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Appendix The Core Content of Clinical Ultrasonography Fellowship Training  

Each application description will include a scanning protocol, normal anatomy and 
pathology to be mastered and how to integrate into the clinical care of the patient.  
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Topic 1

FOCUSED ASSESSMENT WITH 

SONOGRAPHY IN TRAUMA 
SCANNING PROTOCOL Transducer and System Settings 

The Focused Assessment with Sonography in Trauma or the FAST 
examination can be performed with a curvilinear or curved array 
transducer, using either the standard or small footprint curve format. A 
phased array probe can also be utilized. Pediatric or smaller patients 
should be imaged with a small curved array or a phased array due to the 
smaller probe footprint. The ultrasound unit should be set to general 
abdominal imaging. Lower frequency settings or a lower frequency 
broadband transducer can be used for obese patients.  

The pulmonary component for evaluation of pneumothorax can be 
performed with a high frequency linear array probe for greater 
resolution. However, this portion of the examination can be adequately 
performed with either the curved or phased array probe that was utilized 
for the other portions of the examination.  

Patient Positioning 

The FAST examination is often performed as part of the primary or 
secondary survey in the evaluation of the trauma patient. It has also been 
utilized in the assessment of hemodynamically unstable patients with an 
unknown etiology.  For this reason, the FAST examination is generally 
performed with the patient in the supine position.  

Image Acquisition 

The FAST examination differs from some other ultrasound studies since 
it is a problem focused examination rather than an anatomically derived 
evaluation. It also includes the evaluation of several potential spaces in 
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additional to abdominal and thoracic organs. There are several anatomic 
locations that are interrogated for completion of the study.  

The required views for a complete FAST exam include the right upper 
quadrant (RUQ) left upper quadrant (LUQ), pelvis (bladder view) and 
cardiac view. The right upper quadrant (RUQ) view is obtained in a 
coronal plane through the upper right quadrant of the abdomen and the 
lower right postero-lateral thorax. The probe is initially placed in the 
mid-axillary line at roughly the 10th to 12th intercostal space. Fanning 
the transducer from this position will allow for imaging supra-
diaphragmatically through both the inferior pole of the liver and the 
inferior pole of the kidney to identify the appropriate anatomic structures 
and interfaces. The primary area of interest is “Morison’s Pouch”, the 
interface between the kidney and the liver. Attention to the area superior 
to the diaphragm provides information on fluid within the right thoracic 
cavity.  

The left upper quadrant (LUQ) view is obtained in a coronal plane 
through the upper left quadrant of the abdomen and the lower left 
postero-lateral thorax. The probe is initially placed in the posterior 
axillary line at roughly the 9th to 12th intercostal space. Fanning the 

From: www.acep.orgFrom: www.emcurious.com

http://www.acep.org
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transducer from this position will allow for imaging from the sub-
diaphragmatic space and perisplenic region to the inferior pole of kidney 
to identify the appropriate anatomic structures and interfaces. Attention 
to the area superior to the diaphragm provides information on fluid 
within the left thoracic cavity.  

The pelvis area is imaged in both sagittal and transverse planes at the 
level of the bladder and retrovesical organs (uterus or prostate and 
rectum). Sagittal images of the pelvis are obtained between the lateral 
edges the bladder. Transverse images are obtained from the inferior to 
the superior border of the bladder.  

From: www.emcurious.com
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The cardiac views are obtained from the subxiphoid approach in a 
coronal plane. The abdominal orientation (machine setting) is preferred 
since the study is performed most commonly in an abdominal preset. 
The probe can be moved to the patient’s right, lateral to midline, and 
angled towards the heart to avoid gastric and colonic gas, using the liver 
as a sonographic window. Alternatively, a parasternal long axis (PSLA) 
view of the heart can be obtained to avoid abdominal gas. Cardiac 
evaluation should occur over several cardiac cycles to ensure adequate 
visualization.  

From: www.emcurious.com

The pleural interface is imaged for evaluation of pneumothorax; this is 
separate from the evaluation of the lower thorax for the presence of 
fluid. At a minimum bilateral anterior rib spaces in the upper thorax 
should be evaluated.  

PSLA

Subcostal

From: ICMteaching.com
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NORMAL ANATOMY 

Pericardial 

The pericardial space is a potential space and in non-pathologic 
conditions, the pericardium and epicardial surface is a contiguous image. 
Anterior to the pericardial space a pericardial fat pad can sometimes be 
visualized, characterized by a focal hypoechoic structure that is 
contiguous and moves with the adjacent epicardium.  

Abdominal/Pelvic 

The hepatorenal and splenorenal spaces are potential spaces and 
normally should be devoid of any fluid. The renal and solid organ 
capsule should be opposed and form a contiguous signal. A normal 
variant includes hypoechoic retroperitoneal fat between the liver or 
spleen and the renal capsule, causing a separation of the renal capsule 
and the hepatic or splenic capsule. The sub-diaphragmatic space between 
the diaphragm and the liver or spleen is also a potential space where 
fluid can accumulate in a pathologic condition; generally the diaphragm 
and superior organ border form a continuous echo signal.  

The normal slightly filled bladder has a triangular appearance in the 
sagittal plane and a square shape in the transverse plane. The retrovesical 
space, anterior cul-de- sac, and posterior cul-de-sac are potential spaces 
and should not contain a significant amount of fluid. Other non-
pathologic conditions such as ovulation can result in trace amounts of 
fluid in the pelvis.  

Thoracic 

The supra-diaphragmatic region of the thorax evaluated from the RUQ 
and LUQ views can show a mirroring artifact of the liver or spleen. The 
thoracic cavity and contents including the thoracic spine should not be 
visible in the non-pathologic state. In the absence of thoracic pathology, 
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anterior superior thorax evaluations should show the pleural line with 
visible lung sliding.  

PATHOLOGY 

Pericardial 

The anechocic separation of the epicardial surface and the pericardium 
connotes the presence of a pericardial effusion. Pericardial blood appears 
variably as anechoic in acute bleeding to a tissue-like pattern in the 
context of clotted blood. Cardiac function can be evaluated for the 
presence or absence of cardiac activity, but since abdominal preset 
imaging favors spatial resolution over temporal resolution only gross 
evaluation of cardiac function can be made. 

Abdominal/Pelvic 

When the abdominal potential spaces contain fluid they will appear as 
anechoic wedges with sharp edges. This can occur at the sub-
diaphragmatic space between the diaphragm and the liver or spleen, the 
hepato-renal space, the spleno-renal space, and at the inferior edges of 
the liver, spleen, or kidneys. Fluid can also appear as anechoic sharp-

From: ebmedicine.net 
Positive Pericardial Effusion
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edged interfaces posterior to the bladder in the males and in the posterior 
and anterior cul-de-sac in females. Fluid in the posterior cul-de-sac in 
female patients can be physiologic depending on the menstrual cycle, 
but anterior cul-de-sac fluid should be considered pathologic. 
 

  

Thoracic 

Fluid in the inferior thorax can be seen by the loss of mirroring artifact, 
visualization of the supra-diaphragmatic spine, and the presence of an 

Free Fluid

From: slideshare.net
Positive Free Fluid LUQ

Free Fluid

From:sonomojo.org
Positive Free Fluid in Pelvis

From: www.emcurious.com
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anechoic wedge superior to the diaphragm. Presence of only one or two 
of these elements should raise the suspicion for atelectasis or artifact. 
Loss of lung sliding and the presence of a lung point in the anterior 
thorax denote the presence of a pneumothorax (see section on thoracic 
imaging).  

CLINICAL INTEGRATION 

Trauma 

The most common use of the FAST examination is to evaluate the 
traumatically injured patient as a part of the primary or secondary 
survey. In the hemodynamically unstable patient the presence of 
abdominal fluid on the FAST examination can be utilized to prioritize 
patients for operative therapy and/or help identify life-saving procedures 
such as emergent pericardiocentesis. Hemothorax or pneumothorax 
diagnosed by FAST can prioritize the placement of a tube thoracostomy.  

A FAST positive for free fluid can be used to prioritize patients for 
operative therapy or further diagnostic studies to form a treatment plan 
in the hemodynamically stable patient. A negative FAST does not 
exclude the presence of injury, especially to the solid organs. The FAST 
examination can be repeated over time to evaluate for slow 
accumulation of fluid. A negative FAST does not exclude the need for 
additional diagnostic studies based upon the clinical situation.  

Even in patients who have experienced chest or abdominal trauma, the 
presence of fluid on the FAST examination does not necessarily mean 
that there is a traumatic injury. Alternative possibilities such as pre-
existing pleural effusions, pericardial effusions, ascites, and lung 
disorders unrelated to the traumatic event should be considered.  

The FAST examination has been one the longest and most studied uses 
of clinical ultrasonography. As such there is a large amount of data for 
the performance, use, and integration of the FAST examination for 
experienced users. It shows good performance for the evaluation of 



�12

injury in the traumatic patient.(1) There is also wide spread support from 
several societies and guidelines. (2,3) Consensus has been reached on 
the use, terminology, and implications of thoracic ultrasound that is 
incorporated into the FAST.(4) Data synthesis from multiple studies also 
support the use and interpretation of inferior vena cava (IVC) 
measurements in preload assessment (see Topic 10).(5)  

�
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SEMINAL STUDIES 
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have a blunt intra-abdominal injury? JAMA. 2012;307(14):1517–
27.  

2. Bahner D, Blaivas M, Cohen HL, et al. AIUM practice guideline 
for the performance of the focused assessment with sonography for 
trauma (FAST) examinationination. J Ultrasound Med. 2008:313–
8.  

3. Surgery ACO. ATLS Student Course Manual. 8th ed. 2008 Jan. 
1;:1–8.  

4. International Liaison Committee on Lung Ultrasound (ILC-LUS) 
for the  
International Consensus Conference on Lung Ultrasound (ICC-
LUS), Volpicelli G, Elbarbary M, Blaivas M, Lichtenstein DA, 
Mathis G, et al. International evidence-based recommendations for 
point-of-care lung ultrasound. Intensive Care Med. 2012;38(4):
577–91.  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Topic 2

FOCUSED CARDIAC ULTRASOUND 

SCANNING PROTOCOL 

Patient Positioning 

A transthoracic bedside echocardiogram (TTE) is typically performed 
with the patient supine and the sonographer positioned on the patient’s 
right side. Alternatively, the TTE can be done from the patient’s left side 
using the sonographer’s left hand if they are comfortable imaging this 
way. When possible, particularly for the apical and parasternal views, 
having the patient turn to a left lateral decubitus position may enhance 
visualization.  

Transducer and System Settings 

Scanning is best performed using a phased array probe with tissue 
harmonic imaging and an optimized cardiac preset. Understanding 
probe-to-screen orientation is particularly important in TTE, as the 
orientation convention used in cardiology is reversed from that used in 
other ultrasound examinations. Most emergency sonographers use the 
standard screen-to-probe orientation (probe indicator corresponds to left 
of screen as it is viewed), although a cardiology convention may be 
used. Differences in conventions and indicator positioning for different 
views need to be understood to appreciate anatomy and adequately 
recognize pathology.  

