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Utility of pedal acceleration time: a novel predictor of limb salvage
Utilidad del tiempo de aceleracion pedal, un nuevo predictor de rescate de extremidades
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INTRODUCTION

DEVELOPMENT

The global prevalence of peripheral arterial disease
(PAD) ranges from 3 % up to 12 %. The vast majority of
the population affected by this disease lives in low to
medium-resource regions (1). The diagnostic suspicion
of PAD is based on symptoms, physical findings, and
the patient’s past medical history. Non-invasive arterial
studies (plethysmography, segmental pressures, and
Doppler waves) are a fundamental pillar and the stan-
dard method to evaluate arterial perfusion of the lower
limbs in any vascular practice (2); however, they have
some limitations, especially in diabetics, the elderly,
and patients with chronic kidney disease (CKD) due to
the calcification of the arterial media, which can lead
to overestimating the ankle-brachial index (ABI) result
(3). Additionally, the need for specialized equipment to
perform these tests and their associated costs lead
to poor availability. For this reason, recent studies have
described pedal acceleration time (PAT) performed via
Doppler ultrasonography as a non-invasive diagnostic
alternative (4).
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Pedal acceleration time (PAT)

Acceleration time is defined as the time from the start
of the systolic rise to its maximum acceleration point in the
Doppler arterial flow curve (Fig. 1). Based on this and
the concept of foot angiosomes, Sommerset et al. correla-
ted the pedal acceleration time (PAT) of the lateral plantar
artery with the ABI and symptoms in non-diabetic patients,
finding a statistically significant linear relationship (5).

Based on the above, the following classification for
PAT (Table 1) was defined. While several studies have vali-
dated the relationship between ABI and PAT, their results
do not match the equivalencies suggested by Sommer-
set et al. (4-6). A study conducted in Medellin, Colombia,
suggests the following distribution (4):

— PAT <120 ms: Normal ABI.

— PAT from 120 to 160 ms: ABI from 0.5 up to 0.9.

— PAT > 160 ms: ABI < 0.5.
A prospective study published in 2021, which evalu-
ated PAT pre- and post-revascularization in patients with
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Figure 1. Spectral Doppler. The limits for measuring PAT are shown.

arterial stiffness, concluded that values < 180 ms are as-
sociated with better outcomes (2). This was validated by
other studies showing a reduction in amputations with
improved post-intervention PAT; however, this only oc-
curred after reaching Category | values, depending on
the relationship with the degree of tissue loss in Category
Il post-treatment (7).

The implementation of PAT in perioperative evalua-
tion aims to achieve 4 key purposes:

1. Identify the extent and distribution of the disease,
as well as the quality of potential conduit grafts.

2. Pinpoint potential access sites.

Quantify the calcium load in the feet.

4. Formulate an initial care plan (8,9).

w

PAT protocol

Anatomy

Foot irrigation is provided by the plantar and dorsal
systems. The plantar arch is derived from the posterior
tibial artery, which passes behind the internal malleolus;
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on the sole, it bifurcates into the medial and lateral plan-
tar arteries. The lateral plantar artery gives rise to the deep
plantar and metatarsal plantar arteries (5). The dorsal arch
is derived from the pedial artery, the terminal branch of
the anterior tibial artery (10,11), which gives rise to the
arcuate artery and the dorsal metatarsal artery (Fig. 2) (5).
The peroneal artery communicates with the posterior
tibial artery via the posterior communicating artery and
the lateral branch of the calcaneal artery, with the anterior
tibial artery via the anterior communicating artery (12),
providing an important bypass in PAD.

Technique

The protocol describes measuring PAT using a 7-
12 MHz linear transducer for spectral Doppler evalu-
ation, velocity, and permeability at 4 sites: the arcuate
artery, medial plantar artery, lateral plantar artery, and
deep plantar artery (13).

During spectral measurement, the color gain must
be increased so that the vessel is fully filled. Measure-
ments should be taken at the center of the artery. The
measurement angle must be < 60°. The peak systolic ve-
locity should represent % of the maximum adjusted
elocity (13).

It is recommended to perform 20 supervised evalua-
tions to achieve an adequate learning curve (13).

CONCLUSIONS

PAT appears to be a promising new diagnostic and
prognostic method, especially in patients with arterial
stiffness. However, further studies are required to vali-
date its utility in different scenarios, as it becomes op-
erator-dependent (13). Nonetheless, a shorter pedal ac-
celeration time is associated with a better prognosis for
the extremity.

