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Weareinthemidst of amajor phaseintheevolution
of patient assessment in emergency medicine.
Ultrasound is changing the way we evaluate and
approach patients in a manner that may be as
significant astheclinica application of X-ray inthe
early 1900s. Asan example of how ultrasound can
becomeanintegral part of the patient assessment,
congder thefollowing physical exam presentation by
one of our third year residents. “BP 164/105, HR
110, RR 22, T 99°. HEENT—normal. Neck—
supple, novenousdistenson. Chest—clear and equal
with no pleural effusion. Heart—regular rate and
rhythm, no murmur, ectopy, or pericardial fluid.
Abdomen—soft, bowel sounds present, moderate
epigastric tenderness, gallbladder normal, no free
fluid, cysts on both kidneys, aorta normal.”

Ultrasound machinesarebecoming easier touse, less
expensive, morelightweight and maneuverable, and
their image quality is constantly improving. The
emergency medicineliteraturesuggeststhat thereisa
broad range of gpplicationsthat emergency physicians
canquickly and accurately utilizeto facilitate patient
evauationand medicd decisonmaking. Thelngitute
of Medicineand theAgency for Hedlthcare Research
and Quality (AHRQ) haveidentified ultrasound asa

significant means to decrease procedure-related
complications.*?

Although theinitial learning curve for ultrasound
technique is steep, patient satisfaction may be
improved, and patient time spent in the emergency
department (ED) may bedecreased.® Asimportant
asthephysica examinationis, it often cannot compete
with the images and perspectives afforded by
ultrasound. The one potential downside to this
evolutionmay bethefurther eroson of physica exam
skillsthat have dready suffered fromtheincreasing
use of imaging technology of the past twenty years.

Over the past ten years, battles to increase the
acceptance of emergency medicine ultrasound have
beenwaged, and these struggles continue even today.
Neverthel ess, growth and acceptance of emergency
medicine ultrasound has been rapid. Virtually all
residenciesnow teach ultrasound applicationsaspart
of their basic curricula, and their graduatesaretaking
these skillsinto community emergency departments
around the country.® Asour literature continuesto
document theadvantages of using ultrasound andthe
list of applications continuesto expand, the costs of
implementing ultrasound will comedown, thequdity
of patient carewill continuetoimprove, and the speed
of thisevolutionintheuseof ultrasoundwill accelerate.

Ultrasound can quickly and effectively evaluate
multiplekey partsof thebody (chest, heart, abdomen)
inclinical circumstances such asundifferentiated
hypotension.” Asemergency physiciansbecomemore
comfortable with this modality, the benefits of
decreased costs, decreased radiation exposure, and
decreased use of other confirmatory testswill make
ultrasound anindispensable ED tool. Table 1 lists
potential ultrasound applications based upon a
patient’schief complaint.

A guideline document for emergency ultrasound
published in Annalsof Emergency Medicinein 2001
lists the standard ED applications of ultrasound:
trauma, ectopic pregnancy, abdominal aortic
aneurysm, pericardial effusion, determination of
cardiac activity, biliary disease, renal tract disease,
and procedure guidance.® This document also
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Abdominal pain
Unexplained hypotension/
tachycar dia/dyspnea
Chest pain

Skin infection

L aceration

Swollen leg

Pregnancy with vaginal
bleeding

Eyetrauma/lossof vision
Obesepatient spinal tap
Lineplacement
Isthereascites?

Locatingfluid during
procedures

Swollen painful knee
Testicular pain, swelling
Trauma
Fracturereduction
Sorethroat

Headache/facial pain

Table 1. Diagnoses made with and clinical application of ultrasound categorized by chief complaints.

