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Abstract

Peripheral arterial disease (PAD) is characterized by 
atherosclerotic blockages that reduce blood flow  
to the extremities, particularly the lower limbs. As PAD 
progresses, it can lead to chronic limb-threatening 
ischemia (CLTI), marked by rest pain, non-healing ulcers, 
and an elevated risk of tissue loss or amputation. Risk 
factors such as diabetes and smoking further exacerbate 
the disease, complicating both diagnosis and 
management.

Traditional diagnostic approaches, including the  
ankle-brachial index (ABI) and toe-brachial index (TBI), 
often fail in patients with diabetes and medial wall 

calcification, where non-compressible vessels result  
in inaccurate pressure measurements. Similarly,  
methods such as transcutaneous oxygen saturation  
and skin perfusion pressure testing can yield  
unreliable results in the presence of significant tissue 
damage or large wounds.

Pedal acceleration time (PAT), measured via duplex 
ultrasound, is a novel diagnostic tool that assesses arterial 
hemodynamics directly in the pedal arteries. This case 
report illustrates the utility of PAT in diagnosing and 
predicting wound healing in a patient with PAD where 
traditional methods were less effective.
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Introduction

Peripheral arterial disease – 
Overview
PAD is a common circulatory problem caused by 
atherosclerosis, leading to reduced blood flow to the 
lower extremities. As it progresses, symptoms such  
as intermittent claudication (pain triggered by exertion  
and relieved by rest) worsen and blood flow becomes 
critically impaired. Advanced PAD leads to CLTI, 
characterized by rest pain, non-healing ulcers, and 
gangrene, significantly raising the risk of limb loss [1]. 
Risk factors for PAD and CLTI include diabetes, smoking, 
hyperlipidemia, and hypertension. Prompt diagnosis  
and management of CLTI are essential to prevent tissue 
loss and improve the chances of wound healing.

Diagnostic challenges
In patients with diabetes or medial wall calcification, 
traditional diagnostic tools like ABI and TBI may be 
unreliable due to non-compressible vessels or not 
obtainable due to wounds or previous digital amputation 
[2]. Transcutaneous oxygen saturation (TCP02) and  

skin perfusion pressure (SPP) testing face limitations  
in cases with large wounds or significant tissue damage 
where proper placement of testing probes is difficult.

Pedal acceleration time (PAT)
PAT is a novel diagnostic approach using duplex 
ultrasound to measure the arterial flow hemodynamics 
of the pedal arteries [3–4]. It provides direct, real-time 
information on perfusion and hemodynamics, offering  
a reliable predictor of wound healing in CLTI patients [5]. 
This case report presents a clinical example that 
demonstrates the effectiveness of PAT in the diagnosis 
and management of PAD.

Objective
This case report aims to demonstrate the utility  
of PAT as a reliable, non-invasive diagnostic tool for 
assessing perfusion in patients with PAD and CLTI, 
predicting wound healing outcomes and guiding  
clinical decision-making.
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Image acquisition technique
Utilizing a standard linear probe on the ACUSON Sequoia 
ultrasound system (Siemens Healthineers, Forchheim, 
Germany), either the 10L4 or 15L4, is appropriate  
for pedal arch duplex imaging. Anterior circulation 
imaging begins with the probe in a long-axis view  
with the indicator towards the head (Fig. 1). 

A pedal acceleration time in the arcuate artery and  
1st dorsal metatarsal artery can be acquired providing  
a spectral Doppler of the anterior circulation. The plantar 
circulation imaging is obtained in the lateral plantar  
and medial plantar artery. Obtaining a spectral Doppler 
waveform in these pedal vessels will be typically lower 
than the tibial vessels. Optimization of the spectral 
waveform allows for an accurate manual measurement 
of the PAT.

