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Overview

Welcome to your ultrasound elective! Ultrasound is a rapidly growing tool used in emergency departments across the country. Emergency physicians in both academic and community settings are relying on ultrasound to enable them to make quick diagnoses and treatment decisions. Once considered strictly the realm of radiologists, ultrasound is now used by many specialties, including OB/Gyn, Anesthesia, Surgery, Internal Medicine, and Emergency Medicine. As knowledge and use of ultrasound at the bedside continues to expand, new applications are evolving rapidly. This month, you will learn how to perform and interpret ultrasound and how to apply it to your clinical decision making process.


What is Emergency Ultrasound?
	Emergency Ultrasound (EUS) is the use of ultrasound by Emergency Physicians (EP) to answer a specific diagnostic question or aid in performing a procedure. For example, in a patient who is hypotensive following blunt trauma, EUS may be performed to determine whether or not there is free fluid present in the peritoneum.

What is it NOT?
	EUS is not intended to gather a large amount of information about a patient and does not replace an ultrasound that is performed by a technician and interpreted by a radiologist. For example, in the above case, EUS can identify the presence of free fluid in the abdomen, but it cannot reliably identify the source of the bleeding. 

What is expected of me on this elective?
	Expectations for your elective are based on your level of training:

Medical Students:
Meet with ultrasound faculty a minimum of six days over your block for bedside ultrasound teaching.
Attend ultrasound journal club and present an article to the group.
Become familiar with the basics of ultrasound and proficient in ultrasound in trauma (FAST exam), evaluation of the aorta and soft tissue.
Complete a project involving ultrasound (an example would be a case write-up).

Residents:
Perform and document 25 studies of your choice (see below “How do I record and save my images?”). You must document your studies both electronically and in residency partner. This can be done individually, or with indirect or direct supervision depending on the needs of the resident. 
Meet with the ultrasound director at the completion of your rotation to review your images and findings. Any studies that you perform will be reviewed for evaluation of technique and accuracy of findings. Also, you must show evidence that you have performed the required number of studies.
Attend ultrasound journal club and be prepared to discuss the selected articles.
Assist with teaching
The elective may be repeated with a focus on research or teaching (this can be designed by the resident in conjunction with the director).























Basic Ultrasound Use and “Knobology”

There are two Sonosite and Zonare ultrasound machines in the Emergency Department. The two Sonosites differ slightly in the transducers that are available with each (more on this later).



Sonosite					Zonare

They are typically found in one of two locations in the ED: either in room four or near the doctor’s station (next to spillway). Occasionally, they may wander to other areas.

Please be gentle with the machines. They are very expensive pieces of equipment. 




A few guidelines about the machines:
Please clean the machines after you use them. You may use the sani-wipes to clean gel, blood, or whatever else may wind up on the transducer.
If you find that something isn’t working correctly, please let me know. 
Please use ultrasound gel to perform your studies. If we are out, please let someone know. There is no reason that we should have to use KY jelly in lieu of ultrasound gel.
Please do not leave your extra equipment, IV kits, used 4x4, or any other objects on or in the machine. The most remarkable object found on the machine thus far is a Ritz cracker.

Below is the keyboard layout of the Sonosite machine:

 


Knobology (or which knob does what)

Brief dictionary of knobs and buttons on the machine

2D: This button returns you to your initial screen. Think of this as the “home” key.

Arrow button (shaped like an arrow): Pressing this button will bring up an arrow on your screen which you may move using the touchpad. Use this to highlight an area of interest on the screen.

Calculator: This button enables you to calculate various measurements depending on which type of ultrasound you are doing (more on this later). Use this function when you want to do more than just a simple measurement (for example, estimating fetal age).

Caliper: This button brings up a set of calipers and enables you to measure the absolute distance between two objects. The select key is used to toggle between one end of the caliper and the other. The touchpad is used to move each end of the caliper. 

Color: Enables you to use color and power Doppler to evaluate flow (more on these later).

Depth: These two buttons adjust how deep into the body you are able to see. Increasing your depth (the bottom button) will show you deeper into the tissue. Decreasing the depth will concentrate your image on a more shallow area.

Doppler: Enables you to Doppler flow within your image (more on these later).

Far: This knob adjusts the gain in the far (or deep) field.

Freeze: This key will freeze the image on screen and allow you to take measurements, print an image, etc. The two buttons of either side of the freeze key enable you to scroll forward or backward through your recent images. This is helpful if you saw something but didn’t hit freeze in time to catch it. Simply hit freeze and then repeatedly press the button to the left of freeze to scroll backwards until you see the image you want.

Gain: Think of this as the volume button. If you have a clear image, turning this clockwise will make your image brighter. If you have an image with a lot of static, this will make your image AND the static brighter.

M-Mode: Activates M-Mode (more on this later).

Near: This knob adjusts the gain in the near (or superficial) field.

Patient: This key brings up your home screen where you may enter patient information and select the type of exam being performed.

Report: This key brings up your report screen where you may input your findings.

Review: This key brings up the studies performed recently and enables you to review the saved images.

Save: This button enables you to save a copy of a still image.

Save Clip: This button enables you to save a video clip of images. When you press the button, there is a beep preceded by a slight delay. When the beep begins, that is your signal to begin recording. Presently the machine is set to record 2 second clips, however this can be adjusted.

Setup: This key brings up the master settings for the machine. If you have questions or concerns about something with the settings, please let the director know before trying to fix it yourself.

Text: This button on the keyboard will bring up a cursor on your screen which enable you to type text onto your screen. You may use the touchpad to move the cursor over the area of interest.

Zoom: This button enables you to magnify an area of interest. Press the button once to bring up a green box. Place the box over the area of interest and press zoom again. This will highlight the area you have selected.


Getting Started:

Once you have familiarized yourself with the ultrasound, you are ready to begin. The first step is to plug the machine into the wall and turn it on. The power button is located on the upper left of the keyboard. The machine takes a few seconds to load up. If you try to push buttons before it has adequately booted up, it may give you a blue screen. If this happens, simply turn the machine off (by pressing the power button for 2 seconds) and turn it back on.

Next, select a transducer. We will discuss the physics of ultrasound in the next section, but a few principles will help you select the right transducer for your scan.

High frequency = Clear, well defined image, but little depth of penetration.
Low frequency = Higher depth of penetration, but a less clearly defined image.

So, for example, if you are planning to examine an aorta, you may need to look as deep as 21cm into a patient’s abdomen. However, you aren’t as concerned about seeing the aorta in great detail. In this case, you would select a low frequency transducer.

On the other hand, if you are planning to evaluate a hand for the presence of a foreign body, you won’t need a great deal of depth. However, you will need a sharp, well-defined image to help you tell the difference between a possible foreign body and a tendon. In this case, you would select a high frequency transducer.

