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Introduction

Choosinganantibiotic forthe diabetic patient has always
required careful consideration. The myriad of complicating
factors associated with diabetes combined with the recent
marked increasedinthenumberofavailableantibiotics has
made this task increasingly difficult. A discussion of the
considerationsinvolvedininstitutingappropriateantibiotic
therapy in the diabetic is presented below.

Patient Factors

Diabetic patients have animpaired ability to resistinfec-
tion. Many theories have been presented in attempting to
explain the increased incidence of infection. The combi-
nation of defective immune systems, neuropathy, and im-
paired circulationall contributetothe prevalentoccurrence
of foot infections seen in these patients (1-4).

Assessment of renal function is helpful in the diabetic
patient since most of the antibiotics are cleared by filtra-
tion or excretion by the kidneys. Pre-existing renal disease
increases thelikelihood of additional damage to the kidneys
by nephrotoxicdrugs suchastheaminoglycosides. Dosage
adjustmentorchoosing hepatically excreted drugs may be
prudent in some patients with advanced renal disease.

The ability of the antibiotic to penetrate into infected
tissues depends almost entirely on the circulation to the
area. In diabetic patients one commonly finds severe vas-
culardisease whichwill greatlyimpair the delivery of anti-
biotics to the distal lower extremity. For this reason, debride-
ment of necrotic and poorly perfused tissues cannot be
over emphasized. Exposure of anaerobic organisms to air
is a most effective therapy.

Rayfield and associates discussed the importance of in-
tensive control of hyperglycemiain preventing the compli-
cations of diabetes (5). Infection often markedly elevates
serum glucoselevelsinthe diabetic patient. Tight glucose
control should be a part of management as much as anti-
biotics and debridement, since elevated glucose levels
appear to impair the body’s ability to clear infection. Long
termaggressiveinsulin controlshould continueto be pur-
sued after the infection has been eradicated.

Pathogen Identification

Beforebeginninganyantibioticinapatientwithaninfec-
tion,an exhaustive attempttoidentifythe organism(s) pre-
sent should be made. Even the severely septic patient
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should have blood and wound cultures performed prior
to infusing any antibiotic.

Gram Stain

Gram staining ofwound drainage can be helpfulindeter-
mining whether an infection is being caused by a single
agentversusacombination ofgram positiveand gram neg-
ative organisms. Mixed gram stain results of sinus tracts or
ulcerations, though unreliable can be helpful when acute
infection requires a response, but final culture results are
not yet available.

Bacterial Culture

Acquiring areliable culture is essential. The chronic ul-
cerationwhich suddenly orinsidiously progresses to infec-
tionwillundoubtedly be colonized with organisms which
will actually be playing a minor role, if any, in the infective
process. Determining whichorganismsareinvolved in this
situationisoftenanarduous butworthwhiletask. Superfi-
cialdebridementand normalssalineirrigation ofthewound
prior to obtaining a specimen for culture may be helpful
ifa non-operatively obtained cultureisindicated. The physi-
cian who is responsible for obtaining the culture results
should carefully describe and documentthe means of ob-
taining the culture. This will enable proper evaluation of
the reliability of the culture results.

Culturingofdeeptissuesisthe method of choice. Surgical
debridementwith biopsy cultures of deeper softtissueand
bonewill usuallyyield the most reliable culture. Prior super-
ficialwound cultureshouldalsobe performedintheevent
thatdeeper cultures resultin nogrowth of bacteria. These
less reliable cultures will at least provide an indication of
the organisms present.

Poor correlation of superficial sinus tract cultures with
deeper reliable cultures was demonstrated by Wheat and
associatesin 1986 (6). They suggested athree stepapproach
for the microbiological assessment of diabetic foot
infections.

1.Specimens should be processed both aerobically
and anaerobically since these infections are often
polymicrobic. The importance of prompt transport
of the specimen in a syringe or other anaerobic
transport device was stressed.



2. Aspirates of abscesses or bullous lesions should
be submitted along with exudate from draining
sinuses. The aspirates were felt to provide a more
reliable culture source.

