CLINICAL PODIATRY

A comprehensive approach can minimize
the consequences of these events.

Goals and Objectives

After completing this CME, the
reader should:

1) Be able to have a better un-
derstanding of the potential types
of complications noted with recon-
structive foot and ankle surgery.

2) Better understand the physio-
logical changes that occur when
complications appear following
elective surgery of the foot.

3) Have a better appreciation for
the methods necessary to prevent
many of the possible complications
from occurring.

4) Be able to describe the factors
involved with postoperative infec-
tions and their prevention.
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Introduction

The final surgical outcome of
any operative procedure is unknown
until healing is complete and scar
remodeling has taken place. It is the
goal of any surgeon to have an opti-
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mal outcome but in some cases,
complications can occur that may
compromise the end result. It is
with this thought in mind that a
comprehensive treatment program
for the most common complications
be discussed.

Complications can be as trivial
as slight increased bleeding intra-op-
eratively that is easily controlled
with electrocautery or ligation of a
vessel, to major complications such
as cardiac arrhythmia or arrest. As
the surgeon embarks on a surgical

procedure, many issues must be ad-
dressed. The overall health status of
the patient must be assessed. Some
patient factors significantly impact
the final outcome, such as malnutri-
tion, particularly a lack of adequate
protein. Albumin less than 3.5 g/dL
has been found to adversely affect
healing, as has dehydration, anemia
and vitamin deficiency.

Certain underlying systemic
medical conditions and medications
also need to be taken into considera-
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tion by the surgeon as they
may affect the healing potential
of the patient. It is imperative that
the surgeon be aware of any under-
lying medical conditions or current
medications that the patient may be
taking so as to manage the surgical
wounds appropriately.

Uncontrolled diabetes mellitus
may increase the patient risk of
post-operative infection due to hy-
perglycemia impeding leukocytic
phagocytosis and white blood cell
migration. Immunosuppression dis-
orders and immunosuppressive
drugs such as adrenal corticosteroids
predispose the patient to delayed
healing by retarding the required in-
flammatory reaction that wounds
must go through, and thereby in-
crease the risk of infection.
Chemotherapeutic agents have a
similar effect on wound healing,
and result in immunosuppression
that can interfere with the develop-
ment of wound tensile strength. A
patient on current anticoagulation
therapy, or a patient with an under-
lying coagulation disorder such as
hemophilia, can predispose the pa-
tient to hematoma formation that
leads to many related post-operative
complications.

Smoking is a major risk factor in
cutaneous surgery, especially proce-
dures that involve the creation of a
skin flap. Skin flaps rely on small
fragile vessels to provide blood sup-
ply to the flap; the chemical agents
found in cigarette smoke significant-
ly affect these vessels. Vasoconstric-
tion from these products occludes
the blood supply to the flap and re-

B -
Figure 1: Late s

equelae of bleeding with
hematoma formation. It is important to evacu-

sults in flap necrosis and flap failure.
Abstaining from smoking is a
mandatory requirement for all pa-
tients undergoing plastic or cuta-
neous surgery to avoid these unnec-
essary complications. As the surgeon
evaluates a patient for possible surgi-
cal intervention, these factors
should all be taken into considera-
tion to better manage the patient

Smoking is a major
risk factor in
cutaneous surgery,
especially procedures
that involve the
creation of a
skin flap.

peri-operatively.

Although many of the above fac-
tors are not within the control of
the surgeon, there are some compli-
cations that can be avoided, provid-
ing the surgeon follows certain pre-
cautions. Meticulous handling of tis-
sues, proper placement of surgical
incision preferably within relaxed
skin tension lines, minimal tourni-
quet time, avoidance of deep dead
space, closing of wounds without
tension, and everting wound edges
can all lead to fewer post-operative
complications.

Many surgical complications are
often interrelated, with bleeding
being the most expected and most
common surgical complication.

Bleeding can lead to hematoma for-
mation post-operatively, which can
result in increased swelling and in-
creased tension on the wound. In-
creased tension on the wound may
lead to wound dehiscence and
necrosis that may then increase the
risk of post-operative infection. This
cascade of complications can be in-
terrupted anywhere along its path to
alter the final outcome.

Bleeding Complications

As stated above, bleeding com-
plications are the most common
peri-operative difficulties and should
be expected during every surgery.
Some bleeding occurs during every
surgery and usually is not a compli-
cation unless the surgeon is unaware
of an underlying bleeding disorder,
and precautions were not taken or
meticulous dissection is not per-
formed to appropriately cauterize or
ligate bleeding vessels intra-opera-
tively.

The surgeon must fully under-
stand the various processes that the
bleeding vessels undergo to achieve
hemostasis and where certain disor-
ders or medications may affect that
process. There are two methods of
hemostasis that work together to re-
solve bleeding. The primary method
is platelet-driven and, after vessel in-
jury, results in formation of a
platelet plug. The secondary method
is fibrin-driven that stabilizes and
matures the platelet plug. Vascular
injury exposes the subendothelial
connective tissue to which platelets
adhere. Collagen then binds to the
platelet cell receptor and activates
the platelets to release a chemical
that causes the platelets to begin to
aggregate and adhere to
each other.

Activation of the platelets
modifies the surface so that
fibrinogen can link
platelets and lead to clot
maturation. As the platelet
plug matures, the sec-
ondary phase begins. Pro-
| thrombin converts to
| thrombin and the throm-
bin converts the fibrinogen
to fibrin. Fibrin polymer-
izes with the platelet plug
to form an insoluble gel.

Figure 2: Prevention of hematoma from deep Cross-linking of the insolu-

ate the hematoma at this time before it totally wound site by using small vacuum drains post- ble gel produces a final

coagulates.

operatively.
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mature clot. Any factor that inter-
feres with this cascade of events may
result in undesirable bleeding peri-
operatively. These factors include
mechanical failure, thrombocytope-
nia, platelet dysfunction, pharmaco-
logical interference and acquired or
congenital defects.

