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Serum Vancomycin Levels Resulting From Continuous
or Intermittent Infusion in Critically Ill Burn Patients
With or Without Continuous Renal Replacement
Therapy
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We evaluated vancomycin levels as recent guidelines for therapeutic monitoring of vancomy-
cin (not available at the time these data were collected) recommend trough levels of 15 to

20 ug/mL; however, this may be more difficult to achieve in patients with accelerated vanco-
mycin clearance, such as burn patients or recipients of continuous venovenous hemofiltration
(CVVH) therapy. We retrospectively studied 2110 serum vancomycin levels of 171 patients
admitted to the burn intensive care unit for more than 4 years and who received vancomy-
cin by continuous infusion (CI) or intermittent infusion (II), with or without simultaneous
CVVH. In-hospital mortality, 14- and 28-day mortality following vancomycin therapy were
not different between dosing methods, although increased mortality was observed in the sub-
group of patients receiving CI vancomycin empirically for clinical sepsis with negative blood
cultures. More vancomycin was delivered to patients daily by CI than II, and therapeutic
drug monitoring costs were similar. After controlling for differences in vancomycin dose by
case matching with propensity scores, mean vancomycin levels were 20.0+3.8 pug/mL

for CI, vs 14.8 +4.4 ug/mL for II (P < .001). CI dosing resulted in similar levels with

or without CVVH, whereas in II dosing, CVVH appeared to significantly decrease van-
comycin levels. Although CI dosing was associated with higher vancomycin levels in gen-
eral and fewer levels of <10 ug/mL, significant nephrotoxicity or neutropenia was not
observed. Fifty-seven patients (33.3%) developed bacteremia, and 106 Gram-positive
bacteria were recovered, including 63 Staphylococcus aureus. Recurrent bacteremia while
receiving vancomycin was infrequent. The 90th percentile minimum inhibitory concen-
tration (MIC,) for vancomycin of 36 available S. aureus isolates tested by broth micro-
dilution was 1.5 ug/mL. CI produced more frequent therapeutic vancomycin levels and

less frequent subtherapeutic levels compared to II. However, therapeutic vancomycin

levels were achieved infrequently by either method of dosing. Given equivalent thera-

peutic drug monitoring costs and the lack of a clear clinical benefit, the role of CI dos-

ing remains to be defined in spite of practical and theoretical advantages, particularly

when administered in the setting of CVVH. (J Burn Care Res 2012;33:e254-¢262)

Infection remains a leading cause of death among this population as Staphylococcus aureusis the most fre-
burn survivors beyond 72 hours of initial injury.! quently isolated Gram-positive organism.> However,
Vancomycin is often an empiric antibiotic of choice in the pharmacokinetics of vancomycin are significantly
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altered because of the abnormal physiology of burn
victims.®>* Increases in the apparent volume of distri-
bution, metabolic, and nonmetabolic clearance have
been observed.® As a result, standard vancomycin
doses deemed appropriate for nonburned patients
may be inadequate for patients with burn injury.

Intravenous vancomycin can be delivered as either a
continuous (CI) or an intermittent infusion (II). Recent
guidelines directed at adult, nonburned patients recom-
mend Il vancomycin 15 to 20 mg/kg every 8 to 12 hours
and suggest no clinical advantage with CI dosing.* It
is unknown whether CI vancomycin results in compara-
ble outcomes in a burn population, and both methods
of dosing were used in our facility during the periods
examined in this study. This examination afforded us
an opportunity to compare the effects of CI vs II van-
comycin on clinical outcomes, toxicity, and attainment
of recommended serum concentrations in critically ill
burn patients. These outcomes were also assessed in a
cohort of our patients who were concurrently receiving
high-dose CVVH as limited data were available on the
outcome of this continuous renal replacement modality
on vancomycin pharmacokinetics.

