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Background: Vancomycin is commonly used for the treatment of MRSA infections in critically ill patients with
renal diseases. Vancomycin is mainly eliminated through the kidney. Its excretion is therefore substantially
reduced in severe renal impaired patients. Although several studies have demonstrated that significant amounts
of vancomycin are removed during High-Flux/High-Efficiency Hemo Dialysis (HF/HEHD), more data are
required to optimize clinical applications.

Objective: Predict the appropriate vancomycin intradialytic dosage and dosing interval among patients
receiving HEHD.

Material and Method: Twenty patients who were receiving HEHD with cellulose triacetate dialyzer were
included to determine the vancomycin intradialytic clearance. Two patients were included twice and one
patient was included three times due to reinfections. This gave rise to 24 patient-times. The study was carried
out at Songklanagarind Hospital between January 2003 and March 2004.

Results: In a prospective opened label design, each patient received 1g vancomycin, 1 hour infusion, immediately
after completion of HEHD. Six scheduled blood samples were drawn as follows: (1) 60 minutes following
completion of vancomycin infusion (C__); (2) immediately before starting the second HEHD; (3) 2 hours after
starting the second HEHD; (4) immediately after completion of the second HEHD; (5) immediately before
starting the third HEHD; and (6) immediately after the third HEHD ended (C_, ). The authors measured
vancomycin serum levels using HPLC technique. The serum concentrations were used to calculate all relevant
pharmacokinetic parameters. The pharmacokinetic parameters (mean  SD) were: intradialytic clearance
(CL,,) 93.4  37.1 mL/min; intradialytic elimination rate constant (k) 1.1 0.5 hr*; overall elimination half-
life (t,,) 77.1  37.8 hr; volume of distribution (V) 82.1 40.3L;C__ 25.8 8.12mg/L (range 12.04-48.80);
C,,62 3.1mg/L;and % removal during the second HEHD 37.9  12.9. Subtherapeutic levels were found in
66.7% (16/24) and 91.6% (22/24) of patients after the second and the third HEHD, respectively.
Conclusion: HEHD with cellulose triacetate dialyzer removes significant amount of vancomycin. Based on the
authors’ findings, a loading dose of 1 g, and 500 mg after every subsequent HEHD is recommended.
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Vancomycin is a glycopeptide antimicrobial
agent commonly used for the treatment of MRSA infec-
tions. Vancomycin is mainly eliminated by glomerular
filtration. The clearance of the drug significantly de-
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creases in patients with impaired renal function and is
absent in anuric patients. The recommended dosage
for anuric patients undergoing hemodialysis is 1 g
every 5 to 7 days®. High-Flux/High-Efficiency Hemo
Dialysis (HF/HEHD) substantially reduces serum
vancomycin concentration as it removes a significant
amount of vancomycin@9.
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The present study aimed to determine vanco-
mycin intradialytic clearance and to find an appropriate
dosage for patients receiving HEHD.

Material and Method

The study protocol was approved by the
Ethics Committee of Songklanagarind Hospital, Faculty
of Medicine, Prince of Songkla University (reference
number 46/400-002). Written informed consent was
given by each patient prior to participation in the present
study.

Subjects

Criteria for inclusion: In- and out-patients
who were treated by HEHD and were prescribed van-
comycin.

Criteria for exclusion: Patients who developed
or had a previous history of hypersensitivity to vanco-
mycin, or had vancomycin administration within the
past month.

Criteria for termination: Patients who could
no longer participate in the present study because they
had died, stopped vancomycin administration and/or
referral to other hospitals.

In- and out-patients with renal failure who
were treated by HEHD and prescribed vancomycin for
infectious therapy or prophylaxis were included in the
present study. Each patient received 1g vancomycin
intravenous infusion over 1 hour after the first HEHD
was completed. Six 5-mL-blood samples were drawn
for measurement of serum vancomycin concentrations
at the following time points: (1) at 60 minutes after com-
pletion of vancomycin infusion (C__ ); (2) immediately
before starting the second HEHD (Cp ); (3) 2 hours
after starting the second HEHD (C,, ,,.,); (4) imme-
diately after completion of the second HEHD (C_,,.,);
(5) before starting the third HEHD (CpreHDa); and (6)
immediately after the completion of the third HEHD
(C,,)- Blood levels at point (2), (3), and (4) were required
for calculation of intradialytic elimination rate constant
(k,)- Individual’s UF goal and hemodialysis conditions
were designed according to the patient’s renal func-
tion or clinical signs and symptoms. All patients were
followed-up for three consecutive HEHD sessions.
Overall follow-up time among patients was, however,
different, and was based on the weekday that the
patients received the first HEHD. The cellulose tri-
acetate dialyzer, Nipro® Fisoe dialyzer, with membrane
surface area 1.5 m* and ultrafiltration coefficient (K )
20.5 mL/hr/mmHg was used. Blood samples were centri-
fuged at 3000 G for 10 minutes. The serum portion was
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separated and stored at -20°C until analysis. Serum
vancomycin concentrations were measured by reverse
phase high-performance liquid chromatography
(HPLC)®. 100 mL of the serum was transferredtoa 1.5
mL centrifuge tube. 50 mL of the internal standard
hydrochlorothiazide (HCTZ) and 100 mL of methanol
were added, mixed and centrifuged at 15,000 G for 10
minutes”. 20 mL of the supernatant was injected into
the HPLC system.
The HPLC system consisted of a Jasco UV-