These are the transducers that are available in our ED:

Linear: High frequency, used for soft tissue, vascular access, testicular, pneumothorax, and orbit.



Cavitary (or “transvaginal”): High frequency, used for OB/GYN and other intra-cavitary scanning (such as a peritonsillar abscess).



Curvilinear: Low frequency with excellent resolution. Used for abdominal, OB/GYN, and FAST scanning.



Phased array: Low frequency with less resolution. Has a smaller footprint (the part of the ultrasound that touches the patient) and is better for small spaces. Used for echo, abdomen, OB/GYN, FAST.



Take some time to experiment with these to get an idea of the differences between them.

Orientation
	
	Orienting yourself onscreen is one of the most challenging aspects of learning ultrasound. Some people are able to grasp it immediately while others take a bit longer. If you don’t get it right away, don’t give up. 

Basic rules of orientation:
All transducers have an indicator on them.
The curvilinear probe has a notch on the side of wide part with a perpendicular raised line running down the body:
The phased array has a single raised dot on one side:
The linear probe has a raised, thick line running down the side of the wide part with a parallel line running down the body:
These indicators correspond to the indicator on the screen, which is usually at the top left (with the exception of echo, which we will address later).
Typically, the indicator is always pointing towards the patient’s right or towards their head (again with the exception of echo).
In all cases, everything at the top of screen is what is closest to the transducer (e.g., the skin), while everything progressively lower on the screen is progressively deeper in the body.

With these basics, let’s look at the three planes of scanning.
 
Transverse plane is the easiest to begin with. The indicator is pointed towards the patient’s right side. This will yield an image on screen similar to a CT scan. That is, everything on the left side of the screen (on the side of the indicator) is towards the patient’s right and everything on the right of the screen (away from the indicator) is on the patient’s left. Here is an example of a transverse image:


Sagittal and coronal are basically the same with the exception of whether the transducer is on the anterior surface of the patient (sagittal) or on the patient’s side (coronal). In either case, the indicator is pointed towards the patient’s head. Everything on the left side of the screen (on the side with the indicator) is towards the patient’s head. Everything on the right side of screen (away from the indicator is towards the patient’s feet. Here is an example of a sagittal image:

How Do I Record and Save My Images?

Press Patient Key (Upper right of the keypad)
In the First Name Blank, fill in your last name
In the Last Name Blank, fill in the name of an assistant or observer
In the ID number blank, fill in the MR number of the patient being scanned 
Press Done to get to the scanning screen
Start scanning
To record a still image, press the Save button (in the middle above the touchpad)
To record a clip or something in motion (like an echo or vein compression), press the Save Clip button (above and to the left of the Save button)
Once you are finished scanning, press the Report key (on the right side of the keypad above the Patient key)
A summary screen will pop up
Along the bottom of the screen, there is a heading titled EMED
Press the button directly under EMED
A summary screen will pop up
There are several options under the drop down menu (AAA, FAST, GB, Renal)
Select one of these if it applies 
Fill in the columns as they apply to your study with any additional comments under comments
If your study does not fit under one of the headings (e.g. testicular or echo), put your interpretation under the comments section (e.g. epididymitis or EF nl)
IMPORTANT: After you have entered in your interpretation, press Save to save the image of your interpretation
Press Done (on the bottom right of the screen)
IMPORTANT: Return to the Patient screen (press the button on the upper right of the pad entitled Patient) and press End Exam. This saves the entire exam.
The images will be transferred to the hard drive about once a week (more on this soon)
If you wish to review an image that is still on the machine, follow the following instructions:
Press the Review key on the upper right side of the keypad
This will bring up all of the studies stored on the machine, filed by name of the examiner
Once you have selected a study, press the button under Review at the bottom of the screen
You can page through the images by pressing the button at the bottom left of the screen






















Ultrasound Physics and Artifact

How does ultrasound work?
	Ultrasound is based on the “pulse – echo” principle. Sound waves are emitted from the transducer (or “probe”) that travels into the body. These sound waves strike objects in the body and are reflected (or “echo”) back to the transducer at varying speeds and strengths. The transducer transmits this information to the computer inside the machine, which in turn plots this information as varying shades of black, white, and gray on the screen.


Physics, gross! What’s the least amount of physics that I need to know to understand ultrasound?
	Fortunately, you don’t need a PhD to use ultrasound. A few definitions are helpful to remember:
Wavelength: The distance between two consecutive waves.
Frequency: The number of cycles that occur in one second. This measurement is expressed in Hertz (Hz).

 
Ok, sound waves seem pretty simple. What does that have to do with all that gray stuff I see on the screen?
Sound waves travel very well through water (think of whales talking to each other under water). Objects in the body that contain high amounts of water transmit almost all of the energy from the sound wave without reflecting almost any of it back to the transducer. Other tissues that are harder and contain less water cause sound waves to bounce back strongly without letting any energy pass through them (imagine throwing a tennis ball against a wall). Tissues that reflect sound waves strongly back to the transducer are interpreted by the ultrasound as white objects on the screen. Tissues that allow sound waves to pass through without reflecting it back to the transducer are interpreted by the ultrasound as black objects on the screen. Objects that appear as gray on screen are in between these two extremes.

What types of things appear black on the screen?
	Organs that have fluid filled areas, such as the bladder, the eye (the vitreous), the gallbladder, veins, and arteries.

What types of things appear white on the screen?
	Tissues that have very little fluid, such as bones, tendons, ligaments, and gallstones.

What about everything else?
	These objects will appear as varying shades of gray depending on the amount of fluid present. Organs with more fluid content will be a darker shade of gray than those with less fluid.

When I read the radiologist’s report, there are a lot of confusing terms. What are they talking about?
	Radiologists do not use black, white, and gray as descriptive terms when describing their findings on ultrasound. Rather, they use their own terminology. These terms are not difficult to interpret once you have an idea of how ultrasound works and break down the meaning of the words as demonstrated below.

Hyperechoic (A lot of echoes): This refers to something that reflects ultrasound waves and is interpreted by the ultrasound as a white object. Examples include gallstones and bones.

Anechoic (without echoes): This refers to something that does not reflect any echoes; objects that absorb all ultrasound waves. Examples include objects high in fluid content such as the bladder.

Hypoechoic (less echoes): This term refers to objects that reflect some sound waves, but not as many as the hyperechoic objects described above. These objects are seen as varying shades of gray. 

Isoechoic (the same echoes): This term refers to two objects that reflect the same amount of sound waves and are relatively the same shade of black, white, or gray.

Echogenic (creating echoes): This term is used to convey the density of an object when compared to the surrounding tissues. It is usually modified to demonstrate how many echoes are created by the object in question, e.g. A highly echogenic mass is seen within the gallbladder.