3. Biopsyof deep softtissuesorboneshould besub-
mitted for culturewhen necrotizing soft-tissuein-
fections or osteomyelitis is present.

Inaclassic study by Mackowiak and associates cultures
of sinus tracts were compared with operative specimens
in patients with chronic osteomyelitis (7). They found that
isolationofanyorganismotherthanstaphaureusfromthe
sinus did not correlate with the true bone pathogen. A
significant percentage of patients (88 %) had a single agent
cultured from their operative specimens.

Clinical Assessment

Clinical evaluation in conjunction with laboratory find-
ings should playalargeroleinthedecision-making process
of choosing an antibiotic regime.

The odor of the wound alone will often aid significantly
inarrivingatadiagnosis. Afetid feculantodorissuggestive
ofthe presence of bacteroides and otheranaerobicorgan-
isms. The greenish purulence of pseudomonas hasasickly,
sweetsmellwhichiseasilyrecognized onceencountered.

Thechronicallyopenwound which hasbecomeacutely
infected with rapid onsetand progression of cellulitis, sug-
geststhe presence of gram positive cocci(Staphylococcus
or Streptococcus).

Empiric Antibiotic Therapy

Once gram stain and culture specimens have been ob-
tained, antibiotic therapy may be instituted. It should be
stressed that if incision and drainage is planned it should
be performed as soon as is feasible with deep culturing of
tissues performed before antibiotics are administered.
Unfortunately, somesituationswill not permitdelayinganti-
biotics due to overwhelming sepsis or unavoidable delay
in surgical therapy. However, in cases of chronicosteomye-
litis delaying antibiotics for several hours to days while
awaiting deep culture is not unreasonable.

Empiric therapy should be based on the clinical presen-
tation, gramstain results, priorantibiotic therapy,and pre-
vious culture results of the samessite (if available). Patients
who presentwithaprogressive infectious process despite
taking oral antibiotic suchas Cephalexin or Cefadroxil may
indicate infection by resistant organisms.

The acute situation, e.g. the puncture wound, which re-
sultsinrapid abscess formationand cellulitisis suggestive
of Staphylococcal or Streptococcal infection. Empiricther-
apy should beginwith oral penicillinase resistant penicillins
suchasDicloxacillin. Oral cephalosporin suchas cefadroxil
and cephalexin have inferior MIC values against Staphy-
lococcus. Ciprofloxacin, anew quinoloneantibiotic, whose
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release is imminent covers staph, strep, and most gram
negative organisms. This may prove to be a better choice
for puncture wounds which often contain Pseudomonas.

Late pseudomonas infection is indicated by the patient
presenting seven totendays post-puncturewoundwith ex-
acerbation of symptoms despite appropriate oral prophy-
laxis for S.aureus. Gram-staining of purulence revealing the
presence of gram negative rods combined with the above
history merits antibiotic coverage for the presence of P.
aeruginosa. An aminoglycoside combined with cephazolin
for gram positive coverage could be later altered after reli-
ablecultureresultsare obtained. Ciprofloxacin may prove
tobean oral alternativetothisregimeninthe nearfuture(8).

In most chronic infections, broad spectrum antibiotic
coverage for gram negative bacilli, staphylococcus, and
possibly anaerobes will be necessary. The unique presen-
tation of each infectious process precludes a formula ap-
proach to determining the most appropriate antibiotic
regime. However, some suggestions will be presented to
use as a guideline in instituting therapy. Emphasis will be
placed on individualizing the antibiotic regime.

Antibiotic Regimes

There are manyappropriateantibiotic regimes foralmost
any situation. Choosing the specificagentshouldfirstcon-
siderthe sensitivities of the organisms responsible for the
infection. Additional factors, which should affectyouran-
tibioticchoiceinclude complicating health conditions, ease
of administration, drug allergies, and toxicity, and cost of
therapy.

