Diagnosis of Diabetic

Vasculopathy
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Peripheral Arterial Occlusive Disease in DM

1. "Framingham Heart study” 20% of PAD
had diabetes

2. Diabetes > 50yrs prevalence of PAOD
29% with ABI test (ama 2001) : higher than
previously estimated

3. Natural history of PAOD in diabetes may
worse than non-diabetes (more
cardiovascular events)

4. In critical limb ischemia outcomes are
worse, 30% amputations and 20%
mortality within 6Mo



Peripheral arterial disease Tx in Korea
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PAOD & DM-Ui-JisHUstuWE &

100 -

Comparison between Perioperative Risks between Claudication & Critical Limb Ischemia
Journal of Korean Vascular & Endovascular Surgery: 2002 kh Park et al.



Critical Ischemic foot




Critical Ischemic foot







Difference of PAOD location with DM

= Aortoiliac segments are frequently
free of disease

= Some arterial wall calcification in
femoropopliteal system, but patent
lumen

= Most severely affected in distal
popliteal arteries



Difference of PAOD location with/without DM
(Alexander 1994)

DM patient Non-DM patient
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HERHATIGN.ALWDEHJHG GROUP OM THE DIABETIC FOOT

International Working Group on the Diabetic Foot

Every year, more than 1 milion people with diabetes lose a leg as a consequence of thizs dizeaze. Thizs means that every 30
zeconds a lower limb i= lost to diabetes =omewhere in the world. The vast majority of thesze amputations iz preceded by a foot
ulcer. The most important factors relating to the development of these ulcers are peripheral neuropathy, foot deformities, minor
foot trauma, and peripheral arterial dizease (PAD). Once an ulcer has developed infection and PAD are major causes for

gmputation.




International consensus and practical guidelines
on the management and the prevention of the
diabetic foot

Probability of healing (%)
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Schematic estimate of the probability of healing of foot ulcers and minor amputations in relation to
ankle blood pressure, toe blood pressure and oxygen pressure(TcPo2) based on selected reports



Effectiveness of the Diabetic Foot Risk
Classification System of the International
Working Group on the Diabetic Foot

Table 4—Diserilaton of adverse outcomes after 3 years among the groups of the consensus classification

Mabetes Care 24:1442-1447, 2001

Group 0 Ok Group | aOR Goup 2 QR Group 3a QR Group 5h

{no new- {groups {neurmop- {gmoups {neuropathy, FVD {groups {previous ulcer, Lgroups Lprevious

ropathy) 1-3h) athyl F3h) andfor deformity) 2-3h) no amputation) a3k} amputationd  Total P
n e 21 51 42 12 212
Fallow-up uleer 40510 1000020449100 3(14.3) 32.0 (56— 1B 1LA) FLIAT FR5.7-1456)  24(558) 42 (L1-167) 16(B4.2) 540254 <0001
Fallow-up ampuatation. 0 TA4.5-12.8 0 1.6 (1.1-2.20 1 §2.00 9.2 (3.3-260013 9209} NS 7(36.8) 17 (18,1} <<0.001
Towlmy 0 — 0 — 1 (2 — &{1400 — (5.3 a3.a)
Midlcow ThA Qa —_ Qa — Qa — 2040 — H15.8) 50231 =000
BEA or AKA [ul —_ [ul —_ [ul —_ 1023 —_ 315.8) 410190
Rearnputations [ul —_ [ul —_ [ul 4.2 (2.7-6.4) 409,30 N5 3015.8) TO41.10 <0001
Followe-up bypass [a] G0 (3 B-G, ) [a] 230016330 1200 M5 204.7) M5 315,80 &2 Q001

Diata e n (%) or OF 036 CI)unless cberstse indicted . For lollow-up uleer, ollows-up ampu taion, Lesfray, mid leotrarsmetalacsal ampatation (THA), belewdhe lmee amputation (BLA), o dbovedhe

kmee amputabon (A KAY, and rermpulatons, P o< 0000 Tor [allow-up bymss, Po= 000],

Group Criteria Ulceration rate (%) Amputation rate (%)
0 no neuropathy 5 0
1 neuropathy, no deformity or vascular disease 14 0
2 neuropathy and deformity or vascular disease 19 3
3 previous ulcer or amputation 55 21




