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Rationalization of Vancomycin Serum
Concentration Monitoring

Stephen Shalansky

ABSTRACT ~
The common practice of adjustmg vancomycin dosage
based on peak and trough serum levels is examined. To
Justify the routine monitoring of serum levels of any
drug, it must have predictable pharmacokinetics; there
must be a correlation between serum levels and effect;
and the drug must have a narrow therapeutic index.
Peak vancomycin levels are difficult to predict due to
‘the drug’s highly variable distribution phase half-life:
Since troughs are drawn after distribution is complete,
‘they are readily predictable. Vancomycin’s ototoxic
potential is doubtful and the incidence of nephrotoxicity
_is low in patients not receiving concomitant nephrotoxic
drugs. There are several studies suggesting that
vancomycin may potentiate the nephrotoxicity of other
- drugs. Trough vancomycin levels greater than 10 mg/L
‘have. been correlated to nephrotoxzczty, there is no
evidence correlating peak levels to ototoxicity or
nephrotoxicity. Information relating the efficacy. of
vancomycin to serum levels is not available. However,
based on the minimum inhibitory concentrations for
susceptible bacteria and vancomycin's concentration-
independent killing properties, trough levels between
5and 10 mg/Lwould appear.adequate. This information
suggests. that routine monitoring of trough, but not

; peak vancomycm serum levels is justified. Initial

vancomyczn doses should be calculated using available
nomograms. Trough vancomycin levels should be

maintained between 5 and 10 mg/L by use of dosmg‘

nomograms or empiric adjustment.
Key Words: pharmacokinetics, serum levels,
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E empirique de la dose.

RESUME

On aévaluéla prattque courante selon laquelle on ajuste
la dose de vancomycine selon les concentrations
plasmatiques maximales et minimales. Le dosage
plasmatique régulier de tout médicament n’est justifié que
si_sa pharmacocinétique est prévisible; s’il existe une
corrélation entre les concentrations sériques et les effets
observés; et si le médicament a une zone thérapeutique
étroite. 1l est difficile de prévoir les pics plasmatiques de
la vancomycine parce que sa distribution et sa demi-vie
sont grandement variables. Commeles creux plasmatiques .

“sont prélevés apreés que la varicomycine soit complétement
- distribuée, ils sont donc facilement prévisibles. Le risque

d’ototoxicité de la vancomycine est discutable et la
fréquence de néphrotoxicité est faible chez les patients qui
ne recoivent pas concurremment d’autres médicaments
néphrotoxiques. - Les résultats de nombreuses études ont
laissé croire que la Vancomycine pouvait accroitre le
potentiel néphrotoxique ‘d’autres médicaments. - On a
associé lanéphrotoxicité a des concentrations plasmatiques
minimales supérieures a 10 mg/L; onn’a cependant obtenu
aucune preuve de corrélation entre [’ototoxicité ou la
néphrotoxicité et des concentrations plasmatiques

- maximales.. On ne dispose non plus d’aucune information

sur le lien entre les concentrations plasmatiques de la

- vancomycine et'efficacité de ce medzcament Cependant,

en se basant sur les concentrations minimales inhibitrices
de la vancomycine pour les bactéries qui y sont sensibles
et sur son _pouvoir bactéricide indépendant des

‘concentrations, des concentrations minimales entre 5 et

10 mg/L semblent étre suffi santes. Cette informationporte
a croire que la mesure systématique des concentrations

- plasmatiques minimales de la vancomycine, et non celle

des concentrations maximales, est justifiée. Les doses .
initiales de yancomycine devraient étre établies en utilisant
les nomogrammes disponibles. Les concentrations.
minimales devraient étre maintenues entre 5 et10mg/Len
ayant. recours aux nomogrammes ou al’ ajustement -

Mots clés : concentrations plasmatiques, pharmacocz-‘

nétique, survezllance pharmacotherapeutzque, vanco-;
mycme : ~ ‘
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INTRODUCTION

Vancomycin serum levels have been
monitored for many years based on
the recommendations of numerous
pharmacokinetic researchers.!®
Recently, the validity of routinely
monitoring blood concentrations of
this drug has been questioned.”?
Despite this controversy, most insti-
tutions continue to adjust vanco-
mycin doses based on peak and
trough serum drug levels,