975 intelligent UV visible detector, and Jasco PU-1580
intelligent HPL.C pump, made in Japan. ThermoHypersil-
Kevstone BDS Hypersil C18, 150 x 4.6 mm column was
used as the stationary phase; the mobile phase was
composed of 10% acetonitrile in a 25 mmol/L phosphate
buffer (potassium phosphate, monobasic/ phosphoric
acid, pH 7.0). The detection wavelength was 229 nm.
At flow rate of 1.5 mL/min, the retention times of the
internal standard HCTZ and vancomycin were 5 and 9
minutes, respectively. The quantification was based
on the ratio of peak area and retention time of vanco-
mycin to the internal standard HCTZ. The lower limit of
detection was at 2 mg/L. Intra-day variabilities (coeffi-
cients of variation) of 3 vancomycin concentrations
i.e., 2,15and 50 mg/L were 11.59%, 11.94% and 9.86%,
respectively, and the corresponding inter-day variabili-
tieswere 17.95%, 5.11% and 7.91%, respectively. Ranges
of recovery percentage of 5 replications of vancomy-
cin at concentrations 2, 15 and 50 mg/L lay between
93.16 and 102.87%. As the system studied was quite
complex, pharmacokinetic parameters of vancomycin
were calculated using 3 methods. The volume of distri-
bution (V ), and the overall elimination half-life (t, ) of
vancomycin was calculated by WinNonlin program,
using all 5 serum vancomycin concentration data. The
authors plotted a semilogarithmic graph of three serum
vancomycin concentrations (C .., C, .., and
C ustinz): COllected during the second HEHD, versus
time to determine the intradialytic elimination rate
constant (k) of the system. The authors calculated
vancomycin intradialytic clearance (CL,,,) for each
patient using the hemodialysis flow model as shown in
Equation1,theC_ ,andC . wererequired for the
calculation®.

Q, = Q,(1-Het)

Q, =Q,-UFR

CI_HD: [(Qpa X CpreHDz) - (va X CpostHDz)] / CpostHDZ

(Equation 1)

where, C, = vancomycin concentration imme-
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diately after completion of the second HEHD

C,ip2 = Vancomycin concentration just prior
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to starting the second HEHD

CL,, = intradialytic clearance

Hct = hematocrit (%)

Q, = arterial blood flow rate

Q,. = arterial plasma flow rate
= venous plasma flow rate

UFR = ultrafiltration rate

Data analysis

To provide an ability to estimate vancomycin
intradialytic clearance of a patient without additional
blood sample collection in the future, the authors per-
formed a linear regression model using theoretical
determinants, which were routinely investigated, i.e.,
the urea reduction ratio (URR), creatinine reduction
ratio (CrRR), blood flow (Q), UFR and hemodialysis
treatment time. The authors obtained the model, as
shown below, with R-square 52.5% and p-value 0.0323.
A p-value < 0.05 was considered significant.

CL(mL/min) =2.61[%URR] - 1.55[%CrRR] +
0.30[Q(MmL/min)]-0.57[time(hour)] - 7.28[UFR(L/hour)]
—75.42

In addition, a supplement dose of vancomy-
cin was determined by the apparent % removal of van-
comycin during HEHD. Increased vancomycin levels
after HEHD due to redistribution, have been reported.
Mean post-dialysis redistribution time of vancomycin
is 3 and 6 hours (range 1 to 12 hours)®®, Failure to
determine the extent of post-dialysis redistribution may
lead to an underestimation of post-HEHD vancomycin
level and excess dosage supplementation. The authors
determined apparent % removal (at the end of HEHD)
using Equation 2. The present design precluded the
ability to determine post-dialysis vancomycin redistri-
bution. The authors, however, tried to calculate post-
rebound % removal by substituting the post-dialysis
rebound concentration with C__,... The authors there-
fore determined%removal by comparing C . with
C,enpz 88 given in Equation 3.

