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Ultrasound diagnosis of dissecting
thoracic aortic aneurysms: procedure
with a handheld device and a
video-illustrated case

Kenneth V Iserson'2 ®, Sri Devi Jagjit* and Balram Doodnauth®

Abstract

Acute thoracic aortic dissection is an uncommon, although not rare, life-threatening condition. With protean signs and
symptoms that often suggest more common cardiac or pulmonary conditions, it can be difficult to diagnose. Ultrasound
has proven useful in making the correct diagnosis. This case demonstrates that training gained using standard ultrasound
machines can be easily and successfully adapted to newer handheld ultrasound devices. The examination technique using
the handheld device is illustrated with photos and a video.
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Introduction

Rapid diagnosis helps reduce mortality and physician-per-
formed point-of-care ultrasound (POCUS) is the most
rapid, cost-effective method of screening for this disorder.
Portable ultrasound machines have progressively
become smaller while incorporating many functions
found in larger units. A variety of these devices with
diverse sizes, complexity and cost exists. At least one
handheld device uses electronics to eliminate the need
to change probes for different examinations and ultra-
sound depths. It has often been assumed that standard
ultrasound skills transfer directly to handheld devices,
but this has not been demonstrated. In this case, an
emergency physician with ultrasound experience who
had never used this or any handheld ultrasound
device previously, was able to diagnose an acute thor-
acic aortic dissection in an emergency patient with non-
specific complaints but a suggestive chest radiograph.

We provide a review of the diverse symptomatology
and physical findings associated with acute aortic dis-
section (AAD) and describe the handheld ultrasound
device and the technique to visualise this pathology.

Case report

A 75-year-old man of East Indian descent presented to
the Georgetown Guyana Public Hospital emergency
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department complaining of one week of chest and
abdominal pain, for which he was taking paracetamol.
He had no significant past medical history, had stopped
smoking more than five years previously and drank
alcohol occasionally. His initial vital signs were equal
pulses regular at 94bpm, a blood pressure of 145/
100 mmHg, temperature of 35.7°C, SpO, 99% (on
room air) and unlaboured respirations at 22 per
minute. His Glasgow Coma Scale score was 15/15.
Suspecting an acute coronary syndrome, he was given
325mg aspirin to chew.

His physical examination demonstrated only mild
periumbilical and suprapubic tenderness. Auscultation
of the heart and lungs were normal. Suspecting an acute
coronary syndrome but needing evaluation for abdom-
inal pain, he received 500 mL normal saline and 50 mg
ranitidine orally. Laboratory tests, ECG (non-specific
ST-T changes) and a chest radiograph (Figure 1) were
ordered. Shortly thereafter, the patient reported feeling
better.

His laboratory results, including troponin I, were
normal, except for a slightly elevated urea of
15 mmol/L and creatinine of 230 umol/L. D-dimer test-
ing was not available.

Figure |. Posteroanterior chest radiograph showing an
enlarged cardiac silhouette with a large, well-defined opacity
involving the superior mediastinum and left perihilar region (7).
The thoracic aorta is dilated, and the trachea is displaced toward
the right. While the lungs are clear, there is a homogenous
opacification in the left subpulmonic area suggesting effusion (¢).

Concerned by appearances on the chest radiograph,
the physician performed a bedside transthoracic and
abdominal ultrasound examination to define the medi-
astinal mass better. She had never previously used the
recently donated handheld probe (Butterfly 1Q®,
Guilford, CT, USA) to detect AAD. Using the device’s
cardiac setting, she examined the parasternal long axis
view of the heart. This showed moderate left ventricular
systolic function, a normal thoracic aortic outflow
track and a small pericardial effusion. The descending
thoracic aorta was of normal diameter. Further scan-
ning of the anterior chest at the level of the second
intercostal space demonstrated an ascending thoracic
aortic aneurysm measuring 9.5 cm with a dissecting inti-
mal flap (Video; Figure 2). The abdominal aorta had
normal measurements.

Since there is no ability in Guyana, a low-income
country, to perform thoracic aortic surgery, the patient,
duly diagnosed with a type A AAD, was admitted to
our internal medicine service for standard non-surgical
management. This treatment, designed to control the
heart rate and blood pressure, included intravenous
labetalol and a titrated nitroglycerin infusion. The
target  blood  pressure  was 140/90 mmHg.
Nitroglycerin was used owing to the lack of nitroprus-
side and infusion pumps.

Nonetheless, our patient died several hours later and
an autopsy confirmed the ultrasound findings.

Discussion

Aortic dissection occurs when blood dissects between
the intimal and adventitial layers of an artery. The

Dissecting

intimal flap

Figure 2. Thoracic aortic aneurysm with flap dissection (see
video).
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disorder is uncommon, with an annual age- and sex-
adjusted incidence reported as 3.5 per 100,000 persons.
(Aortic rupture, a different entity, has the same inci-
dence.') The disorder is life-threatening, with approxi-
mately 20% of patients dying before reaching hospital.