When a blood vessel is cut, it im-
mediately constricts to reduce the
diameter of the vessel and to slow
the blood flow so that platelet aggre-
gation can occur. A vessel that is
only partially transected may not be
able to constrict or retract, thereby
preventing the reduction of blood
flow and platelet aggregation re-
quired to create the platelet plug.
Vasoconstriction may be aided with
the addition of epinephrine to the
local anesthetic infiltrated in the
area; however, the surgeon should
exercise caution in relying on the
epinephrine to decrease bleeding.
The induced vasoconstriction may
mask the bleeding site until after
closure when the effects of the
epinephrine dissipate and bleeding
begins again. This will lead to com-
plications of excessive swelling and
hematoma formation. All bleeding
areas should be explored and identi-
fied when possible to avoid these
complications.

The platelet plug formation is
crucial to achieving hemostasis dur-
ing any operative procedure. A re-
duction in number of available
platelets or dysfunction of the
platelets present can lead to disas-
trous bleeding complications.
Thrombocytopenia is a reduction in
the number of available platelets. It
may be seen with either impaired

production of platelets or increased
destruction of platelets. As platelets
are produced primarily in bone mar-
row, a bone marrow malfunction
can lead to reduced numbers of
platelet. An increased destruction of
platelets can be seen with idiopathic
thrombocytopenia purpura, drug re-
actions, disseminated intravascular
coagulation (DIC) or vasculitis.
Either way, the loss of platelet
plug formation prevents the usual
cascade of events from occurring and
increases bleeding complications.
Dysfunction of the platelets present is
more commonly seen and is usually a
result of aspirin intake. Aspirin irre-
versibly binds to platelets and inhibits
platelet aggregation. Once the platelet
plug forms several days post-opera-
tively, aspirin will not affect the sta-
bility of the clot.
Non-steroidal anti-
inflammatory
drugs (NSAID’s)
bind reversibly to
the same point on
the platelet as as-
pirin. They also in-
hibit platelet func-
tion but not per-

Bleeding
complications are
the most common

peri-operative

ther investigation and
advanced testing is per-
formed after the fact to deter-
mine the cause.

Any alteration of the intrinsic or
extrinsic clotting mechanism will
lead to abnormal bleeding. One of
the most common genetic disorders
is von Willebrand’s factor deficien-
cy. Unless a patient was aware of
having this disorder and reported it
in the initial history, most surgeons
would be unaware of this condition
until post-operative testing was
done to reveal the deficiency. The
von Willebrand’s factor deficiency is
an autosomal dominant inherited
disorder. It serves as a plasma carrier
for Factor VIII, which is vital for the
clotting cascade. The factor also fa-
cilitates platelet adhesion. A de-
crease in von
Willebrand’s fac-
tor may lead to a
decrease in Factor
VIII. Laboratory
evaluation of the
patient will reveal
prolonged bleed-
ing time and a de-
crease quantita-

manently. The ef- dlmmlﬁes and should tive value for von
fect of the NSAID be expected during Willebrand’s fac-
is usually voided tor.

after approximate- every surgery. A patient may

ly four half-lives of

the medication

and the surgeon

can proceed with the operative proce-

dure with diminished risk of bleeding.
Inherited clotting disorders are

more difficult for the surgeon to reg-

ulate. Some disorders are almost im-

possible to detect until bleeding

complications occur peri-operatively

and fur-

also have a true

decrease in Factor

VIII resulting in
Hemophilia A disorder. Factor VIII
regulates activation of Factor X, and
can lead to gross deficiency in clot-
ting mechanism with a multitude of
post-operative bleeding complica-
tions. Hemophilia B, also known as
Christmas disease, is a deficiency of
Factor IX and is inherited
only in males. It cannot
be clinically distinguished
from Hemophilia A. Other
deficient elements, such
as fibrinogen or other
clotting factors, can all
lead to bleeding complica-
tions but are rarely tested
for until post-operative
difficulties develop.
Surgical bleeding compli-
cations can be seen acute-
ly during the surgery, im-
mediate post-operatively,

Figure 3: Seroma formation. A) Adjacent to a rotation flap. B) Involving the third toe which had Or several days later. Acute
previously undergone several surgeries. The serosanguinous fluid was evacuated in each case with bleeding is usually seen

no further complications of healing noted.
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with the transection of a ves-
sel intra-operatively. The vessel is
usually clamped and cauterized or
ligated to prevent further bleeding.
In patients with some form of bleed-
ing disorder, whether drug induced
or inherited, bleeding from small, al-
most invisible vessels may result in a
persistent oozing that makes it diffi-
cult to isolate a vessel to achieve
hemostasis. A surgeon may choose
to utilize a Shaw scalpel or carbon
dioxide laser to perform the incision
and dissection as these instruments
cauterize and seal the bleeding ves-
sels as the incision is being made.

A less common bleeding compli-
cation occurs post-operatively gener-
ally within the first few hours after
the procedure with sudden sponta-
neous bleeding within the wound.
As the wound is already closed, di-
rect pressure for 10 to 15 minutes
may control the bleeding and allow
early clot formation; however, if not
successful, the wound may need to
be reopened and the bleeding vessel
identified. This may be a complica-
tion of the vasoconstrictive property
of epinephrine that provides the sur-
geon with a false sense of security
that the bleeding is well-controlled
upon closure. When the
epinephrine effect dissipates, there is
a risk of return of bleeding from
smaller vessels that were not cauter-
ized at the time of the surgery. For-
tunately, the vasoconstriction of
epinephrine is usually short-lived
and most vessels are properly identi-
fied prior to completion of surgery.