I can’t always get the image that I want. What’s going on?
	Beginning sonographers frequently struggle with artifact, which are unintended findings seen on the screen. Most commonly, they detract from your exam, although sometimes they can be helpful. Below are the most commonly encountered artifacts. When we get into the individual exams, we will discuss how to minimize artifact.

Shadowing: Shadowing occurs when the ultrasound wave strikes something dense and bounces all the of the energy back to the transducer. The machine interprets this as a dense (white) object, but isn’t able to determine what is behind the object because it is unable to “see” behind the dense object. This results in a white line anteriorly with a black shadow extending deep to it. Examples of things that produce shadow are ribs, gallstones, and foreign bodies.



Acoustic Enhancement (acoustic window): Acoustic enhancement can be thought of as the opposite of shadowing. When the sound waves strike an object that is high in fluid content, they are transmitted through the object without losing hardly any energy. As a result, there is more energy available to reflect off what is behind the fluid filled object. As a result, the structures posterior to the fluid filled object appear brighter and more well defined than they would otherwise. An example of this is using a full bladder to visualize the pelvic organs (note how bright the area behind the bladder is in the below example).





Scatter: Scatter is what happens to ultrasound waves when they strike air or gas filled objects. Sound waves are not reflected or transmitted through air. When the wave hits gas, it is scattered in all directions and yields a murky, hazy image. An example of this would be the haze seen when looking at the intestines.

Comet Tail: A comet tail is a narrow, bright shadow that emanates from a highly reflective source, such as a an air bubble (seen below reflecting from the lung), or bullet.



Dirty Shadowing: In contrast to the type of shadowing described above, dirty shadowing occurs when ultrasound waves encounter air or gas. Instead of a clean black shadow extending from an object, a hazy murky shadow occurs (as seen on the left side of the image below).



Reverberation (or ring-down) artifact: This artifact occurs when an ultrasound wave strikes a very dense metallic object such as a needle tip (as seen in the middle of the image below). The resulting finding is a thin, bright, shimmering shadow.  



Now that you’ve got an idea of how ultrasound works and what you expect to see, let’s start scanning!

FAST Exam

When is a FAST indicated?
	FAST exam is indicated when there is a question of free fluid in the peritoneum or cardiac tamponade as a result of trauma. FAST is most sensitive when used in patients who are hypotensive following blunt trauma.

What transducer do I use?
	Either the phased array or curvilinear can be used. The curvilinear offers better resolution, but rib shadowing is frequently a problem due to the larger footprint of the probe. The phased array fits better between the rib spaces but gives a grainier image. The linear (or high frequency probe) should not be used, as it does not offer sufficient depth of penetration.

Does it matter what order I do the scans?
	No. The FAST is not specific for organ injury, so even if you do not appreciate free fluid in the area of interest, you should examine all views. Frequently fluid can be found in areas away from the injury. For example, free fluid may be seen in the pelvis from a liver laceration.

How to begin:
Turn the machine on.
Select the transducer you wish to use by touching the button where the correct transducer’s cord meets the machine.
Once a screen appears, press the “Patient” button on the right of the keypad.
Enter your name in the Last Name slot.
Enter the patient’s medical record in the Medical Record slot.
Select the type of scan you wish to perform from the drop down menu on the upper right of the screen. Usually, you will want abdomen. 
Press Done (on the bottom right of the screen) to leave this screen.

Right upper quadrant:
Sagittal plane: 
Place the transducer along the patient’s right flank at approximately the anterior axillary line with the indicator pointing towards the patient’s head. 
The transducer should be high on the flank, at approximately the 7th-8th rib space (remember that the liver is deep to the ribs).
The following view should be sought:
	



Once the liver, kidney, and diaphragm have been visualized, the transducer should be angled anterior and posterior to view this space in full.
Free fluid will appear as an anechoic (or black) stripe (as seen below).


Record your image by pressing either Save (on the right of the touchpad) or Save Clip (above the touchpad).

Transverse (oblique) plane:
Once the sagittal view has been obtained, hold the transducer in place and turn it so that the indicator points toward the patient’s right.
It will likely be necessary to hold the transducer in an oblique plane to minimize rib shadowing (think of following the curve of the ribs)
In this orientation, the following image should be sought:

The transducer should be angled superior and inferior to capture the entire kidney.

Fluid will appear as described as above and as seen below.

Save your image as described above.

Left upper quadrant:
Sagittal plane:
Begin along the patient’s left flank, with the indicator pointing towards the patient’s head.
Place the transducer along the patient’s posterior axillary line, at approximately the 6th-7th rib space (remember that the left kidney is higher than the right).
The following view should be sought:

The diaphragm should be captured as fluid frequently hides between the diaphragm and the spleen.
Once this image has been found, angle the transducer anterior and posterior to fully visualize the space.
Free fluid will appear as described above and as seen below.
Save your image as described above.

Transverse (oblique) plane:
Holding the transducer in place, turn it so that the indicator points towards the patient’s right.
Once you find either the spleen or the kidney, angle the transducer superior and inferior. The spleen and the kidney are rarely fully seen in this orientation and you will most likely need to pan through the space to see them in full.
The following image should be sought:

Free fluid will appear as described above and as seen below.


Save your image as described above.

Suprapubic (pelvis):
Sagittal plane:
Begin with the transducer placed just superior to the patient’s pubic symphysis. The indicator should be pointing towards the patient’s head.
The following view should be sought:










If the FAST is performed after a Foley catheter has been placed, the bladder will not be visible.
Once you have identified the bladder, angle the transducer from side to side to “see” if there is any fluid beside the bladder in the gutters of the pelvis.
Free fluid will appear as described above and as seen below.


Save your image as described above.

Transverse plane:
Holding the transducer in place, turn it so that the indicator points towards the patient’s right.
Once you see the bladder, angle the transducer superior and inferior to fully assess the area around the bladder.
Free fluid will appear as described above and as shown below.

Save your image as described above.

Cardiac (subxiphoid):
This image is best obtained with the phased array transducer.
Place the transducer just below the patient’s xiphoid process, with the indicator pointing towards the patient’s right.
Hold the transducer as shown below:
Press down and angle the transducer towards the left chest (remember that you are trying to look “up” towards the patient’s heart, not “down” into the abdomen).
It may be necessary to increase the depth (depth buttons are located on the upper left of the keyboard). 
The following view should be sought:

 Effusion will appear as an anechoic (black) or hypoechoic (dark grey) area between the pericardium and the ventricle.
Any amount of fluid in the face and trauma and hypotension should be considered tamponade.


















Save your image as described above.

