
The Ultrasound of ABCD
– Current concepts and future trends
4th Scandinavian Winfocus Meeting October 10th- 12th 2011
Aarhus University Hospital

P r o g r a m  &  A b s t r a c t s

Aarhus University Hospital
Department of Anesthesiology 

and Intensive Care





Main sponsors

Other sponsors

Main sponsors 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Other Sponsors 
 

                             
 
 

 
 
 
 
    

Main sponsors 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Other Sponsors 
 

                             
 
 

 
 
 
 
    

Main sponsors 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Other Sponsors 
 

                             
 
 

 
 
 
 
    



2          |          usabcd: the Ultrasound of ABCD

Dear Colleagues

We are very delighted to welcome you to the fourth Winfocus Scandinavian Meeting on the 

UltraSound of Airway, Breathing, Circulation and Disability (USABCD). Our aim is to elucidate the 

emerging, pervasive role of ultrasound in the management of airway, breathing, circulation and 

dolour. 

We have developed a programme consisting of basic state-of-the-art lectures and lots of hands-

on sessions with human and experimental models. The practical hands-on sessions is our first 

priority supported by the requisite theory. 

We are honoured to host this fourth Winfocus Scandinavian Meeting on the ultrasound of ABCD 

in the beautiful university city of Aarhus. We sincerely hope that you will enjoy the congenial am-

biance and benefit from the opportunity to gain new insights into the present state of the fasci-

nating field of ultrasound of ABCD. 

We are convinced that the future has arrived and brought along a paradigm shift, where ultra-

sound is becoming an integrated component of the management of ABCD prehospitally as well 

as inhospitally. 

We hope all attendees, lectures, supervisors and assistants will endeavour in unison to make this 

meeting a leap forward in the promotion of ultrasound as a universal tool for the management of 

ABCD. 

 

Thank you for joining us in Aarhus.

Erik Sloth         Thomas Fichtner Bendtsen               Lars Knudsen 
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PROGRAMME

USabcd: the Ultrasound of ABCD
the emerging pervasive Role of Ultrasound in the Management of

Airway, Breathing, Circulation and Disability in the ill or injured Patient

Current Concepts and Future Trends
4th Scandinavian Meeting October 10th- 12th 2011

At the Aarhus University Hospital, Skejby

Lectures & workshops
www.usabcd.org - www.winfocus.org

Faculty
Thomas Fichtner Bendtsen (TFB), Lars Bolvig (LBo), Jens Børglum (JB), Michelle Chew

(MC), Aage Christiansen (AaC), Louise Clemmesen (LC), Jim Connolly (JC), Lars Bech

(LB), Christian Alcaraz Frederiksen (CAF), Rainer Gatz (RG), Bo Gottschau (BG), Sofie

Helleberg (SH), Bo Iversen (BI), Bianca Jensen (BJ), Søren Vad Jepsen (SVJ), Peter Juhl-

Olsen (PJO), Lars Knudsen (LK), Kariatta Esther Koroma (KEK), Zbigniew Koscielniak-

Nielsen (ZKN), Michael Seltz Kristensen (MSK), Christian Laursen (CL), Thomas Lohse

(TL), Mikkel Saksø Mortensen (MSM), Anni Mølgaard (AM), Thomas Dahl Nielsen (TDN),

Vicki Noble (VN), Torvind Næsheim (TN), Susanna Price (SP), Mads Rasmussen (MR),

Anders Rothe (AR), Søren Rudolph (SR), Axel Sauter (AS), Erik Sloth (ES), Kristian

Wemmelund (KW), and Rasmus Aagaard (RAa)

Invitation letter
Diagnostic and interventional ultrasound has only recently become established in

anaesthesia, critical care and emergency medicine. This fourth Scandinavian meeting will

elucidate the emerging pervasive role of ultrasound in the management of airway,

breathing, circulation and disability in the ill or injured patient – prehospitally, in the

emergency room, operating theatre, and intensive care unit - by presenting current

concepts and future trends of the ultrasound of ABCD. The meeting will focus on basic

understanding and hands-on sessions.

Organizing Committee
Erik Sloth, Lars Knudsen & Thomas Fichtner Bendtsen
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Monday October 10th

10:00 - 10:30  Registration

10:30 - 10:45  Welcome and opening remarks (LK)

10:45 – 11:00  Basic US theory (TN)

Current concepts
Airway & Breathing

Chairman: Erik Sloth

11:00 - 11:10  Key note lecture: airway problem-solving with ultrasound (MSK)

11:10 - 11:20   Key note lecture: breathing (respiration and ventilation) problem-solving with 

ultrasound (VN)

11:20 - 11:50  Live demo of airway and lung ultrasound (LK, CL)

11:50 - 12:50  Lunch break /exhibition

Circulation

Chairman: Thomas Fichtner Bendtsen

12:50 - 13:00  Key note lecture: circulatory problem-solving with ultrasound – FATE (SP)

13:00 - 13:30  Live demo of FATE (ES, SP)

13:30 - 13:40  Key note lecture: the FAST protocol (JC)

13:40 - 14:00  Live demo of FAST (JC, SR)

14:00 - 14:15  Coffee break / exhibition

14:15 - 14:25    Key note lecture: peripheral and central vascular access with ultrasound 

(LK)

14:25 - 14:45  Live demo of vascular access (LK, LC)

14:45 - 15:30  Workshop (all participants) practice of vascular access in phantoms (LK, LC)

15:30 - 16:00  Coffee break / exhibition

Dolour

Chairman: Erik Sloth

16:00 - 16:10   Key note lecture: ultrasound-guided peripheral nerve blocks of the upper- 

limb (ZKN)

16:10 - 16:20   Key note lecture: ultrasound-guided peripheral nerve blocks of the lower limb 

(AS)

16:20 - 16:30   Key note lecture: ultrasound-guided trunk blocks (JB)

16:30 - 17:00  Live demo of peripheral nerves with ultrasound (TFB, JB)
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Tuesday October 11th

Normal human models workshops (BDJ, BI, KEK, SVJ)
8:00 - 15:00

Airway/lung (MSK, CL, RG)

FATE (SP, TN, MC, AaC, PJO, CAF)

FAST (JC, SR, TL)

Peripheral nerves, upper limb (ZKN, AR)

Peripheral nerves, lower limb (AS, LBe)

Peripheral nerves, trunk (JB)

Future trends

Selected ultrasound topics with invited speakers
15:15 - 17:00

The future of ultrasound in emergency medicine (VN)

Ultrasound and deep venous trombosis (VN)

Safety and nerve injury: ultrasound versus nervestimulation (AS)

The FEEL protocol and resuscitation (SP)

Accuracy of needle tracking (LC)

Prehospital FATE (SR)

19:00 -  Gala dinner
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Wednesday October 12th

Pathology in pig models workshops (KEK, LBo)

9:00 - 14:15

Pneumothorax (RG, RAa)

Pleura effusion (AaC, KW)

Abdominal effusion (TL, MSM)

Needle training in Gel phantoms

9:00 - 14:15

Vascular access and needle tracking in phantoms (LC, LK, SH, AM)

Ultrasound bazaar

9:00 - 14:15

Shopping in the ultrasound bazaar - go in-depth with your favorite ultrasound issues in the

arcade of the expert stalls of the ultrasound bazaar – whatever you prefer:

Transcranial Doppler (MR)

Airway/lung (CL)

FATE (MC, SP, TN, CAF, PJO)

FAST (JC)

Deep venous thrombosis (VN)

Nerves, upper limb (AS, AR)

Nerves, lower limb (LBe, BG)

Nerves, trunk (JB)

Nerves, spine (TDN)

Whats in the pipeline? (GE, Secma-Sonosite, BK Medical, Vicare-Philips)

Evaluation and closing remarks

14:15-14:30 (ES, LK, TFB)
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Basic ultrasound for clinicians

Torvind Næsheim, consultant in anesthesiology< 

Contact address: torvind.naesheim@unn.no

Basic knowledge of the physical principles of ultrasound, will give a better under-
standing of the practical limitations of this modality.

Ultrasound
Ultrasound is sound waves, like audible sound. Sound consists of waves 

of compression and decompression of the transmitting medium (e.g. air 

or water).