HERNATIGNAL WORKING GROUP ON THE DIABETIC FOOT

International Working Group on the Diabetic Foot

Definition Treatment recommendations

Suggested follow-up

0 Mo LOPS, no = Patient education including advise Annually (by
PAD, no on appropriate footwear generalist and/or
deformity specialist)

1 LOPS + = Consider prescriptive or Every 3-6 months (by
deformity accommodative footwear. generalist and/or

= Consider prophylactic surgery if
deformity 15 not able to be safely
accommodated in shoes. Continue
patient education.

specialist)

2 PAD £ LOPS = Consider prescripbive or ;" Every 2-3 months (I:w
accnmmadna-twefuﬂﬁmear-__ *,, specialist)
/fCDnmder vascular consultation ﬁx I LT
\n:c:mbmed follow-up. ‘,z
3 History of ulcer = Sam@ﬁs‘ceﬁegnw I"'—__ Every 1-2 months (by

or amputation » Consider vascular consultation for
combined follow-up If PAD present.

specialist)

* LOPS(loss of protective sense: Neuropathy), PAD(peripheral arterial disease)




DDx foot wound with DM patient

Neuropathic ulcer Ischemic wound



Diagnosis of Ischemia

» Status of Ischemia ?

» What condition of
femoral, crural artery?




Symptom of Chronic Ischemia

Claudication
Coldness
Atrophy
Paresthesia
Gangrene
Ulceration

Cyanosis



Clinical categories of chronic limb ischemia

Reporting standards in Lower leg ischemia
Scale for gauging changes in clinical status

Category Clinical description Objective criteria
0 Asymptomatic—no hemodynamically Normal treadmill or reactive hyperemia test
significant occlusive disease
1 Mild claudication Completes treadmill exerciset; AP after
exercise >50 mm Hg but at least 20 mm Hg lower
than resting value
Moderate claudication Between categories 1 and 3
Severe claudication Cannot complete standard treadmill exerciset
and AP after exercise <50 mm Hg
Ischemic rest pain , flat or barely pulsatile
ankle or metatarsal PVR; TP <30 mm Hg
Minor tissue loss—nonhealing ulcer Resting AP <60 mm Hg, ankle or metatarsal
, focal gangrene with diffuse PVR flat or barely pulsatile; TP <40 mm Hg
pedal ischemia
Major tissue loss—extending above Same as category 5
foot no longer salvageable




Clinical categories of chronic limb ischemia

Reporting standards in Lower leg |schem|a
Scale for gauging

Category Clinical description P 8
0 Asymptomatic—4r0 hemodynamically i -3 remia test
significant occlusive dise
1 Mild claudication % P after
' £ 20 ram Hg lower

Moderate claudication
Severe claudication ' ull exerciset
T Hg
Ischemic rest pain yarely pulsatile
0 mm Hg
Minor tissue loss—nonhealing Jlcer ' I metatarsal
, focal gangrene with difuse <40 inm Hg
pedal ischemia
Major tissue loss—extending above
foot no longer salvageable




Clinical categories of chronic limb ischemia

Reporting standards in Lower Ieg |schem|a
Scale for gauginc

Category Clinical description :
0 Asymptomatic—no hemodynamicall mia test
significant occlusive dis
1 Mild claudication o5 after
: 0 r1m Hg lower

Moderate claudication
Severe claudication

iI5chemic rest pain

Minor tissue loss--nonhealing ulce
, focal gangrene with diffuse
pedal ischemia

Major tissue loss—extending above

foot no longer salvageable




Clinical categories of chronic limb ischemia

Reporting standards in Lower leg ischemia
Scale for gauging changes in clinical status

Category Clinical description
0 Asymptomatic—no hemodynamically
significant occlusive disease 3
Mild claudication : sef; AP after

hyperemia test

t least 20 mm Hg lower

Moderate claudication

Severe claudication readmill exercisef

5) mm Hg
at or barely pulsatile

P <30 mm Hg
Minor tissue loss—nainealing ulcer kle or metatarsal

. foCai gangrene with diffuse 2; TP <40 mm Hg
nedal ischemia
Major tissue loss—extending above
foot no longer salvageable

