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So, All Ulcers are VASCULAR



Why else? – cost imperatives



Why else? – cost imperatives

 

Ineffective compression

5 months – insidious onset. 

Venous ulcer



Receipts
Monthly costs
A$980



Ineffective wound care - 2

◼ 34yo

◼ Ulceration: 3 months. 

◼ Unable to work.



Poor management - 2

◼ 34yo

◼ 3months ulceration. Unable to work.

◼  Dressings – erratic protocol 

◼  6 courses of antibiotics

◼ “Regular appointment on Friday 
afternoon for more antibiotics”

◼ Currently on Cipro & Septrin Forte 



It gets worse…

◼ Plastics admission 

– Antibiotics of course!!

◼ Plan…

– Plastic surgical Outpatients

– Consider excision & skin 
grafting …

...advised to avoid stockings



◼ Before plastics …

◼ Clinically evident VV’s

Vascular assessment 



◼ Duplex assessment

◼ Large incompetent 
Great Saphenous vein 

– Leading all the way to 
the area of ulceration

Vascular assessment 



Why else? 
  – Patient imperatives

   Iatrogenic injury

 (Health-care 
 associated)

 Saphenous 
 vein harvest
 



Diagnosis helps prevention…
 Pressure Ulceration



Why else? 
  – Patient imperatives

 Iatrogenic injury

 Health-care associated

 
 Pressure injury

  
Compression



Why else? 
  – Patient imperatives

 Iatrogenic injury

 Health-care associated
 
 Radiation skin injury
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    Others
 Vasculitic

 Iatrogenic/Trauma

 Malignancy

 Drug eruption

 Congenital disorders
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ULCER AETIOLOGY
Venous

Arterial

Neuropathic

Lymphoedema
 Others Vasculitic

  Iatrogenic / Trauma

  Malignancy

  Drug eruption

  Congenital disorders

Mixed Aetiology
Increasingly aged population

Prevalence of Diabetes, Obesity 

& Renal failure / dialysis
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Diabetic
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Neurological

  
  
 

 



…..ULCER MANAGEMENT

Compression

Revascularisation

    
 

 

Off-loading
 



The natural history of Type 2 Diabetes is 

characterised by a slow progression from a 

low-risk to high-risk State.

1) onset of ‘prediabetic’ changes in glucose 

    metabolism

2) the prevalence of undiagnosed diabetes

3) eventual diagnosis of diabetes. 

But, macrovascular complications commence 

long before during the threshold for diagnosis 

of diabetes     

Diabetes: Silent Epidemic 

Neuropathy too.

- occurs with normal HbA1C

- OGTT more diagnostic



How does Diabetic 
Vascular Disease differ 
from atherosclerosis?

Affects younger patients (if poorly controlled)

No sex differences 

Rapidly progressive

Increased calcification

Impaired Endothelial function

More  distal vessels affected 
Smaller vessels 

have poor 

outcomes in 

vascular surgery



Anatomical Patterns of 
Diabetic Vascular 
Disease

multinominal logistic regression  

EJVS Diehm et al. 2005  



Small Vessel Disease –

 Calcification



Assessing the Diabetic Foot

◼ The “High-risk” diabetic foot
• Neuropathy (greatest contributor)

◼Sensory (pain, temperature stimuli)

◼Motor (intrinsic muscles –deformity)

◼Sympathetic (impaired autoregulation)

• Impaired immunity – specific bacteriology

• Impaired Vascularity

• Impaired Vision - Accidents / poor hygeine / awareness  



The Diabetic Foot

• 7% of the Australian population T2 DM (2.3M)

• 15% develop a foot ulcer In lifetime  (345,000)

• 500,000 hospital admissions and 12,000 deaths 
attributed to the condition in 2004 alone 

(Lazarrini 2012)

Those admitted with foot ulcer have:

 Significant rates of limb amputation

 Mortality risk



Neuropathy - deformities



The Gold Coast Diabetic Foot 



The Diabetic Foot
• 7% of the Australian population T2 DM (2.3M)

• 15% develop a foot ulcer In lifetime  (345,000)

• 500,000 hospital admissions and 12,000 deaths 
attributed to the condition in 2004 alone 

(Lazarrini 2012)