The audible sound frequencies  are below 15 - 20 kHz, while diag-

nostic ultrasound is in the range of 1 - 12 MHz. Audible sound waves 

travel around corners. The higher frequencies of ultrasound waves, 

on the other hand, tend to move more in straight lines like electro-

magnetic beams, and will be reflected at an interface. The reflec-

tions of these beams, called the echo, are the basis of the ultrasound 

picture. If a portion of the wave passes an interface further echoes 

might be reflected from deeper interfaces. If all energy of the wave is 

reflected at an interface will deeper structures  be in the shadow of 

the ultrasound beam.

Ultrasound waves are generated by a collec-

tion of piezoelectric crystals organized in the 

transducer. The crystals are compressed and 

decompressed by an alternating current and 

therefore generates a transmitted wave. The 

same crystals act as receivers of reflected 

ultrasound waves and translate these waves 

into electric currents that are processed by 

the ultrasound machine into an image. By using an array of crystals the ultrasound beam can be 

directed and focused

The wavelength   is inversely related to the frequency f by the sound velocity c. If the speed is 

constant ther will be a linear relationship between frequency and wavelength.

 

 

     c = λ  f
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The sound velocity in a given mate-
rial is constant, but varies in differ-
ent materials. Ultrasound waves do 
for instance not propagate easily in 
gaseous media and travels at higher 
speed in bones. In human soft tissue 
the velocity of ultrasound waves is 
approximately constant at 1540 m/s, 
and this is the basis for converting 
the time an ultrasound echo has 
traveled into a distance from the ultrasound source. If the wave has traveled at a differ-
ent speed along its path, the distance will be calculated wrong.

Imaging by ultrasound
Ultrasound imaging is performed by emitting a pulse (a short train 

of ultrasound waves), which is partly reflected from a boundary 

between two tissue structures, and partially transmitted. The 

degree of reflection/transmission depends on the difference in im-

pedance (the tendency to conduct the wave) of the two tissues.

The system receives the reflected signals, calculating the depth of the various reflector-bound-

aries along the beam on the basis of the time from emission to 

reception of the signal. The energy in the wave received at a 

certain time, i.e. from a certain depth, can be displayed as energy 

amplitude, A-mode (A for amplitude). The amplitude can also be 

displayed as brightness representing the reflected boundaries, 

a B-mode image (b for brightness) or 2D-mode. If the refelcting 

boundaries are moving, the motion curve can be traced by letting 

the B-mode image sweep across a screen or paper. This is called 

the M-mode (Motion).

The velocity of the moving boundary can be cal-
culated by analyzing the frequency shift of the 
received wave, doppler imaging.

2-dimensional imaging
A 2-dimensional image is built up by firing a beam along a direction line, waiting for the return 

echoes, maintaining the information and then firing a new beam along a neighboring line in a 

sequence, printing B-mode lines on the ultrasound screen. When the last line in the sequence is 

made, the first line in generated again. The time to repeat a certain line is called the sweep rate.. 

The present technology is sufficient to build up a picture with sufficient depth and resolution 

with about 50 pictures (frames) per second (FPS), which gives a good temporal resolution for 2D 

visualization of normal heart action (about 70 beats per min.). 
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Temporal resolution
To image moving objects, structures such as blood and heart, the frame 

rate is important, The eye can only see 25 FPS (common video frame 

rate), giving a temporal resolution of about 40 ms. However, a higher 

frame rate and new equipment offers the possibility of recording at high-

er rate, for instance 50 FPS, which will double the effective resolution 

of the eye. The temporal resolution is limited by the sweep speed of the 

beam and the depth of the image.. This means that the temporal resolu-

tion can be increased by limiting the scanning sector width and depth.

Spatial resolution
Spatial resolution consists of axial resolution (along the beam), lateral resolution (across the 

beam) and elevational resolution (thickness of the beam). Of these the axial 

resolution is most precise with a lower theoretical limit of one wavelength. 

At 3 MHz this gives an axial resolution of about 1 mm. This means that the 

shorter the wavelength, the better the axial resolution. On the other hand 

longer wavelengths have better tissue penetration. The lateral resolution is 

dependent on beam divergence and focusing of the beam. At the focal point 

(the point where the ultrasound beam is on its narrowest, lateral resolution 

approaches the axial resolution. The elevational beam width in echocar-

diography is approximately 3-10 mm. This is often the primary source of 

resolution artifacts (blurry picture). Different ultrasound probes give differ-

ent frequencies and thus wavelengths.  

Probes also have different focus abilities. The probe you 

chose will determine the depth and resolution of the re-

sulting image.

Doppler shift
When an ultrasound beam hits a moving object the reflected beam will change frequency slightly. 

If the object is moving against the probe the ultrasound beam will be compressed and the fre-

quency will increase; If the object is moving away from the probe the frequency will decrease. 

From these frequency shifts the objects velocity can be calculated. 

We can use a pulsed wave (an ultrasound pulse is emitted and 

the system waits a specified time before the doppler shift is 

recorded corresponding to the specific depth (the sample vol-

ume or gate) where we want to measure the velocity). Pulsed 

wave analysis is limited by the pulse repetition frequency – we 

have to wait for the previous echo before we can send out a 

new echo pulse. Typically velocities above 1,5 m/s is wrongly 

reported as slightly lower velocities in the opposite direction 

(the same phenomenon as car wheels appearing to roll slowly 

backwards on a 25 FPS movie. (The limit is reached as the 
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wheel turns more than half a revolution (1/25 of a second.) This phenomenon is called aliasing 

and happens at the velocity named the Nyquist limit.

If we use a continuous ultrasound beam we will receive doppler shifts along the entire extent of 

the beam, an we will not know exactly where the differ-

ent velocities arrives from. Since there is no pulse repeti-

tion (the wave is continuous) there is no limit of veloci-

ties that can be recorded (this corresponds to the fact 

that the phenomenon of counter revolving wheels never 

happens in real life...). Doppler shift analysis is typically 

used on red blood cells to analyze blood flow velocities. 

The spectral analysis is the analysis of velocities against 

time and gives away information of the direction, speed, 

flow and timing of the blood flow in the areas that are 

examined.

Color doppler is an array of pulsed waves dopplershifts within a box 

on top of 2D or M-mode picture, where the velocities are drawn on the 

picture as color nuances giving the speeds and directions of doppler 

shifts within the analyzing box.

Artifacts
The nature of the ultrasound beam gives rise to a number of artifacts. Recognizing these phe-

nomenons is important to avoid misinterpretations of the ultrasound picture.

Attenuation
As the ultrasound beam passes through the tissues the 

beam will be reflected by larger objects and scattered by 

numerous small objects (of less than a wavelength). Thus 

the energy of the returning beam will be weaker the longer 

the beam has traveled. Longer wavelengths are scattered 

to a lesser degree and will preserve their energy better. This 

gives better penetrance to deeper tissues. With the help of 

the Time-Gain-Control (TGC) on the ultrasound machine the 

waves from the deeper part of the pictures can be amplified 

(post processing) leaving a picture on the screen with uniform brightness.

As the ultrasound beam passes through the tissues the frequency is 

gradually changed. After the wave has traveled to a certain depth the 

reflected frequency will be double that of the emitted frequency (This is 

called the octave or an harmonic frequency). The phenomenon decreases 

again as the beam travels deeper since the energy required to generate 

the octave of the original frequency lacks. Therefore the analysis of the 

octave (double frequency will be strongest at medium depth of the pic-

ture. The machine can listen to both the original frequency and the octave 

(Harmonic imaging) to diminish artifacts in the middle field of the image.
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Reflection, mirror artifact
A large even reflector at an angle to the ultrasound beam 

can act as a mirror that deflects the beam at an angle (in-

coming angle equals outgoing angle). If the beam thereaf-

ter hits an object and is reflected back via the mirror to the 

transducer the ultrasound machine will assume that the 

echo arrives from a place along the original direction of 

the beam at a depth corresponding to the time from emis-

sion to receiving. The object will therefore be shown at 

the wrong place and at a greater depth on the ultrasound 

picture. If only part of the beam is deflected by the mirror 

we get an mirror image of the object.

Shadowing
A strong reflector will reflect a high proportion of the incoming ultra-

sound beam and leave an ultrasound shadow behind the reflector. Ob-

jects behind a strong reflector will appear as less intense or disappear 

altogether. a typical example of this is the shadow behind costae as in the 

picture to the left.