Image Acquisition 

Three windows and six major views comprise the focused point-of-care 
TTE examination:  
Parasternal long axis (PSLA): The probe is placed to the left of the 
sternum with the plane of the ultrasound directed from the right shoulder 
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to left hip. The view includes right ventricle (RV) anteriorly; left atrium 
(LA), mitral valve (MV), and left ventricle (LV) posteriorly; aortic valve 
(AoV) and left ventricular outflow tract (LVOT) centrally. The 
descending aorta should be appreciated in cross section in the far field of 
the screen. The PSLA window may be angled inferiorly to obtain an RV 
view and to interrogate the tricuspid valve (TV).  

The parasternal short axis (PSSA) is obtained by rotating the transducer 
90 degrees clockwise from the PSLA. It is used primarily for evaluation 
of the LV, the PSSA ultrasound plane should be scanned systematically 
through the four levels: apex, papillary muscles, MV (“fish mouth”), and 
AoV (“Mercedes Benz sign”).  

Apical: The probe is placed at the point of maximal impulse, angled 
towards the patient’s right scapula or shoulder. The ventricular septum 
should be seen vertically on the screen. In the apical four chamber view 
(A4C) all four chambers (LV, RV, LA, RA) and two valves (TV, MV) 
should be seen. This view is optimal for comparing RV to LV and 
interrogating the TV and MV. The A4C includes the lateral and septal 
LV walls. The apical two-chamber view (A2C) is obtained by rotating 
the probe 90 degrees to visualize the anterior and inferior LV walls.  

Subcostal (or subxiphoid): The probe is placed in the subxiphoid area 
and is directed towards the patient’s left shoulder. The view includes the 
RA, RV, LA, and LV. The hepatic veins may be followed into the inferior 
vena cava (IVC) and RA. The subcostal short axis is obtained by 
rotating the probe so that the indicator is directed towards the patient’s 
head and the IVC is seen in long axis emptying into the RA, allowing 
assessment of IVC diameter and collapsibility.  

NORMAL ANATOMY 

Interrogation of normal anatomy for basic cardiac ultrasound includes 
visualizing the pericardium, four chambers (LV, RV, RA, LA), the aortic 
root, descending aorta, and IVC.  
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• A normal pericardial fat pad may appear as a hypoechoic area 
(particularly on the anterior part of the PSLA view) with some internal 
echoes that move with the heart and are less evident in diastole.  

• The LV cavity should not exceed a largest diameter of 5.2cm in 
diastole and should contract symmetrically with normal ejection 
fraction (>50%) and normal wall thickness (<1.2cm in diastole).  

• The RV should contract symmetrically and well, with an RV:LV size 
ratio (best measured in an A4C view) of about 0.6:1.  

• Atria are typically less than 4.0cm in largest diameter.  

• The thoracic aortic root and descending thoracic aorta should be 4.0cm 
or less.  

Parasternal Long Axis Parasternal Short Axis Apical View

Subxiphoid Long Axis Subxiphoid Short Axis
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• The IVC should be <2.5cm maximum diameter and should exhibit 
~50% collapse with quiet inspiration in a normally hydrated patient.  

PATHOLOGY  

Pericardial Effusion.

  
The anechocic separation of the epicardial surface and the pericardium 
connotes the presence of a pericardial effusion. The size may be graded 
as small (<1cm), moderate (1-2cm), and large (>2cm), measured at the 
largest point in diastole. It is important to note that blood clot and 
loculated effusions can appear with variable echogenicity that may 
appear tissue-like.  
 

Pericardial Tamponade

 
Tamponade is largely a clinical diagnosis (evidence of hemodynamic 
compromise in a patient with an effusion). However, there are some 
basic echocardiographic signs of tamponade and they include RA 

From: wcume.org
Pericardial Effusion

http://wcume.org
http://wcume.org
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systolic and RV diastolic inversion, a plethoric IVC and decreased RV 
filling during diastole. 

Evaluation of Global Cardiac Function. 

Global assessment of cardiac function is usually done by visually 
estimating the squeeze of the LV and estimating whether the cavity 
chamber size decreases by more than 50% (normal), only by 30-50% 
(decreased) or less than 30% (severely decreased). 

Evaluation of RV function

An RV:LV ratio >0.6:1 in the A4C view is considered indicative of RV 
enlargement but a RV:LV ratio of 1 or greater is more specific for RV 
enlargement. Other signs of RV strain or pressure overload include RV 
hypokinesis, paradoxical septal motion and septal flattening (“D-shaped 
septum”) and McConnell’s sign (RV hypokinesis with apical sparing, 
specific for pulmonary embolism). RV overload may indicate acute 
pulmonary embolism. RV overload may also be chronic, typically 
resulting in RV hypertrophy (RV free wall 5mm or greater in diastole).  

From: www.echobasics.de/tte-en.html
Parasternal Short axis- Evaluation of EF

http://www.echobasics.de/tte-en.html
http://www.echobasics.de/tte-en.html
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CLINICAL INTEGRATION 

Clinical cardiac ultrasonography is very useful in patients with 
undifferentiated hypotension, chest pain or dyspnea where the exact 
etiology of the symptoms is unknown. The TTE examination may be 
done in isolation but is frequently combined with other examinations of 
the chest, abdomen and vasculature depending on the clinical scenario. 
TTE may be indicated in the patient with: shortness of breath, 
hypotension, hypoxia, tachycardia, syncope, chest pain, an abnormal 
EKG, cardiomegaly on chest radiography, trauma, altered mental status, 
or sepsis.  

In addition, there is equal value in assessing global cardiac function in 
an arrest, peri-arrest or resuscitation scenario. Evaluation with TTE for 
cardiac contractility has been shown to identify patients with "pseudo-
PEA" or cardiac contractility on ultrasound without a palpable pulse. 
Multiple studies have shown that TTE can identify patients with 
contractility in the resuscitation scenario and that they tend to have 
better outcomes. Moreover, multiple causes of PEA arrest can be 
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identified by ultrasound and thus more expeditiously treated (e.g. 
pneumothorax, pericardial effusion, hypovolemia).  
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TOPIC 3. BASIC THORACIC ULTRASOUND 
Pneumothorax and Pleural Effusion Evaluation 

SCANNING PROTOCOL 

Patient Positioning 

For either application, the patient can be scanned upright or in the supine 
position. In the supine position, air should layer anteriorly while fluid 
will layer in the posterior thoracic cavity. In the upright position, air 
should rise to the apices, while fluid will collect superior to the 
diaphragm. 

Transducer and System Settings 

A high frequency linear probe is usually used to interrogate the pleura 
although a low frequency probe can be used as long as the depth is 
adjusted to bring the pleural line to the center of the screen. A low 
frequency curvilinear or phased array probe is typically used to evaluate 
for effusions. 

Image Acquisition 

When evaluating the pleura for a pneumothorax, the linear transducer 
should be placed in a sagittal plane at the 3rd to 4th intercostal space at the 
most anterior point on the chest wall. If the patient is upright then the 
probe should be placed in the mid-clavicular line at the apex of the 
chest. Using B-mode, first identify two ribs and their shadows with the 
pleura situated between the ribs. The more rib spaces that are 
interrogated the more sensitive the examination will be. 

When evaluating the chest cavity for fluid, the transducer is placed in the 
mid- axillary line with the indicator to the patient's head in the right or 
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left upper quadrant, and using the liver or spleen as an acoustic window, 
the diaphragm and the hemithoraces should be identified. 

NORMAL ANATOMY 

Pleura 

Horizontal to-and-fro movement of the visceral and parietal pleura 
should be visualized at the pleural line, which is termed “lung sliding.” 
This indicates that the two pleural surfaces are in contact and there is no 
pneumothorax. In M-mode a granular pattern should be seen below the 
pleural line (“seashore sign”), again ruling out a pneumothorax. Power 
Doppler can also be used to identify movement at the pleural line. 

Pleural Fluid 

The diaphragm will appear as a bright echogenic line superior to the 
liver or spleen. The mirror image artifact should be seen above the 
diaphragm when there is no pleural fluid in the thoracic cavity and the 
vertebral column shadows should not extend superior to the diaphragm. 

 

From: youtube.com with adaptation 
            Normal Lung

Pleural line

rib

From: www.fpnotebook.com
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PATHOLOGY 

Pneumothorax 

Absence of lung sliding suggests that the patient has a pneumothorax. 
M-mode can be used to confirm the lack of motion, which is represented 
by parallel lines below the pleural line (“stratosphere sign” or “barcode 
sign”). Using B-mode, a lung point may also be identified. This finding, 
demonstrated by an alternating pattern of seashore and stratosphere 
signs, is highly specific for a pneumothorax. The lung point represents 
the location along the chest wall at the edge of the pneumothorax where 
there is a transition from normal pleural opposition to separation.

Pleural Fluid 

Pleural fluid appears as an anechoic wedge-shaped collection superior to 
the diaphragm and the vertebral column shadow will extend above the 
diaphragm when pleural fluid is present. If the pleural effusion is large, 

From: Perera et al. 
www.researchgate.net

http://www.researchgate.net
http://www.researchgate.net
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the lung can be seen floating within the effusion. The superior aspect of 
the transducer may need to be angled posteriorly to minimize rib 
shadows. 

CLINICAL INTEGRATION 

Early detection of a pneumothorax or hemothorax is crucial, especially 
in an unstable patient. Thoracic ultrasound can be used in both trauma 
and medical patients and help to decrease the time to diagnosis. Multiple 
studies have shown an improved sensitivity and specificity of ultrasound 
when compared to chest radiographs for both pneumothorax and pleural 
effusion assessment. 

It is important to remember that lack of lung sliding is suggestive of a 
pneumothorax in the right clinical setting. However, lung sliding may 
also be absent in other conditions, including severe chronic obstructive 
pulmonary disease, acute respiratory distress syndrome, mainstem 
bronchus intubation, previous lung surgery/pleurodesis, or in intubated 
patients with high PEEP settings. While lung sliding is very sensitive 
when a thorough examination is performed and can be very helpful in 

From: www.icmteaching.com with adaptation
                      Pleural Effusion
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Pleural Effusion
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ruling out a pneumothorax, lack of lung sliding is less specific and must 
be correlated clinically. 

SEMINAL STUDIES 

1. Lichtenstein DA, Meziere G, Lascols N, et al. Ultrasound 
diagnosis of occult pneumothorax. Crit Care Med. 2005, 
33:1231-8.  

2. Kirkpatrick AW, Sirois M, Laupland KB, et al. Hand-held thoracic 
sonography for detecting post-traumatic pneumothoraces: the 
Extended Focused Assessment with Sonography for Trauma 
(EFAST). J Trauma. 2004, 57:288-95.  

3. Ma OJ, Mateer JR. Trauma ultrasound examinationination versus 
chest radiography in the detection of hemothorax. Ann Emerg Med. 
March 1997;29:312-16.  

4. Grimberg A, Shigueoka DC, Atallah AN, et al. Diagnostic 
accuracy of sonography for pleural effusion: systematic review. 
Sao Paulo Med J. 2010;128:90-5. 

  5.     Peris A, Tutino L, Zagli G, et al. The use of point-of-care bedside  
lung ultrasound significantly reduces the number of radiographs       
and computed tomography scans in critically ill patients. Anesth   
Analg. 2010;111:687-92. 



�29

TOPIC 4. AORTA ULTRASOUND 
SCANNING PROTOCOL 

Patient Positioning 

The supine position is preferred, although if patients cannot lie flat, the 
examination can be completed with the patient in a semi-recumbent 
position. The examination is easiest if the abdominal wall is relaxed. 