Ischemic rest pain




American Diabetes Association

-Consensus Conference about PAD in People with Diabetes -

s VVascular lab evaluation

1. Segmental pressure

2. Pulse volume recorder

= Imaging studies
1. Duplex scan

2. Contrast angiography
3. MRA



Vascular Laboratoy study
: SR |sSEA/EFSA

e PAOD is hemodynamic rather than anatomic defect!

e Noninvasive, easily repeat, screening method




g3)|=2 M (Noninvasive Vascular Laboratory)

e Segmental Pressure (ABI)
e PVR (Pulse Volume Recorder)

e PPG (photoplethysmography)




PAOD is hemodynamic rather than anatomic defect !
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Vascular Lab

Segmental
arterial pressure

Four cuff method

Thigh atfgroin / above
knee / Calf / Ankle

normal gradient : less
than 20-30mmHg



Vascular Lab

ABI (Ankle/Brachial systolic Index)

1. Simple, reproducible, common

noninvasive method

2. Screening ABI should be performed « @
>50yrs of diabetes

3. But falsely high due to
mediasclerosis :15%-40%{ Lefto.

1996)




Vascular Lab

Pulse volume recorder
1. Strain gauge(mercury) method

2. Air-plethysmography : easy, standard



Vascular Lab

Pulse volume recorder
1. Apply pneumatic cuff

Thigh — 18 * 36cm
Calf -12 * 23cm

2. Cuffs are inflated
65mmHg

Thigh - 400%=75ml
Calf -75 =+ 10ml

3. Recordings are made
successively



Vascular Lab

Pulse contour of PVR

normal

steep upstroke, downslope,

prominent dicrotic wave

occlusive

Normal

1. absence of dicrotic wave Apnormal

Normal and abnormal pulse volume contours recorded

at ankle level. Normal form shows a prominent dicrotic wave on the
2. peak becomes delayed and

downslope. Cuff pressure, 65 mmHg; cuff volume, 75 ml.

rounded
Severe occlusive
1. rise and fall nearly equal,

amplitude decrease



Vascular Lab

PVR correctly assess patency of femoral artery in
97% (kempczinski et al.)

Positive & negative predictive value in aortoiliac
disease 64%, 87%, and in femoropopliteal disease

91%, 85%
Accuracy of combined test

: simultaneous use of PVR and segmental pressure

: 86 — 100%



Localization of occlusive lesion with PVR results

OLIC UNIV:HOSPITAL
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Localization of occlusive lesion with PVR results

Lower Arterial PVR Address 1 Address 1
Date/Time: 120 Address 2
O ] = = Address 3
Last name: ID: 1157574 DOB: 25 / 07 / 1945 Examiner: Jin Jeong-Eun Address 4
First name:v. v,y ~ i Sex: M Age: 59 Ordering Physician: Dr Park Address 5

Rt Thigh

Lt. Thigh

DREGU W

RIGHT" " LEFT
D141 BRACHIAL [142]p

PVR Rt. Below Knee G=9 T=5s Lt Below Knee

Rt Ankle G=8 T=5s Lt Ankle G=9 T=5s

Right femoral artery occlusion



Vascular Lab

Toe pressure

Because calcification of the digital
vessels is less pronounced than in
proximal metatarsal, plantar, tibial
vessels, it can be measured
accurately than ABI



Vascular Lab
Toe pressure with Photoplethysmography

Toe pressure is useful in DM

Normal toe index is 0.75, less
than 0.25 in severe occlusive

disease

Carter. Foot ulcer heals toe

pr > 30mmHg in non DM,
55MHg in DM

Bone and Pomajzl. Failure of
toe amputations in all patients

with <45mmHg




Vascular Lab
Toe pressure with Photoplethysmography

Lower Digit Address 1 Address 1
Date/Time: 16 /05/2003 03:29 Address 2
= = Address 3

Last name: Baek ID: 91569 DOB: 23/ 06 / 1952 E: 2 Jin Jeong-E! Add 4
First name: Chang - Soon Sex: M Age: 50 Ordering Physician: Dr Park Address 5

Toe pressure is useful in DM

Normal toe index is 0.75, less

PPG Lt Gt Toe

6L T =7 7=55 8
ot A {\\/\/\ A
4 NAN, b N
PPG _ LL 2nd Tos =7 7=55 8

than 0.25 in severe occlusive

disease

Carter. Foot ulcer heals toe

pr > 30mmHg in non DM,
55MHg in DM

Bone and Pomayjzl. Failure of

toe amputations in all patients

with <45mmHg

Notes
Finding ; Normal wave from in potpplethysmography and toe pressure

Result : Normal arterial circulation in toe




otoplethysmography
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Photo-plethysmography
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Toe photo-plethysmographic waveforms




Case.

