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Modelling Response to Vancomycin in Pneumonia

National Nosocomial Infections Surveillance Sys-
tem (NNIS) of the Centers for Disease Control and
Prevention (CDC) indicated that S. aureus was
among the most common causes of nosocomial
preumonia.['®! Data from the NNIS hospitals show-
ed an increase in nosocomial MRSA infections from
23% in 1987 to 56% in 1997.1 Today, 70-90% of
S. aureus strains are resistant to penicillin, and in
larger hospitals approximately 45% are resistant to
oxacillin.l'>'¢! Recently, S. aureus with reduced sus-
ceptibility to vancomycin have appeared.'24 As
we have pointed out,” and as shown in compara-
tive trials,%?” vancomycin treatment failures_are

Tot uncommon in patients with vancomycin:suscep=
Tible (by MIC) S. aureus infections. 52730 Failure is

especially frequent if vancomycin MIC is 4 mg/L, as
“shown tecenily by Fridid dkin eE AP~ —

In spite of its failings, vancomycin remains the
drug of first choice for the treatment of MRSA
infections in most US hospitals. In randomised,
comparative trials, all the newer agents have similar
cure rates to vancomycin,?*%3 and at the same
time the new agents are both more expensive and
have toxicities that cause concern. As the use of
vancomycin continues to increase, it may be antici-
pated that outcomes of treatment will worsen in an
environment of intense selection pressure and stead-
ily increasing use. This viewpoint has prompted a
variety of strategies to improve the results of vanco-
mycin therapy, such as higher doses, combination
therapy and continuous infusion. A recent study
showed no differences in outcome between intermit-
tent and continuous vancomycin.”® This study dis-
cussed the importance of time above MIC, yet the
study analysis did not attend to MIC differences
between bacteria or the possibility of different MICs
influencing these conclusions.

Qur primary purpose in the present study was to
clarify relationships between vancomycin dosage,
serum concentration, MIC and antimicrobial ac-
tivity by using data gathered from a therapeutic
monitoring environment that observes failures in
some cases. We have previously reported on a sub-
set of patients with both MRSA and methicillin-
susceptible S. aureus (MSSA) lower respiratory
tract infections that were treated with vancomy-

© 2004 Adks Data Information BV. All fights reserved.

cin.[53435] In this subsct, a calculated vancomycin
AUC/MIC value of 345 was found to correlate
with clinical success at test-of cure. However, the
validation for the use of the calculated AUC24/MIC
values was not reported in the investigation, and this
is pertinent if calculated AUC24/MIC values are to
be considered in the design of a patient’s antibacteri-
al regimen.

This analysis extends our previous work in that
our focus here is on lower respiratory tract infec-
tions (LRTIs) caused by S. aureus. In the selected
LRTI population, the analysis considers all anti-
microbial treatments for all staphylococci, both
MRSA and MSSA. Perhaps for the first time, we are
considering all antibacterials used for S. aureus
LRTI, including combinations of antibacterials that
include vancomycin. This analysis also emphasises
a very important endpoint that has not yet been
studied in a patient population with S. aureus
LRTIs, which is the time to bacterial eradication.
Time to bacterial eradication analysed in relation to
AUCH/MIC is necessary to determine whether
there is any suggestion of concentration-dependent
killing behaviour in association with vancomycin. In
particular for S. aureus, if a threshold AUC24/MIC
value is associated with a quicker time to bacterial
eradication then the drug may exhibit some concen-
tration-dependent response and optimising AUC24/
MIC values could offer the potential for a shorter
duration of treatment.

This analysis considered a population of patients
with §. aureus LRTI and had the following goals: (i)
to validate the use of computer-calculated AUC24/
MIC values for vancomycin versus measured blood
concentrations; (ii) to determine whether the per-
centage of time vancomycin serum concentrations
are above the MIC (%Time>MIC) is as good a (or a
better) determinant of response than its AUC24/MIC
value; (iii) to examine the time to bacterial eradica-
tion for vancomycin in relation to achieved AUC24/
MIC values; (iv) to examine the time to bacterial
eradication for vancomycin compared with all other
antibacterials used to treat the LRTL and (v) to
determine whether a relationship exists between
time to bacterial eradication and significant im-~
provement of pneumonia symptoms.