Transducer and System Settings 

Choose a low frequency (2-5 MHz) curvilinear or phased array 
transducer with the ultrasound machine set to a general abdominal or 
aorta preset. 

Image Acquisition 

Begin in the epigastrium in a transverse orientation (indicator at 9 
o’clock), using the liver as an acoustic window when possible. Adjust 
the focal depth so that the aorta is imaged optimally in the midfield. 
Gently move down the abdomen to visualize the entire length of the 
aorta, down to and including the bifurcation into the common iliac 
arteries. Repeat the scan in a longitudinal orientation (indicator at 12 
o’clock), being sure to observe the major branches of the aorta (celiac 
axis, superior mesenteric artery, renal arteries). Rock the transducer side-
to-side to be sure that the scan continues in the long axis of the aorta; a 
tortuous aorta may require adjustments in scan position for accurate 
measurements. In the nonfasting patient, bowel gas commonly obscures 
the aorta. Gentle pressure can displace the bowel gas; altering the 
transducer orientation to an oblique approach, or moving the patient to a 
lateral decubitus position may offer alternative techniques to fully 
visualize the aorta in its entirety. Measure the diameter of the aorta in 
two planes. A normal abdominal aorta should be ≤3 cm at the 
epigastrium, then gently taper as it courses caudad. The normal diameter 
of the common iliacs is ≤1.5 cm. 
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NORMAL ANATOMY 

The abdominal aorta enters the abdomen through the diaphragm and 
courses in the long axis of the body. It lies just anterior to the vertebral 
column, in the midline or just to the right of midline. In the epigastrium 
it first gives rise to the celiac trunk (that branches into the common 
hepatic, left gastric and splenic arteries), then the superior mesenteric 
artery, the renal arteries, and the inferior mesenteric artery (though the 
latter is not typically visualized). It terminates at the level of the 4th 

lumbar vertebra as it divides into the common iliac arteries. The 
ultrasound appearance of the aorta is a thick-walled structure in the pre-
vertebral space. Atherosclerotic changes tend to cause the wall of the 
aorta to be somewhat irregular in appearance. Plaque and calcium may 
generate shadowing. 

It is important to distinguish between the IVC and the aorta; both 
structures are in the long axis of the body and may appear similar in 
ultrasound appearance. In the transverse orientation, both will be seen in 
short axis; the IVC will lie more to the right and tends to drape over the 
vertebral body. The IVC tends to have thinner appearing walls 
(sometimes even difficult to visualize the actual wall) that lack the 
atherosclerotic changes and muscular wall typical of aorta. Outside the 
liver, the IVC lacks the characteristic branching of the aorta: 
identification of the major branches of the aorta will confirm the identity. 

1
2
3

1. Proximal Aorta
2. Mid Aorta
3. Disal Aorta

From: www.mmheme.org
          Proximal Aorta 

http://www.mmheme.org
http://www.mmheme.org
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PATHOLOGY 

The most common concern with respect to the abdominal aorta is the 
detection of dilatation. An aneurysm will appear as a dilated aorta of 
variable length. Diseased aortas may have thrombus that will appear as 
gray or mixed echogenicity within the lumen. Measurements of diseased 
aortas should include surrounding thrombus; failure to measure 
thrombus can lead to false or misleading measurements. 

Aortic dissections that extend into the abdominal aorta may be detected; 
they appear as an echogenic flap that moves in real-time with the 
pulsations of the aorta. Care should be taken to not confuse thrombus 
with an intimal flap. A dissection flap should be visualized in two planes 
to confirm. 

From: Bhatt et al. www.researchgate.net
Distal Aorta

From: www.cyberrounds.com
       Mid Aorta 

From: angiologist.com
Abdominal Aortic Aneurysm with Thrombus

From: www.emergencyultrasoundteaching.com
Aortic dissection

http://www.researchgate.net
http://www.emergencyultrasoundteaching.com
http://www.cyberrounds.com
http://angiologist.com
http://angiologist.com
http://www.researchgate.net
http://www.emergencyultrasoundteaching.com
http://www.cyberrounds.com
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CLINICAL INTEGRATION 

Rupture of an abdominal aortic aneurysm (AAA) is typically a 
catastrophic event but may be portended by vague abdominal or back 
pain. Sudden collapse with hypotension is a common late presentation. 
Evaluation for an aortic aneurysm is typically emergent, and clinical 
ultrasonography is ideally suited for the rapid evaluation of the aorta. 
The presence of an AAA in the face of pain, syncope, or hypotension is 
sufficient for an emergent vascular consultation with a surgeon. Ruptures 
tend to occur in the retroperitoneum; free intraperitoneal fluid is unusual 
and a negative FAST examination should not give false reassurance. A 
retroperitoneal rupture may at times be seen by ultrasound, but typically 
is not. In the clinically symptomatic aneurysm, the aneurysm may be 
tender. In the high-risk unstable patient, surgical consultation should 
take priority over attempts at further imaging. In the stable patient, 
additional studies (e.g. CT) should be expedited to prevent delays and 
potential for deterioration. 

SEMINAL STUDIES 

1. Tayal VS, Graf CD, Gibbs MA. Prospective study of accuracy and 
outcome of emergency ultrasound for abdominal aortic aneurysm 
over two Years. Acad Emerg Med. 2003;10:867-71.  

2. Constantino TG, Bruno EC, Handly N, et al. Accuracy of 
emergency ultrasound in the evaluation of abdominal aortic 
aneurysm. J Emerg Med. 2005;29(4):455-60.  

3. Knaut AL, Kendall JL, Patten R, et al. Ultrasonographic 
measurement of aortic diameter by emergency physicians 
approximates results obtained by computed tomography. J Emerg 
Med. 2005;28(2):119-26.  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4. Kuhn M, Bonnin RL, Davey MJ, et al. Emergency department 
ultrasound scanning for abdominal aortic aneurysm: accessible, 
accurate, and advantageous. Ann Emerg Med. 2000;36(3):219-23. 

   5.    Shuman WP, Hastrup W Jr. Kohler TR, et al. Suspected leaking   
abdominal aortic aneurysm: use of sonography in the emergency 
room. Radiology. 1988;168(1):117-9. 
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TOPIC 5. BILIARY ULTRASOUND 
SCANNING PROTOCOL 

Patient Positioning 

Imaging may begin with the patient supine, ideally with the head 
supported, arms relaxed at the patient’s sides and slight flexion to the 
hips and knees. Analgesia may also be beneficial. Placing the patient 
more upright or in reverse Trendelenburg may help in more difficult 
scans. The left lateral decubitus position is usually helpful and some 
prefer to begin scanning with the patient in this position. 

Transducer and System Settings 

Choose a low frequency (2-5 MHz) curvilinear or phased array 
transducer with the ultrasound machine set to a general abdominal, 
gallbladder, or biliary preset. 

Image Acquisition 

Imaging may begin with the subcostal sagittal view with the transducer 
placed just under the right costal margin in the midclavicular line and 
the indicator directed cephalad. Instructing the patient to inhale deeply 
will usually result in more complete visualization of the anatomy of the 
liver and gallbladder. An intercostal view may be necessary. This view 
can be obtained in multiple locations depending on the patient’s 
anatomy. A common location is with the transducer 1-2 rib spaces above 
the right costal margin in the midclavicular line with the indicator 
initially directed cephalad. Slight rotation of the probe may be required 
to obtain a true long axis view of the gallbladder. Once the gallbladder is 
identified, the transducer may be rotated to obtain transverse and oblique 
views. Coronal views may be obtained with the transducer placed in the 
midaxillary line at approximately the level of the xiphoid and the 
indicator directed cephalad. Transverse or oblique views may be 
obtained from this position as well. 
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If difficulty is encountered, imaging may be optimized with respiration, 
changes in patient position and utilizing multiple transducer positions. 

A complete scan should document still images, or preferably cine-loops 
of the entire gallbladder to include the fundus, body, and special 
attention to the gallbladder neck in both long and transverse planes. 
Images or clips through the portal triad, including the common bile duct 
should be included. If the gallbladder wall appears abnormal, the wall 
thickness should be measured anteriorly to avoid posterior artifacts 
related to bowel gas or posterior acoustic enhancement. The normal 
thickness of the gallbladder wall should be <4 mm. The inner diameter 
of the common bile duct should be measured if it appears abnormal, with 
normal diameter (on average) being <6 mm. A number of factors, 
however, can increase the diameter of the duct including increasing age 
and interventions such as cholecystectomy and sphincterotomy. 

NORMAL ANATOMY 

The normal gallbladder is a sac filled with hypoechoic or anechoic bile 
that is surrounded by a thin, hyperechoic wall. It is often surrounded by 
hepatic parenchyma with a rounded fundus, tapering toward the 
gallbladder neck. The gallbladder can have many different orientations 
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in the right upper quadrant but generally the long axis of the gallbladder 
from the fundus to the neck is oriented toward the portal triad. The 
gallbaldder may contain thin echogenic folds and typically, posterior 
acoustic enhancement is seen. The contracted gallbladder may be more 
difficult to image, but can usually be identified by its proximity to other 
sonographic landmarks, the main lobar fissure and the portal vein. The 
contracted gallbladder may appear to have a thickened wall, but will 
usually measure <4 mm. The common bile duct has echogenic walls and 
usually runs parallel with the portal vein to complete the portal triad. In 
transverse the portal triad typically forms three circles in cross section 
with the portal vein flanked by the hepatic artery and the common bile 
duct. 

PATHOLOGY 

The primary pathology of interest is gallstones. Gallstones generally 
appear hyperechoic and are typically found in dependent areas. They 
interrupt the smooth curvature of the posterior gallbladder wall and cast 
acoustic shadows. The acoustic shadows of gallstones typically appear 
hypoechoic with sharp margins or “clean”, compared to the more 
diffuse, echogenic or “dirty” shadows seen due to intestinal air. 

From: em.emory.edu
Normal Gallbladder

From: radiologykey.com
Normal Gallbladder
H=Head, F=Feet

http://em.emory.edu
http://radiologykey.com
http://radiologykey.com
http://em.emory.edu
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Gallbladder sludge may also be seen which is usually echogenic and 
may appear heterogeneous. Sludge is usually dependent, but does not 
cast acoustic shadows. 

Gallbladder wall thickening is very specific in the diagnosis of 
cholecystitis. The wall should be measured anteriorly and the texture and 
echogenicity should be noted. A diseased gallbladder will often have a 
more hypoechoic and heterogeneous appearing wall. Fluid, gas or 
hyperechoic deposits in the gallbladder wall should be noted. 

Pericholecystic fluid is typically hypoechoic and present in small 
amounts layering along the gallbladder wall and even in Morison’s 
pouch. It is highly specific in the diagnosis of cholecystitis. 

Pathologic air, which appears hyperechoic with “dirty” shadows and 
rises to the highest possible point, may be seen in the gallbladder lumen, 
within the gallbladder wall or external to the gallbladder in cases of 
emphysematous cholecystitis. Air within the gallbladder lumen may also 
occur following some procedures such as endoscopy. 

The sonographic Murphy’s sign is localized tenderness that is elicited 
with the transducer directly over the gallbladder. When eliciting this 
sign, it is important to compare the gallbladder tenderness to tenderness 
over the remainder of the abdomen. 

