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Staphylococcus aureus and other Gram-positive organisms, including methicillin-resistant S. aureus, continue
to be the predominant pathogens associated with diabetic foot infections. Consequently, linezolid is often used
to treat these infections. The purpose of the current study was to describe the pharmacokinetic profile and
determine the level of penetration of linezolid into healthy thigh tissue and infected wound tissue of the same
extremity in 9 diabetic patients with chronic lower limb infections by use of in vivo microdialysis. Hourly
plasma and dialysate samples were obtained over a 12-h dosing interval following 3 to 4 doses of linezolid
(600 mg intravenously every 12 h). Plasma protein binding was also assessed at 1, 6, and 12 h postdose.
The means = standard deviations (SD) for the maximum concentration in serum (C,,,,), the volume of
distribution at terminal phase (V), and the half-life (¢,,,) for linezolid in plasma were 11.99 £ 3.67 pg/ml,
0.71 = 0.25 liters/kg of body weight, and 4.71 = 1.23 h, respectively. Mean protein binding was 14.78%
(range, 3.85 to 32.03%). The mean areas under the concentration-time curves from 0 to 12 h for the free,
unbound fraction of linezolid (fAUC,,_,, values) = SD for plasma, wound tissue, and thigh tissue were
51.24 = 12.72, 82.76 * 59.01, and 92.52 * 60.44 pg - h/ml, respectively. Tissue penetration ratios (tissue
JAUC to plasma fAUC) were similar for thigh (1.42; range, 1.08 to 2.23) and wound (1.27; range, 0.86 to
2.26) tissues (P = 0.648). With the currently approved dosing regimen, linezolid penetrated well into both

healthy thigh tissue and infected wound tissue in these diabetic patients.

Diabetic wound infections continue to be the most common
cause of nontraumatic lower-extremity amputation both in the
United States and abroad (21, 22, 29), with over 85% of these
amputation cases starting with a foot ulcer that became se-
verely infected (29). Approximately 15% of diabetic patients
will develop a foot ulcer at some point in their lives, with an
annual total cost of direct care in the United States of around
$9 billion (29). It is estimated that the direct cost of medical
care for a leg amputation in the United States is around
$50,000, which adds up to a total cost of approximately $1.6
billion annually in the United States (29).

Gram-positive organisms, including both methicillin-suscep-
tible and methicillin-resistant Staphylococcus aureus (MRSA),
are the most common pathogens isolated from diabetic foot
infections (12, 14). Linezolid is an oxazolidinone antibiotic that
is FDA approved for the treatment of complicated skin and
skin structure infections (cSSSI), including diabetic foot in-
fections (23). Linezolid is a reasonable treatment option for
diabetic foot infections, as it has activity against many of the
causative Gram-positive organisms and is available in both
intravenous and oral formulations, making it convenient for
use in both inpatient and outpatient settings. Additionally,
linezolid was at least as effective as vancomycin for treating
¢SSSI and was superior to vancomycin for treating MRSA in

* Corresponding author. Mailing address: Center for Anti-Infective
Research and Development, Hartford Hospital, 80 Seymour Street,
Hartford, CT 06102. Phone: (860) 545-3941. Fax: (860) 545-3992.
E-mail: dnicola@harthosp.org.

¥ Published ahead of print on 27 June 2011.

4170

one randomized controlled trial (30). A pharmacoeconomic
study also demonstrated lower treatment costs for patients
receiving linezolid over those receiving vancomycin, likely due
to shorter treatment duration with intravenous linezolid than
with intravenous vancomycin, as well as a shorter average
length of stay (16).

