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Abstract Type A aortic dissection (AD) is a deadly
disease. Rapid identification of patients requiring imme-
diate advanced aortic imaging or transfer to specialized
centers is needed to improve outcomes. We evaluated the
diagnostic performance of transthoracic focus cardiac
ultrasound (FOCUS) performed by emergency physicians,
alone and in combination with the aortic dissection
detection (ADD) risk score in suspected type A AD. This
was a prospective study performed on patients with sus-
pected type A AD. FOCUS evaluated the presence of
intimal flap/intramural hematoma (direct signs of AD),
ascending aorta dilatation, aortic valve insufficiency or
pericardial effusion/tamponade (indirect signs of AD). The
ADD risk score of each patient was calculated according to
guidelines. The final diagnosis was established after review
of complete clinical data. 50 (18 %) patients of 281 had a
final diagnosis of type A AD. Detection of any FOCUS
sign (direct or indirect) of AD had a sensitivity of 88 %
(95 % CI 76-95 %) for the diagnosis of type A AD. Pre-
sence of ADD risk score > 0 or detection of any FOCUS
sign increased diagnostic sensitivity to 96 % (95 % CI
86-99 %). Detection of direct FOCUS signs had a speci-
ficity of 94 % (95 % CI 90-97 %), while combination of
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ADD risk score > 1 with detection of direct FOCUS signs
had a specificity of 98 % (95 % CI 96-99 %). FOCUS
demonstrated acceptable accuracy as a triage tool to rapidly
identify patients with suspected type A AD needing
advanced aortic imaging or transfer, but it cannot be used
as a stand-alone test even if combined with ADD risk score
classification.
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Introduction

Acute aortic dissection (AD) involving the ascending aorta
(type A AD) is a deadly disease affecting 3-5 cases/
100,000 individuals/year. Rapid identification of type A
AD in the emergency department (ED) is paramount, as
mortality rate is as high as 1 % per h without surgical
treatment [1]. However, the diagnosis of type A AD is
highly challenging, because clinical signs and symptoms
are unspecific and most conditions in differential diagnosis
are substantially more frequent than AD [1-4]. The aortic
dissection detection (ADD) risk score, proposed by the
clinical guidelines of the American Heart Association and
the American College of Cardiology [5], is a bedside
clinical triage tool that can help physicians to stratify
patients in low, intermediate and high probability of AD.
However, ADD risk score classification cannot be used per
se to decide which patients need advanced aortic imaging
diagnostic tests [6].

The utility of point-of-care ultrasound in acute cardio-
vascular diseases, including the use of transthoracic focus
cardiac ultrasound (FOCUS) by emergency physicians
(EP) to diagnose pericardial effusion, right ventricular
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strain, cardiac function and volume status, is well estab-
lished [7]. Indeed, FOCUS is a rapid, safe and easily
available imaging modality complementary to physical
examination, that can potentially detect both direct sono-
graphic signs (intimal flap and intramural hematoma) and
indirect sonographic signs of type A AD (ascending aorta
dilatation, pericardial effusion/tamponade and aortic valve
insufficiency). The European Association of Echocardiog-
raphy indicates transthoracic echocardiography as an
appropriate triage/first-line imaging technique in the
emergency management of patients with suspected AD [8].
Nonetheless, to our knowledge, no previous studies have
evaluated so far the diagnostic performance of EP-per-
formed FOCUS in patients suspected of AD. Moreover,
although transthoracic echocardiography is not sufficiently
accurate to be used as a stand-alone test to diagnose type A
AD in all suspected patients [9-14], its diagnostic perfor-
mance in association with the ADD risk score classification
is unknown.

The aims of this study were the following: (1) to
investigate the accuracy of EP-performed FOCUS for type
A AD in patients presenting to the ED; (2) to evaluate if
FOCUS can rule out type A AD in patients at low risk by
ADD risk score classification and if FOCUS can rule in
type A AD in patients at high risk by ADD risk score
classification; (3) to investigate the accuracy of FOCUS in
the subgroup of patients with shock/hypotension who are at
immediate risk of death.