The common bile duct should be examined for dilation which may imply 
a distal obstruction. Focal dilatation occurs in other conditions such as 
choledochal cysts. Stones or air in the common bile duct may also be 
seen in biliary tract pathology. 
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CLINICAL INTEGRATION 

Acute cholecystitis is largely a clinical diagnosis that is significantly 
aided by clinical ultrasonography. Diagnoses range from normal 
gallbladder, asymptomatic or incidental abnormal findings such as 
stones or sludge, to symptomatic subacute gallbladder disease or lastly 
acute cholecystitis. Differentiating among these conditions requires 
history, physical examination, and often laboratory studies. The presence 
of gallbladder wall thickening and pericholecystic fluid are highly 
specific for acute cholecystitis, but may rarely be seen in other 
nonurgent conditions. Symptomatic gallbladder dysfunction may occur 
in the absence of sonographic findings and the clinical picture should 
dictate whether further diagnostic evaluation is pursued. 

SEMINAL STUDIES 

Several studies have examined the accuracy and benefits of gallbladder 
ultrasound performed by emergency physicians at the bedside. In a 2001 
study, Kendall and Shimp compared, in a blinded fashion, emergency 
physician performed biliary ultrasound studies to radiology studies and 
showed that emergency physicians could detect gallstones with a 96% 
sensitivity and the examination could be completed in <10 minutes. 

From: dssurgery.com
Cholelithiasis

From: clinicalgate.com
Acute Cholecystitis

http://dssurgery.com
http://dssurgery.com
http://clinicalgate.com
http://clinicalgate.com
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Similarly, in 2006 Miller et al. and Scruggs et al. in 2008 showed high 
correlation between bedside and radiology ultrasound in the detection of 
gallstones. In 2010, Summers et al. showed in a prospective study that 
emergency physicians’ diagnostic accuracy for cholecystitis was 
comparable to radiologists. All of these studies demonstrate that 
appropriately trained emergency physicians can accurately and 
efficiently diagnose biliary pathology at the bedside. Additionally, 
Blaivas et al. showed in 1999 that patient length of stay could be 
significantly reduced by emergency physician performed biliary 
ultrasound when compared to radiology studies, implying a significant 
savings in healthcare resources. 

1. Kendall JL, Shimp RJ. Performance and interpretation of focused 
right upper quadrant ultrasound by emergency physicians. J Emerg 
Med. 2001 Jul;21(1):7- 13.  

2. Miller AH, Pepe PE, Brockman CR, et al. ED ultrasound in 
hepatobiliary disease. J Emerg Med. 2006 Jan;30(1):69-74.  

3. Scruggs W, Fox JC, Potts B, et al. Accuracy of ED bedside 
ultrasound for identification of gallstones: retrospective analysis of 
575 studies. West J Emerg Med. 2008 Jan;9(1):1-5.  

4. Summers SM, Scruggs W, Menchine MD, et al. A prospective 
evaluation of Eeergency department bedside ultrasonography for 
the detection of acute cholecystitis. Ann Emerg Med. 2010 Aug;
56(2):114-22.  

5. Blaivas M, Harwood RA, Lambert MJ. Decreasing length of stay 
with emergency ultrasound examination of the gallbladder. Acad 



�40

Emerg Med. 1999 Oct;6(10):1020-3.  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TOPIC 6. RENAL ULTRASOUND 
SCANNING PROTOCOL 

Patient Positioning 

Both kidneys and the bladder can usually be imaged with the patient in 
the supine position, but it may be necessary to turn the patient into the 
lateral decubitus or prone position to obtain better visualization. 

Transducer and System Settings 

Choose a low frequency (2-5 MHz) curvilinear or phased array 
transducer with the ultrasound machine set to a general abdomen or 
renal examination preset. A smaller curvilinear transducer may also be 
used if rib shadows obscure important detail. 

Image Acquisition 

Kidney: The kidney should be scanned in both long and short axis. To 
obtain a long axis view of the right kidney, the transducer is placed over 
the right lower intercostal spaces in the mid-axillary line with the 
transducer aimed posteriorly and indicator directed cephalad. The 
kidneys lie obliquely and it may be necessary to rotate the transducer 
slightly to obtain the longitudinal axis of the kidney. The transducer is 
swept anteriorly to posteriorly and cephalad to caudad in order to image 
the entire kidney. To obtain a long axis view of the left kidney, a more 
posterior approach is required to avoid stomach or intestinal air 
interference. The transducer is placed in the posterior axillary line over 
the left lower intercostal spaces but more cephalad than when imaging 
the right kidney. The left kidney should be scanned in the long axis using 
the same technique as the right kidney. For the short axis view of the 
both kidneys, the transducer is rotated 90 degrees from the long axis 
with indicator pointing down towards the floor. If difficulty is 
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encountered, changes in patient position (from supine to lateral 
decubitus or prone) or respiration (asking the patient to inhale then 
exhale) can improve imaging of the kidney. 

Bladder: The probe is placed in the suprapubic area, in the midline with 
the indicator aimed cephalad. The probe can then be angled slightly 
downward toward the pelvis until the bladder is visualized. The entire 
bladder should be evaluated by “fanning” the probe laterally until the 
largest dimensions of the bladder are found. The image should then be 
frozen and using calipers measurements of the depth (anterior to 
posterior) and the length (cephalad to caudad). The probe should then be 
rotated counterclockwise until the probe indicator is pointing to the 
patient’s right to obtain a transverse view. Once again the entire structure 
should be evaluated. When the largest dimension is visualized, the image 
should be frozen and the third dimension, width (lateral to lateral) 
should be obtained. These measurements (depth, length, and width) 
should be collected and will be used to calculate the bladder volume. 
The calculation of bladder volume is as follows: 

[Depth (mm) x Length (mm) x Width (mm)] x 0.7 = Bladder Volume 
(mL) 

Right Kidney View Left Kidney View Bladder View
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NORMAL ANATOMY 

Kidney: The normal kidney will be surrounded by an echogenic capsule 
consisting of perinephric fat and Gerota’s fascia. The renal cortex and 
the medullary pyramid make up the parenchyma of the kidney. The renal 
cortex appears less echogenic than the liver and the medullary pyramids 
filled with urine appear less echogenic than the renal cortex. The renal 
sinus, consisting of the renal pelvis, calyces and sinus fat, and renal 
vasculature as a whole appears very echogenic. Normal ureters are 
usually not visualized with ultrasound, however dilated ureters may be 
appreciated. 

Bladder: A normal bladder should have smooth walls and should 
contain anechoic fluid. The bladder appears as a fluid filled structure in 
the pelvis. Using color or power Doppler, ureteral jets may be 
appreciated intermittently near the trigone area of the bladder in patients 
without ureteral obstruction. A normal empty bladder may contain little 
or no anechoic fluid. 

Identification of a catheter balloon in the lumen of the bladder is a 
normal finding for an adult patient with an indwelling bladder catheter. 

From: incolors.club
Normal Renal Ultrasound
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PATHOLOGY 

Kidney: The most common reason for a clinical ultrasonography renal 
examination is to evaluate for obstructive uropathy. Hydronephrosis is 
the most commonly seen sonographic abnormality in patients presenting 
with obstructive uropathy. Hydronephrosis appears as anechoic areas 
within the normally echogenic renal sinus. The degree of hydronephrosis 
is based solely on visual diagnosis and is graded as mild, moderate or 
severe. Doppler imaging of the renal sinus can sometimes be useful as 
prominent renal vasculature can be mistaken for mild hydronephrosis. 

Renal stones may occasionally be visualized within the kidney and 
appear as hyperechoic structures producing shadows. Placing color 
Doppler on a suspected stone and identifying the “twinkling” artifact can 
help to identify larger stones. A dilated hydroureter may also be 
appreciated however ureteral stones are rarely seen using ultrasound. 
Bilateral hydronephrosis or a distended bladder may indicate bladder 
outlet obstruction. 

Renal cysts are a common finding and must meet the following criteria 
to be considered benign: 1) smooth, rough, or oval-shaped, 2) lack 
internal echoes or solid elements, 3) well-defined interface between cyst 
and adjacent renal parenchyma, and 4) posterior acoustic enhancement 
posterior to the cyst. If a cyst does not meet the aforementioned criteria, 
the patient should be referred for further evaluation. Polycystic kidney 
disease produces kidneys with multiple cysts, which can be visualized as 
a collection of large simple cysts with no discernible renal structure. 

Bladder: A full bladder can be normal or the sign of pathology. A full 
bladder should prompt further evaluation with a post-void residual. Post-
void, the bladder volume should be measured and recalculated. A post-
void residual of greater than 50 mL is abnormal and should prompt 
further evaluation. 
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CLINICAL INTEGRATION 
Kidney: The following questions should be answered when evaluating a 
patient with hydronephrosis: 

1. Is there hydronephrosis? If yes then:  
a. Is the hydronephrosis bilateral or unilateral?  
b. What is the degree (mild, moderate, severe) of hydronephrosis?  

From: udsmedicalimaging.com
Moderate Hydronephrosis

From:emdocs.net
Mild Hydronephrosis

From: emergencyultrasoundteaching.com
Severe Hydronephrosis

From: ultrasound-images.com
Bladder Jets

http://udsmedicalimaging.com
http://emergencyultrasoundteaching.com
http://emergencyultrasoundteaching.com
http://ultrasound-images.com
http://udsmedicalimaging.com
http://ultrasound-images.com
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2. Is a stone visualized in the calyces or bladder?  

3. Is the bladder distended?  

If the patient has unilateral hydronephrosis and nephrolithiasis is 
suspected, then renal calculus it is the most likely diagnosis. If the 
patient has severe hydronephrosis, there is likely severe obstruction and 
evaluation of the stone size with CT should be obtained; this will help 
determine the likelihood of the patient passing the stone independently. 
If the patient has intractable pain, severe hydronephrosis, fever, or 
abnormal labs, it is generally prudent to evaluate the patient further for 
other pathology. 

If bilateral hydronephrosis is present in a nonpregnant patient, bladder 
dysfunction or bladder outlet obstruction should be considered. 

Bladder: In adults, evaluation of bladder volume and post-void residual 
is a useful adjunct to the clinical history and physical examination. A 
severely distended bladder on initial evaluation or a large post-void 
residual should prompt further evaluation. 

In children and adults, assessment of bladder volume is a useful tool 
when there is need for urinalysis obtained by catheterization. Low 
bladder volume is sometimes the cause of failed catheterization. 
Assessment for urine within the bladder prior to catheterization results in 
increased success of sample collection and decreased risk of infection 
due to multiple catheterizations. 

SEMINAL STUDIES 

1. Goertz JK, Lotterman S. Can the degree of hydronephrosis on 
ultrasound predict kidney stone size? Am J Emerg Med. 
2010;28(7):813-6..  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3. Moak JH, Lyons MS, Lindsell CJ. Bedside renal ultrasound in the 
evaluation of  
suspected ureterolithiasis. Am J Emerg Med. 2012;30(1):218-21.  

4. Rosen CL, Brown DF, Sagarin MJ, et al. Ultrasonography by 
emergency physicians  
in patients with suspected ureteral colic. J Emerg Med. 1998;16(6):
865-70.  