The pharmacokinetic profile of linezolid in tissue has been
described for several different patient populations. One study
conducted with 6 patients undergoing lower limb amputation
found a mean linezolid concentration in infected soft tissue
samples collected at the time of amputation that was 51% of
the corresponding concentration in serum (27). A second
study, conducted with 15 patients with diabetic wound infec-
tions, found a mean linezolid concentration in infected wound
tissue samples that was 102% of that in plasma at 3 h (15).
Both of these studies utilized tissue homogenate, which can
lead to inaccuracies in tissue concentration as a result of vas-
cular and intracellular contamination, among other factors (19,
25). Additionally, the variability in these data is possibly due to
the fact that a comparison between blood and tissue concen-
trations was made at only a single point in time for each
patient, whereas the degree of tissue penetration should vary
over the course of the concentration-time profile. For instance,
penetration just after the dose is administered may appear low
as a result of high blood concentrations, whereas penetration
around the trough may appear higher, as concentrations in
blood decline more rapidly than those in the tissue. As a result,
tissue penetration should be evaluated over the entire expo-
sure period by comparing the areas under the concentration-
time curves of the free, unbound fraction of linezolid (FAUCs)
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in tissue and in blood. Two studies sought to do this, using in
vivo microdialysis in both healthy and critically ill subjects
receiving linezolid, which resulted in approximately 90% pen-
etration into tissue (3, 6). However, neither of these popula-
tions were diabetic; therefore, the tissue penetration of lin-
ezolid into the interstitial fluid of diabetic wounds is still not
fully understood. Since these patients also often suffer from
diabetic neuropathy and peripheral vascular disease, which can
further impair penetration into the target tissue site, it is also
important to determine if there is a difference in penetration
between infected peri-ulcer tissue and healthy tissue within the
same patient. The objective of the current study was to de-
scribe the pharmacokinetic profile of linezolid within the in-
terstitial fluids of infected and uninfected soft tissues of dia-
betic patients with in vivo microdialysis (18, 19, 20, 25).

MATERIALS AND METHODS

Study protocol. This was an open-label pharmacokinetic study of 9 diabetic
patients admitted to Hartford Hospital in Hartford, CT, with lower-extremity
wound infections. The study protocol was reviewed and approved by the Insti-
tutional Review Board at Hartford Hospital. Written informed consent was
obtained from all patients prior to participation in the study.

Patients. Patients had to have a documented history of type 1 or type 2
diabetes and be actively receiving pharmacologic therapy (insulin and/or an oral
antihyperglycemic agent). Lower-extremity wound infections were limited to
chronic complicated skin and skin structure infections (cSSSI) requiring surgical
debridement and defined as mild or moderate by the Infectious Diseases Society
of America (12) or as grade 2 or 3 by the International Consensus on the
Diabetic Foot (13).

Patients were excluded prior to enrollment if they were less than 18 years of
age, had a hypersensitivity to the study medication (linezolid) or anesthetics
(lidocaine or lidocaine derivatives), were pregnant or breastfeeding, were receiv-
ing monoamine oxidase inhibitors (MAOIs) or selective serotonin reuptake
inhibitors (SSRIs), had no palpable pedal pulses, were likely to require multiple
procedures during the study, or had participated in another study of an investi-
gational drug or device within the preceding 30 days. Patients were also excluded
if their creatinine clearance was less than 30 ml/min when calculated by the
Cockcroft-Gault equation (5); their platelets, hematocrit, or white blood cell
count was less than 75% of the lower limit of the normal range; or their aspartate
aminotransferase, alanine aminotransferase, or alkaline phosphate was greater
than twice the upper limit of the normal range.

Study medication. Linezolid for intravenous (i.v.) injection (lot 09H20Z35;
expiration date, 1 August 2012) was provided by Pfizer Inc. (New York, NY).
Patients received 600 mg of linezolid in addition to other antimicrobial therapies
prescribed for the treatment of their infection. Linezolid was administered in-
travenously through either a peripheral catheter placed in the antecubital vein or
a peripherally inserted central catheter (PICC) over the course of 1 h every 12 h
for 3 to 4 doses to achieve steady state.

Microdialysis procedure. The microdialysis procedure was performed as pre-
viously described (4, 8). Briefly, two microdialysis probes (CMA 60 microdialysis
catheters; CMA Microdialysis AB, Solna, Sweden) with membrane lengths of 30
mm and a molecular mass cutoff of 20 kDa were inserted under sterile conditions
into the subcutaneous tissue after patients underwent surgical debridement of
their lower-extremity wound. Following the local injection of a 0.5% lidocaine
solution, one catheter was placed within 10 cm of the wound margin, while the
second was placed in the uninfected thigh tissue of the same extremity. After the
catheters were inserted, a microinfusion pump was connected (CMA 107 micro-
dialysis pump; CMA Microdialysis AB, Solna, Sweden) and the catheters were
flushed at a rate of 15 pl/min and then continuously perfused with Lactated
Ringer’s solution at a rate of 2 pl/min.