Amplification
When the ultrasound beam passes trough a medium with low echo 

density a lower proportion of the ultrasound beam will be reflected 

than in adjacent tissue with higher echo density. Thus more energy is 

preserved in the beam that passed though the first medium and reflec-

tors behind this medium will appear as more intense than adjacent 

structures. 

Refraction
When passing at an angle through interfaces between media with different wave velocities (The 

assumption that ultrasound travels at constant 

speed through all human tissue is not com-

pletely right) the ultrasound waves will change 

direction slightly. If the ultrasound beam then 

hits a reflector and travels back the same path 

to the ultrasound probe, it will be interpreted 

as the reflector is situated in the original direc-

tion of the beam and deeper, since the ultra-

sound wave have traveled a longer distance.

Stationary reverberations
Stationary reverberations are caused by structures with strong reflection, often in the chest 

wall, causing the ultrasound beam to bounce back and forth between the skin and the structure, 
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increasing the time before the echo returns and giving rise to one or more apparent  structures 

deeper down in the tissue. This artifact is of use in the ultrasound diagnosis of pulmonary dis-

ease, since pathologic amounts of fluid accumulating in subpleural sini will give a strong rever-

beration artifact named comet tails.

Conclusion
Knowledge of basic ultrasound theory will help you understand what you see. Importantly it will 

give you the opportunity to separate artifacts from pathology and even use artifacts to make 

diagnosis.

References
Carlsen, Journal of Clinical Ultrasound (3) 1975 1;69-75

Case, Surgical Clinics of North America(78), 2,  1998; 197-217 
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Airway problem-solving with ultrasound 

Michael Seltz Kristensen, Department of Anaesthesia and Operating Theatre Services 
4231, Center of Head and Orthopaedics, Copenhagen University Hospital, Rigshospitalet, 

Ultrasonography must be used dynamically in direct conjunction with the airway procedures for 

maximum benefit in airway management. For example, if you place the transducer on the neck 

you can see if the tube passes to the trachea or to the esophagus while it is being placed, where-

as you are unlikely to see the location of the tube if you place the transducer on the neck of a 

patient who already has an endotracheal tube in place.  With conventional transcutaneous US we 

can visualize the airway from the tip of the chin to the mid-trachea plus the pleural aspect of the 

most peripheral alveoli as well as the diaphragm. Additional parts of the airway can be seen with 

special techniques:  Trachea can be seen from the esophagus when performing transesophageal 

US and the tissue surrounding the more distal airway from the mid-trachea to the bronchi can 

be visualized with endoscopic ultrasonography via a bronchoscope. These special techniques will 

not be covered in detail in this abstract.  

Mouth and tongue
Ultrasonography is a simple method for examination of the mouth6 and its content. The tongue 

can be visualized from within the mouth7 but the image can be difficult to interpret. If the trans-

ducer is placed in the coronal plane just posterior to the mentum and from there moved posteri-

orly until the hyoid bone is reached, it will allow a thorough evaluation of all the layers of the floor 

of the mouth, of the muscles of the tongue and of possible pathological processes. A longitudinal 

scan of the floor of the mouth and the tongue is obtained if the transducer is placed sub mentally 

in the sagittal plane and the whole length of the floor of the mouth and the majority of the length 

of the tongue can be seen in one image. 

Hyoid Bone 
The hyoid bone is calcified early in life and its bony shadow is an important landmark that sepa-

rates the upper airway into 2 scanning areas: the suprahyoid and infrahyoid regions 

Larynx 
Due to the superficial location of the larynx US offers images of higher resolution then CT or MRI 

when examined with a linear high-frequency transducer. The parts of the laryngeal skeleton have 

different sonographic characteristics: The thyroid and the cricoid cartilages show variable but 

progressive calcification through life whereas the epiglottis stays hypoechoic. The true vocal 

cords overlie muscle that is hypoechoic whereas the false cords contain echoic fat. 

The vocal cords 
In individuals with non-calcified thyroid cartilages the false and the true vocal cords can be visu-

alized through the thyroid cartilage. 

Cricothyroid membrane and cricoid cartilage 
The cricothyroid membrane is clearly seen on sagittal and parasagittal views as a hyperechoic 

band linking the hypoechoic thyroid and cricoid cartilages.
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 Trachea 
The localization of the trachea in the midline of the neck makes it serve as a useful reference 

point for transverse ultrasound imaging. The cricoid cartilage marks the superior limit of the tra-

chea and it is thicker then the tracheal rings below and it is seen as a hypoechoic rounded struc-

ture. The tracheal rings are hypoechoic and they resemble a “string of beads” in the parasagittal 

and sagittal plane

Esophagus 
The cervical esophagus is most often visible posterolateral to the trachea on the left side at the 

level of the suprasternal notch.

Clinical airway related applications

Ultrasonograhy has been reported useful for:
Prediction of difficult laryngoscopy in surgical patients, Evaluation of pathology that may 

influence the choice of airway management technique, Diagnosing obstructive sleep apnea, 

Evaluating prandial status, Prediction of the appropriate diameter of endotracheal -, endo-

bronchial- or tracheostomy tubes, Localization of the trachea.  Localization of the cricothy-

roid membrane.The cricothyroid membrane plays a crucial role in airway management but it is 

only correctly identified by anesthetists in 30 % of cases when identification is based on surface 

landmarks and palpation alone. Ultrasonography allows reliable and rapid  identification of the 

cricothyroid membrane.  Airway related nerve blocks, Confirmation of endotracheal tube place-

ment. Perform a transverse scan over trachea just above the sternal notch, note the location 

and appearance of the esophagus. Let the intubation be performed. If the tube is seen passing in 

the esophagus, remove it  without starting to ventilate the patient and make  another intubation 

attempt, possible using another technique. If the tube is not seen, or if it is seen in the trachea: 

Have the patient ventilated via the tube. Move the transducer to the mid axillary lines, and look 

for lung sliding bilaterally. If there is bilateral lung sliding it is a confirmation that the tube is in 

the airway, but a main stem bronchus intubation cannot be ruled out. If there is one sided lung 

sliding and lung pulse on the other side, then a main stem intubation is likely, and the tube can be 

removed gradually until bilateral sliding is present.  If there is no lung sliding on either side, but 

lung pulse, there is a small risk of the tube having entered the esophagus. If there is neither lung 

pulse nor lung sliding, then a pneumothorax should be expected. Tracheostomy.  Accurate local-

ization of the trachea in the absence of surface landmarks can be very challenging and cumber-

some and preoperative ultrasonography for localization of the trachea is very suitable for both 

surgical and percutaneous dilatational tracheostomy. Percutaneous dilatational tracheostomy 

(PDT). Ultrasonography allows localization of the trachea, visualization of the anterior tracheal 

wall and pre tracheal tissue including blood vessels and selection of the optimal intercartilagi-

nous space for placement of the tracheostomy tube. The distance from the skin surface to the 

tracheal lumen can be measured in order to predetermine the length of the puncture cannula 

that is needed to reach the tracheal lumen without perforating the posterior wall. The distance 

can also be used to determine the optimal length of the tracheostomy cannula and Confirmation 

of gastric tube placement and Prediction of successful extubation.
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Figure 1. Left: Transverse midline scan over the thyroid cartilage (in an 8 yrs boy). Thyroid cartilage (green). Vocal cords 
(orange). Anterior commisure (red). Arythenoid cartilages (yellow). (Kristensen MS. Acta Anaesth Scand 2011).

 Figure 2. Localisation of the cricothyroid membrane
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Breathing (Respiration and Ventilation) 
- Problem solving with ultrasound

Vicki Noble, MD, Director, Division of Emergency Ultrasound, Massachusetts General Hospital, As-

sistant Professor, Harvard Medical School, Boston, MA  

Ultrasound has been shown to be helpful in the diagnosis of pulmonary disease and indeed some 

might speculate that lung ultrasound performed by the clinician may eventually take the place of 

the portable chest xray as a diagnostic tool for monitoring and diagnosis.

