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An Evidence-Based Approach 
To Emergency Ultrasound
Paramedics bring into the ED an elderly man who is complaining of right-
sided chest and abdominal pain. Earlier this morning, a friend had arrived at 
the patient’s home and found him on the floor at the bottom of the stairs. The 
patient is in pain, somewhat altered, and unable to provide further details 
about what happened. After numerous attempts, the paramedics were only 
able to place a 22-gauge peripheral line. On examination, his blood pressure 
is 98/55 mm Hg, heart rate is 118 beats per minute, respiratory rate is 32 
breaths per minute, oxygen saturation is 94% on a nonrebreather, and tem-
perature is 36.0°C (96.8°F). His Glasgow Coma Scale score is 12 (eyes 3, ver-
bal 4, motor 5). Given the unclear events surrounding his presentation and 
the concern for trauma, the patient is boarded and collared. His chest is stable 
but tender, and because of noise in the resuscitation room, you have difficulty 
auscultating breath sounds. The abdominal examination is notable for marked 
tenderness over the right upper quadrant and right flank, with some guard-
ing. There is also mild asymmetric swelling of his right lower extremity. The 
patient is critically ill, his history is limited, and at this point the differential 
is quite broad. You consider the possibility of a syncopal episode followed by 
a fall, with a closed head injury, blunt thoracic trauma, and blunt abdominal 
trauma. His hypotension could be secondary to hypovolemia (dehydration or 
blood loss due to a ruptured aortic aneurysm), heart failure (left- or right-sid-
ed dysfunction), cardiac tamponade, tension pneumothorax, or sepsis. Your 
ED recently purchased an ultrasound machine, you wonder whether bedside 
ultrasound can help narrow the differential and guide your resuscitation. You 
call over one of your new faculty members who just finished resident train-
ing; a fortunate decision for both you and the patient. 
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Guidelines Policy Statement updates the original 
2001 policy statement and details how EUS has 
expanded and where it stands today.1 Appendix 1 of 
the 2008 ultrasound policy statement briefly reviews 
the evidence for the 11 core applications of EUS. This 
ACEP policy statement is the most current, com-
prehensive, specialty-specific guideline in the field 
of EUS. This issue of Emergency Medicine Practice 
expands on this review and summarizes the existing 
and best available literature concerning these EUS 
applications.

 Critical Appraisal Of The Literature

For some applications of EUS, the existing literature is 
vast; for others, it is limited. In the more established ap-
plications, research has moved beyond the assessment 
of technical and diagnostic accuracy toward diagnostic 
decision-making and patient outcomes research. A few 
general statements can be made regarding much of the 
research on EUS. First, ultrasound is operator-depen-
dent. Results are conditional and based on the sonog-
rapher’s skill level, making generalizability a concern. 
Second, EUS is a diagnostic and resuscitative imaging 
modality, and its impact on patient outcomes is more 
challenging to study than that of other interventions. 
Third, many ultrasound studies are convenience sam-
ples, since emergency medicine providers who are suf-
ficiently trained in sonography are not always available 
to enroll patients in a consecutive manner. Fourth, chart 
reviews with EUS — like all chart reviews — depend on 
the availability and accuracy of bedside ultrasound data, 
and the quality of these data is highly variable.
	 The 2008 ACEP Emergency Ultrasound Guidelines 
effectively summarizes the quality of clinical ultrasound 
research by defining classes of evidence1: 
•	 Class I Evidence: Randomized controlled trials 

(RCTs) are the gold standard 
•	 Class II Evidence:

A. 	Data collected prospectively
B. 	Retrospective analyses from clearly reliable 

data
•	 Class III Evidence: Most studies based on retro-

spectively collected data 

	 Based on this system of ranking, some Class I 
evidence exists for ultrasound-assisted central ve-
nous cannulation and the FAST examination, but 
most publications offer Class II (both A and B) evi-
dence. Published literature for clinical sonograph-
ic evaluation of other established applications, 
including abdominal aortic aneurysm, cardiac 
tamponade and global inotropy, early intrauterine 
pregnancy confirmation, and shock states, repre-
sent Class II (both A and B) and Class III evidence. 
Some Class II data exist for the newer applications 
of EUS, but the majority of the literature remains 
Class III evidence.

Emergency ultrasound (EUS) continues to develop 
and expand and is now a core skill in the clinical 

practice of emergency medicine. The Accreditation 
Council for Graduate Medical Education (ACGME) 
training programs now require residents to demon-
strate competency in the use of EUS prior to com-
pleting their residency training. Thus, graduating 
emergency medicine residents are now expected to 
perform and interpret focused EUS studies as well as 
they are able to read electrocardiograms and manage 
emergent airways. With increased focus on patient 
safety and emergency department (ED) crowding, 
more and more EDs have purchased ultrasound 
machines in hopes of improving patient safety and 
quality of care and decreasing lengths of stay in the 
ED. Anecdotal stories of the benefits of bedside ultra-
sound (BUS) abound, yet many emergency clinicians 
are not familiar with its numerous applications or the 
body of literature regarding its use.
	 To date, there are 11 core EUS applications, and 
the clinical usefulness of each application is covered 
in the literature to varying degrees. The 6 initially 
established applications include: 1) the Focused 
Assessment with Sonography for Trauma (FAST) 
examination, 2) abdominal aortic aneurysm, 3) 
emergency echocardiography, 4) pregnancy, 5) hepa-
tobiliary ultrasound, and 6) renal ultrasound. The 5 
recently added applications include: 1) deep venous 
thrombosis, 2) thoracic ultrasound, 3) musculoskel-
etal ultrasound, 4) ocular ultrasound, and 5) proce-
dural ultrasound. 
	 The American College of Emergency Physicians 
(ACEP) 2008 revision of their Emergency Ultrasound 
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sional echocardiography in the ED decreased the time 
to diagnosis and improved both survival and neurologic 
outcomes of survivors.14 Although the value of the FAST 
examination in hemodynamically unstable trauma pa-
tients is accepted, its role in the management of those 
who are hemodynamically stable is unclear and often 
questioned.
	 Moylan et al found that the FAST examination can 
indeed assist in the risk stratification of normotensive 
patients with blunt abdominal trauma.15 In a retrospec-
tive cohort analysis of consecutive normotensive blunt 
abdominal trauma patients at 2 different level I trauma 
centers, they tested the association between a positive 
result on FAST and the need for therapeutic laparo-
tomy. They found that the odds ratio for an unadjusted 
association between a positive FAST result and laparo-
tomy was 116 and that this association persisted after 
adjusting for confounding variables, with an odds ratio 
of 44. This study showed a strong association between a 
positive FAST and the need for therapeutic laparotomy 
and noted that very few normotensive patients with 
a negative FAST required therapeutic laparotomy. The 
sensitivity of the FAST examination as a diagnostic test 
for therapeutic laparotomy, however, was found to be 
only 75.8%; similarly, its positive predictive value was 
found to be only 37.3%.15

Thoracic Ultrasound
The traditional FAST examination involves 4-quad-
rant scanning with views of the hepatorenal space, 
the perisplenic and splenorenal interface, the pelvis, 
and the pericardium through a subxiphoid or para-
sternal approach. Recently, authors have studied an 
extended version of the FAST examination, referred 
to as the Extended Focused Assessment with So-
nography for Trauma (E-FAST). In addition to the 
4-quadrant views of the FAST, the E-FAST includes 
views of both hemithoraces at the levels of the 
diaphragm-abdominal interface and over bilateral 
anterior chest walls. (See Figure 3, page 4.) It is 
designed to assess for pneumothorax in the anterior 
views and for pleural effusion or hemothorax in the 
supradiaphragmatic views.
	 Evaluation of the patient with thoracic trauma 
begins with an examination for external injuries 
and auscultation of lung sounds, usually followed 
by radiographic evaluation with a portable supine 
anteroposterior chest x-ray. Unfortunately, the physi-
cal examination is frequently insufficient and carried 
out in a loud environment where diminished breath 
sounds are not easily appreciated. In addition, portable 
chest radiographs are not sensitive enough to rule out 
lung injury and have been estimated to miss traumatic 
pneumothoraces up to 50% of the time.16-21

	 The use of ultrasound to detect pneumothorax 
has been well established. Lichtenstein and Menu 
showed that in patients in the intensive care unit 
(ICU), bedside ultrasound has a sensitivity of 95.3%, a 

	 In general, the EUS literature continues to grow 
and the quality of the studies continues to improve. 
As data collection becomes standardized and as 
more widespread data networks are established, 
larger multicenter studies are on the horizon. 

 Trauma: Abdominal And Thoracic Ultrasound

The Focused Assessment with Sonography for Trauma, 
or the FAST examination, is a well-established diagnos-
tic and resuscitative modality for patients who present 
with trauma. New-found understanding of pulmonary 
ultrasound in addition to the FAST scan has allowed for 
more complete bedside analysis of the acutely injured 
patient.

Abdominal Ultrasound: Focused 
Assessment With Sonography In Trauma 
(FAST)
As early as 1971, the utility of ultrasound scanning 
for patients with splenic injuries was documented.2 
It was not until the early 1990s, however, that ul-
trasound became widely advocated and studied in 
patients with blunt abdominal trauma.3-6 Since then, 
ultrasound has been included in the Advanced Trau-
ma Life Support protocol of the American College 
of Surgeons6 and in the Eastern Association for the 
Surgery of Trauma (EAST) guidelines for the man-
agement of blunt abdominal trauma.8 The American 
College of Radiology also recommends the use of 
ultrasonography — and specifically, the FAST scan 
— to evaluate for free or localized intra-abdominal 
fluid collections.9 (See Figures 1 and 2, page 4.) 
	 Ultrasound evaluation of patients with trauma has 
numerous benefits. The test can be rapidly performed 
at the bedside, accurately predicts the presence of 
hemoperitoneum, is noninvasive, can be repeated, 
and does not involve ionizing radiation or intravenous 
contrast media. Unfortunately, the number of RCTs 
assessing the FAST examination is limited. In 2005, 
The Cochrane Collaboration reviewed the efficiency 
and effectiveness of trauma algorithms that include 
ultrasound in the evaluation of patients suspected of 
having blunt abdominal trauma. Their initial conclu-
sion, which remains unchanged in 2008 (after correc-
tion of their first review), is that there is still insufficient 
evidence from RCTs to justify promoting ultrasound-
based clinical pathways in the diagnosis of patients 
with blunt injury to the abdomen.10 Although the mor-
tality data reviewed by The Cochrane Collaboration do 
not favor the FAST examination, the use of ultrasound 
in this setting has been shown to decrease the time 
to recognition of intraabdominal trauma, the time to 
operative therapy, hospital costs and resource use, 
and the number of CT scans and diagnostic peritoneal 
lavages performed.11-13 

	 In a retrospective review of patients with penetrat-
ing cardiac injury, Plummer et al found that 2-dimen-
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specificity of 91.1%, and a negative predictive value of 
100% when compared with CT scanning as the refer-
ence standard for the detection of pneumothorax.22 In 
ICU patients with radio-occult pneumothoraces, the 
same group showed that ultrasound was superior to 
plain radiography for the detection of pneumothorax, 
with a specificity approaching 100%.23 Both of these 
studies were conducted in ICU patients in whom dis-
ease processes such as fibrotic lung disease and acute 
respiratory distress syndrome may affect the quality 
of the sonogram, resulting in both false-positive and 
false-negative studies. 
	 In a prospective study of blunt trauma patients, 
Blaivas et al found that the sensitivity of ultrasound 
in detecting pneumothorax was 98.1% and the 
specificity was 99.2%, while chest radiography had 
a sensitivity of 75.5% and a specificity of 100%.16 An 
article by Rowan et al also compared the accuracy of 
sonography with supine chest radiography for the 
detection of traumatic pneumothorax. In 27 patients 
who sustained blunt thoracic injury, the radiographic 
and ultrasound findings were compared with CT 
scan results as the gold standard for diagnosis. Eleven 
of the 27 patients had pneumothoraces on CT and all 
11 cases were detected with sonography. There was, 
however, 1 false-positive with ultrasound, resulting in 
a sensitivity of 100% and a specificity of 94%. Supine 
chest radiography had a specificity of 100% but a 
sensitivity of only 36%.17 
	 Two studies by Soldati and colleagues also 
found highly superior sensitivity and comparable 
specificity for ultrasound when compared with chest 
x-ray, again using CT as the gold standard.18,19 In 
a prospective study of patients with blunt trauma, 
Zhang et al found a sensitivity of 86% and a speci-

Figure 2. Positive Right Upper Quadrant 
View

 
Image shows positive free fluid in the hepatorenal space. White arrow 

points to fluid in Morison’s pouch.