Sample collection. Venous blood was collected from either a peripheral in-
travenous catheter or a PICC at the following time points after the 3rd or 4th
dose of linezolid: 0 (the start of the infusion), 1 (the end of the infusion), 2, 3, 4,
5,6,7,8,9, 10, 11, and 12 h. Blood samples were collected using a 10-ml BD
Vacutainer (Becton, Dickinson and Company, Franklin Lakes, NJ) containing
sodium heparin. Blood samples were centrifuged (2,000 X g for 10 min), and the
separated plasma was immediately frozen in amber polypropylene tubes and
stored at —80°C until analysis.

Dialysate samples of approximately 120 wl were obtained simultaneously from
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both microdialysis catheters at each of the corresponding blood sample time
points. Dialysate samples were collected in 200-wul microvials (CMA Microdialy-
sis AB, Solna, Sweden), which were then stored in amber polypropylene tubes
and immediately frozen at —80°C until analysis.

Microdialysis probe recovery: in vivo retrodialysis. Thigh and wound tissue
catheters were calibrated for each patient using the in vivo retrodialysis tech-
nique after all samples were obtained. A solution of linezolid for calibration was
freshly prepared by diluting linezolid with Lactated Ringer’s solution to a
concentration of 200 pg/ml (Cperrusate) and was then perfused through the
tissue at 2 wl/min for 1 h, and the disappearance of the drug through the
membrane was determined, representing the amount of recovery. The in vivo
recovery was calculated using the following equation: percent recovery in
vivo = 100 — (100 X Cgiaysate/Cpertusate)s Where Cyiarysace is defined as the
concentration obtained in the dialysate collected during the 1-h calibration.

Protein binding studies. Protein binding studies were conducted in triplicate
for each patient at 1, 6, and 12 h after the administration of the last dose of
linezolid. A blood sample was collected into a 10-ml BD Vacutainer (Becton,
Dickinson and Company, Franklin Lakes, NJ) containing sodium heparin at each
of these three time points and centrifuged (2,000 X g for 10 min) to obtain
separated plasma. Exactly 0.9 ml of plasma was transferred into each regen-
erated-cellulose, 30-kDa molecular-mass-cutoff ultrafiltration device (Centri-
free centrifugal filters; Millipore Corporation, Billerica, MA) and centrifuged
at 2,000 X g using a fixed-angle rotor for 30 min at 10°C to obtain ultrafiltrate
(Cuttrafittrate)- An aliquot of plasma was also retained at each corresponding
time point for determination of total drug concentration in the plasma
(Cpiasma)- The amount of protein binding was calculated using the following
equation: percent protein binding = 100 — (100 X Cyjpragitrate/Cplasma)-

The adsorption of linezolid to the membrane of the ultrafiltration device was
also investigated using an aqueous standard solution of analytical-grade linezolid
(Pfizer Inc., New York, NY) prepared to a concentration of 6 pg/ml in Lactated
Ringer’s solution. Three independent test samples were ultrafiltered and ana-
lyzed using the same methodology as described above for plasma samples. Since
adsorption of linezolid to the ultrafiltration membrane was negligible (<1.5%),
no further adjustments were made to the protein binding data for nonspecific
binding.

Analytical procedures. Linezolid concentrations in plasma and dialysate were
determined using a validated high-performance liquid chromatography (HPLC)
assay that was developed using a previously published assay (2) at the Center for
Anti-Infective Research and Development in Hartford, CT. The plasma assay
was linear over a range of 0.2 to 30 wg/ml (> = 0.997). The mean interday
coefficients of variation (CV) for high (20 wg/ml) and low (0.5 pg/ml) check
samples were 2.5% and 2.4%, respectively. The mean intraday coefficients of
variation were 3.2% and 1.3%), respectively. The dialysate assay was linear over
a range of 0.1 to 20 pg/ml (** = 0.997). The mean interday coefficients of
variation for high (15 wg/ml) and low (0.2 wg/ml) check samples were 3.9% and
4.4%, respectively. The mean intraday coefficients of variation were 1.4% and
1.9%, respectively.