•	 	Ultrasound	is	very	useful	for	the	evaluation	acute	pneumothorax	and	is	particularly	sensi-

tive for ruling out the presence of pneumothorax. The ultrasound evaluation for pneumo-

thorax performed in the ED examines the apposition of visceral and parietal pleura and if 

the two pleura are opposed a sliding or shimmering motion with respiration is observed.1 

•	 	Ultrasound	is	also	very	useful	for	the	evaluation	for	pleural	fluid.		The	thoracic	ultrasound	

evaluation for pleural effusion (or hemothorax) demonstrates a loss of  “mirror image” and 

persistence of the thoracic vertebral shadows above the diaphragm or direct visualization 

of the fluid itself in the thoracic cavity.  These findings not only have a very high sensitivity 

and specificity for pleural fluid but ultrasound has been shown to increase patient safety 

when used to guide thoracentesis.2

•	 	Ultrasound	can	also	be	used	to	evaluate	for	interstitial	lung	fluid	due	to	congestive	heart	

failure and other conditions. Recent literature has shown that point of care ultrasound 

is both sensitive and specific for interstitial lung fluid caused by congestive heart failure 

(CHF) and other syndromes. 3  Moreover, there is evidence that the findings of interstitial 

congestion on ultrasound have been shown to be more dynamic than those of interstitial 

fluid on chest xray and so the demonstration of utility for using lung ultrasound to monitor 

response to therapy is growing.4

•	 	There	is	new	evidence	that	lung	ultrasound	can	also	help	to	guide	ventilatory	strategies	

for patients with ARDS and lung consolidation as improvements in lung aeration with in-

creased positive end-expiratory pressure are readily demonstrated on lung ultrasound.5

The advantages of lung ultrasound are similar 

to the advantages found with all clinician per-

formed ultrasound as  the ability to perform 

the exam at the bedside and especially in criti-

cally ill patients and to obtain diagnostic infor-

mation in real time is so valuable. In addition, 

exams can be perfomed serially to monitor 

responses to treatment or to evaluate patients 

who have a change in their clinical situation. 

Finally, there is no radiation or increased cost 

associated with lung ultrasound and so the 

Figure 1.  Shows fluid in the thoracic cavity with loss of 
mirror image artefact and visualization of the thoracic 
spine.
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exam is portable, efficient and effective.  It is important to understand that thoracic ultrasound is 

a part of the resuscitative effort and is an emergent procedure.  Other diagnostic imaging tests 

or procedures may take precedence or may proceed simultaneously. The judicious use of ultra-

sound can add to the rapid, non-invasive, and sensitive evaluation of the critical patient.
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Circulatory problem-solving with ultrasound - FATE

Susanna Price, Royal Brompton Hospital, London, UK. 

Erik Sloth, Aarhus University Hospital, Skejby, Denmark. sloth@dadlnet.dk

Focus assessed transthoracic echocardiography (FATE)
After almost 20 years experience with transthoracic ultrasound, we have proposed FATE as a 

rapid and systematic protocol for circulatory problem-solving. It is designed to be used after 

minimal training in contrast to the much more time consuming cardiologic diagnostic procedure, 

from which it should be clearly distinguished.

FATE should be considered as a supplement to the clinical evaluation – no more no less.

FATE is a focus ultrasound protocol going through position 1 – 4 (fig. 1) in a rapid and most fa-

vourable sequence depending on patient condition. It includes the following steps:

1. Look for obvious pathology.

2. Assess wall thickness and chamber dimensions.

3. Assess myocardial function.

4. Imaging pleura on both sides.

5. Relate the information to the clinical context.

All ultrasound-Doppler modalities available, can be applied 

at any stage during the FATE examination e.g. for pressure 

measurement, assessment of cardiac output, evaluation 

of valve pathology, myocardial defects and assessment of 

inferior vena cava distensibility - and of course to achieve 

additionally imaging planes to complete a full standard TTE 

examination. 

In principal, FATE may be interrupted as soon as the clinical 

problem/question has been solved. However, it is recom-

mended to fulfil all imaging positions to exclude competing 

disorders, which would otherwise be missed. In addition, a 

specific finding may be better evaluated from a combination 

of different views.

  

THE FIVE STEPS
Ad. 1. Look for obvious pathology

To do so, you must be able to recognize the most important pathology. This can be learned from 

viewing multiple video-clips of relevant pathology.

Ad 2. Assess wall thickness and chamber dimensions

Thus, you must learn what is normal and how to assess the normal values. Conventionally, dimen-

sions are obtained from m-mode scanning in the parasternal long axis view guided by simultane-

ously 2D-imaging. 

The most important measures are given on the laminated FATE card.
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Ad 3. Assess myocardial function
Although ejection fraction (EF) is not the best measure of LV function, it is the method most 

often used. EF is often assessed by eye-balling but there are many other methods. One is from 

m-mode (motion mode) based on end diastolic and systolic measure of the left ventricle obtained 

from 2. (See the FATE cards for details).

Ad 4. Imaging pleura on both sides
This is very important because pleural effusion in itself can cause severe haemodynamic instabil-

ity especially with concomitant pericardial effusion.

Ad 5. Relate the information to the clinical context
The most important step – synthesis of the findings.

It should be emphasised, that the cardiologists are the experts when it comes to point 1 – 3. 

Therefore, it is recommended to do as much scanning as possible together with cardiologists to 

learn echocardiography from them. However, it is just as important to realize that when it comes 

to point 4 (pleural scanning), cardiologists most often fail to do so often missing crucial informa-

tion. According to point 5 (relate the information to the clinical context), accept that anaesthesi-

ologists, intensivists and critical care physicians, in general, are superior to all other physicians 

when facing the critically ill.

By practicing FATE, you should be able to achieve images in a quality to be interpreted in more 

than 97 of general ICU patients and you will change your treatment in more than 50% of patients 

and in 25% of all patients you will change your approach radically.

Pocket ultrasound machines have already been manufactured revealing images of equally qual-

ity with many portable systems. In addition, it has been proved that a full FATE examination can 

be performed with the subject in the sitting position in approximately one minute setting new 

standards for cardio-pulmonary optimization. Lifesaving prehospital FATE examinations with the 

patient in the sitting position have already been reported.
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The FAST protocol

Jim Connolly, Emergency Medicine, Newcastle General, UK, Jim.Connolly@nuth.nhs.uk

FAST  ( Focused Assessment by Sonography in Trauma was a phrase first coined by Grace Rozycki 

and her team in Washington. It came about as the realisation that looking for solid organ injury in 

trauma was best replaced by looking for free fluid in the dependent areas of the abdomen. Early 

studies showed that this was a skill that could be rapidly adopted by trauma workers. So much so 

that FAST has across the developed world  essentially replaced DPL ( peritoneal lavage ) as the 

accepted method for best detecting free fluid in trauma

Standard FAST views
There are 4 standard FAST views as detailed below that view the 6 areas where fluid is most 

likely to accumulate – these will be described in the talk

Pericardial, Perihepatic, Perisplenic, Pelvic, Pleurae ( left and right)

Most people feel that the pericardial window is the best first window , as 

it rapidly detects fluid around the heart that is a number one priority. It 

also allows the operator to alter settings such that fluid is black for the 

other views.

All scans in FAST are best started with a longitudinal plane , with the 

point of the probe uppermost towards the patients head  - all rotations 

of the probe should be against the clock to ensure standard planes are 

obtained.
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eFAST
Recent attention has been drawn to extending FAST in the primary resuscitation phase , includ-

ing a quick view of the IVC for fluid status, pneumothorax scanning and even  using a scanner to 

assess the optic nerve diameter for signs of raised intracranial pressure – these new develop-

ments will be demonstrated

Pitfalls
You need blood to bleed!!! Beware the negative FAST in a patient with multisystem trauma who 

has bled a lot from other sources. It can take 400ml to be positive and they may not have that 

much to bleed  

Any positive fluid in this context is likely significant

Listen to the patients physiology!!!

Repeat Repeat Repeat!!!!  - Accuracies increase the more you repeat the scanIn penetrating 

trauma all positive scans are significant

References Resources
Check out Professor Beatrice Hoffman’s excellent site at www.sonoguide.com 
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Ultrasound-guided vascular access

Lars Knudsen, Aarhus University Hospital, Denmark. Lars.knudsen@dadlnet.dk

Ultrasound technology has long been used in interventional radiology to guide percutaneous 

procedures at sites such as the kidneys, liver, arterial and venous circulation, pleural cavity, gall-

bladder and joints. Real-time ultrasound guidance of periphery and central venous, and arterial 

insertion provides the operator with visualisation of the desired vein and the surrounding ana-

tomical structures before and during the insertion. The advantages of ultrasound-guided  cathe-

terisation include the identification of the precise position of the target vessel and the detection 

of anatomical variants and of thrombosis within the vessel. Ultrasound guidance therefore has 

the potential to reduce the incidence of complications related to initial puncture.

