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Peripheral arterial disease (PAD) 



Epidemiology 
•  8-30%	prevalence	among	diabe5c	pa5ents	

Jude	EB	et	al.	Peripheral	arterial	disease	in	diabetes	e	a	review.		

Diabet	Med	2010	

•  22%	in	newly	diagnosed	diabetes	type	2	
Mingardi	R	et	al.	SCAR	(SCreening	for	ARteriopathy)	Study	Group.		

Screening	for	peripheral	arterial	disease	by	means	of	the	ankle-brachial	index	in	newly	diagnosed	type	2	diabePc	paPents.		

Diabet	Med	2005.	

•  50%	in	diabetes	with	foot	ulcers		
Prompers	L	et	al	PredicPon	of	outcome	in	individuals	with	diabePc	foot	ulcers:	focus	on	the	differences	between	individuals	

with	and	without	peripheral	arterial	disease.	EURODIALE	Study	Diabetologia	2008	

	

•  Rarely	symptoma5c	because	of	the	frequent	concomitance	of	sensi5ve	motor	neuropathy	
Aiello	et	al.	Treatment	of	peripheral	arterial	disease	in	diabetes:	

	A	consensus	of	the	Italian	SociePes	of	Diabetes	(SID,	AMD),	Radiology	(SIRM)	and	Vascular	Endovascular	Surgery	(SICVE)	

•  Elsiever	2013	

	
	



Epidemiology 



Characteristic of PAD 

•  Rapid	progression	

•  Distal	and	bilateral	

•  Vascular	calcifica5on	

•  Reduced	neoangiogenesis	

•  Poor	collateral	vessels	



Characteristics of PAD 



§  By-pass	and	PTA	are	two	op5ons	to	treat	PAD	

§  PTA	is	a	safety	procedure		in	diabe5c	pa5ents	
with	cri5cal	limb	ischemia	

§  PTA	can	be	performed	in	pa5ents	with	many	
comorbidi5es	

§  High	rate	of	limb	salvage	(70-80%	a	1	year)	

Treatment	of	PAD:	revasculariza5on	



Epidemiology 

• Diabetes	and	renal	disease	are	independent	risk	factors	for	peripheral	
arterial	disease	

Norgren	L.	et	al	TASC	II	Working	Group,	Endovascular	Surgery	2007		

•  The	prevalence	of	PAD	among	pa5ents	with	end	stage	renal	disease	(ESRD)	
has	been	reported	in	up	to	77%		

Scheiffer	T.	et	al	J	Diabetes	Compl	1998	

•  ESRD	is	a	strong	risk	factor	for	both	ulcera5on	and	amputa5on	in	diabe5c	
pa5ents	

Luksha	N.	et	Al,	Clinical	Science	2011	

	
	





«Prior	amputa5on	was	related	to	previous	ulcer,	peripheral	arterial	disease	and	haemodialysis…»	

«Dialysis	treatment	was	independentment	associated	with	foot	ulcera5on.	Guidelines	should	
highlights	dialysis	as	an	important	risk	factor	for	foot	ulcera5on	requiring	intensive	foot	care.»	





Impaired resistance artery function in patients 
with end-stage renal disease 

•  Flow	mediated	dilata5on	is	
aYenued	in	ESRD	pa5ents	

• Dilata5on	in	response	to	
acetylcholine	was	reduced	

Luksha	N.	et	Al,	Clinical	Science	2011	





•  Dialysis	 pa5ents	 have	more	 vessels	 calcifica5on	 that	 can	 hamper	 the	 endovascular	
treatment	with	a	technical	poor		success	

	
•  In	pa5ent	on	dialysis	treatment	the	arterial	disease	is	more	distal	and	also	collateral	

vessels	can	be	involved		

•  Between	22%	and	44%	of	dialyzed	pa5ents	undergo	primary	amputa5ons	because	of	
ischemic	 lesions.	High	 short-term	mortality	 rate	 (3-17%)	 and	 low	 long-term	 survival	
rate	(45%)	can	nega5vely	influence	the	decision	to	undertake	revasculariza5on	

•  PTA	is	feasible	and	effec5ve	in	dialysis	pa5ents	with	PAD,	and	should	be	preferred	to	
other	more	invasive	interven5on	

	
	

Aiello	et	al,	2014	



Incidence of dialysis among diabetic patients with diabetic foot 
ulcer 
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..in	 conlusione,our	 data	 suggest	 that	
ESRD	 can	 influence	 the	 outcomes	 in	
terms	of	limb	salvage,	major	amputa5on	
and	death..	

60%	Limb	Salvage		

18%	amputa5on	

22%	death		



Dialysis	 increases	the	risk	of	Non	Healing,	
Major	 AmputaPon	 and	 Death.	 Specific	
factors	related	to	adverse	outcomes	were	
not	idenPfed	and	dialyzed	paPents	should	
be	considered	highest	risk	subjects.	