Antibiotic Susceptibility and Resistance

Sincethegoalinadministeringanyantibioticistoridthe
body of an infecting organism, in vitro testing should be
used to assess the ability of antibiotic to kill the organism.
While in vitro studies do not fully reflect the complex in-
teraction between host, drug, and microorganism, pooran-
timicrobial activity is certain to lead to poor results.

Onewidelyavailable method of assessing antimicrobial
susceptibility is to measure the minimum inhibitory con-
centration (MIC). The MIC fora particular microorganism
isdefined as the lowest concentration of an antibiotic that
willinhibit, butnot necessarilykill,theorganism. The MIC
is given in units of micrograms per millileter and is based
on serialdilution of the antibiotic. The “breakpoint”is the
dilution atwhichthe microorganismsare inhibited. Some
laboratorieswillinterpretthe concentrations by designat-
ingthe numerical valueasareflection ofachievable serum
levels. Anorganismisgradedasbeingsusceptible(+ + +),
intermediate (+ +), or resistant (+) based on whetherin-
hibition occursateasilyachievableserumlevels, high serum
levels only, or the organism is not inhibited at usually
achievable serum levels, respectively.



In Vitro Susceptibility of Staphylococci and Streptococci to Cephalosporins and Newer Beta-Lactam Antibiotics

Staphylococci

Methicillin- Methicillin- Coagulase- Streptococci

Susceptible Resistant Negative - :
Antimicrobial S. aureus S.aureus Staphylococci Enterococci S. pneumoniae S. pyogenes

Agent MIC;, MIC,, MIC,, MIC, MIC,, MIC,, MIC;, MICy, MIC;, MIC,, MIC;, MIC,,

Ceftazidime ar 16 128 128 32 32 >256 >256 0.25 05 012 012
Cefotaxime 2 2 16 128 1 8 256 >256 001 006 <0008 003
Ceftizoxime 4 8 >256 >1256 1 >32 >256 >256 <001 0.25 <001 <00
Moxalactam B 8 128 256 8 >32 >256 >256 1 1 1 2
Cefoperazone 2 4 64 >256 = 8 32 32 012 0.25 012 012
Ceftriaxone 2 - 32 256 012 05 256 >256 0.25 05 0.01 0.03
Imipenem 0.008 0.008 ihd 2t 0.01 1 1t 2t 0.01 0.06 0.004 0.004
Aztreonam >128 >128 >128 >128 >128 >128 >32 >32 >32 >32 8 >32
Cephalothin <0325 05 8 32 05 32 32 64 <0.25 <025 <025 <0.25
Cefamandole <025 1 8 8 1 32 32 32 <025 <0.25 <025 <025
Cefoxitin 2 4 32 64 8 64 > 64 >64 1 2 05 1

*Expressed in pg/ml.
tMinimal bactericidal concentration elevated.

Table 1. In vitro susceptibilities of Staphylococci and Strepto-
cocci are shown. Methicillin-Staphylococcus for the most part
are susceptible to these agents. Note, however, that except for

Imipenem the first generation cephalosporin (Cephalothin) is
more active than the second and third generation cephalo-
sporins. (Taken with permission from Thornsberry, 1985).

In Vitro Susceptibility of Enterobacteriaceae to Second and

Antimicrobial

Agent E. coli C.diversus C.freundil E. aerogenes E. cloacae E.agglomerans  K.pneumoniae
Ceftazidime 012/0.5* 0.25/0.5 052 0.25/2 0.12/32 0.25/0.5 012/05
Cefotaxime 0.06/0.12 0.12/0.25 0.25/0.5 0.06/0.5 0.25/32 0.06/0.25 0.06/0.12
Ceftizoxime 0.06/0.12 0.06/0.25 0.251 0.12/64 0.5/16 0.03/0.06 <0.07/003
Moxalactam 012/0.25 012/05 0.25/0.5 0.252 0.12/8 012/0.25 012/0.25
Cefoperazone 0.12/32 0.12/0.25 051 0.25/8 0.5/64 0.25/2 0.25/4
Ceftriaxone 0.03/012 0.06/0.12 012/05 0.06/0.25 0.25/16 0.06/0.25 0.06/0.06
Imipenem 0.12/05 0.12/0.12 0.25/0.5 0121 012/012 0.25/0.5 0.12/0.25
Aztreonam <0.06/0.12 <0.06/012 <0.06/0.25 <0.06/4 0.25/4 <006/ <0.06 <0.06/0.12
Cefamandole 0.5/16 112 2/8 2/>64 32/>64 2/>64 18
Cefoxitin 2/8 2/64 64/>64 >64/>64 >64/>64 16/ >64 2/8