Ciin Pharmacokinet 2004 43 (13)
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Patients and Methods

Study Design and Selection of Patients

All hospitalised patients with S. aureus isolated
from a respiratory specimen between 1 January
1998 and 31 December 1998 were considered, pro-
vided that they had antibacterials ordered within 72
hours of the culture. Patients were identified using
the Clinical Pharmacokinetics Lab (CPL) computer
database, and the hospital medical records of all of
these patients were then reviewed in order to identi-
fy the final population. Patients included were
adults, 18 years of age and older, treated with anti-
bacterial therapy for 3 or more days for a document-
ed LRTL Patients were required to have an S. aureus
LRTI based on the clinical, radiographic and micro-
biological criteria defined by the Division of Anti-
Infective Drug Products, Center for Drug Evaluation
and Research. P!

Patients were excluded if they had endocarditis,
osteomyelitis and/or a central nervous system infec-
tion in addition to their LRTI. Patients were also
excluded if an investigational antibacterial was ad-
ministered as the primary treatment agent.

Data Collection

Data were collected beginning with the initiation
of antibacterial treatment, and patients were fol-
lowed throughout hospitalisation or for 14 days after
the last dose of antibacterials, whichever endpoint
was reached first. The following patient data was
abstracted from the patient’s medical record: age,
sex, height, baseline Acute Physiology and Chronic
Health Evaluation Il (APACHE II) score®” (on the
day antibacterial therapy for the . aureus LRTI was
initiated), length of hospital stay (days) prior to
occurrence of the LRTI, type of hospital bed occu-
pied (intensive care unit [ICU] or non-ICU) at base-
line, baseline ventilator status (intubated or not intu-
bated), susceptibility of the S. aureus isolate, results
of all follow-up cultures, all vancomycin serum
concentration measurements, daily bodyweight,
daily serum creatinine, presence of underlying
respiratory illness and clinical parameters used to
calculate a daily p »nia score, as p d in
table L.

Clinical and bacteriological responses were as-
sessed at the end of antibacterial treatment (while
the patient was still hospitalised) and 14 days after
treatment was discontinued (test-of-cure). Criteria
for clinical and microbiological responses were sim-
ilar to those used in phase III clinical trials and have

Table 1. Modified clinical pneumonia scoring (reproduced from Luzier et a!.* with permission)

Parameter Criteria for score of:
1 2 3 4
Rales/crackies® None Mild Moderate Severe
Decreased breath sounds* None Mild Moderate Severe
Oxygen use Room air Mask aerosol T vent Ventilator (41-60%) Ventilator (>61%)
(540%)
Peripheral WBC count (x1091) <10 10-15 15.1-30 >30
Differential (% band neutrophils) <5 5.1-15 15.1-89.9 240
CNS status Alert and fully oriented  Alert but not fully Not alert, responsive Nonresponsive
oriented only to pain
Tube sign® (no. of tubes) 0-2 35 69 >9

Sputum or tracheal secretions None

Suction every shift or Suction every 2-3 hours  Suction every

<cough occasionally or cough continuously 0.5~1 hour
Maximum temperature [*F] ('C) ~ 97.0-89.0 (36.1-37.2)  99.1-100.0 (37.3-38.2) 101.0-102.9 (38.3-89.3)  >103.0 (239.4)

Serum albumin (g/dL) 23.9 3.0-3.8

1.9-29 1.8

a New parameter, replacing daily Gram stain results.

b Tubes considered include the sum of: endotracheal tube, Foley catheter, ureteral stent, indwelling venous catheter, nasogastric
tube, central line, Swan-Ganz catheter and surgical drainage tubes.

WBC = white blood cell.

® 2004 Adks Data information BV. Al ights reserved.
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Modelling Response to Vancomycin in Pneumonia
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nificant in our univariate analysis (p < 0.15) were
used for the analysis.