Figure 3. Pneumothorax On Motion Mode 
Imaging

White arrow points to chest wall. Black arrow points to rib. Gray arrow 
points to pleural line.

Motion mode imaging can be performed to assess for a pneumotho-
rax. In the presence of a pneumothorax, lung sliding is absent and 
repeating horizontal lines are seen across the entire screen (referred 
to as the “bar code” or “stratosphere” sign).

Figure 1. Normal Right Upper Quadrant View

White arrow points to liver.
Black arrow points to right kidney.
Gray arrow points to Morison’s pouch.
Dashed arrow points to diaphragm.

The normal right upper quadrant in the longitudinal view, showing the 
kidney, liver, and no fluid in the Morison’s pouch.

ficity of 97% with sonography, while plain film had 
a sensitivity of 27.6% and a specificity of 100%. Of 
note, they found that the mean time needed to diag-
nose pneumothorax was significantly shorter with 
ultrasound than with chest x-ray (2.3 ± 2.9 vs 19.9 ± 
10.3 min, P < 0.001).20 Kirkpatrick et al compared the 
value of supine chest radiography versus a hand-
held ultrasound device in 208 patients with blunt or 
penetrating trauma to detect pneumothorax during 
their initial resuscitation. The methods in this study 
differed slightly from those in previous studies in 
that they used both a composite standard (which 
included CT, chest x-ray, and the escape of air with 
tube thoracostomy) and CT as the gold standard 
in the comparison with the sonograms and chest 
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radiographs. Ultrasound had a sensitivity of 58.9% 
and a specificity of 99.1% when compared with 
the composite standard and a sensitivity of 48.8% 
and a specificity of 98.7% when compared with CT 
alone; chest x-ray had a sensitivity of 20.9% and a 
specificity of 99.6% when compared with CT alone.21 
Again, these results demonstrate the superiority of 
ultrasound over supine chest radiography for the 
detection of pneumothorax, although the sensitivity 
reported in this study is much lower than that de-
scribed previously. As a possible explanation for the 
decreased sensitivity, the authors cite the technical 
limitations related to using a hand-held ultrasound 
device for trauma resuscitations.
	 The ability of ultrasound to detect hemothorax 
and pleural effusions has also been well-documented. 
There are advantages to the use of BUS, as with the 
E-FAST examination, when compared with traditional 
methods of assessing for blood or other fluid in the 
pleural space. Ma et al were among the first to show 
that emergency clinicians can use BUS to rapidly assess 
trauma patients with a time-to-completion of approxi-
mately 4 minutes for a thoracoabdominal sonographic 
study.24 In a follow-up retrospective study of the same 
patient sample, these authors showed that both tho-
racic ultrasound and chest x-ray were 96.2% sensitive, 
100% specific, and 99.6% accurate for the detection of 
hemothorax, using chest CT and tube thoracostomy 
as criterion standards.25 Sisley and colleagues showed 
that the performance time for ultrasound was signifi-
cantly shorter than that for a portable chest radiograph 
and had superior sensitivity, with both techniques 
offering comparable specificity.26 Other authors have 
confirmed these findings.27,28 In addition, ultrasound 
has been reported to be able to detect smaller quanti-
ties of fluid than chest radiography. Ultrasound can de-
tect as little as 20 mL of pleural fluid,29 while approxi-
mately 175 mL is required before findings are noted on 
supine chest radiography.30

Conclusions
By adding thoracic views to the standard 4 views of the 
FAST examination, the emergency clinician can rapidly 
assess the trauma patient for hemothorax and pneu-
mothorax, and this technique is a valuable tool in initial 
management. Although CT remains the mainstay for 
detecting parenchymal injuries and other intraperitone-
al trauma, the use of clinician-performed ultrasound has 
many advantages, including lower cost, time-sensitive 
bedside assessments, ease of repetition for reevaluation, 
and lack of ionizing radiation. The last advantage is of 
particular importance, given recent evidence that ion-
izing radiation from CT does, in fact, increase a patient’s 
lifetime risk of cancer.31-33 Since many trauma patients 
are young, the use of a nonionizing diagnostic test is 
ideal. Repeat assessment is often necessary in trauma 
patients if there is a change in vital signs or patient 
status or after interventions are carried out. In these 

scenarios, repeat evaluation with BUS can be performed 
rapidly and can guide the clinician in terms of further 
interventions. 

 Ultrasound In Pregnancy

Transabdominal ultrasound (TAUS) and transvaginal 
ultrasound (TVUS) in the first-trimester pregnant patient 
is one of the primary applications of emergency ultra-
sound.1 Ectopic pregnancy has a prevalence of 8% in 
pregnant patients presenting to the ED34 and remains a 
top cause of maternal mortality.35 Unfortunately, approxi-
mately half of symptomatic ectopic pregnancies have no 
identifiable risk factors.36 Pelvic ultrasound performed 
by the emergency clinician can be both life-saving and 
time-saving in these patients.37-40 Emergency pelvic 
ultrasound can identify a definite diagnosis in the major-
ity of symptomatic first-trimester pregnant patients and 
focuses on detection of an intrauterine pregnancy (IUP). 
Multiple studies have demonstrated pelvic ultrasound to 
be diagnostic of IUP or ectopic in approximately 70% to 
75% of symptomatic first-trimester pregnant patients.40-42 
In a study by Durham et al, pelvic ultrasound results 
obtained by emergency physicians were consistent with 
radiology department findings in 96% of cases (95% con-
fidence interval [CI], 91% to 97%).41 A recent meta-analy-
sis of emergency physician ultrasonography as a diag-
nostic test for ectopic pregnancy found that emergency 
physician-performed bedside ultrasonography demon-
strated a sensitivity of 99.3% (95% CI, 96.6% to 100%) and 
a negative predictive value of 99.96% (95% CI, 99.6% to 
100%) for detecting an intrauterine pregnancy.43

Focused Pelvic Ultrasound
Transabdominal ultrasound can identify an IUP in 
most women at 6 or 7 weeks’ gestation, while TVUS 
can identify an IUP 7 to 14 days earlier, at 5 to 6 
weeks’ gestation.44 While TVUS scanning provides 
superior imaging of the uterus (ie, retroverted 
uterus) and adnexa, TAUS ultrasound offers a more 
global view of the pelvis, is easier to learn, and 
requires less maintenance from an infection-control 
perspective.34 (See Figure 4, page 6.) For emergency 
clinicians, sonographic findings consistent with an 
IUP include a yolk sac, fetal pole, or fetal heart activ-
ity within the uterus, surrounded by an 8-mm rim 
of myometrium. (See Figure 5, page 6.) Visualiza-
tion of a yolk sac, whether by TAUS or TVUS, is the 
first definitive evidence of an IUP. Once an IUP has 
been confirmed, fetal viability (fetal heart rate) and 
gestational age can also be determined. Although 
visualization of an IUP does not completely exclude 
ectopic or heterotopic pregnancy, its presence — 
in patients without risk factors — decreases the 
chances sufficiently to allow for further outpatient 
management.34,38 
	 Direct visualization of an ectopic pregnancy can 
be challenging, and is even more so when TVUS is not 
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Length Of Stay In The Emergency 
Department And Cost-Effectiveness
Bedside TAUS and TVUS performed and interpreted by 
physicians have been shown to decrease ED lengths of 
stay. Blaivas et al performed a retrospective chart review 
identifying 1419 symptomatic first-trimester patients 
who had ultrasound examinations that confirmed live 
IUP.37 Lengths of stay for patients who received their 
pelvic ultrasound from emergency physicians were com-
pared to those for patients who had studies performed 
by radiology staff. This study found that the median 
length of stay was 21% (59 minutes) less than those who 
received a pelvic ultrasound from radiology; this differ-
ence increased to 28% (1 hour and 17 minutes) during 
evening hours.
	 In a study by Burgher et al, the findings were 
similar and demonstrated that pelvic ultrasonogra-
phy performed by emergency physicians saved an 
average of 60 minutes when compared with scans 
done by consultative services.47 Shih also assessed 
the effect of pelvic ultrasonography performed by 
emergency clinicians on length of stay and found 
that the time savings were significant when an IUP 
was detected.48 Durston et al evaluated the qual-
ity and cost-effectiveness of detecting an ectopic 
pregnancy with ultrasound in a single ED over a 
6-year period. The study was divided into 3 simi-
lar time frames, with 3 different approaches to 
ultrasound availability: 1) limited availability of 
radiology staff-performed pelvic ultrasound, 2) 
readily available radiology staff-performed pelvic 
ultrasound, and 3) readily available emergency 
clinician-performed and radiology-staff performed 
pelvic ultrasound.49 This study found that the most 
cost-effective strategy is for emergency physicians 
to screen all patients with first trimester symptoms 
with emergency physician-performed pelvic ultra-
sounds and to obtain formal studies during the ini-
tial ED visit if the emergency physician-performed 
study is indeterminate. More specifically, Durston 
et al found that emergency physician-performed 
pelvic ultrasound saved 15.9 formal radiology 
studies and 9.7 ultrasound technician call-ins per 
ectopic pregnancy diagnosed.49

Conclusions
Pelvic ultrasound has been shown to be useful in the 
management of symptomatic first-trimester pregnant 
patients and is a core application of emergency ultra-
sound. Studies demonstrate that emergency physi-
cians can make a definite diagnosis in the majority of 
such patients. When an IUP is identified, emergency 
physician-performed pelvic ultrasound has been shown 
to decrease length of stay. When indirect or direct 
evidence of an ectopic pregnancy is noted, emergency 
physician-performed pelvic ultrasound has been shown 
to expedite care and to be life-saving.

performed, since the most frequent finding in ectopic 
pregnancy is a complex adnexal mass.42 Although the 
emergency clinician may directly visualize an ectopic 
pregnancy, the focus of the scan is on assessing for an 
IUP (or lack thereof) or for the presence of free fluid in 
the hepatorenal space (Morison’s pouch) or the pel-
vic space (Pouch of Douglas). Transabdominal views 
of the right upper quadrant and pelvis are integral to 
ultrasound imaging of the symptomatic first-trimester 
pregnant patient. Although the presence of significant 
intraperitoneal fluid in a pregnant patient without a 
definite IUP is indirect evidence, it is suggestive of an ec-
topic pregnancy, and its detection can be life-saving.46 

Figure 4. Normal Sagittal View Of The 
Female Pelvis

White arrow points to uterine fundus.
Black arrow points to rectouterine space (Pouch of Douglas).
Gray arrow points to endometrial stripe.

