
Dr  TAN Yih Kai
Senior Consultant Surgeon
Vascular and Endovascular  Surgery
MBBS (Aust), FRCSEd, FRCS (Gen Surgery), FAMS, CWSP
Farrer Vascular Vein and Wound Centre
Farrer Park Hospital



Phases of Wound healing

1) Haemostatic/ coagulation phase

2) Inflammatory Phase

3) Proliferative phase

4) Remodelling /maturation phase

 duration of phases depends on the extent of injury 
and healing environment

 Wounds healing by 2nd intention take longer to 
achieve complete closure (c.f Primary closure)



Primary Wound Closure



1. Wound surfaces 
opposed

2. Healing without 
complications

3. Minimal new tissue
4. Results optional



Secondary Wound Closure
1. Surfaces not 

approximated
2. Defect filled by 

granulation
3. Covered with 

epithelium





Haemostatic Phase

 Vasoconstriction

 Platelet aggregation

 Activation of coagulation system

 Blood clot formation



Inflammatory Phase 0-3 days

 Increased vascular permeability→swelling

 Vasodilatation leading to heat and reddness

 Recruitment of neutrophils and macrophages to the 
wound site

 Removal of cell debris and killing bacteria by 
phagocytosis



Inflammatory Phase 0-3 days

 Growth factors (eg
PDGF, VEGF) and 
cytokines (eg TGF-beta, 
TGF-alpha) secreted by 
macrophages

 Macrophages stimulate 
the formation and 
multiplication  of 
fibroblasts.





Proliferative Phase (3-24 days)
Granulation formation

 Fibroblasts proliferate 
in the wound

 Epidermal cells 
migrate from wound 
edge

 Proliferation of 
endothelial cells 
→Formation of new 
blood vessels 
(angiogenesis)



Remodelling Phase 24days – 2yrs

 Fibroblasts secrete 
collagen to strength 
wound

 Wound remodelling
occurs to reorganise
fibres

 Wound contraction

 Epidermal cells grow 
over granulation tissue 
to close wound



Impaired Wound Healing



Chronic Wounds

 A chronic wound is defined as one that has not 
adequately re-epithelialised within 6–8 weeks 

(Enoch and Price, 2004)

 Wounds fail to proceed through the orderly and timely 
reparative process (haemostasis, inflammation, 
proliferation, maturation)

 Venous ulcers
 DFU
 Pressure ulcers



Factors Affecting Wound Healing

Vascular insufficiency

Smoking 

Diabetes

Malnutrition

Infection (soft tissue or bone)/ bioburden

Presence of foreign bodies

Necrotic tissue

Off-loading/pressure

Inappropriate wound care

Medications



Vascular Insufficiency
(Arterial Occlusive Disease)
 Decrease in the blood supply to the wound will lead to 

local tissue hypoxia → Delayed healing and tissue 
breakdown 

 Oxygen is required for cell migration, multiplication, and 
protein synthesis

 Fibroblasts are oxygen-sensitive

 PO2 < 40 mmHg collagen synthesis cannot take place 

 This may be due to local pressure, vascular 
(atherosclerotic)  disease. 



Smoking
 Smokers are 76% more likely to develop pressure ulcer than non-

smokers

 1ppd = 3x freq of flap necrosis

 Smokers have 6X higher incidence of wound infection 
Ann Surg 2003 Jul;238(1):1-5

 Smoking inhibits healing through the effects of 
tissue hypoxia, impaired epithelialization
vasoconstriction and enzymatic system  toxicity

 Compounds of smoking- eg nicotine, hydrogen cynide, carbon 
monoxide



Smoking

NICOTINE

 Smoking a single cigarette creates a vasoconstrictive
effect with reduction of cutaneous blood flow of up to 
40% for about 90minutes

 Smoking one packet a day will result tissue hypoxia for 
the entire day

 Increases platelet adhesiveness and blood viscosity→
microvascular thrombosis

 Depresses immune response by reducing growth of 
lymphocytes and IgG level



Smoking

 Carbon Monoxide
 impairs oxygen transport and metabolism

 200x higher Hb binding affinity than O2 CarboxyHb
reduces O2 concentration

 shifts the oxygen-hemoglobin curve to the left

 Reduces Subcutaneous PO2

 Hydrogen Cynide
 inhibits enzymatic oxidative metabolism and oxygen 

transport



Smoking

 Delays production of collagen- reduced TCO2 (<40mmHg)

