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Abstract

Eighty-two plasma samples from patients with chronic renal failure undergoing vancomycin treatment and
hemodialysis (HD) were analyzed with fluorescence polarization immunoassay (FPIA) and high-performance liquid
chromatography (HPLC). Vancomycin was infused once and the samples were collected during three subsequent
HD sessions at 2 h, 3 days and 5 days post-infusion. The HPLC method, modified from an earlier assay, was simple.
There was a wide variation in the estimated concentration between the two assay methods. The results obtained by
HPLC were 69% lower than those obtained by FPIA. This difference in vancomycin concentration was
independent of the sampling time after vancomycin infusion. HPLC analysis commenced approximately 1.5 year
after that of FPIA. To study the effect of in vitro degradation, the vancomycin concentration in ten of the samples
was redetermined with FPIA during HPLC analysis. The concentrations of those samples decreased to 78-98%
(average 92%) of the original concentration. Because FPIA appears to lack specificity, there is a need of other
methods such as HPLC for vancomycin measurements, particularly in samples from patients with end-stage renal
failure.

1. Introduction cence polarization immunoassay (FPIA) (Abbott

TD, system) [2]. Over the past 10 years, several

Vancomycin is the drug of choice for treating
many serious gram-positive bacterial infections
including methicillin-resistant Staphylococcus au-
reus (MRSA) [1]. Its use has increased dramati-
cally over the past two decades due to the
increased clinical significance of these infections.
Vancomycin in plasma is measured routinely in
many hospitals, and the level measured is used to
guide the therapy. Most hospitals use fluores-
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investigators questioned the specificity of FPIA,
which overestimates the levels of drugs such as
methotrexate, theophylline and vancomycin [3—
S]. However, there are a limited number of
studies comparing the two methods of analysis of
vancomycin [5-7]. The kidney function appears
to play an important role in the degree of
overestimation reported for FPIA [8]. In this
paper we aimed to study this phenomenon in
patients with end-stage renal disease (ESRD),
where the plasma was collected during three
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subsequent HD sessions after vancomycin ad-
ministration.

2. Experimental
2.1. Sample collection

Seven patients with chronic renal failure un-
dergoing maintenance hemodialysis (HD, thrice
weekly) were included in this study. Each re-
ceived a single dose of vancomycin (1 g) as a 1-h
infusion followed by 4-h HD sessions on days 1,
3 and 5 post-infusion. The HD session on day 1
began 2 h after the vancomycin infusion. The
samples were collected from the arterial site of
the HD system (before and at 0.25, 2 and 4 h
after HD) and from the peripheral vein (4 h
after HD). Eight of the samples collected from
the peripheral vein were missing. All samples
were kept at —20°C until the day of analysis.
Three patients did not enter the third HD
session, resulting in 82 plasma samples assayed
with FPIA and HPLC.

2.2. Assay of vancomycin

All samples were initially assayed with the
FPIA technique using vancomycin Kkits on the
TD, system (Abbott). The system is well estab-
lished and used routinely for the major part of
the therapeutic drug monitoring program. Analy-
sis of vancomycin by HPLC commenced approxi-
mately 1.5 years later. The long-term stability of
vancomycin (>1 year) at —20°C has been re-
ported in previous studies [9]. To insure consis-
tency of vancomycin concentration, ten of the
samples which had been assayed with FPIA were
assayed during the period of HPLC analysis.

2.3. HPLC assay

The HPLC assay of vancomycin was based on
a modification of the method described by
McClain et al. [10]. This involved the precipi-
tation of plasma proteins in the sample with cold
40% trichloroacetic acid (TCA) before extract-
ing the drug with diethyl ether. Essentially, to

100 ul plasma sample was added an equal
volume of TCA, and the mixture was mixed for 2
min before centrifugation at 1000 g for 10 min.
The resulting supernatant was transferred to
Eppendorf tubes and shaken with 1 ml of diethyl
ether. The ether layer was discarded and 50 ul of
the remaining aqueous phase were withdrawn
and mixed with an internal standard (phenacetin,
10 ul, 10 ppm). After mixing with the internal
standard, 20 ul of the final mixture were injected
into the chromatograph. The assay instrumen-
tation included a solvent delivery system coupled
to an injector (U6K), a variable-wavelength UV
detector (M-484) and a uBondapak C,; (10 um,
30 cm X 3.9 mm LD.) column (Waters Assoc.,
Milford, MA, USA). The mobile phase consisted
of acetonitrile-methanol-0.05 M Pic-B7 reagent
(Waters Assoc.) (8:17:75) and was run at 1 ml/
min; the effluent was monitored at 280 nm.
Vancomycin was quantified using the van-
comycin/internal standard peak-height ratio in a
calibration curve prepared by dilution of van-
comycin in drug-free plasma.

2.4. Data analysis

The difference between HPLC and FPIA in
quantitating vancomycin was calculated using the
following relationship:

Difference(% ) = [vancomycin(FPIA)
—vancomycin(HPLC) ]/vancomycin(FPIA)

3. Results and discussion

Under the chromatographic conditions de-
scribed above, the relative retention times for
vancomycin and the internal standard,
phenacetin, were 7.2 and 10.8 min, respectively.
As can be seen in Fig. 1, the two drugs were well
resolved with no apparent interference from
endogenous plasma components. The calibration
curve showed a good linearity in the concen-
tration range 0-50 ug/ml. Vancomycin levels
measured by HPLC and FPIA (mean * S.D.) for
the three HD sessions in seven patients are
shown in Table 1. The difference was marked but
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Fig. 1. Chromatogram of (A) a blank and (B) a vancomycin-
spiked (10 ppm) human plasma extract. The internal standard
(LS.) (10 ppm) was included in both chromatograms.