Gallbladder disease, AAA, ascites, bowel obstruction, hernia, renal disease,

bladder distension

Pericardia effusion, DVT, pleura effusion, AAA, ruptured ectopic pregnancy,

intraperitoneal freefluid, pneumothorax

Pericardial effusion, poor gjection fraction, pleural effusion, pneumothorax

Abscess, cellulitis, necrotizing fasciitis
Foreign body, tendon laceration
DVT, Baker'scyst

Ectopic pregnancy, threatened abortion, viable pregnancy

Ruptured globe, retinal detachment, lens dislocation, foreign body
L ocation of the midline and spaces between vertebrae

Deep brachia linein 1V drug user, central vein location and patency
Very sensitivefor fluid in the abdomen

Thoracentesis, suprapubic tap, paracentesis, pericardiocentesis

Patellar tendon rupture, fluid in the bursa, fluid in the joint

Torsion, mass, hydrocele

FAST, pneumothorax, fetal heart rate for fetal and maternal distress, fractures

Can confirm adequate reduction/realignment
Peritonsillar abscess

Sinusitis

AAA = abdominal aortic aneurysm, DVT = deep venous thrombosis, FAST = focused assessment with sonography in

trauma

discusses important topics such as credentialing.
However, it does not mention any of the newer uses
of ultrasound that are currently being applied and
investigated by emergency physicians. In the
remainder of thisarticlewe discuss severa of these
applicationsthat are new to emergency medicine:
diagnosis of deep vein thrombosis (DVT),
investigation of soft tissueinfections, ocular ultrasound,
and diagnosisof snustis.

Deep VEIN THROMBOSIS

Assessing for the possibility of DVT in the lower
extremitiesisproblematic for emergency physicians.
DVT carriestherisk of significant morbidity and
mortality, but it is often difficult to obtain formal
vascular studies of the leg on an emergent basis,
particularly at night. Clinical suspicion may below
enough to make physciansrel uctant to order aformal
study, eventhoughthey havelingering concerns. The
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emergency medicineliterature hasdemonstrated that
compression ultrasound performed by emergency
physiciansisfast andreliable.®

Theprocedureisnot difficult, requiring fewer than 25
examsto attain proficiency. Usinga5to 10 MHz
linear transducer (generally higher frequency isbetter
for optimum resol ution) with the patient lying supine,
theprobeisplacedin atransverse planetoimagethe
femord vesselsat theleve of thegroin. Thecommon
femord veinisidentified media totheartery. Inthe
absenceof clot, theveiniseasily compressible. An
abnormal test isdefined by oneof threefindings:

1. The inability to completely
compressthevein;

2. The pressure needed to
compresstheveinissogreeat that the
wall of theartery isdeformed; or

3. The pressure to compress the
veinissignificantly greater thanthe
pressure necessary to compressthe
vein of theoppositeleg.

Theappearanceof aclotintheveinisaspecific but
insengitivefinding. Thisexam should be continued
digtd totheinguina ligament for severa centimeters.
Subsequently the patient should berolled to aprone
position, and the study should be repeated in the
popliteal fossa; thefrog-leg position with the patient
supineisanother option. Color Doppler may beuseful
to help identify the vesselsin obese or edematous
patients.®

SOFT TissUE INFECTIONS

The distinction between cellulitis, abscess and
necrotizing fasciitismay bedifficult. Ultrasoundisan
excellent moddity tolook for the presence or absence
of puscollectionsand other tissuedistortions. Ina
mature abscess, in which the soft tissue completely
surroundstheliquefied pus, theechogenicity isvery
similar to other fluids—black onultrasound. Infact,
the abscess may be as distinct as the fluid-filled
galbladder or the urinary bladder. A less mature
abscess, in which the material in the center of the
infected tissue has not become completely liquefied,

may belessdigtinct. Theultrasound appearancewill
resembl e the echogenicity of amixture of solid and
liquid materia, very different fromnormal tissue but
not likethe black, well-circumscribed appearance of
amature abscess.