5. Watkins S, Bowra J, Sharma P, et al. Validation of emergency 
physician  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Med Australas.  
2007;19(3):188-95.  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2007;14:903- 7.  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�48

Topic 7. FIRST TRIMESTER PREGNANCY 
ULTRASOUND 
SCANNING PROTOCOL 

Ultrasound imaging to diagnose an intra-uterine pregnancy (IUP) 
includes initial trans-abdominal sonography (TAS), although 
transvaginal imaging of the uterus may be required to fully and 
accurately visualize the contents of the uterus. In the second and third 
trimester, transvaginal sonography (TVS) is rarely necessary. 

Transabdominal 

Patient Positioning 

Imaging may begin with the patient supine, ideally with the head 
supported, arms relaxed at the patient’s sides and slight flexion to the 
hips and knees. Ideally the bladder will be full, but visualization of the 
pelvic structures is still possible without the sonographic window of the 
distended bladder. 

Transducer and System Settings 

Choose a low frequency (2-5 MHz) curvilinear or phased array 
transducer with the ultrasound machine set to a general abdomen or 
obstetrics examination preset. 

Image Acquisition 

Starting in midline longitudinal orientation (transducer indicator oriented 
cephalad) above the pubic symphysis with the transducer angled 
inferiorly toward the coccyx, identify the bladder (near field) and the 
uterus (far field). Image completely through the uterus in longitudinal 
orientation, noting any pelvic or intrauterine fluid collections and their 
location relative to the body of the uterus. Carefully visualize the margin 
of the uterus, looking primarily for the sharp angles of hypoechoic fluid 
collections. Next, obtain transverse views, again imaging completely 
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through the uterus, especially noting a generally midline location for any 
intrauterine structures and the minimum thickness of the myometrium 
surrounding any gestational sac. Pay special attention to the lateral 
margins of the uterus where fluid is most likely to collect. Attention 
should also be paid to the contents of the uterus (if visible) to determine 
if they meet criteria for a live IUP. 

The uterus can be variably located and sometimes extremely retroverted. 
This can allow bowel gas to interpose and make the uterus difficult to 
image. The anatomy may require transvaginal imaging for adequate 
visualization. 

Transvaginal 

Patient Positioning 

Prior to commencing the examination, it is helpful to have the patient 
void and then undress from the waist down. The lithotomy or a reclined 
butterfly position with the hips elevated are the most common patient 
positions for transvaginal scanning. 

Transducer and System Settings 

Use a mid-frequency (5-8 MHz) endocavitary transducer, with the 
ultrasound machine set to an obstetrics or gynecology preset. Place 
standard scanning gel on the probe for coupling, followed by a non-latex 
transducer cover and then bacteriostatic gel for lubrication. 

Image Acquisition 

Begin in longitudinal orientation (transducer indicator oriented 
anteriorly) and focus attention on identifying the bladder after entering 
the introitus and advancing the endovaginal probe closer to the vaginal 
vault. Once the bladder is identified, systematically search the posterior 
region to identify the uterus. Image completely through the uterus in 
longitudinal orientation, noting any pelvic or intrauterine fluid 
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collections and their location relative to the body of the uterus. Note any 
free fluid in either the posterior and/or anterior cul-de-sacs. Obtain 
coronal views (transducer indicator oriented to the patient’s right), again 
imaging completely through the uterus, especially noting a generally 
midline location for any intrauterine structures and the minimum 
thickness of the myometrium. In the coronal view, look for fluid 
primarily in the postero-lateral corners. 

Although not the focus of a first trimester ultrasound, imaging the 
adnexa provides valuable clinical information. Occasionally, alternative 
pathology can be visualized directly in the adnexae (i.e. ectopic 
pregnancy, cysts, corpus luteum). 

If imaging the adnexal region fails to identify the ovary or fallopian 
tube, gentle pressure on the anterior abdomen can displace the ovary 
toward the transducer and improve the imaging. 

Ultrasound Probe Position Over 
Bladder for Transabdominal 1st 
Trimester Ultrasound



�51

NORMAL ANATOMY 

The bladder is a thick-walled structure with a variable amount of fluid 
that is generally identifiable even when decompressed. The uterus is a 
pear-shaped, generally homogenous structure located directly posterior 
to the bladder. The standard uterine position is midline, anteflexed 
(uterine body relative to cervix) and anteverted (axis of cervix relative to 
vagina), but may be deviated laterally. The endometrial stripe defines the 
axis of the uterus. With a standard anteverted uterus, the fundus will 
curve over the bladder, especially when the bladder is decompressed. 
The midline hyperechoic endometrial stripe is more pronounced just 
prior to menses and in pregnancy. 

A blastocyst will normally implant adjacent to the endometrial stripe and 
generally appears contiguous with the stripe but not necessarily 
centered. Structures appear in a fairly consistent time progression: first a 
gestational sac (GS) (4.5-5 weeks menstrual age), then a double decidual 
sign (concentric hyperechoic rings adjacent to the fluid collection, one 
the chorion, one an endometrial reaction), then a yolk sac (a thin walled 
round structure usually about 4-5 mm diameter), a fetal pole, and finally 
a fetal heart beat (>80 bpm for crown rump length<5mm, >100 for 
crown rump length >5mm). The earliest sonographic definition of an 
IUP is an anechoic fluid collection with a thickened, hyperechoic ring 
containing a yolk sac. This complex should be contiguous with the 
endometrial stripe and within the upper uterine segment. Once the yolk 
sac involutes, the GS may contain only a fetal pole. Fluid noted in the 
posterior cul-de-sac (Pouch of Douglas, recto-uterine space) is 
considered within physiologic limits unless extends more than halfway 
up the posterior wall of the uterus. Note the location of the implantation 
as an eccentric location could indicate an interstitial, a corneal or a 
cervical ectopic pregnancy. An endo-myometrial mantle less than 8mm 
is concerning. In later pregnancy, important characteristics to note are 
fetal presentation, placental position, and fetal heart rate determination. 
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PATHOLOGY 

A common finding is the absence of a gestational sac in a patient with a 
positive pregnancy test. This may represent an early pregnancy, an early 
spontaneous abortion or an ectopic pregnancy, so clinical correlation is 
required to guide subsequent management. Pelvic fluid may also be 
considered pathologic if it tracks more than halfway up the uterus in the 
posterior cul-de-sac (Pouch of Douglas, recto-uterine space) or if is 
present in the anterior cul-de-sac (vesico-uterine space). 

An abnormal gestational sac may also be encountered, which can be 
predictive of pregnancy failure. Current recommendations suggest that a 
mean sac diameter (MSD) of >=25mm with no embryo indicates 
pregnancy failure. Additionally, the presence of an amnion seen adjacent 
to a yolk sac, a yolk sac greater than 7 mm, and a small gestational sac 
in relation to the embryo (MSD-CRL < 5mm) are all suspicious, but not 
diagnostic, for pregnancy failure. 

From: acep.org
Transvaginal Ultrasound Intrauterine Pregnancy

From: 4d-ultrasoundscan.co.uk
Measuring Crown Rump Length

http://4d-ultrasoundscan.co.uk
http://4d-ultrasoundscan.co.uk


�53

Occasionally it is possible to identify an ectopic pregnancy. Ectopic 
gestations can be found in an intrauterine (cornual, intramural, cervical) 
or extrauterine (tubal, ovarian, abdominal, etc) location. They may have 
complex appearances with characteristics including cystic structures, 
complex masses, and/or peri-adnexal free fluid. Sometimes live ectopic 
pregnancies may be identified. The most common finding for an ectopic 
pregnancy is an adnexal mass (65-84% of cases), while the most specific 
finding is a live ectopic fetus (3-26% of cases). 

One pathologic variant that can be mistaken for an early gestational sac 
is a pseudogestational sac. Instead of a blastocyst cavity with amniotic 
space, the pseudogestational sac is a fluid collection in the endometrial 
cavity, which forms in response to the hormones of a pregnancy that 
exists outside the uterine cavity (i.e. an ectopic). 

From: embryology.med.unsw.edu.au
Cervical Ectopic

http://embryology.med.unsw.edu.au
http://embryology.med.unsw.edu.au


�54

CLINICAL INTEGRATION 

The clinical pathway in a patient with a known positive β-hcg starts with 
an initial transabdominal examination. If an IUP is seen (i.e. yolk sac, 
fetal pole or fetal heart beat within the uterus) in a patient with no 
known heterotopic risk factors then the patient has effectively been ruled 
out for an ectopic. If no IUP or only a gestational sac is seen, a 
transvaginal ultrasound should be performed. If a definitive IUP is not 
visualized, depending on the clinical picture, a gynecology consult may 
be warranted to discuss ectopic treatment options. Hemodynamically 
stable and reliable patients may go home with ectopic precautions and 
return in 48 hours for another ultrasound and serum β-hcg, or the patient 
may be observed in the ED. 

�
Studies examining the use of emergency physician-performed ultrasound 
for evaluation of 1st trimester pregnancy have consistently demonstrated 
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improved time to definitive diagnosis and improved throughput without 
an increased risk of missed ectopics. Durham et al enrolled 136 patients 
in a prospective study examining pelvic ultrasound performed by 
emergency physicians for detection of ectopic and found a NPV of 
100%, concluding that emergency physicians-performed pelvic 
ultrasound can be used to rule out ectopic pregnancy. A recent 
systematic review examining point of care TVS demonstrated 
sensitivities >90% and specificities >98%. Also noted was evidence for 
reduced frequency of missed ectopic, decreased time for definitive care 
in ectopic pregnancy, shorter length of stay for normal pregnancy, and 
possible increased cost-effectiveness associated with emergency 
physician-performed TVS. 
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TOPIC 8. 2ND/3RD TRIMESTER PREGNANCY 
ULTRASOUND SCANNING PROTOCOL 

Patient Positioning 

The patient is supine on a stretcher with the sonographer at the side of 
the bed facing the ultrasound machine/screen. 

Transducer and System Settings 

A curvilinear or phased array low frequency 2-5 MHz transducer is used 
for late trimester ultrasound. 

Many ultrasound systems feature a general setting for obstetric 
examinations. This changes contrast slightly, and makes certain 
measurements, calculationss and labels available. 

Image Acquisition 

The fetus may lie at irregular angles relative to maternal body planes. 
Start by locating the fetal spine; its size provides a characterisitc 
landmark that indicates the longitudinal axis and orientation of the fetal 
body. Follow the spine toward the head to measure head circumference 
or bipareital dimeter or caudally to identify the pelvis and then the femur 
in order to measure femur length. Most often the fetus will be oriented in 
the vertex position with the head in the maternal pelvis. Once the fetal 
orientation is identified any one of several methods can be used to 
estimate the gestationdal age of the fetus. For greater accuracy, use 
multiple methods and average the values or discard an outlying value. 

NORMAL ANATOMY 

Biparietal Diameter: Obtain an axial view of the fetal head. Identify the 
following landmarks when possible: 1) the midline falx cerebri 2) the 
hypoechoic central thalami 3) the septum pellucida anterior to the 
thalamus, and/or 4) the hyperechoic bilateral kidney-shaped choroid 
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plexuses seen on either side of the falx. One measuring caliper is placed 
at the outer skull table and the other on the opposite inner skull table. 

Head Circumference: The level and landmarks are the same as 
described above, or alternatively identify the plane of greatest anterior-
posterior cranial length. Measuring calipers should be placed on the 
outer skull anterior and posterior adjusting the resultant circle to best 
circumscribe the skull. Avoid including the skin overlying the skull. 