Figure 5. Fetal Heart Rate Measurement With 
Motion Mode Imaging

White arrow points to the gestational sac.
Black arrow points to the fetal pole.
Motion mode imaging can be performed to determine fetal heart rate.
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diology staff.54 The time needed to perform ultrasound 
was less than 5 minutes in the majority of cases. Tayal 
et al prospectively studied the accuracy of emergency 
physician–performed ultrasound compared with radiol-
ogy staff–performed ultrasound, CT, MRI, or laparotomy 
over a 2-year period.55 They found that in 125 patients, 
the sensitivity and specificity were 98% and 100%, re-
spectively, for emergency physician-performed studies.
	 As a screening tool, ultrasound is an effective way 
to identify AAAs that may require treatment. The Multi-

 Ultrasound For Abdominal Aortic Aneurysm

Abdominal aortic aneurysms (AAA) are a leading cause 
of death in the United States. Abdominal aortic aneu-
rysms occur when the walls of the aorta weaken due to 
atherosclerosis and hypertension. They are most com-
mon in males over the age of 50, especially those with 
a history of smoking or hypertension. Initially, AAAs are 
asymptomatic, but with expansion, they classically pres-
ent as pain in the abdomen, flank, or back, and the risk 
of rupture is related to the size of the aneurysm. When 
it occurs, rupture results in the above symptoms or 
presents as syncope, dizziness, hypotension, pulseless 
electrical activity, or cardiac arrest. Emergent surgical 
repair is often the only possible life-saving measure, so 
rapid identification of AAAs is a critical skill for all emer-
gency clinicians.
	 Physical examination is the fastest way to deter-
mine whether a patient has an AAA. Traditionally, the 
finding of a pulsatile abdominal mass is associated with 
an AAA; however, both the sensitivity and the specificity 
of the physical examination are relatively poor. In 1999, 
a meta-analysis of 15 studies was carried out to see how 
accurate clinicians are in detecting AAAs on physical 
examination.50 The study found that pooled sensitivities 
for AAA increased with the size of the aneurysm, from 
29% for AAAs of 3.0 to 3.9 cm, to 50% for AAAs of 4.0 to 
4.9 cm, and to 76% for AAAs of 5.0 cm or larger. 

Review Of The Literature
In many ways, ultrasound is the ideal tool for di-
agnosing AAAs. (See Figures 6 and 7.) It offers the 
same benefits as for other applications, in that it is 
rapid, accurate, noninvasive, inexpensive, and re-
producible; it involves nonionizing radiation; and it 
can be done at the patient’s bedside. This is particu-
larly important in the unstable hypotensive patient 
who cannot travel to the CT scanner. The use of 
ultrasound to assess for AAAs was described in the 
literature as early as 1977. Goldberg described its use 
in detecting a normal aorta or an AAA and in defin-
ing the anatomy and extent of disease.51 Since then, 
there has been considerable research on the role of 
bedside ultrasound in the assessment of AAAs.
	 As for many applications of ultrasound, some 
reports have focused on the ability of emergency 
clinicians to accurately perform bedside ultrasound 
and to interpret the results. Dent et al described scans 
done by emergency physicians to assess for AAAs and 
found a sensitivity of 96% and a specificity of 100%.52 
Costantino et al compared ultrasound performed by 
emergency physicians to a gold standard of CT, mag-
netic resonance imaging (MRI), or operative findings. 
In 238 patients, they found a sensitivity of 94% and a 
specificity of 100%.53 Similarly, in a study involving 104 
patients, Knaut et al found good agreement between 
measurements of the aorta made with ultrasound by 
emergency physicians and those made with CT by ra-

Figure 6. Normal Transverse View Of The 
Abdominal Aorta

 
White arrow points to splenic vein.
Black arrow points to superior mesenteric artery.
Normal transverse view of the proximal abdominal aorta demonstrat-

ing the splenic vein, superior mesenteric artery, inferior vena cava 
(IVC), aorta (Ao), and vertebral body.

Figure 7. Abdominal Aortic Aneurysm On 
Transverse View

Abbreviation: AAA, abdominal aortic aneurysm.

Transverse view of the abdominal aorta demonstrating an AAA 
anterior and to the left of the vertebral body. The abdominal aorta is 
measured on the transverse view and an AAA is present when the 
abdominal aorta measures > 3 cm.

IVC

AAA

Vertebral 
body

Vertebral 
body

Ao
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Conclusions
Bedside ultrasound scanning for AAA is a high-yield 
application with high sensitivity and specificity 
that can be easily learned by emergency clinicians. 
Rapid diagnosis of an AAA in the unstable patient 
can be life-saving. Though this conclusion has not 
been confirmed in the literature, it would be difficult 
to perform a randomized controlled clinical trial to 
demonstrate it. Bedside ultrasound is not a sensitive 
test to differentiate between ruptured and unrup-
tured aortic aneurysms, and in stable patients a CT 
scan is the test of choice.

 Ultrasound For Deep Venous Thrombosis

Evaluation of a painful, swollen leg is a common 
work-up in the ED. The differential diagnosis usu-
ally includes deep venous thrombosis (DVT), cel-
lulitis, venous stasis, or some combination of these. 
Ultrasound is the test of choice to identify or exon-
erate DVT, and with the increasing availability of 
ultrasound machines, more emergency clinicians are 
becoming facile in performing and interpreting this 
examination at the bedside. (See Figures 8 and 9.) 

Review Of The Literature 
Many studies have examined the ability of emergency 
physicians to accurately diagnose DVT on BUS. A 1997 
study looked at whether emergency physicians could 
accurately diagnose DVT using color-flow Doppler after 
a modest training program and found a sensitivity of 
100% and specificity of 75%.64 A recent review by Burn-
side et al summarized these findings.65 They performed 
a systematic review of emergency physician-performed 
ultrasound for the diagnosis and exclusion of DVT. They 
included original prospective studies of emergency 
physician-performed ultrasound in symptomatic pa-
tients and compared the results with a second venous 
ultrasound performed by radiology or a vascular lab. Of 
1162 publications reviewed, 6 studies met inclusion cri-
teria and relevance screening.66-71 When these 6 studies 
were combined, 132 cases of DVT were detected in 936 
patients. Pooled sensitivities and specificities were 95% 
(95% CI, 0.87-0.99) and 96% (95% CI, 0.87-0.99), respec-
tively.65 Despite some limitations, the overall pooled 
sensitivity and specificity are very high, suggesting that 
properly trained emergency clinicians can diagnose 
DVT at the bedside using ultrasound with an accuracy 
approaching that of formal studies.65

	 Shortly after the Burnside review, Kline et al 
published a study evaluating the sensitivity and 
specificity in detecting DVT on ultrasound by a 
heterogeneous group of providers.72 This was a 
prospective, single-center study conducted at an 
urban academic ED in which faculty, residents, and 
midlevel providers underwent a training course for 
3-point compression BUS. The overall sensitivity 
and specificity were 70% and 89%, respectively.

centre Aneurysm Screening Study (MASS) prospectively 
evaluated mortality and the cost-effectiveness of ultra-
sound screening in asymptomatic men in a large outpa-
tient program. The study enrolled 67,800 males ages 65 
to 74 who were randomized to receive or not receive a 
screening ultrasound. Subjects with positive results were 
followed up or referred for surgery. There was a 53% rela-
tive reduction in aneurysm-related death in the group 
that was screened when compared with the unscreened 
control group.56 In addition, short-term (30-day) mortal-
ity was 6% after elective aneurysm repair vs 37% after 
emergency surgery. A secondary analysis demonstrated 
that this screening was cost-effective.57 A 2007 Cochrane 
review of 4 studies confirmed a mortality reduction in 
men but stated that the evidence is not sufficient to 
prove the same in women.58

	 Few studies have examined the screening of as-
ymptomatic patients in the ED. Moore et al studied 
179 patients who presented to the ED with unrelat-
ed complaints.59 They found an incidence of AAA 
of 6.7%, and of the 12 patients with AAA, repair 
was recommended in 3. As in other studies, emer-
gency physician-performed ultrasound was fast 
and accurate. Since mass screening has been shown 
to reduce mortality, some third-party payers have, 
over the past few years, approved reimbursement 
for screening at-risk patients. This practice has not 
yet been adopted in EDs, but theoretically could be 
if the appropriate equipment, documentation, and 
follow-up systems were in place.
	 Although ultrasound is an excellent tool for 
detecting AAA, its ability to differentiate between 
a ruptured and a nonruptured aneurysm is limited. 
Free fluid seen on a FAST examination certainly 
could represent blood from a ruptured aneurysm, 
but the majority of AAAs rupture into the retroperi-
toneum and thus are more challenging to detect on 
a FAST examination. Sensitivity may be improved 
with contrast-enhanced sonography. Ultrasound 
contrast solutions contain microbubbles that, when 
injected, flow within vessels and capillaries and 
better delineate their anatomy by “lighting up” the 
image. Recent reports have described the use of 
contrast-enhanced ultrasound in detecting aortic 
aneurysmal rupture.60,61 Evidence is limited to a case 
series, however, so the ability to definitively detect 
or rule out aortic aneurysm rupture is unclear.
	 Finally, ultrasound is also able to detect another 
aortic emergency: aortic dissection. When blood dis-
sects into the tunica media and the tunica adventitia, 
an intimal flap can be seen moving within the aorta. 
Two case series of patients in the ED describe the use of 
ultrasound in detecting aortic dissection.62,63 While the 
exact sensitivity and specificity of emergency clinician-
performed echo for aortic dissection have not been 
studied, ultrasound is likely specific when a flap is seen, 
but not sensitive, as complete evaluation of the aorta 
requires multiple views and can be difficult. 
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the 2 studies. A similar trend was described, but 
not explicitly studied, by Blaivas et al.71 In this 
study, the median scan time for emergency phy-
sician-performed ultrasound was 3 minutes, 28 
seconds. The longest time required to complete an 
emergency physician-performed ultrasound study 
was 18 minutes, 20 seconds, whereas the vascu-
lar lab performed a complete duplex ultrasound 
examination within 8 hours. Although scant, the 
literature supports what is already intuitive—that 
BUS is considerably faster than studies performed 
by radiology or in the vascular lab.
	 Many radiology departments and vascular labs 
perform full-length lower-extremity ultrasound and 
use sonographic techniques including color-flow 
Doppler, augmentation, and respiratory variation of 
veins to assess for DVT. Compression alone has also 
been shown to be a powerful detector of DVT. Patent 
veins should compress completely when downward 
pressure is applied with an ultrasound probe. Clots 
may appear hyperechoic, but since some are an-
echoic, failure to visualize a clot does not rule out its 
presence. Regardless of its echogenicity, when a clot 
is present, the vein does not fully compress.
 	 A study by Biondetti et al compared vein 
compressibility alone to a gold standard of ve-
nography.73 They found that vein compressibility 
had a sensitivity of 87% and specificity of 100% for 
detecting DVT. Six of the 7 false-negative results 
were from isolated distal DVT. The sensitivity of 
ultrasound for detecting proximal DVT was 98%.
	 Another variable in scanning technique is 
performing 2-point compression (femoral vein at 
the groin only and popliteal vein) versus full-length 
lower-extremity ultrasound. The obvious advantage 
of the 2-point compression technique is the shorter 
time required to perform the examination. But how 
does it compare in terms of diagnostic accuracy?
	 A recent study by Bernardi et al prospectively 
randomized 2098 patients with suspected DVT to 
serial 2-point ultrasound in combination with a 
D-dimer test versus whole-leg color-flow Doppler 
ultrasound.74 One group of patients was random-
ized to full-length lower-extremity ultrasound, 
including evaluation of the calf veins. The other 
group was examined with 2-point ultrasound (com-
mon femoral vein and popliteal vein compression 
only) and a D-dimer test. Those with a negative 
ultrasound and positive D-dimer underwent repeat 
ultrasound at 1 week’s time. Those with a nega-
tive 2-point ultrasound and negative D-dimer and 
those with a negative repeat ultrasound at 1 week 
were not treated with an anticoagulant and were 
not further investigated. The incidence of proximal 
DVT on 1-week testing in the group with a positive 
D-dimer test was 5.5%. The incidence of confirmed 
symptomatic DVT on 3-month follow-up was 1.2% 
versus 0.9% in the whole-leg group versus 2-point 
ultrasound group, respectively. This study supports 