With ultrasound it is possible to:

•	 Find more vessels for puncture

•	 Use fewer attempts, and less time for insertion of intravenous and arterial catheter.

•	 Lower the rate of complications

                
 

The presentation will focus on

•	 Anatomy of the arterial and venous system

•	 Identification of veins and arteria by ultrasound

•	 In-Plane and Out-Of-Plane methods for insertion of intravenous and arterial catheters.

•	 Life presentations of the methods on phantoms

•	 Workshop-training of the methods on phantoms. 
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Peripheral nerve blocks of the upper limb 

Zbigniew Koscielniak-Nielsen MD, DMSc, FRCA, Assistant Professor, Orthopedic Anes-
thesia, Rigshospital, University of Copenhagen, Denmark

Interscalene block
Interscalene block anaesthetizes the C5-C7 nerve roots, which is sufficient for shoulder and prox-

imal arm surgery and for post-operative analgesia. The three roots are visible in most patients as 

hypoechoic oval structures between scalene muscles. Five to 20 mls of local anaesthetic (LA) are 

sufficient to block the nerves [1]. Most LA injections are made between C5 and C6 nerve roots.

Interscalene block

Supraclavicular block
Supraclavicular approach is mostly used for distal humerus and elbow surgery although it can be 

used for surgery of the entire upper extremity [2]. The plexus is localized at the level of trunks/di-

visions which are visible in ultrasound as groups of hypoechoic nodules between scalene muscles 

lateral and cranial to subclavian artery. Local anaesthetic injections between these structures 

anaesthetizes the entire brachial plexus, however in some patients the most caudal components 

of the plexus may be difficult to anaesthetize.

Supraclavicular block

 

Infraclavicular block
This is a deeper approach used mostly for surgery distal to the elbow [2]. The plexus lies beneath 

the pectoral muscles. Axillary artery is a main landmark for injection. Lateral cord of the plexus is 

often visible, but the posterior and the medial cords may be difficult to see. Two injections of lo-

cal anaesthetic are usually made, one dorsal and one cranial to the axillary artery. The volumes of 

local anaesthetics are also higher than for the other approaches varying between 30 and 40 ml.

needle 
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Infraclavicular block

 
Axillary block 
This is a block of 4 terminal nerves of the brachial plexus used for hand surgery [3]. All are hy-

perechoic, non-pulsatile and non-compressible. The musculucutaneous nerve is either seen 

between the short head of biceps and the coracobrachialis muscle or inside the coracobrachialis 

muscle. The median and the ulnar nerves are located superficially respectively cranial and caudal 

to the axillary artery. The radial nerve lies deeper and is most difficult to visualize.

Axillary block

Conclusions
Four main approaches to the brachial plexus are commonly used for surgical anaesthesia and 

pain management of the upper limb. Ultrasound-guidance facilitates block performance, im-

proves their effectiveness and reduces volumes of local anaesthetics. Ultrasound may also 

reduce the incidence of complications but for the time being there is not enough data to confirm 

this hypothesis.
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Ultrasound-guided Peripheral Nerve Blocks of the Lower Limb

Axel Sauter MD PhD, Oslo University Hospital – Rikshospitalet, Department of Anaesthesia and 

Intensive Care Medicine, Oslo, Norway

Injecting local anesthetics close to a peripheral nerve can provide temporary pain control within 

the sensory area of the nerve. Such peripheral nerve blocks are therefore suitable as anesthe-

sia for some surgical procedures and pain treatment. Peripheral nerve blocks can be used in 

combination with general anesthesia or as the sole anesthetic technique, with awake or slightly 

sedated, spontaneously breathing patients. A prolonged analgetic effect of peripheral blocks 

after surgery will reduce the consumption of opioids in the postoperative period. The reduced 

incidence of systemic side effects like respiratory depression, nausea and vomiting, and possibly 

less cognitive dysfunction, allow faster discharge readiness of the patients (1). When catheters 

are used for local anesthetic infusion, continuous peripheral nerve

blocks are also suitable for pain treatment for an extended period of time. In contrast to the 

neuraxial techniques like epidural or spinal anesthesia, peripheral blocks can be used for unilat-

eral anesthesia and analgesia. Patients therefore achieve high mobilization levels after surgery, 

resulting in early rehabilitation (2). Typical side effects of the neuraxial techniques, like hypo-

tension or urinary retention as well as severe neuronal sequelae occur less frequently among 

patients with peripheral blocks (3). 

The use of ultrasound guidance improved success rates and block quality, reduced the perfor-

mance time and onset time, and prolonged the duration of peripheral nerve blocks. The injec-

tion volume of local anesthetics, the number of needle passes and the pain related to the block 

procedure could also be reduced (4,5). For the lower limb numerous ultrasound guided block 

techniques have been described. 

 1.   Dahl V, Raeder J. Regional anaesthesia in ambulatory surgery. Curr Opin Anaesthesiol 

2003;16:471-6.

 2.   Capdevila X, Macaire P, Dadure C, Choquet O, Biboulet P, Ryckwaert Y, D’Athis F. Continu-

ous psoas compartment block for postoperative analgesia after total hip arthroplasty: new 

landmarks, technical guidelines, and clinical evaluation. Anesth Analg 2002;94:1606-13, 

table of contents.

 3.   Fowler SJ, Symons J, Sabato S, Myles PS. Epidural analgesia compared with peripheral 

nerve blockade after major knee surgery: a systematic review and meta-analysis of ran-

domized trials. Br J Anaesth 2008;100:154-64.

 4.   Abrahams MS, Aziz MF, Fu RF, Horn JL. Ultrasound guidance compared with electrical 

neurostimulation for peripheral nerve block: a systematic review and meta-analysis of 

randomized controlled trials. Br J Anaesth 2009.

 5.   Liu SS, Ngeow JE, Yadeau JT. Ultrasound-guided regional anesthesia and analgesia: a quali-

tative systematic review. Reg Anesth Pain Med 2009;34:47-59.



usabcd: the Ultrasound of ABCD          |          27

Ultrasound-guided Truncal Blocks: Current concepts

Jens Børglum, MD, PhD, MBA. Department of Anaesthesia and Intensive Care Medicine, Copenha-

gen University Hospital: Bispebjerg, Denmark

Ultrasound (US) guidance is a valuable technique when providing anaesthesia to the chest wall 

or the anterior-lateral abdominal wall1,2. US guidance has the advantage that the physician in 

real-time can follow the position of the tip and shaft of the needle, and the physician can evalu-

ate if the spread of the injectate is correctly placed and reposition the needle tip accordingly. 

Ultrasound guided (USG) intercostal (IC) nerve blocks (one or more) and thoracic paravertebral 

(TPV) nerve blocks (one or two) can be used to provide perioperative anaesthesia for acute 

trauma or surgical procedures in the chest wall (Fig. 1-2)2. USG TPV nerve blocks (Th6-L1) and 

the various forms of transversus abdominis plane (TAP) blocks (Th6-Th12) can provide effective 

perioperative anaesthesia both unilaterally and bilaterally as wanted1,2. The bilateral dual TAP 

(BD-TAP) block and the oblique subcostal TAP (OS-TAP) block seem to provide anaesthesia to a 

larger part of the abdominal wall than the classic TAP (CL-TAP) block do (Fig. 3-5)3,4. In addition, 

the BD-TAP block does not seem to be negatively affecting the patients abilities to provide for a 

forced expiration or inhibit the pulmonary function in any way5. The rectus sheath (RS) blocks 

will provide anaesthesia to parts of the vertical midline laparotomy incisions and for trochar 

holes from laparoscopic procedures, whereas the ilioinguinal/iliohypogastric (ILI/ILH) (L1) nerve 

blocks provide for postoperative analgesia for both children and adults after laparoscopic and 

open inguinal hernia repair with insertion of nets (Fig. 6-7)2,6. There are still rather few studies 

performed comparing blind injection techniques with USG techniques and further studies are 

necessary to evaluate the possible benefits for the affected patients of the USG truncal blocks.

Fig. 1: USG Intercostal nerve block. Arrow indicating needle and endpoint in the interfascial plane. Pleura (PL), External 
intercostal muscle (EI), Internal intercostal muscle (II), Innermost intercostal muscle (INI).