Femur Length - Care must be taken to align the transducer exactly 
along the long axis of the femur. Only the diaphysis, or shaft, of the 
femur is measured from the greater trochanter to the distal femoral 
diaphysis. The epiphyses are excluded, and only osseus bone is 
measured, not cartilage. 

Abdominal Circumference - Abdominal circumference is obtained in 
an axial plane at the level of the liver. Other landmarks that may be 
visible at this level are the fetal stomach, gallbladder, and ductus 
venosus. The plane should be perpendicular with the spine and ribs 
should be seen symmetrically enclosing the area. Similar to head 
circumference, a measuring circle is arranged along the outer perimeter 
of this axial section. 

From: fetalultrasound.com 
with additional dotted line

Biparietal Diameter (dotted line)

From: ultrasoundpaedia.com
Head circumference

http://fetalultrasound.com
http://fetalultrasound.com
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PATHOLOGY 

Developmental Abormalities – Though it is beyond the scope of most 
bedside ultrasound examinations, there are numerous abnormailies of the 
fetal gut, head development, and skeletal dysplasias that will distort an 
individual dating technique. For this reason, multiple techniques are 
typically performed and averaged to increase accuracy. This process is 
termed fetal biometry. However, in the emergency department (ED) 
setting, the relatively small gain in accuracy from multiple 
measurements is rarely necessary, and generally one technique will 
provide a sufficiently accurate measurement. 

CLINICAL INTEGRATION 

Gestational dating in the second and third trimester is rarely an 
emergently indicated application, however, there are situations in which 
it may prove beneficial. Patients may present to the ED with little, if any, 
prenatal care and symptoms of labor soley or in addition to 
concommitent issues, such as trauma. If obstetric resources are 
unavailable or delayed, then it would be important for an emergency 
physician to asses the gestational age and viability, as well as fetal 
orientation, etc. to plan the order and urgency of subsequent resource 
utilization such as consults, radiology, or transfer, as well as to aid in 
anticipating subsequent complicaitons. Additionally, the rare, but 
critical, scenario in which an emergent or perimortem cesarian section is 
a consideration may hinge on a rapid estimation of gestiational age and 
viability. 
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TOPIC 9. DEEP VENOUS THROMBOSIS 
SCANNING PROTOCOL 

Patient Positioning 

To facilitate the identification of the veins and test for compression, they 
need to be distended. If they are not visible with the patient in a supine 
position, placing the lower extremities in a position of dependency such 
as reverse Trendelenberg or inclining the patient in a semi-seated 
position will facilitate distension. 

Transducer and System Settings 

A high frequency linear probe is usually used to interrogate the deep 
veins, however, for obese or edematous patients, a lower frequency or 
even curvilinear probe may be needed to provide adequate tissue 
penetration. 

Image Acquisition 

For the lower extremity, an abbreviated approach is undertaken with 
segmental assessments focusing on the common femoral vein, proximal 
greater saphenous, superficial femoral, and popliteal veins. The deep 
femoral vein is not considered a unique source of emboli and thus is not 
included in the imaging protocol. Although the entire lower extremity 
can be imaged, ultrasound interrogation is commonly limited to two 
anatomical regions of the leg, the upper leg segment and the popliteal 
region. 

The scan is initiated with the highest view obtainable at the inguinal 
ligament, with the vein and artery located in cross-section. Angling 
superiorly, a short section of the distal common iliac vessels may be 
imaged. Moving sequentially, the common femoral is then imaged 
distally, visualizing its junction with the proximal greater saphenous 
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vein, until 2 cm beyond the bifurcation of the superficial and deep 
femoral vein branches. 

The popliteal vein is accessed in the popliteal fossa as it exits from the 
adductor canal. It is then traced down to its trifurcation in the proximal 
calf. Duplication of the popliteal vein or artery can occur, and in these 
cases all vessels are investigated. 

The sonographic evaluation is performed by compressing the vein 
directly under the transducer while watching for complete apposition of 
the anterior and posterior walls. If complete compression is not attained 
with sufficient pressure to cause arterial deformation, obstructing 
thrombus is assumed to be present. 

Many practitioners have ultrasound equipment with color and pulse 
wave Doppler capabilities, which may prove especially helpful in 
discerning vascular structures in technically limited studies. The 
contralateral leg, if asymptomatic, is not routinely imaged, however, in 
equivocal cases its interrogation may be a helpful reference. 

Ultrasound Probe position 
for R/O Right leg DVT
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NORMAL ANATOMY 

The deep veins of the lower extremity include the popliteal, deep 
femoral, superficial femoral, and common femoral veins. It is worth 
noting that despite its name, the superficial femoral vein is in fact part of 
the deep system, not the superficial system. To avoid confusion, it is 
sometimes simply referred to as the femoral vein. The popliteal vein is 
formed by the merger of the anterior and posterior tibial veins with the 
peroneal vein. Continuing proximally, the popliteal vein becomes the 
superficial femoral vein in the distal thigh. The superficial femoral vein 
joins the deep femoral vein to form the common femoral vein, which 
becomes the external iliac vein at the level of the inguinal ligament. At 
the level of the inguinal ligament, the great saphenous vein (a superficial 
vein) merges with the common femoral vein. In relation to the 
companion arteries, the popliteal vein is usually superficial to the artery. 
The common femoral vein lies medial to the artery only in the region 
immediately surrounding the inguinal ligament. The vein abruptly runs 
posterior to the artery distal to the inguinal region. 

From:emergencyultrasoundteaching.com
compressible and patent comfort femoral vein; 
negative for DVT

http://ultrasoundteaching.com
http://ultrasoundteaching.com
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PATHOLOGY 

Noncompression is the inability to completely compress the vessel with 
proper pressure (enough to slightly deform the artery) after ensuring 
good position. Only complete compression of the vessel rules out deep 
venous thrombosis (DVT), and only the lack of total compression is a 
hard finding for DVT. Obviously findings such as direct visualization of 
clot may suggest a DVT, but compression findings stand alone as rule-
out/rule-in criteria. Other sonographic findings such as vein distention or 
decreased Doppler signal can support the finding of a DVT. If an 
echogenic clot is visualized it is not necessary to perform compression. 
Clot may appear echogenic or completely hypoechoic depending on its 
age. Likewise, an echogenic lumen is not always clot; gain artifact or 
sludging blood may mimic this appearance so it is important to image in 
different planes. Thrombus that is clearly free floating and not attached 
to the wall should be appreciated for its high chance of embolization and 
compression should be avoided. Other associated causes of extremity 
pain such as cellulitis, abscess, muscle hematoma, lymphadenopathy, 
and Baker's cyst of the lower extremity may also be diagnosed at the 
time of examination. However, this examination is not designed to 
identify all abnormalities of the extremity and should always be 
interpreted with reference to the entire clinical picture. Note a negative 
study does not rule out pulmonary embolism (PE).

From:emergencyultrasoundteaching.com
Noncompressible common femoral vein 
and clot visualized; positive for DVT
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CLINICAL INTEGRATION 

In many cases an emergency ultrasound can guide disposition and 
treatment decisions. When the veins are adequately visualized but lack 
compressibility, the diagnosis of DVT is established and treatment is 
indicated. If the vessels are visualized and compressible, the patient’s 
disposition depends upon the pretest probability guided by e.g. Wells 
criteria. Low-risk patients with normal ultrasounds can be discharged 
home. If patients have a moderate to high probability of a DVT, two 
options are available. Either an alternative test can be performed (e.g. 
CT, MRI, or venogram), or arrangements can made for a follow-up 
ultrasound in three to five days. Alternative testing will be necessary in 
cases of an indeterminate examination. 

From: emergencyultrasoundteaching.com
Bakers Cyst

From: emergencyultrasoundteaching.com
Cellulitis

http://emergencyultrasoundteaching.com
http://emergencyultrasoundteaching.com
http://emergencyultrasoundteaching.com
http://emergencyultrasoundteaching.com
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TOPIC 10. INFERIOR VENA CAVA ULTRASOUND 
SCANNING PROTOCOL 

Patient Positioning 

The patient is supine on a stretcher with the sonographer on the patient’s 
ride side facing the ultrasound machine/screen. 

Transducer and System Settings 

A low frequency 3-5 MHz curvilinear probe or 2-5 MHz phased array 
probe can be used for inferior vena cava (IVC) ultrasound. 

Image Acquisition 

Long axis view: start with the probe in the sagittal position just inferior 
to the xiphoid process with the marker pointing cephalad. Scan 1-2 cm 
to the patient’s right to identify the IVC and angle the probe under the 
costal margin to follow the IVC into the right atrium. 

Short axis view: start with the probe in the transverse position at 
midline just inferior to the xiphoid process with the marker pointing to 
the patient’s right. Identify the IVC and the aorta anterior to the vertebral 
body. Scan caudally until the left renal vein is seen entering the IVC. 

Images needed for complete scan: For adults- sagittal view of the IVC 
entering the right atrium with hepatic veins draining into the IVC. For 
pediatrics-transverse view of the IVC next to the aorta at the level of the 
left renal vein. 
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NORMAL ANATOMY 

The following evaluation is necessary for a normal anatomy scan: the 
liver, hepatic veins, IVC, aorta and right atrium. Distinguish IVC from 
aorta by its thinner wall, its course through the liver, its respiratory 
variation and its confluences (hepatic veins drain into IVC and IVC 
drains into right atrium). Other structures that may mimic the IVC 
include the portal vein, biliary ducts and gallbladder. 

Measure the maximal anterior-posterior diameter of the IVC 1cm from 
the hepatic vein inlet. Alternatively, the IVC diameter can be measured 
2cm from the IVC-right atrial junction if the hepatic vein inlet is not 
visualized. Measurements may be facilitated by using M-mode with the 
cursor placed at the appropriate measuring point. IVC measurements 
may be inaccurate if the patient has been pre-treated with vasodilators 
and diuretics or with excessive external compression with the probe. 
Respiratory variation of the IVC can also be assessed using ultrasound: 

Normal inspiration and expiration – The IVC diameter is dynamic 
over time due to variances in intrathoracic pressure during spontaneous 
respirations. During inspiration, negative intrathoracic pressure increases 
venous return to the right atrium causing the IVC to collapse. 
Conversely, during expiration, positive intrathoracic pressure decreases 

Long axis probe position
for IVC evaluation

Short axis probe position 
for IVC evaluation
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venous return causing the IVC to expand. The maximal (expiration) and 
minimal (inspiration) diameters can be used to calculate the percentage 
of IVC collapse, also known as the caval index: [( IVC expiratory 
diameter – IVC inspiratory diameter)/IVC expiratory diameter] x 100%. 
A caval index greater than or equal to 50% predicts intravascular 
depletion and likely response to volume resuscitation. 

Positive pressure ventilation – During positive pressure ventilation, 
positive intrathoracic pressure is generated during inspiration and 
relaxation of the thoracic cage during passive expiration returns the 
intrathoracic pressure to 0. Therefore, the mechanics of IVC dilation and 
collapse are reversed. To calculate the percentage of IVC distention or 
the distensibility index: [( IVC inspiratory diameter – IVC expiratory 
diameter)/IVC expiratory diameter] x 100%. A distensibility index 
greater than or equal to 16% predicts response to volume resuscitation. 

Pediatric patients – There are no published reference values for 
pediatric IVC diameter. Obtain the short axis view of the IVC and aorta 
at the level of the left renal vein and measure the anterior-posterior 
diameter of each vessel. 