Time And Cost Savings
In general, it is reasonable to postulate that ultrasonog-
raphy performed by an emergency clinician at the 
bedside would almost invariably take less time than 
obtaining a comprehensive study in radiology or the 
vascular lab. Studies examining the time and potential 
costs saved by emergency clinician-performed ultra-
sound to detect DVT are limited.
 	 In 2004, a prospective, single-blind, observa-
tional study by Theodoro et al studied the time 
savings associated with emergency physician 
-performed ultrasound studies versus studies per-
formed by radiologists.68 A convenience sample 
of 156 patients was enrolled. A statistically signifi-
cant difference (P < 0.0001) existed between the 
mean time from triage to ED disposition (95 min) 
and the mean time from triage to radiology dispo-
sition (220 min), with excellent agreement between 

Figure 8. Deep Vein Thrombosis In Common 
Femoral Vein On Transverse View Of Right 
Inguinal Area

White arrow points to the common femoral vein deep vein thrombosis 
(CFV DVT). The superficial femoral artery (SFA) and the deep femo-
ral artery (DFA) are also seen.

Figure 9. Deep Vein Thrombosis In Popliteal 
Vein On Transverse View

White arrow points to a deep vein thrombosis within the popliteal vein 
(PV DVT). The popliteal artery (PA) is also seen.
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 Ultrasound For Soft Tissue And 
 Musculoskeletal Applications

Point-of-care ultrasound can be used for a wide variety 
of soft tissue and musculoskeletal applications in the 
ED, including the diagnosis of soft tissue infections and 
masses, tendon injuries, joint effusions, and fractures, 
as well as the localization of foreign bodies. Ultrasound 
offers the emergency clinician rapid bedside evaluation 
of and procedural guidance for a wide array of these 
commonly encountered conditions. 

Cellulitis And Abscesses
An increasing body of literature has demonstrated 
the utility of BUS in the management of soft tissue 
infections in the ED by aiding in the differentiation 
between cellulitis and abscess, as well as localizing 
and guiding drainage of fluid collections.79-81 (See 
Figures 10 and 11.) Ultrasound has been shown to be 
superior to the physical examination and to alter the 
management of patients with soft-tissue infections. 
	 How often have you wondered if a skin infection 
actually has a drainable fluid collection? A prospective 
study by Squire et al evaluated 107 patients with sus-
pected cellulitis or abscess and compared the accuracy 
of physical examination with that of ultrasound in 
detecting subcutaneous abscesses.79 Prior to obtaining 
the ultrasound, the treating clinician reported a “yes” or 
“no” assessment on the presence of an abscess. Ultra-
sonography was performed by physicians and residents 
who had attended a 30-minute training session on this 
application. The gold standard was purulent drainage 
on incision or resolution of symptoms on antibiotics 
alone at follow-up on day 7. The authors found ultra-
sound to be more accurate when compared with the 
clinical examination in terms of sensitivity (98% vs 86%), 
specificity (88% vs 70%), positive predictive value (93% 
vs 81%), and negative predictive value (97% vs 77%).
	 The findings on bedside soft tissue ultrasound can 
dramatically alter how the patient is managed. Tayal 
et al enrolled 126 patients with soft tissue infections 
and asked the clinicians about their treatment plan.80 
Ultrasonography was then performed by 1 of the study 
physicians who had significant experience in the use of 
emergency ultrasound. Overall, the ultrasound find-
ings resulted in a change in management in 71 of the 
126 patients (56%). The changes included new plans 
for drainage (all of which returned purulent material), 
sparing a planned drainage, and further testing or con-
sultation. Interestingly, although not the purpose of the 
study, 4 other diagnoses were made using BUS, including 
enlarged lymph nodes, DVT, and superficial phlebitis. 
	 In addition to its value in assessing cutaneous infec-
tions, ultrasound has been found useful in the diagnosis 
and management of suspected peritonsillar abscesses 
(PTA).82-84 In this situation, a high-frequency intracavi-
tary probe is used to visualize the posterior pharyngeal 
space. In a descriptive study, Lyon and Blaivas retro-

the idea that 2-point compression in combination 
with a D-dimer test is equivalent to whole-leg 
color-flow Doppler ultrasound in the management 
of symptomatic patients with suspected DVT. The 
authors also note that the initial prevalence of 
proximal DVT was similar in both groups (22.1% 
vs 20.2%), suggesting that proximal DVT always 
involves the common femoral vein, the popliteal 
vein, or both. They suggest that superficial and 
deep femoral veins are usually not worth investi-
gating.
 
Evaluation Of Calf Veins
The evaluation of distal (calf) veins for DVT is also 
a controversial topic. The natural history of distal 
DVT is that in the majority of cases, the thrombi are 
resorbed and do not propagate, while a small number 
(0% to 29%)75 do propagate and extend to involve 
the popliteal vein, thus becoming proximal DVT. 
Proximal DVTs carry a high risk of embolization, and 
as such, the use of anticoagulation in patients with 
isolated distal DVTs is controversial. The goal, then, 
is to identify patients who have distal DVTs that then 
develop into proximal DVTs. (See Figures 8 and 9, 
page 9.) One common practice pattern is to refer ED 
patients for a repeat ultrasound in 1 week’s time.
	 A study by Kearon et al studied outpatients with 
suspected DVT and negative results on proximal vein 
ultrasound.76 Patients received a repeat ultrasound in 1 
week and then were followed for 6 months. Three of 402 
patients (0.7%) were diagnosed with DVT on the 1-week 
ultrasound. Of the other 399, 5 patients (1.3%) were 
found to have DVT within the 6-month follow-up period. 
This study supports the concept that with a negative 
1-week ultrasound, the rate of symptomatic DVT during 
the next 6 months is very low. Care must be taken by the 
emergency clinician to communicate with the patient’s 
primary care provider, as many providers seem unaware 
of the need for a repeat ultrasound.77 
	 Finally, when using ultrasound to evaluate a patient 
for DVT, is it useful to scan the contralateral leg? Pennell et 
al sought to answer this question in a 2008 study of 239 
patients with unilateral symptoms and a DVT on ultra-
sound; 47 patients (19.7%) were found to have thrombosis 
in the (asymptomatic) contralateral leg. Patients with active 
malignancy carried a 38% incidence of an asymptomatic 
contralateral clot, so the authors recommend routine scan-
ning of both legs in this population. 78

Conclusions
Bedside ultrasound to detect DVT offers excellent 
sensitivity and specificity when performed by skilled 
emergency clinicians. Its use in the ED is likely to 
decrease patients’ length of stay. The 2-point compres-
sion technique is sufficient for diagnosing proximal 
DVT. Evaluation of calf veins for distal DVT is not usually 
necessary as long as a follow-up ultrasound can be 
obtained within a week.
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eign bodies, although it has significant limitations. 
A variety of studies have sought to determine the 
accuracy of ultrasound for foreign body localization, 
often in cadaveric or simulated models, with varied 
results.85-91 One study demonstrated a sensitivity of 
93% for detecting radiolucent wooden objects and 
of 73% for detecting radiolucent plastic objects in 
human cadaver legs.88 In another study, minimally 
trained emergency physicians used ultrasound 
to detect small foreign bodies (less than 5 mm).89 
Ultrasound was found to have an overall sensitiv-
ity of 53% and a specificity of 47%, with a positive 
predictive value of 80%. It is likely that the sensitiv-
ity and specificity achieved in localizing a foreign 
body depends on numerous factors, including the 
experience of the sonographer, the frequency and 
quality of the transducer, the type of tissue model 
used, as well as the composition, size, and depth of 
the foreign body.
	 Ultrasound can be used to both diagnose joint ef-
fusions and to assist in arthrocentesis. In a randomized 
trial comparing ultrasound-guided versus landmark-
based knee arthrocentesis, the findings on ultrasound 
did not change the success rate of the procedure but 
did lead to more fluid aspirated and to greater provider 
confidence.92 Case series have been reported that de-
scribe the diagnosis and drainage of ankle effusions and 
of both adult and pediatric hip effusions by emergency 
physicians using ultrasound in the ED.93-95

	 Although the current standard of care for the evalu-
ation of bony fractures is radiography (as well as CT and 
MRI), ultrasound may potentially be useful in a number 
of scenarios. In certain environments where plain x-rays 
are not available (such as military battlefields, in space, 
or remote or international locations), ultrasound may 
potentially be utilized for diagnosing fractures with 
acceptable accuracy. In a study of 58 patients with sus-
pected long-bone fractures, ultrasound had a sensitivity 
of 92% and specificity of 83% compared with x-ray and 
was more sensitive than physical examination for the 
diagnosis of fractures.96 In another study designed to 
evaluate extremity injury in austere settings, nonphysi-
cian personnel, using ultrasound, correctly diagnosed 
extremity injuries in 94% of patients.97

	 Ultrasound may be superior to plain x-ray for 
select fractures that are traditionally difficult to evalu-
ate by radiography. In a study of 88 patients with 
chest trauma, ultrasound was found to be superior 
to clinical acumen and radiography for detecting rib 
and sternal fractures.98 In certain clinical situations, 
ultrasound may be useful in expediting and assist-
ing management, such as during bedside reduction 
requiring sedation. In 1 study of 68 pediatric patients 
with suspected forearm fractures, ultrasound had 
a sensitivity of 97% and a specificity of 100% for 
detecting fractures when compared with plain films.99 
Ultrasound-guided reduction of those fractures had 
an initial success rate of 92%, with only 2 of 26 pa-
tients requiring re-reduction based on x-ray findings. 

spectively reviewed 43 cases of patients with clini-
cally suspected PTA who underwent BUS in their ED.84 
Thirty-five (81%) were diagnosed with PTA and 8 (19%) 
with tonsillar cellulitis. All patients diagnosed with PTA 
underwent ultrasound-guided drainage in the ED with 
no complications or need for return visits, although no 
formal follow-up was carried out. 