Methods
Study design

This was a prospective single-center cohort study of a
convenience sample of patients presenting to the ED with
suspected AD. The institutional review board approved the
study and informed consent was obtained from patients (or
next of kin, if needed).

Study setting and enrollment

The study was performed in the ED of an adult tertiary
university hospital with an annual census of 120,000 visits.
The hospital is a regional cardiothoracic surgery hub center
providing computed tomography angiography (CTA),
transesophageal echocardiography (TEE) and cardio-sur-
gical consultation 24 h/7 days.

Consecutive patients aged >18 years, presenting to ED
from January 1 2009 to December 31 2012 were pro-
spectively included in the study, if all the following criteria
were satisfied: (1) presentation to the ED with any of the
following symptoms: chest, pain, abdominal pain, syncope
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Table 1 Clinical characteristics and aortic dissection detection
(ADD) classification risk markers in study patients (n = 281)

Type A AD  Other P
(n = 50) diagnosis
(n = 231)
Female gender 29 (58 %) 97 (42 %) 0.43
Age (years) 69.8 + 13.6 673 + 152 0.29
Predisposing conditions
Marfan syndrome/ 12 %) 10 (4.3 %) 0.69
connective tissue disease
Family history of aortic 2 (4 %) 2 (0.9 %) 0.15
disease
Known aortic valve disease 9 (18 %) 22 (9.5 %) 0.13
Recent aortic manipulation 1 (2 %) 73 %) 1
Known thoracic aortic 10 (20 %) 39 (16.9 %) 0.68
aneurysm
Pain features
Abrupt onset of pain 23 (46 %) 106 (45.9 %) 1
Severe pain intensity 23 (46 %) 104 (45 %) 1
Ripping or tearing pain 3 (6 %) 13 (5.6 %) 1
Physical findings
Pulse deficit/systolic blood 9 (18 %) 19 (8.2 %) 0.06
pressure differential
Focal neurological deficit 13 (26 %) 23 (10 %) <0.01
Murmur of aortic 5 (10 %) 73 %) 0.04
insufficiency
Hypotension or shock state 20 (40 %) 13 (5.6 %) <0.01

Values are reported as mean =+ standard deviation for continuous
variables or as absolute number and percent value (in brackets)

P significant if <0.05

AD aortic dissection

or symptoms of perfusion deficit (central nervous system,
mesenteric, myocardial, or limb ischemia), as suggested by
clinical guidelines [5]; (2) the clinical suspicion of AD by
the attending physician was high enough to request an
urgent aortic imaging exam such as CTA or TEE to
explicitly identify or rule out AD and (3) FOCUS was
performed at patient presentation in the ED before con-
clusive diagnosis with CTA or TEE.

Transthoracic focus heart ultrasound

FOCUS was performed by one of the seven EP-sonogra-
phers with at least 2 years of experience in FOCUS. An
EP-sonographer was present to enroll patients for an
average of 14 h per day (including nights, weekends and
festivities). Attending EPs were not blinded to FOCUS
results. The following machines equipped with a 2-5 MHz
phased array probe were used: MyLab30 Gold (Esaote,
Genova, Italy) and HD7 (Philips, Amsterdam, Holland).
Evaluation of the aorta was performed with the patient in
the supine and left lateral decubitus positions using
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multiple views: left parasternal, left high parasternal, apical
or subcostal. The following were considered direct sono-
graphic signs of type A AD: presence of an intimal flap
(flap separating two aortic lumens) or intramural hematoma
(circular or crescentic thickening of the aortic wall >5 mm)
in the ascending aorta. The following echocardiographic
findings indicative of high-risk features or complications
were also researched and considered as indirect sono-
graphic signs of type A AD: ascending aorta enlargement
(diameter >4 cm), pericardial effusion or tamponade and
aortic valve regurgitation at color doppler.