Done? Not quite!
Once you have completed your exam, press the “Report” button on the upper right of the keyboard. This will bring you to another screen. 
Press the EMED option along the bottom the screen. The first screen you see will be labeled Aorta. 
Select FAST from the drop down menu on the upper right of the screen. This screen will enable you to comment on your findings. 
Once you have entered your findings, press the ‘Save” key on the right of the touchpad to save your conclusions.
Press the “Patient” key.
End your exam by choosing the “End Exam” option along the bottom of the screen.
Make sure to record your findings on the patient’s route sheet as well.

Troubleshooting:

I’m trying to get the right (or left) upper quadrants, but all I see is hazy grey stuff. What am I doing wrong?
	The hazy grey stuff likely represents air or bowel gas. There are two possibilities. One is that you are looking too low in the abdomen and seeing bowel gas. Remember that the kidneys, spleen, and liver are located quite high. Try bringing the transducer up a few rib spaces (you should be looking between the ribs, not under them). The other possibility is that there is subcutaneous air present that is interfering with your view. There is no other way around this other than to try other views.

How can I tell the difference between the bladder and free fluid in the pelvis?
	The bladder should resemble a square in the transverse plane and a rectangle or triangle in the sagittal plane. In either plane, it should be bounded by a thick hyperechoic (white) wall. Free fluid will appear adjacent to the bladder and be amorphous. Bowel may be seen to be floating within it. You only have one bladder, so if you see two separate collections of fluid, at least one of them is free fluid.

How can I tell the difference between free fluid and bowel?
	When bowel is filled with contents, it can appear to be fluid. Holding the transducer still and looking carefully at it will usually reveal peristalsis. Examining the area of interest in multiple planes can also be helpful.

I see a pericardial effusion, but I can’t tell if there is right ventricular collapse. How can I tell if tamponade is present?
	Tamponade is a clinical diagnosis. If the patient in question is hypotensive and the victim of blunt trauma (or penetrating trauma near the heart), tamponade is presumed if an effusion is seen. 

Can you show me some images of a positive FAST?
	Sure!




































Aorta

When is this exam indicated?
	When an abdominal aortic aneurysm is suspected.

Which transducer should I use?
	Although either the phased array or the curvilinear can be used, the curvilinear is preferred due to its improved resolution.

How to begin:
Turn the machine on.
Select the transducer you wish to use by touching the button where the correct transducer’s cord meets the machine.
Once a screen appears, press the “Patient” button on the right of the keypad.
Enter your name in the Last Name slot.
Enter the patient’s medical record in the Medical Record slot.
Select the type of scan you wish to perform from the drop down menu on the upper right of the screen. Usually, you will want abdomen. 
Press Done (on the bottom right of the screen) to leave this screen.

The scan:
Begin in the transverse plane just below the patient’s xiphoid process. The indicator should be pointing towards the patient’s right and you should be looking straight down into the abdomen.
The following view should be sought:
	
In this image, the vertebral body acts as a landmark. The aorta sits just above it and to the right (the patient’s left). The IVC sits just to the left of the aorta (the patient’s right).
Freeze this image by pressing the “Freeze” button just above the touchpad.
Press the “Caliper” button to bring up a set of calipers on the screen. The end of the caliper that is active is green, the other end is white.
The caliper can be moved by using the touchpad. Position one end of the caliper on the outside of the anterior aortic wall (the top of the circle). 
Press “Select” on the bottom of the touchpad (this enables you to toggle between the ends of the calipers. Position the other end of the caliper on the outside of the posterior wall of the aorta (the bottom of the circle).
The total distance will appear on the bottom left of the screen in centimeters (see image above).
Press “Save” (to the right of the touchpad) to save this image.

Continuing…
Press “Freeze” again to continue scanning.
Follow the aorta from your first measurement inferiorly.
Your second measurement should be taken at a point roughly halfway between the first measurement and the umbilicus.
Once you have reached this point, press “Freeze” and follow the instructions as above for measuring and saving the image of the aorta at this level.
The next measurement should be taken just above the bifurcation into the iliac artery (usually near the umbilicus).
Measure and save as described above.

Sagittal plane:
Although the aorta can be viewed in sagittal by rotating the transducer such that the indicator is pointing towards the patient’s head, measurements should not be taken in this plane as they are frequently inaccurate.




Troubleshooting:

When I attempt to find the aorta, all I see is hazy grey stuff. What am I doing wrong?
	The hazy grey stuff is bowel gas, the enemy of an ultrasound wave. If you are attempting to examine an obese patient, try increasing your depth (on the upper left of the keypad). You may need to increase to as much as 25cm.

It still looks pretty hazy. How do I find the aorta in all this?
	Look for the vertebral body. It is usually quite hyperechoic (white), which makes it easier to pick out.

I see the aorta at the beginning, but then it disappears into a mass of grey. Can I do anything to help me see it all the way through?
	Try graded compression. This involves using the transducer to try to gently move the bowel gas out of your way. Starting at your position just inferior to the xiphoid, use gentle pressure to move the transducer towards the umbilicus. Repeat several times and attempt your scan again.

What is the maximum size of the aorta in the abdomen?
	3cm.

Can you show some pictures of a AAA?
	Sure!



OB/GYN Ultrasound
Indications:
To confirm the presence of an intrauterine pregnancy (IUP).
To confirm the presence of fetal heart tones (FHT) and activity.
To approximate a gestational age (GA) when an IUP is present.
To confirm the absence of an IUP when ectopic pregnancy is suspected.

Transducer Selection:
For transabdominal ultrasound, the curvilinear or phased array should be selected.
For transvaginal ultrasound, the cavitary transducer should be selected.

Before Getting Started:
Go to the main Patient screen (touch the “patient” button on the upper right of the keypad.
Enter your last name (the last name of the person doing the study) in the Last Name blank.
Enter the patient’s medical record number in the medical record blank.
Select the Obstetrics option under exam type in the upper right corner (drop down menu).
Enter the patient’s last menstrual period (LMP) in the allotted space.
Exit this screen by pressing the button under the “Done” line (on the bottom right of the screen).

Getting Started:
For a transabdominal scan, the patient’s bladder should be as full as possible.
For transabdominal ultrasound, beginning in the sagittal plane (indicator towards the patient’s head) if often easiest.













Sagittal image of a normal uterus and bladder:


Rotating the indicator ninety degrees towards the patient’s right will give the transverse image:














The ovaries are variably seen on a transabdominal ultrasound, but are usually lateral and slightly inferior to the uterine fundus:
[image: ::Desktop:web-1.jpg]




Confirming an IUP
Begin by finding the uterus and bladder transadbominally.
Findings of IUP depend on the age of the pregnancy and are detailed below:


	Gestational Age
	B-HCG 
	TV U/S Findings
	TA U/S Findings

	4-5 weeks
	< 1,000
	Intradecidual sac
	N/A

	5 weeks
	1,000 – 2,000
	Gestational sac
	N/A

	5-6 weeks
	> 2,000
	Yolk sac +/- embryo
	Gestational sac

	6 weeks
	10,000 – 20,000
	Embryo w/ cardiac activity
	Yolk sac +/- embryo

	7 weeks
	> 20,000
	Embryo w/ head, limbs
	Embryo w/ cardiac activity










A gestational sac is the first finding seen in an early pregnancy. Its presence alone does not confirm an IUP as a pseudo-gestational sac can be seen in ectopic pregnancy.