From:edeblog.com
Normal IVC in long

From:cyberrounds.com
Normal IVC with respiratory variation

Exp. Insp.
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PATHOLOGY 

Fluid responsiveness: IVC diameter with > 50% collapse of IVC 
diameter during spontaneous inspiration suggests intravascular volume 
depletion. In pediatrics, an IVC-to-aorta ratio < 0.8 may suggest 
intravascular volume depletion and potential response to fluid 
resuscitation. 

Fluid non-responsiveness: IVC diameter with minimal collapse of 
diameter during inspiration suggests elevated intravascular volume or 
increased right atrial pressures. 

CLINICAL INTEGRATION 

IVC ultrasound provides a real time and noninvasive means to monitor a 
patient’s hemodynamic status. It can guide the management of 
undifferentiated hypotension, assess responsiveness to volume 
resuscitation and differentiate between causes of dyspnea. 

From: thinkingcriticalcare.com
Dilated IVC

From: acep.org
Dilated IVC; minimal respiratory variation

http://thinkingcriticalcare.com
http://acep.org
http://acep.org
http://thinkingcriticalcare.com
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If IVC ultrasound in a hemodynamically unstable patient suggests 
volume depletion (e.g. hypovolemic and distributive shock) then the 
patient may respond to fluid resuscitation. In these patients, the IVC can 
be assessed serially with therapy to assess response to fluids and may 
guide the clinician to continue fluids or switch to another therapy (e.g. 
vasopressors). 

If IVC ultrasound suggests volume overload, then fluids may (e.g. 
cardiac tamponade) or may not (e.g. cardiogenic shock) be beneficial 
and further investigations are required to identify and treat the 
underlying cause. Similarly dyspnea in patients with a plethoric non-
collapsible IVC could be suggestive of mechanical obstruction with 
increased right atrial pressures (e.g. pulmonary embolism, cardiac 
tamponade, tension pneumothorax) or decompensated heart failure with 
pulmonary edema and an ultrasound evaluation of the heart and lungs 
should be performed. 
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TOPIC 11. SOFT TISSUE ULTRASOUND 
SCANNING PROTOCOL 

Patient Positioning 

Patient positioning is used to optimize image acquisition. For example, 
extremities may be rotated and supported by pillows to allow the area of 
interest to be easily accessible. 

Transducer and System Settings 

Imaging is usually accomplished using a high frequency, linear array 
transducer but occasionally the location of the area of interest requires 
the use of a high frequency endocavitary transducer. Deeper abscesses 
may require the use of a lower frequency transducer. 

Image Acquisition 

Soft tissue ultrasound imaging involves obtaining orthogonal images of 
the area of interest for complaints of the soft tissue. Long axis and 
transverse axis imaging of the area of interest is obtained in reference to 
either the axis of the patient or the axis of the area of interest (i.e. hand, 
foot, axilla...). Imaging of surrounding anatomy can be useful to 
demonstrate additional anatomic landmarks or nearby vascular 
structures. Compression views can sometimes provide additional 
information such as mobility of the abscess contents. In addition, images 
of the normal contra-lateral should be obtained (if available). Optional 
images include Doppler imaging of the area of interest, either color- or 
power-Doppler. 

NORMAL ANATOMY 

The anatomy visible during soft tissue imaging depends on the location 
of the area of interest. Specific landmarks include the skin surface, 
subcutaneous layer of the skin, underlying muscle or bone and any 
arteries, veins or tendons located near the area of interest. The minimal 
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views required for a soft tissue ultrasound is a long axis and short axis 
view of the area of interest. 

PATHOLOGY 

Pathology encountered during soft tissue ultrasound includes abscess, 
cellulitis, reactive lymph nodes and foreign bodies. Soft tissue infections 
such as cellulitis result in a more echogenic appearance of the soft tissue 
with a “cobblestoning” appearance due to increased local edema. 
Comparison with surrounding tissue deemed normal on physical 
examination is useful in identifying this finding and its extent. Soft 
tissue abscesses are characterized by a well-demarcated area of mixed 
echogenicity. The cavity may be entirely filled with slightly echoic fluid 
exhibiting posterior enhancement or it may contain a mixture of 
anechoic fluid and significantly echogenic debris. Reactive lymph nodes 
tend to have an oval shape with an isoechoic cortex and a hyperechoic 
hilum. 

From: medscape.net
Normal Soft Tissue Anatomy

http://medscape.net
http://medscape.net
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The most common soft-tissue foreign bodies are glass, wood, and metal. 
All foreign bodies appear hyperechoic and, depending on their 
composition and proximity to certain anatomic structures, will display 
variable degrees of acoustic shadowing or reverberation artifacts. Gravel 
and wood cast a characteristic acoustic shadow similar to that of a 
gallstone. A large wood fragment with its brightly echogenic anterior 
surface can easily be mistaken for bone but because of its immunogenic 
properties often the object will have a surrounding anechoic rim of 
reactive edema. Metallic objects frequently display a “comet tail,” or a 
reverberation artifact in which bright, regularly spaced parallel lines are 
seen distal to the foreign body. Foreign bodies retained for longer than 
24-48 hours are frequently surrounded by an echolucent halo, resulting 
from reactive hyperemia, edema, abscess, or granulation tissue, which 
may aid in their identification. 

Necrotizing fasciitis is an uncommon infection that is difficult to 
diagnose clinically, despite having high rates of mortality and morbidity. 
Unlike simple cellulitis, which is limited to the superficial epidermis and 
dermis, ultrasound findings of necrotizing fasciitis include anechoic fluid 
in the deep fascial planes. The imaging protocol is similar to the imaging 
technique for differentiating abscess and cellulitis, but the clinician 
should evaluate the deep fascial planes. Delineating the margins of the 
edema and the width (>4mm) may aid in diagnosis the presence of a 
deeper space fascial infection. As with all soft tissue examinations, 
evaluation of the contralateral/unaffected extremity can help in 
determining normal sonographic anatomy. The presence of gas in the 
soft tissue is a worrisome finding that may represent infection with gas 
forming organisms or destruction of tissue i.e. necrotizing fasciitis. 
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From: ultrasoundcases.info
Cellulitis

From: erpocketbook.com
Abscess

From: emergencyultrasoundteaching.com
Lymph nodes Multiple lymph nodes 
(arrowheads) with adjacent superficial vessel 

From: ultrasoundcases.info
Soft Tissue Foreign Body

http://ultrasoundcases.info
http://erpocketbook.com
http://emergencyultrasoundteaching.com
http://cases.info
http://cases.info
http://emergencyultrasoundteaching.com
http://ultrasoundcases.info
http://erpocketbook.com
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CLINICAL INTEGRATION 

�

Necrotizing fasciitis cannot be ruled out with clinical ultrasonography. 
Detection of deep fascial edema in a patient with a concerning soft tissue 
infection can aid the clinician in continuing the process of consultation 
and imaging. 
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TOPIC 12. OCULAR ULTRASOUND 
SCANNING PROTOCOL 

Patient Positioning 

The patient is supine on a stretcher with the sonographer at the head of 
the bed facing the ultrasound machine/screen. 

Transducer and System Settings 

A linear high frequency 7.5-10 MHz probe is used for ocular ultrasound. 
Alternative transducers include small footprint high frequency probes 
such as a small footprint phased array or even an endocavity probe. 
Many ultrasound systems feature an ophthalmology setting. 

Image Acquisition 

Apply a tegaderm patch over the closed eyelid and then a generous 
amount of gel to the closed eyelid. By slowly fanning through the 
motionless eye in both transverse and sagittal planes, the anterior and 
posterior chambers of the eye can be visualized. Take care to apply little 
pressure on the eye during imaging, especially to the traumatic eye. 
Applying a tegaderm patch will prevent gel from getting on the eyelid 
and allow for easy gel removal once the tegaderm is removed to 
maximize patient comfort. 

Images needed for complete scan: transverse and sagittal views of the 
entire orbit including visualization of the inner orbital anatomy, optic 
nerve sheath, and its adjacent soft tissue. 
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NORMAL ANATOMY 

The following evaluation is necessary for a normal anatomy scan, from 
superficial to deep: the eyelid will be thin and homogeneously echogenic 
with the deeper anterior chamber of the orbit, filled with vitreous fluid, 
providing an excellent acoustic window for deeper structures. When 
visualized through the visual axis the orbit containing the anterior and 
posterior chamber should appear circular separated by the linear ciliary 
muscles and oval shaped lens with anechoic center located midline just 
deep to the iris. The iris and ciliary body are echogenic and can be 
visualized well. The vitreous fluid will appear anechoic (black) without 
echogenic debris. The retina will be seen as a hyperechoic line adherent 
to the posterior chamber of the eye. Deep to the orbit will be the optic 
nerve sheath, a hypoechoic linear structure that is most times visualized 
in the posterior orbit. There is some research to support measurements 
posterior to the eye as a proxy for intracranial pressure assessments. 
Conventional measurements include the optic nerve sheath diameter 

From: aliem.org
Ocular ultrasound setup
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measured at 3 mm deep to the retina. The optic nerve sheath diameter 
should measure no more than 5mm in adult patients. 

Ocular function can also be tested using ultrasound: 

Pupillary constriction - placing the transducer in transverse view, have 
the patient look downward. Decrease your depth in order to focus on the 
longitudinal view of the ciliary musculature and pupil. Once the ciliary 
muscles are seen as two thick linear echogenic structures, shine a light 
on the contralateral eye. The ciliary muscles will be seen extending to 
constrict the pupil. Another way to perform this is to place the linear 
transducer on the lower eyelid to attempt a coronal view of the eye. The 
pupil will be seen as a circular image and constrict when light is shined 
on the eye. 

From: medscape.com
Ocular Anatomy 
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Extraocular movement - with the linear transducer in transverse view, 
have the patient look left and right; with the linear transducer in sagittal 
view, have the patient look up and down. The amount of movement to 
each side should be symmetric. 

Subcutaneous air may limit the resolution and patients unable to 
cooperate fully with this examination can introduce limitations. 

PATHOLOGY 

Retinal detachment: The retina appears posteriorly as a hyperechoic 
linear membrane, which when detached, is seen as a ribbon, but always 
anchored near the optic disk. Having the patient look at different planes 
of sight and fanning through each area of the retina will increase your 
sensitivity of picking up this pathology. 

Vitreous detachment: A vitreous detachment appears as a wispy 
hyperechoic linear line through the posterior chamber of the eye that is 
generally mobile with eye movements. In contrast to a retinal 
detachment, a vitreous detachment is less commonly seen unless the 
gain settings are increased as it is less echogenic. In addition, a vitreous 
detachment will cross the posterior chamber and is not tethered to the 
optic disc. 

Vitreous hemorrhage: Vitreous hemorrhage typically appears as 
echogenic debris of foci within the normally anechoic posterior 
chamber. Increase the gain and have the patient move their eye for the 
highest sensitivity of visualizing vitreous hemorrhage: movement of 
granular or linear echogenic material in the posterior chamber 

Lens dislocation: The typical central location of the oval shaped lens 
should be evaluated, and if not where expected, it has been dislocated. 

Retrobulbar hematoma: Posterior to the eye there is soft tissue that is 
echogenic and adjacent to the optic nerve sheath. If a hematoma has 
developed, an anechoic area may be seen there but these can be difficult 
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to visualize without optimizing the transducer settings for the soft tissue 
posterior to the eye. 