In order to justify the time and
expense of drawing and interpreting
serum levels of any medication,
several basic conditions must be
met. First, the pharmacokinetics of
the drug must be well understood so
that serum levels can be predictably
adjusted through dosage changes.
In addition, there must be a
correlation between serum levels
and efficacy, toxicity, or both.
Finally, the drug must have a narrow
therapeutic index. That is, little
difference should exist between
levels which are therapeutic and
levels which are toxic. If this last
condition is not met, the drug may
be effectively dosed without the
precise adjustments achievable
through serum level monitoring. For
both peak and trough concentrations
to be routinely monitored, each must
comply with the above criteria.

Inaneffort to determine if routine
monitoring of peak and trough van-
comycin levels is justified, a com-
puterized and manual MEDLINE
literature search was carried out using
the data base from January 1994 back
to 1962 when vancomycin was first
listed as a heading. The search was
limited to human studies published in
English.

Predictability of Vancomycin
Pharmacokinetics

The literature on the predictability of
vancomycin’s pharmacokinetics is
controversial. For example, despite
rather extensive studies there is no
agreement on the nature of
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vancomycin’s distribution. Vanco-
mycin pharmacokinetics have been
described by one', two?, and three!*!3
compartment models. This lack of
agreement has lead to inconsis-
tencies with regard to the timing of
drawing peak vancomycin levels.
Assuming either a two or three
compartment model, vancomycin
undergoes an initial distribution
phase during which serum levels
are “falsely elevated” owing to
incomplete distribution to the
tissues. Since pharmacokinetic
predictions are based on calculation
of the post-distribution half-life, one
must be certain that peak levels are
drawn after distribution is complete.
Levels drawn prior to this time will
lead to significant underestimation
of the elimination (beta) half-life.
Literature recommendations regard-
ing the timing of peak serum level
determinations vary greatly. Some
pharmacy departments have
adopted a policy of waiting three
hours after the end of the infusion
before drawing peak levels.'sV
However, the initial decline of
serum concentrations during this
distribution phase has been shown
to occur over up to five hours,®"?
and the predictability of the duration
of this phase is questionable. The
fact that studies have calculated this
distribution half-life to be anywhere
from 0.1 to 2.89 hr&i3i+18.20.21
illustrates the variability which
exists. In addition, it has been
claimed that the distribution is not
significantly affected by renal
failure'® while others have dem-
onstrated that declining renal
function may influence the distri-
bution half-life.’® Based on the
above observations, waiting three
hours or less after completion of the
infusion may not be sufficient time
to ensure complete distribution. On
the other hand, waiting an extended
period may leave less than the
recommended two to three half-
lives between levels for two point

determination of the elimination
half-life,”2 especially if one follows
the manufacturer’s recommend-
ation of aone hour infusion followed
by a six to 12 hour dosing interval.?®

Vancomycin Toxicity

Ototoxicity

Vancomycin’s potential for causing
ototoxicity is highly suspect.??s
Although it has been used for over
30 years, there are very few reports
of auditory dysfunction associated
with this drug: 36 cases according
to a review published in 1988.%
One of the first cases, reported by
Geraci et al,?® described a patient
with a peak vancomycin concen-
tration of 95 mg/L. Since that time,
it has been claimed that peak
vancomycin levels greater than 80
mg/L are associated with ototoxi-
city,??® although there is little
evidence to support this claim. Most
reports of auditory dysfunction in
association with vancomycin use
have involved patients who were
either on concurrent ototoxic med-
ications or had pre-existing auditory
dysfunction.*

Two recent studies have prospec-
tively evaluated vancomycin oto-
toxicity. Meyerhoff studied 18 pa-
tients who received vancomycin for
aminimum of eight weeks.?” Serum
levels were monitored, but the spec-
ific concentrations were not re-
ported. The authors did state, how-
ever, that levels “never reached
toxic range.” Auditory threshold
monitoring was carried out before,
during, and after vancomycin treat-
ment; no ototoxicity was reported.
Van der Hulst included 13 con-
tinuous ambulatory peritoneal
dialysis patients in his study.** They
received a total of 15 vancomycin
courses for up to two weeks. The
only reference to serum levels
indicated that they never were
higher than 50 mg/L, although the
timing relative to the dose was not
stated. One patient experienced
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limited ultra-high frequency hearing
loss; however, there were no com-
plaints of deafness, vertigo, or
tinnitus.