[image: ::Desktop:web-1.jpg]


A yolk sac is typically the next finding seen:

[image: ::Desktop:web.jpg]


From this point, the fetus should be visualized, with more detail visible as it advances.

Measuring Gestational Age:
Make sure you are set on the OB setting (look at the top right of the screen). If you aren’t, see “Before Getting Started” above).
Find the orientation where you best visualize evidence of an IUP. As babies move frequently, this view may be sagittal, transverse, or somewhere in between).
Early in pregnancy, your main measurements will be gestational sac size (GS) and crown rump length (CRL).
As more detail of the fetus becomes available (late first trimester) you will be able to perform a biparietal diameter (BPD), femur length (FL), or head circumference (HC).
 Abdominal Circumference (AC) is not typically used for dating, is not as accurate as those listed above, and should not be used for ED ultrasound.
To perform any measurement, press the calculator button to the left of the touch pad. A box with available options will appear on the left of the screen.
Choose the option that corresponds to the measurement you wish to perform.
For gestational sac size (GS), place the first caliper on one end of the gestational sac at its longest point.
To switch to the other caliper, press select.
Place the second caliper on the other end of the sac opposite the first caliper.
If you wish to toggle back and forth between the calipers, press select. The end of the caliper that is in use will be green.
Once you have positioned the calipers, look to the bottom left of the screen. There will be both a measurement in centimeters and a calculated gestational age.
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Press “Save” (to the right of the touch pad) to save both the image and the calculation.
For crown rump length (CRL), place the first caliper on one of the fetus at its longest point.
Follow the instructions above to place the other caliper on the other end of the fetus.
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The gestational age appears as above. 
Press “Save” to save both the image and your calculation.
For femur length, find the femur in its full view and measure from one end to the other as described above.
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Save your image and measurement as above.
For biparietal diameter (BPD), find the skull in cross-section and attempt to find the midbrain as shown below:
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Measure the skull from outer table to inner table as shown above.
Save your image and measurements as above.
For head circumference (HC), use the same image as for BPD. Selecting HC will give you a circle with calipers on either end of it.
Position the calipers at each end of the skull (anterior and posterior). Press select again to position the circle such that it aligns with the skull as shown below.
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Save your image and measurements as above.

Measuring the Fetal Heart Rate (FHL)
Locate the fetal heart in the clearest image possible.
Once you have it on screen, press the M-Mode key (on the left hand side of the keyboard).
A green line will appear. Position the line with the touch pad to intersect the most mobile area of the heart (the ventricle if you can clearly see it).
Holding your hand still, press M-Mode again.
A split screen will appear with your image at the top and a series of lines scrolling on the bottom as below.
Press freeze once a full screen of lines has appears. This gives you time to examine for the fetal heart rate.
The fetal heart will appear as either a repeating sinusoidal waveform:

[image: ]

 Or a series of repeating dashes if the fetus is very early:
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Once you have identified the lines representing the fetal heart, press the calculator button to the left of the touch pad.
A dashed line will appear. Position at one point in the cardiac cycle.
Press select.
A second dashed line will appear. Position this at the same point in the following cardiac cycle.
The calculated fetal heart rate will appear on the bottom left of the screen.
Press “Save” to save both your image and the fetal heart rate.

What about transvaginal imaging?
The cavitary transducer is used for transvaginal imaging when a more detailed image is desired. In contrast to the transabdominal scan, the bladder should be as empty as possible.

How do I do it?
Select the cavitary transducer.
Place ultrasound gel onto the end of the transducer.
Cover the transducer with a condom (should be available on the cart, if not ask the nursing supervisor).
Put sterile KY on the outside of the condom. Do not use ultrasound gel here as it can be irritating to the mucosa.
Make sure there are no bubbles in the gel inside or outside of the condom.
Insert the transducer into the vagina. It is often best to perform this study while the patient is still in the position from a pelvic exam as it offers room to move the transducer.
The indicator (a knot on the handle) should be pointing straight up initially. This is a sagittal image
Advance the transducer until the uterus is seen (is not always necessary to advance all the way to the cervix):
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The transducer may need to be tilted up or down depending on the position of the patient’s uterus.
The ovaries can usually be found in this orientation by aiming the tip of the transducer to the right or left of the uterus.
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Turning the indicator towards the patient’s right will yield a transverse image:
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Once you have obtained and saved your images, remove the transducer, discard the condom, and clean the transducer thoroughly with a Sani-wipe.

Finishing Up Your OB/GYN Exam
Once you have gotten all of the images that you would like, press the “Report” key (on the upper right of the keyboard).
A screen will appear with the estimated gestational age by the LMP you initially entered.
Below that will be an averaged gestational age (AUA) based on the measurements that you performed.
Below that will be more detailed info on each of the measurements that you performed.
At the bottom of this screen will be the fetal heart rate you recorded.
Save this screen by pressing the “Save” key and consider printing it as a summary.

Trouble Shooting
Q: I press the calculator button to try to measure FHR or GA, but I don’t see any of the options you are talking about?
A: Make sure you are set on OB mode. Check either the top right of the screen or go to the patient page. See “Before Getting Started” for how to do this.

Q: When I am trying to measure the FHR, I get to the point with the split screen, but I can’t see anything that looks like a repeating dash or waveform?
A: One possibility is that either the baby or your hand moved while you were pressing buttons. Press M-mode again to get you back to the live screen and check that the M-mode line is still intersecting the heart. Once you are sure, press M-mode again.
	The other possibility is that the heart is so small that M-mode isn’t picking it up. Try zooming in by finding the area of interest and press the zoom key (on the upper left of the keyboard). A green box will appear. Position it over the area with the heart. Press zoom again. The area selected should be blown up larger. Now try performing the steps with M-mode again.

Q: This M-mode stuff is too confusing, can’t I just use the power Doppler?
A: Although it seems easier, power Doppler is a higher energy level and may not be safe when used repetitively.

Q: Transvaginal ultrasound seems so scary and invasive. Is it necessary to do this?
A: A transvaginal ultrasound is no more invasive than a pelvic exam and is often necessary to visualize early IUP or ovarian anatomy in detail. If the procedure is explained in detail to the patient and they are amenable (be sure to inform them that they may need a second transvaginal exam), there is no reason that ED physicians cannot perform this exam well.



