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INTRODUCTION

Theseverecomplications resultingfrominfectioninthe
diabetic patient are well known. Amputation and serious
systemic compromise can result from rapidly progressive
infections. Itis clear that there are numerous reasons for
thisvulnerabilityinthediabetic patient. Theseincludethe
impairmentofneutrophilfunctionandadecreaseinleuko-
cyte mobilization resulting inageneralized decrease in abil-
ity to respond to infection.

There is evidence that there may be other deficiencies
of the immune system which also prevent the diabetic
patient from mounting a proper response to infection. In
addition, thetwin problemsof neuropathyand peripheral
vascular disease have significant impact upon the ability
to respond to infection. Peripheral vascular disease can
include both microangiopathyand also large vessel disease.

Intheischemicdiabetic patientaninfectioncanbeinno-
cent in appearance but nonetheless rapidly progressive.
This is because the body is unable to mount the type of
response that would present with the usual symptoms of
heat, pain, and abscess formation.

Diabetic neuropathy is also significant in its impact on
diabetic patients because of the head start that it allows
aninfectiontoreceivepriortothepatientorhisphysician’s
discovery.Forexample,inapatientwithaneuropathicfoot,
aforeignbodymaybepresentand resultinulceration. This
can lead to a rapidly progressive plantar space infection.
Because of the neuropathy, the patient may be unaware
of the presence of infection until it has advanced signifi-
cantly. In addition, neuropathy interferes with normal
vaso motor tone.

PRINCIPLES OF MANAGEMENT:
LOCAL AND SYSTEMIC MEASURES

Several measures can be instituted prior to or in con-
junctionwith surgical therapy. Rest, both generaland local,
assistthebodytodealwiththeassaultontheequilibrium.
Normal fluid and electrolyte balance must be maintained
and anemia should be corrected as needed. In addition,
itis clear that control of hyperglycemia is critical for long
term success.

Local measures include elevation of the part to reduce
edemaand theapplicationof local moistheat. Heat should
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be applied intermittently to accelerate localization of the
infection by stimulating vascularization of the area. Con-
stantheattoanareacanincreaseedemaand excessive heat
can produce necrosis. This is particularly true in the dia-
betic patient. Itis presumed that the surgeon has meticu-
lously evaluated the peripheral vascular tree as an initial
stepinthetriage of the infected diabetic patient. Although
theuseoftheselocaland systemicmeasures canbe helpful,
incision and drainage is even more critical than in other
patients.

SURGICAL THERAPY

Acute infection in the diabetic patient is a potentially
dangerous surgical emergency because of the propensity
of the infection to travel along fascial planes far removed
fromthesite ofthe externaldrainage. The surgeon may not
know the full extent or severity of an infection until after
the completion of the incision and drainage. In addition,
the infection can progress with great rapidity along the
fascial planes and can cause extreme damage to the local
pedal vascular tree.

Surgical intervention can involve one or more of the
following:

1. incision and drainage of abscesses,

2. excision of devitalized tissue,

3. decompressionoftensioninanenclosed spaceor
compartment,

4. relief of an obstructed passage, and

5. removal of a foreign body.

Incisionanddrainageisthe mainstay of infection therapy.
Although not all infections require it, incision, drainage,
and exploration is more critical in the diabetic than in the
non-diabetic patient. Frequently, the diabetic patient will
failto form extensive abscess, butratherwill presentexten-
sive penetration of the infection along the fascial planes.
Incisionand drainageacts toimprove the local wound con-
ditionsbyallowing hostoffensestoeliminatetheinfection.
The incision and drainage acts in the following ways: it
reducestoxicproducts,itreducesthelocal bacterial count,
and itimproves local tissue viability by reducing ischemic
pressure necrosis. Under these circumstances the role
of the antimicrobials is to prevent spread of the infection
and to treat residual elements of infection after incision
and drainage.



Incision and drainage should be performed as soon as
possibleinthediabetic patient. Itis neither necessary nor
wise to wait until an infection has localized in a diabetic
patient before performing incision and drainage. The im-
portance of timeliness is based on the following:

1. the compromise to the patient’s immune system
makes abscess formation less likely, and en-
courages progression of the infection proximally,

2.thedecreasein the peripheral vascular supply may
be further compromised by pressure from infected
tissue on the plantar arterial arch.