The above information suggests
that ototoxicity cannot be conclu-
sively associated with vancomycin
use. In addition, tworecent reviews
on this topic conclude that vanco-
mycin’s ototoxic potential is doubt-
ful when used alone.”*® No con-
clusion can be made regarding the
correlation between serum levels
and this adverse effect.

Nephrotoxicity

Vancomycin nephrotoxicity may be
evaluated from several different
perspectives. First is the question
of whether vancomycin alone
causes nephrotoxicity. In addition,
one must examine whether vanco-
mycin can potentiate the neph-
rotoxicity of other drugs, namely
aminoglycosides, and finally, the
correlation between vancomycin
serum levels and the incidence of
nephrotoxicity must be examined.
Review of the literature revealed
several studies which specifically
address the issue of vancomycin
nephrotoxicity;®3-* however,
results from these studies are
conflicting and often inconclusive.

Vancomycin’s Nephrotoxicity
When Used Alone

Although vancomycin was widely
used in the 1950s for the treatment of
resistant Staphylococcus infections,
early reports of nephrotoxicity lead to
it being replaced with the semi-
synthetic penicillins for this indi-
cation.’ Vancomycin preparations
used when these early studies were
conducted contained large quantities
ofimpurities and it has been suggested
that they were responsible for some
of the adverse reactions reported
during the 1950s and 1960s.*** The
preparations used today are much
more pure due to an updated man-
ufacturing process.*

It was not until the 1980s that
vancomycin nephrotoxicity was
studied in a controlled manner. Most
of these studies concluded that
vancomycin nephrotoxicity is un-
common when the drug is admin-
istered without concomitant neph-
rotoxic agents.?3!23-363 The definition
of nephrotoxicity is not consistent
among the trials, although all studies
based their definition on increases in
serum creatinine measurements (typi-
cally an increase of 44 umol/L. over
baseline). While vancomycin levels
were monitored in all the studies,
many authors did not specify whether
doses were adjusted to maintain levels
within a specific range.’**3 If
nephrotoxicity is related to serum
levels, attempts to control serumlevels
may affect the incidence of nephro-
toxicity.

One of the most quoted of these
studies was a retrospective review of
98 patients treated with vancomycin
conducted by Farber and Moellering
for which a 5% incidence of neph-
rotoxicity was found when other neph-
rotoxic agents were not involved.*
Other studies found incidences
ranging from 0 to 17%.3+363%4 While
most trials attribute at least some of
the nephrotoxicity in their study
patients to vancomycin,?*2**% some
authors dispute vancomycin’s poten-
tial to induce nephrotoxicity. Downs
et al*! found no significant difference
between the incidence of nephro-
toxicity seen in 66 vancomycin
patients (7%) versus 57 controls (3%),
and Salama et al* found no evidence
of nephrotoxicity in 27 patients treated
with vancomycin alone. Mellor et al
concluded that their data *“‘provide
little support for the commonly held
view that vancomycin is a nephro-
toxic antibiotic.”*

Nephrotoxicity in Patients
Receiving Vancomycin Plus an
Aminoglycoside

Patients given vancomycin plus
aminoglycosides are thought by
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most clinicians to be at higher risk
for developing nephrotoxicity than
those given either agent alone.
While some data support this
concern, not all studies in this area
reach the same conclusion. Again,
Farber’s study is one of the largest
of those examining this issue and is
often quoted by those supporting
vancomycin’s ability to potentiate
the nephrotoxicity of other agents.»
Farber found a 35% incidence of
nephrotoxicity when vancomycin
was used with aminoglycosides
versus a 5% incidence when
vancomycin was used alone. There
were no results reported regarding
the incidence of nephrotoxicity in
patients receiving aminoglycosides
alone. Although aminoglycoside
and vancomycin serum levels were
monitored, there was no indication
whether doses were adjusted to
maintain levels within a specific
range. Also, the authors suggest
possible bias based on the method
of patient selection. Using a
retrospective approach, patients
were included only if they had
antibiotic levels drawn. It is possible
that patients given both vancomycin
and an aminoglycoside were more
likely to have levels drawn and were
followed more closely, increasing
the likelihood of detecting renal
dysfunction. Also, patients on
combination therapy may have been
more seriously ill, and therefore,
predisposed to renal dysfunction.
In fact, six of these patients had
endocarditis which can lead torenal
insufficiency.®

