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BAD, SAD, MAC



Non atheromatous peripheral vascular disease of 
the lower extremity in diabetes mellitus

      Goldenberg SG et al Diabetes 1959

Diabete = micro-angiopatia ostruttiva arti inferiori

Diabete +               =  AMPUTAZIONE MAGGIORE



Combined clinical and pathologic study of diabetic and non-diabetic 
peripheral disease

          Strandness DE et al Diabetes 1964

Diabete = a) micro-angiopatia - inspessimento membrana basale capillari
    - maggior permeabilità capillare
    - incremento degli shunt a-v

                 b) macro-angiopatia - arteriopatia ostruttiva infrapoplitea

Large and small artery occlusion in diabetics and non-diabetics with 
severe vascular disease

    Conrad MG Circulation 1967



- LoGerfo FW et al. 
Current concepts. Vascular and microvascular disease of the foot in diabetes. Implications for foot care.
N Engl J Med. 1984 Dec 20;311(25):1615-9. Review. 

- LoGerfo FW.
 Vascular disease, matrix abnormalities, and neuropathy: implications for limb salvage in diabetes mellitus.
J Vasc Surg. 1987 May;5(5):793-6. Review.

Limb salvage in diabetic patient with tibial arteries disease
Boston’s experience



1. Macroangiopathy is most often seen in popliteal and tibial arteries

2. The lesions tend to be 
 more extensive

3. Histopathological lesions
- Macroangiopathy
 atherosclerosis
 diffuse intimal fibrosis 
 medial calcific sclerosis 
- Microangiopathy
 no small artery or arteriolar occlusive lesion

4. Patency of  the ankle and foot arteries
LoGerfo FW 

J Vasc Surg 1987; 5: 793-6
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Diabetic vascular disease - PAOD

Vascular Surgery, University of Bologna - DIMEC, IRCCS University Hospital S. Orsola, Bologna, Italy



Bypass to the ankle

Posterior Tibial A. Common Plantar A. Anterior Tibial A. Dorsalis pedis A.

Bypass to the foot

Vascular Surgery, University of Bologna - DIMEC, IRCCS University Hospital S. Orsola, Bologna, Italy



- Pomposelli FB Jr et al.
Efficacy of the dorsal pedal bypass for limb salvage in diabetic patients: short-term observations.
J Vasc Surg. 1990 Jun;11(6):745-51; discussion 751-2. 

- Pomposelli FB Jr et al.
A flexible approach to infrapopliteal vein grafts in patients with diabetes mellitus.
Arch Surg. 1991 Jun;126(6):724-7; discussion 727-9.

- Stonebridge PA et al.
Popliteal-to-distal bypass grafts for limb salvage in diabetics.
Eur J Vasc Surg. 1991 Jun;5(3):265-9

- Kwolek CJ et al
Peripheral vascular bypass in juvenile-onset diabetes mellitus: are aggressive revascularization 
attempts justified?
J Vasc Surg. 1992 Feb;15(2):394-400; discussion 400-1.

- Holzenbein TJ et al.
Results of a policy with arm veins used as the first alternative to an unavailable ipsilateral greater 
saphenous vein for infrainguinal bypass.
J Vasc Surg. 1996 Jan;23(1):130-40.

Limb salvage in diabetic patient with tibial arteries disease
Boston’s experience



Lower Extremity Revascularization in Diabetes : Late Observations 

Akbari CM et al. 
Arch Surg. 2000;135:452-456

Cumulative Primary Patency Limb Salvage

75.6%

71.9%

87.3%

85.4%
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5. The Global Limb Anatomic Staging System (GLASS)

GLASS (Global Limb Anatomic Staging System): a critical appraisal
R. Ferraresi et al.; J Cardiovasc Surg 2021

Conclusions: The distribution of the FP, IP and final GLASS grading was mainly grouped at
the two extremes, letting the intermediate grades rather scarce. The majority of patients
present with an absent or severely diseased pedal arch, stressing the need to incorporate
infra-malleolar disease into the GLASS.















SAD ……. According to the LL and AP DSA projections of the foot, all the small arteries arising from the 3
BTA arteries (the tarsal, metatarsal, digital, and calcaneal branches) were evaluated. SAD was scored as
- 0 [no or mild disease with a well-represented network of forefoot and calcaneal arteries (Figure 1A)];
- 1 [moderate: diffuse disease/stenoses with narrow but patent arch, metatarsal, digital, and calcaneal

arteries (Figure 1B)];
- 2 [severe: occlusion or extreme poverty of the arch, metatarsal, digital, and calcaneal arteries (Figure

1C)].

The SAD score was defined for each patient by 2 blinded evaluators (R.F. and A.U.). Limbs were stratified
into groups 0, 1, or 2 corresponding to the SAD score.