Pharmacokinetic analysis. (i) Plasma. Total linezolid concentrations in
plasma were analyzed for each subject by noncompartmental analysis using
WinNonlin software (version 5.2.1; Pharsight Corporation, Mountain View, CA).
The maximum concentration of linezolid (C,,,,) and time to maximum concen-
tration (7,,,,) were determined by visual inspection of the concentration-time
profile. The area under the concentration-time profile from 0 to 12 h (AUC,_;,)
was calculated using the linear/log trapezoidal method. The half-life (¢,,) was as
calculated as In(2)/\,, where \, is the terminal elimination rate constant. The
terminal elimination rate constant was estimated by linear-regression analysis of
the terminal portion of the concentration-time profile. Clearance was calculated
as dose/AUC,_;,. The volume of distribution was calculated as dose/(\, X
AUC,_;,). The mean of each individual’s protein-binding percentages was
applied to each subject’s corresponding AUC to determine that person’s
free-drug AUC.

(ii) Tissue. Concentrations obtained from wound and thigh dialysate samples
were corrected using the in vivo recovery calculated for each catheter prior to the
performance of pharmacokinetic analyses with the following equation: Cyjg,c =
100 X (Cgiarysate/Percent recovery in vivo), where Cgq. is the drug concentration
in the interstitium. Linezolid concentrations in wound and thigh tissue were also
analyzed for each subject by noncompartmental analysis using WinNonlin. The
Chax and T, in the tissues were determined by visual inspection of the con-
centration-time profile. The AUC,,_;, was calculated using the linear/log trape-
zoidal rule. The #,,, was calculated as In(2)/\,. Tissue penetration ratios were
calculated using the AUC, ;, for wound or thigh tissues (AUC,,unq OF
AUC\pen) and the fAUC, 5 in plasma (FAUC,4ma) as follows: the wound
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TABLE 1. Characteristics of subjects

Characteristic Value®
9
. 551 +10.0
100
% of race:
African AMETICAN.......c.ceeueueueueueieiereierererererereienerereenenenenes 222
CaAUCASIAN ..o 66.7
HiSPaniC......covuiiiiiiiiiic et 11.1
Ht (in.) ... . 708 £3.1
Wt (K@) oo .104.7 = 35.0
Body mass index (Kg/M?) .....cc.corvmrrererrrenerererniensinssssssensaenes 31.8 =83
% with diabetes of type:
L 333
2t e 66.7
Glycosylated hemoglobin Alc (%) 87x18
% with pedal pulse rate:
F L e 77.8
T2 s 222
% with PEDIS? grade 3 ...oo.comrveermrreeereeeneseeeeeseeeesseseesenenns 100

¢ Data are reported as means * standard deviations unless otherwise noted.
> The PEDIS (perfusion, extent/size, depth/tissue loss, infection, and sensa-
tion) grade was defined by the International Consensus on the Diabetic Foot (2).

penetration ratio is equal to AUC,;4una/fAUC,j45mas and the thigh penetration
ratio is equal t0 AUC y,;n/fAUC, j1gma-

Statistical analysis. Pharmacokinetic parameters and penetration ratios were
compared for wound and thigh tissue using a paired ¢ test or Wilcoxon signed-
rank test for nonnormally distributed data using SigmaStat (version 2.03; SPSS
Inc., Chicago, IL). Plasma concentrations at 0 h and 12 h were also compared
using a paired ¢ test to confirm that steady state was achieved. A P value of <0.05
was considered statistically significant.