Diabetic Foot -Pathophysiology

Neuropathy Microvascular Macrovascular



3 Factors in Diabetic foot salvage

Wound Ischaemia

     Infection



“The stairway to 
amputation”

    Major amputation

     Sepsis

       + Vascular disease

  Foot Ulceration 

 Neuropathy

Diabetes / Metabolic Syndrome

Acute 

Diabetic 

Foot

High-risk 

Diabetic 

Foot

At Risk 

Diabetic 

Foot



Guidelines



High-risk foot referral portal
High-risk foot (Vascular) (Condition) - Refer Your Patient (health.qld.gov.au)

https://www.goldcoast.health.qld.gov.au/referrals/conditions/high-risk-foot-vascular


Diabetic foot infection





WOUND MANAGEMENT 
PRIORITIES

◼ Determine Viability

◼ Drain Sepsis

◼ Ensure Vascular Supply

◼ Treat Infection

◼ Determine Aetiology

◼ Debridement

◼ Granulation / Wound Contracture

◼ Epithelisation

◼ Prevention



Needs drainage

Look for tracking of  
sepsis

Extent of infection?



Temporising measures

 Drain pus / open tracts / joint cavities



HIERARCHY of PRIORITIES- 
A Vascular Surgeon’s Perspective

◼ Determine Viability

◼ Drain Sepsis

◼ Treat Infection

◼ Determine Aetiology

◼ Ensure Optimal Vascular Supply

◼ Debridement

◼ Granulation / Wound Contracture

◼ Epithelisation

◼ Prevention



DETERMINE AETIOLOGY

◼ History. 
– Pain: severe  Arterial 

moderate Vasculitic  

mild  Venous  

None  Neuopathic

◼ Examination Co-existent signs

  Peripheral pulses.

◼ Pathology. 
– Biopsy. (Unusual & chronic wounds)

◼ Radiology.



Arterial assessment

◼  Determine aetiology

◼  Plan revascularisation (deliver 02)

◼  Avoid injury

◼  Apply compression when 
revascularization required.



Non-invasive assessment 
techniques
◼ Peripheral pulses and 

bruits

◼ Ankle brachial index 
(Doppler)

◼ Doppler velocity 
waveform

◼ Duplex ultrasound 
scanning

◼ Magnetic resonance 
angiography

Belch JJF et al. Arch Intern Med 2003; 163: 884-92.; TASC Working Group. J Vasc Surg 2000; 31: S1-S296.



85

80

145 150

120

115
Dorsalis Pedis Dorsalis Pedis

Posterior 

Tibial

Posterior 

Tibial

Brachial Brachial

Right ABI

 =  85
    150

 = 0.57

Left ABI

 120
    150

 = 0.80

How to calculate the ABI

Belch JJF et al. Arch Int Med 2003; 163: 884-92; Hiatt WR. N Engl J Med 2001; 344: 1608-21. 



ABI values and clinical severity

Ankle-Brachial Index Interpretation

>1.30 Non compressible

>0.90-1.30 Normal

0.41-0.90 Mild-to-moderate PAD

0.00-0.40 Severe PAD

Belch JJF et al. Arch Intern Med 2003; 163: 884-92; Hiatt WR. N Engl J Med 2001; 344: 1608-21.



Arterial Assessment – Caveat

Ankle-Brachial Index Interpretation
 >1.30 Non compressible

Nb. Calcified or non-compressible arteries may 

lead to falsely elevated ABI readings → 

   
attempt toe-brachial 

index instead .    



Haemodynamics

Early 

diastole

rebound 

reverse flow

Zwiebel WJ, 1982; Aburahma AF, Diethrich ED, 1988.

Systole
expansion

forward 

flow

Late 

diastole
expansion

forward flow



Interpreting Doppler 
waveforms

Triphasic waveform

◼ Indicates normal blood flow



Interpreting Doppler 
waveforms

Biphasic waveform

◼ Indicates mild-to-moderate flow 
impairment



Interpreting Doppler 
waveforms

Monophasic waveform

◼ Indicates severe flow impairment



Ultrasound (duplex)

◼ Non-invasive

◼ Cheap but time consuming

◼ Operator dependent- experience, enthusiasm

◼ Requester dependent

◼ Not good for fat people 

◼ Calcified vessels difficult to insonate

◼ Calcific walls contribute to reverberation artefacts



◼ Cheap but time consuming

◼ Operator dependent- experience, enthusiasm

◼ Requester dependent

◼ Not good for obese people 

◼ Calcified vessels difficult to insonate

◼ Calcific walls contribute to reverberation artefacts

* Somewhat limited in advanced diabetic disease

Ultrasound 
(duplex)