Aortic dissection detection risk score classification

For each patient, the ADD risk score was calculated by
independent physician review of medical charts, as previ-
ously described [6]. The ADD risk score is calculated on
the presence of 12 high-risk markers in the clinical cate-
gories of predisposing conditions, pain features and phys-
ical findings (Table 1). Patients lacking all risk markers
(ADD risk score = 0) are classified at low risk for aortic
dissection, patients with one or more risk markers in any
single category (ADD risk score = 1) are classified at
intermediate risk of aortic dissection, while patients with one
or more risk markers in two or three categories (ADD risk
score > 1) are classified at high risk of aortic dissection.

Aortic imaging and final diagnosis

The aortic imaging tests used to confirm or refuse type A
AD in the ED were CTA or TEE. CTA was performed with
Somatom definition As4 and AS128 (Siemens, Erlangen,
Germany) and TEE with MyLab30 (Esaote, Genova, Italy).
CTA and TEE were interpreted by specialized radiologists
and cardiologists not involved in the present study.

The final diagnosis was established by two independent
senior physicians who reviewed all available clinical data,
aortic imaging studies, medical, surgical and autopsy
records. In case of discordant diagnosis, SG adjudicated the
final diagnosis. Any of the following diagnoses were con-
sidered as type A AD: classical Stanford type A aortic
dissection, intramural hematoma of the ascending aorta and
penetrating aortic ulcer of the ascending aorta.

Statistical analysis

Dichotomous data are expressed as proportions and con-
tinuous data are expressed as mean =+ standard deviation
(SD). Fisher’s exact test was used for the comparison of
dichotomous data, and the unpaired Student’s ¢ test was
used to compare normally distributed data. The diagnostic
performance of direct and indirect sonographic signs of
type A AD and of low and high ADD risk categories were

assessed by computing sensitivity, specificity, negative and
positive predictive values and negative and positive like-
lihood ratios with their 95 % confident interval (CI). The
diagnostic performance of FOCUS was calculated also in
combination with ADD risk score classification and in the
subgroup of patients with shock/hypotension. P values
were two-sided, and a P value lower than 0.05 was con-
sidered as statistically significant. Analysis was performed
with the SPSS statistical package (version 17.0, SPSS Inc.,
Chicago, IL).

Results

During the study period, a total of 281 patients were
enrolled. Presenting symptoms were the following: anterior
chest pain (198, 70.5 %), back pain (72, 25.6 %), abdomi-
nal pain (40, 14.2 %), syncope (59, 21 %), symptoms of
perfusion deficit (21, 7.5 %). Type A AD was finally
diagnosed in 50 (17.8 %) patients: 45 (16 %) patients had
classical Stanford type A aortic dissection and 5 (1.8 %)
had an intramural hematoma of the ascending aorta. Type A
AD was ruled out in 231 (82.2 %) patients, with 13 (4.6 %)
patients presenting acute AD not involving the ascending
aorta (7 classical Stanford type B AD, 5 intramural hema-
tomas and 1 penetrating aortic ulcer not involving the
ascending aorta). Other diagnoses were: acute coronary
syndrome (43 patients, 15.3 %), gastrointestinal disease
(23, 8.2 %), non-AD-related syncope (20, 7.1 %), pericar-
ditis (20, 7.1 %), non-AD-related stroke (7, 2.5 %), non-
AD-related limb or organ acute ischemia (7, 2.5 %), pul-
monary embolism (2, 0.7 %), musculoskeletal chest pain
(87, 31 %) and other diagnoses (9, 3.2 %). 12 patients
(24 % of 50) with type A AD and three patients without
type A AD (1.3 % of 231) died during hospital stay.