Inastudy presented asan abstract at the Society for
Academic Emergency Medicinenational conference
in 2000, ultrasound was ableto distinguish an abscess
fromthethick, indurated tissue of callulitisin 95% of
patients.’® The benefit to patientswasto eliminate
theneedto aspiratethetissueto determineif pusmight
be present. Another recent study suggeststhat high-
resolution ultrasound may beabletodiginguishcdlulitis
from necrotizing fasciitis.** 1f onelooksat normal
tissueor a tissuewith cdlulitis, theremay bedisruption
of thenormal architecture of subcutaneoustissue but
theunderlying fasciawill remainintact. In patients
with necrotizing fasciitis there may be distorted,
thickened fasciasurrounded by alayer of fluid and/or
air (highly echogenic with adistinct shadow) deepin
thetissue.

OcuLAR PaTHOLOGY

Recently, we eva uated apatient who presented with
24 hoursof painful, monocular lossof vision. She

Hetinal
Uetachment

Figurel. Retinal detachment. Theretinaistethered
by its connection with the optic nerve.
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had a cataract in the affected eye, making the
fundoscopic examdifficult. Inadditiontoevauation
for domestic violence, we decided to augment her
examination with an ultrasound eval uation of theeye.
The image demonstrated the finding of retinal
detachment (Figure 1). Ophthalmology wascalled
and assumed careof the patient following consultation
by the social worker.

Eye complaintsarecommoninthe ED, and vision-
threatening pathology such as globe penetration,
retained ocular foreign body, acute glaucoma,
retrobulbar hematoma, lensdid ocation, central retina
vein and artery occlusion, retinal detachment, and
vitreous hemorrhage can be difficult to diagnose
without sophisticated tools and training. Simply
examining the eye can be complicated when thelids
areswollen shut following trauma, or whenthe patient
has a cataract blocking the view of the posterior
chamber asinthe casedescribed above. Traditiondly,
we have been taught to pry openlidsthat are swollen
shut in order to view theeye, but thismaneuver tends
tobedifficult, painful, and potentially dangerousin
that itincreasesintraocul ar pressure and can extrude
ocular contentsin the presence of agloberupture.
Furthermore, timely ophthal mol ogic consultation can

Irig

Lens

Vitreous
Hemorrhage

Figure2. Vitreous hemorrhage. Note the echogenic
material in the posterior chamber.

bedifficult to obtain, particularly at night, and may
lead to delayed diagnosisand treatment.

One of themost exciting new usesof ultrasound we
haveimplementedin our emergency department during
the past year isthe ocular ultrasound exam. Wehave
diagnosed cases of retinal detachment, vitreous
hemorrhage, hyphema, and lens dislocation. As
demonstrated in the case above, ultrasound can
dramaticdly improvepatient careby providingarapid,
accurate diagnosisleading to quicker treatment and
dispostion.

Emergency indicationsfor ocular ultrasoundinclude
eyepain, trauma, and asudden changeinvision. In
keeping with principlesof emergency ultrasound, this
exam is quick (three to five minutes or less) and
relatively simple. The pathological findings are
generaly not subtleand areamenableto recognition
by emergency physicians with basic ultrasound
traning. Theeyeisafluid-filled sructureand therefore
providesaperfect acoudtic window, producingimages
withexcellent detail. Sinceonly oneeyeisusualy
involved, the other eye can act asanormal control.
The high frequency linear transducer is used to
maximizeresolution of detail. Theclosefoca zoneof
thisprobeisperfect for asuperficid structurelikethe
eye. Most of these probeshave adjustablefrequencies
ranging from5to 10 MHz, and the highest frequency
should beused. With the patient sitting comfortably
inanexamchair, or lying supineinthecaseof atrauma
patient, the gel-coated probeisplaced on the closed
eyelid. Whengloberuptureisinthedifferentia, care
must betaken to bracethe hand hol ding thetransducer
onthepatient’sfaceand forehead tominimizepressure
totheeye, and alargequantity of gl should beapplied
totheclosed lid sothat thetransducer doesnot actudly
pressontheeydid. Depth should be adjusted so that
theimage of the eyefillsthe screen, and gain should
be adjusted toimprovedetail.