Meloni	M.	et	al,	2016	



•  Dialyzed	were	younger	than	not	dialyzed	

•  Approximately	60%	had	ischemic	heart	disease	

•  They	had	low	levels	of	lipids	

•  They	had	more	heel	ulcers	

•  They	had	more	vessels	affected	

•  They	need	more	rePTA	

•  They	had	more	technical	failure	both	at	PTA	and	rePTA	

Meloni	M.	et	al,	2016	



Revascularization in dialyzed patients 
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Peripheral	arterial	disease	in	diabe?c	pa?ents:	differences	between	dialysis	and	not		
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Vascular calcifications and dialysis 
•  Vascular	 calcifica5on	 (VC)	 is	 a	 pathological	 process	 occurring	 in	 response	 to	 an	 inappropriate	
environmental	 milieu	 .	 Local	 and	 circula5ng	 inhibitors	 of	 soi-5ssue	 mineraliza5on	 are	 down-
regulated	 in	CKD	pa5ents	 leading	 to	a	phenotype	 transforma5on	of	vascular	 smooth	muscle	cells	
into	osteocyte-like	cells	capable	of	undergoing	the	mineraliza5on	process.	

Moe	SM,	Chen	NX.	Mechanisms	of	vascular	calcifica5on	in	chronic	kidney	disease.	J	Am	Soc	Nephrol	2008	

Shroff	RC,	Shanahan	CM.	The	vascular	biology	of	calcifica5on.	Semin	Dial	2007	

•  Numerous	 risk	 factors	 have	 been	 reported	 for	 VCs.	 Some	 of	 these	 are	 ‘classic’,	 such	 as	 ageing,	
hypertension,	diabetes	and	dyslipidaemia.	

Stomp´or	T		et	al.	An	associa5on	between	coronary	artery	calcifica5on	score,	lipid	profile,	and	selected	markers	

of	chronic	inflamma5on	in	ESRD	pa5ents	treated	with	peritoneal	dialysis.	Am	J	Kidney	Dis	2003;	

	

Rufino	M,	Garcia	S,	Jimenez	A	et	al.	Heart	valve	calcifica5on	and	calcium	×	phosphorus	product	in	hemodialysis	pa5ents:		

analysis	of	op5mum	values	for	its	preven5on.	Kidney	Int	Suppl	2003	



Vascular calcifications in diabetic patients: 
differences between dialyzed and not 
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Proposed	 Fluoroscopy/DSA	 based	 Peripheral	 Arterial	 Calcifica?on	
Scoring	System	(PACCS):	in?mal	and	medial	vessel	wall	calcifica?on	at	
the	 target	 lesion	 site	 as	 assessed	 by	 high	 intensity	 fluoroscopy	 and	
digital	subtrac?on	angiography	(DSA)	assessed	in	AP	projec?on. 

Grade	0:	No	visible	calcium	at	the	target	lesion	site 

Grade	 1:	 unilateral	 calcifica?on	 <	 5	 cm;	 a)	 in?mal	 calcifica?on;	 b)	
medial	calcifica?on;	c)	mixed	type 

Grade	 2:	 :	 unilateral	 calcifica?on	 ≥	 5	 cm;	 a)	 in?mal	 calcifica?on;	 b)	
medial	calcifica?on;	c)	mixed	type 

Grade	 3:	 bilateral	 calcifica?on	 <	 5	 cm;	 a)	 in?mal	 calcifica?on;	 b)	
medial	calcifica?on;	c)	mixed	type 

Grade	 4:	 bilateral	 calcifica?on	 ≥	 5	 cm;	 a)	 in?mal	 calcifica?on;	 b)	
medial	calcifica?on;	c)	mixed	type 

Vascular	calcifica+on	above	and	below	the	knee	



Impact of heart failure and dialysis in the prognosis 
of diabetic patients with critical limb ischemia and 

foot ulcer 

Ø 104	diabe5c	pa5ents	with	cri5cal	limb	ischemia		

Ø man	(71/104)	68%;	woman		(33/104)	32%	

Ø age	68,5±1,05	years		

Ø diabetes	dura5on	21,5±1,2	years		

Ø mean	HbA1c	64,3±2	mmol/mol	

	

Ø Revasculariza5on	(endovascular	approach)	

Ø Surgical	debridement	

Ø An5bio5c	therapy		

Ø Offloading	

Ø Close	Follow-up	
	

Meloni	M,	2016	DiabePc	Foot	Study	Group	Conference	



Diabetes, heart failure and dialysis  
•  Group	1	(pa5ents	without	HF	and	without	D)		(HF-,	D-)		(49/104)		(47,1%)	
•  Group	2	(pa5ents	with	HF	and	without	D)	(HF+,	D-)		(20/104)		(19,2%)	
•  Group	3	(pa5ents	without	HF	and	with	D)	(HF-,	D+)		(20/104)		(19,2%)	
•  Group	4	(pa5ents	with	HF	and	D)	(HF+,	D+)		(15/104)		(14,5%)	
	