Renal Ultrasound

When is this exam indicated?
	Renal ultrasound in emergency medicine is used to identify the presence of hydronephrosis, which suggests post-renal obstruction. It is also used to evaluate the bladder for urinary retention, size, and volume.

Which transducer should I use?
	A low frequency transducer should be used to ensure adequate depth of penetration. The curvilinear offers the best resolution, but the phased array may offer the advantage of greater ability to image between the ribs.

Getting started:
How to begin:
Turn the machine on.
Select the transducer you wish to use by touching the button where the correct transducer’s cord meets the machine.
Once a screen appears, press the “Patient” button on the right of the keypad.
Enter your name in the Last Name slot.
Enter the patient’s medical record in the Medical Record slot.
Select the type of scan you wish to perform from the drop down menu on the upper right of the screen. Usually, you will want abdomen. 
Press Done (on the bottom right of the screen) to leave this screen.

Imaging the kidneys:
Begin on the patient’s right side in a coronal plane (with the indicator pointing towards the patient’s head). 
Place the transducer along the patient’s mid-axillary line, at approximately the 6th-7th intercostal space. 
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You should see the liver on the left of the screen, with the kidney in long axis to the right of the liver (See below). You may need to angle to transducer towards the patient’s back or move the entire probe up or down a rib space to get an adequate image. Press “Save” to save your image.
Angle the transducer towards the patient’s back and then towards the patient’s front to view the entire kidney.
Identify the calyx of the kidney as the bright white area in the center of the kidney. There should be a minimum of black within this white space. When fluid is present (which suggests obstruction or hydronephrosis), the calyx will appear distended with black fluid (see below).
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Holding the transducer in place, turn it so that the indicator is now pointing towards the patient’s right. This will allow us to examine the kidney in transverse or oblique.
Identify the kidney (see below). Press “Save” to save your image.
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Angle the transducer towards the patient’s head and then back towards their feet in order to view the kidney in it’s entirety. 
Evaluate the calyx for the presence of fluid. 
Moving to the patient’s left, it may be helpful to ask the patient to lie slightly on the right. Remember that the left kidney is more superior and posterior than the right.
Beginning in coronal (with the indicator towards the patient’s head), place the transducer along the patient’s posterior mid-axillary line at approximately the 5th to 6th intercostal space. Angle towards the patient’s front and back and move the transducer up and down the rib spaces to obtain the optimum image. 
The spleen should be seen to the left of the screen with the kidney in its long axis to the right of the screen (see below). Press “Save” to save your image.
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Examine the calyx for signs of distention as you did with the right kidney.
Holding the transducer still, turn it so that the indicator faces the patient’s right.
Identify the kidney in the transverse orientation. The kidney may be a bit harder to find in this orientation. If you have trouble, go back to coronal and relocate it.
Examine the calyx for signs of obstruction as you did with the right kidney. Press “Save” to save your image.
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Moving away from the kidney, place the transducer just superior to the patient’s pubic symphysis. The indicator should be pointing towards the patient’s right.
Find the bladder in the orientation (see below). You may need to angle the transducer towards the patient’s feet or towards their head to find it. If they have recently urinated or have a catheter in place, this may be difficult. Press “Save” to save your image.

















Evaluate the bladder for overall size and any masses or other abnormalities.
Finally, turn the transducer so that the indicator points towards the patients’ head and examine the bladder in sagittal (see below). Press “Save” to save your image.












Press the “Report” key on the upper right of the keyboard. From this screen, select the option “EMED”.
This will take you to the report screen. From the drop-down menu, select the renal option.
Enter your findings as to whether or not hydronephrosis is present and any other findings that you may see (intra-renal stones, masses, etc).

Common questions/troubleshooting:

If I see a black area within the calyx, does that always mean hydronephrosis is present?
	No. Distention of the calyx (calyxectasis) is not specific for hydronephrosis. The most common misdiagnosis is mistaking the renal vasculature for hydronephrosis. This can be ruled out by using color flow. With the kidney centered on the screen, press the color button (to the right of the touchpad). This will bring up a box on the screen. Use the touchpad to place the box over the area of interest. Vasculature will light up as red or blue. Be careful to keep the probe still as this can cause the false appearance of flow. 

Ok, now that I’ve established that this area isn’t an artery or vein, does that mean that hydronephrosis is present?
	Not necessarily. As mentioned above, calyxectasis does not necessarily indicate obstruction. When a patient’s bladder is full, this can cause a false appearance of obstruction by distending both the right and left calyx. If you note distention to both kidneys, check the patient’s bladder to evaluate for the amount of urine present. If you suspect a full bladder may be causing the distention, ask the patient to urinate and re-evaluate.

So if a full bladder can mimic hydronephrosis, what does it look like when the patient is dehydrated and not making much urine?
	If you strongly suspect a kidney stone, but do not see evidence of distention within the calyx, dehydration may be to blame. Remember that many of our patient’s with nehprolithiasis experience nausea and vomiting and may be dehydrated. If no urine is being made, there will be none to be obstructed, and hydronephrosis may not be detected. If this is your suspicion, give the patient intravenous fluids and re-evaluate once they begin making urine.

I see an area within the kidney that appears black, but seems to be more peripheral than the calyx. Is that hydronephrosis?
	Probably not. When you are evaluating the kidney for hydronephrosis, make sure that any dark areas are surrounded by the white rim of the calyx. Isolated dark areas within the cortex of the kidney without a white rim likely represent medullary pyramids (see below).

Is it possible to measure the volume of the bladder by ultrasound?
	Yes. The Sonosite machine has an option that enables you to calculate the bladder volume. This is useful in evaluating patients for suspected urinary retention or in calculating a post-void residual in a patient that you can’t or don’t want to catheterize.
	Remember that volume is length x width x depth. By measuring these parameters of the bladder, we are able to calculate the volume. We will measure the length as the distance from the anterior aspect of the bladder to its posterior aspect. Width will be represented by the distance from one lateral wall to the opposite lateral wall. Depth will be represented by the distance from the inferior aspect to the superior aspect.
	To do this, make sure you are in the “abdominal” mode. This can be selected on the main patient screen when you are entering the patient’s number and your name.
	Start with a transverse view of the bladder. This view shows you the anterior to posterior diameter and the side to side diameter. Freeze your image. Press the calculator button to the left of the touchpad. A box will pop up on the left of the screen. At the bottom is an option for volume. Select the D. A set of calipers will appear on the screen. Position them with the touchpad so that they span the side to side diameter of the bladder. Select the “Save” option on the bottom right of the screen. Now select the D2 option from the box on the screen and use the calipers to measure the distance from anterior to posterior of the bladder. When you have positioned the calipers, select the “Save” option again at the bottom right of the screen. Now unfreeze your image and reposition your transducer so that you are looking at a sagittal image of the bladder (indicator towards the patient’s head).  In this image, you are seeing the anterior to posterior diameter and the inferior to superior diameter of the bladder. Freeze your image. Select the D3 option from your box on the left of the screen. Position your calipers so that they measure from the base of the bladder (on the right of the screen) to the most superior point (on the left of the screen).  Select the “Save” option on the bottom right of the screen. You should now see a measurement on the bottom left of the screen. This is your volume in cc or mL.   