Apparent % removal = [(CpreHDz—CpostHDz) /IC
x 100 (Equation 2)
Post-rebound % removal = [(CpreHDz - CpreHDa) /IC
x 100 (Equation 3)

The authors did not design to measure the
extent of residual renal function on vancomycin
clearance based on an assumption that HEHD was used
in any patient whose renal function was very small and
could be negligible. The authors, however, observed
that changes in serum vancomycin concentrations
during interdialytic period were not different between
ARF and CRF patients.

preH DZ]

preHDZ]
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The authors calculated the supplement dose
of vancomycin intravenous infusion within 1 hour
post-HEHD using Equation 4.

Dose (mg) = [(C,,.) (CL,, * 60 min) (dialysis

treatment time)] / 1,000 (Equation 4)

where, C_..(mg/L), CL , (mL/min/1000), dialysis
treatment time (hr)

Results

Table 1 summarizes demographic data of the
studied subjects. Six patients (1 referral and 5 dead)
out of 26, dropped out from the present study resulting
in twenty patients available for data analysis. Of these,
two patients were included twice and one patient was
included three times because they were prescribed
vancomycin for treatment of reinfections. The authors
therefore had 24 patients-time samples of vancomycin
serum concentration data. These observations in re-
peated subjects were treated as independent samples
because the individual’s HEHD conditions varied each
time. Eight patients (2 males and 6 females) were ARF
associated with systemic lupus erythematosus and
twelve patients were CRF (5 males and 7 females). The
blood flow rates ranged from 200 to 400 mL/min, i.e.,
200 mL/min in one patient; 300 mL/min in seven
patients; 350 mL/min in nine patients; and 400 mL/min
in seven patients. The dialysis treatment time also varied
among patients i.e., 4 hours in seventeen patients; 5
hours in six patients; and 4.5 hours in one patient.

Table 2 presents pharmacokinetic parameters
of vancomycin. During HEHD, the serum vancomycin
concentrations declined rapidly due to intradialytic
clearance, from predialysis level 0f 25.3 +8.1t06.3+3.1
mg/L at the end of HEHD. The maximum serum vanco-
mycin concentrations (range 12.0-47.8 mg/L) did not
reach the toxic levels (therapeutic range 10-50 mg/L),
but the vancomycin concentrations (range 5.1-17.6 mg/

Table 1. Demographic data of study subjects and hemodia-
lysis conditions

Variable Mean + SD (range),
n=24
Age (year) 52.5+15.8 (22-76)
Weight (kg) 51.5+7.8 (41-72)
Laboratory results
BUN (mg/dl) 62.7+25.8 (30.9-135.0)

Serum creatinine (mg/dl) 6.7+3.7 (2.6-14.4)
Creatinine clearance (mL/min) 11.9+8.9 (1.6-10.4)
UF goal (L) 2.7+1.1 (1.0-5.0)
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Table 2. Pharmacokinetic parameters of vancomycin during high-efficiency hemodialysis in patients with renal failure

Parameter mean + SD (range), n =24 Parameter mean+SD (range), n = 24

CL,, (mL/min) 93.4+37.1 (30.8-167.5) Crerpz (MYL) 13.6+6.5 (5.8-33.2)

k. (hr?) 1.1+0.5 (0.5-2.6) C, s (ML) 11.0+6.3 (2.9-29.6)

t,, (hr) 77.1+37.8 (42.6-171.9) C osirino (ML) 8.9+4.9 (2.6-24.3)

V, (L) 82.1+40.3 (30.2-162.5) Corerps (MYL) 8.5+4.4 (3.9-18.4)

C,..(mg/L) 25.3+8.1 (12.0-47.8) C.. (mglL) 6.2+3.1 (2.6-20.0)
CL,, = intradialytic clearance

intradialytic elimination rate constant

-~ X
n o n

L) were below therapeutic levels in 66.7% (16/24) of
patients after the second HEHD. Post-dialysis rebound
concentrations were not assessed in the present study.
The authors, however, observed thatC_..,andC_ .
were very similar. This led to equivalent vancomycin
apparent % removal and post-rebound % removal (37.6
+13.9and 37.9.+ 12.9%, respectively). C .., might be
a good indicator of C_ .. that may help design van-
comycin dosage regimen in patients receiving HEHD.
At the end of the third HEHD, only two patients had
therapeutic vancomycin levels. Supplement dosage
(mean + SD), calculated using the Equation 4, to achieve
the serum vancomycin concentration of 25 mg/L was
598.2 + 244.5 mg. The authors, therefore, recommended
a practical dosage of 500 mg vancomycin after a subse-
quent HEHD to provide an average serum vancomycin
concentration of 22.2 + 6.3 mg/L.