No macro-angiopathy in DM foot ulcer

Lower Arterial PVR Address 1 Address 1
Date/Time: 03/07/2004 10:56 ::gress ;
Last name: Yoo 1D: 841798 DOB: 04 / 09 / 1927 Examiner: Jin Jeong-Eun Addiiasd
First name: Ohk - Nam Sex: F Age: 76 Ordering Dr Park Address §

Rt. Thigh 5= 5 PVR Lt. Thigh  T=55

2

H

o

hbbhiabl

PVR Rt. Above Knee G=9 T=5s PVR Lt Above Knee G=9 T=5s

od BRACHIAL ko

PVR Rt Below Knee G=9 T=5s PVR Lt Below Knee G=9 T=5s

£

o Lo

PVR Lt. Ankle =9 T=55

Lo

PVR Rt. Ankle G=9 T=55

2

Notes
Normal arterial pulse wave form and segmental pressure in both leg artery from femoral artery to ankle

but no pulsation at right dorsalis pedis artery (R/O ant. tibial artery occlusion)




Case. No macro-angiopathy in DM foot ulcer

Lower Arterial PVR Address 1 Address 1
Date/Time: 08 /07 /2004 15:32 Address §
Last name: Kang ID: 1142522 DOB: 11/ 08 / 1937 Examiner: 7 Address 4
First name: Sang - Soon Sex: M Age: 66 Ordering Physician: Dr Park Address 5

G=10 T=5s

Rt. Above Knee

Rt Below Knee

Rt Ankle

RIGHT P:LEET
o[142] BRACHIAL [143]p
0.99 1.00

PVR

Lt Above Knee

LL Below Knee

Lt Ankle

Notes

finding : normal pulse wave form(triphasic) and arterial pressure in both femoral artery to ankle level




Case. Toe pressure in DM foot ulcer

Age: b/ Urdenng FRysician: Ur Fark i

Lt Thigh

PVR LL Above Knea G=9 T=55

o[140] BRACHIAL [143]D
0.98 1.00
{ \

PVR Rt Below Knee B A T

Lt Below Knee

0.74 0.68

[141]D [PVR__ Lt Metatarsal G=8 165

) 0.99 na
63 p

. [ "'p W
W! ! I 0.44 0z
Ll

Notes
Finding : right femoral and popliteal artery shows decreased pressure and pulse wave form

Results: R/O right iliofemoral artery occlusion

1 further luation as CT. am




Photo-plethysmography

e T

Lowet. D Address 1 Address 1
Date/Time: 06 /01 /2004 08:34 Address 2
ress
Last name: Yoon 1D: 8135 DOB: 26 / 11 / 1928 Examiner: Jin Jeong-Eun Address 4
First name: Tak Sex: F Age: 75 Ordering Physician: Prof. Park Aimess
[PP6 1t 6t Too ___ G=51-5: [N
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Photo-plethysmography




Transcutaneous oxygen tension

Quantitative estimation of cutaneous
oxygen delivery

Reflect metabolic state of the target
tissue, rather hemodynamic changes

Not detect moderate arterial
occlusion, only severe occlusion

Limit accuracy, hyperkeratosis,
edema, cellulitis

Useful in predicting amputation,
wound healing

Wound heal > TCPO, 30mmHg, fail <
TCPO, 20mmHg




Imaging studies in DM foot



Imaging studies in DM foot

Duplex scan
CT-angiogram
MR-angiogram

Conventional angiogram



Duplex scan

e Gray scale B-mode image
e Color flow image
e Pulsed doppler spectral waveform analysis

L
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A
P
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DM with CRF
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DM with CRF