Hematomas

The late sequela of post-opera-
tive bleeding is the formation of a
hematoma within the closed tissue

it

Figure 4: Wound dehiscence. Frequently there will
be thick fibrous tissue formation at the edges of

the incision following dehiscence.

space (Figure 1). A patient will expe-
rience increasing post-operative pain
with greater swelling, scarring, and
wound complications that could in-
crease the risk of infection. It is
often difficult to differentiate the
formation of a hematoma from an
early post-operative infection. There
is usually intense local inflamma-
tion and pain due to increasing ex-

The platelet plug
formation is crucial
to achieving
hemostasis during
any operative
procedure.

pansion of the hematoma within
the tissues.

Pain and swelling occur custom-
arily earlier in hematoma formation
than in infection, usually within the
first 24 hours, while infection is or-
dinarily within the first 72 hours or
longer.

As the hematoma develops, the
pressure on the surgical wound
could result in necrosis of the tissue
or wound dehiscence that may re-
quire the surgeon to open the
wound and evacuate the hematoma,
allowing the wound to heal by sec-
ondary intention. There is increased
risk of infection as the accumulated
blood provides an excellent culture
medium for bacterial growth. The
hematoma obstructs the phagocytic
cells from entering into the area to
remove the bacteria and the pres-
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Figure 5: Flap tip necrosis due to inadequate blood
flow to tip of the flap. Very large flaps or ones that duce future scarring.
are poorly designed also are at risk for failure.

ence of the excess ferric ions makes
the bacteria more virulent.

With the decreased phagocyto-
sis, along with a more virulent bac-
terial strain, the hematoma en-
hances the formation of a post-oper-
ative infection. In some cases, the
hematoma will not be discovered in
time and may consolidate and be-
come fibrotic. This will lead to in-
creased induration with dense scar-
ring due to the increased fibroplasia
and can be difficult to resolve.

Prevention and Treatment

The best treatment for
hematoma formation is prevention
with meticulous dissection and at-
tention to hemostasis along with
compressive dressings and closed
suction drains in deep dead spaces
(Figure 2). In the early stages of
hematoma development, evacuation
of the hematoma may be of benefit
to decrease the tension on the
wound edges. A few of the overlying
sutures can be removed and then
gentle pressure on the sides of the
wound may express the hematoma.
The incision is then left open and al-
lowed to heal secondarily.

The longer the hematoma has
been developing, the less effective
this method as the hematoma is too
organized. Aspiration is also possible
to remove some of the clotted blood
but only early on when the
hematoma is still somewhat fluctu-
ant. In some cases, the hematoma
applies too great a pressure on the
wound and interferes with normal
post-operative healing. The
hematoma should be evacuated
under sterile operating room condi-
tions with liberal irrigation and ves-
sel ligation to avoid further bleeding
complications. Once a hematoma
consolidates within the wound, gen-
tle massage and
warming of the tis-
sues may accelerate
enzymatic degrada-
tion of the
hematoma. Ultra-
sound, hydrothera-
py and range of mo-
tion exercises may
also be helpful to
break up the fibrin
network of the
hematoma and re-

Continued on page 191
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Occasionally, intralesional injection
of corticosteroids can be utilized, if
the wound is sufficiently healed.

Figure 6: Hypertrophic scar with thick-
ened raised hyperpigmentation.

Figure 7: Keloid formation well beyond
the original wound margins.

Figure 8: Severe postoperative edema.
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Seroma formation has similar ef-
fects on the wound as the
hematoma, with the extravasation
of serum or serosanguinous fluid
into a closed space. Usually seen
early in the inflammatory process of
wound healing, seroma is a com-
mon complication of skin grafts and
is frequently noted in areas of previ-
ous surgery (Figure 3). Serum does
not clot; therefore it is amenable to
extraction with a large bore needle
and syringe, or if under a skin graft,
a small nick can be made in the
graft to remove the fluid and allow
the graft to lie down on the recipi-
ent bed.

Wound Dehiscence and
Necrosis

Wound dehiscence is almost al-
ways related to some other compli-
cating event, such as hematoma for-
mation, edema, superficial or deep
infection, or premature suture re-
moval (Figure 4). In some situations,
the sutures may be prematurely re-
moved due to infection or the need
to express an underlying hematoma.
Some patients heal more slowly
than others due to underlying sys-
temic diseases, vascular compromise
or smoking. Wound dehiscence is
usually treated
with wound care
and healing by
secondary inten-
tion, although
some surgeons
may choose to
close a wound if
within the first 24
hours and there is
no underlying
contraindication
such as infection.
If the dehiscence
is left to heal slow-
ly, there may be excessive fibrous
tissue formation along the edges of
the incision.

The wound may be compro-
mised as well by the sutures im-
planted at the time of closing. The
sutures can be tied too tightly, caus-
ing ischemia or necrosis, especially
with the post-operative edema that
naturally occurs. Conversely, sutures
can become untied and the wound
will open. A suture can also lead to a
sterile stitch abscess after removal.
The sterile abscess is a result of an
inflammatory reaction in the suture

The late sequela of
post-operative bleeding
is the formation of a
hematoma within
the closed
tissue space.

tract. This differs from a
suture reaction in which
there is “spitting” of the stitch-
es. This can occur if a deep suture
knot is tied too closely to the sur-
face and a small erosion occurs, ex-
posing the tuft of suture.

Wound necrosis may result from
similar conditions as wound dehis-
cence and can actually be one of the
causes of wound dehiscence. Necro-
sis can be seen with formation of a
large hematoma or seroma, infec-
tion, or inadequate blood supply to
the wound, usually as a result of
pressure. Flap survival is dependent
on circulation from the base to the
tip of the flap. This may be compro-
mised for a variety of reasons, the
most common being poor flap de-
sign (Figure 5).

In most cases of failure due to
inadequate circulation, the base of
the flap is too narrow for the length
of the flap or the flap was created at
the wrong intersection of the angio-
somes. It used to be dogma that the
length to base ratio could not be
greater than 3:1. Any longer of a
flap, the pedicle could not supply
adequate circulation to the apex of
the flap and necrosis would occur.
The knowledge of the angiosomes
and the opening
of choke vessels
have now made
this belief almost
obsolete, al-
though many sur-
geons still adhere
to this rule. An-
other reason for
flap necrosis is
the inadvertent
cutting or cauteri-
zation of the
pedicle arterial
vessel that feeds
the flap.