Foreign Bodies, Joint Effusions, And 
Fractures
Bedside ultrasound is also useful for other common 
soft tissue and musculoskeletal diagnosis in the ED. 
Ultrasound can be used to screen for superficial for-

Figure 10. Color-Flow Doppler Of Blood 
Vessel Overlying Abscess
 

White arrow demonstrates flow in a superficial vessel overlying the 
abscess.

Black arrow points to the irregularly bordered hypoechoic abscess.
Ultrasound can help locate an abscess; color Doppler can help avoid 

vessels when planning incision and drainage procedures.

Figure 11. Cobble-Stoning Consistent With 
Cellulitis

 
White arrow points to the “cobblestone” appearance of inflamed cel-

lulitic tissue without identifiable fluid collection.
Black arrow points to bone with underlying shadow.
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occlusion. Other findings included papilledema and 
intraocular foreign body. Ultrasound examinations 
were followed by either orbital CT or formal oph-
thalmologic evaluation and were in agreement with 
the confirmatory studies in 60 out of 61 cases, with a 
resulting sensitivity of 100% and specificity of 97%. 
This descriptive feasibility study demonstrated that 
emergency physicians could accurately detect intra-
ocular disorders using BUS.
	 Other small studies have described the use of 
ocular ultrasound in penetrating ocular injuries, to 
detect intraocular foreign bodies in a porcine eye 
model, and even aboard the International Space Sta-
tion.105-107 There have been no further large studies, 
however, to confirm these initial results. 

Screening For Increased Intracranial 
Pressure
There is a growing body of literature describing the 
use of ocular ultrasound as a noninvasive method 
to detect elevated intracranial pressures (ICP). 
Increased ICP is transmitted through the subarach-
noid space surrounding the optic nerve, causing 
expansion of the optic nerve sheath. The optic 
nerve sheath diameter (ONSD) can be measured on 
ultrasound using either the visual axis (probe placed 
directly over the closed eyelid in transverse orienta-
tion) or the coronal axis (probe placed temporally 
and directed nasally).108 (See Figure 13.) The ap-
proach most widely used is the visual axis, which 
measures the diameter of the optic nerve sheath at 
a point 3 mm posterior to the globe.109 Unlike most 
BUS examinations, which are adept at “ruling in” 
pathology, the current literature suggests that an 
ONSD of less than 5 mm may have excellent speci-
ficity for “ruling out” elevated ICP. 
	 In an observational study involving 59 adult pa-
tients with head injury in the ED, Tayal et al measured 
ONSD using ultrasound and compared the results with 
CT findings suggestive of increased ICP.109 The finding of 
an ONSD greater than 5 mm on BUS had a sensitivity of 
100% and a specificity of 63%, with a negative predic-
tive value of 100% for the increased ICP noted on CT. 
	 Using direct measurements of increased ICP 
by means of ventriculostomy (serving as the gold 
standard), 3 recent studies with slightly different 
protocols further characterized the direct correlation 
between ONSD and ICP with slightly varied results. 
The conclusion from these studies is that ONSD has 
a strong statistical correlation with ICP but that exact 
ICP prediction based on ONSD remains difficult and 
further studies evaluating different techniques are 
required. Ultrasound will not replace the need for 
invasive intracranial monitoring, but it can be used as 
a helpful bedside screening tool. A useful approach 
to assessing ICP is ONSD < 5 mm, no elevated ICP; 
ONSD > 6 mm, elevated ICP likely; ONSD = 5 to 6 
mm, elevated ICP indeterminate/possible. 

Conclusions
Bedside ultrasound has been shown to be of value in a 
wide range of soft tissue and musculoskeletal applica-
tions. Ongoing research and increasing utilization at the 
bedside will provide greater understanding of the ben-
efits and limitations of each of the various applications. 

 Ocular Ultrasound

Bedside ocular ultrasound has been used by emergency 
clinicians to detect various disorders within the eye as 
well as a tool to screen for increased intracranial pres-
sure. 

Ocular Disorders
Approximately 2 million people present each year to the ED 
with ocular injuries.100 In a busy setting, delays in obtaining 
CT or MRI imaging or ophthalmologic consultation can be-
come significant. In addition, in many cases of acute ocular 
injuries, physical examination can be challenging and quite 
limited. The ability to rapidly assess the eye with a nonin-
vasive bedside examination performed in the ED can help 
diagnose and expedite the work-up for potentially vision-
threatening conditions.
 	 Since the anterior and posterior chambers of the 
eye contain vitreous fluid, the eye is an ideal acous-
tic window for ultrasound imaging. Moreover, the 
contralateral eye can serve as a normal control for 
the symptomatic eye. Structures such as the anterior 
chamber, lens, posterior chamber, retina, and optic 
nerve can all be visualized. As such, conditions such 
as retinal detachment, vitreous hemorrhage, ocular 
foreign bodies, lens dislocation, retrobulbar hema-
toma, and globe rupture can be detected on BUS. 
(See Figure 12.) Because of the dynamic nature of 
ultrasound imaging, extraocular eye movements 
and pupillary response can also be visualized on 
ultrasound, even when swollen lids prevent direct 
visualization.101

	 Although ophthalmologists have been using 
ocular ultrasound for decades, emergency clinicians 
have only recently begun to incorporate this tool into 
their practice.102,103 The current technique involves the 
high-frequency linear-array transducer (7.5-10 MHz), 
which is the same probe used for ultrasound-guided 
vascular access or soft tissue ultrasound. In the larg-
est study of bedside ocular ultrasound performed 
by emergency physicians, Blavais et al evaluated 
61 patients who presented to the ED with a history 
of eye trauma or an acute change in vision.104 The 
study physicians included residents and attending 
emergency physicians who received a 1-hour lecture 
and 1 hour of hands-on instruction by an ultrasound-
fellowship-trained emergency physician. Of the 61 
total patients, 26 (43%) were found to have intraocu-
lar disorders on BUS. The findings included 9 retinal 
detachments, 5 vitreous hemorrhages, 3 globe rup-
tures, 2 lens dislocations, and 1 central retinal artery 
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Conclusions
Bedside ocular ultrasound is a relatively new modality 
and shows promise both in diagnosing a wide range of 
ocular disorders and as a screening tool for elevated ICP. 

 Ultrasound Of The Hepatobiliary System

Focused BUS of the hepatobiliary system is well-suited 
for ED investigations of suspected biliary disease. 
Gallbladder disease is endemic in our population; ap-
proximately 10% of adults have gallstones, although the 
prevalence varies with age, sex, and ethnicity. After age 
60, 10% to 15% of men and 20% to 40% of women have 
gallstones.110 Acute cholecystitis accounts for 3% to 9% 
of hospital admissions for acute abdominal pain, and 
the current practice standard is early cholecystectomy, 
making it an important diagnosis.
	 Nonetheless, the diagnosis of cholecystitis cannot 
be based on clinical examination and laboratory find-
ings alone. One meta-analysis reported that no clinical 
or laboratory finding (including leukocytosis, fever, 
or Murphy’s sign) had a sufficiently high-positive or 
low-negative likelihood ratio to rule in or rule out acute 
cholecystitis.111

	 The most commonly used imaging modality 
in suspected cholecystitis is right upper quadrant 
(RUQ) ultrasound. (See Figures 14 and 15, page 14.) 
Radiology-performed ultrasound has good sensitiv-
ity (88% to 94%) and specificity (78% to 80%) and is 
more convenient than radionuclide scanning, without 
the radiation exposure of CT.110 In comparison with 
comprehensive radiology-performed ultrasound, 
emergency clinician–performed focused RUQ ultra-
sound describes a focused ultrasound performed at 
the patient’s bedside and designed to answer targeted 
questions. It has excellent comparative sensitivity and 
specificity, can be performed and interpreted at the 
bedside, and has been shown to decrease ED length 
of stay.

Focused Ultrasound Of The Right Upper 
Quadrant
Although there are many sonographic criteria for acute 
cholecystitis (including gallstones, sonographic Mur-
phy’s sign, gallbladder wall thickening greater than 
4 mm, pericholecystic fluid, and common bile duct 
dilation), gallstones are present in over 90% of cases of 
acute cholecystitis.112 A radiology-performed study of 
497 patients found the combination of gallstones with a 
positive sonographic Murphy’s sign had a positive pre-
dictive value of 92%, and the combination of gallstones 
with a thickened gallbladder wall had a positive predic-
tive value of 95% in diagnosing acute cholecystitis.113 
Hence, many studies of ED ultrasound of the gallbladder 
have focused on the presence of gallstones. This finding, 
along with a sonographic Murphy’s sign or thickened 
gallbladder wall, can then be considered in conjunction 
with the clinical presentation and laboratory findings. 

Figure 12. Retinal Detachment On Visual 
Axis

White arrow points to associated vitreous hemorrhage, the heteroge-
neous gray material within the anechoic vitreous fluid. 

Black arrow points to detached retina.

Figure 13. Normal Optic Nerve Sheath 
Diameter On Visual Axis

White arrow points to normal ocular globe with black (anechoic) 
vitreous fluid. By convention, the optic nerve sheath diameter is 
measured 3 mm posterior to the retina.

Black arrowheads demonstrate a normal optic nerve sheath diameter 
(ONSD) measurement of 4.1 mm.
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Conclusions
Focused ED biliary ultrasound can answer key clinical 
questions, such as whether gallstones or the sono-
graphic Murphy’s sign are present, and that information 
can then be incorporated into the clinical context of the 
patient’s presentation. Studies demonstrate that emer-
gency clinicians can achieve ultrasound results with 
reasonable sensitivity and specificity after a brief learn-
ing curve. Bedside biliary ultrasound has the potential 
to improve patient flow and decrease ED length of stay. 

 Ultrasound For Procedural Guidance

The use of ultrasound for procedural guidance has been 
well-established in the radiology literature. In more 

	 Emergency clinicians are adept at finding gallstones 
on BUS. In a study of 109 patients with suspected biliary 
disease in the ED, emergency physicians (minimally 
trained attending physicians and residents) demon-
strated a sensitivity of 96% and specificity of 88% in 
diagnosing cholelithiasis on ultrasound compared with 
the radiology-performed ultrasound.114 These emer-
gency physicians were more accurate than radiologists 
in assessing for sonographic Murphy’s sign (as com-
pared with pathologic specimens of acute cholecystitis), 
and the average length of the emergency physician–
performed study was less than 10 minutes. In a similar 
study of 116 ED patients suspected of biliary disease, 
ultrasound performed by 15 emergency medicine 
attending physicians with various amounts of prior 
training had a sensitivity of 92% and specificity of 78% 
for cholelithiasis compared with radiology-performed 
ultrasound.115 They also noted a sensitivity of 91% and 
specificity of 66% for diagnosing acute cholecystitis (us-
ing stones and positive Murphy’s sign) compared with 
clinical follow-up. Although ED clinicians demonstrate 
excellent ability to find gallstones, the presence of gall-
stones and sonographic Murphy’s sign on emergency 
clinician–performed BUS should be considered within 
the larger clinical context of each individual patient (in-
cluding physical examination and laboratory findings).