RESULTS

Patients. A total of 9 male patients were enrolled in the
study. Baseline characteristics for these patients are listed in
Table 1. Seven of the 9 had microdialysis catheters placed in
both healthy thigh and infected wound tissues, while the 2
remaining patients had only a wound catheter, due to logistical
issues. Subsequently, only the data for the 7 patients who
underwent sampling from both thigh and wound catheters
were used for comparing pharmacokinetic parameters and lev-
els of penetration for the two tissue sites. One error occurred
during the administration of the study medication, with one
patient receiving the final dose of linezolid over 2 h, and one
error occurred in sampling for another subject, as the peak
concentration drawn at 1 h was drawn from the same line in
which the drug was infused, resulting in sample contamination.
As such, data from these patients were not included in the
mean data for C,,, and 7,

Two adverse events occurred during the study. One patient
experienced an increase in total bilirubin to 1.6 mg/dl while on
therapy, and another experienced an increase in lactate dehy-
drogenase (LDH) to 321 units/liter while on therapy. Both
levels returned to baseline the following day. All other labo-
ratory values were either within normal limits or clinically
insignificant over the course of the study.
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Pharmacokinetic analysis. (i) Plasma. Protein binding was
not evaluable at any of the three time points for one patient
and at one of the three time points for a second patient. The
mean protein binding for 8 patients was 15% (range, 4 to 32%)
and did not appear to be concentration dependent, as depicted
in Fig. 1. Both the total- and free-drug concentration-time
profiles are depicted in Fig. 2A. The total drug pharmacoki-
netic parameters in plasma at steady state are described in
Table 2. Plasma concentrations were not different between 0 h
and 12 h for the dosing interval where sampling was conducted
(P = 0.413), indicating that steady state had been achieved.

(i) Tissue. The mean recovery rates = the standard devia-
tions (SD) for thigh and wound catheters were 39.3% * 14.6%
and 46.4% = 17.3%, respectively. The steady-state concentra-
tion-time profiles for linezolid in wound and thigh interstitial
fluid are displayed in Fig. 2B. Pharmacokinetic parameters
were not statistically different between thigh and wound tissues
(Table 2). Linezolid concentrations within the interstitia of
both thigh and wound tissues were generally greater than 1
pg/ml throughout the dosing interval for all patients. Addition-
ally, linezolid penetrated equally well into both healthy thigh
tissue and infected wound tissue, as demonstrated by the tissue
penetration ratios (AUC,;4uo/fAUC, ju5ma) Of 1.42 (range, 1.08
to 2.23; n = 8) in thigh tissue and 1.27 (range, 0.86 to 2.26; n =
7) in wound tissue. No significant difference was found be-
tween these ratios (P = 0.648) in the six patients who had both
thigh and wound concentration data and evaluable free-drug
exposures.

DISCUSSION

Wound infections are an ongoing problem among diabetic
patients, often resulting in chronic infection, hospitalization,
and amputation. Further complicating the treatment of these
infections, diabetic patients often have reduced blood flow to
their extremities as a result of peripheral vascular disease and
diabetic neuropathy. Therefore, it is essential to determine the
tissue penetration of linezolid, a commonly used antibiotic for

40 -

30 A

20 A

Protein Binding (%)

Total Plasma Concentration (ug/mL)

FIG. 1. Protein binding of linezolid over the concentration range
in 8 diabetic patients. Each line represents the protein binding
profile over a range of total drug concentrations for an individual
subject (n = 8).
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FIG. 2. Linezolid concentration-time profiles. (A) Plasma concentration-time profile of linezolid. Circles, total drug concentration; triangles,
corrected free-drug concentration. (B) Free-drug tissue concentration-time profile of linezolid. Closed squares, wound tissue; open squares,

healthy thigh tissue.

these types of infections, into the interstitial fluid of both
healthy and infected tissues of diabetic patients as described
herein.