Heart	failure:	HF	was	considered	in	case	of	signs,	symptoms	of	HF	and			
ejec5on	frac5on	less	than	35%	or	preserved	ejec5on	frac5on	(35-50%)		
with	relevant	structural	heart	disease	(lei	ventricular	hypertrophy,		
diastolic	impairment)	
	
Dialysis:	D	was	considered	in	case		of	chronic	renal	replacement	therapy	



Results - Baseline characteristics 
Variables	 Group	1	 Group	2	 Group	3	 Group	4	 											χ	
Age	(years)	 68,2±1,4	 71,9±2,3	 66,1±2,1	 69,3±2,4	 0.3	

Sex	(male)	 70,3%	 66,7%	 76,9%	 78,9%	 0.65	

Diabetes	dura5on	(years)	 17,6±1,5	 23,9±2,4	 22,9±2,2	 23,1±2,6	 0.06	

Hypertension	 83%	 95%	 69%	 58%	 0.035	

Dyslipidemia	 80,8%	 95,5%	 50%	 73,7%	 0.004	

Smoke	 21,1%	 4,7%	 0%	 0%	 0.0015	

Anemia	 66,7%	 100%	 80,8%	 93,8%	 0.002	

Malnutri5on	 59%	 100%	 91,7%	 100%	 0.0001	

Inability	to	stand	or	walk	
without	help	

0%	 20%	 15,4%	 25%	 0.002	

Ulcers	size	(>5	cm²)	 63,6%	 85%	 69,2%	 100%	 0.003	

Foot	Infec5on	 55,5%	 86,9%	 73%	 84,2%	 0.0125	

Procalcitonin	 3,9%	 25%	 23%	 62,5%	 0.0001	

Pro-BNP	 716±273	 6305±2744	 11591±2992	 26063±6729	 0.0001	

PTA	complica5ons	 5,7%	 7,5%	 8,2%	 5,5%	 0.9	

Hospital	complica5ons	 19%	 47,3%	 23,1%	 50%	 0.03	

Group	1:	HF-,	D-.			Group	2:	HF+,	D-.			Group	3:	HF-,	D+.			Group	4:	HF+,	D+	



95,6	

62,5	

76	

37,7	

4,4	 6,3	 4	 6	

0	

31,2	

20	

56,3	

0	

20	

40	

60	

80	

100	

120	

Group		1	 Group	2	 Group	3	 Group	4	

LS		 MA	 De	

χ=0.0001	

LS:	limb	salvage					MA:	major	amputa?on			De:	Death	

LS	=	limb	salvage	
MA=	major	amputa5on	
De=	death	



Ø Group	1	(HF-.	D-):	-	amputa5on	4.4%	
																																				-		death	0%	

Ø Group	2	(HF+.	D-):		-	amputa5on	6.3%	
																																						-		death	31.2	

Ø Group	3	(HF-.	D+):	-	amputa5on	4%	
																																					-	death	20%	
	

Ø Group	4	(HF+.	D+):		-	amputa5on	6%	
																																									-	death	56.3%	

Low	risk	pa5ents	

High	risk	pa5ents	

Highest	risk	pa5ents	



Discussion 
•  PAD	is	a	severe	complicaPon	of	diabetes	

•  Dialysis	is	a	strong	risk	factor	for	foot	ulcer,	non-healing	ulcer,	major	amputaPon	
and	death	in	diabePc	paPents	with	PAD	

	
•  PAD	 in	dialyzed	paPents	 is	distal	with	 the	 involvement	of	 the	vessels	below	 the	
ankle	

•  Below	 the	 ankle	 arterial	 disease	 increases	 the	 risk	 of	 non	 healing	 and	 major	
amputaPon	



Discussion 
•  Vascular	calcificaPon	are	more	severe	in	dialyzed	than	in	not	dialyzed	

•  PTA	is	feasible	and	effecPve	in	dialysis	paPents	with	PAD,	and	should	be	preferred	to	
other	more	invasive	intervenPons	

	
•  Dialysis	increases	the	risk	of	restenosis	aeer	revascularizaPon	

•  Heart	failure	and	dialysis	leads	to	a	highest	risk	of	mortality	in	diabePc	paPents	with	
PAD	



Recent outcomes in diabetic  
patients on dialysis compared to 
previous data 

2003-2015	

65%	limb	salvage	

15,5%	amputa5ons	

19,5%	death	

2003-2012	

60%	Limb	Salvage		

18%	amputa5on	

22%	death		
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In	the	last	3	years	significant	reduc5on	of		amputa5on	and	
death	in	dialyzed	diabe5c	pa5ents	(approximately	10%)	
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