 Non invasive
T © easily repeat

L DAEGU CATHOLIC UNI m Fr#155 39cm

e lower cost

150dB/C3
Persist Med
Fr Rate High
2D Opt:Gen

* subjective
| long time

» collateral evaluation(-)

el T
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MD(multi detector row)-CT Angiogram

Breakthrough in CT
technology 1998

Thinner reconstruction ,.f,f\_ il _f\ \ \
\ v Sprial CT

Improved longitudinal
resolution — 3D

Various arterial system m[]/ 1Y &%ﬂ/
(Cerebral, Coronary, AR
peripheral) were in

studying




MD-CT Angiogram

OPD base perform
No pain, No fear
Low cost

Easily done in emergecy -

Hematoma
Infection



Tibioperoneal artery in MDCTA




Tibioperoneal artery in MDCTA
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phy Angiogram as the Sole

Computed Tomogrd
nal Arterial Surgery

Multi Detector Row
for Infraingui

Preoperative Imaging
D., Soon Jae Jung, MDD, Dong Rak Choi, LD
Sung Hwon Park, MD.

Ho Park, MD.

M.D.. Ki Hyuk Park, M.
M.D., Han I Lee, M.D.,
M.D. and Ki

Soo Bum Kwon,
pPae Hyun Joo,

Yong Woon Yu,

u, Korea

Schoot of Medicine, Dasgu Catholic University, Dacg

Deparimenit of Surgery.
A) as the sole prt:{s{x:ratiw:

Purpose: To assess the suitability of mmltidetector TOW C7T angiogram (MDCT
infrainguinal arterial surgery. Method: From March 2002 w© September 2003, 75 patients {24
1 limb-threatening jschemia) were smdied with MDCTA prc{;[x:ra[ivcly. Wwe compared the
a outflow site changes betwotd [m‘:o[x‘:rativc planning based on MDCTA and the results
MDCTA was interpreted bY the same yascular Surgect, and arterial segments from the
reviewed. Surgery plans were formulated hased on ariedal anatomic and hemnodynamic
| diagnostic value and test related were also studied. Result: Twenty-
had conventional angiogram after MDCTA scan = ment at inflow site
for complement of MDCTA, althongh the oper nent
plan based on MDCTA and final operation W
alcified iliac artery was ambignous in routine image bt
complications related

imaging for
claudicants, 4
surgical inflow an
of final operadon.
renal artery 1O foot were
characteristics. Additiona

complications
9 for interventional treat
fion plan was not changed. The agreet
as 100% even in critical Jimb ischemia.
it could be solved using

o the test

one patients
and 12 patients
herween pmo;x:ralivc

In 11 patients fortuous ©
the other specific functional option of MDCTA. There were Do serions
findings suggest that MDCTA is an adequate prcu;x‘:ra[iw:. imaging study of infrainguinal
entional angiogram without any serious complication.

Conclusion: These
arierial Surgery and that it may be substituted for conv
onal options of MDCTA help resolve jts defect.

The particular functi




MR angiography

Contrast(gadolinium)-enhanced MRA
Minimal risk of nephropathy

Some reports MRA is superior to DSA for distal
artery imaging (image blood flow as slow as
2cm/sec)

Tends overestimate stenosis



MR angiography

DPA with MRA

DSA

ible in

ISI

No v



DM with 78yrs old with Nephropath




Conventional angiography

No more standard for vascular imaging

Endovascular theraphy (balloon angioplasty,
thrombolysis) at same time

Intra-arterial digital subtraction
angiography(DSA) scan especially for digital
artery in foot

Contrast-induced nephropathy higher in DM(13%)
anes iz, 955) DUL ONly small fraction require long term
dialysis



Conventional angiography




Gonventional Angiogram during Endovascular Theraphy




Paramalleolar artery in Angiogram

e Dorsalis pedis artery is the most common
distal outflow in DM spared in 70% of DM (aenzoian 19s9)

e Never terminate at the midtibia level




Paramalleolar artery in Angiogram

e Dorsalis pedis artery is the most common
distal outflow in DM spared in 70% of DM(Menzoian 1989)



Summary

Comprehensive approach with
noninvasive hemodynamic & imaging
study for diagnosis ischemia in DM
foot wound management