The pharmacokinetics of linezolid in plasma have been de-
scribed previously for 6 hospitalized diabetic patients receiving
600 mg of linezolid i.v. infused over 1 h in a study by Stein et
al. (27). The mean value for C,,,, in the current study (11.99 +
3.67 pg/ml) was comparable to that of the previous study
(14.7 = 6.1 pwg/ml). The mean value for ¢,,, (4.71 £ 1.23 h) was
also similar to that of the previous study (5.5 = 2.8 h). How-
ever, the mean AUC,_,, was 68.76 = 29.31 g - h/ml and the
volume of distribution at steady state (V) was 0.73 = 0.28
liters/kg of body weight for the current study, which is different
from the previously reported values (AUC, ;,, 114 = 50
wg - h/ml, and V, 0.44 = 0.11 liters/kg). This is potentially
explained by the slightly larger mean total body weight ob-
served in the current study (104 kg) than in the previous study
(98 kg). Disparities in severity may also account for the ob-
served differences in pharmacokinetics between these two
studies; however, the severity of illness, the PEDIS (perfusion,
extent/size, depth/tissue loss, infection, and sensation) score,
and the level of peripheral vascular disease are not well char-

TABLE 2. Steady-state pharmacokinetic parameters for linezolid
concentrations in plasma and tissue samples”

Result for indicated sample type©

P ter® P value?
aramete Plasma Wound tissue Thigh tissue n="17
n=29) (n=29) n="17
Crax (pg/ml) 11.99 * 3.67° 13.45 = 8.61 14.4 + 7.49 0.714
Tnax (h) 1¢ 2.11 = 0.33 2.57 £ 0.79 0.289
AUC,_, 68.76 = 29.31 ND ND
(g - h/ml) _
UCqy_1» 51.24 + 12,720 82.76 £ 59.01  92.52 + 60.44 0.942
(pg - h/ml)
ty, () 471 £1.23 514 = 1.48 4.69 = 1.78 0.275
CL (liter/h/kg) 0.11 = 0.04 ND ND
V. (liter/kg) 0.71 £ 0.25 ND ND

¢ Steady state was achieved following 3 to 4 600-mg doses of linezolid admin-
istered as intravenous infusions for 1 h every 12 h.

? C axe Maximum concentration of linezolid; CL, clearance.

¢ Values are reported as means * standard deviations. ND, not determined.

4 The P value was obtained by comparing results for wound and thigh tissues.

¢ Two subjects were excluded from this analysis (n = 7), as one subject re-
ceived a 2-h infusion and another subject’s concentration data at 1 h was not
evaluable due to sample contamination.

/Protein binding data were not available for one subject (n = 8).

acterized within the study population described by Stein et al.
Despite achieving a slightly lower AUC,,_,, with the same
dosing regimen of linezolid, the coefficients of variation around
these values in both of the studies were similar (~43%). No-
tably, our values were similar to those observed in a critically ill
population, where a mean AUC,,_;, of 65.3 pg - h/ml (%CV,
57.9) and a V of 62.9 liters (% CV, 19.2) were reported for 12
patients with a median weight of 81 kg (3). Additionally, the
mean protein binding observed in the current study was 15%
(range, 4 to 32%), was not concentration dependent, and was
quite variable between and within patients. Both of these ob-
servations are consistent with what has been reported previ-
ously (26, 28).

Linezolid penetrated well from plasma into both healthy and
infected subcutaneous tissue, as demonstrated by mean pene-
tration ratios of 1.42 (range, 1.08 to 2.23) and 1.27 (range, 0.86
to 2.26), respectively. Additionally, while between-patient vari-
ability for tissue penetration was observed, the level of pene-
tration in healthy tissue was consistent with the level of pene-
tration in infected tissue for each individual patient. While
previous studies have also reported good tissue penetration for
linezolid, the level of penetration observed in the current study
is greater than those reported by other investigators for dia-
betic patients (15, 27). However, it may not be reasonable to
compare levels of penetration from this study with levels in
those two diabetic studies due to differences in methodologies.
Levels of penetration reported herein are more reliable, as we
used plasma and tissue fAUCs over an entire dosing interval at
steady state to determine tissue penetration. This is especially
important, as tissue penetration may actually change over the
course of the dosing interval.

