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History of Ultrasound

• 1794 – Physiologist Lazzaro Spallanzani was the first to study echolocation among 
bats

• 1915 – Inspired by the sinking of the Titanic, Physicist Paul Langevin was 
commissioned to invent a device that detected objects at the bottom of the sea. 
Laugevin invented a hydrophone – what the World Congress Ultrasound in 
Medical Education refers to as the “first transducer”.

• 1942 – Neurologist Karl Dussik is credited with being the first to use sonography 
for medical diagnoses; transmitting an ultrasound beam through the human skull 
in attempts of detecting brain tumors.

• 1966 – Don Baker, Dennis Watkins, and John Reid designed pulsed Doppler 
ultrasound technology

• 1971 – First article detailing the diagnostic capabilities of ultrasound in a trauma 
patient (FAST exam) 

• 1989 – Professor Daniel Lichtenstein began incorporating lung and general 
sonography in intensive care units



Foundations of Ultrasound

• How does ultrasound work?
• Transducer probe sends out sound waves. 

• Waves bounce off objects 

• Probe reabsorbs sound waves 

• CPU interprets returned waves and based on distance and quantity creates a 
display 



Foundations of Ultrasound

• How does the probe create sound waves?
• Probe contains piezoelectric crystal 

• Piezoelectric crystals (usually quartz) rapidly change their shape when an 
electric current is passed through them
• The rapid change in shape creates vibrations

• The vibrations are sound waves





Foundations of Ultrasound

• The sound waves are emitted from the probe 

• The direction of the emission is based on probe configuration 
• Configuration can emit waves in a linear fashion (from flat or around a curve) or can splay 

them out from a single point

• Amplitude and frequency of waves

is adjustable to create different

definition



Foundations of Ultrasound

• The sound waves are sent out until they encounter the boundary of 
an echogenic mass, this causes them to bounce off and create 
“echoes” 

• The “echoes” will bounce off in straight lines depending on the angle 
of the echogenic mass they encounter. 

• Some of those echoes travel back to the probe and are reabsorbed by 
the piezoelectric crystals

• Piezoelectric crystals as we discussed turn electricity into vibrations 
and sound; well as it turns out, when you hit those same crystals with 
vibrations and sound, they can turn those vibrations back into 
electricity 



Foundations of Ultrasound

• The ultrasound machine’s CPU can then take those electrical impulses 
and create the images

• CPU can do that because the vibrations are sound waves; we know 
the speed that they travel. 

• The machine also knows how long it took for the emitted vibrations 
to return to the probe. 

• Speed x Time = Distance 

• The CPU is also able to gauge the quantity of the vibrations that have 
returned. More echoes equals more echodensity. 



Foundations of Ultrasound

• By combining the distance with the echodensity, the CPU is able to 
create a 2-D image 

• The image is a slice



Ultrasound in the NICU 

- Neonatology is lagging behind
- In many cases the wide adoption of bedside ultrasound in the ICU was 

initially in its improvement in procedural successes with diagnostic 

capabilities coming as a secondary benefit. 

- In the NICU so much of our work is done with direct observation that we 

didn’t initially see the procedural benefit

- In addition, NICU tends to suffer from a trickle down problem in modern 

medicine. 

- As a result, Neonatology is a bit behind other areas and started with 

diagnostics first, with procedural efficiencies coming later. 



Point of Care Ultrasound

• Common in Europe (Italy) and expanding in American NICUs

• Focused, problem-oriented exam

• Brief

• Reproducible 

• Adjunct to physical exam 

• Interpreted in clinical context

• Performed by primary clinician at the point of care (bedside)



So the question becomes…

The Departed. Movie.



Areas of Interest

• Bladder

• Head

• Lung

• Abdominal 

• Functional ECHO

• Procedural 



Bladder

• Simplest of the ultrasounds
• Water is black 

• Practical Application: Obstructive vs hypovolemic anuria 

https://www.renalfellow.org/pocus-gallery/



Bladder Ultrasound

• So straight forward they now market 
machines that are basically Fischer Price 
version of ultrasounds that just measure 
urine volumes. 
• Even took the time to program the liquid to 

appear as yellow.  