Another study which suggests
that vancomycin and gentamicin
may cause additive nephrotoxicity
was conducted by Rybak et al in
1987.% They measured 24-hour
creatinine production, Bz-micro-
globulin elimination, as well as a
newer marker of renal damage,
alanine aminopeptidase elimina-
tion. Although alanine amino-
peptidase results indicated additive
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nephrotoxicity between vancomycin
and gentamicin, B,-microglobulin
results were less clear. The latter agent,
chosen for comparison “since it has
traditionally been used to detect renal
damage”, yielded a higher average
five-day excretion rate for gentamicin
alone than for concomitant vanco-
mycin and gentamicin. This suggests
a protective rather than an additive
effective of vancomycin, although no
statistics were reported to indicate
whether or not this difference was
significant. There were no changes
noted in creatinine clearance, as
determined by the method of
Wagner,* for any of the treatment
groups. The authors did not state
whether serum levels were controlled
through dose adjustment.

Rybak et al® demonstrated a 22%
incidence of nephrotoxicity in 63
patients receiving vancomycin plus
an aminoglycoside compared toa 5%
incidence in 168 patients receiving
vancomycin alone. Eleven percent of
103 patients receiving gentamicin
alone became nephrotoxic. The
combination group received a longer
meanduration of vancomycin therapy
(22,7 = 15.8days versus 20.3+ 14.1
days, no statistical analysis reported)
and vancomycin therapy for longer
than 21 days was associated with
nephrotoxicity. Vancomycin doses
were adjusted to maintain one-hour
peaks of 30 to 40 mg/L and troughs of
less than 15 mg/L.

Salama demonstrated an increased
incidence of nephrotoxicity in patients
receiving a combination of vanco-
mycin and an aminoglycoside (25%)
compared those receiving vanco-
mycin alone (0%) or an amino-
glycoside alone (4.5%).%° Doses were
adjusted to maintain one-hour peaks
of 20 to 40 mg/L and troughs of less
than 10 mg/L. There was a signi-
ficantly greater proportion of patients
with malignancy in those receiving
combination therapy and univariate
analysis showed that malignancy was
associated with nephrotoxicity. Pauly
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detected a 27% incidence of
nephrotoxicity in a retrospective
review of 105 patients receiving
vancomycin plus an aminogly-
coside.’” There was no comparison to
patients receiving either drug alone.
Vancomycin doses were adjusted
based on the Lake and Peterson*
nomogram toachieve 15 minute peaks
of 20 to 30 mg/L and troughs of 5 to
10 mg/L.

Several studies cast doubt on the
ability of vancomycin to potentiate
nephrotoxicity. Sorrell** detected
nephrotoxicity in four of 54 patients
(8%) on vancomycin, all of whom
received concomitant aminoglyco-
sides. However, the authors cite their
own unpublished data suggesting a
14% rate of gentamicin-induced
nephrotoxicity. Based on theseresults,
the addition of vancomycin to an
aminoglycoside regimen does notadd
to the likelihood of developing renal
dysfunction. Downs*' conducted a
controlled study examining vanco-
mycin nephrotoxicity and found no
significant difference in the incidence
of renal dysfunction between 54
patients treated with vancomycin
alone and 12 patients receiving
vancomycin and an aminoglycoside.
The incidence of renal dysfunction in
patients receiving aminoglycosides
alone was not reported. Nahata
demonstrated no nephrotoxicity in 90
pediatric patients studied prospec-
tively who received concomitant
vancomycin and gentamicin.*® Simi-
larly, Swinney et al showed no
nephrotoxicity in eight pediatric
patients receiving this combination.*’
Finally, Ciminoetal inanuncontrolled
study involving 229 patients showed
no cumulative toxicity with con-
current administration of vancomycin
and an aminoglycoside compared to
an aminoglycoside alone.*> None of
these authors clearly state whether
doses were adjusted in an effort to
maintain serum levels withina specific
range.