Necrosis of a graft that relies on
the vascularity of the recipient bed
below usually occurs when a seroma
or hematoma lifts the graft from the
underlying bed. A graft that is cut
too small to cover the defect and
then stretched to accomplish this
also is at risk for necrosis. As with a
flap and other surgical procedures,
smoking results in increased hypox-
emia and eventual necrosis. In con-
trast to wound dehiscence, debride-
ment for wound necrosis is per-

Continued on page 192
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formed early only if infection
is present. Otherwise, the wound
is allowed to demarcate so only
nonviable tissue is removed.

As wound dehiscence and necro-
sis can result from excess tension on
the wound at the time of wound
closure, surgical techniques may be
necessary to alleviate tension on the
wound. The first is to perform a re-
laxing incision approximately 2 to 3
cm. away from and parallel to the
wound edge. The
initial wound is
closed first and
then the relaxing
incision is under-
mined and closed.

Another op-
tion, if available,
is to utilize a com-
mercially available
tissue expander or
other device to
stretch the tissues.
A final option
may be to only
partially close the
wound up to the
point of excessive
tension, and then
allow the remain-
ing portion of the
wound to close by
secondary intention. These tech-
niques may help avoid some of the
wound complications that occur
with excess tension such as wound
dehiscence, necrosis, scar widening,
and hypertrophic scar formation.

Scar Formation

Scar formation post-operatively
can be a frustration for the surgeon
and the patient. Hypertrophic scars
are usually symptomatic, thickened,
raised, usually pigmented scars that

Figure 9: Fracture blisters. A) following severe edema. B)

Wound dehiscence is
almost always related
to some other
complicating event,
such as hematoma
formation, edema,
superficial or deep
infection, or
premature suture
removal.

do not extend beyond the margins
of the wound (Figure 6). One of the
treatments available is high potency
steroid injected into scar or applied
topically. The steroid will usually de-
crease the erythema, itching, and
pain associated with the scar, but
will not return it to normal. Another
popular treatment for scars is the
use of silicone gel sheeting topically.
This decreases the thickness and hy-
perpigmented nature of scars and
softens them significantly.

A Kkeloid scar formation is even
more of a dilem-
ma. The scar is ex-
tensive, hyperpig-
mented and forms
well beyond the
original wound.
The scar can be
massive and often
painful (Figure 7).
Unfortunately,
the keloid scar is
very resistant to
many treatments.
Excising the
keloid will usually
just lead to more
keloid formation,
possibly even larg-
er than it was
prior to excision.
Injected steroids
may help some.
The carbon dioxide laser may show
some improvement when employed
to excise a keloid. In any event, the
scar is the only aspect of the surgery
that the patient can see and efforts
should be taken to minimize scar-
ring as much as possible with atrau-
matic surgical technique, buried su-
tures to reduce tension on the scar,
and

ap-
pro-
priate
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post-operative wound care.

Post-operative Edema

Some post-operative edema can
be expected as part of the increased
vascular permeability of the normal
inflammatory process. Inflamma-
tion is a universal response of tissue
to injury whether trauma or surgi-
cally induced. The early inflamma-
tory response serves three purposes:
initiate a massive humoral and
phagocytic assault on tissue invaded
by bacteria, localize and isolate the
reactive area and prevent the spread
of bacteria, and provide the initial
clean-up by removing bacterial de-
bris and dead tissue.

The inflammatory process results
in four cardinal signs that can easily
be confused with signs of hematoma
formation or incipient infection.
Swelling (tumor), redness (rubor),
heat (calor) and pain (dolor) are
seen with all three of the above con-
ditions, which make for a difficult
differentiation. The amount of post-
operative edema can be excessive as
a result of a patient’s response to the
injury, a more significant tissue in-
jury or extensive procedure, or pa-
tient non-compliance (Figure 8).

The increased vascular perme-
ability allows for the extravasation
of fluid into the extracellular tissue
spaces, primarily the subcutaneous
tissue. Increased permeability may
be the result of histamine and his-
tamine-like permeability factors that
are released early on as a result of
the surgical insult, or increased vas-
cular permeability may be due to di-
rect vascular or cellular injury. En-
dothelial cell destruction occurs by
extensive surgical dissection and
may take one or two days to repair
the area.

The more damage the cells sus-

Continued on page 193

and C) due to edema and reaction to Steri-strips.
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tain, the more protracted the edema.
Lymphatic vessels play a key role in
removing the protein-rich fluid
from the extracellular spaces and
rapidly dilate to several times their
normal caliber early in the inflam-
matory phase.

Prevention and Treatment

The prevention and treatment of
excessive edema are important to
avoid unnecessary complications.
Utilizing proper surgical atraumatic
techniques and anatomic dissection
can prevent some edema. Injection
of short-acting corticosteroids,
mixed with local anesthetic agents,
at the time of the surgery can help
limit the intensity of early inflam-
mation and control edema forma-
tion but a certain amount of inflam-
mation must take place for normal
post-operative healing to occur.
Compressive dressings can be part of
the collaborative effort along with
elevation to assist lymphatic
drainage and ice to provide some
vascular constriction to control post-
operative edema. NSAIDS can also
be utilized to reduce the amount of
inflammation and swelling. Other
treatments to reduce the degree of
edema include range of motion ex-
ercises to indirectly pump lymphatic
fluid and encourage circulation,
compression therapy, massage, ther-
apeutic ultrasound, and galvanic
stimulation.

Fracture blisters can occur with
the insult of surgery and usually pre-
sent when large amounts of swelling
occur (Figure 9 A-c). There are two
different types of fracture blisters,
clear fluid-filled and blood-filled.

Clear-filled blisters retain some epi-
dermal cells still attached to the der-
mis, whereas blood-filled ones retain

www.podiatrym.com

none of the epidermis. The preferred
method of treatment is to aspirate or
drain under sterile conditions, but
to retain the roof of the blister to
prevent infection.