Factors predictive of time to eradication were
explored by using interval analysis. The time to
event for each patient was the day to eradication for
subjects who achieved eradication and was the dura-
tion of treatment with antibacterial(s) for censored
patients. The variables tested were rate of bacterial
eradication and AUC24/MIC values for patients re-
ceiving vancomycin as part of a regimen, and rate of
bacterial eradication and primary treatment agent
(vancomycin vs non-vancomycin). Kaplan-Meier
plots were used to illustrate the probability of bac-
terial eradication over time in relation to the AUC24/
MIC ratio.

The changes in clinical pneumonia score from
baseline in the two groups (clinical success and
clinical failure) were compared on specific days by
Kruskal-Wallis analysis of variance with the
Bonferroni adjustment for pair-wise contrasts, with
significance defined as p < 0.05. The relationship
between changes from baseline in clinical scores on
days 3, 4 and 5 and probability of clinical success
was explored using recursive partitioning and was
also tested using the chi-square statistic.

The relationship between time to substantial im-
provement in pneumonia score and time to bacterial
eradication was tested with Spearman’s correlation
(Rs). Substantial improvement in clinical score was
defined as the time (in days) until the clinical score
decreased (i.e. improvement in symptoms) by at
least 4 points. For patients whose clinical score did
not improve with treatment, the time was document-
ed as the number of days the patient received anti-
bacterial therapy.

Results

Study Population

The CPL computer database identified 160 pa-
tients with S. aureus isolated from a respiratory
specimen between 1 January 1998 and 31 December
1998 and with antibacterials ordered within 72 hours
of culture report. Of these 160 patients, 13 patients
were excluded because they received <72 hours of

monia on chest radiograph before or within 48 hours
of antibacterial initiation, and 21 patients did not
bave the required signs and/or symptoms of a LRTL
In addition, four patients had a concomitant central
nervous system infection and two patients had oste-
omyelitis in addition to the LRTL One patient was
also excluded for receiving an investigational anti-
bacterial as a primary treatment agent. The remain-
ing 108 patient cases were analysed. The median age
of the 108 patients was 74 (range 32-93) years,
53.7% were male, 67.6% occupied an ICU bed at
baseline and 67.6% were on the ventilator at base-
line. Table Il summarises the primary antibacterials
used to treat the S. aureus LRTIs. Table I sum-
marises the clinical characteristics of the 55 treat-
ment successes and the 35 treatment failures. The
remaining 18 patients could not be assessed for final
clinical outcome.

Software Validation

All patients given vancomycin had a calculated
AUC24/MIC value each day for each antibacterial.
These calculated values are displayed in the analy-
ses. The cormrelations between measured AUC24/
MIC values and calculated AUC24/MIC values for
vancomycin in a software validation subset of 30
patients are shown in figure 1. A subset of 30
patients qualified for this analysis by virtue of suffi-
cient blood concentration measurements (at least
four) and stable renal function. Their demographics
are representative of the overall population, in that
their median age was 73 years (range 40-90 years)
and 63% were male. Their median calculated creati-
nine clearance was 64 ml/min (range 26-201 mL/
min). This analysis appears to support the use of the
A.U.LC. calculator software for estimating steady-
state vancomycin AUC24/MIC values with precision

Table Il. Primary treatment agent (n = 108)

antibacterial therapy in the hospital, 11 p

P

were excluded because there was no proof of pneu-

© 2004 Adis Data information BV. All fights reserved.

Primary treatment agent Number (%)
Vancomycin 63 (58)
Cephalosporin 15 (14)
Oxacillin 6 (6)
Ciproftoxacin 6 (6)
B-Lactam/B inhibitor i 6 (6)
Clindamycin 5 (5)
Coti imeth 3(3)
Other 44

