UG105: Understanding the Basics of Ultrasound

Study Guide
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Course Description

Master fundamental ultrasound physics and image interpretation principles essential for vascular access. Learn
transducer types, controls, orientation, and artifact management.

How to Use This Guide

This is a condensed, high-yield reference. Skim the key terms and the quick-reference tables, confirm you can
explain each high-yield point, then read the section summaries to spot any gap. Return to the on-site lesson for
full detail, and attempt the post-test cold. Passing score: 90%.

High-Yield Points

 Key Point Ultrasound uses sound waves >20,000 Hz to create real-time, two-dimensional images of
internal structures without radiation.

 Pro Tip Linear array transducers at 10-12 MHz are the standard for PICC and peripheral IV guidance
because they provide excellent resolution of superficial veins.

» Mode Purpose Image Type Use for PICC B-Mode 2D grayscale visualization Brightness based on echo
strength PRIMARY - Main guidance mode M-Mode Motion/time analysis along single line Linear trace over
time SECONDARY - Confirm vein compressibility Doppler Blood flow detection (frequency shift) Color
(red/blue) or spectral waveform CONFIRMATION - Identify artery vs vein

* Alert Screen left = patient right in transverse plane. This orientation convention prevents directional errors
in clinical decision-making.

* Best Practice: Use light transducer pressure for initial vein assessment and moderate pressure for
procedural guidance. Never use excessive pressure.

* Feature Vein (Target) Artery (Avoid) Nerve (Never puncture) Appearance Anechoic, thin-walled, tubular
Anechoic, thick-walled, pulsatile Hypoechoic, honeycomb/target pattern Compressibility Collapses
completely with light pressure Remains patent despite pressure Compressible but not tubular/round
Pulsatility Non-pulsatile (no wall movement) Pulsatile (visible wall motion) Non-pulsatile (static) Doppler
Flow Phasic BLUE, low-velocity, respiratory variation Pulsatile RED, high-velocity, biphasic NO color flow
signal Wall Thickness Thin (barely visible walls) Thick (distinct echogenic walls) Fasciculated (multiple
small bundles)

« Standard Transducers for Different Applications: Linear Array 7.5-15 MHz Rectangular field PICC,
Peripheral IV Excellent for superficial veins Best resolution of arm anatomy Convex Array 2-6 MHz Curved
field Deeper structures, abdominal scanning Not ideal for peripheral veins Phased Array 2-4 MHz Sector
field Cardiac imaging, small acoustic window Not used for PICC insertion

* Important Regular phantom practice is essential for developing needle-to-target accuracy before
performing live procedures. Dedicate 30-60 minutes daily to phantom practice as you develop competency.
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Quick-Reference Tables

B-Mode 2D grayscale visualization = Brightness based on echo  PRIMARY - Main
strength guidance mode
M-Mode Motion/time analysis Linear trace over time SECONDARY - Confirm
along single line vein compressibility
Doppler Blood flow detection Color (red/blue) or CONFIRMATION -
(frequency shift) spectral waveform Identify artery vs vein
Vein (Target) Artery (Avoid) Nerve (Never puncture)
Appearance Anechoic, thin-walled, Anechoic, thick-walled, Hypoechoic,
tubular pulsatile honeycomb/target pattern
Compressibility Collapses completely with  Remains patent despite Compressible but not
light pressure pressure tubular/round
Pulsatility Non-pulsatile (no wall Pulsatile (visible wall Non-pulsatile (static)
movement) motion)
Doppler Flow Phasic BLUE, Pulsatile RED, NO color flow signal
low-velocity, respiratory high-velocity, biphasic
variation
Wall Thickness Thin (barely visible walls)  Thick (distinct echogenic Fasciculated (multiple
walls) small bundles)
Linear Array 7.5-15 MHz Rectangular field PICC, Peripheral IV Excellent for superficial veins
Best resolution of arm anatomy
Convex Array 2-6 MHz Curved field Deeper structures, abdominal scanning Not ideal for

peripheral veins

Phased Array 2-4 MHz Sector field Cardiac imaging, small acoustic window Not used for
PICC insertion
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Section-by-Section Summary

The key idea of each lesson section, condensed to the essentials. Use it to review fast and spot any gap before
the post-test.

UG105: Understanding the Basics of Ultrasound

Master ultrasound physics: piezoelectric crystals, sound waves, tissue reflection, image formation

1. What is Ultrasound? Basic Physics

Ultrasound is the application of sound waves with frequencies greater than 20,000 Hz (20 kHz), which exceeds
the upper limit of human hearing (typically 20 Hz to 20 kHz). Medical ultrasound typically uses frequencies in
the range of 2-18 MHz (megahertz).