The studies cited above indicate

that there is controversy surrounding
vancomycin’s ability to potentiate the
nephrotoxicity of aminoglycosides.
Since there are several trials which
suggest this potentiation may exist, it
may be prudent to monitor patients
receiving vancomycin and amino-
glycosides more cautiously. Whether
this monitoring should be accom-
plished through the measurement of
serum levels relies on the evidence
correlating serum concentrations to
nephrotoxicity.

Correlation Between Serum
Levels and Nephrotoxicity
Although several trials have been
designed to monitor serum levels
while assessing patients for the
development of renal failure, few
studies have attempted to statistically
correlate the two parameters. One
study,. which did attempt such a
correlation, was conducted by
Cimino et al in 229 patients given
either vancomycin, an aminoglyco-
side or a combination of the two.*
They found a statistically significant
correlation between elevated
vancomycin trough concentrations
(greater than 10 mg/L) and the
development of renal toxicity,
irrespective of whether vancomycin
was administered alone or with an
aminoglycoside. They used a
definition of an increase in serum
creatinine of 44 pmol/L or more over
a baseline measurement. No corre-
lation was found between peak
vancomycin concentrations and
nephrotoxicity. The investigators
aimed for peaks of 20 to 40 mg/L,
although the timing of these peaks in
relation to the dose was not given.
Rybak demonstratedin 231 patients
receiving vancomycin that those with
trough levels greater than 10 mg/L
were 7.9 times as likely to develop
nephrotoxicity than those patients with
atrough level less than 10mg/L.2 The
duration of therapy was also found to
be associated with nephrotoxicity. No
correlation was found between
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vancomycin peak serum concen-
trations and nephrotoxicity.

Pauly demonstrated a correlation
between bothelevated peak and trough
serum vancomycin levels and the
development of nephrotoxicity.’” One
hundred and five patients receiving
concurrent aminoglycoside and
vancomycin therapy were retro-
spectively studied; vancomycin was
dosed and monitored using the method
described by Lake and Peterson.* That
is, peak levels were drawn 15 minutes
after the end of the infusion which is
clearly before distribution is complete.
Peak levels in patients developing
nephrotoxicity were higher than those
whose renal function was unaffected
(28.1 mg/L versus 23.74 mg/L,
p = 0.008), but were still within the
target therapeutic range of 20 -
30 mg/L. Trough levels were 10.22
mg/L in the nephrotoxic group versus
7.83 mg/L in the nephrotoxic group
(p=0.0022). Twenty-two of 28 neph-
rotoxic patients had other risk factors
knownto contribute to nephrotoxicity.

Downs et al measured vancomycin
levels in 66 patients and found mean
peak and trough levels to be higher
for nephrotoxic patients than for those
who did not developrenal dysfunction
(peaks 47 mg/L vs. 34 mg/L, troughs
29 mg/L vs. 16 mg/L, respectively).’!
However, these differences were not
statistically significant. Peaks were
measured one hour after the infusion,
while troughs were taken 30 minutes
before the next dose.

In the study by Salama et al, there
was no correlation found between
peak (one hour after the infusion) or
trough vancomycin levels and
nephrotoxicity in 91 vancomycin
patients studied.* Results from other
studies have suggested that elevated
serum levels are associated with
nephrotoxicity, although no attempt
to define a correlation was under-
taken. Peak levels were either not
mentioned or were drawn at incon-
sistent times including during the
distribution phase.**No conclusions

about the relationship between
vancomycin serum levels and the
development of renal dysfunction can
be drawn from these data.

Schumacher evaluated the results
from the Cimino and Downs trials to
determine the performance of using
10 mg/L. vancomycin trough con-
centrations in predicting neph-
rotoxicity.” Thirty percent of patients
with trough concentrations greater
than 10 mg/L and 100% of patients
with troughs less than or equal to
10 mg/L were correctly classified as
having nephrotoxicity or non-
nephrotoxicity, respectively. That is,
the negative predictive value of trough
vancomycin concentrations appears
high according to these results.