NA = notavailable.
*MIC5o/MICyq expressed in pg/ml.

Table 2. This table depicts in vitro activity of beta-lactam drugs
againstclinically significant Enterobacteriaceal found in
diabetic foot infections. Values shown are expressed in mg/ml
and represent the MIC50 (50% of organisms inhibited) and the
MIC90 (90% inhibition). First seven antibiotics are third genera-
tion cephalosporins. Imipenem, Aztreonam, and Cefpirome
are newer beta-lactams. Cefamandole and Cefoxitin represent
the second generation cephalosporins. (Taken with permission
from Thornsberry, 1985.)
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MICdetermination usually providesanadequateestima-
tionoftheinvivoactivity of theantibiotic. However, incases
where greater efficacy is needed, such as in osteomyelitis
whereactualkilling of organismsis needed, simpleinhibi-
tion may be inadequate. For these cases a second deter-
mination called minimal bactericidal concentration (MBC)
may be useful. MBC determinations are especially impor-
tantindifficulty to eradicate infections (SBE, osteomyelitis)
andwithorganismswhich show high propensitytodevelop
resistance such as P. aeruginosa.

The MBC for a particular agent is the concentration of
a particular antibiotic at which 99.9% of a known number
ofbacteriaarekilled.Insomecasesthe MBCcanbe32times
the MIC indicating tolerance of an organism to the an-
tibiotic. Inthose cases, the addition of second antimicrobial
or change in regimen may be indicated (9).

Many antibiotics are advertised to have activity against
clinicallyimportantbacteria. Itisimportanttounderstand
the relativity of such susceptibilities to place in perspec-
tivetheindicationsfortheseantibiotics. “"Broad spectrum”
isof novalueifitdoesnotinclude good activity against the
likely pathogens. Thornsberry (1985) published the MIC
values for mostof the third-generation cephalosporinsand
other beta-lactamantibiotics (10). Tables 1-4include his sum-
marized results.

In Vitro Susceptibility of Pseudomonas and
Acinetobacter Species to 17 Beta- Lactam Antibiotics

Other

P.aeruginosa  Pseudomonas  Acinetobacter

Antimicrobial
Agent MIC;, MIC,, MIC;, MIC,, MIC;, MIC,,
Ceftazidime 2% 4 4 64 8 16
Cefotaxime 16 32 16 256 16 16
Ceftizoxime 32 64 16 256 8 16
Moxalactam 16 32 32 128 32 64
Cefoperazone 4 8 16 128 64 128
Ceftriaxone 16 16 8 256 8 16
Imipenem 1 2 05 8 0.25 0.25
Aztreonam 2 8 4 16 16 64
Cefsulodin 2 4 64 >256 32 64
Azlocillin 4 128 Variable 64 64
Carbenicillin 128 >128 128 >128 16 32
Ticarcillin 16 >128 Variable 8 64
Mezlocillin 16 128 Variable 64 >128
Piperacillin 4 64 8 64 16 64

*Expressed in pg/ml.

Table 3. Pseudomonas and Acinetobacter species tend to be

highly resistant to beta-lactam antibiotics. As is evidenced by

MIC's reported above. Of third generation Cephalosporins,

Ceftazidime and Cefoperazone are most active against P. aeru-
ginosa, ceftazidime having about twice the activity or cefapera-

zone. Acinetobacter and majority of Pseudomonas species

show high degree of resistance. (Taken with permission from

Thornsberry, 1985.)