A blister surrounding the wound
may also occur post-operatively due
to a contact der-
matitis from the
skin preparation
agents, or agents
applied to the
dressings, from
the Steri-strips or
other tape applied
to the skin, or
from the applica-
tion of a topical
antibiotic to the
wound. Many pa-
tients feel com-
pelled to apply an-
tibiotic ointments
and creams to a
wound following
suture removal.
There is a very
high risk of a patient having contact
sensitivity to an applied antibiotic,
especially neomycin, the most com-
mon over-the-counter antibiotic
available. This should be strongly
discouraged due to increased risk of
complications.

Post-operative Infection

There are three required ele-
ments to produce a post-surgical in-
fection—a receptive host, contami-
nation by micro-organisms and a
wound culture medium to support
bacterial growth. The United States
Center for Disease Control and Pre-
vention report the post-operative in-
fection rate for a clean, uncontami-
nated surgery to be 2.1%.

Skin provides a great barrier to
invading bacteria. Once a portal of
entry is established, bacteria can

As wound dehiscence
and necrosis can
result from excess

tension on the wound

at the time of wound
closure, surgical
techniques may be
necessary to alleviate
tension on the wound.

penetrate into the deeper
layers where resistance is di-
minished. Infection in a closed
wound is much more problemat-
ic than a superficial infection in an
open wound (Figure 10 A-C). During
the operative setting, contamination
of the wound can
occur from several
sources including
glove punctures,
contamination of
sterile draping
and instrumenta-
tion, or ineffective
skin scrub.

The length of
the procedure
may also play a
role in the con-
tamination of the
wound with the
infection rate al-
most doubling for
every hour of op-
erating time. So
there appears to
be no single factor that influences
contamination of the wound. The
physiologic state of the patient and
the wound before and after the sur-
gical procedure appear to be a more
significant factor in developing a
post-operative infection than con-
tamination of the wound by bacte-
ria.

Besides the overall health of the
patient and contamination of the
wound, the wound must provide a
culture medium for the bacteria to
flourish into a full post-operative in-
fection. Ischemic or necrotic

wounds provide an excellent medi-
um for bacterial growth. These tis-
sues lack sufficient oxygen and nu-
trients to cope with wound healing

and the impending infection.
The necrosis may be due to des-
Continued on page 194

Figure 10: Infection. A) Closed space deep infection. The area was swollen, hot and erythematous. B) Superficial open wound in-
fection. C) Superficial wound infection with maceration.
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iccation of the wound, exten-
sive electrocautery, rough han-
dling of the tissue, prolonged
tourniquet use, excessive edema, or
high concentration of epinephrine.
Foreign bodies or implants also pro-
vide a good culture medium for bac-
teria. Sutures, prostheses and fixa-
tion devices all locally decrease a
host’s resistance to bacteria.

As severity of wound infection
increases, the enhanced inflamma-
tory response has
a negative effect
on wound healing.
Proteolytic en-
zymes are released
from the inflam-
matory cells,
which speeds the
resorption of
buried sutures, de-
creasing wound
support and in-
creasing wound
dehiscence. From
the open wound,
samples of the
drainage can be
collected for cul-
ture and sensitivi-
ty studies and gram stain.

As the culture may take a few
days to return, empiric antibiotics
may be started based on the gram
stain findings, the location of the in-
fection, and the most likely organ-
isms found in that area. The first
line of coverage is usually with an
antibiotic that will cover Staphylo-
coccus aureus until the laboratory
cultures are available with confirma-
tion of infecting organism.

It can be challenging to differen-
tiate the early pathological process
of an infection from the nor-
mal physiological response of
post-operative inflammation.
The signs and symptoms of
early infection include severe
pain unresponsive to strong
analgesics, peri-incisional
edema, erythema, and radiating
heat.

This can be seen, however,
with hematoma formation,
acute gout, inflammation, tight
dressings and tight casts. It is
the additional signs and symp-

Hypertrophic
scars are usually
symptomatic,
thickened, raised,
usually pigmented
scars that do not
extend beyond the
margins of the wound.

agnosis: fever, chills, night sweats,
loss of appetite, red streaking and
lymphadenopathy. These symptoms
usually present later in the infection
process.

Laboratory Testing

Laboratory testing can help con-
firm the presence of infection as
well as the responsible organism(s).
Culture and sensitivity is the stan-
dard of care for infection manage-
ment to determine the bacteria and
the appropriate antibiotic coverage.
A complete blood
count with an ele-
vated neutrophil
count and an ele-
vated white blood
cell count will
also give suspect
to an ongoing in-
fection. Blood
cultures are sel-
dom necessary in
cutaneous surgery
due to the rarity
of bacteremia or
septicemia.

A variety of
bacteria may be
cultured from the
post-operative in-
fected wound, the most common
being S. aureus. This is closely fol-
lowed by S. epidermidis, which used
to be thought of as a skin contami-
nant in the culture but is now be-
coming more virulent and is fre-
quently the causative organism
when implants are present. Staphy-
lococcus infections are intensely ery-
thematous, swollen, tender, with a
localized abscess consisting of
creamy thick pus (Figure 11).

Another common invading bac-
terium is B hemolytic group A strep-

tococci. Streptococcus infections are
intensely red with cellulitis and ex-
treme warmth but no purulence is
seen, only occasional serous
drainage (Figure 12).

Streptococcus infections can dis-
solve fibrin clots and spread rapidly
leading to septicemia if diagnosis is
delayed. Gram (-) bacilli may also be
isolated from an operative infection
but is more rare in cutaneous sur-
gery than the gram (+) cocci above.
Escherichia coli, klebsiella, proteus,
pseudomonas, enterobacter, and
Serratia are the most common gram
(-) bacteria.