Clin Phamacokinet 2004; 43 (13)
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Table H. Ci of and failures
Characteristic Te Al failures p-Value
(n =55) (n =35)
Age (years) [mean + SD (median)] 69.5 £ 15.3 (74.0) 713 £ 13.7 (73.0) 0.7687
Male [number (%)} 33 (60) 16 (46) 0.1845
MRSA isclated as organism [number (%)] 14 (25) 19 (54) 0.0057
ICU at baseline [number (%)] 36 (65) 19 (54) 0.2893
On ventilator at baseline [number (%)} 35 (64) 20 (57) 0.5379
FiO2 >60% [number (%)] 9 (16) 8(23) 0.4429
Two or more lobes involved [number (%)} 13 (23) 22 (64) 0.0002
Baseline APACHE i score [mean + SD (median)] 164 £ 6.5 (16) 200+72(18) 0.0258
Baseline weight (kg) [mean + SD (median)] 73.8 + 295 (69) 71.0+21.8(71) 0.6728
Baseline CLor (mlJmin) [mean = SD (median)] 52.6 + 265 (52) 445 + 28.8 (44) 01216
Length of stay (days) prior to occurrence fmean + SD (median)] 21.8+38.7 (4) 30.0 + 48.6 (6) 0.5607
Calculated average AUC24/MIC [mean + SD (median)] 463.1 & 374.2 (400) 323.0+229.2 (2885) 0.1934
% Serum albumin at baseline (g/dL) [mean + SD (median)] 3.1+06(3.2) 2.6+ 0.6 (2.6) 0.0019
Baseline pneumonia score [mean = SD (median)] 248 +3.2 (25) 244 149 (23) 0.2248
Antibacterial treatment (days) [mean + SD (median)] 132 +62(12) 105 + 6.1 (9) 0.0235
Respiratory iliness as a primary underlying comorbidity [number (%)] 18 (33) 12 (35) 0.8045
Vancomycin as primary antibacterial [number (%)) 27 (49) 21 (64) 0.1871

APACHE = Acute Physiology and Chronic Health Evaluation; AUC24/MIC = steady-state 24-hour area under the concentration-time curve

divided by the minii i Cler =

MRSA = methicillin-resistant Staphylococcus aureus.

FiO2 = inspired oxygen fraction; ICU = intensive care unit;

(r2 = 0.935), as shown in figure 1. The median
percentage emor was —5.2% (range —41.3% to
+19.8%). Twenty-one of the 30 validation patients
bhad predicted AUC24/MIC values within 15% of the
measured AUC24/MIC value. Twenty-seven pa-
tients had predicted values within 25% of the mea-
sured value.

Range and Spread of Pharmacodynamic
Index in Vancomycin-Treated Pdtients

Stem and leaf plots of the AUC24/MIC values for
patients treated with vancomycin show first-quartile
AUC4/MIC values between 72 and 277. The
second-quartile AUC24/MIC values were between
278 and 413. The third-quartile AUC24/MIC values
were between 414 and 673. The fourth-quartile
AUCu/MIC values were between 674 and 7544.
This variability is not unexpected given the 4-fold
range of MIC values typically encountered in S.
aureus isolates.

© 2004 Adis Data Informattion BV. All rights reserved.

Probability of Clinical Success and
Bacteriological Eradication

Overall cure rate (61.1%) was consistent with
cure rates in recent clinical trials comparing vanco-

mycin with newer agents. Independent variables that

“Were tested for association with probability of clin-

ical success (at test-of-cure) were evaluated in both
univariate and multivariate analyses.

The univariate analysis (table III) found that a
significantly greater proportion of patients who
failed to respond clinically to antibacterial therapy
had MRSA isolated (54% of patients experiencing
treatment failure had MRSA vs 25% of patients
experiencing clinical treatment success; p = 0.0057).
Significantly more patients with initial multilobe
LRTI failed to respond clinically (64% vs 23%; p =
0.0002). Patients classified as clinical treatment fail-
ures had significantly lower albumin levels at base-

e T

“Tiie (' ='0.0019); Teceived antibacterial for a shorter

duration (p = 0.0235) and had higher baseline
APACHE II scores (p = 0.0258). Nineteen patients
bad a bacteraemic pneumonia. Of the 19 bacter-
aemic patients, 15 were clinically evaluable, of