Learning Curve For Bedside Ultrasound
As in all cases of BUS, the performance and interpreta-
tion of the findings are operator-dependent. Currently, 
ACEP recommends 25 to 50 documented and reviewed 
cases to become clinically competent.1  There is some 
literature to support these recommendations. Gaspari et 
al reviewed 352 RUQ ultrasound studies by emergency 
medicine residents and attendings in an academic ED for 
both technical and interpretive errors.116 They found that 
the number of poor-quality ultrasound scans decreased 
after the operator had performed 7 examinations and 
that sonographers who had performed over 25 ultra-
sound examinations had an excellent level of agreement 
with the expert over-reads for detecting cholelithiasis 
(kappa = 0.92). Jang et al evaluated the learning curve 
for resident-performed RUQ ultrasound based on a gold 
standard of radiology-performed RUQ ultrasound/CT or 
pathology results and found the sensitivity and specificity 
for cholelithiasis or cholecystitis increased from 83% to 
96% and from 88% to 100%, respectively, after residents 
performed 20 scans.117

Length Of Stay In The Emergency 
Department
One of the benefits of emergency clinician–performed 
BUS is the potential for expedited patient flow. A 
retrospective review of 1252 cases of suspected chole-
cystitis demonstrated that a bedside RUQ ultrasound 
performed by emergency physicians versus radiology-
performed ultrasound decreased length of stay by 7% 
(22 min) overall and 15% (52 min) during evening or 
nighttime hours.118

Figure 14. Normal Long-Axis View Of The 
Gallbladder

White arrow points to liver.
Black arrow points to normal fluid-filled anechoic gallbladder.
Gray arrow points to the inferior vena cava.

Figure 15. Gallstone In Gallbladder Neck On 
Long-Axis View

White arrow points to liver.
Black arrow points to gallbladder.
Gray arrow points to large gallstone, with characteristic shadowing, 

located in the gallbladder neck.
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authors report that the short-axis approach can lead 
to a false sense of security and that the long-axis 
approach should also be used to verify the position 
of the needle or guidewire in the vein. 
	 The potential limitations of ultrasound are 
outweighed, however, by the evidence supporting 
its routine use for central line placement. The role 
of real-time ultrasonographic guidance has become 
so well-established in the medical literature that it is 
now recommended by multiple societies, including 
the Agency for Healthcare Research and Quality,131 
the American College of Emergency Physicians,1 the 
American College of Chest Physicians,132 and the 
British National Institute for Clinical Excellence.133 
Given this overwhelming support and the potential 
for error reduction as compared with traditional 
landmark techniques for line placement, ultrasound 
guidance for central venous catheterization should 
be used whenever possible and is considered by 
many to be the standard of care.

Paracentesis
Paracentesis, thoracentesis, and pericardiocentesis are all 
commonly performed procedures with potentially severe 
complications. The use of BUS has been advocated as a 
means to decrease the incidence of complications as well 
as to improve procedure success. 
	 As early as 1970, clinicians realized that ascites and 
abdominal fluid could be detected by ultrasonogra-

recent years, sonography has moved from the radiology 
suite to the bedside and is used by a variety of practi-
tioners to improve the safety and success of potentially 
dangerous procedures. 

Central Venous Catheterization
Central venous catheterization is a procedure that 
is often required for critically ill ED patients. Al-
though this is generally a safe procedure, the com-
plication rate has been reported to vary from 3% to 
as high as 20% in some studies.119-121 Complications 
range from minimal to life-threatening and include 
arterial cannulation, pneumothorax, cardiac tam-
ponade, air embolus, hematoma formation, and in-
jury to adjacent neurovascular structures. The goal 
of real-time ultrasound is to enable the operator to 
visualize the target vessel and surrounding struc-
tures before and during needle insertion. (See Fig-
ure 16.) While the traditional landmark technique 
is successful in many cases, factors such as patient 
body habitus, prior cannulation, the presence of 
scar tissue or thrombus, and variant anatomy can 
all make the landmark approach to vascular access 
more difficult.
	 There is ample literature supporting the use of ul-
trasound for the placement of central venous catheters. 
Leung et al in a randomized prospective trial demon-
strated the superiority of sonographic guidance com-
pared with landmark methods in the rate of successful 
internal jugular venous catheterization and the rate of 
complications, even when performed by inexperienced 
operators (as defined by those with less than 25 previ-
ous central venous catheterizations).119 Various other 
authors have demonstrated decreased time for can-
nulation and the need for fewer attempts, even with 
minimal training in the use of ultrasound.120-124 Miller 
and colleagues showed a significantly reduced time for 
central venous catheter placement in their study, with 
operators having minimal ultrasound training (1 hr) 
prior to participation.125 Of note, the greatest reduction 
in time to successful line placement in this study was 
seen in patients considered to have difficult access, as 
defined by coagulopathy, obesity, abnormal anatomy, 
or a history of intravenous drug use. 
	 It should be mentioned that there are concerns 
with the routine use of ultrasound for central line 
placement. Potential disadvantages include a time-
consuming learning process, an initial delay due 
to set-up, the need to prepare the machine and the 
transducer (applying a sterile probe cover) for use, 
and the initial cost of an actual ultrasound machine 
for use in the clinical setting. In addition, more 
clinical trials may be needed to prove the utility 
of sonographic guidance for sites other than the 
internal jugular vein, since there are limited data on 
subclavian, axillary, and femoral approaches.126-129 
A recent case series reported 6 accidental arterial 
cannulations despite ultrasound guidence.130 The 

Figure 16. Catheter In Internal Jugular Vein 
On Transverse View

Arrow points to catheter within the jugular vein.

In addition to using ultrasound to guide line placement, sonography 
can be used to confirm appropriate line placement.
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 	 Thoracentesis is recognized as one of the most 
common causes of iatrogenic pneumothorax, and 
this is the most common major complication of this 
procedure.143,144 It is noted to occur in 4% to 30% 
of cases performed without sonographic guidance, 
and of these, up to 50% of patients require tube 
thoracostomy.145,146 A number of authors have noted 
that ultrasound-guided thoracentesis significantly 
decreases the rate of iatrogenic pneumothorax and 
the subsequent need for tube thoracostomy.145,147-150 
Ultrasound-guided thoracentesis has also been 
shown to decrease the incidence of other common 
minor complications, including cough and bleeding 
at the puncture site.147 To decrease pain and improve 
patient comfort, BUS can be used in real time to 
visualize and anesthetize the pleural lining prior to 
puncture. An additional benefit of bedside sonogra-
phy in this setting is post-procedure evaluation of 
the thorax for both pneumothorax and re-expansion 
pulmonary edema.

Pericardiocentesis
A number of diseases can lead to the development of a 
pericardial effusion. Typically, traumatic injury leads to 
the rapid accumulation of pericardial blood and cardiac 
tamponade, whereas chronic processes such as malig-
nancy, infection, connective tissue disorders, and renal 
failure result in a more gradual accumulation of pericar-
dial fluid. The ability to detect pericardial effusions and 
tamponade is important to the emergency clinician, 
since rapid decompensation or frank arrest can result 
from the hemodynamic effects of cardiac tamponade 
physiology. 
	 Emergency echocardiography is rapid and 
noninvasive and can be performed at the bedside 
to detect pericardial effusions. (See the section on 
Emergent Echocardiography, page 18.) Once a peri-
cardial effusion has been noted, management will 
vary according to patient status. The patient with 
cardiac tamponade and hemodynamic compromise 
may need emergent pericardiocentesis.151 
	 For years, clinicians have been instructed to carry 
out emergent pericardiocentesis using a blind subxi-
phoid approach, with a complication rate reported 
to be near 50%.152 Complications include ventricular 
puncture, coronary vascular laceration, pneumotho-
rax, visceral abdominal puncture, and diaphragmatic 
injury. Bedside cardiac ultrasound guidance during 
this procedure has been shown by multiple authors 
to decrease the risk of these complications.153-157 (See 
Figure 17.) The largest of these studies examined a 
series of 1127 patients over a period of 21 years and 
noted a complication rate below 5%, well below the 
rate reported for standard pericardiocentesis us-
ing the landmark-based approach. The same group 
published a study of pericardiocentesis in pediatric 
patients in which the use of ultrasound guidance not 
only resulted in a lower complication rate but also 

phy.134 Many authors consider this the “gold-standard” 
test for the diagnosis of ascites, since it can detect as little 
as 100 mL of fluid in the abdomen.135,136 
	 Although paracentesis is generally safe when per-
formed by the conventional method of blind-needle 
entry, it can be aided by the use of BUS, especially in 
patients with small or moderate amounts of abdomi-
nal fluid or with abnormal anatomy. The first clini-
cians to study the use of ultrasound for procedural 
guidance in paracentesis noted that loops of bowel 
were often present between the abdominal wall and 
the expected location of ascitic fluid based on physical 
examination.137 They concluded that the distribution 
of ascites was too variable in most patients to identify 
a single ideal site for blind-needle puncture and that 
patients with minimal fluid in the abdomen were 
more difficult to drain without sonography.
	 Recent authors have examined the benefits of 
real-time procedural guidance during paracentesis. 
In a prospective randomized study comparing ul-
trasound guidance versus the traditional technique 
of needle entry, Nazeer and colleagues noted that 
ultrasound guidance improved the success rate of 
paracentesis and, moreover, identified a number of 
patients in whom the procedure could not be per-
formed owing to the presence of too little fluid or the 
presence of another disease process that had been 
mislabeled as ascites based on physical examina-
tion.138 Another interesting finding of this study was 
the ability of novice operators (emergency medicine 
residents given a 1-hour didactic course) to perform 
ultrasound guidance after minimal training.