Any bacteria can lead to a post-
operative infection but based on the
site of the infection and the local
conditions, some organisms such as
gram (-) rods, candida, and anaero-
bic bacteria are far less common in
cutaneous surgery.

Prevention and Treatment

The best treatment for a post-op-
erative infection is prevention. The
surgeon must adhere to strict aseptic
sterile protocol peri-operatively, as
well as be on alert for any signs and
symptoms post-operatively that may
correlate with an insidious infec-
tious process. Prophylactic antibi-
otics are universally accepted as a
method to decrease the incidence of
post-operative infections.

There is some controversy and
little scientific data to substantiate
when prophylactic antibiotics are
best utilized and under which cir-
cumstances, but there are accepted
anecdotal guidelines that many sur-
geons follow when considering an-
tibiotic use. Prophylactic antibiotics
are often instituted when a proce-
dure involves the implantation of a
foreign material such as a tissue
graft, metallic screw or implant,
or a surgical procedure that in-
volves extensive dissection or
prolonged wound exposure of
over two hours.

Trauma-induced wounds are
also considered contaminated
due to exposure or vascularly
compromised due to injury and
represent a high-risk patient
population for infection. A pa-
tient compromised by a heart
condition or valvular defect,
immunosuppressive agents or

toms that develop with contin- Figure 11: Staphylococcus infection with thick purulent peripheral vascular disease is
ued infection that aid in the di- drainage, maceration and erythema.
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also at risk of a serious and poten-
tially life-threatening post-operative
infection and is frequently given a
prophylactic antibiotic to try to
avoid these complications. The con-
troversy surrounding prophylactic
antibiotic use continues with which
antibiotic agent to select and the ap-
propriate duration of antibiotic cov-
erage.

Some general concepts are that
the antibiotic must be in the tissues
before the wound is opened and ex-
posed, the antibiotic should be di-
rected at the most likely causative
organism and the duration of use
could range from a single dose given
pre-operatively to a continued regi-
men up to 24 hours post-operative-
ly. Beyond 24 hours, there does not
seem to be any enhanced protection
to the patient. The most popular
choice for prophylactic antibiotic
agent is Cefazolin. Cefazolin is a first
generation cephalosporin that is
very effective as a prophylactic an-
tibiotic due to relatively high serum
levels, good bone penetration, long
duration, good Staphylococcus cov-
erage, some gram (-) coverage, and
reasonable cost.

If a patient has true penicillin or
cephalosporin allergy, clindamycin
is a good alternative with excellent
coverage against Staphylococcus, ex-
cellent tissue and bone penetration,
and it is capable of penetrating the
bacterial glycocalyx produced
around foreign implants by S. epi-
dermidis. Vancomycin has been
very popular in the past and is often
utilized in penicillin allergy patients;
however, there has been some in-
creasing concern regarding the de-
velopment of vancomycin resistant

strains of S. aureus and S. epider-
midis.

With the diagnosis of infection
emerging post-operatively, the sur-
geon must exclude multiple other
diagnoses that may present similar-
ly, including hematoma and severe
inflammatory response. The patient
with infection will usually present
with constitutional signs of infec-
tion such as fever, chills, night
sweats, lymphangitis and lym-
phadenopathy. Once the clinical di-
agnosis of infection has been made,
the surgeon must act quickly and
with purpose to avoid additional po-
tentially more severe complications.
Radiographs are usually obtained for
a baseline to evaluate for any bone
changes or possible gas in the tis-
sues. If drainage is present, a gram
stain is obtained and this is followed
by a culture and sensitivity.

Empiric
Antibiotics
Empiric antibi-
otics are frequent-
ly initiated even

Some post-operative
edema can be

utilized to evaluate depth
of infection; however, false
positive findings can be seen if
bone work was performed intra-
operatively. Almost all-post-opera-
tive infections will require antibiotic
coverage, drainage of pus from the
wound, and irrigation and debride-
ment of any necrotic tissue. This is
usually performed in the operative
setting but can also be performed at
bedside.

The wound is left open and may
be closed later by delayed primary
closure, or allowed to heal by sec-
ondary intention. The surgeon must
closely monitor the changing status
of the wound to be certain the infec-
tion is reacting appropriately to the
intervention.

If the infection does not seem to
be responding, there are many possi-
bilities, such as that the wrong or-
ganism was isolat-
ed, there are other
organisms in-
volved not cov-
ered by the antibi-
otic, the antibiot-

befor.e a cglture re- expected as part Of i§ is not l?eing de-
sult is available to i livered in ade-
try to intervene = the increased vascular  quate dosage or is
early and decrease .1s not capable of
the spread of the Permeablhty Ofthe penetrating the

infection. If the
patient is to be
taken to the oper-
ating room, the
culture is repeated
under sterile con-
ditions and in the deeper tissues to
obtain a more accurate identifica-
tion of the organism(s) involved
without skin contaminants.

Once the organism is properly
identified, the empiric antibiotic can
be replaced with the appropriate sys-
temic antibiotic based on the

swelling and minimal drainage.
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| sensitivities and the bacterioci-
dal action of the antibiotic
with the least toxicity to the
patient. This will usually be a
parental antibiotic, but this can
also be augmented with an oral
antibiotic. In some infections,
there may be a question as to
the extent of the bacterial inva-
sion in which case an MRI will
show the extent and the exact
location of abscess formation

Figure 12: Streptococcus infection with intense and early marrow changes that
spreading cellulites, increased local heat,

may indicate osteomyelitis.
Technetium-99 can also be

normal inflammatory
process.

tissue infected, or
a resistant strain
of bacteria has
emerged. The sur-
geon must evalu-
ate these possibili-
ties and alter the treatment plan to
resolve the complicating infection.
A patient will require reassurance
and emotional support during the
management of this turn of events.