Ciin Phamacokinet 2004; 43 (13)
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Modelling Response to Vancomycin in Pneumonia
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duration of treatment of the S. aureus LRTL The
results are shown in figure 4. At an AUC24/MIC <
400 (n = 16), the median time to eradication is in
excess of 30 days; the exact value is non-identifi-
able, as only 20% of this group had organism eradi-
cation. At an AUC24/MIC 2400 (n = 18), the median
time to eradication was 10 days (p = 0.0402).
Also, the time to bacterial eradication was mod-
elled versus primary antibacterial treatment (figure
5). The primary treatment agent of the patients re-
ceiving ‘any other agent’ was most commonly a -
lactam; two patients received trimethoprim-sulfa-
methoxazole for the majority of their trcatment. The
median time to bacterial eradication was slower in
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Fig. 3. Relationship between clinical and

vancomycin-treated patients (n = 35) compared with
those receiving any other agent (n = 16) for an S.
aureus LRTI (p = 0.002).

Pneumonia Scores Versus
Bacterial Eradication

The median change in clinical symptom score
from baseline was tested between groups (clinical
success and clinical failure) for days 2—16; sample
size was too small at later times. The two groups
differed significantly (p < 0.05) on all days over this
interval except days 2, 13 and 14. The eatliest day
that the clinical symptom score was predictive of
eventual clinical success was treatment day 3. For
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and two ph ic Indices: AUC24MIC and %T>MIC. Each

point represents data for one nwa@a (a) Mean 1 SD (median) vancomycin AUC24/MIC values were 655 == 374 (535) in patients whose

infection were

(cure) and 378 3 225 (306) in those whose infection outcomes were

classified as treatment failures (p = ooomwv. {b) ycin serum

were above the MIC 100% of the time in all clinical

treatment successes and failures. (c) AUC24/MIC values for vancomycin-treated patients were 951 + 1432 (593) when S. aureus was
eradicated compared with 405 + 224 (312) when the organism parsisted (p = 0.0046). (d) %T>MIC was also 100% in all patients whose S.
aureus was eradicated and in alf vm._m:w who remained culture-positive. AUC24/MIC = steady-state 24-hour area under the concentration-

time curve divided by the mi Y ion; %T>MIC =
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of time that serum concentrations exceed the MIC.
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the potential impact of variations in organism MIC
“oni the differences i ontcome,  an
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xamined <~EnoBu.oE >CO§
“verimteriitent and continuous administration reg-
imens and did not find a relationship when evaluat-
ing mean SESE«&E AUCH <wE8 mua o:ES_
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Fig. 4. Time (days of therapy) to bacterial eradication vs vancomy-
cin AUC24/MIC <400 and AUC24/MIC 2400 illustrated by a Kaplan-
Meier survival piot of day of therapy vs the percentage of patients
remaining culture-positive on that day. The two AUC24/MIC groups
differed significantly (p = 0.0402). AUC24/MIC = steady-state 24-
hour area under the concentration-time curve divided by the mini-
mum inhibitory concentration.

patients with no change or worsening in score from
baseline to day 3, 32% experienced a clinical suc-
cess and 68% experienced a clinical failure. For
patients having a 1-3 point decrease in score by day
3 of therapy, 59% experienced a clinical success and
41% experienced a clinical failure. Having at least a
4-point decrease in clinical score by day 3 correlated
with an 83% success rate, with 25 of the 30 patients
in this group having a successful clinical outcome.

We also found a highly significant relationship
between the days to substantial decrease in clinical
score and days to bacterial eradication (Rs =
0.570, p < 0.0001; figure 6). The data suggest that
cultures tend to stay positive approximately 50%
longer than the time for clinical symptoms to im-
prove substantially. Clearly there are unidentified
sources of additional variability beyond the two
variables investigated, but there is a clear link be-
tween time to eradication of the pathogen and time
to resolution of infection signs and symptoms.