Theanterior chamber will gppear narrowed inaglobe
rupture or glaucoma. Hyphema will appear as
echogenic whitemateria intheanterior chamber. A
dislocated lens is angled off-center. Vitreous
hemorrhage appears as echogenic materia in the
posterior chamber (Figure2). Theill-defined materid
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of avitreous hemorrhage may accompany awell-
defined elevated flap of detached retina. With
additiond training and experience, centrd retind artery
and vein occlusionscan bediagnosed using color and
spectral Doppler.

Use of ocular ultrasound has been studied in the
emergency setting. Blaivasand othersevduated the
useof ocular ultrasound in 61 ED patientswith eye
traumaor acute changeinvision.? They identified
26 pathologic findings, including nine retinal
detachments, three globe penetrations, two lens
didocations, and oneretina artery occlusion. Their
findings agreed with a gold standard of orbital
computed tomography (CT) and/or complete
evauation by an ophthamologistin 60 of 61 patients.
The onediscordant caseinvolved asmall vitreous
hemorrhagethat was not seen on examination by the
ophthalmologist. However, the ultrasound tapewas
shown to a board-certified ophthalmologist with
considerable experiencein ocular ultrasound, who
agreed the hemorrhage was present and thought it
could have been missed oninitia evauation.

ED ultrasound providesaquick, accurate, safe, well-
tolerated, noninvasivetool for evauating potentialy
vison-threstening pathology at thebedsde. Theocular
ultrasound examiseasy tolearn and hastruly changed
our approach to examining patients with eye
complants.

SNusITIS

Ultrasound isapromising new imaging modality for
diagnosisof acutemaxillary sinugitis. Inthe past, A-
mode ultrasound (alinear waveform without atwo-
dimensiona image) was studied for the diagnosisof
snusitisand foundto beanunreliabletest. Recently,
modern B-mode ultrasound (two-dimensional
grayscaleimage) has been shown to be sensitiveand
gpecificfor diagnosing radiographic maxillary snudtis
when compared to CT.1314

Sinusitisisacommon problem that wasresponsible
for 25 million officevisitsin 1995.5 Sinusitisisthe
fifth most common medical diagnosis for which
antibiotics are prescribed and is responsible for

goproximately $2 billioninmedica costsannualy.sY
Physcdanstendtothink of Snusitisasan acutebacterid
infection and prescribe an antibiotic in 85-98% of
cases.® |f left untreated, Snusitiscan result in severe
complicationsindudingorbital cdlulitis, cavernoussnus
thrombosis, intracranial abscess, and meningitis.
Therefore, proper diagnosisand treetment of bacteria
gnustiswithantibioticsisimportant.

The gold standard for diagnosing acute bacterial
sinusitisis sinus puncture and culture. However,
becauseof itsinvasvenature, Snuspunctureisssdom
performed in clinical practice. Instead, medical
providersmust rely on history and physica examand
imaging studies. Accordingto Hickner etal., “the
greatest barrier to efficient antibiotic trestment of acute
bacterid rhinosnugtisislack of asmpleand accurate
diagnogtictest. Until abetter testiswidely available
... diagnosiswill continueto dependlargely ondlinicd
judgment andwill remainimprecise.” 8
Guiddinesfor diagnosing and treating acutesinusitis
recommend that for initial, uncomplicated, acute
sinustis, noimaging studiesbeobtained.”® Diagnosis
and subsequent treatment should be determined by
history and physical exam. Unfortunately, clinical
impressionisaccurateonly 40-50% of thetimewhen
compared to puncturesandimaging studies.®® CT is
a sensitive but costly test and therefore is not
recommended as a routine imaging study. Sinus
radiographs are not recommended because of poor
sengitivity, with the presence of anair-fluid level or
complete s nusopacification only present 60% of the
time when compared to intra-operative and CT
findings.?® Thus, radiographslend little additional
informationto history and physical exam.