Fig. 1: Anterior circulation imaging begins with the probe  
in a long-axis view with the indicator towards the head (a–c) 
on the dorsum of the foot (a).
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Correlation of PAT with degrees of ischemia

No ischemia  
class 1

Mild ischemia  
class 2

Moderate ischemia  
class 3

Severe ischemia  
class 4

Clinical symptoms Asymptomatic Greater than 2  
block claudication

Less than 2  
block claudication

CLTI tissue loss;  
rest pain

PAT 20–120 ms 121–180 ms 181–224 ms Greater than 225 ms

ABI 1.3–0.9 0.89–0.69 0.68–0.50 0.49–0.00

Toe Pressure > 30 mmHg < 30 mmHg

TCP02 > 44 < 26

Source: Sommerset J et al. AVS 2019; Pinelo A et al. AVS 2024; Trihan et al. Front Cardiovasc Med 2022

Fig. 2: Plantar 
circulation imaging 
begins with the probe  
in a transverse view  
in the mid foot.

Fig. 3: The probe  
is turned in a long axis 
with the indicator of  
the probe to the heel. 
PAT can be obtained  
in the LPA.
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Case presentation

Patient background
A 50-year-old male presented with right toe kissing ulcers 
between the 3rd and 4th toes and reported short-distance 
claudication with pain occurring after walking less than 
50 feet. His medical history included poorly controlled 
diabetes (hemoglobin A1c of 10) and a 20-year history of 
smoking one pack per day. The patient provided written 
consent.

Initial assessment
The initial physical exam revealed non-healing ulcers  
and diminished distal pedal pulses in the right foot  
(Fig. 4). Duplex ultrasound with PAT was performed, 
measuring a PAT of 133 ms to the wound bed,  
consistent with class 2 PAT, suggesting sufficient blood 
flow for wound healing. Additional findings included:

•	Antegrade flow in the arcuate artery with a PAT  
of 138 ms

•	Retrograde flow in the lateral plantar artery with  
a PAT of 152 ms

•	Occlusion of the origin and mid posterior tibial  
artery (PTA); patent distal PTA with collateral  
flow from the peroneal artery via the posterior 
communicating artery

•	Widely patent anterior tibial artery (ATA) and  
peroneal artery (Per)

•	High-grade stenosis in the distal superficial femoral 
artery (SFA) with a 3.8 ratio in the Hunter’s canal, 
indicative of greater than 70% diameter reduction

•	Widely patent popliteal artery and tibio-peroneal trunk

Given the sufficient blood flow to the wound bed  
(class 2 PAT), conservative management was pursued, 
including wound care optimization, glucose control, 
smoking cessation, and a strict walking regimen. The 
patient was scheduled for a follow-up after one month. 

Fig. 4: Initial ultrasound demonstrating Class 2 PAT at the wound bed. Pedal acceleration time (PAT) to the wound bed demonstrates class 2 
perfusion (4a). Posterior communicating artery (PCA) well visualized demonstrating indirect perfusion to the plantar arch circulation (4b).
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Management and outcome

One-month follow-up
At the one-month follow-up, the patient had adhered  
to the prescribed regimen, including smoking cessation 
and improved wound care. The right toe ulcers were 
completely healed, confirming that sufficient perfusion, 
as predicted by class 2 PAT, was present to support wound 
healing (Fig. 5). However, the patient reported persistent 
right calf claudication after walking approximately  
50 feet, significantly impacting his ability to work as  
a construction worker. 

Six-month follow-up
Despite complete wound healing, the patient’s short-
distance claudication persisted. A follow-up duplex 
ultrasound demonstrated an interval change  
post-exercise PAT, now classified as class 4, indicating  
a significant hemodynamic stenosis. After failed  
medical management, an endovascular intervention  
was planned. Plain old balloon angioplasty (POBA)  
of the distal SFA lesion was performed, using antegrade  
access in the ipsilateral common femoral artery.  
No intervention was performed on the occluded PTA. 

Fig. 5: One-month follow-up ultrasound showing class 2 PAT with healed wounds. Greater than 70% stenosis in the superficial femoral artery 
(5a), and pedal acceleration time (PAT) to the wound bed demonstrating class 2 perfusion (5b).
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Post-intervention outcome
At one-week post operation, the patient reported 
complete resolution of claudication symptoms, and  
the previously healed wounds remained in remission 
(Fig. 6). The successful intervention confirmed  
that PAT played a crucial role in monitoring disease 
progression and guiding therapeutic decision-making.