CTA

◼ Expensive

◼ Iodinated contrast

◼ Radiation

◼ Scanner and operator dependent

◼ Very demanding to interpret

◼ Good for obese people 

◼ Good for big vessels

◼ No good with calcium



CTA can be great

◼ normals

◼ no calcium

◼ good kidneys

◼ big vessels



…but CTA is  no 
good when…

◼ calcified vessels 

◼ small diameter 
vessels

◼ Renal issues 
(Iodinated contrast & frail 
kidneys)

* Very limited in advanced 

diabetic disease
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HIERARCHY of PRIORITIES- 
A Vascular Surgeon’s Perspective

◼ Determine Viability

◼ Drain Sepsis

◼ Treat Infection

◼ Determine Aetiology

◼ Ensure Optimal Vascular Supply

◼ Debridement

◼ Granulation / Wound Contracture

◼ Epithelisation

◼ Prevention



DETERMINE AETIOLOGY

◼ History. 
– Pain: severe  Arterial 

moderate Vasculitic  

mild  Venous  

None  Neuopathic

◼ Examination Co-existent signs

  Peripheral pulses.

◼ Pathology. 
– Biopsy. (Unusual & chronic wounds)

◼ Radiology.



Arterial assessment

◼  Determine aetiology

◼  Plan revascularisation (deliver 02)

◼  Avoid injury

◼  Apply compression when 
revascularization required.



Non-invasive assessment 
techniques
◼ Peripheral pulses and 

bruits

◼ Ankle brachial index 
(Doppler)

◼ Doppler velocity 
waveform

◼ Duplex ultrasound 
scanning

◼ Magnetic resonance 
angiography

Belch JJF et al. Arch Intern Med 2003; 163: 884-92.; TASC Working Group. J Vasc Surg 2000; 31: S1-S296.



Revascularisation.
What options do we have?

Conservative

Angioplasty / Stent

Bypass 

Primary Amputation

Palliation

Leg ulceration 
or tissue loss ?



Bypass for Lower Limb  
Revascularisation



MANAGEMENT- Endovascular



Diabetic 

Macrovascular 

Disease 

(DSA)





Endovascular
Facilities.

Expensive
Resource -
intensive

Shorter adm.
Recovery of                 
function.
Healing
Less pain



VENOUS ULCER

◼ SITE- near medial or 
lateral malleolus.

◼ APPEARANCE- flat 
shallow margins, 
variable size,heavily 
exuding.

◼ PERIWOUND- stasis 
dermatitis, 
scale,maceration.



VENOUS LEG

◼ Staining of lower leg.

◼ Induration of ankle.

◼ Ankle flare - 
distended small 
venules on the medial 
aspect of foot.

◼ Oedema.

◼ Friable skin.

◼ Stasis dermatitis.



SIGNS OF
VENOUS INSUFFICIENCY

Stasis changes 

Precursor to Ulceration

 Haemosiderin

 LipoSclerosis (soft 

tissues)

 Dermatosclerosis

 Venous Flares / spiders

 Oedema



Massive 
Varicose 
Veins



Venous stasis 
oedema



Compression Therapy
Compression Bandaging 

Tubular (retention dressing)

Multi-layer Tubular
3-layered bandage
Variable stretch bandage
 
4-layered bandage
 Specialised Nursing
 Gradual introduction

   
 Short-stretch 

bandaging

Compression stockings

TEDS  Bed-bound

Grade 1 (15-20mmHg) 
elderly / intolerant

Grade 2  (20-30mmHg)
 preferred
    aids can be employed

Grade 3 (25-35mmHg)
 Compliance is difficult

Compliance
?Reason – Fitting
   Wearing

   Removing



Compression Therapy

Rest /elevation / Antibiotics

Venous stasis eczema / 
ulceration & cellulitis



Compression Therapy
Compression Bandaging 

Tubular (retention dressing)

Multi-layer Tubular
3-layered bandage
Variable stretch bandage
 
4-layered bandage
 Specialised Nursing
 Gradual introduction

   
 Short-stretch 

bandaging

Compression stockings

TEDS  Bed-bound

Grade 1 (15-20mmHg) 
elderly / intolerant

Grade 2  (20-30mmHg)
 preferred
    aids can be employed

Grade 3 (25-35mmHg)
 Compliance is difficultForced compliance!