FOCUS detected direct sonographic signs of type A AD
(intimal flap/intramural hematoma) in 27 patients (54 % of
50) with type A AD, including 26 patients (57, 8 % of 45)
with classical Stanford type A AD and one patient (20 % of
5) with intramural hematoma of the ascending aorta
(Table 2). Direct signs of type A AD at FOCUS were fal-
sely present in 14 patients (6.1 % of 231). The derived
sensitivity and specificity were 54 % (95 % CI 39-68 %)
and 94 % (95 % CI 90-97 %), respectively. Presence of at
least one sonographic sign (either direct or indirect) had a
sensitivity of 88 % (95 % CI 76-95 %) and a specificity of
56 % (95 % CI 49-62 %) for the diagnosis of type A AD
(Table 3).

The diagnostic accuracy of FOCUS was next assessed
when used in combination with ADD risk score classifi-
cation of study patients. The prevalence of type A AD was,
respectively, 7.1 % (5 of 70), 17 % (25 of 147) and 31.2 %
(20 of 64) in low-risk (ADD risk score = 0), intermediate-
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risk (ADD risk score = 1) and high-risk patients (ADD
risk score > 1). A “normal” FOCUS (no sonographic signs
of type A AD) was present in 36 patients at low risk based
on ADD risk score classification, with 2 patients (5.6 %)
finally diagnosed with type A AD. Presence of ADD risk

Table 2 Prevalence of direct and indirect FOCUS signs of type A
AD, ADD risk score classification and combination of FOCUS with
ADD risk score classification in study patients (n = 281)

Type A AD
(n = 50) (%)

Other diagnosis
(n = 231) (%)

Direct sonographic signs

Intimal flap/intramural 27 (54 %) 14 (6.1 %)
hematoma
Indirect sonographic signs
Ascending aortic dilatation 35 (70 %) 57 (24.7 %)
Aortic valve insufficiency 25 (50 %) 45 (19.5 %)
Pericardial effusion/ 18 (36 %) 28 (12.1 %)
tamponade
Any sonographic sign® 44 (88 %) 102 (44.2 %)
ADD risk score = 0 5 (10 %) 65 (28.1 %)
ADD risk score = 1 25 (50 %) 122 (52.8 %)
ADD risk score > 1 20 (40 %) 44 (19 %)
ADD risk score > 0 or any 48 (96 %) 197 (85 %)
sonographic sign®
ADD risk score > 1 and 12 (24 %) 4 (1.7 %)

direct sonographic signs

ADD risk score = 0 indicates low risk of AD, ADD risk score > 0
indicates intermediate and high risk of AD, ADD risk score = 1 indi-
cates intermediate risk of AD, while ADD risk score > 1 indicates high
risk of AD, based on ADD classification

AD aortic dissection, ADD aortic dissection detection risk score

* One or more sonographic sign of type A AD (either direct or indirect)

score > ( or detection of any sonographic sign of AD lead
to a derived sensitivity and negative predictive value to
rule out type A AD of 96 % (95 % CI 86-99 %) and 94 %
(95 % CI 81-99 %), respectively (Table 3). Direct sono-
graphic signs of type A AD (intimal flap/intramural
hematoma) were present in 16 patients at high risk based
on ADD risk score classification, with four patients (25 %)
receiving a final alternative diagnosis. Combination of high
risk (ADD risk score > 1) with detection of direct sono-
graphic signs of type A AD lead to a derived specificity
and positive predictive value to rule in type A AD of 98 %
(95 % CI 96-99 %) and 86 % (95 % CI 81-90 %),
respectively (Table 3).

The diagnostic accuracy of FOCUS was finally analyzed
in patients presenting with shock or hypotension, where a
prompt diagnosis of type A AD is essential to allow
immediate life-saving surgical intervention. In 33 (11.7 %)
patients with suspected type A AD presenting with shock/
hypotension, presence of intimal flap/intramural hematoma
at FOCUS showed a sensitivity, specificity, positive and
negative predictive value of 60 % (95 % CI 36-81 %),
100 %, 100 % and 62 % (95 % CI 38-82 %), respectively.
In this patient subgroup, presence of any sonographic sign
(either direct or indirect) of type A AD showed a sensi-
tivity, specificity, positive and negative predictive value of
100 %, 54 % (95 % CI 25-81 %), 77 % (95 % CI
56-91 %) and 100 %, respectively.

