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⁃ The BAD-PAD dogma

⁃ SAD is the main actor in CLTI

⁃ SAD & MAC are the same disease

⁃ Anatomopathological study



13.827  pts from 
1948 to 1983

PAD

“Particularly important is the fact that 
atherosclerotic lesions often tend to be 
segmental and fairly well localized, with 
relatively normal proximal and distal 
arterial beds. Such atheromas are usually 
located in the proximal and/or mid-
proximal portions of the arterial bed”
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Chapter 292: Arterial Diseases of the 
Extremities - Peripheral Artery Disease
Mark A. Creager; Joseph Loscalzo

Atherosclerosis is the leading cause of PAD in patients >40 
years old. Segmental lesions that cause stenosis or occlusion 
are usually localized to large and medium-size vessels. 
The primary sites of involvement are:
 Abdominal aorta and iliac arteries (30%)
 Femoral and popliteal arteries (80–90%)
 More distal vessels, including the tibial and peroneal 

arteries (40–50%) 

Foot arteries are not considered

2025

1985  2025
40-year jump!



The PAD dogma

Great weapons market 
against BAD  

happy industry, happy 
physicians, happy patients

– Antiplatelet / NOACs

– Lipid-lowering drugs

– Antihypertensive therapy

– TEA / bypass surgery

– Endovascular PTA



Patient A:

A pure atherosclerotic BAD pt







TREATMENT





AAAAAA



Patient B:
a BAD & SAD pt
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SAD score

Pattern of PAD in CLTI pts
Iliacs & CFA

~ 5%

FEM-POP

~ 60%

BTK

> 90%

BTA

> 90%

N° diseased BTK vessels

N° diseased BTA vessels

Mean 2.45 
districts/pt

Ferraresi R et al. J Endovasc Ther. 2021 Apr;28(2):194-207
Ferraresi R et al. J Cardiovasc Surg (Torino) 2018;59:655-64
Ferraresi R et al., Lanzer P ed, Springer-Verlag, Heidelberg 
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Aggregated 
segments Risk factors for CLTI

Odds Ratio (95% CI)

SAD is strongly and independently 
associated with CLTI and must be 
considered the main actor in CLTI

1 BTK
2 BTK
3 BTK
1 BTK
2 BTK
3 BTK

Ferraresi et al. 
J Cardiovasc Surg 2018

1915 pts with symptomatic PAD   

183 claudicants 1732 CLI pts



SAD  distribution failure

BAD  transmission failure
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“The death of dogma is 
the birth of morality”

Immanuel Kant
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MAC was firstly described 
in 1903 by Monckeberg

What is MAC?



MAC is a systemic vascular disorder 
characterized by progressive 
calcification and petrification of the 
arterial media accompanied by intimal 
thickening

MAC can be considered the silent killer 
of the cardiovascular system because 
MAC is a strong marker of future 
cardiovascular events and death

MAC is strongly associated with 
occlusive PAD, foot ulcer, and 
amputation



SAD = MAC ?



Patient A



Patient A



Patient B



Patient B

Just a foot 
problem?



Patient B
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Patient B



Patient B



At the best of our knowledge, SAD and MAC were 
never considered directly correlated

However, in our daily practice in treating CLTI 
patients, we very often observe their coexistence, 
raising the question if they could be expression of 
different pathophysiological conditions or of the same 
underlying non-atherosclerotic disease, leading to 
common clinical symptoms 



N
CLTI pts 221 100%
Mean age 74 yy
Male 194 76%
DM 191 86%
ESRD-HD 53 24%

Limbs 259 100%
WIfI-WOUND 1 37 14%
WIfI-WOUND 2 198 77%
WIfI-WOUND 3 24 9%

Mean FU 19 months 
(3-59)



No SAD
Absence of disease or mild disease with a well-represented 
network of forefoot and calcaneal arteries

Moderate SAD
Diffuse disease with narrowing and poverty of arch, 
metatarsal, digital and calcaneal arteries

Severe SAD 
Occlusion or severe disease with extreme poverty of 
arch, metatarsal, digital and calcaneal arteries

SAD-score

SAD-score is difficult to obtain!
- Contrast dye/multiple injections

- Movement artifacts

- Spasm/slow flow

- The operators’ evaluation is subjective



2

3

5

4

1

Sum all
points up 0-1 = no MAC

2-3 = moderate MAC

4-5 = severe MAC

1
≥ 2 cm?

yes = 1  or  no = 0 

2 yes = 1  or  no = 0 

3 yes = 1  or  no = 0 

4
≥ 1 cm?

yes = 1  or  no = 0 

5 yes = 1  or  no = 0 

5-steps MAC-score 



MAC-score
No MAC

21%

Moderate MAC
35%

Severe MAC
44%

Distribution in 259 CLTI-limbs

SAD-score
No-SAD

26%

Moderate SAD
29%

Severe SAD
45%



MAC-score versus SAD-score

Ferraresi et al, JEVT 2021

=



Patient’s
outcomes by 
MAC-score 
groups



⁃ Impaired wound healing

⁃ Major amputation

⁃ Failure of percutaneous revascularization

⁃ Cardiovascular events and mortality

Other authors confirmed the 
MAC score value

The MAC score reflects systemic 
vascular disease, and is a simple, 
practical tool and a strong 
independent predictor of:

1. Liu IH, Wu B, Krepkiy V, et al. Pedal arterial calcification score is associated with the risk of major amputation in chronic 
limb-threatening ischemia. J Vasc Surg. 2022;75(1):270-278.e3. doi:10.1016/j.jvs.2021.07.235

2. Liu IH, Wu B, Krepkiy V, et al. Pedal arterial calcification score is associated with hemodynamic change and major amputation 
after infrainguinal revascularization for chronic limb-threatening ischemia. J Vasc Surg. Published online July 15, 2022:S0741-
5214(22)01883-3. doi:10.1016/j.jvs.2022.07.009

3. Liu I, Wu B, El Khoury R, et al. Pedal Arterial Calcification Is Associated With Progression From Transmetatarsal Amputation 
To Major Amputation Following Infrainguinal Revascularization For Chronic Limb-threatening Ischemia. Ann Vasc Surg. 
2023;89:91-92. doi:10.1016/j.avsg.2022.12.022

4. DiBartolomeo AD, Browder SE, Bazikian S, et al. Medial Arterial Calcification Score is Associated with Increased Risk of 
Major Limb Amputation. J Vasc Surg. Published online July 30, 2023:S0741-5214(23)01726-3. doi:10.1016/j.jvs.2023.07.052

5. So JM, Park JH, Kim JG, et al. Medial Arterial Calcification and the Risk of Amputation of Diabetic Foot Ulcer in Patients 
With Diabetic Kidney Disease. J Korean Med Sci. 2023;38(21):e160. doi:10.3346/jkms.2023.38.e160

6. Sato Y, Morishita T, Tan M, et al. Prediction of Technical Failure of Inframalleolar Angioplasty in Patients with Chronic Limb 
Threatening Ischaemia. Eur J Vasc Endovasc Surg Off J Eur Soc Vasc Surg. 2022;63(6):852-863. 
doi:10.1016/j.ejvs.2022.03.040

7. Cheun TJ, Hart JP, Davies MG. Pedal medial arterial calcification influences the outcomes of isolated infra-malleolar 
interventions for chronic limb-threatening ischemia. J Vasc Surg. 2024;80(3):800-810.e1. doi:10.1016/j.jvs.2024.04.042

8. Darwish M, Thananayagam T, Addous S, Davies H, Gwilym BL, Meecham L. Predictive Ability of the Pedal Medial Arterial 
Calcification Score for Major Adverse Limb Events Among Patients with Chronic Limb-Threatening Ischemia. Ann Vasc Surg. 
2025;110(Pt A):385-395. doi:10.1016/j.avsg.2024.08.017

9. Jones HG, Darwish M, Meecham L. Predicting Major Lower Limb Amputations in Chronic Limb-Threatening Ischemia: The 
Role of Pedal Medial Arterial Calcification. Vasc Endovascular Surg. Published online July 10, 2025:15385744251360828. 
doi:10.1177/15385744251360828

10. Dittman JM, Harris GJ, Nguyen MH, Douglas BH, Tang G. Digital calcification is associated with increased mortality and 
interval revascularization in veterans with foot wounds. J Vasc Surg. Published online April 3, 2025:S0741-5214(25)00829-8. 
doi:10.1016/j.jvs.2025.03.396

11. Sundaram S, Barksdale C, Rodriguez S, Wooster MD. The Impact of Small Artery Disease (SAD) and Medial Arterial 
Calcification (MAC) Scores on Chronic Wound and Amputation Healing: Can It Tell Us More? Ann Vasc Surg. 2025;110(Pt 
B):260-275. doi:10.1016/j.avsg.2024.07.089

12. Jarosiková R, Adla T, Turza P, et al. Small Artery Disease as a Predictor of Wound Healing in Patients with Diabetic Foot After 
Revascularization. Int J Low Extrem Wounds. Published online March 13, 2025:15347346251323938. 
doi:10.1177/15347346251323938

13. Felder JM, Orr J, Schott H, Geraghty P. Objective grading of peripheral vascular disease strongly predicts morbidity in 
microsurgical lower limb salvage. Plast Reconstr Surg. Published online June 10, 2025. doi:10.1097/PRS.0000000000012246

14. Hata Y, Okamoto S, Nanto K, et al. Pedal Medial Arterial Calcification and Its Impact on Wound Healing in Patients With 
Chronic Limb-Threatening Ischemia After Inframalleolar Revascularization. J Endovasc Ther Off J Int Soc Endovasc Spec. 
Published online January 10, 2026:15266028251410788. doi:10.1177/15266028251410788

15. Lan NSR, Hiew J, Chen P, et al. Medial arterial calcification of the foot arteries is associated with incident cardiovascular 
events or all-cause mortality in patients with diabetes-related foot ulceration. Diabetes Res Clin Pract. 2026;232:113108. 
doi:10.1016/j.diabres.2026.113108