Third Generation Cephalosporins and Newer Beta-Lactam Antibiotics

P. mirabilis P. vulgaris M. morganil P. rettgeri P. stuartil S. marcescens Salmonella Shigella
0.06/0.06 0.06/0.12 01274 0.25/2 1/4 0251 0.25/0.25 012/0.25
0.01/0.01 0.06/16 0.06/2 0.06/05 0.5/2 0.5/2 0.06/0.06 0.06/0.12

<001/ <001 0.03/012 2016 0.01/0.06 0.03/0.25 01212 <012/ <072 <012/ <012
0.25/0.25 0.25/0.25 0.25/0.25 0.12/0.5 0.25/4 0.25/4 <012/0.25 <012/0.25
0.5 1/32 1/4 2/>256 8/32 8/32 012/012 <0121
<0.004/0.008 0.01/0.12 0.03/0.5 0.01/05 0.06/0.5 0.5/4 0.06/0.06 <012/ <032
4/4 22 2/4 2/4 112 05/1 <012/ <012 <012/ <012
<0.06/ <006 <0.06/ <0.06 <0.06/1 <0.06/0.12 <006/ <0.06 <0.06/2 <012/ <012 <012/ <012
051 >64/>64 32/64 8/>64 64/>64 >64/>64 NA NA
2/8 2/8 8116 4/64 4/64 32/64 NA NA
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In Vitro Susceptibility of Anaerobes to Cephalosporins and Newer
Beta-Lactam Antibiotics

Bacteroides
Antimicrobial B. fragilis Other Clostridium
Agent MIC;, MIC,, MIC;, MIC,, MIC;, MIC,,

Ceftazidime 16* 64 2 32 4 > 64
Cefotaxime 8 16 1 16 8 >64
Ceftizoxime 16 <05 8 16 >64
Moxalactam 1 32 4 16 2 > 64
Cefoperazone 32 >64 4 16 1 64
Ceftriaxone 8 32 NA NA NA NA
Imipenem 0.06 2 0.01 0.25 0.06 8
Aztreonam >32 >32 64 >128 NA NA
Cefamandole 32 >64 1 16 1 >128
Cefoxitin 4 16 0.25 16 0.5 >128

NA = notavailable.
*Expressed in pg/ml.

Table 4. Anaerobic organisms are more effectively treated with
Cefoxitin than third generation Cephalosporins or other new
beta-lactams. Imipenem, however, does have significantly lower
MIC values for these organisms. Other antibiotics with excel-

Staphylococcus and Streptococci

In a recent study by Wheat and associates the relative
prevalence of microorganisms in diabetic foot infections
was reported (6). Fifty-fourreliable cultures were perform-
ed from a total of 103 patients. Staphylococcus species
and/or Streptococcus species were isolated from a total of
50outof54cultures(94%). Althoughlesserfrequences have
been reported all authors stress the significance of the in-
volvement of these organisms (11, 12). S. aureus along with
anaerobic species are the most important pathogens in
bacteremic episodes in diabetic patients (13).

Exceptfortheenterococcalgroup, the presence of Strep-
tococciwill notgreatly effectthe choice ofantibioticin mix-
ed infections since most antibiotic agents employed will
adequately cover these organisms. One notable exception
isthe monobactan, Aztreonanwhich isineffective against
gram positive organisms.

The importance of enterococcal presence in mixed dia-
betic foot infections is somewhat controversial. Regimes
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lent anaerobic activity include Metronidazole and Clindamycin
and may be more appropriate when anaerobes are main con-
cern. (Take with permission from Thornsberry, 1985.)

whichignorelessvirulentorganisms have been suggested
by some authors (4, 6). However, if enterococci appear as
a single isolated or in combination with very few other
organisms, itis prudenttodirecttreatmentatthisorganism.
PCN, Ampicillin, Mezlocillin,and other Ureidopenicillins
in conjunction with Gentamycin (14) are the treatments of
choice for serious enterococcal infection.