Discussion

There are many studies examining the relation-

ship between vancomycin dosage and blood con-

centration  (peak and/or or trough concentra-

ues in their patients Enm& A.?E
(from 0.5 t0 2.0 mg/L), which would produce great-
er AUC24/MIC variability in a setting where blood
concentrations are adjusted to a similar target across
the treated patient population. Given the variance in
AUC2/MIC that would resulf from a 4-fold range in

- \ox%q?hsnm“mm»

MIC values, it is" ot mmmmma_m%uémw@;nw ance on

come, since ngmao ad

?—:E:m &NA&V of the uovc_maon.v like our own,
received many antibacterials in addition to vanco-
mycin. In addition, their study population consisted
of patients with a broader array of methicillin-resis-
tant staphylococcal infections (including endocardi-
tis, pneumonia, meningitis and catheter-related in-
fections), with 79.8% (95/119) of patients having S.
aureus infections and the remainder with coagulase-
negative staphylococcal infections. We analysed
only patients with S. aureus-associated LRTTs.

Hyatt and colleagues*’! demonstrated that pa-
tients treated with vancomycin monotherapy for en-
terococcal infections who achieved AUC24/MIC
values <125 had a r_wron unogg__q of failure and
selection of vancomycin: t: Enter
Jaecium. This AUC24/MIC value is associated with
E. faecium MICs of 24.0 mg/L. Although the
breakpoint of 125 was considered in the current
investigation, only a few patients with a vancomycin
AUC24/MIC value <125 were evaluable. One pa-
tient was clinically evaluable and three patients were
bacteriologically evaluable in the AUC/MIC
range of 0-125. Therefore, we did not have suffi-
cient numbers of patients with S. aureus MICs of

“tions) P#4558 However, the studies do not consider. 4.0 mg/L to determine if another, much lower,

T e e S
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mg/L and MICs of 8 mg/L, therefore this particular
target is uninformative as long as troughs are
targeted at 10 mg/L. Finally, these calculations with
vancomycin are based on serum concentrations as
they apply to a rapidly equilibrating site of infection,
as is typical of pneumonia. It does not appear logical
to conclude that vancomycin fails because of low
tissue concentrations, since the organisms are ex-
posed to extravascular fluid concentrations and,
thus, AUC24/MIC values at the site of infection are
similar to those in serum.[5¢56 Furthermore, agents
with good tissue penetration, such as linezolid, have
equivalent cure rates in randomised trials against
vancomycin.[?6] There must be other factors beyond
tissue penetration that account for the outcomes with
these drugs.

In the conventional administration of vancomy-
cin or other agents for §. aureus LRTIs, only renal
function is employed to make dosage adjust-
ments.*”! Currently, neither MIC nor AUC24 are
usually considered when determining vancomycin
dosage regimens, but perhaps this practice should
change, with the potential benefit of extending the
lifetime of this important antimicrobial. These data
show a strong correlation between the pharmacody-
namic index AUC24/MIC and outcome with vanco-
mycin, which may offer a potential advantage when
a threshold value is reached.

‘We did not measure vancomycin free fraction in
these patients and, although the protein binding of
this drug has been reported to vary between a low
value of 29%[°®! and a high value of 71%,%! vanco-
mycin has been considered for purposes of calcula-
tion to be approximately 60% protein bound!S! If the
target AUC24/MIC is corrected on the basis of a free
fraction of 40%, then a total drug AUC24/MIC of
400 (the current study) becomes a free value of 160,
and 345 (our previous studies) becomes 138. Al-
though these values place vancomycin into the tar-
get AUC24/MIC range of 125 and are consistent
with the AUC24/MIC breakpoints of most other
antibacterials, it is important to validate the use of
free fraction in each patient, and this has yet to be
done in a vancomycin-treated population.

To our knowledge, no studies of vancomycin
have examined the time to eradication in relation-
ship to its pharmacodynamics, and there has not yet
been a clear link between the time to bacterial eradi-

@ 2004 Adis Data information BV. All ights reserved.