AADs are usually classified using the Stanford
system, with any dissection involving the ascending
aorta being type A and all others type B. Type A dis-
sections have the highest mortality and are generally
treated surgically; type B is most often treated medic-
ally.” Both require aggressive treatment of blood pres-
sure and heart rate to decrease shear stress on the aorta
wall.> For every hour delay in type A AAD diagnosis
and treatment, the mortality rate is 1%— 3%/h during
the first 24 h, 30% at one week, 80% at two weeks and
90% at one year. The hospital mortality rate for treated
patients is approximately 30%.* Overall type B in-hos-
pital mortality is 13%.?

Diagnosing AAD can be challenging, since the pre-
senting signs and symptoms often mimic other more
common disorders. While patients with AAD classic-
ally present with sudden severe, sharp or tearing chest
pain radiating to the upper back,™® 6%-15% of
patients may present with minimal symptoms, as did
our patient. These less symptomatic patients have a
higher-than-normal mortality, usually owing to delayed
diagnosis and surgery.®® This includes almost one-
third of patients aged >70 years, in which typical
dissection presentations are less common.® the presen-
tation of patients may also be confusing when they
have had or seem to have an associated myocardial
infarction, cerebrovascular accident, renal, spinal
cord, or bowel ischemia or infarction.’

The large International Registry of Acute Aortic
Dissection (IRAD) database found a median time
from emergency hospital admission to diagnosis of
4.3 h. While critically ill patients (e.g. those with hypo-
tension, tamponade, pulse deficits/limb ischemia or
altered mental status) are diagnosed earlier, studies
show that longer delays more commonly occur in
women, those presenting with atypical, gradual-onset
or painless symptoms,*'® patients with prior cardiac
surgery!! or those seen at a non-tertiary care hospital.'?

To help clinicians suspect the diagnosis, the
American Heart Association and American College of
Cardiology produced diagnostic guidelines (AAD risk
score) to identify high-risk clinical features of AAD.
This risk score, which has since been validated, is
included in free online medical calculation apps.’
Nearly 96% of patients with ADD were identified by
one or more clinical risk markers (Table 1). Although a
normal-width mediastinum on chest radiograph cannot
rule out an AAD, adding that criterion to the ADD risk
score slightly increased its sensitivity.'®'? Although
thought to be of some use in diagnosing ADD, neither

D-dimers nor troponins were included in the scoring
system.'*1°

With a suspicion of AAD, immediate imaging is
necessary. Physicians often use the chest radiograph
to screen patients for an AAD, although a normal
study is relatively common in these patients.”'®!’
While a chest radiograph was not initially included in
the AAD-RS criteria, subsequent validation analysis
concluded that it was necessary to identify AAD in
some patients that the scoring system rated as low
risk. As in the patient we described, non-specific signs
and symptoms steered the clinician away from con-
sidering an AAD until the chest radiograph was
obtained. Yet, as opposed to POCUS that has a sensi-
tivity for identifying AAD-associated abnormalities of
88%—-99%, the radiographic sensitivity is low: left-sided
pleural effusion (19%); pericardial effusion/tamponade/
enlarged cardiac silhouette (26%); wide mediastinum
(49%—67%); and intramural haematoma thrombus
(49%-63%). In addition, unlike POCUS, simple radi-
ography cannot identify an intimal flap or wall motion
abnormality.’

AAD is more rapidly diagnosed when using
ultrasonography or computed tomography (CT)
rather than magnetic resonance imaging (MRI) or an
aortogram.'? Table 2 lists the ultrasound findings with
which to diagnose an AAD. While these findings pro-
vide a relatively high specificity for AAD, the POCUS
exam has a lower sensitivity for detecting AADs than
do CT angiograms or transoesophageal echocardiog-
raphy (TEE).

Table I. High risk conditions, pain features, and exam features
to identify AAD.'°

High-risk conditions
Marfan syndrome
Family history of aortic disease
Known aortic valve disease
Recent aortic manipulation
Known thoracic aortic aneurysm
High-risk pain features
Chest, back or abdominal pain described as:
Abrupt onset
Severe intensity
Ripping or tearing
High-risk exam features
Evidence of perfusion deficit
Pulse deficit
Systolic BP differential between arms
Focal neurologic deficit in conjunction with pain
Murmur of aortic insufficiency—New or not known to be old
Hypotension or shock state

AAD, acute aortic dissection; BP, blood pressure.
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Table 2. Acute aortic dissection findings on ultrasound.

| Dilatation of the aorta

2 Visualisation of an intimal flap of the aorta
(aortic arch, aortic root, ascending or descending aorta)
or vessels (carotid arteries, subclavian arteries
or iliac arteries)

Dilated aortic root
Pericardial effusion
Left pleural effusion

o U1 AW

Aortic regurgitation

Figure 3. Positions for the probe in the long parasternal car-
diac view (diagonal stripes) and to view the aortic arch in the
second intercostal space (cross-hatched).