Fig. 2: USG Thoracic Paravertebral block. Arrow indicating needle and endpoint in the thoracic paravertebral space. 
Pleura (PL), Internal intercostal membrane (IIM), Transverse process (TP).
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Fig. 3: USG Medial Intercostal TAP (MIC-TAP) block. Part of the BD-TAP block. Arrow indicating needle and endpoint in 
the interfascial and neurovascular plane. Rectus abdominis muscle (RM), Transversus abdominis muscle (TA), Peritoneal 
cavity (PC).

Fig. 4: USG Lateral Intercostal TAP (LIC-TAP) block. Part of the BD-TAP block. Arrow indicating needle and endpoint in 
the interfascial and neurovascular plane. Rectus abdominis muscle (RM), External oblique muscle (EO), Internal oblique 
muscle (IO), Transversus abdominis muscle (TA), Peritoneal cavity (PC).

Fig. 5: USG Classic TAP (CL-TAP) block. Part of the BD-TAP block. Arrow indicating needle and endpoint in the interfascial 
and neurovascular plane. External oblique muscle (EO), Internal oblique muscle (IO), Transversus abdominis muscle (TA), 
Peritoneal cavity (PC).

Fig. 7: USG Ilioinguinal/Iliohypogastric block. Arrow indicating needle and endpoint in the interfascial and neurovascular 
plane. Anterior superior iliac spine (ASIS), External oblique (EO), Internal oblique (IO), Transversus abdominis (TA), Perito-
neal cavity (PC).
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The Future of ultrasound in emergency medicine

Vicki Noble, MD, Director, Division of Emergency Ultrasound. Massachusetts General Hospital, As-

sistant Professor, Harvard Medical School, Boston, MA  

In the United States, there has been a rapid maturation of emergency ultrasound over the past 

15 years from the FAST exam to “point of care ultrasound.” Today, in many emergency depart-

ments (EDs) in the USA, emergency physicians use ultrasound to assess volume status, establish 

intrauterine pregnancy, diagnose pneumothorax, screen for aortic aneurysms, and more.  Emer-

gency ultrasound research during the past 15 years has provided evidence that emergency physi-

cians are accurate in answering focused diagnostic questions using ultrasound and that there is 

a decreased time to diagnosis if point of care ultrasound is used1-4.  

Because of this research on more efficient ED treatment and throughput, and because of the 

advocacy of ultrasound-oriented groups in the professional societies of emergency medicine, 

ultrasound training is now recognized as a core competency for emergency medicine.  In 2009, 

the Council of Emergency Medicine Residency Directors in the United States endorsed a plan for 

training residents that sets a national standard and has led to an overall increase in the quality of 

ultrasound education for emergency medicine residents5.    

There is still less than universal acceptance, however, in emergency ultrasound utilization and 

penetration nationwide.  Results of the American College of Emergency Physicians Ultrasound 

Section survey undertaken this year are pending, but previous surveys of 2003 to 2005 emergen-

cy medicine training program graduates have shown that 73% percent of graduates had access 

to point of care emergency physician performed ultrasound with statistically higher access in 

academic programs (97%) than non-academic centers (62%, p <0.001)6. These are improve-

ments over a previous survey of ED Directors showing 19% (range 12-28% “available at all times” 

response rate) penetration7 for community programs but the gap persists. 

Why is this and why do we think it is so important to address this?

There are several reasons for this gap but a major reason is a lack of time and resources to get 

ultrasound programs started in practices that are already stretched to meet the demand of ever 

increasing patient volumes and decreased resources.  The time and effort needed to train physi-

cians, to set up appropriate quality assurance processes, to establish a work flow for reporting, 

archiving and (for the private insurance system in the United States) billing appropriately but not 

to slow down throughput is substantial. Consequently, the argument for shifting resources to 

the ultrasound effort is not always straightforward.   Technology solutions and new attention to 

the “point of care” ultrasound market by industry to address the needs and workflow realities of 

emergency physicians who use point of care ultrasound are underway.  However, the new focus 

on healthcare reform in the United States and efficiencies makes the “why ultrasound” question 

just as important to answer as the “how ultrasound” question.

In order to convince practices that these efforts are important, ultrasound research is increas-

ingly focused on why  ultrasound is important to emergency care.  First, point of care ultrasound 

in the hands of the emergency physician at the bedside has a real opportunity to screen for 

disease and thus streamline diagnostic testing.  Indeed this year there are two large federally 

funded grants looking at diagnostic imaging strategies in renal colic: 1) a multicenter randomized 

trial based out of the University of California, San Francisco (R01 HS019312; Smith-Bindman, PI), 

and 2) an observational study at Yale University (R01 HS018322; Moore, PI). Both studies address 

the potential of ultrasound  to appropriately limit computed tomography imaging in renal colic.  
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However, as Dr. Paul Sierzenski, Ultrasound Director at Christiana Care Health System in Dela-

ware commented in a recent on-line discussion on the challenges facing point-of-care ultra-

sound, “A more global understanding and evidence of ‘value’ is really what we as emergency 

physicians want to emphasize.  Cost, resource utilization, radiation reduction, risk modulation, 

physician satisfaction, recruitment, retention, patient satisfaction, and access to care are all 

facets of the ‘value’ concept. “

Emergency ultrasound is not just important because it can potentially decrease the number 

of computed tomography scans ordered in the emergency department.  It potentially can also 

improve many of the factors listed above and so broad-based research concepts that look be-

yond the “just numbers” approach are necessary.  What if physicians who perform point of care 

ultrasound have higher job satisfaction and retention rates because of their sense of profession-

alism and self-reliance?  What if patients have a much better experience in the ED when a physi-

cian spends time at the bedside teaching and demonstrating anatomy with the ultrasound that 

is relevant to their chief complaint?  What if access to care is improved because length of stay 

is decreased in the ED because of streamlined diagnostic imaging strategies using point of care 

ultrasound?  Many of these questions will have complex answers but in the effort to broaden 

point of care ultrasound utilization, it’s essential to look at all of the benefits (and costs) of this 

technology.
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Ultrasound and deep venous thrombosis

Vicki Noble, MD. Director, Division of Emergency Ultrasound, Massachusetts General Hospital, As-

sistant Professor, Harvard Medical School, Boston, MA 

Deep venous thrombosis  (DVT) diagnosis and management is a challenge routinely encountered 

in the emergency departments (EDs) and intensive care units (ICUs).   In the USA,  250,000 cases 

of DVT are diagnosed each year and failure to recognize and appropriately manage DVT can in-

crease patient risk for developing the post-thrombotic syndrome (disabling leg symptoms due to 

venous reflux or ulceration) or pulmonary embolus (PE).1

Unfortunately, the diagnosis of DVT cannot be made on clinical signs and symptoms alone. The 

location of swelling and pain does not correlate with the location or extent of the clot, and symp-

toms localized to the calf may have an etiology in more proximal veins. Clinical signs have been 

statistically analyzed and found to be of little value in reliably determining the presence or ab-

sence of DVT.2  The differential diagnosis for leg pain and swelling includes: lymphedema, chronic 

venous insufficiency, infection (cellulitis), aneurysm,  pseudo-aneurysm, Baker’s cyst, and other 

musculoskeletal etiologies. Therefore, traditionally the diagnostic path or algorithm pursued 

has depended on the kind of laboratory testing available , the pre-test probability of disease and 

diagnostic imaging expertise. When available, lower extremity ultrasound is the primary modality 

used to diagnose or exclude DVT. The controversy arises because the lower extremity ultrasound 

performed may be a proximal lower extremity exam, a whole leg exam, or an abbreviated, two-

point compression exam. 

Moreover, clinician-performed two-point compression lower extremity ultrasound is now con-

sidered an appropriate method for testing for lower extremity DVT in the ED and is one of the 

eleven core emergency ultrasound applications for emergency medicine residents in training in 

the United States.  Emergency providers who perform two-point compression lower extremity 

sonography have demonstrated scan times of less than 4 minutes per patient and time-savings 

of over 2 hours in terms of time to patient disposition .  Two-point compression lower extremity 

ultrasound is a simplified approach that consists of compression of the common femoral vessels 

in the groin and of the popliteal vessels in the popliteal fossa.  The concept behind this abbrevi-

ated approach stems from the idea that clot usually involves multiple or whole venous segments. 