Linezolid tissue penetration into subcutaneous tissue has been
investigated using microdialysis techniques in both healthy vol-
unteers and critically ill patients but not in diabetic patients,
where blood flow to the site of infection could potentially be
diminished. In those studies with healthy volunteers and crit-
ically ill patients, tissue penetration ratios for linezolid were
found to be approximately 90% (SD, 20%) and 89.6% (range,
20.2 to 118%), respectively (3, 6). These data were also lower
than what was observed in the current study. This could be a
result of differences in penetration among different patient
populations, which also demonstrates the importance of deter-
mining tissue penetration in a diabetic population. Despite the
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assumption that blood flow to the site of infection was dimin-
ished in patients included in the current study due to micro-
vascular and macrovascular complications of diabetes, the level
of tissue penetration observed was in fact higher than what was
previously described for noninfected, healthy volunteers and
critically ill patients with similar plasma pharmacokinetics (3,
6). One potential explanation for increased drug penetration is
that decreased blood flow might lead to the breakdown of
cellular barriers and to enhanced penetration into the intersti-
tial fluid. An alternative, yet undescribed, theory is that the an
upregulation of pump- or carrier-mediated transportation
across cellular barriers occurs in response to peripheral vascu-
lar disease in diabetic patients. The high level of linezolid
penetration is likely not macrophage or leukocyte mediated, as
penetration ratios were similar between healthy and infected
tissues for all patients and linezolid does not exhibit a high
level of intracellular accumulation within these cells (10, 11).
Two small case series reports in which linezolid penetration
was studied in diabetic patients with microdialysis have re-
cently been published. The first study evaluated linezolid tissue
penetration in two diabetic patients with lower-extremity
ulcers both prior to and after hyperbaric oxygen therapy
(HBOT) following single-dose oral linezolid therapy. The lin-
ezolid tissue penetration ratios observed in the first and second
subjects were 47.4% and 47.9%, respectively, before HBOT,
and they increased to 95.0% and 75.7%, respectively, after
HBOT (9). Values observed both before and after HBOT for
both subjects were also lower than those observed in the cur-
rent study. However, tissue penetration was measured follow-
ing single-dose oral therapy, when distribution between plasma
and tissue had not yet reached equilibrium. Therefore, it is not
surprising that the level of penetration observed in the current
study is higher, as it was measured at steady state following the
administration of 3 to 4 doses. The second study, as in the
current study, sought to determine tissue penetration at steady
state in both healthy and infected tissues of diabetic patients;
however, it was conducted with only three patients. The pen-
etration ratios into both healthy (132%) and infected (112%)
tissue (28) were similar to the levels of tissue penetration that
were observed in the 9 patients in the current study.
Previous work with both mice and infected patients has
determined AUC/MIC to be the pharmacodynamic parameter
that drives efficacy (1, 24). A mean extrapolated total drug
plasma AUC,, ,, of 137.52 pg * h/ml was observed in this dia-
betic patient population, reaching the total drug AUC/MIC
target of =80 for isolates with a MIC of <1 pg/ml. While an
AUC/MIC target range of 80 to 120 has been established using
plasma data, a pharmacodynamic target for tissue has not yet
been determined (1, 24). The high level of linezolid penetra-
tion into both healthy and infected tissues of diabetic patients
in this study resulted in extrapolated fAUC,_,, values of 185.0
pg - h/ml and 165.5 pg - h/ml for healthy thigh and infected
wound tissues, respectively. Using a MICy,, of 2 pg/ml for both
MRSA and methicillin-susceptible S. aureus isolates would
yield free-drug AUC/MIC values of 92.5 and 82.8 pg - h/ml in
healthy and infected tissues, respectively (7). If the pharmaco-
dynamic target values are, in fact, similar for plasma and tissue,
the target would be achieved against isolates with a MIC of <2
pg/ml. Furthermore, these values were calculated using free-
drug exposures in tissue, whereas the target is based on total
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drug exposures in plasma; therefore, efficacy could potentially
be achieved against isolates with MICs of >2 pg/ml.

In summary, 600 mg of linezolid every 12 h penetrated well
into both healthy and infected tissues in diabetic patients but
with substantial variability between patients. Based on current
pharmacodynamic targets, exposures obtained at the site of
infection should be sufficient to effectively treat a variety of
susceptible and resistant Gram-positive pathogens often impli-
cated in diabetic foot infections.
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