Table I. Classification proposed by Sommerset et al. (5)

Category | ] ] v
Compromise No ischemia Mild ischemia Moderate ischemia Severe ischemia
o o hronic ischemi
Symptoms Asymptomatic Claudication Claudication of;erﬁgél(stcisseurg II?)ss
> 2 blocks < 2 blocks : . '
resting pain)
PAT 20-120 ms 121-180 ms 181-224 ms >225ms
ABI 1.3-0.90 0.89-0.69 0.68-0.50 0.49-0.00
PAT: pedal acceleration time, ABI: ankle-brachial index.
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Figure 2. Arterial anatomy of the foot. Left: dorsal circulation. Right: plantar circulation.

REFERENCES

. Criqui MH, Aboyans V. Epidemiology of peripheral artery
disease. Circ Res 24 2015;116(9):1509-26. DOI: 10.1161/
CIRCRESAHA.116.303849

. Teso D, Sommerset J, Dally M, Feliciano B, Vea Y, Jones RK.
Pedal acceleration time (PAT): A novel predictor of limb
salvage. Ann Vasc Surg 2021;75:189-93. DOI: 10.1016/j.
avsg.2021.02.038

. Abu Rahma AF, Adams E, Abu Rahma J, Mata LA, Dean
LS, Caron C, et al. Critical analysis and limitations of res-
ting ankle-brachial index in the diagnosis of symptomatic
peripheral arterial disease patients and the role of dia-
betes mellitus and chronic kidney disease. J Vasc Surg
2020;71(3):937-45. DOI: 10.1016/.jvs.2019.05.050

. Arévalo-Zamora C, Cifuentes JC, Plaza-Tenorio M, Cada-
vid-Veldsquez LG, Ospina-Ospina S, Arévalo-Zamora C,
et al. Utilidad de la medicién del tiempo de aceleracion
pedal en el diagndstico de enfermedad arterial periféri-
ca. Angiologia 2022;74(6):271-7. DOI: 10.20960/angiolo-
gia.00431

. Sommerset J, Karmy-Jones R, Dally M, Feliciano B, Vea
Y Teso D. Plantar acceleration time: A novel techni-
que to evaluate arterial flow to the foot. Ann Vasc Surg
2019;60:308-14. DOI: 10.1016/j.avsg.2019.03.002

. De Castro-Santos G, Gongalves PEO, Procépio RJ, Dardik
A, Navarro TP. Accuracy of the pedal acceleration time to
diagnose limb ischemia in patients with and without dia-
betes using the WIfl classification. Vasc Med 2023;28(1):36-
44.DO0I: 10.1177/1358863X221150453

. Cuschieri SA, Rao PD, Lara A, Sommerset J, Karmy-Jones R.
Factors predicting outcome in patients with critical limb

10.

12.

13.

ischemia after multidisciplinary team treatment: A 5-year
single-center retrospective review. JVU 2023;47(2):86-92.
DOI: 10.1177/15443167221149706

. Sommerset J, Montero-Baker M, Costantino M, Kermy-Jo-

nes R, Teso D. Endovascular Today. Bryn Mawr Communi-
cations; Pedal acceleration time technique for assessing
revascularization efficacy. Endovascular Today sept 2023.
Available from: https://evtoday.com/articles/2023-sept/
pedal-acceleration-time-technique-for-assessing-revas-
cularization-efficacy

. Spiliopoulos S, Georgiadou M, Karahaliou A, Grigoriadis

S, Palialexis K, Reppas L, et al. Feasibility and clinical value
of intraprocedural doppler ultrasonography blood flow
parameters during peripheral endovascular procedures
for limb salvage: A pilot study. J Endovasc Ther 2023 Jun
8:15266028231179838.D0I: 10.1177/15266028231179838
Ferndndez-Samos R. Angiosomas y cirugia vascular.
Angiologia. 2009;61(5):247-57. DOI: 10.1016/50003-
3170(09)15003-4

. Marti-Mestre X, de Benito L, Martinez Rico C, Bravo Ruiz E,

Salazar Agorria A, Gémez Jabalera E. Guide for the non-in-
vasive study of chronic ischemia of the lower limbs. Angio-
logfa 2023;75(3):165-80. DOI: 10.20960/angiologia.00469
Sommerset J, Teso D, Karmy-Jones R, Vea Y, Feliciano
B. Pedal flow hemodynamics in patients with chronic
limb-threatening ischemia. JVU 2020;44(1):14-20. DOI:
10.1177/1544316719894412

Sommerset J, Teso D, Feliciano B, Vea Y, Sentman M,
Zimmerman N, et al. Innovative arterial duplex exa-
mination: A guide to evaluate flow in the foot using
pedal acceleration time. JVU 2019;43(1):11-7. DOI:
10.1177/1544316719827328

| Angiologia 2024:76(6):392-395 |