Several studies have shown that few cases of proximal DVT occur without involving either the 

common femoral vein or the popliteal vein or both, and isolated thrombus in the superficial 

femoral vein (SFV) is rare.3  Multiple studies have demonstrated that clinician-performed two-

point compression bedside ultrasound can be accurate for DVT when compared with radiology 

performed exams.

If a two-point lower extremity ultrasound is performed, however, current practice guidelines in 

the United States recommend repeat ultrasound of the proximal veins 5 to 7 days after an initial 

negative result in high pre-test probability patients in order to safely exclude clinically suspected 

DVT. 4 This recommendation stems from the observation that up to 20% of distal DVTs may 

propagate into proximal veins.  A recent systematic review and meta-analysis, however, found 

that anticoagulation may be safely withheld after a negative whole leg study and obviates the 

need for a repeat ultrasound exam.5 In addtion, it should be noted that most of the research on 
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the safety and accuracy of two-point comperssion ultrasound has been performed on ambula-

tory outpatients and so the optimal diagnostic pathway for hospitalized inpatients is still under 

investigation.
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Figure 1.  Image of Common Femoral Vein DVT

Figure 2.    Image of Superficial and Deep Femoral Vein with and without compression.
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Safety and Nerve Injury: Ultrasound versus Nerve Stimulation

Axel Sauter MD PhD, Oslo University Hospital – Rikshospitalet, Department of Anaesthesia and 

Intensive Care Medicine, Oslo, Norway

Landmark techniques, eliciting paresthesia and electrical nerve stimulation have traditionally 

been used to perform peripheral nerve blocks. Eventually, ultrasound technology was used for 

identification of the pertinent anatomy of peripheral blocks. Ultrasound can be used to identify 

nerves as well as the surrounding anatomy. The injection needle can be advanced under real-

time visualization towards the peripheral nerves. Ultrasound visualization of the local anesthetic 

spread surrounding the nerves may predict successful peripheral blocks. Thus ultrasound guid-

ance can be suitable for decreasing the total volume dosage of local anesthetics, reducing the 

time consumption and improving the outcome (1).

Complications like pneumothorax, unintentional vessel or nerve puncture may be avoided when 

both the needle-tip and anatomical structures are observed by ultrasound. In a randomized 

controlled study in our department we compared electrical nerve stimulation and ultrasound 

guidance for infraclavicular blocks (2). Aspiration of blood during block performance was noted 

in significantly more patients in the nerve stimulator group, compared to the ultrasound group. 

However, hematoma was not observed in either group. Significant differences in complication 

rates may not be found until a large number of patients are analyzed, for instance in a meta-

analysis. 

The risk of neuronal damage related to intraneural needle placement and injection is a matter of 

discussion. Several studies indicate that needle placement inside a nerve may occur frequently 

when peripheral blocks are performed with nerve stimulation (3,4). However, puncturing and in-

jecting local anesthetics into a peripheral nerve does not necessarily causes neuropathy, particu-

larly when the needle is intraneural but outside the neuronal fascicles. Overall, the risk of nerve 

damage associated to peripheral nerve damage is rather low. In a prospective multicenter study 

the incidence of permanent nerve damage was 0,04%. (5)
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The FEEL Protocol and Resuscitation 

Susanna Price, Royal Brompton Hospital, London, UK.

Abstract
Successful resuscitation requires potentially reversible causes to be diagnosed and re-versed, 

and many of these can readily be diagnosed using echocardiography. Although members of the 

resuscitation team routinely use adjuncts to their clinical examination in order to differentiate 

these causes, the use of echocardiography is not yet considered standard. 

Since its inception over 60 years ago, echocardiography has remained largely the pro-vince of 

the cardiologist, providing a tool to evaluate anatomical and physiological ab-normalities of the 

heart. In recent years, the application of echocardiography has exten-ded to the critically ill, prin-

cipally to patients following cardiac surgery, but more recently to include diagnosis and monitor-

ing in

the general intensive care unit. Although persistent/developing haemodynamic instability is 

considered a Class I indication for echocardiography, until recently (2010 ILCOR) re-suscitation 

guidelines did not recommend its routine use. The same guidelines do, howe-ver, include the use 

of other basic tools for assessment (including NIBP, ECG, oxygen saturation and ETCO2 monitor-

ing) to be performed in parallel to and as an extension of clinical examination while resuscitative 

efforts are commenced. 

Where a primary electrical cause for cardiac arrest is found, definitive treatment is gene-rally 

directed towards reversing the electrical abnormality (cardiover-sion/defibrillation/pacing). By 

contrast, where a nonelectrical cause of cardiac arrest is diagnosed [pulseless electrical activ-

ity (PEA)/asystole], practitioners are urged to exclude and reverse potentially treatable causes, 

as otherwise the outlook is poor. Of the main potentially treatable underlying causes, only three 

may be definitively diagnosed at the bedside using existing standard monitoring/investigation 

(hypoxia, hypothermia, and hy-po/hyperkalaemia). The remainder remain dependent on sub-

jective clinical assessment (severe hypovolaemia, tamponade, pulmonary embolism, coronary 

thrombosis and tensi-on pneumothorax), radiography (tension pneumothorax) or laboratory 

investigation (toxin-related arrest). Although the American Heart Association (AHA) continues to 

recommend the use of history and clinical examination to direct the management of PEA/asys-

tole, these may be unreliable, resulting in inappropriate use/denial of interventions. Appropria-

tely applied and interpreted echocardiography can diagnose/exclude many potentially reversible 

causes of cardiac arrest while guiding potentially life-saving therapeutic inter-ventions. Its use 

by appropriately trained practitioners, and in an ALS-compliant manner is now considered in cur-

rent resuscitation guidelines. 
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Figure: Application of FEEL is during the pulse check in the non-shockable part of the 
algorithm

Persistent and worsening haemodynamic instability are regarded as clear indications for echo-

cardiography. The focused application of this well established technique within the ALS algo-

rithm provides the resuscitation team with a potentially powerful diagnostic tool that can be 

used to diagnose/exclude some of the potentially treatable causes of cardiac arrest as well as to 

guide therapeutic interventions. impact of routine periresuscitation echocardiography on pa-

tient outcomes both for in-hospital and prehospital care remains an exciting avenue for future 

research.

References / useful links: 
www.feel-uk.com

www.resus.org.uk/pages/gl10st01.htm 

www.ilcor.org/ 

www.winfocus.org

Echocardiography in cardiac arrest. Curr Opin Crit Care. 2010 Jun;16(3):211-5.

Echocardiography practice, training and accreditation in the intensive care. Cardiovascu-lar Ultrasound, 2008 
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Dynamic Needle Tip Tracking - ultrasound guidance for  
peripheral vascular access 
A randomized, controlled, and blinded study in phantoms  
performed by novices 

Louise Clemmesen, MD, Lars Knudsen, MD PhD, Erik Sloth MD DMSc, and Thomas F. Bendtsen, 

MD PhD 

From the Department of Anesthesia and Intensive Care Medicine, Aarhus University Hospital, 

Aarhus, Denmark

Abstract
Background and Objectives: The application of ultrasound-guidance for peripheral venous ac-

cess is gaining popularity. It is possible to produce a short axis or a long axis sonographic view 

of the target vessel and apply an out-of-plane or in-plane needle tip approach. Our aim was to 

present the dynamic needle tip tracking technique and to estimate which approach is the most 

accurate for inserting the needle tip into the center of the target vessel.

Methods: 59 novices in ultrasound-guided peripheral vascular access participated. (A) a short 

axis view combined with an out-of-plane needle tip approach using dynamic needle tip tracking 

was compared to (B) a long axis view combined with an in-plane needle tip to approach a target 

vessel embedded in a gelatin phantom. 

Results:  The success rate of method (A) was significantly higher than method (B) (97% versus 

81%). The distance between the center of the target vessel and the final needle tip position was 

significantly shorter for method (A) compared to method (B).

Conclusions: The combined short axis and out-of-plane technique using dynamic needle tip track-

ing had a higher success rate and a shorter distance between the center of the target vessel and 

the needle tip compared to the combined long axis and in-plane technique. 

 

Admitted to Ultraschall in der Medzin/European Journal of Ultrasound 2011

The disector principle: in a series of 
consecutive sections, the needle tip is 
located in the section intersecting the 
needle (# 3) where the follow-up section 
(# 4) does not intersect the needle. If the 
arbitrary distance a-b between sections # 
3 and # 4 is 1 mm, the accuracy of needle 
tip location is 1 mm. 