Discussion

The results of the present study indicate that
a single 1 g vancomycin dosing is not sufficient for a
5-7 days treatment in patients undergoing HEHD. The
regression model, using URR, CrRR, blood flow rate,
UFR and dialysis treatment time as predictors of intra-
dialytic clearance, can substantially explain the variance
of intradialytic clearance (53%). Even though some
factors did not significantly predict the clearance, but
they theoretically determined intradialytic clearance.
This model may be practically useful since the deter-
minant variables are routinely investigated. Using this
model as a rough estimation of vancomycin clearance
can avoid additional blood sample collection.

Pharmacokinetic study of vancomycin in
patients treated with HEHD was designed differently.
DeSoi estimated total vancomycin removal during 3 to
4 hours hemodialysis with different membranes. He
measured both apparent removal (at end of HFHD) and
post-rebound removal of vancomycin®. He found
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overall patients' elimination half-life, Vd = volume of distribution

(mean + SEM) apparent % removal 43.1 + 9.3 and post-
rebound % removal 22.0 + 4.0 in four patients treated
with cellulose triacetate membrane. These correspond-
ing figures for other membranes were: polyacrylonitrile
34.5 +3.1and 25.4 + 4.0; polysulfone 42.8 + 2.8 and
29.9 +4.4; and cuprophane (a classical membrane) 5.6 +
1.9 and 5.8 + 3.8. Based on this observation, post-
rebound removal was approximately 20% less than the
apparent removal when cellulose triacetate was used.
Another study on pharmacokinetics of vancomycin
during dialysis with polysulfone demonstrated that
intradialytic removal ranged from 39.1% to 55.1%, mean
intradialytic clearance 130.7+30.0 mL/min, and post-
dialysis serum vancomycin concentrations ranged from
8.14 to 10.1 mg/L®. A study on pharmacokinetics of
vancomycin (1 g) infused over the last hour of HEHD
with cellulose triacetate reported the AUC . o of
74% compared with that found when the same dose
was administered after dialysis in the same patients®.

Intradialytic clearance is an important factor
determining post-dialysis supplement dosage of van-
comycin. A study of 6 hemodialysis patients receiving
1 g of vancomycin, immediately after the completion of
a routine dialysis session, found a mean intradialytic
vancomycin clearance of 56.7 + 7.5 mL/min with the
cellulose triacetate-110 and 100.7 + 10.7 mL/min with
the cellulose triacetate-190 membranes®Y. On the ba-
sis of post-rebound concentrations, the % removal of
vancomycinwas 23.6 + 1.2 and 25.2 + 8.6 for cellulose
triacetate-110 and cellulose triacetate-190 membranes®?.
The amount of vancomycin removed should be replaced
after HEHD to prevent a subtherapeutic level. Con-
cerning the post-dialysis rebound, a substituted dose
calculated using post-rebound concentration might
be more appropriate. The present study adds to the
evidence that vancomycin is removed in a significant
amount during HEHD, and the amount removed is con-
sistent with those previously reported.
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The authors found C_ .. in 9 observations
were slightly higher than Costriv: This event may be
explained by a redistribution of vancomycin in the
body. Because the present design did not allow the
authors to quantify post-dialysis rebound, this pheno-
menon was not observed among the remainder. The V,
of vancomycin is usually altered in patients with renal
failure partly because of changes in plasma protein-
binding, 18% increases in V, can be found (the usual
protein-binding was normally 50-60%)®. In patients
with low plasma protein-binding, unbound vancomy-
cin fractions even increased and were then removed
mostly by hemodialysis.

The authors had some limitations in the
present study, the small number of patients recruited in
the study period, as well as dialyzer condition (new/
reused). Some participating patients were dropped out
from the study because they died, or were referred to
other hospitals. Differences in dialyzer conditions
were, however, minimized as the dialyzers with priming
volumes of not less than 80% were used in the present
study. The authors’ design did not provide ability to
measure the extent of residual renal function on van-
comycin clearance or post-rebound concentration.
Calculated supplement dosage is probably slightly
overestimated, but serious adverse effects would be
very unlikely to occur.

Based on the authors’ findings as well as other
supporting evidence, a loading dose of 1 g vancomy-
cin through intravenous infusion post-HEHD and a
500 mg infusion with every subsequent dialysis, should
be recommended for patients undergoing HEHD with
cellulose triacetate dialyzers.
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