Thoracentesis
The ability of ultrasound to detect disease processes 
in the thorax has been well established.139 In the criti-
cally ill patient, the presence of pleural effusions can be 
easily detected on BUS and with greater accuracy than 
with portable chest radiography.140,141 In patients with 
respiratory insufficiency due to pleural effusions, thera-
peutic thoracentesis may be indicated, with drainage of 
significant amounts of fluid. Patients with undifferenti-
ated pleural effusions require diagnostic thoracentesis as 
a part of their medical work-up. Because both physical 
examination findings and the presence of a density on a 
chest radiograph can be misleading, ultrasound-guided 
thoracentesis offers a safer alternative to thoracentesis 
with blind-needle entry. Ultrasound allows for direct 
visualization of surrounding anatomic structures such 
as the liver, spleen, diaphragm, and lung parenchyma. 
In a prospective study of 26 patients referred for 
ultrasound-guided thoracentesis after failed attempts 
with blind-needle passage, Weingardt et al found that 
when the puncture sites from these previous attempts 
were examined, errors in needle placement were noted, 
including insertion below the hemidiaphragm, above 
the fluid collection, into consolidated lung, or into mul-
tiple solid organs.142
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Hydronephrosis is usually graded as follows: mild 
(defined by prominent calyces and mild splaying of 
the renal pelvis), moderate (characterized by a bear-
claw appearance), or severe (defined by the presence 
of cortical thinning). Of note, hydronephrosis may 
be challenging to appreciate in volume-depleted 
patients; such patients may need to be hydrated first. 
	 When combined with urine studies and clinical 
examination, BUS helps the emergency clinician better 
differentiate the diagnosis in patients who present with 
acute flank pain. Studies show that the sensitivity of 
emergency physician–performed urinary tract ultra-
sound for the detection of hydronephrosis approaches 
that reported in the radiology literature. Rosen et al ex-
amined the use of ultrasound by emergency physicians 
to detect hydronephrosis in patients with ureteral colic 
and reported the following test characteristics: sensitiv-
ity of 72%, specificity of 73%, positive predictive value 
of 85%, and negative predictive value of 54%.160 Gaspari 
and Horst assessed the value of BUS in determining 
the cause of renal colic and found its overall sensitiv-
ity and specificity for detecting hydronephrosis to be 
87% and 82%, respectively.161 Stratification of the renal 
ultrasound data according to the results on urinalysis 
revealed a similar sensitivity (88%) and improved speci-
ficity (85%).
	 It has been suggested that the presence or absence 
and frequency of ureteral jets (assessed with color-
flow or power Doppler) correlate with the presence or 
absence and degree of ureteral obstruction. The value of 
Doppler visualization of ureteral jets in hydronephrosis 
has been studied in both children and adults, and re-

reduced the need for repeat drainage and surgical in-
tervention, probably owing to more accurate catheter 
placement and increased drainage made possible by 
direct ultrasound visualization.158 Interestingly, most 
authors note that the subxiphoid approach may not 
be the optimal approach, and that with ultrasound 
guidance, the parasternal or apical approach may 
provide more direct access to pericardial fluid. 
	 One potential criticism of these studies is that they 
were carried out by cardiologists in a cardiology labora-
tory using large, cumbersome diagnostic echocardiog-
raphy machines, which are not readily available in the 
ED. Despite this, the same basic principle of increased 
safety with direct visualization should apply in emer-
gency situations. In addition, one group has looked at 
the utility of hand-carried ultrasound for procedural 
guidance during pericardiocentesis and thoracentesis. 
Although a small study, their results indicate that this is 
not only feasible but also increases patient safety.159

Conclusions
Sonographic guidance has resulted in improved suc-
cess, more rapid completion, and decreased incidence 
of iatrogenic injury for a variety of procedures. Whether 
using the static or dynamic technique, needle-guidance 
should be performed with ultrasound, whenever possible. 
In particular, the use of ultrasound guidance for central 
venous catheterization is nearly uniformly recommended 
by professional societies and healthcare quality agencies 
around the globe. 

 Ultrasound Of The Urinary Tract

Ultrasound of the renal and urinary system is easily 
performed and is a core application of emergency 
ultrasound.1 It is fundamental to the evaluation of 
patients who present to the ED with undifferentiated 
flank or abdominal pain and is an integral component 
of the FAST examination. (See Figure 18, page 18.) Al-
though not typically a life-saving examination, renal 
and urinary tract ultrasound can expedite patient care 
and avoid exposing patients to unnecessary ionizing 
radiation. The scan focuses on identifying hydrone-
phrosis, assessing for ureteral jets, and determining 
bladder volume. Possible additional findings on 
urinary tract ultrasound include renal cysts or masses 
and bladder masses as well as abdominal aortic aneu-
rysms, which often present similarly.

Assessing For Hydronephrosis
Hydronephrosis is noted on ultrasound when dilata-
tion of the calyces and pelvis result in anechoic areas 
within the central collecting system. (See Figure 19, 
page 18.) Use of color-flow Doppler can help differ-
entiate between renal vasculature and hydronephro-
sis. When hydronephrosis is noted, it is important 
to determine whether the obstruction is unilateral 
or bilateral and, if possible, intrinsic or extrinsic. 

Figure 17. Pericardiocentesis Using 
Subxiphoid Approach

White arrow points to liver.
Black arrow points to pericardial effusion.
Gray arrow points to the needle tip visualized in the pericardial space.

Subxiphoid view of the heart demonstrating a pericardial effusion. This 
patient arrested and had emergent pericardiocentesis performed 
from the subcostal approach.
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ization attempts because of an empty bladder.164-171 
Chen et al performed a prospective, 2-phase study 
comparing success rates between an observational 
period and an intervention phase in which rapid BUS 
was performed prior to urethral catheterization. They 
noted that 24% of the patients were initially identified 
as having insufficient urine and that the overall initial 
urethral catheterization success rate was higher with the 
use of ultrasound (96%) than without (72%).169 Milling 
et al likewise performed a prospective study on the use 
of ultrasound in infants undergoing urinary catheteriza-
tion.170 Although they observed a similar urinary cath-
eterization failure rate (16%), they developed a urinary 
bladder index (ie, the product of anteroposterior and 
transverse diameters expressed in centimeters squared) 
and determined its sensitivity and specificity. Milling et 
al found that the sensitivity of this index in predicting 
the failure to obtain 2 mL of urine was 100% and that 
its specificity was 97%.170 Several other studies have 
demonstrated the value of performing BUS prior to 
suprapubic bladder aspiration.172-175 Both Gochman et 
al172 and Munir et al173 showed that ultrasound signifi-
cantly improved suprapubic aspiration success rates and 
decreased the number of failed attempts. 

Conclusions
Renal ultrasound has been shown to be useful in the 
management of patients who present to the ED with 
undifferentiated flank or abdominal pain. Renal and 
urinary tract ultrasound may obviate CT in a subset of 
ED patients and, in doing so, decrease ED length of stay 
and avoid unnecessary exposure to ionizing radia-
tion. Bladder ultrasound is simple and noninvasive and 
should be performed in order to decrease the number 
of unsuccessful urethral catheterization attempts in 
young children.

 Emergent Echocardiography

Emergency echocardiography is a core application 
of emergency ultrasound and is a key element of the 
FAST examination.1,176,177 Although comprehending 
image orientation178 and acquiring images can be 
somewhat challenging, emergency echocardiography 
has had a major impact on emergency clinicians’ abil-
ity to detect cardiac abnormalities and on patient care 
and can be life-saving.179 (See Figure 20.) It provides 
emergency clinicians with time-sensitive anatomic 
and physiologic information in a variety of cardiac-re-
lated scenarios, including cardiac arrest, unexplained 
hypotension, syncope, shortness of breath, and chest 
pain.180-183 Emergency echocardiography can help 
risk-stratify patients in the ED and further guide re-
suscitative efforts.184,185 At times, the information and 
disorders noted on focused cardiac ultrasound are 
vast and may surpass what the emergency clinician is 
able to appreciate and integrate. As per the American 
Society of Echocardiography (ASE)/ACEP Consensus 

sults are encouraging in terms of differentiating severe 
from nonsignificant obstruction.162,163

Bladder Ultrasound Prior To Urethral 
Catheterization In Young Children
Bladder catheterization is the method of choice for 
obtaining appropriate urine samples in young children. 
The minimum volume of urine necessary for accurate 
urinalysis and culture is 2 mL,164 yet it is often unclear 
whether or not the patient has a sufficient amount of 
urine in the bladder for the test to be of value. Urethral 
catheterization is uncomfortable and should not be 
repeated, to avoid urethral trauma and additional pain.
	 Bedside ultrasound is a simple, noninvasive modal-
ity that can assess bladder volume and has been shown 
to reduce the number of unsuccessful urethral catheter-

Figure 18. Normal Kidney On Coronal View

White arrow points to liver.
Black arrow points to right kidney.

Figure 19. Mild To Moderate Hydronephrosis 
On Coronal View

White arrow points to liver.
Black arrow points to right kidney.
Gray arrow points to moderate hydronephrosis.
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of 93% to 100%, and a negative predictive value of 
99% to 100%.1 The echocardiographic findings con-
sistent with cardiac tamponade include the follow-
ing: right ventricular (RV) free wall inversion during 
ventricular diastole (the hallmark finding), right atrial 
inversion during ventricular systole (more common 
and one of the earliest findings), increased respiratory 
variation of mitral or aortic inflow velocities (inspira-
tory decrease greater than 25%), and a dilated inferior 
vena cava with decreased inspiratory collapse.196

Statement, the ability to assess global left ventricular 
function and detect pericardial effusions and right 
heart dilatation (chamber sizes) are within the scope 
of emergency clinicians and can help answer critical 
patient management questions.186,187

Left Ventricular Function
Assessment of left ventricular function is a fundamental 
application of emergency echocardiography and helps 
predict clinical outcomes for a variety of disease states. 
The ability to assess a patient’s overall left ventricular 
function — from cardiac standstill to a hyperdynamic 
ejection fraction — allows emergency clinicians to 
better manage patients who present with chest pain, 
dyspnea, or unexplained hypotension or who are in 
cardiac arrest.188 Although regional wall motion abnor-
malities and quantitative measurements are beyond 
the scope of most emergency clinicians, the visual 
(qualitative) assessment of global left ventricular systolic 
function is not.187 With appropriate education and 
training, emergency clinicians can differentiate between 
normal and severely depressed left ventricular systolic 
function similar to cardiologists. Moore et al demon-
strated that, with focused training, emergency physi-
cians can accurately determine left ventricular function 
in hypotensive patients.188 Although this study showed 
good agreement between emergency physicians and 
cardiologists for patients with normal and severely de-
pressed left ventricular function, emergency physicians 
had more trouble categorizing patients with moderately 
depressed left ventricular function. This underscores the 
need for emergency clinicians to recognize their limita-
tions and to obtain consultative imaging studies when 
indicated.

Pericardial Effusions
Pericardial fluid typically appears as an anechoic 
space between the epicardium and the pericardium. 
(See Figure 21.) Ultrasound is an ideal modality to 
detect the presence of pericardial fluid and its im-
pact on right heart filling.177,189,190 Although cardiac 
tamponade is largely a clinical diagnosis, emer-
gency echocardiography may demonstrate findings 
consistent with impending tamponade prior to the 
development of physical examination findings and 
hemodynamic compromise.191-193 The amount of fluid 
required to impair filling and cause circulatory failure 
depends on the rate of accumulation. Pericardial effu-
sions may be graded as small (less than 10 mm), mod-
erate (10-15 mm), or large (greater than 15 mm).193-196

	 Numerous studies have demonstrated that 
emergency physician–performed emergency echo-
cardiography has sensitivities approaching 100% for 
the detection of pericardial effusions.184,197,198 When 
compared with the expert over-read of images, emer-
gency physician–performed emergency echocardiog-
raphy for effusion has a sensitivity of 96% to 100%, a 
specificity of 98% to 100%, a positive predictive value 

Figure 20. Normal Parasternal Long-Axis 
View

Normal parasternal long axis view demonstrating the left atrium (LA), 
left ventricle (LV), aortic root (Ao), right ventricle (RV), and descend-
ing thoracic aorta (black arrow).

Figure 21. Pericardial And Left Pleural 
Effusions On Parasternal Long-Axis View

White arrow points to pericardial effusion.
Black arrow points to left pleural effusion.
Gray arrow points to descending thoracic aorta.
Abbreviations: Ao, aortic root; LA, left atrium; LV, left ventricle; RV, 

right ventricle.

Parasternal long axis view demonstrating both a pericardial effusion 
and a left pleural effusion. Pericardial effusions track anterior to the 
descending thoracic aorta; left pleural effusions track posteriorly.
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1.	 “I didn’t know there was so much literature to 
support the use of ultrasound.”  

	 Know the emergency ultrasound literature. For 
the previously established applications, research 
has moved beyond the assessment of technical 
and diagnostic accuracy and toward diagnostic 
decision-making and patient outcomes research.

