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Point                   Counterpoint





Duplex Scanning vs. Physiologic Testing

• History

• Value of velocity criteria

• Value of waveform analysis

• Value of imaging (B-mode and color Doppler)

• Utility in clinical practice
• Decision to treat

• Decision how to treat

• Evaluation of results of treatment

• Surveillance – natural history and long-term outcomes of treatment



Plethysmography

• 1909 publication in Archives of 
Internal Medicine of Chicago

• AW Hewlett and JG Van Zwaluwenburg

• University of Michigan

• Described changes in limb blood 
volume, measured with pneumatic 
cuff

• Attached to plethysmograph with 
tubing



Strain Gauge Plethysmography



Arterial Plethysmography



Indirect Physiologic Testing

• Strain-gauge 

plethysmography

• Arterial pressures and 

waveforms



Comments in “Preface”

“When the distal anastomosis narrowed, the ankle pressure began 
to decrease and the exercise test was abnormal.
After the anastomosis was revised, the ankle pressure 
increased to 130 mm Hg and claudication disappeared”



Doppler Flow Detection

• 1959 – Satomura reported use of ultrasound to 
detect blood flow in peripheral circulation

• 1961 – Franklin, Schlegal and Rushmer described an 
“ultrasonic flowmeter” based on the Doppler effect 
for use in animals

• 1963 – Watson and Rushmer showed feasibility of 
detecting blood flow with ultrasound through 
human skin

• 1966 – Strandness described clinical applications of 
the Doppler flowmeter

Shigeo Satomura
1919–1960



Strandness DE et al. Ultrasonic flow 
detection: A useful technique in the 
evaluation of peripheral arterial 
disease.  Am J Surg 1967

First Commercial Doppler
Prototype Doppler

University of Washington

ca. 1962 – Don Baker and colleagues

Continuous Wave Doppler





Strandness DE, Schultz RD, Sumner DS, et al: Ultrasonic 

flow detection: A useful technique in the evaluation of 

peripheral arterial disease.  Am J Surg 1967; 113:311-320

Introduction of Continuous Wave Doppler

• Continuous-wave Doppler
• Indirect limb

blood pressures

• Analog arterial
waveform

• Vascular lab tool
• Pressure measurements
• Qualitative assessments

• Point-of-care testing





Doppler Applications



Impedance Plethysmography



Pneumatic Segmental Plethysmography



Ocular Plethysmography



Indirect Vascular Testing
Extracranial Cerebrovascular

Periorbital Doppler

Oculoplethysmography (OPG)



Physiologic Testing

• Doppler waveforms, 
photoplethysmography, cuff 
pressure measurements

• Transcutaneous partial pressure of 
oxygen (TcPO2)

• Laser Doppler skin perfusion 
pressure

• Near infrared spectroscopy

• Hyperspectral imaging

Laser Doppler

Hyperspectral imaging Near infrared spectroscopy

Transcutaneous oxygen 
partial pressure





B-mode Imaging Pulsed Doppler+
Define anatomy and pathologic changes Detect and characterize flow patterns

“Duplex” Ultrasound Concept

+







ATL Ultrasound

Ultramark 4

1984-1996

general-purpose

non-color-flow scanner

>12,000 produced

$30,000 to $60,000

HDI 5000

introduced in 1997

$220,000 to $275,000

HDI 3000

introduced in 1994

fourth generation digital ultrasound technology

“Redesigned to be compact and lightweight”

(380 pounds)



Technology of 2022

• Over half century of engineering innovation
• Human factors – improved operator interface

• Standardized, intuitive controls

• Minimal training requirement

• Compatible with legacy technology

• Sturdy, dependable continuous wave 
Doppler flow detectors used for bedside 
applications and vascular lab

Manufacturer’s catalog
March 2022

1960s
Technology









Modern Pioneer
New clinical application for established duplex technologies

• Acceleration time - use of duplex 
scanning as an indirect test for patients 
with chronic limb threating ischemia

Jill S. Sommerset, RVT



Pedal Acceleration Time ⍺ Ankle/Brachial Index

• PAT measurements do not 
require additional resources

• PAT not affected by medial 
calcinosis and vessel 
incompressibility

• Provides objective perfusion 
measurement at level of the 
foot

• Correlation of PAT and ABI

• Cuff pressure 
measurements obsolete?



Role of Clinical Judgment

• Consider clinical circumstances

• Test results may vary depending of the phase of the illness

• Confounding effects of medications, physiologic status, or 
comorbidities

• Duplex scanning can provide information about large vessel patency--
which helps determine if there is a role for surgery or interventions





Diagnosis:
Non-freezing cold injury, “trench foot”



Use of vasopressors without hemodynamic monitoring



Sufficient Information?

• Identify and characterize:
• Occlusions
• Stenoses
• Aneurysms and pseudoaneurysms
• Arteriovenous fistulae

• Treatment planning
• Anatomic level of disease

• Decision to treat

• Surveillance
• Serial assessment

• Access for peripheral interventions

Duplex scanning    Physiologic testing



234 papers written by Dr. Strandness
on duplex scanning



“Duplex Imaging is
All I Really Need”