The keyword in describing incision and drainage of dia-
beticinfections should be aggressive. This means bothwide
exposure and thorough removal of the abscess and any
infected or necrotic material. The concept that a simple
1or2cmopeningalonganulceration could proveadequate
for incision and drainage is incorrect. Although this may
allow fordecompression of an abscess, it does not permit
adequate exposure of fascial planes to insure that there is
noproximalspread. Theinitial incision and drainage must
be the definitive procedure.

Theincision and drainage is usually performed without
tourniquetorepinephrinehhemostasis because of the low-
ering of host offenses that accompanies the use of both.
Incertain instances, however, tourniquet use may be help-
ful duringtheinitial exposurein orderto facilitate identifi-
cation of vital structures. This may be particularly helpful
when the infection has spread into the areas surrounding
neurovascular bundles. The initial incision is made with
sharpdissection. Deepdissectionisthenusually performed
with bluntexposure untilthewoundis completely exposed.
The wound is explored to determine the extent of migra-
tion of the infection in each direction. The depth of the
wound is particularlyimportant. Capsuleand periosteum
are leftintact unless there is evidence that they have been
breached by the infection. Minimal cautery and ligature
are used for hemostasis because of the effect on healing
of tissues.

The adjacent plantar space is explored to determine
whether or not there has been any violation of the space.
The medial plantar space includes the abductor hallucis
and the flexor hallucis brevis. The lateral plantar space in-
cludes the abductor digiti minimi and the flexor digiti
minimi. The lateral space is approached through a lateral
incision. Medial and central plantar space infections are
approached through a plantar medial approach.

The central plantar space is the largest of the spaces and
includes the flexor digitorum longus, flexor digitorum
brevis, the quadratus plantae, the lumbricales, the medial
and lateral plantar nerves, and the plantar arterial arch. It
isthe location of the plantararterial arch thatis particularly
critical. When the infection progresses in this enclosed
space, itcan cause pressure on the plantar arch which will
cause occlusion and result in loss of the digits due to
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ischemia. In addition, the infection can progress up the
long flexorsintothe posteriorcompartmentofthelegfrom
the central plantar space.

Afterwoundsare completely exposed, copiousirrigation
is performed to reduce both particulate and bacterial
wound contamination. Three factors are important in the
effectiveness of this process: fluid pressure, fluid volume,
andtheirrigantsolution material. The pressureofthefluid
determinestheintensity of mechanical lavage. Numerous
studies have demonstrated that greater fluid pressure in-
creases the percentage of bacterial matter thatis removed
by the irrigation. Very gentle irrigation is ineffective in
removing bacteria.

Theaseptobulb syringes have beencomparedtosyringe
and needle irrigation both in vivo and in vitro. Because of
the greater fluid pressure on the wound surface, syringes
with 18 gauge needles are more effective in wound lavage
than the bulb type syringe. Both continuous and pulsatile
irrigation systemsareavailable. Fluid volumeisalsoimpor-
tant;irrigation of an infected wound should be performed
withasufficientvolumetoinsureadequate wound lavage.

Thethird factorinwound lavageistheirrigation material
itself. Saline can be used for mechanical debridement,
however, it is not bactericidal and can be toxic to tissues.
Topical antibiotic irrigation has the advantage of deliver-
ing a bactericidal solution to the wound. Topicaladministra-
tion provides slow absorption but tissue levels remain
bactericidal for longer periods of time. Potential risks in-
clude hypersensitivity, local and systemic toxicity, and
development of resistant bacterial strains.

Kanamycin has an excellent spectrum for gram negative
organisms and is a popular irrigation material. Irrigation
inareaswith alarger surfaceareacould beaproblemwith
Kanamycin because of its ototoxicity and nephrotoxicity.
Cefazolin is efficacious against gram positive organisms.
Povidone iodine has several advantages as an irrigation
material. Spectrum of activity is large, itis bactericidal, in-
expensive,andwell-tolerated by tissuesonashorttermap-
plication. Patients with thyroid disease, or sensitivity to
iodine must not be irrigated with this solution. Recom-
mended concentrationsintheliteraturevaryfrom10% and
25% of the stock solution strength. As the wound is being
irrigated general currettement should be performed to
loosen debris and nonviable tissue.