cation on vancomycin therapy and the time to reso-
lution of infection signs and symptoms. As figure 6
demonstrates, our results clearly show an associa-
tion between changes in clinical symptoms (pneu-
monia score) from baseline and time to bacterial
eradication. This observation agrees with what has
been reported for bacteriological eradication in pa-
tients with Gram-negative pneumonia,®® where a
similar clinical scoring system was used to demon-
strate a significant difference in the percentage
change in clinical score on day 3 of therapy with
ciprofloxacin, cefmenoxime or ceftazidime in pa-
tients with bacteria that were eradicated compared
with those with persistent organisms.5”! This scor-
ing system appears quite sensitive to early indica-
tions of infection response and shows that both
concentration-dependent and time-dependent anti-
bacterials have a good outcome if the symptom
score has improved by day 3. In our investigation we
used a pneumonia scoring system that was slightly
modified from the one used in both of these primari-
ly Gram-negative scoring studies. Since this ana-
lysis was retrospective, we did not always have daily
sputum cultures available. Since we observed van-
comycin to kill S. aureus slowly, this lack of daily
cultures may be considered only a minor flaw in the
database. We did not have daily Gram stains in these
patients, therefore we replaced the two Gram stain
components (amounts of polymorphonuclear leuco-
cytes and bacteria seen on low-magnification field)
with the two clinical characteristics rales and de-
creased breath sounds, which were reported fre-
quently throughout the day on all of our patients.

Hospitalised patients typically receive many anti-
bacterials for an infection. For example, initially a
patient may receive broad coverage with more than
one antibacterial while culture results are pending;
then, the regi may be streamlined to target the
known organism or organisms; finally, the antibac-
terial(s) may be switched from intravenous to oral.
Even though more than one antibacterial is typically
used in hospitalised patients, most clinical trials and
other investigations with vancomycin have only
analysed the vancomycin regimen. Our data exam-
ined the potential for additive AUC24/MIC values,
and we found that taking all active agents into
account clearly improved the overall prediction ca-
pability of these models for MSSA but made little

Ciin Pharmacokinet 2004; 43 (13)
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difference for MRSA, since here most of the activity
comes from vancomycin (figure 2). It may be con-
sidered controversial to add antibacterial activity
indices in these patients. However, the concept of
additivity between antibacterials in combination
clearly has less overall impact when the question is
applied to vancomycin in MRSA infections, since
figure 2 shows that there is little added activity
beyond that of vancomycin alone in these cases.
Vancomycin versus MRSA may represent one of the
few remaining opportunitics to study single-agent
AUC%/MIC values in a real world setting.

One question to be asked is how to improve the
treatment of the 40% of patients in whom vancomy-
cin treatment results in slow bacterial eradication
and slowly resolving pneumonia. One approach may
be to raise the vancomycin dosage for those patients
with higher MIC organisms in order to reach an
AUC%4/MIC value of at least 400. Another may be
combination therapy with a number of agents. Ri-
fampicin and quinupristin/dalfopristin appear the
best combination agents with vancomycin, as both
are syncrgistic with vancomycin against S. aureus.
The other combination therapy choices (aminog-
lycosides, B-lactams, linezolid and tetracyclines) are
either non-additive or, in some cases, antagonistic.
The third possibility is replacement of vancomycin
with one of the newer agents such as quinupristin/
dalfopristin or linezolid. To some extent, we and
others have tested these strategies in severely ill
patient populations who have failed to respond to
vancomycin.”%" Daptomycin has recently been re-
leased in the US, but it should not be used for LRTIs
because it has failed in the clinical trials and is,
therefore, not recommended. Clearly, more work
with treatment failure populations will be necessary
to define the best strategy for each patient, but it is
clear from this analysis that vancomycin failure
cannot be properly characterised without calculation
of an AUC24/MIC value in the patient being evalu-
ated.

Conclusions

The results of this study indicate the following:
(i) vancomycin AUC24/MIC values could be pre-
cisely predicted with the A.ULC. calculator in a
validation subset of our patients; (ii) clinical and
bacteriological response to vancomycin therapy was

© 2004 Adis Data information BV. All rights reserved.

superior in patients with higher AUC24/MIC values;
(iii) no relationship was found between the percent-
age of time vancomycin serum concentrations are
above the MIC and infection response; (iv) bacterial
eradication of S. aureus (both MSSA and MRSA)
occurred more rapidly with vancomycin when a
threshold AUC24/MIC value was reached; (v) S.
aureus killing rates were slower with vancomycin
compared with other antistaphylococcal antibac-
terials; (vi) a significant relationship was found be-
tween the time to substantial improvement in pneu-
monia score and the time to bacterial eradication.
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