The Cephalosporins have noactivityagainstenterococci.
For penicillin allergic patients, Vancomycin may be used.
Imipenem may beappropriate intreatment, but Imipenem
may have crossover allergy with Penicillins, so if the
penacillin allergy was anaphylactoid one must be wary.

S. Aureus can be divided into two groups which have
therapeutic significance. Most S. Aureus organisms pro-
ducebeta-lactamaseand requireantibioticswhichare not
degraded by beta-lactamase enzymes. Nafcillin, Oxacillin
andthefirst, second, and third generation cephalosporins
willallhave some degree of activityagainstthese organisms
atachievable blood levels. Oxacillin/nafciilin are highly ef-



fective, butthey mustbegiven every4hoursandare costly.
Cefazolin, afirstgeneration cephalosporin has good MICs,
good tissue penetration plus low cost, every8 hourdosing,
and excellent safety making it the drug of choice for
Methicillin-susceptible S. aureus.

Cefoxitin,asecond generationcephalosporinhasinferior
activity against Methicillin-susceptible S. aureus (Table 1)
but the advantage of superior anaerobic and some gram
negative activity. However, in the serious diabetic foot in-
fection suggested by anaerobic gram-positive, and gram
negative involvement combination therapy with the most
active antibiotic agents is appropriately considered.

Ofthethird generation cephalosporins, cefotaxime pro-
vides the best coverage against methicillin-susceptible S.
aureus. Cefotaxime is considered by the authors a good
monotherapy agent in mild to moderately severe foot in-
fections inwhich methicillin-sensitive Staphylococcusand
enterobacteriaceae are involved. However, as with any
regimen sensitivities will guide its selection (Table 1). The
neweragentImipenem mayalsobeaveryefficatious choice,
but it is costly.

Clindamycin is also an effective agent in the treatment
of Methicillin-sensitive staphylococcal infection. The com-
bination of Clindamycinwithanaminoglycoside can be ef-
fective in treating many of the mixed infections seen in
diabeticssinceanaerobes, mostgram negativeorganisms,
and Methicillin-sensitive staphylococcus will be covered
with this combination.

Methicillin-resistant Staphylococcus aureus organisms
(MRSA)areresistanttoall beta-lactamantibiotics. Theonly
drugofchoicefor MRSAis Vancomycin. Imipenem hasbeen
shown to have activity against Methicillin-resistant
Staphylococcus, butfurtherstudyintoitsclinicalusefulness
is needed. Finally, theaddition of oral Rifampinto otheranti-
Staphylococcal agents has been shown to be useful in
treating resistantorganisms. However, rapid development
of resistance occurs if Rifampin is used as a single agent.

Gram Negative Organisms

The gram negative organisms historically have provento
be among the most adaptable of the clinically significant
bacteria. Developmentof resistance within this group has
been the main impetus for the development of new anti-
bioticagents. This groupincludes the enterobacteriaceae—
Klebsiella pneumoniae, Serratia marcesans, Proteus
mirabilis and vulgaris, Enterobacter, Morganella morganii,
Escherichia coli, and Citrobacter species. Pseudomonas
species and Acinetobacter species complete the list of
significant gram negative organisms. The MIC’s for the
above bacteriato several beta-lactams are shown in Tables
2and 3. Mostoftheseorganismsaresusceptibletothethird
generation cephalosporins. However, Pseudomonas,
Acinetobacter, Serratia, and some Enterobacter species
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have been known to develop resistance to single agent
therapy with beta-lactam antibiotics. In serious infections
suchasosteomyelitisitisprudenttouseatwodrugregimen
whichincludesanaminoglycoside whendealingwith these
agents. The gram negative organisms are often isolated in
polymicrobial diabetic foot infections with three to six
organisms not being uncommon (6, 11, 12, 15).

The presence of multiple pathogens usually requiresan
extended spectrum antibiotic. Cefotaxime, the first third
generation cephalosporin providesadequateantimicrobial
activityagainstthe majority of these pathogens. If Cefotax-
ime is not adequate, then combination therapy is usually
needed. Note that the second generation cephalosporins
are for the most partinadequate for mixed infections with
these agents. Imipenem provides sufficientinhibition for
these organisms, however, with Ps, Serratia, Acinetobacter
and enterobacterial cultures, the addition of aminoglyco-
side to prevent resistance developing while on therapy
is prudent.