MATERIALS AND METHODS
Study Design

This retrospective cohort study evaluated the use of
CI vs II vancomycin therapy on clinical outcomes in
critically ill burn patients. Electronic medical records
were retrospectively reviewed for all patients admit-
ted to the United States Army Institute of Surgical
Research burn intensive care unit from 2006 to 2009
with vancomycin levels recorded in the clinical record.
Dosing was considered continuous if the vancomycin
was infused without scheduled interruption during
multiple 24-hour periods, as opposed to being admin-
istered as multiple divided doses per 24-hour period
(ie, II). Typical practice in our intensive care unit was
to initiate vancomycin therapy at a dose of 1g every
8 hours for II, or 3 g per 24 hours for CI. Dosing
decisions were made by the clinical treatment team,
a multidisciplinary care team that included burn sur-
geons, critical care physicians, and clinical pharmacists.
Although therapeutic drug monitoring guidelines
for vancomycin were unavailable during this period
for infections other than pneumonia, dose adjust-
ment to achieve trough levels of 15 to 20 ug/mL,
in accordance with the 2005 American Thoracic Soci-
ety/Infectious Disease Society of America joint rec-
ommendation for hospital-acquired pneumonia,” was
generally followed for burn patients with nonpneumo-
nia infections out of concern for increased vancomy-
cin clearance in this population. When CI was used,
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steady-state levels of 20 to 25 ug/ml were targeted
following the practice of a randomized multicenter
clinical trial of CI vancomycin.®

Patients were excluded from analysis if they were
less than 18 years of age, pregnant, admitted for other
than a primary thermal burn injury, or had only a
single vancomycin level available. Vancomycin doses
and serum levels resulting from treatment by CI or 11,
with or without high-dose CVVH, were considered,
and patients contributed data only once to the analysis.
For patients who received multiple treatment courses
with vancomycin, the treatment course during which
high-dose CVVH therapy was concurrently received
was selected for inclusion to ensure adequate data. The
study was approved by the Institutional Review Board.

Data Collection

The total daily vancomycin dose, CVVH treatment
parameters, age, sex, and TBSA burned were obtained
from electronic records. To assess toxicities of vanco-
mycin therapy, serum creatinine and absolute numbers
of total leukocytes, neutrophils, and platelets were
recorded. Trough values after at least three doses (for
II) or plateau levels after at least 24 hours (for CI) were
considered. Vancomycin levels were determined in the
course of routine clinical care by the automated fluo-
rescence polarimetry method of the clinical laboratory.
To develop a representative impression of infecting
organisms in our facility, agents of Gram-positive bac-
teremia in the included patients were obtained from
the electronic record within 30 days (before or after)
of the vancomycin treatment course recovered from
blood cultures. Vancomycin MICs were determined
by the clinical laboratory using the Vitek-2 instrument
(bioMérieux, Durham, NC). Available isolates of S.
aureus were further examined for vancomycin suscep-
tibility using the Phoenix automated microbiology sys-
tem (Becton, Dickinson & Co., Franklin Lakes, NJ)
and by broth microdilution following the methods
and interpretive criteria of the Clinical and Laboratory
Standards Institute (CLSI). Pulsed-field gel electro-
phoresis was performed to characterize the clonal rela-
tionships of the isolates, as previously described.” Costs
associated with vancomycin therapeutic drug monitor-
ing were assessed using laboratory cost data (in 2011
dollars) obtained from the hospital clinical laboratory.

Outcomes

Differences in 14-day, 28-day, overall in-hospital,
and attributable mortality were assessed in patients
receiving continuous vs intermittent vancomycin
therapy. In addition, recurrent bacteremia and neph-
rotoxicity (defined according to indices previously
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associated with increased mortality!®: >0.5 mg/dL
or 250% increase in serum creatinine) from start
to end of vancomycin therapy were evaluated. Glo-
merular filtration rate (GFR) was estimated using
the Cockroft-Gault formula. For patients receiving
CVVH therapy, nephrotoxicity was defined as hav-
ing a urine output <0.3 mL/kg/day. The effect of
vancomycin on granulocytes and platelets was evalu-
ated by calculating the difference in total white
blood cells, neutrophils, and platelets at the begin-
ning and end of the therapeutic course. An absolute
neutrophil count (ANC) of <500 cells/uL. was used
to define neutropenia.!! As a standardized definition
for drug-induced thrombocytopenia is lacking,!? we
defined thrombocytopenia as <75 x 103 platelets /uL.
Frequencies of achieving “therapeutic” vancomycin
levels were compared for those receiving CI (thera-
peutic range: plateau 20-25 ug/ml) vs II (thera-
peutic range: trough 15-20 ug/ml). As previous
studies in our institution identified a mean CVVH
dose of 50 mL /kg/hr,!3 the effect of CVVH therapy
at rates above and below this threshold on vancomy-
cin levels was also examined.

