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As the number of wounds around the world
continues to increase, devising paradigms to
organize our clinical approach to accurately
diagnose why wounds do not heal can be very
helpful. A critical factor that contributes to
wound healing is the perfusion of blood in the
tissues around the wound.

BASIC PHYSIOLOGY

The body is carefully designed so that
metabolically active cells are only within

a fraction of a millimeter of a capillary.’
Capillaries are the small tubes that transport
single blood cells (which carry critical oxygen),
proteins, glucose and electrolytes in this
amazing network. These networks also take
away metabolic waste products including
carbon dioxide and urea.?

In a typical adult, the heart pumps 5 liters

of blood per minute through the circulatory
system which includes 60,000 miles of
capillary networks.? Blood is driven across this
vast network by the pressure generated by the
heart. Blood pressure typically drops across a
capillary network from about 35 mmHg to 18
mmHg.* The skin has a large capillary density
that is present in the superficial and deep
dermal plexus of the dermis.> The epidermis
has no capillary networks but is instead
nourished through diffusion from the dermis.
As cells get further from the blood source,
they tend to undergo programmed cell death,
become desiccated and form the stratum
corneum — the layer of skin that protects our
internal organs from bacterial invasion and
water loss.*

HOW DOES PERFUSION INFLUENCE
WOUND HEALING?

The most obvious example of a lack of
perfusion is in individuals with a lack of arterial

perfusion (Figure 1). Quite simply, there are
blockages in the large arteries proximal to the
wound that impede blood flow and reduce the
perfusion pressure differential across capillary
beds.® As a result, there is a decrease in blood
flow to these areas. When blood flow becomes
too low, cells in the area begin to suffer from

a lack of oxygen (hypoxia) which can lead to
ischemia.” If the hypoxia is not reversed, it can
lead to cell death.®

Figure 1. A 65-year-old male who had a hip disarticulation because
of severe atherosclerotic peripheral arterial disease. Note ischemic
changes at the wound edges (arrow).

LOSS OF PERFUSION DUE TO
VENOUS INSUFFICIENCY

Similarly, there can be a loss of a perfusion
differential across a capillary bed due to venous
stasis, where the final venous pressure can

be elevated.® When this happens, blood can
extravasate out the vessels and stain the skin
(hemosiderin deposits) (Figure 2).

Figure 2. A 55-year-old female with severe venous stasis disease.
Note the chronic wound (black arrow) and surrounding discoloration
of the skin (white arrow).

LACK OF MASS TRANSPORT DUE TO
REDUCED DIFFUSIONY

Many molecules are transported throughout
the body through the capillary network

until they reach their destination via the
process known as diffusion.™ Basic diffusion
equations have demonstrated that the amount
of transport is related to the differences in
concentration but is also related to the inverse
square relationship between the distance the
molecule must transfer.” So, in states such

as lymphedema when the extracellular space
is filled with fluid, diffusion is slowed (Figure
3). Similarly, in radiation therapy, where the
capillary density in tissues can be diminished,
the diffusion of nutrients can be slowed.
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Figure 3. A 36-year-old female with a chronic wound on her foot in
the setting of severe lymphedema

THE EFFECTS OF PRESSURE ON
PERFUSION

In diabetic foot ulcerations and in pressure
injuries, prolonged pressure on the skin leads
to a lack of perfusion in the soft tissues." If this
occurs for longer than 3 to 4 hours, irreversible
ischemia can occur leading to necrosis of the
tissue.” Very often, patients with diabetes
have neuropathy making it difficult to feel pain
if they injure their foot. Similarly, paraplegics
or those with neurological deficits cannot

feel or react to prolonged pressure to bony
prominences such as the ischium or sacrum.
After time, tissue necrosis can occur that can
lead to ulceration.

MEASUREMENT OF PERFUSION

There are many methods to directly or
indirectly measure perfusion. When blood is
well oxygenated, it turns bright red and when
it loses the oxygen molecules, it becomes dark
red. Pulse oximetry can reliably measure these
differences with fast response times and can
show a beat-to-beat variability in oxygenation.
Transcutaneous oxygen levels sample the
oxygen that diffuses across the skin and can be
useful in monitoring patients on high inspired
oxygen. For patients with vascular disease,
non-invasive vascular tests that include blood
pressure measurements at various levels of the
extremity as well as pulse volume recordings
can give a quantifiable index of perfusion. For
patients where more anatomic information is
needed, injecting dye into the vascular system
and imaging this with an x-ray, computed
tomography scan and/or magnetic resonance
imaging can be quite useful. Ultrasound is

also a very effective method of assessing the
performance of the heart.
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For the skin, there are a variety of technologies
that have been developed to measure
perfusion.' The simplest is to just look at

the skin and use clinical judgement to know
when skin perfusion changes. However, most
clinicians prefer quantifiable and reproducible
methods that are not clinician dependent. One
common method used today is indocyanine
green perfusion where fluorescent images of
the skin can be obtained to gauge the arterial
perfusion of skin flaps. We have found this to
be effective in judging the long-term viability
of mastectomy flaps in breast reconstruction.™
Another method that is becoming more popular
is hyperspectral imaging, which allows for
several wavelengths of light to shine on the
skin and the spectra of the returning light

is analyzed to calculate oxyhemoglobin and
deoxyhemoglobin in the skin (Figure 4).”® These
devices can be used without any need to inject
dye.

Figure 4. A Hyperspectral image showing the complexity of
perfusion of a muscle flap and skin graft on the lower extremity
while the patient is dangling his leg. Top left (oxyhemoglobin), Top
right (deoxyhemoglobin), Bottom left (composite), Bottom right
(actual photograph)

CONCLUSIONS

Perfusion is critical in allowing healthy tissue
to survive and is also critical in contributing

to wound healing. Arterial and venous stasis
wounds have healing deficits because of
perfusion. Radiation wounds and wounds from
lymphedema have perfusion deficits because
of lack of diffusion. Pressure injuries and
diabetic foot ulcers can result from a lack of
perfusion to the affected tissues. New methods
to monitor perfusion give us renewed hope that
better diagnosis, prevention and treatment of
chronic wounds is a distinct possibility that we,
as clinicians, can use in our armamentarium.

Patient photos courtesy of Dr. Dennis Orgill,
Brigham and Women's Hospital, Boston, MA.
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