Materials and Methods



To determine the MAC score, 3 authors (R.F., A.U., and A.P.) independently evaluated the LL and AP radiographic
projections of the foot at 5 vascular sites; in case of doubt, the oblique view was also considered. The 5 sites were
(1) the dorsalis pedis artery from the ankle joint to its disappearance inside the metatarsal bones; (2) the lateral
plantar artery from the bifurcation of the posterior tibial artery to the visible part of the distal plantar arch; (3) the
first metatarsal artery from its proximal origin to the metatarsalphalangeal joint line; (4) the first toe artery medial
or lateral; and (5) other toe arteries from the metatarsal-phalangeal joint line to the tiptoes.
At each of these areas, the evaluators determined the presence or absence of vessel calcification, its length, and
whether there was the typical rail-tracking pattern consistent with MAC. In the dorsalis, lateral plantar, and first
metatarsal arteries, a positive finding was indicated by a ≥2-cm-long rail-tracking calcification. In the toe arteries, a
positive score was given for a ≥1-cm-long rail-tracking calcification (Figure 2). Every vascular site was scored as 0
or 1 point, and the MAC score was the sum of the points at each of the 5 sites, ranging in a 6-level scale from 0 to
5. However, after initial MAC evaluation, the MAC score was refined to a 3-level scale for limb categorization:
group 0, no MAC (0 or 1 positive site); group 1, moderate MAC (2 or 3 positive sites); or 2 group, severe MAC (4
or 5 positive sites).

Materials and Methods





Background
In 2021, Ferraresi et al. created a novel scoring system based on the
impact of small artery disease (SAD) and medial arterial calcification
(MAC) on wound healing. SAD and MAC scores functioned similar
to Wound, Ischemia, and foot Infection (WIfI) but with minimal
resource expenditure. Despite its potential, few studies have
expanded on the original dataset

Ann Vasc Surg 2025



Mazzariol F et al. EJVES 2000; 19:509-515
Gargiulo M et al. ESVS 2000

Vascular Surgery, University of Bologna - DIMEC, IRCCS University Hospital S. Orsola, Bologna, Italy

PAD and DUS



RUN OFF
GOOD

RUN OFF

Tibial arteries disease in diabetic patients: 
Can colour duplex mapping of the ankle and foot arteries improve the vascular program?

  M Gargiulo, A Stella, S Tarantini et al ESVS 2000

POOR
RUN OFF
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Case # 1
48 y old male - Bypass to the Peroneal Artery at the Ankle 

W2 I3 fi1



Vascular Surgery – University of Bologna, IRCCS University Hospital S. Orsola, Bologna, Italy

Case # 1
48 y old male - Bypass to the Peroneal Artery at the Ankle 

SAD 2
MAC 4



DUS : suitable great ipsilateral saphenous vein :
• present along the thigh and leg,
• good parietal quality
• good diameter (proximal 5.1mm, distal 2.3 mm)

Vascular Surgery – University of Bologna, IRCCS University Hospital S. Orsola, Bologna, Italy

Case # 1
48 y old male - Bypass to the Peroneal Artery at the Ankle 



Proximal anastomosis
Superficial Femoral Artery

Distal anastomosis
Distal segment of Peroneal Artery

Case # 1
48 y old male - Bypass to the Peroneal Artery at the Ankle 



Pre-op

Follow up 
2 – 48 months

Vascular Surgery – University of Bologna, IRCCS University Hospital S. Orsola, Bologna, Italy

Case # 1
48 y old male - Bypass to the Peroneal Artery at the Ankle 





Desert foot – No Option for Foot Arterial Revascularization

Vascular Surgery, University of Bologna - DIMEC, IRCCS University Hospital S. Orsola, Bologna, Italy



SUMMARY
• MAC is a chronic systemic vascular disorder distinct from

atherosclerosis that is frequently but not always associated with

DM, CKD, and aging.

• It is part of several complex phenotypes observed in numerousless

common diseases.

• The hallmarks of MAC include disseminated and progressive

precipitation of CaP within the medial layer, compromise of

hemodynamics, a prolonged and clinically silent course, and

CLTI.

• The pathogenesis of MAC is unknown.



- SAD e MAC sono un importante Alert nella
rivascolarizzazione d‘arto

- Nell‘indicazione alla rivascolarizzazione vanno
associate a valutazioni emodinamiche

Conclusioni

SAD e MAC guidano la scelta terapeutica?



Ann Vasc Surg 2025

Conclusions
• MAC scoring showed significant promise both as individual predictor and

adjunct to current predictive models of long-term wound healing outcomes.
• Routine use of MAC scoring in chronic limb-threatening ischemia

evaluation, especially when noninvasive testing is unavailable, could
promote timely referral for intervention and efficient resource utilization in
limited-resource or critical care settings.

• Furthermore investigation is necessary to determine MAC's impact on
revascularization and how scoring can be used to guide surgical decision-
making.
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