However, other than POCUS, the substantial logis-
tics involved in transporting a potentially unstable
patient, summoning specialised personnel, preparation
and study interpretation limit their usefulness and may
significantly delay diagnosis and treatment.>>'®

Several cases of emergency-diagnosed ADD using
ultrasound have been reported, although none reported
using a handheld device.>'*?° A recently released hand-
held ultrasound (Butterfly iQ®, Guilford, CT, USA)
was used in this case. Within a single handheld unit,
it contains multiple presets emulating various trans-
ducers, functions in B-, M-, and colour Doppler

Figure 4. Handheld ultrasound in position to image the aortic
arch.

modes. The device’s single probe, with a range of 1-5
MHZ, emulates a linear, curved or phased probe.?' The
device also supports encrypted wireless data transmis-
sion to 10S devices.

There are inherent limitations to any of the available
handheld devices and POCUS. Not only are the prices
for these devices often prohibitive for practitioners and
institutions in lower-income countries, but unlike larger
machines, they can easily be damaged, misplaced or
purloined. Some only function with iOS devices, and
the smartphone, tablet or laptop that receives
their signal is a separate cost. POCUS at any site, but
particularly with rarely used examinations, is limited
by sonographer skill and experience, sonographic arti-
facts, and patient-centred challenges such as body hab-
itus, bowel gas and overall cooperation.'?*** In addition,
portions of the thoracic aorta cannot be visualised by
POCUS and evaluation of intimal flap extension into
smaller arteries is limited. However, physicians who
have access to these devices can quickly diagnose and
document life-threatening conditions, including ADD.

Ultrasound to diagnose an AAD is straightforward
using standard cardiac views. Figure 3 shows the pos-
itions for the probe in the long parasternal cardiac view
(diagonal stripes) and to view the aortic arch in the
second intercostal space (cross-hatched). Figure 4
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shows the handheld ultrasound in position to image the
aortic arch.

Nearly all patients (~90%) diagnosed with a type A
AAD are managed surgically. Most patients receiving
medical treatment for type A AAD either refuse surgery
or have unacceptable surgical risks.>* Medical manage-
ment includes heart rate and blood pressure control.
With surgery, patients on international registers have
a mortality rate of approximately 22%. Medical man-
agement results in a 57% mortality rate, a rate that has
not changed over the past 25 years.®

Conclusion

Any device that reliably can diagnose a life-threatening
condition easily benefits patients. POCUS, including
with handheld devices, is ecasily performed, takes
much less time and is more readily available in less-
developed regions than are CT angiography, MRI or
TEE. The technique to identify thoracic AAD is a slight
modification of the standard cardiac examination.
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facilities in Papua New Guinea

Francis Pulsan' ® and Trevor Duke'"?

Abstract

Oxygen therapy reduces mortality and morbidity from hypoxaemia in children. There are no published studies assessing
individual patient responses to oxygen when delivered by oxygen concentrators in primary healthcare facilities.

Ours was a prospective observational study in remote health facilities over three years. A data recording form was used
for children who required oxygen. Oxygen saturation (SpO;) was recorded before administration of oxygen, at 30 min
and then daily. We assessed the primary diagnosis and the outcome.

The common primary diagnoses needing oxygen were pneumonia: moderate (39%) and severe (37%). The median SpO,
before administration of oxygen in 913 patients was 80% (interquartile range [IQR] 66%—-88%), and by five days, for the
121 patients who were recorded, SpO, was 97% (IQR 93%-98%). Of the 745 patients with a recorded outcome, 99%
had an uneventful recovery.

We conclude that oxygen concentrators are effective in treating children in rural health facilities in Papua New Guinea.

Keywords
Pneumonia, oxygen concentrators, rural health facilities, children, Papua New Guinea

Introduction

Oxygen is essential to treat hypoxemia due to pneu-
monia and many other conditions in childhood
and the neonatal period."™* Effective treatment of
severe pneumonia requires early recognition of
respiratory distress and hypoxaemia, early adminis-
tration of antibiotics, provision of oxygen and moni-
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toring of response to oxygen. These interventions also
reduce the likelihood of longer-term sequelae from
hypoxaemia.

Francis Pulsan, School of Medicine and Health Sciences, University of
Papua New Guinea, P O Box 5623, Boroko |11, Papua New Guinea.
Email: fpulsan@upng.ac.pg