Note the large differential between the MIC50and MIC90
for Enterobacter cloacaeand Serratiamarcescens. Thisin-
dicatesthatthese organisms haveawidevariationin suscep-
tibilities and therefore will often require synergistic an-
tibiotic coverage. This becomes increasingly importantin
the debilitated host.

Pseudomonas aeruginosa is acommonly recovered or-
ganismin the mixed diabeticinfection. However, itisacom-
mon colonizer of no pathologic significance and often is
isolated froman unreliable culture of achroniculceration
andabsentinreliable deepwound culture. Mackowiak and
associates stated “The predictive values for Enterobacter-
iaceae and Pseudomonas aeruginosa, and mixed cultures
of Streptococcus species isolated from sinus tracts were
alllessthan50% (7). Wheatand associates foundthatinap-
proximately 20 outof 131infectionsaminoglycosideswould
have been unnecessarily used to cover Pseudomonas aeru-
ginosaand Acinetobacter colonizers found onlyin unreli-
ableculture(6). Thishasimportantimplicationsintreating
the diabetic foot infection.

Properuseofaminoglycosidesrequiresexpensivemon-
itoring of drug levelsand renal or otic toxicity. The diabetic
patientwith renalimpairmentisat particularrisk of toxicity.
One should try to avoid unnecessary aminoglycoside use
by careful and accurate culturing. This is not to say that
aminoglycosidesare contraindicated inthese patientssince
appropriate usewilloften determine thefate of theinfected
diabeticfoot. One should remembernephrotoxityis rever-
sible while amputations are irreversible.

Ceftazidimeis the third generation cephalosporin most
active against Pseudomonas aerugenosa. Cefoperazoneis
the second most active against this organism, however, its
MICs are approximately twice that of Ceftazidime. Im-
ipenem and Axtreonam are also active against Pseudo-



monas aeruginosa. Cefsulodin is a new parenteral beta-
lactam with activity virtually restricted to Pseudomonas
aeruginosa. Veryfewreportsonits use in osteomyelitis have
been published. Response of diabetic patients with soft
tissueinfections has beenreportedly poorto moderate (16).

Pseudomonasspeciesotherthanaeruginosaand Acine-
tobacter species areamong the most resistant of the clini-
cally significant organisms. Reliable isolation of these
organisms necessitates careful selection of effective com-
bination drug therapy.

Serial culturing of the wound is importantin determin-
ing not only clearing of the pathogen originally cultured
butalso will alert the physician to developing superinfec-
tion. Itis wise to perform consecutive cultures taken two
days apart before delayed primary closure of a wound.

Patients placed on aminoglycoside antibiotics require
consistentmonitoring oftherapy. Baselineserumcreatinine
levels should be checked. Subsequent serum creatinine
levels onadaily to every other day basis will provide an in-
dicationofrenalfunction.Anincreaseinserumcreatinine
level of 04 mg/dlisindicative of renal damage and suggests
the need foradjustments. Concomitant use ofaminoglyco-
sides with other nephrotoxic or ototoxic drugs increases
therisks of toxicity. Furosimide isacommonlyencountered
example.

Safe and effective use of aminoglycoside therapy requires
obtaining peak and trough levels on therapy (17) (Fig. 1).
Trough levels under 2 mcg/ml (8 mg for Amikacin) reduce
the risk of toxicity, but without good peak levels the drug
is noteffective. Peaks of atleast4mg/mlor preferably 6 mg/ml
(20to 30 for Amikacin), butless than 10 mcg/mlwill give the
best therapeutic response. When starting an aminoglyco-
side one should obtain a weight and a serum creatinine.
Dosageof 1.5—25mg/kgisappropriate. Theintervals should
beadjusted startingwith theserumcreatinineof 10asevery
8 hoursinterval and widening the intervals by multiplying
8 x serum creatinine = interval in hours. Levels should be
ordered 30 minutes before and 30 minutes after the third
doseto give steady statelevels. Adjustments based onthese
levels can then be performed and remeasured. Haas and
Collins review aminoglycoside dosing (18).