Ultrasound has been shown to be both sensitiveand
specificfor diagnosing acutemaxillary snusitiswhen
comparedto CT. Hilbert et al. examined 50intubated
patients (100 sinuses) thought to have acute
nosocomial sinusitis.* Their objective was to
compare bedside ultrasound with CT. A positive
ultrasound was defined asthe presence of anair-fluid
level or complete opacification of asinus. Ultrasound
was 100% sensitiveand 96.7% specificindiagnosing
the 38 diseased Sinuses. Inasecond study by Garioli
et al., 39 patientswere seen in an outpatient setting
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Figure3. Normal maxillary sinus. Bony wallsof the
sinus cannot be distinguished because the sound
waves are scattered by air in the sinus, producing an
indistinct gray image.

for clinical suspicion of recurrent/chronic sinusitis.®
When looking for an air-fluid level or complete
opacification, ultrasound was found to be 100%
sengitive and 98% specific when compared to CT.

Figure4. Maxillary sinusitis. Fluid inthe sinus
provides an acoustic window through which the walls
of the sinus can be seen.

The ultrasound technique for sinusexaminationis
graightforward and can be performed inminutes. An
obviousquestionis, “how can ultrasound * visudize

anything through bone?’ The anterior wall of the
maxillary snusisathinwall of cancellousbone. Using
alow frequency 2-5MHz small footprint transducer,
one can seethrough thisthin anterior wall. Higher
frequency linear transducersare unableto penetrate
thesinuswall. Inanormal patient, thereisnofluid
andthesnusisfilledwithair. Airisanacoudicbarier;
hence, thereare no discernablesinuswalls, only an
acoustic shadow (Figure 3). If thereisanair-fluid
level or completdly filled sinus, thefluid will act asan
acoustic medium allowing complete or partia

visudization of thepogterior, lateral, and media walls
of themaxillary snus(Figure4).

Theultrasound exam is performed with the patient
gtting upright. Thepatient’sneck isflexed dightly so
that any fluidinthe sinuswill become dependent and
layer adjacent totheanterior snuswall. After goplying
ultrasound gdl, thetransducer isplaced onthepatient’s
face over themaxillary sinus. Thescanisdonein
both transverse and longitudina planesby sweeping
throughtheentiremaxillary snus. Externd landmarks
include the inferior orbital rim, upper ridge of the
maxilla, malar eminence, and nose.

Ultrasound’sexact rolein the diagnosisof sinusitis
remainsto be seen. Larger, prospective studiesneed
to bedone. However, if ultrasound isfound to be
both sensitive and specific for the diagnosisof acute
maxillary sinusitis, it could change the diagnostic
approachtothisdisease. Itwill likely not completely
replace CT, which is the gold standard imaging
modality for diagnosing sinuspathology and defining
anatomy prior to sinussurgery. One author stated
that“. .. possbly themost useful Stuation of ultrasound
insnusevduationisthe caseof acutesinusitis”* In
thisstudy ultrasound wasfound to bevery useful for
diagnosingair-fluidlevelsand complete opacification
(findings consistent with acute sinusitis). Since
ultrasound isnoninvasive, rapid, inexpensive, and
availableat thebedside, it could becometheinitial
imaging modality of choicefor thediagnosisof acute
maxillary Snugtis
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SUMMARY

Inconclusion, ultrasound hasfound auniquenichein
the specialty of emergency medicine, anditsuseis
gpreading asmoreindividuadsaretrained. Ultrasound
applicationsareevolving and exciting new usesare
being investigated to address specific questionsfaced
by emergency physicians. Most importantly, this
technology ishel ping usto make moreaccurate and
timely diagnosesand toimprove patient care.
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