When I try that all I see is ###. What am I doing wrong?
	The ### indicates that you aren’t done entering in all of your measurements. Go back and make sure you’ve saved three measurements; one for width, one for length, and one for depth. It doesn’t matter which order you enter them as long as all three are there.
Testicular Ultrasound

When is this exam indicated?
	Testicular ultrasound is used in the ED for patients with a complaint of testicular pain or mass to rule out testicular torsion. As a result of your exam you may identify epididymitis, hydrocele, varicocele, or testicular masses but these should be viewed as incidental findings.

Which transducer should I use?
	The high frequency, linear transducer should be used because you are seeking to examine something that is close to the surface. Also, high frequency gives you the advantage of greater resolution.

Getting Started: 
How to begin:
Turn the machine on.
Select the transducer you wish to use by touching the button where the correct transducer’s cord meets the machine.
Once a screen appears, press the “Patient” button on the right of the keypad.
Enter your name in the Last Name slot.
Enter the patient’s medical record in the Medical Record slot.
Select the type of scan you wish to perform from the drop down menu on the upper right of the screen. Usually, you will want small parts. 
Press Done (on the bottom right of the screen) to leave this screen.

Imaging the testicles and scrotum:
Position the patient in a frog- legged position, with the soles of the feet together and the knees pointed outwards. This will enable you to image the entire scrotum. A support, such as a rolled up towel, may be needed under the affected testicle if there is significant pain.
Drape the patient so that their modesty is preserved. Analgesics and reassurance may help the patient with the exam.
Begin in sagittal on the unaffected side, with the indicator pointing towards the patient’s head. Begin on the anterior surface of the testicle.
The following image should be sought:



Use color flow to evaluate for blood flow. Press the “Color” button to the right of the touchpad.
A box will appear on the screen. Use the touchpad to position it over the testicle.



Look for red or blue pulsations on the screen to indicate blood flow. Be careful to keep your hand still while doing this, as any movement may cause a false appearance of flow.
If you do not see any flow, it’s possible that the sensitivity is not sensitive enough. On the lower left of the screen, you will see either High, Med, or Low. These correspond to a flow state. For example, High is used in a high flow state and is a less sensitive setting so that only the highest flow is seen. Conversely, Low is used with a low flow states and is more sensitive so that very low flow is seen. If you are having difficulty seeing any flow, check that the flow setting is on Low and check again.
Once you have established flow, evaluate the testicle over the anterior surface and follow it around to the posterior surface.
Once you are over the posterior surface, the epididymis should be visible:







Use color to evaluate flow within the epididymis.


Once you have an idea of the texture and flow patterns of the normal testicle, evaluate the affected testicle in the same manner as you examined the unaffected testicle. 
By placing the transducer in the transverse plane over the anterior surface of the scrotum, you can evaluate both testicles side by side. This may help you discern differences in flow or texture.



Save your images as you go, making sure to document flow to both testicles.
Record and save your findings on the report EMED screen. 

Q&A

What findings are consistent with epididymitis?
	Epididymitis is characterized by enlargement and increased flow (edema) to the epididymis. Comparing the affected side to the unaffected side is helpful in identifying increased flow or increased size.

I see fluid around the testicle. Is that significant?
	A fluid collection surrounding the testicle (a hydrocele) is found with a number of conditions. Epididymitis, orchitis, torsion, or trauma can result in a hydrocele.

What findings are consistent with testicular torsion?
	In a normal testicle, you should see both arterial and venous flow. Absence of one or both of these is consistent with torsion in the right clinical scenario. On B-mode ultrasound (ultrasound without Doppler or color flow), the testicular texture may appear abnormal, but this usually does not occur until torsion has been present for many hours. The testicle may appear normal upon initial exam with findings only apparent after color flow is applied.




If I see arterial flow does that rule out torsion?
	No. Don’t forget that the testicular arteries require a higher amount of pressure to cause obstruction of blood flow. Torsion can occur up to 450 – 540 degrees before arterial obstruction is seen. In patients with history or physical findings consistent with torsion, arterial AND venous flow should be seen to definitively rule out torsion. 














Soft Tissue

When is this exam indicated?
	Ultrasound of soft tissue encompasses a wide variety of applications, but in this forum we will discuss ultrasound of soft tissue as it relates to distinguishing normal soft tissue, cellulitis, and abscess.

Which transducer do I use?
	As soft tissue is typically close to the surface of the body, the high frequency or linear transducer should be selected. This will allow you to see a great amount of detail and to distinguish structures within the soft tissue.

Getting Started:
How to begin:
Turn the machine on.
Select the transducer you wish to use by touching the button where the correct transducer’s cord meets the machine.
Once a screen appears, press the “Patient” button on the right of the keypad.
Enter your name in the Last Name slot.
Enter the patient’s medical record in the Medical Record slot.
Select the type of scan you wish to perform from the drop down menu on the upper right of the screen. Usually, you will want small parts. 
Press Done (on the bottom right of the screen) to leave this screen.

Performing the exam:
It is helpful to begin imaging over an area that appears normal. This allows you to have a reference point from which to compare your findings of the affected tissue.
Below is an example of normal soft tissue:



From the most superficial, the first structure encountered is the skin (epidermis), then the dermis and connective tissue. Following these layers, one encounters muscle, which is then divided by fascia. Note the organized and linear patterns to this tissue.
Once you have a good idea of normal tissue, move your transducer over the affected area. You may begin in either transverse or sagittal. Note the differences in appearance between the affected and unaffected areas.

Identifying signs of infection:
The first finding encountered with cellulitis is often simply thickening of the dermis and connective tissue beneath the skin. The soft tissue ceases to be organized:



Once a significant amount of edema is present, you may note what is called “cobblestoning” as shown below:



An abscess is marked by the presence of anechoic (black) or hypoechoic (dark gray) areas within the areas of cellulitis. It is typically contained within an area, but may be irregular in shape. 



If you have identified an area consistent with an abscess, follow it in both transverse and sagittal to get an idea of its course and shape. Note the proximity to any other structures such as arteries or veins.
You may use the calipers (to the left of the scroll pad) to measure the size and/or depth of the abscess.
Be sure to save and report your findings as described in “How do I record and save my images” above.