2. How Ultrasound Creates Images: The Pulse-Echo Principle

The ultrasound transducer contains piezoelectric crystals that convert electrical energy into sound waves
(transmission) and convert returning sound waves back into electrical signals (reception). The process works as
follows: (1) the machine sends an electrical pulse to the transducer; (2) piezoelectric crystals vibrate and emit a
brief ultrasound pulse; (3) the ultrasound pulse travels through tissues; (4) when the pulse encounters a
structure with different acoustic properties, some sound reflects back toward the transducer (echo); (5) the
transducer receives the returning echo and converts it to an electrical signal; (6) the machine measures the
time delay between transmission and echo return; (7) using the known speed of sound in tissue, the machine
calculates the distance to the reflecting structure; (8) the signal strength is converted to a brightness level; (9)
thousands of these pulses are sent in rapid succession along different angles, and the resulting echoes are
compiled into a two-dimensional image.

3. Transducer Types for Vascular Access

Different transducers are optimized for different clinical applications based on their design and frequency. For
vascular access (peripheral IV lines, central lines, and PICC placement), the linear array transducer is the
standard choice.

4. Basic Ultrasound Controls and Their Functions

Modern ultrasound machines have multiple controls that affect image quality. Understanding these controls
allows you to optimize images for your specific task.

5. B-Mode, M-Mode & Doppler Imaging

B-mode (brightness mode) is the fundamental imaging mode used for vascular access guidance. In B-mode,
each returning echo is displayed as a dot with brightness proportional to the strength of the echo (stronger
echoes appear brighter; weaker echoes appear darker).

6. Image Orientation and Screen Anatomy

Ultrasound image orientation follows a consistent standard that allows accurate anatomical localization. In the
transverse (cross-sectional) plane: the image shows a cross-section of the body perpendicular to the long axis
of the transducer.

7. ldentifying Key Structures: Anechoic, Hyperechoic, and Hypoechoic

Accurate structure identification depends on recognizing the acoustic properties of different tissues. Anechoic
(black or very dark): structures that contain only fluid or non-moving blood and produce no echoes appear
completely black on ultrasound.

8. Probe Management: Grip Styles and Holding Techniques
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How you hold and control the ultrasound transducer significantly affects image quality and procedural success.
The transducer should be held like a pencil or paintbrush—with your fingers on the probe and your hand
relaxed.

9. Probe Pressure Control and Tissue Visualization

The pressure you apply with the ultrasound transducer affects what you see on the screen. Light pressure
(barely touching the skin) allows visualization of structures in their natural state without distortion.

10. Probe Care and Infection Control

The ultrasound transducer comes into contact with patient skin and potentially with blood or body fluids,
requiring appropriate cleaning and disinfection. Low-level disinfection (cleaning with soap and water or an
approved hospital-grade detergent) is sufficient between routine patient scans when the skin is intact.

11. Common Artifacts and Their Meaning

Artifacts are patterns on ultrasound images that do not represent actual tissue structures. Recognizing and
understanding artifacts prevents misinterpretation.

12. Color Doppler and Flow Visualization

Color Doppler adds information about blood flow to the B-mode image. When red blood cells move, they shift
the frequency of returning ultrasound waves in a phenomenon called the Doppler effect.

13. Getting Started: Basic Scanning Techniques

Begin scanning by placing the transducer on the skin with ultrasound gel as the coupling medium (gel
eliminates air between transducer and skin, allowing sound waves to transmit). Identify your starting landmark
(often a bony prominence or skin crease) to orient yourself.

15. Transducer Types for Vascular Access

Watch this comprehensive video on ultrasound physics and basic principles:

16. Practice Exercises for Ultrasound Scanning

Develop proficiency with ultrasound through structured practice. Start with self-scanning: scan your own arms
using a phantom gel coupling.
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Concepts Tested on the Post-Test

Each item is a topic the post-test probes. Exact wording may differ; the underlying concept is what you must be
able to reason through. If any feels unfamiliar, revisit that section above.

. What frequency of sound waves qualifies as ultrasound?

. What frequency range is typical for medical ultrasound imaging?

. How does ultrasound determine the distance to a structure?

. What is the basic principle underlying ultrasound imaging?

. Which transducer type is preferred for vascular access guidance?
. What is the ideal ultrasound frequency for PICC guidance?

. What does the 'gain’ control on an ultrasound machine adjust?

. What does the 'depth’ control adjust?
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. What is the purpose of the ‘focus' control?
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. In B-mode ultrasound, what does brightness represent?

11. What does 'anechoic' mean in ultrasound terminology?

12. Which structures appear 'hyperechoic' on ultrasound?

13. In the transverse plane, which direction on the ultrasound screen corresponds to the patient's right?
14. What does 'sagittal plane' imaging show?

15. Which ultrasound characteristic helps distinguish a vein from an artery?

16. What is the appropriate transducer pressure for initial vein assessment?

17. What is required between the transducer and skin for ultrasound imaging?

18. What disinfection level is appropriate between routine (non-sterile) patient scans?

19. What is an 'acoustic shadow'?

20. How does color Doppler help distinguish arteries from veins?

21. In color Doppler, what does red color indicate?

22. What scanning plane should you use to see a cross-section of the arm?

23. How should you hold an ultrasound transducer?

24. What is the best way to develop ultrasound scanning skills before performing live procedures?

25. Why should you never immerse an ultrasound transducer in liquid?

© Vascular Access & Consulting (VAC). For continuing-education use only. Not a substitute for clinical judgement or institutional
policy.
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