Statistical Analysis

Dichotomous variables were compared using the 2
test. Continuous variables were tested for normality
using the Kolmogorov-Smirnov test, and compared
using the Student’s #test or Mann-Whitney U tests,
as appropriate. To normalize differences in the mean
vancomycin dose (in grams) delivered to patients by
CI vs 1I, binary logistic regression was used to deter-
mine a propensity score reflecting the probability of
having received vancomycin by CI, using as covari-
ates age, sex, initial TBSA burned, average daily van-
comycin dose, and survival. Cases were matched with
controls using a supplemental software algorithm
freely available in the public domain.!* The Wilcoxon

Table 1. Baseline patient characteristics
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rank-sum test was used to compare mean leukocyte,
neutrophil, and platelet counts at the beginning and
end of vancomycin therapy. All calculations were per-
formed using Statistical Package for Social Sciences
for Windows, version 16.0 (SPSS, Inc., Chicago, IL)
except for power calculation, which was performed
using PASS 2000 (NCSS, Kaysville, UT).

RESULTS

Patient and Infection Characteristics

During the 4-year period studied (2006-2009),
4235 vancomycin levels (troughs for IIs, or steady-
state levels for CIs) were measured in 310 patients.
During this period, which included peak workloads
of combat casualty care, CI vancomycin dosing was
used as a means to reduce the burden and complexity
of care for the nursing staff to maximize patient care
capabilities in a busy burn critical care ward. Thera-
peutic drug monitoring for vancomycin was used to
assure the adequacy of serum levels. The associated
laboratory monitoring cost (calculated at $12.76 per
assay in 2011 dollars) was $54,039.

Atotal of 2110 vancomycin levels from 171 patients
were included in the analysis after excluding patients
according to the previously described criteria. Age, sex,
initial percentage of TBSA, body weight at initiation
of therapy, serum creatinine at the beginning of ther-
apy, proportion receiving high-dose CVVH, CVVH
dose, and estimated GFR were not significantly dif-
ferent between patients who received CI and those
who did not (Table 1). Those treated with CI received
more vancomycin than patients given II (29.5+11.8
vs 26.2+8.6mg/kg/day, P = .02). Median (25-75%
interquartile range) therapeutic drug monitoring costs
were not significantly different between those receiv-
ing CI compared to II ($114.84 [$63.80-$204.16]
vs $114.84 [$76.56-$216.92], P= 91).

Continuous Intermittent
(N =90) (N =381) P
Age (mean = SD yr) 40.8+19.8 35.6£17.2 .20
Male (%) 91.1 90.1 1.00
Initial TBSA (%) 38.8+22.4 43.0+£23.6 24
Body weight at start of therapy (kg) 89.4+20.8 91.3+21.5 .66
Mean vancomycin dose (g/day) 2.50+0.72 2.29+0.63 .02
Mean vancomycin received (mg/kg/day) 29.5+11.8 26.2+8.6 .02
Mean serum creatinine (mg/dL) 0.99+0.39 0.97+0.40 44
Receiving high-dose CVVH (%) 22 (24.4%) 11 (13.6%) a1
Mean high-dose CVVH (mL/kg/hr) 50.8+20.9 50.7+£21.7 .99
Estimated GFR (mL/min) 90.8+39.2 102.5+49.9 14

CVVH, continuous venovenous hemofiltration; GFR, glomerular filtration rate.
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Bacteriology and MIC Results

Fifty-seven of 171 patients (33.3%) had Gram-
positive bacteremia, with 106 isolates recovered
from 87 cultures in 57 patients. Sixty-three isolates
(59.4%) were S. aurens, of which 27 (25.5%) were
methicillin-resistant  S. awurens (MRSA). Thirteen
isolates (12.3%) were coagulase-negative Staphylo-
coccus, 13 (12.3%) were Enterococcus faecium, five
(4.7%) were Enterococcus faecalis, four (3.8%) were
Streptococcus pnenmonine, two (1.9%) were Strepto-
coccus vividans, two (1.9%) were Streptococcus ngo-
lactine, two (1.9%) were nonenterococcal Group D
Streptococci, one (0.9%) was Streptococcus mutans,
and one (0.9%) was an unidentified Enterococcus
species. Organisms having MIC > 2 ug/mL (as
measured by the Vitek-2 instrument) included 15
S. aureus (23.8%), 10 coagulase-negative Staphylo-
coccus (76.9%), two E. faecalis (40%), and one E. fae-
cium (8%). Although follow-up blood culturing was
not performed in a standardized fashion, recurrence
of Gram-positive bacteremia after beginning van-
comycin therapy was observed in only 10 patients
(17.5%). Four of these (7.0%) had recurrent methi-
cillin-susceptible S. aurens (MSSA), two (3.5%) had
MRSA, and four (7.0%) had vancomycin-suscepti-
ble enterococci. Only one of these (a vancomycin-
susceptible E. faecalis) occurred in a patient receiv-
ing CVVH therapy. Two isolates of MSSA and one
vancomycin-susceptible E. faecium occurred in
patients receiving intermittent vancomycin infusion,
with the remaining seven isolates occurring after
initiation of CI therapy. Five isolates of coagulase-
negative Staphylococcus were recovered after starting
vancomycin therapy, which, in view of their single
occurrence in each patient, likely reflected blood
culture contamination.