16. Hosoi Y, Katagiri Y, Iwata S, et al. Medial Arterial Calcification Score Predicts Wound Healing and Major Amputation in 
Patients with Chronic Limb-Threatening Ischemia and Inframalleolar Lesions Undergoing Endovascular Therapy: Results from 
the MAVERICK Study. J Endovasc Ther Off J Int Soc Endovasc Spec. Published online January 16, 
2026:15266028251408989. doi:10.1177/15266028251408989



Kim IT et al. A Review and Proposed
Classification System for the No-Option 
Patient With Chronic Limb-Threatening
Ischemia. J Endovasc Ther 2021;28(2):183-193 

Up to 20% of CLTI patients are 
considered no-option because of 
so-called ‘desert foot’, where no 
revascularization is feasible. 
The main cause of desert foot is 
SAD-MAC disease. 
At 1 year, these patients face about 
46% limb loss, severely impaired 
QoL, and high mortality.
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Open question

MAC develops within the 
medial layer of the arterial 
wall (outside the lumen) 
and is not inherently 
obstructive

How can be MAC 
correlated to SAD? What 
is the material obstructing 
the lumen?

Shell of 
circumferential 

MAC

Ring of intimal 
thickening (IT)



A new detailed histopathological study on 26 CLTI 
amputated limbs. Extensive arterial sampling 
evaluating:
⁃ Atheromatous lesions

⁃ Medial artery calcification (MAC)

⁃ Intimal thickening (IT)



18.7 %

73,2 %
81.9 %

Global prevalence of lesions (%)

Atheromatous 
lesions MAC IT

%



Prevalence of lesions (%)

SFA

Proximal
BTK

Foot

POP

Distal
BTK

Atherosclerosis

Atheromatous lesions are 
highly prevalent in FEM-
POP and affect ⁓30% of 
proximal BTK arteries

In distal BTK & foot 
arteries atherosclerosis 
disappears!



Prevalence of lesions (%)

SFA

Proximal
BTK

Foot

POP

Distal
BTK

Atherosclerosis

Obstructive
atherosclerosis

(>50% lumen diameter)

About half of all 
atheromatous lesions are 
obstructive



Prevalence of lesions (%)

SFA

Proximal
BTK

Foot

POP

Distal
BTK

MAC is everywhere





Prevalence of lesions (%)

SFA

Proximal
BTK

Foot

POP

Distal
BTK

MAC is everywhere

IT is everywhere

We observed a significant 
statistical association 
between MAC and IT, on 
the contrary atherosclerosis 
and IT were not associated



Prevalence of lesions (%)

SFA

Proximal
BTK

Foot

POP

Distal
BTK

Obstructive IT
(>50% lumen diameter)

IT is non-obstructive in 
SFA-POP, highly 
obstructive in BTK & 
FOOT arteries

IT is everywhere



A

B

C











Prevalence of obstructive lesions (%)

SFA

Proximal
BTK

Foot

POP

Distal
BTK

Atherosclerosis >50%

IT >50%

What is the true cause of vessel 
obstruction in CLTI patients?



SFA

Proximal
BTK

Foot

POP

Distal
BTK

Atherosclerosis is responsible of  
BAD  transmission failure 

BAD

SAD

IT-MAC is responsible of 
SAD  distribution failure 

Vascular obstruction in CLTI 
results from both, atherosclerosis 
and MAC-IT, however, MAC-IT 
is highly prevalent

Conclusion

Prox BTK arteries are the 
overlapping zone between BAD 
& SAD



S i t e P o w e r T y p eCLTI



Industry missed the new PAD



Happy days

Mean age 59 yrs

Only 5.7% of all pts had a 
diagnosis of atherosclerosis 
in more than one site during 
initial admission

The word “diabetes” 
compares only one time, and 
the word “dialysis” is absent

The word “calcium” or 
“calcification” is absent



Happy days Today: my CLTI pts

Mean age 59 yrs Mean age 76 yrs

Only 5.7% of all pts had a 
diagnosis of atherosclerosis 
in more than one site during 
initial admission

⁃ >70% heart disease

⁃ >40% brain disease

The word “diabetes” 
compares only one time, and 
the word “dialysis” is absent

⁃ 86% DM

⁃ >20% ESRD-HD

The word “calcium” or 
“calcification” is absent >80% calcified lesion





TEA

Bypass

Atherectomy

BioAbs
+DES

Lithotripsy
Limus

POBA

PXT

Cutting
Scoring 

High pressure

DCB

BMS

SES 
BES DES

Limus

PXT



Today

Happy days

%

Prevalence of obstructive (>50%) 
lesions (%)

BAD



The only new element for the 
SAD-MAC pts is the FVA



















The pedal MAC score provides a 
simple, objective tool to stratify 
patient’s and limb risk and tailor 
revascularization strategies, guiding 
treatment decisions in CLTI pts.
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