Life Threatening
Complications
As the surgeon and the patient
enter the operating room theater,
there are remote risks that exist in
every case that fortunately are ex-
tremely rare. These are life-threaten-
ing events that could be irrevocable.
Events such as anaphylaxis, cardiac
arrhythmias, and seizures can all
occur in any patient at any time and
the operating room team members,
including the surgeon, must be pre-
pared to handle these complica-
tions. During a seizure that is usual-
ly brought on by a vasovagal event,
Continued on page 196
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the patient must be protected
from harm with the use of a bite
stick and Trendelenburg position of
the table to assist in oxygenation
and blood flow to the brain. The pa-
tient is at significant risk of aspira-
tion during the seizure as well as
anoxia and brain damage so the air-
way must be maintained.

Anaphylaxis can occur with any
medication given in the peri-opera-
tive setting. This includes the pre-
operative prophylactic antibiotic,
the medications given by the anes-
thesiologist for sedation or general
anesthetic, or any local anesthetic
injected during the case. The ana-
phylaxis requires immediate recog-
nition and institution of treatment
to prevent complete circulatory col-
lapse. This initial treatment is usual-
ly epinephrine and fluids and the
discontinuation of the medication,
if identified. Although the surgeon
may have a strong suspicion in
some patients who are at risk of a
cardiac event, in some cases, there is
no warning.

The event may be a mild ar-
rhythmia that was not previously di-
agnosed, but may also be a malig-
nant arrhythmia that could lead to
cardiac failure or arrest. A myocar-
dial infarction is known to be more
likely in the diabetic or obese popu-
lation, but it can also occur in a
healthy patient with an arrhythmia
that occurs during the procedure, or
from a reaction to a medication.
Members of the operating room
team must be certified in basic and
advanced life support to allow for
the best possible outcome in these
calamitous events.

Conclusion

Through all the training and all
the education, one aspect of surgery
will remain true: complications can
and do occur even to the best of sur-
geons with the best of intentions.
Managing these complications effi-
ciently and appropriately is our job,
and when done correctly, will hope-
fully result in as minimal trauma to
the patient as possible, and provide
the best possible outcome. Denying
that the complication exists or de-
laying aggressive appropriate treat-
ment will usually result in more ex-
tensive complications and a loss of

confidence by the patient. Being di-
rect and forthright with the patient
will usually provide for a more satis-
fied and trusting patient who will
work with you to resolve the com-
plication. ®

Bibliography

Abramson C. Normal “opportunis-
tic” flora of the lower extremities related
to post-operative surgical wound infec-
tions. ] Am Podiatry Assoc 1977; 67:9-27.

Christensen JC. Surgical complica-
tions of the forefoot. Ch. 11. In: Butter-
worth R, Dockery GL, eds: A Color Atlas
and Text of Forefoot Surgery. London:
Wolfe Publishing; 1992: 237-258.

Cruse PJE, Foord R. The epidemiolo-
gy of wound infection: a 10-year pro-
spective study of 62,939 wounds. Surg
Clin North Am 1980; 60:27-40.

Culver DH, Horan TC, Gaynes RP, et
al. Surgical wound infection rates by
wound class, operative procedure, and
patient risk index. Am ] Med 1991;
91:1525-1527.

Dickhault SC, DeLee JC, Page CP.
Nutritional status: importance in predict-
ing wound-healing after amputation. J
Bone J Surg Am 1984; 66:71-75.

Dineen P. An evaluation of the surgi-
cal scrub. Surg Gynecol Obstet 1969;
129:1181.

Dockery GL, Nilson RZ. Treatment of
Hypertrophic and keloid scars with Silas-
tic gel sheeting. ] Foot Ankle Surg. 1994;
33:110-119.

Dockery GL. Hypertrophic and
keloid scars. ] Am Podiatr Med Assoc.
1995; 85:36-40.

Elliott D, Mahaffey PJ. The stretched
scar: the benefit of prolonged dermal
support. Br J Past Surg 1989; 42:74-78.

Gardner GC, Simkin PA. Adverse ef-
fects of NSAID’s. Drug Ther 1990; 20:50-
60.

Gette MT, Marks JG, Maloney ME.
The frequency of post-operative allergic
contact dermatitis to topical antibiotics.
Arch Dermatol 1992; 128:365-367.

Giordano CP, Koval KJ, Zuckerman
JD, et al. Fracture blisters. Clin Orthop
1994; 307:214-221.

Goh CL. Contact sensitivity to topi-
cal medicaments. Int ] Dermatol 1989;
28:25-28.

Handin RI. Bleeding and thrombosis.
In: Braunwald E, Isselbacher KI, Peters-
dorf RG, et al, eds. Harrison’s Principles
of Internal Medicine. New York: Mc-
Graw-Hill; 1987:266-272.

Hunter RL. Transferrin in disease II:
defects in the regulation of transferrin
saturation with iron contribute to sus-
ceptibility to infection. Am ] Clin Pathol
1984; 81:748-753.

Leak LV, Burke JF. Early events of tis-
sue injury and the role of the lymphatic

196 PODIATRY MANAGEMENT e MARCH 2007

system in early inflammation. In:
Zweifach BW, Grant L, McCluskey RT,
eds. The inflammatory process, Vol 3,
2nd ed. New York: Academic Press; 1974:
163-235.

Maloney ME. Management of surgical
complications and suboptimal results. In:
Wheeland RG. Cutaneous Surgery.
Philadelphia: WB Saunders; 1994:921-934.

Miles AA. The inflammatory re-
sponse in relation to local infections.
Surg Clin North Am 1980; 60:93-105.

Miller WA. Post-operative wound in-
fection in foot and ankle surgery. Foot
Ankle 1983; 4:102-104.

Neumann CG. Interaction of malnu-
trition and infection: a neglected clinical
concept. Arch Intern Med 1977;
1137:1364-1365.

Norden CW. Critical review of an-
tibiotic prophylaxis in orthopaedic sur-
gery Rev Infect Dis 1983; 5:928-932.

Polk HC Jr, Miles AA. Enhancement
of bacterial infection by ferric iron: kinet-
ics, mechanisms and surgical signifi-
cance. Surgery 70:71, 1971.