Vancomycin MIC results were available from the
clinical laboratory for 60 of the 63 S. aureus isolates,
with three isolates categorized as susceptible to van-
comycin by disk diffusion. MIC,,, MIC,,, and per-
centage susceptible to vancomycin were 1 ug/mL,
2 pg/mL, and 100%, respectively, using the Vitek-2
instrument, and were confirmed with the Phoenix
automated microbiology system in 36 S. awreus
isolates available for further testing. Broth microdi-
lution testing of these isolates determined vancomy-
cin MIC,; and MIC,, to be 0.75 and 1.5 ug/mL,
respectively. Pulsed-field gel electrophoresis typing
data were available for 17 isolates and revealed five
distinct strains: 11 USA100, one USA200, three
USA300, and two unique strains. Vancomycin MICs
did not rise among serial isolates recovered from
individual patients.
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Clinical Outcomes

There were no significant differences between recipi-
ents of CI or II of vancomycin in 14-, 28-day mortal-
ity, or overall in-hospital mortality (Table 3). There
were no deaths among 15 patients with a mean van-
comycin level <10 ug/mL, in contrast to 46 deaths
in 156 patients (29.5%) with mean vancomycin level
>10 ug/mL. Attributable mortality could not be
conclusively determined as a result of the multifacto-
rial nature of insults to patients who died, who often
had simultaneous Gram-negative and/or invasive
fungal infections along with severe burn injury and
multiple organ system failure.

To adjust for unequal vancomycin dosing in
patients receiving CI vs II, a case-control analysis
was performed using a matching algorithm based on
the probability of subjects having received CI van-
comycin, reflected in a propensity score. Forty-four
cases were matched with 44 controls using this algo-
rithm, and outcomes were not statistically different.
For similar vancomycin doses (intermittent dosing,
26.6+7.7mg/kg/day; CI dosing, 25.2+7.1mg/
kg/day, P = .37), recipients of CI dosing had
higher mean vancomycin levels (14.8+4.4 ug/mL
vs 20.0+3.8 ug/mL, P < .001). CI recipients had
significantly fewer levels <10 ug/mL compared to
II recipients (5.9 £9.2% vs 33.6£25.8%, P < .001).

A subset analysis stratifying patients on the basis
of the clinical indication for vancomycin dosing
(Gram-positive bacteremia, sepsis without con-
firmed Gram-positive bacteremia, or pneumonia)
was performed, revealing a statistically significant
increase in mortality among patients with sepsis
dosed empirically by CI vancomycin (Table 2). This
increase occurred in spite of a higher mean serum
vancomycin level and did not correspond to signifi-
cant differences in the percentage of TBSA, the use
of CVVH, or subsequent identification of Gram-
negative bacteremia as the cause of sepsis in this
subgroup.

Although follow-up blood culturing was not
performed in a standardized fashion, recurrence
of Gram-positive bacteremia after beginning van-
comycin therapy was observed in only 10 patients.
Seven patients receiving CI had recurrent bactere-
mia (two MSSA, two MRSA, and three vancomycin-
susceptible enterococci), with the remaining three
recurrences occurring in the II group (two MSSA
and one vancomycin-susceptible E. faecium). Five
isolates of coagulase-negative Staphylococcus were
recovered after starting vancomycin therapy, which
likely reflected blood culture contamination caused
by their single occurrence in each patient.
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Toxicity Associated With Vancomycin
Therapy