In summary, three studies®*2*" have
shown a statistically significant
correlation between trough levels and
nephrotoxicity while two studies®*
have not. Vancomycin trough con-
centrations may be better at predicting
who will not develop nephrotoxicity
(i.e., those patients with troughs less
than or equal to 10 mg/L) than those
who will develop this adverse effect.
One study has associated high peak
serum levels with the development of
renal dysfunction, although peak
levels were drawn in the distribution
phase and many patients had
contributing risk factors.*

Correlation Between Serum
Levels and Efficacy

Correlating the efficacy of
vancomycin to blood concentrations
is also important in justifying the
monitoring of vancomycin serum
levels. Althoughthere are limited data
on this subject, some conclusions can
be drawn from the available literature.
Minimum inhibitory concentrations
(MIC) for gram positive organisms
including most enterococci,*° are
generally muchlessthan4.0 mg/L. 184950
Some organisms may be resistant
to vancomycin;*® however, the
resistance of these organisms
should be detected by routine
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susceptibility testing. The National
Committee for Clinical Laboratory
Standards inhibition zone cut-off for
susceptibility to vancomycin cor-
responds to an MIC of < 4 mg/L.%
Since vancomycin exhibits time-
dependent (concentration-indepen-
dent) killing, the time above the MIC
and not the peak concentration is most
important.®>*? In fact, it has been
demonstrated that increasing the
vancomycin concentration above
2 mg/L does not affect the killing rate
for Staphylococcus species isolated
from patients with various infec-
tions.’*** The post antibiotic effect of
vancomycin may also contribute to
bacterial eradication if serum levels
fall below the MIC for part of the
dosing interval.®> Therefore, main-
taining trough serum levels of 5 to
10 mg/L should ensure adequate
killing of organisms which are con-
sidered susceptible to vancomycin.
Unfortunately, there are no studies
in humans which correlate serum
levels to clinical outcome. Schaad et
al’® found that in 16 patients with
staphylococcal disease, peak van-
comycin levels greater than 25 mg/L
(drawn immediately after the end of
the infusion) and troughs less than
12 mg/L produced satisfactory
inhibitory and bactericidal titers. They
did not, however, attempt to correlate
serum levels to rate of cure. Louria et
al’” showed thatin two of eight patients
who did not attain a bactericidal
concentration in the blood (i.e.,
bactericidal titre of 1:8 or greater),
there was no significant reduction
instaphylococcal counts. They also
did not directly correlate serum
concentration to outcome.

Recommended Approach

The goal when dosing vancomycin
is to devise a regimen which will
yield serum levels high enough to
kill the offending bacteria without
causing nephrotoxicity. Routine
susceptibility testing will detect
when MICs are higher than 4 mg/mL
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and vancomycin should not be used
in these situations (unless serum
bactericidal titres are followed).
Several vancomycinnomograms have
been developed for susceptible
bacteria.!** The three most studied
nomograms are those developed by
Matzke,! Moellering,’® or Lake and
Peterson.® Doses based on these
nomograms have been shown toyield
serum levels which, based on the
above information, should be effective
with minimum potential for
nephrotoxicity.’® The Moellering
nomogram is the least aggressive of
these’® and may yield troughs
substantially less than 5 mg/L. whena
twenty-four hour dosing interval is
used. Therefore, if the Moellering
method is utilized, a six, eight or
twelve hour interval may be
preferable. One author has recom-
mended against the use of the
Moellering nomogram,* while others
have concluded it leads to “clinically
acceptable performance.”%

Nomograms have been shown to
accurately predict trough vancomycin
levels. Rybak demonstrated no
significant difference between the
Matzke nomogram and individualized
adjustment using a one-compartment
pharmacokinetic model for predicting
trough vancomycin concentrations.>
The Matzke method has also been
shown to have no significant
difference in bias for predicting trough
concentrations than the Bayesian
method.® Such accuracy in predicting
troughs is not surprising. As stated by
Garreltsetal® “Nomograms in general
may do an adequate job in predicting
trough concentrations for renally
eliminated drugs, since these methods
are designed to adjust drug clearance
for the level of renal function... Since
the volume of distribution is a major
determinant of peak serum drug
concentrations, nomograms using
fixed volume of distribution are likely
to have difficulty in accurately
predicting this value.”