2.	 “The views weren’t great, but the images I 
did see looked negative, so I sent the patient 
home.” 

	 Know your limitations. When used appropri-
ately, clinician-performed bedside ultrasound 
is a powerful tool that can improve patient 
safety, improve quality of care, and decrease ED 
lengths of stay. Clinicians put their patients and 
themselves at risk, however, when they do not 
recognize the limitations of ultrasound and the 
limitations of their own ultrasound skills. 

3.	 “Ultrasound is great because its sensitivity is 
so high.“ 

	 Be focused and specific. The goal of emergency 
ultrasound is to assess for specific abnormali-
ties with appropriate sensitivity rather than 
performing comprehensive studies. It is more 
important for emergency clinicians to be able to 
recognize, integrate, and act on abnormal ultra-
sound findings, especially life-threatening ones, 
than to try and perform consultative ultrasound 
examinations.

4.	 “There wasn’t much space in the room, so I 
decided to scan the patient from the opposite 
side and use my non-dominant hand since it 
was closer.” 

	 Develop, perform, and practice your scanning 
approach the same way every time. Good scan-
ning habits will avoid errors, improve consis-
tency, and increase efficiency.

5.	 “The ultrasound looked abnormal, so that 
must be the problem.” 

	 Avoid over-relying on or being overly influ-
enced by information obtained on bedside 
ultrasound. Clinicians must always remember to 
integrate findings on ultrasound into the pa-
tient’s overall clinical presentation (ie, findings 
on history and physical examination, laboratory 
studies, and results of other imaging modalities).

Risk-Management Pitfalls For Emergency Ultrasound

6.	 “It looked abnormal on the initial view, so I 
stopped the exam and then called the consul-
tant.” 

	 Remember to confirm or refute findings seen on 
1 view with a second or multiple views. Find-
ings seen on a single view may be secondary 
to artifact or may under- or over-represent an 
abnormal finding. Be sure to interrogate any 
abnormal finding from multiple different views 
in order to confirm and better characterize the 
finding. Avoid arriving at a final impression 
until multiple views have been attempted and 
used.

7.	 “The initial ultrasound scan was negative, so I 
didn’t bother to repeat it.” 

	 One of the many benefits of clinician-performed 
bedside ultrasound is its ability to be repeated. 
Repeat scans may reveal abnormal findings— 
which may have taken some time to accumulate 
—and should be performed when a patient’s 
clinical course deteriorates.

8.	 “It was so busy that I didn’t have time to do 
the ultrasound.” 

	 With appropriate training and practice, emer-
gency ultrasound can be performed rapidly and 
efficiently integrated into almost any patient 
work-up. For several of the 11 emergency ultra-
sound applications, decreased lengths of ED stay 
and significant time savings have been shown.

9.	 “The FAST examination was negative, so I 
assumed the patient wasn’t bleeding in the 
abdomen.” 

	 While the FAST examination has good sensitiv-
ity and excellent specificity for intraperitoneal 
bleeding, ultrasound is a poor diagnostic test 
for the detection of hollow viscous injury and 
retroperitoneal blood. 

10.	 “The patient had large-volume ascites, so I 
didn’t need to use ultrasound to guide my 
paracentesis.” 

	 Loops of bowel can be present between the 
abdominal wall, and the expected location of 
ascitic fluid based on physical examination and 
the distribution of ascites may often be variable 
as well, even in patients with large fluid vol-
umes.137 
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clinicians develop the knowledge and skills to perform 
bedside ultrasound. Like emergent airways and elec-
trocardiograms, emergency ultrasound is now a core 
component of emergency medicine residency training 
and is becoming fundamental to the clinical practice of 
emergency medicine. It is now a part of the Advanced 
Trauma Life Support (ATLS) algorithm and may perhaps, 
in the not-so-distant future, be likewise integrated into 
Advanced Cardiac Life Support (ACLS) algorithms.
	 There are now 11 core emergency ultrasound 
applications available to emergency clinicians to help 
diagnose and guide treatment for a wide range of acute 
and life-threatening medical conditions. As this article 
has made evident, the existing literature on emergency 
ultrasound is sound for some applications and more 
preliminary for others. This literature continues to de-
velop, and the quality of the work continues to improve. 
With larger data networks being formed, multicenter 
collaborative efforts are on the horizon and are likely to 
yield more evidence to support and to further define 
the evolving role of emergency ultrasound.

 Case Conclusions

Having recruited your young colleague, an E-FAST 
examination is performed, and it is noted that the patient 
has free fluid in Morison’s pouch. There is no fluid in 
the left upper quadrant, but fluid is present in the pelvis. 
Your interrogation of the right hemidiaphragm reveals a 
small-to-moderate amount of fluid above the diaphragm, 
consistent with a hemothorax. Your colleague helps you 
scan multiple rib interspaces over the anterior chest, 
revealing lung sliding on both the left and the right, 
consistent with no large pneumothorax. The subxiphoid 
view of the heart is somewhat limited, but no pericar-
dial effusion is evident. Given the limited subxiphoid 
view, your colleague then helps you obtain a parasternal 
long-axis view of the heart, which confirms no pericardial 
effusion but is notable for severely depressed LV func-
tion and what appears to be a dilated LV. You then scan 
the patient’s aorta and see no aneurysm. Your colleague 
then helps you interrogate the inferior vena cava, and 
you find it to be flat and with near complete collapse on 
inspiration. Integrating these ultrasound findings into 
the overall clinical picture, you surmise that the patient 
may have had a syncopal event from cardiomyopathy or 
dysrhythmia. In terms of the patient’s hypotension, you 
rule out cardiac tamponade, tension pneumothorax, and 
a ruptured aortic aneurysm and conclude that it is most 
likely due to solid organ injury, intraperitoneal bleeding, 
and depressed LV function. Despite numerous attempts, 
the nursing staff is unable to place a second peripheral IV 
line, and you use the ultrasound machine to place a femo-
ral introducer sheath on your first attempt. You ask for 
uncrossmatched blood to be made available and prepare 
the patient for transport to the operating room. Later in 
the week at your group meeting, you reflect on this case 
and consider how BUS helped you narrow your differen-

Right Heart Dilatation
Patients with right heart failure can be difficult to di-
agnose and manage. The thin-walled right ventricle 
(RV) is extremely sensitive to load, so small changes 
in pressure lead to large changes in volume. Right 
ventricular dilatation is the normal response to RV 
pressure or volume overload.195 Although assessing 
for RV systolic dysfunction and for paradoxical sep-
tal motion are beyond the scope of most emergency 
clinicians, assessing for RV dilatation (chamber size) 
may not be.187 Typically, the RV is smaller than the 
left ventricle (LV), with an RV-to-LV ratio of 0.6:1.0. 
When the RV is noted to be equal in size to the LV, 
the RV is moderately dilated. When the RV is larger 
than the LV, severe dilatation is present.201 The api-
cal 4-chamber view is used to compare RV and LV 
size, and the relative sizes are compared at the tips 
of the atrioventricular valves. When RV dilatation 
is present, the RV apex is closer to – or even encom-
passes – the LV apex.196 In the appropriate clinical 
setting, RV dilatation can suggest RV outflow tract 
obstruction possibly due to pulmonary embolism; 
however, emergency echocardiography is not sensi-
tive for pulmonary embolism. Patients with pulmo-
nary embolism and evidence of right-heart dysfunc-
tion have increased morbidity and mortality, and 
emergency echocardiography can be used to risk-
stratify and to better manage these patients.201,202

Conclusions
Emergency echocardiography provides emergency 
clinicians with immediate structural and physiologic 
data that can be life-saving. The ability to assess 
patients for pericardial effusions, global left ventric-
ular function, and right heart dilatation can provide 
answers to critical questions, risk-stratify patients 
in the ED, and further guide resuscitative efforts. 
Although there is literature to support the ability of 
emergency clinicians to detect pericardial effusions 
and to assess global left ventricular function, future 
studies should further investigate their ability to 
detect echocardiographic signs of tamponade and 
right heart dilatation.

 Summary

Many clinicians practice emergency medicine with 
minimal integration of clinician-performed bedside 
ultrasound. To save time, consultative studies are often 
ordered, and when that is not available, succumb to 
altering practice patterns or attempt to answer the 
clinical question through alternative means. Histori-
cally, emergency clinicians have provided high-quality 
patient care without it and can perhaps continue doing 
so — or perhaps it’s time to change.	
	 Emergency ultrasound has become increasingly 
available. The literature reviewed here supports its use 
and suggests that patient care can be improved when 
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1.	 A diagnostic algorithm utilizing the FAST 
examination decreases mortality in trauma 
patients. 

	 a.	 True	 b.    False

2.	 Which of the following statements is FALSE 
regarding the performance of transvaginal 
ultrasound (TVUS) in first-trimester pregnant 
patients?

	 a.	 TVUS provides a global view of the pelvis.
	 b.	 TVUS provides superior imaging of the 		

	 uterus and adnexa.
	 c.	 TVUS can identify an intrauterine 		

	 pregnancy 7 to 14 days earlier than 		
	 transabdominal ultrasound.

3.	 An 85-year-old male presents with sudden 
onset of flank and back pain followed by syn-
cope. His heart rate is 110 and BP 80/40. Your 
bedside ultrasound shows a 5.5-cm abdominal 
aortic aneurysm (AAA). The most appropriate 
next step in management is:

	 a.	 Palpate his abdomen, since if there is no 		
	 pulsatile mass he must not have an AAA.

	 b.	 Get a STAT CT to see if the AAA has 		
	 ruptured.

	 c.	 Google pictures of AAA to make sure you 	
	 know what you are looking at.

	 d.	 Call for a radiologist to perform a bedside 	
	 ultrasound.

	 e.	 Call vascular surgery to take the patient to 	
	 the OR STAT.
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4.	 Which ultrasound probe is used when scan-
ning soft tissue to evaluate for potential ab-
scess as well as for ocular disorders?

	 a.	 Linear array transducer
	 b.	 Phased array probe
	 c.	 Curved array probe

5.	 Which of the following conditions is not 
amenable to diagnosis using emergency ultra-
sound?

	 a.	 Retinal detachment
	 b.	 Glaucoma
	 c.	 Vitreous hemorrhage
	 d.	 Elevated intracranial pressure

6.	 Which 2 ultrasound findings have the highest 
combined positive predictive value for acute 
cholecystitis?

	 a.	 Thickened gallbladder wall + 			 
	 pericholecystic fluid

	 b.	 Thickened gallbladder wall + gallstones
	 c.	 Gallstones + sonographic Murphy’s sign
	 d.	 Gallstones + pericholecystic fluid

7. 	 The landmark-guided approach to pericardio-
centesis is said to have a complication rate as 
high as __%, whereas the sono-guided ap-
proach has been shown to have a complication 
rate as low as __%

     	 a. 	 25, 25
     	 b. 	 25, 5
     	 c. 	 50, 5
     	 d. 	 50, 25

8.	 Emergent echocardiography can help answer 
critical patient management questions and can 
be life-saving. Which of the following is out-
side the scope of focused cardiac ultrasound in 
the emergent setting?

	 a.	 Global cardiac systolic function
	 b.	 Regional wall motion abnormalities
	 c.	 Pericardial effusion
	 d.	 Right ventricular enlargement
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