As stated earlier, theinitial incision and drainage should
be definitive in character. However, there may be times
whenaseconddebridementmustbe performed sometime
later. Indicationsforasecondarydebridementincludecon-
tinued abscessformationorspread ofaninfectiontoanen-
closed compartment, failure of the wound to improve de-
spite appropriate antimicrobials, and/or residual tissue
necrosis. Whenapatienthas persistentfeverofthewound,
orcontinuestohaveactivedrainagewithnosignsofimprove-
ment,thentwoprimaryconsiderationsmustbeimmediately



evaluated. Either the antimicrobial is inappropriate to the
organisms or the wound requires a second debridement.
Occasionally, both of the above may be true.

Once the wound appears clean the surgeon can either
pack the wound open or close the wound over a suction
irrigation system. In thediabetic patientthe author usually
prefers toleave the wound packed openand performsdaily
dressing changes. Thewound is packed with aniodoform
impregnated materialwhichislooselygatheredand packed,
then soaked with a bactericidal solution. Usually, daily
dressing changes are performed under strict sterile tech-
nique. This includes the use of masks, gloves, drapes, and
full sterile protocol. At this time the packing is removed,
thewound isirrigated, and thewound is repacked loosely.
As the wound becomes cleaner the packing materials are
changed to a plain gauze so that the iodophor will not in-
hibit any granulation tissue.

Anadditional considerationinthediabetic patientisthe
timing of the surgery in relationship to revascularization
oftheischemicfoot. Inthe patientwithalarge abscess for-
mation, incision and drainage should be performed im-
mediately on a limited basis for reduction of the volume
of bacterialand toxic products. However, in mostother cir-
cumstances revascularization should either precede or
accompany incision and drainage. Kozak and associates
(fromtheJoslin Clinic) noted that35% of their patients with
diabeticinfections required revascularizations. Itisimper-
ative that the surgeon look very critically at all aspects
of the vascular system in evaluating the diabetic patient
for surgery.

Whenawoundbecomescleanrapidlyafterincisionand
drainage and antimicrobial therapy, delayed primary clo-
sure may be performed. Secondary tension healing is re-
served for those wounds that are particularly resistant to
healing orcontaminated with particularlyvirulentbacteria.
Delayed closure is usually performed in 7 to 14 days after
incisionanddrainage. Usually, thisisonly performed after
two to three negative cultures and a clean appearance of
the wound is present.

In performing theclosure, buried sutureis minimized. PDS
sutureisamonofilament, absorbable suturethatisideally
suited for this. Skin closure is performed with a polypro-
pylene or nylon monofilament suture using simple inter-
rupted sutures. Closure stripsare even more desirable than
suturesas aclosure material when possible. A closed suc-
tion drain can be used to minimize dead space, reduce
hematoma, and monitor the wound through continued
cultures of the drainage.

RECONSTRUCTION

Generallythediabeticinfectioniseitheraresultofinter-
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digital or nailinfectionsthathave progressed proximally,or
duetoneuropathiculcerationsthathavebecomeinfected.
Consequently, when planning closure of the diabetic
infection, itisimportantto planaheadto provideadequate
coverageoverweight-bearingareas. Inaddition, follow-up
carewith appropriate accommodative appliances and pos-
sible reconstructive osteotomies should be planned at
this time.

Aninteresting conceptin thatregard has been proposed
by Ralph Ger. Dr. Ger has popularized the use of intrinsic
musclesofthefootformuscleflapsintheareasof diabetic
infection. Inadditionto hisexperience with the use of cer-
tain ofthesemuscle flaps for coverage of difficultareassuch
asthe heel, he has observed what many of us have experi-
enced:whenaninfection persists, despitewhatis thought
to be initial adequate treatment, there is usually a spread
of the infection from the foot to the leg along the tendon
sheaths. Consequently, exploration of tendon sheaths
should be performed aggressively in order to rule such
spread.

SUMMARY

The principlesof surgicalmanagementofdiabeticinfec-
tions are similar to those for other types of infections. Im-
portant differences include the importance of the initial
incision and drainage for wound exploration, and the
prevalence of ischemic peripheral vascular disease. Such
circumstances require meticulous vascular evaluation at
the time of decision for surgical intervention. The initial
surgical managementmustbedefinitivein ordertoprevent
continued progression of the infection.
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