remained within a narrow range, between 62 and
75%, regardless of the time of HD. Simple linear
regression analysis programs on a personal com-
puter (FX-720 p, Casio) were used for the
correlation analysis. The correlation coefficient
(r) was in the range 0.686-0.962 for the in-
dividual patients and 0.913 for all the samples
(n=82) (Fig. 2). Linear regression equations
based on the vancomycin concentrations in 82
plasma samples and in the plasma of two selected
patients representing the lowest and highest
difference are summarized below.

y (FPIA) =2.93 (HPLC) +2.81 (n = 82)

y (FPIA) =233 (HPLC) + 348 (n=14)

Table 1
Mean {*S.D.) vancomycin levels (ug/ml) as measured by
HPLC and FPIA in patients

Vancomycin concentrations (ug/ml) n

HPLC FPIA Difference. %

First 85+39 295+11.0 211 71 33
HD session.
Second 39%+17 144*52 10.5 73 33
HD session.
Third 35+1.0 101x=41 6.6 65 16

HD session.

Each patient was infused with vancomycin (1 g) over 1 h
followed by three hemodialysis (HD) sessions, on days 1, 3
and 5 post-infusion; n = number of samples collected during
each session from seven patients.

y (FPIA) =3.84 (HPLC) + (-0.5) (n =14)
The mean (*S.D.) vancomycin level for the
samples collected 2 h post-infusion (time zero of
the first HD session) were 11.3 +4.7 and 39.5 =
10.0 wg/ml, respectively, for HPLC and FPIA.
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Fig. 2. Comparison of FPIA and HPLC for vancomycin levels
in 82 plasma samples collected from seven end-stage renal
disease patients during hemodialysis therapy (r = 0.913).
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The mean (xS.D.) concentrations for the 82
samples were 5.5*3.7 and 18.9 +10.0 ug/ml,
respectively, for the two methods. Vancomycin
levels in ten of the samples which were assayed
twice over 1.5 year with FPIA were 41.0 + 8.7
and 37.4*=9.1 ug/ml, respectively, for the first
and second time.

This study confirms the presence of wide
variations between the two assay methods, the
concentration of vancomycin measured by HPLC
being 69% lower than that measured by FPIA
(range 62-75%). To date, there are only a few
studies that have compared FPIA and HPLC
measurements in plasma of patients treated with
vancomycin [5,6]. One of these studies reported
an overestimation by FPIA in the range of 16—
56% (mean 39.8%) in patients taking van-
comycin (thrice weekly, intraperitoneally) during
peritoneal dialysis [5]. In the other study, which
included samples of patients with renal failure,
the vancomycin concentration reported by HPLC
was 17% lower than that of FPIA, according to
the reported equation [6]. In the same study the
bias (in vitro) between the two methods reached
a value of ca. 10%. The investigators explained
this difference by the formation of degradation
products, mainly CDP-1, which may interfere
with the polyclonal antibody of FPIA. The for-
mation of CDP-1 in vivo has been documented in
the literature, and in vitro cross-reactivity of this
product with FPIA reagents has been estimated
to be in the range of 32-44% [6,11]. In addition,
this phenomenon was also studied in human
plasma spiked with vancomycin (in vitro) and
incubated at 37°C for 19 days. The overestima-
tion observed was about 64% after 10 days [5].

This is probably the first time that the two
methods have been compared using samples
collected from ESRD patients during HD. The
difference in vancomycin concentrations ob-
served in this study is high compared to the few
reports in the literature. Its reason cannot be
precisely determined. The HPLC method used is
simple, the chromatograms do not show broader
peaks as reported in previous isocratic proce-
dures [12], and vancomycin is measured with
precision. Further, the conditions of the assay

were stable as indicated by the good correlation
between the results of the two methods for the
individual patients (r = 0.686 to 0.962) as well as
for the total number of samples (» =0.913). In
this study, HPLC measurements began about 1.5
year after those of FPIA, during which the
samples were stored at —20°C. An earlier study
confirmed that vancomycin, which was analyzed
by bioassay, was stable for more than 1 year [9].
Because the bioassay does not detect degrada-
tion products their findings seem to be a good
evidence for vancomycin stability. Another study
has indicated that the degradation products,
mainly CDP-1, were not formed under the
routine storage conditions [7]. To investigate the
effect of storage intervals, ten of the samples
previously assayed with FPIA were re-assayed
using the same method. The results showed a
minimal decline of about 8% (range 2-22%)
over the 1.5 year. Because CDP-1 cross-reacts
with FPIA to an extent of 32-44% [6], the
decline in concentration could be underestimated
by FPIA if CDP-1 was produced during storage.
However, such degradation should be minor and
does not climinate the wide variation between
the two methods if used for therapeutic van-
comycin monitoring in this group of patients.

Morse et al. [5] investigated the influence of
the duration of vancomycin therapy on the FPIA
and HPLC vancomycin assay results. They found
mean overestimations of 13.7, 25.3 and 39.6%,
respectively, for the (thrice weekly) intra-
peritoneal vancomycin doses. This was explained
by the presence of excessive degradation prod-
ucts accumulated with time during the van-
comycin treatment. In this study the difference
was not dependent on the time of sampling after
vancomycin infusion.

In conclusion, FPIA overestimates the van-
comycin level by as much as 69% in patients
undergoing HD. The degree of overestimation
remains unaffected by the time of sampling after
infusion. Vancomycin in plasma stored below
—20°C seems to be stable for 1.5 year. Until this
issue has been solved, there is a need for meth-
ods which do not cross-react with the degra-
dation products of vancomycin such as HPLC or
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enzyme immunoassay, particularly for samples
collected from patients with end-stage renal
failure.
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