Dynamic needle tip tracking is an ap-
plication of the disector principle: the 
needle tip is tracked from the point of 
skin puncture to the final intravascular 
needle tip position with dynamic real-
time visualization, and the needle is only 
advanced, when the needle tip is visible 
in the ultrasound section but disappears 
in the follow-up section
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Prehospital FATE

Doctor Søren Steemann Rudolph MD, University Hospital Herlev, Dept. of Intensive Care

Recent advances in technology has brought us lightweight and rugged portable ultrasound ma-

chines which provide high image quality, and are built to withstand the prehospital environment. 

Prehospital ultrasound has mostly centred around identification of bleeding pathology in trauma 

patients, but with increasing image quality cardiac evalutation using FATE (or FATE-like proto-

cols) for assesment of the circulation is now also possible. Although not widely implemented 

prehospital FATE is currently beeing used by doctors, paramedics and aeromedical crews in Italy, 

Germany, Australia, the USA, Norway and Denmark. FATE may provide a potentially powerfull 

diagnostic tool during shock states and cardiac arrest in the prehsopital setting where limited 

diagnostic capability and case history is the rule rather than the exception.

FATE and cardiac arrest
Advanced cardiac life support is based on the ”Chain of Survival”, where early acces (recognition 

and EMS activation), early CPR, early defibrillation and early advanced care are pivotal. In the 

Capital Region of Denmark (population app. 1680000) approximately 700 patients suffer from 

out of hospital cardiac arrest (OHCA) every year . Of these approximately 450 present with initial 

non-shockable rythms (150 asystoli and 300 PEA). Survival after OHCA is poor, especially for non-

shockable rythms. Treatment for the non-shockable rythms focus on high quality chest compres-

sions while identifying potential reversible causes of cardiac arrest. FATE alone or in combination 

with other ultrasound modalities has the potential to detect several of these reversible causes 

(i.e. cardiac tamponade, pulmonary embolism, aortic dissection, hypovolaemia and pneumotho-

rax).(1) Several studies on in-hospital cardiac arrest have shown FATE-like echocardiography to 

be a reliable diagnostic tool in identifying/excluding reversible causes of cardiac arrest. (1,2)

In a prospective observational study from Germany, 204 patients were studied (100 OHCA; 104 

in shock).(3) A FATE-like protocol was carried out by an emergency physician trained in an ALS-

compliant manner with 96% of patients having images of diagnostic quality. The study had no 

independent review of the accuracy of interpretation of the images, but the FATE findings were 

perceived by the treating emergency physician to warrant a change in management in 89% of 

patients undergoing CPR. 

Although the study was not designed to assess improvement in outcomes an interesting finding 

was that 35 % of patients with electrocardiographic asystoli actually had echocardiographic car-

diac activity and in that respect ”true” asystoli was not present. Likewise patients in PEA arrest 

with echocardiographic coordinated cardiac activity - termed ”pseudo PEA” – could be identified. 

Here FATE provides another dimension to the prehospital advanced life support, which may chal-

lenge our traditional diagnosis an treatment of non-shockable rythme. Furthermore FATE may 

have prognostic value as both these patient groups had significantly better suvival to admisson 

compared with patients with asystoli and PEA and no cardiac activity on FATE (55% vs. 8%). The 

difference was even more pronoused when a reversible cause for cardiac arrest was identified. 
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In a small Norwegian study on prehospital ultrasound, a FATE could reliably rule out reversible 

cause of cardiac arrest in all patients and thus limit the number of differential diagnosis. The 

study was very limited in that only one person carried out all examinations and only 7 patients 

presented were in cardiac arrest. In a study of non-physician aeromedical crews performing 

cardiac ultrasound for cardiac activity and pericardial effusion, adequate exams were obtained 

in 86 of 91 cases (94.5%). Although the sensitivity and specificity were both 100 %, this study was 

limited in that only one patient had an exam positive for effusion and no cases of cardiac stand-

still were recorded 

The decision to withhold furher CPR can be difficult, even more so in the preshospital setting 

where limited diagnostics and prior medical history is the rule rather than the exception.  A FATE 

can provide information on cardiac motion. Absence of cardiac motion on FATE during resuscita-

tion of patients in cardiac arrest is highly predictive of death.  In 3 different studies on inhospital 

cardiac arrest 218 of 341 patients had cardiac standstill of which only 2 patients had return of 

spontaneus circulation. Thus FATE has the potential to prevent futile prehospital resuscitation 

attempts and high risk transports.

Integration of FATE into advanced life support requires considerable training if interruptions to 

chest compressions are to be minimised. Critics often state this as a serious limitation to FATE 

during CPR. Studies have shown that FATE can be implemented in an ALS complient with a mini-

mal interuption in CPR(1). A sub-xiphoid probe position is recommended and placement of the 

probe just before chest compressions are paused for a planned rhythm assessment enables a 

well-trained operator to obtain views within 10 sec. 

At this time there are no studies confirming improved outcomes, but prehospital FATE has 

potential to benefit the patient in cardiac arrest. The 2010 ERC guidelines on cardiopulmonary 

resuscitation recognize ultrasound as a valuable future diagnostic tool. Future research into 

whether detection of reversible causes of cardiac arrest allow targeted interventions and lead 

to subsequent improvement in outcomes are needed. Futhermore questions as to what extend 

ultrasound interfere with uninterupted high-quality CPR must be addressed. 

FATE and undifferentiated shock
Shock is defined as inadequate oxygen delivery to meet tissue demands. Shock may result from 

any traumatic or non-traumatic process that impairs the systemic delivery of oxygen, or that 

prevents its normal uptake and utilization. Although the fundamental pathology differs between 

types of shock the clinical manifestations are the same once compensatory mechanisms fail  – 

cardiac output drops, blood pressure drops and eventually multi-organ dysfunction ensures. Pa-

tients may present anywhere along this downward spiral and symptoms differ between patients 

based on their ability to compensate. Different types of shock may also coexist, as is the case 

with myocardial depression in septic shock. Likewise, any chronic cardiopulmonary impairment 

can add a further component in the shock state.  Patients who present in the emergency depart-

ment with symptomatic non-traumatic hypotension have high mortality rates and  early and ag-

gressiv therapy can increase survival.
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In-hospital studies have demonstrated that initial integration of FATE alone or combined with 

other ultrasound modalities into the evaluation of the patient with shock results in a more ac-

curate initial diagnosis with an improved patient care plan.(4,5) As for cardiac arrest prehospital 

experience is limited. In the norwigean study mentioned above 4 patients presented in non-trau-

matic shock all of which could be classified into a certain shock category (ie. cardiogenic shock) 

and hence a more focused treatment could be provided. Several case reports have demonstrated 

that a prehospital FATE can yield additional objective data helpful in determining prognosis and 

guiding allocation of scarce resources (ie. pericardial tamponade in penetrating trauma and pul-

monary emboulus). In the German study by Breitkreutz the FATE findings were percieved by the 

treating emergency physician to warrant a change in management and 66% of severely hypoten-

sive, tachycardic or dyspnoeic patients.  

Prehospital FATE can thus offer information to help distinguish between a “stay-and-play” or 

“scoop-and-run” strategy as well as change priority. Future studies should adress these ques-

tions as well as questions on who should be doing FATE. Clearly personal with limited FATE expiri-

ence and limited daily dealings with FATE are at risk of “playing” to long.
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Gala dinner Tuesday 07:00 PM

Brasserie vankoch 
Kystpromenaden 5  

The Harbour 
8000 Århus C 

tel.: +45 87 42 01 23
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How to get there

Take bus 1A at the Railway Station to  Nørreport. 

And walk to Kystpromenaden 5.

It will take you about 25 minutes by bus. 

Start at Banegårdspladsen

Straight ahead at Ny Banegårdsgade and continue 180 m

Straight ahead at Fredensgade  and continue 110 m. 

Take a right at Sønder Allé and continue  170 m. 

Take a left at Dynkarken and continue 200 m.  

Straight ahead at Havnegade and continue 0,8 km.

Take a right at Sibirien and continue 70 m.

Take a left at Sverigesgade and continue 400 m.

Take a left at Hjortholmsvej and continue 50 m.  

Take a right at Kystpromenaden and continue 280 m. 

It is about 3 km.
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