 Degrades connective tissue and collagen

 Infection- impairs bactericidal mechanisms

= impaired oxidative killing of neutrophils



Neuropathy
-Sensory
-Motor
-Autonomic

Impaired wound healing

Diabetic PAD

Abnormal response to infection
Cellular & Humoral abnormalities
Loss of regulatory functions and reflexes

Unique to Diabetes



Sensory Neuropathy
 Unaware of a foreign body

 Pressure in shoes

 Abrasions in shoes

 Tears or brakes in the skin



Motor Neuropathy
 Architectural deformities

 Hammer or claw toe

 High plantar arch

 Subluxation of metatarsals

http://odlarmed.com/wp-content/uploads/2009/04/website_cavus_foot.jpg


Autonomic Neuropathy
 Anhidrosis

 Dry, cracked skin

 Arterial to venous shunting

 Temperature regulation disorders



Diabetic Vascular Disease

Macrovascular

Occlusive Disease

Microvascular
dysfunction

 Predilection for 
tibial/peroneal arteries 
between knee and foot

 Sparing of the Dorsalis pedis
and plantar arteries

 Calcification of intimal
plaque and media 
(Monckeberg’s Sclerosis)

 Poor collateral circulation

 Endothelial dysfunction

 Increased arteriovenous
shunting

 Impaired oxygen diffusion 
and leukocyte migration

 Not an occlusive anatomic 
lesion



Diabetes

 Fibroblasts of diabetic ulcers showed a decreased 
response to TGF-b1 and other growth factors

 Keratinocytes on the edge of chronic wounds are 
unable to migrate properly

 Impaired in angiogenesis

 Impaired leukocyte/neutrophil functions as a 
result of hyperglycaemia



Diabetic Wound Healing



Nutrition

 The role of nutrition is often forgotten in wound 
healing

 Malnutrition is a risk factor for wound healing

 Low protein levels prolonged inflammatory phase

 Impaired fibroplasia

 Nutritional assessment should be considered for all 
patients with chronic wounds 



Nutrition

 Protein is required for all the phases of wound healing, 
particularly important for collagen synthesis. 

 Glucose balance is essential for wound healing.

 Vitamins A, B complex and C are responsible for 
supporting epithelialization and collagen formation.

 Zinc deficiency contributes to disruption in 
granulation tissue formation. 



Nutrition

Dietary Recommendations

 Provide a high protein diet

 Provide kcal at ~25-35 kcal/kg CURRENT weight

 Tube feed or parentally feed if necessary, to maintain 
positive nitrogen balance

 Small frequent feedings if intake is poor



Renal Failure

 Affect proliferative  phase of wound healing

 Uraemia→ Reduction in granulation formation by 
Inhibition of cellular proliferation in fibroblasts and 
capillary  endothelial cells

 Edema

 Increased tissue pressure

 Compromise perfusion

 Cell death and tissue ulceration



Bioburden and Infection
 Necrotic tissue and foreign bodies contribute to 

proliferation of bacteria in the wound

 Barrier to wound bed preparation for healing

 Prolonged the inflammatory phase → chronic wound 

 Increased collagenase activity

 Impaired angiogenesis and epithelialization



Bioburden and Infection

Contamination to Infection Continuum Theory



Bioburden and Infection

 Biofilm may be formed over wound when 
contaminated with bacteria→ low grade chronic 
inflammation → delayed wound healing



Removal of Biofilm

A B

C



Local Ischaemia

Can be caused by

 Pressure over bony prominence

 Inappropriate application of dressing with excessive 
pressure

 smoking



Inappropriate Wound Care

 Poor technique in the application of dressings and 
tape that results in tears on surrounding skin

 Wound desiccation from inappropriate dressing 
choice or inadequate dressing

 Too frequent dressing changes

 Prolonged exposure of wounds to room air





Medications

 NSAIDs (eg aspirin, brufen)- interfere with platelet 
activation

 → inhibition of angiogenesis

 → inhibition of proliferation of fibroblasts→ reduced collagen 
production

 Effects of NSAIDs  on platelets  is reversible

 Steroids and immunosuppressants
 Delay all phases of wound repair



Thank You !