Foreign body localization: The foreign body can be seen as an 
echogenic structure in the soft tissue around the orbit or within the 
posterior or anterior chamber of the eye. 

Globe rupture: Decrease in the size of the eye, loss of the normal 
circular structure of the eye, scleral buckling, and anterior chamber 
collapse are signs of globe rupture. 

Papilledema : Papilledema can be visualized as increased height of the 
optic disc relative to the posterior curve of the retina and posterior wall 
of the eye. 
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CLINICAL INTEGRATION 

Symptoms consistent with acute vision loss are the most common reason 
to image the eye with ultrasound. Differentiating retinal detachment 
(ocular emergency) from vitreous detachment (ocular urgency) can help 
effectively arrange appropriate follow up. Even with the above 
distinguishing sonographic features, in some cases it may be difficult to 
make a definitive diagnosis based on sonography alone. Therefore, 
should the emergency physician note any hyperechoic material within 
the vitreous chamber of the eye, an emergent ophthalmology 
consultation should be obtained. 

Careful imaging of the eye following trauma can help with cases where 
a ruptured globe is not suspected or is less likely. Patients with 
significant swelling after facial trauma can have valuable information 
identified with ultrasound that is not available any other way. 

An ophthalmologist should be consulted for any of the above pathologic 
findings in the setting of vision loss or trauma . In addition if there is a 
clinical suspicion for iritis, retinitis, acute closed angle glaucoma, and 
central retinal arterial or venous occlusion appropriate referrals should 
be made as none of these diagnoses are made with ultrasound. 
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TOPIC 13. ULTRASOUND-GUIDED CENTRAL 
VENOUS ACCESS 
SCANNING PROTOCOL 

Patient Positioning 

The patient should be placed so that all equipment is easily within reach 
of the person performing the procedure. In addition, when using 
ultrasound to guide procedures including venous access the ultrasound 
should be directly in front of the person performing the procedure so that 
it is easy to look between the screen and the needle without turning. In 
circumstances where two individuals are involved in the procedure, the 
machine should be directly in front of the individual “guiding” the 
procedure, not the individual inserting the needle. 

Transducer and System Settings 

Except where otherwise indicated or not available a high frequency 
linear array probe is recommended. When possible the probe should be 
held at a 90-degree angle to the vessel to maximize resolution. When 
performing central line placement, sterile technique using a sterile probe 
cover should always be implemented. 

Image Acquisition Internal Jugular Vein 

Anatomy: The internal jugular vein runs adjacent to the carotid artery 
typically in the triangle formed between the two heads of the 
sternocleidomastoid and the clavicle. 

Scanning Protocol: The patient is positioned supine preferably in 
trendelenburg position to increase venous pooling. The anterolateral 
neck is imaged cephalad to caudad. The internal jugular vein and 
common carotid artery should be identified with the internal jugular 
lateral and superficial. In addition the vein is thinner walled and more 
compressible than the artery. 
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Axillary/Subclavian Vein 

Anatomy: The axillary vein begins at the confluence of the brachial and 
basilic veins and courses beneath the clavicle until it becomes the 
subclavian at the lateral border of the first rib. 

Scanning Protocol: The patient is placed in supine position. A linear 
transducer is placed on the chest wall near the axilla where the axillary 
vein and artery can be identified and traced until they disappears beneath 
the clavicle. 

Femoral Vein 

Anatomy: The femoral vein begins in the adductor hiatus as the 
continuation of the popliteal vein and becomes the external iliac at the 
inguinal ligament. Distally it travels behind the femoral artery and 
becomes medial and more superficial as it nears the inguinal ligament. 

Scanning Protocol: The patient is placed in reverse trendelenburg 
position with the leg slightly abducted and externally rotated in semi 
frog leg position. The medial mid thigh is scanned cephalad to the 
inguinal ligament to identifying the femoral vein medial to the femoral 
artery. The femoral vein is typically punctured 1cm below the inguinal 
ligament. Anomalous femoral venous anatomy can occur reinforcing the 
use of ultrasound for localization. 

CANNULATION 

The target central vein should be cannulated under real-time ultrasound 
guidance with constant visualization and awareness of the needle tip 
avoiding adjacent structures such as arteries or nerves. The transducer 
may be oriented in either the longitudinal or transverse plane relative to 
the vein. The longitudinal plane allows constant visualization of the 
needle, needle tip, and the target vessel, however requires the 
sonographer to maintain all three structures in line with the beam of the 
transducer. This may be difficult in patients that are moving or in 
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respiratory distress. Alternatively, the transverse plane allows for easier 
simultaneous visualization of the needle and vessel, however the 
transducer must be translocated as the needle tip is advanced to maintain 
constant needle tip visualization. Loss of needle tip visualization can 
result in the needle traveling deeper than expected which may result in 
penetration of the posterior vein wall, artery, or lung (in the case of the 
internal jugular or subclavian vein cannulation). 

When the procedure is complete, a comprehensive note is documented in 
the medical record including the use of ultrasound guidance. 
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TOPIC 14. ULTRASOUND-GUIDED PERIPHERAL 
VENOUS ACCESS 
SCANNING PROTOCOL 

Patient Positioning 

The patient should be placed so that all equipment is easily within reach 
of the person performing the procedure. In addition, when using 
ultrasound to guide procedures including venous access the ultrasound 
should be directly in front of the person performing the procedure so that 
it is easy to look between the screen and the needle without turning. 

Transducer and System Settings 

Except where otherwise indicated or not available a high frequency 
linear array probe is recommended. When possible the transducer should 
be held at a 90-degree angle to the vessel to maximize resolution. 

Image Acquisition 

For both children and adults, the upper extremity is the preferred 
location. However in young children, the greater saphenous may 
preferable than the upper arm given its relative size compared to upper 
extremity veins. 

For the upper extremity, the patient is placed in a supine position with 
their arm extended. A high-frequency linear-array transducer is used to 
search the arm and forearm for a peripheral vessel that is suitable for 
cannulation. A quick systematic search of all four named vessels is 
helpful to find the most appropriate vessel. Vessels with an internal 
diameter > 5mm and less than 1.6 cm deep have a greater likelihood of 
success. 
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NORMAL ANATOMY 

There are four named veins in the upper extremity that are commonly 
used for peripheral venous access: cephalic, basilic, brachial and 
antecubital. All of these veins eventually coalesce to form the axillary 
vein. In the lower extremity, the greater saphenous vein is amenable to 
peripheral venous access. Other peripheral veins can also be cannulated 
as long as their internal diameter is large enough and they run in a 
relatively straight course, so as not to cause kinking of the catheter once 
it is inserted into the vessel. 

It is important to ensure the vein is patent before attempting cannulation 
- this can be done simply by compressing the vein and demonstrating 
that the walls of the vein collapse completely. This will also ensure that a 
small artery is not accidentally cannulated. 

CANNULATION 

Catheters used for ultrasound guided peripheral venous access, in adults, 
can range from 48 mm up to 15 cm in length. A peripheral catheter that 
is greater than 7.5 cm long is considered a midline catheter and should 
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be inserted using standard sterile procedures, including a sterile probe 
cover and gel. A peripheral catheter less than 7.5 cm can be placed using 
standard aseptic peripheral cannulation procedures with a non-sterile 
probe covering and bacteriostatic gel. 

A real-time ultrasound-guided technique should be employed where the 
tip of the needle is guided into the vessel lumen. Once the skin and 
probe are prepared and the vessel is located, a peripheral catheter can be 
inserted using either a short- or long-axis technique. 

When procedure is complete, a comprehensive note is documented in the 
medical record including the use of ultrasound guidance. 
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TOPIC 15. ULTRASOUND-GUIDED 
PERICARDIOCENTESIS 
SCANNING PROTOCOL 

Patient Positioning 

With the traditional blind approach, a semi-recumbent position with the 
head of the bed at 30-45 degrees is often used to bring the heart forward 
in the chest and to better allow pooling of fluid in the inferior and 
anterior portions of the pericardium. However, with ultrasound 
guidance, the pericardial space may be approached more readily from an 
intercostal approach, and a left lateral decubitus position will bring the 
effusion forward and towards the apex. Alternatively, the supine position 
is acceptable, especially in critically ill patients. 

Transducer and System Settings 

A 2.5-5MHz phased array transducer is ideal as its relatively smaller 
footprint allows it to scan more easily between ribs. However, a 
curvilinear transducer can also be used with attention to angling the 
transducer axis between the ribs as needed. 

Image Acquisition 

Using the standard echocardiography subxiphoid, parasternal long or 
apical views, the size of the effusion can be determined and it’s most 
superficial aspect should be localized. The transducer is then positioned 
directly over the area of effusion that is closest to the skin and in an area 
without vital structures such as liver or lung in between. This is often 
found at a point between the apical and parasternal long axis views. It is 
important to note that the internal mammary artery runs cephalocaudad 
down the anterior chest about 4cm lateral to the sternum and that 
neurovascular bundles traverse along the inferior border of each rib. 
These structures should be avoided. If a subxiphoid approach is chosen 
and time permits, an NG tube can be passed to decompress the stomach. 
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Once the optimal location for aspiration has been established, sterile 
precautions should be taken as time allows, including patient draping 
and sterile transducer cover. The pericardiocentesis needle is then 
advanced under real-time ultrasound guidance, with the needle piercing 
the skin just lateral to the probe and visualized advancing in the long 
axis of the transducer until the needle tip is observed within the 
pericardial fluid collection. Fluid should be aspirated and if a 
pericardiocentesis kit is being used, the sheath is then advanced and the 
needle withdrawn. 

Further visual confirmation of placement can be obtained by injecting 
1-2cc of agitated saline (created by energetically injecting the fluid 
between two connected syringes) into the catheter, and observing the 
hyperechoic microbubbles appear on ultrasound within the pericardial 
space only. 

Probe Position for 
Pericardiocentesis



�97

PATHOLOGY 

A pericardial effusion will be seen as an anechoic fluid collection around 
the heart and within the pericardium. If blood is present, a clot may form 
in the pericardial space and can be visualized as a heterogenous 
echodensity within the pericardial sac. Small effusions will be seen only 
on one side, usually the inferior aspect of the heart, moderate effusions 
extend to the apex and large effusions encircle the entire heart with fluid. 
In the presence of large effusions, the heart may be seen to swing or 
oscillate within the fluid collection as it beats, a motion that can be 
represented on EKG by electrical alternans. Tamponade physiology is 
evidenced by the presence of collapse or near collapse of the right 
ventricle or atrium during diastole and is an indication to proceed with 
pericardiocentesis. 

CLINICAL INTEGRATION 

Ultrasound is the diagnostic modality of choice for identifying 
pericardial effusion and confirming the presence of tamponade 
physiology. When used to guide pericardiocentesis, ultrasonography can 
reduce complications and allows for real- time confirmation of needle 
placement within the pericardial space. In addition, it facilitates 
immediate assessment of the success of aspiration on the cardiac 
physiology. 
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SEMINAL STUDIES 

Experience with ultrasound guidance for pericardiocentesis can be found 
in the literature dating back to the 1970’s and has been used routinely by 
some institutions as early as the 1980’s. However, it is only within the 
last 15 years that it has become more widely used for its improved safety 
profile and the increasing prevalence of bedside ultrasound accessibility 
and trained providers. 
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