Echo

When is this exam indicated?
	Echo can be used in a variety of situations, but primarily should be used to evaluate for the presence or absence of cardiac activity in a code or to identify a pericardial effusion. As you become more skilled in performing and interpreting echo, it can be used to evaluate for overall cardiac function, valvular function, presence of wall motion abnormalities, right heart strain, and overall fluid status. Echo is also an important part of the FAST exam for trauma as well the algorithm for unexplained hypotension.

Which transducer do I use?
	The phased array transducer should be used as it is low frequency (which allows for greater depth of penetration) but small enough to image between the ribs.

Getting started:
 Turn the machine on.
Select the transducer you wish to use by touching the button where the correct transducer’s cord meets the machine.
Once a screen appears, press the “Patient” button on the right of the keypad.
Enter your name in the Last Name slot.
Enter the patient’s medical record in the Medical Record slot.
Select the type of scan you wish to perform from the drop down menu on the upper right of the screen. Select Cardiac.
Press Done (on the bottom right of the screen) to leave this screen.

A word on the indicator dot:
	You may note that the indicator dot appears on the top right of the screen (the patient’s left). This is backwards from the conventional orientation used with bedside ultrasound. Radiology and cardiology use different protocols for scanning and this explains the discrepancy. You will also note that the scanning planes will differ from what you have been taught above. Be patient and practice and soon it will be second nature to you. Echo is challenging and the anatomy can be challenging.

The Views:

Parasternal Long Axis:

Place the transducer on the patient’s chest with the indicator dot pointing towards the patient’s right shoulder.
The transducer should be to the left of the patient’s sternum at approximately the 4th to 5th intercostal space.
You may need to move the transducer around a bit before the image comes into view.
Also, it is frequently helpful to increased the gain and adjust the overall depth to maximize your image.
The following image should be obtained:














Below is a schematic of the view seen:
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Parasternal Short Axis:

Once the parasternal long axis view has been obtained, rotate the transducer so that the indicator dot is pointing towards the patient’s left shoulder.
This view allows you to “pan” through the entire heart from the apex to the base. Depending on which level of the heart you are viewing, you may see different structures.
The following view is seen at the level of the mitral valve:

[image: ::Desktop:U/S Pics:Echo:short_axis_lv.gif]

By tilting your hand towards the patient’s right shoulder, you will see closer to the apex of the heart (think of the transducer as a flashlight – wherever you have it pointed is where you will be able to see):











By tilting your hand towards the patient’s left hip, you will see closer to the base of the heart and the aortic valve:



Apical:
Place the transducer over the position of the apex of the heart. You may locate this by palpating the PMI or by approximating the position. Typically, the apex will be found over the left chest at approximately the 5th intercostal space in approximately the mid-clavicular line (use the nipple as a marker). In a female, lift the breast to image underneath.
The indicator should be pointing towards the patient’s left side. 
It is frequently necessary to move the transducer quite a bit to get the proper image:




Adjust your depth and gain to maximize your image.

Subxiphoid:

Have the patient lie as supine as possible.
Placing your hand on top of the transducer, push down inferior to the patient’s xiphoid process. Remember that you are attempting to see up into the chest and not down into the abdomen.
The indicator should be pointing towards the patient’s right just as in a FAST exam.
The following image should be sought (note that the image has been rotated to account for discrepancies between cardiology indicator placement and EM indicator placement):




IVC:

From the subxiphoid view, identify the right atrium.
Begin turning the transducer counterclockwise while angling downwards. This is a subtle motion and frequently only requires slight movement of the wrist in order to reveal the IVC.  
Keeping your eye on the right atrium, watch for the IVC to appear to the right of the screen. You should be able to see it entering into the right atrium:
If you have difficulty with this wrist motion, you can also identify it by placing the transducer inferior to xiphoid process with the indicator pointing towards the patient’s feet.
Angle the transducer so that it is point straight down into the patient’s abdomen.
The IVC should be visualized as a long tubular structure that fluctuates with patient respiration.
























The overall size and variability of the IVC should be noted. You may consider freezing your image at maximum expiration and measuring the overall diameter of the IVC just distal to the hepatic vein. By comparing this measurement to a measurement taken at the same spot during full inspiration, the percent collapse of the IVC can be measured. By combining the overall size and percent collapse, it is possible to deduce the approximate right atrial pressure:

	IVC Size, cm
	Respiratory change
	RA Pressure, cm

	< 1.5
	Total collapse
	0 - 5

	1.5 – 2.5
	> 50% collapse
	5 – 10

	1.5 – 2.5
	< 50% collapse
	11 -15

	> 2.5
	< 50% collapse
	16 – 20

	> 2.5
	No change
	>20



Remember to save your images as noted above in “How do I record and save my images”.

Troubleshooting:

I can’t get a decent image through the chest. All I see is hazy grey stuff. How do I fix this?
	The hazy grey stuff you are seeing is lung tissue. Try laying the patient on their left side. This helps move the heart closer to the chest wall and out of the way of the lung.

I’m having trouble with my apical view. I can’t see anything!
	Apical views are the most difficult to get for a beginning  (and experienced) sonographer. Placing the patient in left lateral decubitus is helpful. Also, it is frequently necessary to apply more pressure than with a normal ultrasound. Think of pushing in between the ribs. Lastly, remember to increase your depth. Frequently, the depth is initially insufficient to see all chambers.

When I try to do the subxiphoid all I see is grey stuff. How can I fix this?
	The haziness you see here is likely either intestinal or stomach gas. Try moving the probe slightly towards the patient’s right. This enables you to use the liver as a “window” as it is higher in fluid content. You may also try asking the patient to take a deep inspiration and hold it. This brings the heart closer to your transducer.

I can only get a few good views!
	Sometimes, despite the best intentions of the sonographer, a full echo cannot be completed. Body habitus, subcutaneous air, bowel gas, and patient compliance may prevent you from obtaining sufficient views. Remember that you are frequently able to obtain the information that you need from one or two views.

How do I identify a pericardial effusion?
	Pericardial effusion is a fluid collection that lies between the ventricle and the pericardium (between the visceral and parietal pericardium). Generally, it is seen as an anechoic (black) area as seen below. 












Resources:

www.hqmeded.com: The website of the emergency medicine residency of Hennepin County. This site has a number of videos and still images with normal and abnormal conditions.

Emergency Medicine Clinics of North America: Volume 22, Issue 3 (August 2004) has a full series of articles on emergency ultrasound. This series is available through MD Consult from the LSU Library.

AccessEmergency Medicine: Available through the LSU Emergency Medicine residency website. This option has a link to the textbook Emergency Ultrasound by O. Ma, which is a comprehensive textbook for beginning sonographers.

LSU Emergency Medicine Website: http://www.medschool.lsuhsc.edu/emergency_medicine/residency_home.aspx
Has links to all aspects of the LSU EM program, including the division of emergency ultrasound. 
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