Nephrotoxicity and thrombocytopenia were not
different for patients receiving CI vs II vancomycin
(Table 3). For platelets, the interquartile ranges and
medians for the overall population were 25th per-
centile, 7000 to 129,000 cells/uL. (median 66,000
cells/ul.); 50th percentile, 130,000 to 281,000
cells/ul. (median 208,000 cells/ul.); 75th percen-
tile, 282,000 to 444,000 cells/ul. (median 377,000
cells/ul); 100th percentile, 451,000-1,334,000
cells/ul. (median 451,000 cells/ull). The lowest
platelet count at the end of therapy was 7000 cells /uL
and was below 75,000 cells /ul. in 27 patients (range,
7000 to 73,000 cells/ul.). The frequency of throm-
bocytopenia did not differ significantly according to
vancomycin dosing strategy, even when the defini-
tion was broadened from 75,000 to 150,000 plate-
lets/uL (Table 3, data not shown). The lowest ANC
at the end of therapy was 1800 cells /ul.. No patients
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had neutropenia (defined as <500 neutrophils/ul.).
Overall, the number of total leukocytes and neutro-
phils were unchanged during vancomycin therapy,
and platelet counts rose significantly during therapy
by either method of dosing (Table 4).

As the duration of vancomycin therapy has
been associated with toxicity, we compared toxic-
ity outcomes in 33 patients treated for more than
14 days with 138 patients treated for <14 days.
Those treated for >14 days had a lower estimated
GFR compared to those receiving shorter courses
(78.8+28.2 vs 100.9+47.2mL/min, P = .002).
This was also true for the subset of patients receiv-
ing CVVH (79.8£29.0 vs 99.2+44.2mL/min,
P=.04). Among patients who did not receive CVVH,
those treated with vancomycin for >14 days had a
slightly higher mean vancomycin level (19.1+4.1
vs 17.0£5.1 ug/mL, P = .04) and higher esti-
mated therapeutic drug monitoring cost ($338.14 =+
$168.34 vs $129.14 + $68.4, P < .001). Only three

Table 2. Outcomes of continuous vs intermittent vancomycin dosing according to clinical indication

Continuous Intermittent
Infusion Infusion P
Gram-positive Bacteremia (N = 45, 26.3%)
N 25 20
CVVH 2 (8.0%) 1 (5.0%) 1.00
Mortality (N) 4 (16.0%) 5(25.0%) 48
Average %TBSA 40.1+17.4 46.2+27.3 .39
Gram-negative bacteremia or candidemia (%) 4 (16.0%) 9 (45.0%) .05
Vancomycin dose (mean + SD, mg/kg/day) 36.7+16.8 25.2+10.8 012
Total vancomycin dose (mean + SD, g/d) 2.93+0.70 2.12 +£.074 .001
Serum vancomycin level (mean + SD ug/mL) 19.3+3.2 16.1+5.6 .03
Duration of therapy (mean = SD, d) 12.4+11.8 13.3+12.4 81
Sepsis without proven Gram-positive bacteremia (N = 38, 22.8%)
N 20 18
CVVH 11 (55.0%) 8 (44.4%) .75
Mortality (N) 14 (70.0%) 3(16.7%) .001
Average %TBSA 46.5+23.6 458+21.1 93
Gram-negative bacteremia or candidemia (%) 9 (45.0%) 8 (44.4%) 1.00
Vancomycin dose (mean = SD, mg/kg/d) 28.5+7.6 23.9+7.6 .07
Total vancomycin dose (mean = SD, g/d) 2.44+0.74 2.16+0.50 17
Serum vancomycin level (mean = SD ug/mL) 21242 17.0£5.1 .009
Duration of therapy (mean = SD, d) 8.7£59 6.7+5.3 29
Pneumonia (N = 39, 22.8%)
N 20 19
CVVH 5 (25.0%) 0 (0.0%) .05
Mortality (N) 7 (35.0%) 4(21.1%) 48
Average %TBSA 345+254 36.6+19.5 77
Gram-negative bacteremia or candidemia (%) 4 (20.0%) 6 (31.6%) 48
Vancomycin dose (mean + SD, mg/kg/d) 26.8+9.3 27.0£9.2 93
Total vancomycin dose (mean = SD, g/d) 2.3+£0.7 2307 .96
Serum vancomycin level (mean + SD ug/mL) 22.0+3.9 15.6+4.3 <.001
Duration of therapy (mean = SD, d) 13.5+11.1 11277 47

CVVH, continuous venovenous hemofiltration.
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Table 3. Outcomes and toxicity parameters in patients receiving continuous vs intermittent vancomycin infusions

All Patients No. (%)

Non-CVVH Patients No. (%)

Case Matched* No. (%)