Weinberg ED. Iron and susceptibility of
infections. Science 1984; 184:952-956.

Rosenblatt JE. Laboratory tests used
to guide antimicrobial therapy. Mayo
Clin Proc 1983; 58:14-20.

Sabetta JB, Zitelli JA. The incidence
of bacteremia during skin surgery. Arch
Dermatol 1987; 123:213-215.

Stapp MD, Taylor RP. Edema,
hematoma and infection. In: Banks AS,
Downey MS, Martin DE, Miller §J, eds.
McGlamry’s comprehensive textbook on
foot and ankle surgery. Philadelphia: Lip-
pincott Williams & Wilkins; 2001:1997-
2015.

Till K, Solomon MG, Kerman BL. In-
dications and uses of prophylactic an-
tibiosis in podiatric surgery. J Foot Surg
1984; 23:166-172.

Zacharias J, Largen PS, Crosby LA.
Results of preprocedure and postproce-
dure toe cultures in orthopaedic surgery.
Foot Ankle Int 1998; 19:166-168.

Dr. Crawford is
a Fellow and
member of the
Board of Direc-
tors of the Amer-
ican College of
Foot and Ankle
Surgeons and an
Attending Sur-
geon and Teach-
ing Faculty in
the Department of Educatlon of the
Northwest Podiatric Surgical Residency
Program at Swedish Medical Center. She
is also on the Board of Medical Advisors
of the Northwest Podiatric Foundation
for Education and Research, USA and in
private practice at the Ankle & Foot
Clinic of Everett, Everett, WA.

www.podiatrym.com



EX A MI

1) Bleeding complications are:
A) rare
B) unusual
C) common
D) seen in most cases

2) When a blood vessel is cut, it:
A) dilates
B) constricts
C) coagulates
D) heals quickly

3) The surgeon should exercise
caution in relying on the
epinephrine to decrease bleed-
ing after foot surgery because:
A) induced vasoconstriction
may mask the bleeding site
until after closure
B) it will cause tissue death
C) excessive cyanosis usually
occurs
D) there is delayed healing
and potential wound dehis-
cence

4) Christmas disease is also
known as:
A) von Willebrand'’s factor de-
ficiency
B) Hemophilia B
C) disseminated intravascular
coagulation
D) December Factor Deficien-
cy (DFD)

5) The late sequela of post-opera-
tive bleeding is the formation of:
A) microhemorrhagic blebs
under the skin
B) fibrinogen deficiency in
the subcutaneous tissue
C) hemosiderin defects
D) hematoma within the
closed tissue space

www.podiatrym.com

See answer sheet on page 199.

6) Wound dehiscence is related
to all of the following complicat-
ing events except for:

A) hematoma formation

B) edema

C) superficial or deep infection

D) late suture removal

7) Debridement for wound
necrosis of a skin flap is per-
formed early only if:

A) infection is present

B) the edges dehisce

C) the flap is cyanotic

D) seroma formation is present

8) The early post-operative in-

flammatory response serves all of

the following purposes, except:
A) initiate a massive humoral
and phagocytic assault on tis-
sue invaded by bacteria
B) mobilize necrotic tissue fac-
tor to help with phagocytosis
Q) localize and isolate the re-
active area and prevent the
spread of bacteria
D) provide the initial clean up
by removing bacterial debris
and dead tissue

9) The preferred method of treat-
ment of fracture blisters is to:
A) apply even compression
for 48 hours
B) inject a small amount of
local anesthetic with cortisone
C) aspirate or drain under
sterile conditions
D) remove the roof of the
blister to prevent infection.

10) Which of the following is
not one of the three required el-
ements to produce a post surgi-

N ATI ON

cal infection?
A) a receptive host
B) contamination by micro-
organisms
C) a wound culture medium
to support bacterial growth
D) poor peripheral circulation

11) As the severity of a wound
infection increases, the en-
hanced inflammatory response
that occurs has:
A) a negative effect on
wound healing
B) no effect on wound healing
C) a positive effect on wound
healing
D) none of the above

12) In a post-operative infection,
the first line of coverage is usual-
ly with an antibiotic that will
cover:
A) Streptococcus pyogenes
B) Staphylococcus aureus
C) Staphylococcus epidermidis
D) B hemolytic Streptococcus

13) Which of the following is not
a gram (-) bacteria:

A) Klebsiella

B) Clostridium

C) Proteus

D) Pseudomonas

14) The most popular choice for
prophylactic antibiotic agent is:
A) Cephalexin
B) Cefotetan
Q) Cefdinir
D) Cefazolin

15) Endothelial cell destruction
occurs following extensive surgi-

Continued on page 198
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EXAMINATION

(cont'd)

cal dissection and may take how long to repair?
A) 1-2 months
B) 1-2 weeks
C) 1-2 days
D) 1-2 hours

16) The United States Center for Disease Control
and Prevention reports the post-operative infec-
tion rate for a clean, uncontaminated surgery to
be what percent?

A) 2.1%

B) 4.2%

C) 8.4%

D) 16.8%

17) Staphylococcus epidermidis:
A) is never implicated in implant infections
B) used to be considered a contaminant bacteria
C) is usually found in deep wound cultures
D) cannot be regarded as a primary cause of
infection

18) In a post-operative infection, Technetium-99
scan can be utilized to evaluate what?
A) the depth of the infection
B) the type of infection
C) the number of bacteria present
D) the spread of bacteria into the osteotomy site

19) During a seizure, brought on by a vasovagal event,
the patient must be protected from harm by:
A) administering an epinephrine injection
B) providing CPR immediately
Q) fitting the patient with a bite stick
D) placing the patient in a reverse Trendelen-
burg position

20) Anaphylaxis in surgery can occur with any of
the following, except:
A) the prophylactic antibiotic given before surgery
B) the increased saturated nasal oxygen flow
C) the medications given by the anesthesiolo-
gist for sedation
D) the general anesthetic agent

See answer sheet on page 199.
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