardiogenic shock — due to car-
diac ischemia after coronary occlusion — or rare aortopulmonary
artery fistula causing acute right heart failure.*®

Instead, among the collected cases, only one had a Stanford
type B dissection, although current literature reports that intra-

Figure 2. Computed Tomography (CT) aortogram performed in the emergency department. Note that the pulmonary artery (arrows) is
compressed by the extravasation of blood (stars) from the dissected ascending aorta.
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mural hematomas are more prevalent in this subtype of AADs
(50-85%).% This discrepancy could be explained by the anatomic
location of intramural hematoma compressing the pulmonary
artery, which could happen more frequently in Stanford type A
due to anatomical proximity. An intramural hematoma retro-
gradely propagating from a Stanford type B is unlikely to bypass
the supra-aortic vessel roots and compress the pulmonary artery,
and the summarized literature supports this hypothesis. Another
explanation is the common adventitia at the root of the great ves-
sels, anatomically shared by the ascending aorta and the pul-
monary trunk.

Consequently, in Stanford type A aortic dissections, pul-
monary arterial vessels can be involved in the process with
resulting hypoxia and hemodynamic compromise, making the
patient vulnerable to invasive procedures such as tracheal intuba-
tion and positive pressure ventilation or surgical repair of the
aorta. Under this anatomic condition, blood from the dissected
ascending aorta can extend beneath the adventitia of the main
pulmonary artery and cross the barrier of the pulmonary hilum,
potentially dissecting the broncho-vascular sheaths and reaching
the pulmonary interstitium and alveoli. The accumulating blood
may narrow the lumen of the pulmonary vessels because of their
low pressure.!! Consequently, hypoxia can be generated by blood
extravasated inside alveoli or bronchial airways from ruptured
pulmonary vessels, which could cause right to left intrapul-
monary shunt. The “diffuse alveolar hemorrhage pattern” is the
deadliest category, according to Sueyoshi et al.*! Another expla-
nation for this atypical dyspnea is pulmonary blood flow obstruc-
tion caused by intramural hematoma exerting its pressure on pul-
monary arteries.’ D-dimer dosage was reported only in 6 cases;
in 2 of them, it turned out <500 mg/L, therefore underscoring the
inconsistency of such parameter alone in posing the suspect or
excluding intramural hematoma within AADs. Anyway, if pul-
monary embolism is included in the differential of cases present-
ing with acute right heart failure and the described clinical pic-
ture, it is reasonable to think that intramural hematoma com-
pressing the pulmonary artery could have lower D-dimer values
than those found in pulmonary embolisms causing acute right
ventricular strain. Also, acute pulmonary hypertension (e.g., pul-
monary embolism) typically manifests with a PASP <60
mmHg.>52 Where reported, in our series, we found severely
higher PASP values, probably due to different mechanisms caus-
ing the acute obstruction, happening from outside the vessels in
case of intramural hematoma. Anyway, it is possible that some of
the patients included in these reports had different degrees of pul-
monary hypertension, thus limiting the value of this finding.

Regarding the outcome, nine patients (out of 22) survived the
acute phase, but real mortality can be underestimated due to
potential complications affecting patients treated for AADs and
publication bias.

Conclusions

As an atypical manifestation, AAD developing an intramural
hematoma compressing the pulmonary artery is a subtle but
potentially deadly condition.

Findings like shortness of breath or respiratory failure —pre-
sent in this case - could initially divert the clinician from consid-
ering acute aortic pathologies. Signs of right ventricle overload
found with POCUS could also support an incorrect suspect of
pulmonary embolism.

Emergency clinicians must know that POCUS can effectively
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guide the diagnostic approach in life-threatening conditions.*

However, conflicting clinical picture and diagnostics results
should prompt further evaluations for atypical and “must-not-
miss” pathologies in emergency medicine.
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Video. A conventional parasternal long axis view of the patient's heart. On the right of the screen the sino-tubular and ascending aorta. Note that the
ascending aorta is enlarged and a mio-intimal dissection is present.
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