Discussion
This case highlights the critical role of pedal acceleation 
time (PAT) in diagnosing arterial perfusion and predicting 
wound healing in CLTI patients. PAT provided real-time, 
non-invasive insights into the patient’s hemodynamic 
status, enabling the clinician to confidently delay invasive 
intervention until clinically necessary. By correlating PAT 
with the patient’s wound healing outcomes, this case 
reinforces the utility of PAT as a reliable predictor in PAD 
management. Current published literature demonstrates 
the positive correlation with standard methods, such as 
transcutaneous oxygen pressure (TCP02) and toe 
pressures (TP) [6–7]. As such, PAT may be a more 
efficient and accurate method to assess the perfusion 
status helping guide the timing of revascularization. 

Conclusion
Pedal acceleration time (PAT) has proven to be a valuable 
diagnostic tool for assessing lower extremity perfusion 
and predicting wound healing in patients with PAD.  
By providing precise real-time objective measurements  
of blood flow hemodynamics, PAT offers critical  
insights that help clinicians decide when conservative 
management is sufficient and when revascularization  
is necessary. This case demonstrates the potential  
of PAT in optimizing treatment strategies and improving 
clinical outcomes in patients with PAD and CLTI.

Fig. 6: Postoperative ultrasound demonstrating class 2 PAT following balloon angioplasty. Follow-up post-intervention ultrasound image 
acquired with the ACUSON Sequoia ultrasound system shows wounds are still healed and no claudication.
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At Siemens Healthineers, we pioneer breakthroughs  
in healthcare. For everyone. Everywhere. Sustainably.  
As a market leader, we want to advance a world in  
which breakthroughs in healthcare create new possibilities 
with a minimal impact on our planet. We’ve been pushing 
the boundaries in medical technology for more than  
125 years. By consistently bringing innovations to the 
market, we enable healthcare professionals to innovate 
personalized care, achieve operational excellence,  
and transform the system of care.

With the unique combination of our strengths in patient 
twinning1, precision therapy, as well as digital, data,  
and artificial intelligence (AI), we are well positioned  
to take on the greatest challenges in healthcare. We will 
continue to build on these strengths to help overcome 
the world’s most threatening diseases, enable efficient 
operations, and expand access to care.

Our portfolio, spanning in vitro and in vivo diagnostics  
to image-guided therapy and cancer care, is crucial  
for clinical decision-making and treatment pathways.  
We are committed to improving healthcare access  
for all, limiting our environmental impact as we pioneer 
breakthroughs, and engaging our diverse Healthineers  
to achieve this impact on a global scale. 

Motivated by our purpose and guided by our values,  
we are building an inclusive culture, where we embrace 
diversity in all its forms. We are a team of 73,000 
Healthineers in over 70 countries passionately pushing 
the boundaries of what is possible in healthcare to help 
improve the lives of people around the world.

1 �Personalization of diagnosis, therapy selection and monitoring, aftercare,  
and managing health.

On account of certain regional limitations of sales rights 
and service availability, we cannot guarantee that all 
products included in this brochure are available through 
the Siemens Healthineers sales organization worldwide. 
Availability and packaging may vary by country and are 
subject to change without prior notice.

The statements by customers of Siemens Healthineers 
described herein are based on results that were achieved 
in the customer's unique setting. Because there is no 
“typical” hospital or laboratory and many variables exist 
(e.g., hospital size, samples mix, case mix, level of IT 
and/or automation adoption) there can be no guarantee 
that other customers will achieve the same results.

The information in this paper is based on research results 
that are not commercially available. The clinical images 
contained in this white paper were acquired using the 
ACUSON Sequoia ultrasound system. 

The information in this document contains general 
technical descriptions of specifications and options as 
well as standard and optional features which do not 
always have to be present in individual cases. 
Siemens Healthineers reserves the right to modify the 
design, packaging, specifications, and options described 
herein without prior notice. Please contact your local 
Siemens Healthineers sales representative for the most 
current information.

Note: Any technical data contained in this document may 
vary within defined tolerances. Original images always 
lose a certain amount of detail when reproduced.
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