• Great for training purpose
• Easy to landmark 

• Big target 

• ~ 10 seconds



Head Ultrasound

• Long since used for intraventricular hemorrhage and determination of 
CP risk 

• Immediate bedside application also important in critically ill babies
• IVH grading for ECMO candidates

• More than grade 2 is contraindication 

• Rule out herniation 

• ~ 20 seconds 



Peeples, E.S. (2018). Utilizing Neonatal Brain Imaging to Predict Neurodevelopmental Outcomes. In: 

Needelman, H., Jackson, B. (eds) Follow-Up for NICU Graduates. Springer, Cham.



Lung Ultrasound



Lung Ultrasound

• Pleural Line – Curvilinear brightly echogenic smooth line that comes 
from the reflection of the pleural surface

• A lines – reverberation artifact of pleural line
• Significant because 

they are often obliterated

in presence of abnormal

lung pathology

Kurepa, D; Zaghoul N; Watkin S; Liu J. Journal of Perinatology. (2018) 38, 11-22. 



General Abnormal Lung Patterns

• Many pathologies have similar abnormal findings

• Can also show absence of healthy findings

• B-lines 
• Vertical hyperechoic lines 

• Extend down without fading

• Moves with lung sliding



Kurepa, D; Zaghoul N; Watkin S; Liu J. Journal of Perinatology. (2018) 38, 11-22. 



Bronchopulmonary 
Dysplasia

Kurepa, D; Zaghoul N; Watkin S; Liu J. Journal of Perinatology. (2018) 38, 11-22. 



Pleural Effusion

Kurepa, D; Zaghoul N; Watkin S; Liu J. Journal of Perinatology. (2018) 38, 11-22. 



Pneumothorax

Normal                       High Frequency Pneumo Low Frequency Pneumo

Presence of air between pleura obliterates sliding lung sign
M-mode transformed from seashore to barcode

Kurepa, D; Zaghoul N; Watkin S; Liu J. Journal of Perinatology. (2018) 38, 11-22. 



Abdominal Ultrasound

• Necrotizing Enterocolitis 
• Ultrasound has a wider spectrum of findings 

• Bowel thickening

• Peristalsis 

• Free air

• Peritoneal fluid (anechogenic or echogenic) 

• Intestinalis pneumatosis

• Portal venous gas

• Higher sensitivity for intestinalis pneumatosis and portal venous gas 

• Higher sensitivity for necrotic bowel 
• Confirmed after surgical intervention



Chen S, Hu Y, Liu Q, Li X, Wang H, Wang K, 

Zhang A. Application of abdominal 

sonography in diagnosis of infants with 

necrotizing enterocolitis. Medicine (Baltimore). 

2019 Jul;98(28):e16202



Functional ECHO

• Gotta be careful here not to step on any toes

• Some specialists get very protective over “their” 
organ

• Basic Functional ECHO
• 4 chamber anatomy

• Great vessel orientation

• Ventricular filling and function

• < 5 minutes 



Courtesy of Maki Frage (Upenn) 



Functional ECHO

- May aid in determining which inotropic medication to 

initiate in critically ill child
o Dobutamine for poor function 

o Dopamine and volume for hypovolemic shock



Procedural Ultrasound

• Emerging area of interest

• Ultrasound guided line placement
• PICC

• Peripheral Ivs

• Peripheral arterial lines

• Ultrasound guided central line tip 
confirmation 

Courtesy of Jeffrey Suell



Ultrasound Guided Corrective Placement

• Defining unique anatomy 

• Correcting placement of CVLs in 
ways that were previously 
impossible with X-rays

Courtesy of Jeffrey Suell





Real-Time Ultrasound Guidance for Umbilical Venous Cannulation in Neonates With 
Congenital Heart Disease. Kozyak, Benjamin. Pediatric Critical Care Medicine. 23(5):e257-e266, 

May 2022.



Real-Time Ultrasound Guidance for Umbilical Venous Cannulation in Neonates With 
Congenital Heart Disease. Kozyak, Benjamin. Pediatric Critical Care Medicine. 23(5):e257-e266, 

May 2022.
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