Compression Therapy
Compression Bandaging 

Tubular (retention dressing)

Multi-layer Tubular
3-layered bandage
Variable stretch bandage
 
4-layered bandage
 Specialised Nursing
 Gradual introduction

   
 Short-stretch 

bandaging

Compression stockings

TEDS  Bed-bound

Grade 1 (15-20mmHg) 
elderly / intolerant

Grade 2  (20-30mmHg)
 preferred
    aids can be employed

Grade 3 (25-35mmHg)
 Compliance is difficult

Need to check pulses and 
ABPI’s



ABI values and grade 
of compression.

Ankle-Brachial Index Interpretation

>1.30 Non compressible

>0.90-1.30 Normal

0.41-0.90  Mild-to-moderate PAD

0.00-0.40  Severe PAD

Belch JJF et al. Arch Intern Med 2003; 163: 884-92; Hiatt WR. N Engl J Med 2001; 344: 1608-21.

ABPI 0.8 - 0.9 Compress

ABPI 0.6 - 0.8    Light

ABPI 0.4 – 0.6 No compression





Never compress an Arterially 
Compromised Limb

Need to check pulses and ABPI’s



Evidence  for Venous intervention



Surgery & Endovenous Therapies

Radiofrequency

MechanoChemical 
Sclero

Sclerotherapy

Laser



Vascular Assessment



Vascular Assessment



SUITABLE FOR ENDOVENOUS Rx (EVT)?

Endovenous 

Ablation sclero

>6mm

Straight
<6mm

competent

tortuous

Ultrasound 

Guided

Sclerotherapy



SUITABLE FOR ENDOVENOUS Rx (EVT)?

Endovenous 

Ablation sclero

>6mm

Straight

competent

Deep 

Venous 

Insufficiency



PRACTICAL PRIORITIES

◼ Ensure Vascular Supply

◼ Drain Sepsis

◼ Treat Infection

◼ Determine Aetiology

◼ Debridement

◼ Granulation / Wound Contracture

◼ Epithelisation

◼ Prevention



Debridement



DEBRIDEMENT
To debride or not (bony prominences etc.) 

Mechanism Surgical

    Mechanical  ultrasonic

       suction

       dressings

    Chemical dressings

    Autolytic





Locally Infected Wound or Heavy Wound Colonisation

“Versajet” or Ultrasonic debridement



28/12/2001
31/12/2001

18/3/200227/2/2002

ULTRASONIC 
DEBRIDEMENT



PRIORITIES

◼ Ensure Vascular Supply

◼ Drain Sepsis

◼ Treat Infection

◼ Determine Aetiology

◼ Debridement

◼ Granulation / Wound Contracture

◼ Epithelisation

◼ Prevention



Granulation / Wound 
Contracture
Healing
◼ Promote Granulation

– Restore vascular supply
– Reduce oedema
– Remove Wound fluid 
– Restore oxygenation (possibly Hyperbaric therapy)

◼ Protect granulation

◼ Wound Contracture
– Delayed primary closure
– VAC dressing system

Wound closure / coverage 
 Plastic surgery Free flaps / local flaps 



Wound Contraction
Negative pressure wound dressings

/ VAC dressings



WOUND EPITHELISATION

Granulation.

Epithelialisation.



Epithelisation

◼ Vascular Supply

◼ Sepsis / Infection

◼ Aetiology

◼ Debridement

◼ Granulation / Wound Contracture

◼ Epithelisation



Pressure Offloading Splints, 

Orthotics, Casts



Pressure Offloading Splints, 

Orthotics, Casts
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…..ULCER MANAGEMENT

Compression

Revascularisation

    
 

 

Off-loading
 



Complex wounds !
   -Early recognition

o Chronicity

o Complexity

o Multi / mixed aetiology

o Pain & suffering

o Costs / delays / inefficiencies

o Escalating  treatment strategies

o VAC / Debridment/ Oxygen / Hyperbaric

o Surgery resection & grafting

o Lymphatic devices / Strategies



Multidisciplinary Care
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