Anaerobic Organisms

Therapidlyprogressing footinfectionindiabetic patients
whichresultsinfulminanttissue necrosisismostcommonly
associated with the presence of anaerobic organisms. Acute
clostridium myonecrosis and streptococcal necrotizing
fasciitisarethe mostfeared anaerobicinfectious processes.
Bacteroides infections, while often severe, tend to be
associated with a more chronic presentation (19). The
clinical presentation of a feculent, foul smelling, necrotic
infection will require empiric antibiotic therapy directed
attheseorganisms. Subcutaneous gasformation evidenc-
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ed by radiographic appearance and tissue crepitus is fur-
ther suggestive, but not pathogneumonic forthe presence
of anaerobic organisms.

Gram stain evidencing gram positive rods is suggestive
of clostridial speciesinfectionandisamedicaland surgical
emergency in the septic patient. High dose penicillin G
therapy combined with aggressive surgical debridement
and amputationwillbe necessaryinthelife savingattempt.

Bacteroidesspeciesarethe mostcommonlyencountered
anaerobes. Susceptibilities are quite variable among this
group. Many species are susceptible tothe second genera-
tion cephalosporin cefoxitin. However, resistance to this
agent has been reported requiring careful attention to
specific MIC values.

Clindamycinisconsidered thedrugof choice forserious
anaerobicinfectionsotherthan clostridial. Metronidazole
isalsoeffectiveagainstanaerobicorganisms, however, ithas
the disadvantage of no aerobic coverage, whereas clin-
damycin is also a very effective anti-staphylococcal agent.
Imipenam has been shown to have good activity against
many anaerobic strains, however, some bacteroides species
are uniformly resistant (Table 4).

Monitoring Therapy

The most important signs of appropriate therapy are
clinical improvements. A decrease in localized pain,
erythema, edema, and calor outweigh the bestlaboratory
tests. The patient who continues to complain of pain is all
too often labeled as a “problem patient”, Reevaluation of
the therapy should be undertaken when pain seems too
persistent, for painisan earlyandoften sensitive indicator
of infection.

Laboratorystudiesincludingcomplete blood countwith
differential, erythrocyte sedimentation rate or “C" reactive
protein can be helpful in monitoring therapy. A decrease
in the number of white blood cells is expected as therapy
progresses successfully.

Anincreaseininsulinrequirementsoccursintheinfected
diabetic patient. For this reason sliding scale supplemen-
tation with regularinsulin should be employed. Adjusting
insulin regimens is a must in treating the diabetic patient
sufferingfromaninfection. Optimumglucose controlcan
aid in reducing the duration and intensity of the infective
process (5).

The Future in Antibiotic Therapy

At present there is no oral antibiotic which can achieve
thetissuelevels necessarytotreattheseriousdiabeticfoot
infection. However,theadventofanewclass ofantibiotics,
fluoroquinolones is on the horizon. The most promising
agentatpresentis Ciprofloxacin. Thefluoroquinolonesare
structurallyrelated toNalidixicacid. They haveaverybroad-
spectrum of bactericidal activity. Theclinical and economic
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Figure 1. Relationship between the maximal peak level/MIC ratio and the
rate of clinical response.

Source: Moore, R.D., et al: Clinical Response to Aminoglycoside
Therapy: Importance of the Ratio of Peak Concentration to
Minimal Inhibitory Concentration. J Infect Dis 1987; 155
(January): 93-99.

Fig. 1. The maximum peak antibiotic level/minimal inhibitory
concentration ratio and its relationship with clinical response
as presented by R.D. Moore and associates, 1987.

implications of this new class of antibiotic was discussed
in a series of articles by Nev (21) and Scully and associ-
ates (22).
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