Discussion

FOCUS is widely available in almost all EDs, and may be
used also out of hospital. It can be performed in few

Table 3 Diagnostic performance of FOCUS, ADD risk score classification and combination of FOCUS with ADD risk score classification for

the diagnosis of type A AD in study patients (n = 281)

Sens, % Spec, % PPV, % NPV, % +LR —LR

95 % CI) 95 % CI) 95 % CI) 95 % CI) 95 % CI) 95 % CI)
Direct sonographic sign 54 (39-68) 94 (90-97) 66 (49-80) 90 (86-94) 8.9 (5-15.7) 0.5 (0.4-0.7)
Ascending aortic dilatation 70 (55-82) 75 (69-81) 38 (28-49) 92 (87-95) 2.8 (2.1-3.8) 0.4 (0.3-0.6)
Aortic valve insufficiency 50 (35-64) 80 (75-85) 36 (25-48) 88 (83-92) 2.6 (1.7-3.8) 0.6 (0.5-0.8)
Pericardial effusion/tamponade 36 (23-51) 88 (83-92) 39 (25-55) 86 (81-90) 3 (1.84.9) 0.7 (0.6-0.9)
Any sonographic sign® 88 (76-95) 56 (49-62) 30 (23-38) 96 (91-98) 2 (1.7-2.4) 0.2 (0.1-0.5)
ADD risk score > 0 90 (78-97) 28 (22-34) 21 (16-27) 93 (84-98) 1.2 (1.1-1.4) 0.4 (0.1-0.8)
ADD risk score > 0 or any sonographic sign® 96 (86-99) 15 (10-20) 20 (15-25) 94 (81-99) 1.1 (1-1.2) 0.3 (0.1-1.1)
ADD risk score > 1 40 (26-55) 81 (75-86) 31 (2044) 86 (81-90) 2.1 (1.4-3.2) 0.7 (0.6-0.9)
ADD risk score > 1 and direct sonographic signs 24 (13-38) 98 (96-99) 75 (48-93) 86 (81-90) 13.9(4.7-41.2) 0.8 (0.7-0.9)

ADD risk score = 0 indicates low risk of AD, ADD risk score > 0 indicates intermediate and high risk of AD, while ADD risk score > 1

indicates high risk of AD, based on ADD classification

Sens sensitivity, Spec specificity, PPV positive predictive value, NPV negative predictive value, +LR positive likelihood ratio, —LR negative
likelihood ratio, 95 % CI confidence interval, AD aortic dissection, ADD aortic dissection detection risk score

% One or more sonographic sign of type A AD (either direct or indirect)
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minutes and while other diagnostic or therapeutic proce-
dures are in place. At the same time, FOCUS can provide
pivotal information immediately at patient’s presentation.
Type A AD is a cardiovascular emergency characterized by
a high mortality rate concentrated within few hours from
presentation without specialized surgical treatment [1, 2].
Hence, EP-performed FOCUS appears as a potentially
ideal triage tool for patients with suspected AD. The
present study is, to our knowledge, the first assessing the
diagnostic accuracy of EP-performed FOCUS in suspected
type A AD.

So far, transthoracic echocardiography performed by
specialized cardiologists in different clinical settings has
shown variable levels of sensitivity (from 57 to 88 %) and
specificity (from 65 to 96 %) for the detection of classic
type A AD [9-14]. In a recent study by Cecconi and co-
workers [14] evaluating the diagnostic performance of
transthoracic echocardiography performed by well-trained
cardiologists with a long-standing experience, in 270
patients with suspected type A AD in intensive care unit or
ED, the sensitivity of direct sonographic signs of AD was
substantially higher (87%, 95 % CI 75-93 %) than in our
study (54 %, 95 % CI 39-68 %), indicating that special-
ized training and experience in echocardiography largely
affect the sensitivity of this technique [14]. Nonetheless, in
our study, presence of at least one sonographic sign (either
direct or indirect) of type A AD leads to a similar diag-
nostic sensitivity (88 %, 95 % CI 76-95 %). The speci-
ficity of direct sonographic sign was similar in the study by
Cecconi (91 %, 95 % CI 85-94 %) and in the present study
(96 %, 95 % CI 90-97 %).