Noninvasive hemodynamic study for
screening method, selective imaging
evaluation for anatomic study



62/M, DM for 10yrs, Hx: Lt 3'd toe amputation due to infection

CONSULTATION REPORT

Hame Sersége M /B8 Status EEAME Room N 742 Hespital Ho, 00331029

HOBPITAL REGULATIONS © Complete and Report Consultations Within 24 Hours of Receipt Request,

REQUEST FOR COWSULTATION TO 2] 1t uh7 = [2108]
A FPHYSICIAN OR SERVICE
Summary of Present Findings,

PESFEUDY W4

HAEA known DM pt 2 W 2393 Rt 2nd distal phalansd] wound 3 A
self dressing 5191 24 3 90 2/92 3 LMC 251 conservative Tz, 1924
necrotic change BH 2EY A8 Bt oz EH Jgstd Ee8

A7 Z4e] ZEbH {2 management 1A F0 S8 DR} consult EHUTH

50 D34 sEUDL Faunh

DATE 2013-02-12 2% 441:29  3IGNATURE OF PHYSICIAN B8 et [2289] M. D.

REPORT OF CONSULTATION Request Received

Opinion and Recommendation; Impression; Comment DATE




62/M, DM for 10yrs, Hx: Lt 3'd toe amputation due to infection

Lower Digit Address 1 Address 1
Date/Time: 07 /12/2012 09:13 Address 2
= = Address 3
Last name: Kim Sex: M DOB: 05/ 10/ 1949 Examiner: Address 4
First name: Jeong hwa ID: 1284845 Age: 63 Ordering Physici Address 5
Mame
I
REQUE
Surmnma
asH| RE Gt Toe 6=9 1=55 PPG Lt Gt Toe =7 1=5s 8
Enkiy . )
self dr| 4 BRACHIAL [
Sl ™Sl TSl
necrot: '
47 3| | S R 2nd Toe G=10 =55 PPG Lt 2nd Toe G=10 1=55 |
Ak
10 PPG Rt. 3rd Toe G=10 T=5s -
DATE | |
\/\/\/‘\/’“\/_\/‘
REPOF| 1
Opinio PPG RE 4th Toe G=107=5s PPG Lt 4th Toe G=7T=55],
\/\/-.\/\/—\N
o[PPE RtShToe  G=107=5s| [PPG TisthToe  G=0T=5s],
e ¢ 5t ] \/\NW

Notes
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Ca Blc 9.9 ng/d g 0. 1211061459 12-11-06 09:27
Phosphorus Blc 3.8 ngsd 2.5 4.5 1211061459 12-11-06 09:27
Uric acid Blc 4.9 ng/d 34 7 1211061459 12-11-06 09:27
Ha Blc 142 nEa/L 135 148 1211061459 12-11-06 09:27
K Blc 4.9 nEa/L 36 R 1211061459 12-11-06 09:27
4] Blc 102 nEa/L 93 10 1211061459 12-11-06 09:27
Total CO02 Ble 24 ol /L 22 28 1211061459 12-11-06 0927
HOL cheol Ble 48.3 ng/dt E51 fasting 1211061459 12-11-06 09:27
.Hh AMc Blc 1211061460 12-11-06 09:42
Hb Alc Blc 9.4% 4.4 6.3 1211061460 12-11-06 09:42
IFCC Blc 79. 2 mnal/mol 1211061460 12-11-06 09:42
eAG Blc 223.08 no/dt 1211061460 12-11-06 09:42
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After tibial artery balloon angioplasty 14days : aggravated
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Lower Digit
Date/Time: 10/01/2013 16:42

Address 1

Last name: Kim

First name: Jeong hwa

Sex: M DOB: 05/ 10 / 1949 Examiner:
Age: 63 Ordering Physician:

Address 1
Address 2
Address 3
Address 4
Address §
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BRACHIAL

Notes

P:9
Zoom : 172.27%
WL : 32767



Revascularization + Amputation
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Date/Time: 12/02 /2013 16:37 Address 2
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Last name: Kim Sex: M DOB: 05/10 / 1949 Examiner: Address 4
First name: Jeong hwa ID: 1284845 Age: 63 Ordering Physician: Address 5
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