Troughlevels should be monitored
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with a target range of 5 to 10 mg/L.
This will assure that the nephrotoxic
potential of vancomycin is kept to a
minimum while maintaining effica-
cious serum concentrations. Some
authors have advocated higher target
trough concentrations (12 - 15 mg/L)
in patients with renal failure due to
assay interference by a vancomycin
breakdown product, crystalline
degradation product (CDP-1), which
accumulates in renal dysfunction,’*2
Serum creatinine should be monitored
and caution should be exercised in
patients receiving concomitant
nephrotoxic drugs. Peak levels may
be warranted in patients being treated
for meningitis in order to estimate
cerebrospinal fluid (CSF) concen-
trations. CSF levels, however, would
be more valuable.!? If trough levels
fall outside the target range, the
regimen can be adjusted according to
changing renal function by means of
one of the nomograms mentioned
above. If renal function has not
changed, the dosing interval may be
adjusted empirically and the trough
levels verified at predicted steady-
state. The dosing nomogram devel-
oped by Rice utilizes trough levels for
vancomycindosing adjustment.®® This
may be a reasonable approach,
although it has not been tested
prospectively and was developed
specifically for burn patients.
Research examining the efficacy and
toxicity of vancomycin regimens
determined using trough versus both
peak and trough serum levels is
warranted.

There is a cost savings associated
with the elimination of routine peak
vancomycin levels. Moreimportantly,
however, the accuracy of phar-
macokinetic interpretation may be
improved by avoiding incorrect
calculations based on peak levels
drawn in the distribution phase. Also,
the turn around time for assessment
of levels would improve since using
three-hour, post-infusion peaks adds
atleast four hours to the time required

for drawing and interpreting levels.
This four-hour period is often long
enough to delay delivery to the lab
past the cut-off time for running
vancomycin levels, thus delaying
interpretation and recommendation
until the next day. Furthermore, using
only trough levels is more convenient
for all hospital staff involved. Other
authors have supported the routine
monitoring of trough, but not peak,
vancomycin levels.*%

Some authors have advocated
abandoning the routine monitoring of
both peak and trough vancomycin
levels.>!! The primary difference in
their argument stems from the
interpretation of the information
correlating trough levels of nephro-
toxicity. While the relationship
between elevated trough levels and
nephrotoxicity has not been con-
clusively established, there are several
studies that have shown such a
correlation. One of the papers
suggesting neither peak nor trough
levels should be monitored was
published before much of the work on
this topic was reported.'* Furthermore,
it has been shown that pharma-
cokinetic monitoring of vancomycin
can be cost-effective in terms of drug
expenditures,'® although such cost
savings may be limited if initial doses
are based on the nomograms men-
tioned earlier. Monitoring troughs will
also ensure that therapeutic levels are
attained. Until such time that the
current information on vancomycin
troughs can be refuted, monitoring
trough levels should be a routine
practice.

In conclusion, from the informa-
tion presented above, it seems appro-
priate to recommend that trough
vancomycin levels be routinely
monitored since they are predictable
and troughs greater than 10 mg/L are
associated with nephrotoxicity. Peak
levels should not be routinely followed
as they are not predictable and have
not been reliably associated with
toxicity. Pharmacokinetic calcula-
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tions based on peak levels drawn
during the distribution phase will be
incorrect and could lead to potentially
toxic vancomycin dose recommen-
dations through underestimation of
the serum half-life. Clinical outcome
has not been correlated to specific
peak or trough levels. However, since
MICs are generally less than 4 mg/L
and vancomycin exhibits concen-
tration-independent killing, trough
levels of 5 - 10 mg/L are adequate for
bacterial eradication. Initial vanco-
mycin doses should be calculated
based on available nomograms.
Trough levels should be maintained
between 5 and 10 mg/L by use of
dosing nomograms or empiric
adjustment.

Althoughthere is atendency torely
on peak levels so that specific
pharmacokinetic parameters can be
calculated, the usefulness and
accuracy of this practice is
questionable and should be reassessed
by those involved in clinical
pharmacokinetic services.
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