The results of our study indicate that FOCUS performed
by EPs can be used as a triage tool in patients with sus-
pected type A AD to rapidly identify patients requiring
immediate execution of advanced aortic imaging exams or
rapid patient transport to specialized centers for further
life-saving evaluation or surgical treatment. However, as
shown in previous studies, FOCUS cannot be used as a
stand-alone test to rule in or to rule out type A AD in all
patients. In our cohort, for instance, six potentially life-
saving operations would have been missed if the decision
had been based only on the detection of a “normal”
FOCUS; and if one had based the decision to send patients
to immediate surgery on the diagnosis of intimal flap/
intramural hematoma at FOCUS examination, 14 inap-
propriate interventions would have been generated. The
inadequate accuracy of FOCUS has to be compared with
95-100 % sensitivity and 94-100 % specificity when using
advanced aortic imaging studies such as CTA, TEE or
magnetic resonance imaging [2, 15-17].

A key finding of our study is that type A AD cannot be
safely ruled out or ruled in by FOCUS at bedside even if
combined with ADD risk score classification. In fact, a

“normal” FOCUS was present in two patients at low ADD
risk score finally diagnosed with type A AD. The false
negative proportion (5.6 %) was higher than the estimated
threshold clinical probability of AD above which the
benefits of testing with magnetic resonance (2 %) or CTA
(3 %) outweigh its risks [18]. On the other hand, combi-
nation of high risk based on ADD risk score classification
with the detection of an intimal flap/intramural hematoma
at FOCUS showed a high specificity (98 %, 95 % CI
96-99 %). However, FOCUS was falsely positive in four
patients at high risk, thus raising doubts about the oppor-
tunity of operating on these patients without further
advance aortic imaging. As proposed by the European
Association of Echocardiography [8], to save time, patients
at high risk of AD with a direct sign of type A AD detected
at FOCUS could be sent directly to surgery only provided
that intraoperative TEE is performed before surgery.

A special consideration has to be done for severe
patients with shock/hypotension, where FOCUS detection
of direct signs of type AD showed 100 % specificity. In
these patients, FOCUS could substantially impact on
clinical decisions, as patient transport to CTA may not be
safe or feasible and patients might proceed directly to the
operative room and diagnostic evaluation completed by
intraoperative TEE. Furthermore, in patients with shock/
hypotension without direct or indirect sonographic signs of
type A AD (“normal” FOCUS), type A AD could be ruled
out with 100 % sensitivity.

Limitations

This study was performed at a single tertiary care center,
which may limit its generalizability. Seven EPs performed
FOCUS and were available to enroll study subjects for
approximately 100 h per week. Consequently, the study
used a convenience sample based on sonographer avail-
ability. Attending physicians were not blinded to FOCUS
results, which could have influenced in some cases their
decision to perform further testing. Finally, the study was
not specifically powered to evaluate the diagnostic per-
formance of FOCUS in the subgroup of patients with shock
and hypotension.

Conclusions

FOCUS can be used as a rapid first-line tool to triage
patients with suspected type A AD, providing the EP with
important elements in his/her decision to proceed rapidly
with advanced aortic imaging tests or with patient transfer
to specialized facilities in a hub-and-spoke healthcare
system. However, FOCUS cannot be used as a stand-alone
test to rule in and rule out type A AD even if combined
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with ADD risk score classification. Preliminary findings
indicate that FOCUS can rapidly provide crucial diagnostic
information in patients presenting with shock or hypoten-
sion, but further larger studies are warranted.
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