Continuous Intermittent

Continuous Intermittent

Continuous Intermittent

(n=90) (n=281) P (n = 68) (n=70) P (n = 44) (n = 44) P
14-day mortality 9 (10.0) 5(6.2) 41
28-day mortality 17 (18.9) 9 (11.1) .20
In-hospital mortality 29 (32.2) 17 (21.0) 14 13(19.1) 14 (20.0) 90  9(20.4%) 8 (18.2%)
250% SCr increase 7(7.8) 13 (16.0) 0 7(10.4%) 13 (18.6%) 23 7(159%) 10 (22.7%) .76
20.5mg/dL SCr increase 6 (6.7%) 12 (14.8%) .13 6(8.8%) 12 (17.1%) 21 4(9.1%) 7 (15.9%) .52
at end of therapy
20.5mg/dL SCr increase, 18 (20.0%) 20 (24.7%) .47 15(22.1%) 16(22.9%) 1.00 9(20.5%) 10(22.7%) 1.00
any time during therapy
Estimated GFR* (mL/min)  90.8+39.2 102.5+49.9 .14 90.8+352 982x47.4 36 932+36.7  89.3+40.0 .69
Thrombocytopenia® 16 (17.8) 11 (13.6) 53  5(74) 5(7.1) 96 3(6.8%) 2 (4.5%) 1.00

* Case-control matching based on propensity score reflecting probability of having received continuous-infusion vancomycin.

T Total platelet count <75 cells/ul x 1000.

T GFR, glomerular filtration rate estimated using the Cockroft-Gault method.

CVVH, continuous venovenous hemofiltration; GFR, glomerular filtration rate; SCr, serum creatinine.

patients receiving vancomycin >14 days received
CVVH, thus limiting the analysis for this group.
There were no statistically significant differences in
white blood cell, ANC, or platelets (either absolute
or as a percentage change during therapy) between
patients receiving >14 days vs <14 days vancomycin
therapy (data not shown).

Vancomycin Levels and Effect
of High-Dose CVVH

Among patients receiving CVVH therapy, vancomy-
cin therapy was initiated in one patient at 4 g every
6 hours (48 mg/kg), in seven patients every 8 hours
(33.9+4.9mg/kg), and in three every 12 hours
(27.1+8.7mg/kg). The remaining patients, treated
by CI dosing, received initial doses of 31.7 £ 10.4 mg/
kg administered in the span of 24 hours.

Burn patients receiving CI had levels within the
therapeutic range more frequently than those receiv-
ing II (Table 5). There was no difference in dosing

methods with respect to the frequency of levels
occurring above or below the therapeutic range.
CI recipients had vancomycin levels <10 ug/mL,
less often than II recipients; however, CI was sig-
nificantly associated with levels >25 ug/mL more
frequently than II recipients. However, this did not
appear to result in increased nephrotoxicity.
Thirty-three patients received treatment with high-
dose CVVH during vancomycin therapy. Twenty
were treated using the NxStage system with a CAR-
500 polyethersulfone filter having a 1.5 m? surface
area (NxStage Medical Inc., Lawrence, MA). Thir-
teen were treated using the Prismaflex system with a
HF1400 polyarylethersulfone filter having a 1.4 m?
surface area (Gambro, Lakewood, CO). The average
hemofiltration rate among all high-dose CVVH recip-
ients on the first day of therapy was 50.8 +21.1 mL/
kg/hr. Nineteen patients were treated with an initial
hemofiltration rate <50 mL /kg/hr, whereas 14 were
treated initially 250 mL /kg/hr (mean hemotfiltration

Table 4. Laboratory indicators of bone marrow toxicity during therapy with continuous or intermittent

vancomycin infusions

Start of Therapy

Continuous infusion

Median (IQR) leukocytes (x 1000 /uL)

Median (IQR) neutrophils (x 1000 /uL)

Median (IQR) platelets (x 1000/uL)
Intermittent infusion

Median (IQR) leukocytes (x 1000 /ul)

Median (IQR) leutrophils (x 1000/uL)

Median (IQR) platelets (x 1000/uL)

10.6 (8.4-17.5)
9.1 (6.7-14.8)
176 (101-271)

11.5 (8.4-16.5)
8.9 (6.5-12.9)
181 (113-293)

End of Therapy P
12.2 (8.4-18.8) 22
9.9 (6.4-16.5) .33
236 (108-417) .001
12.2 (8.9-16.5) 29
9.9 (6.9-14.2) .25
320 (155-478) <.001

IQR, interquartile range.
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Table 5. Frequency of vancomycin levels among patients receiving continuous or intermittent infusions, with or without

concurrent CVVH therapy

Non-CVVH Patients

CVVH Patients

Continuous Intermittent Continuous Intermittent

N =68 N=70 r N =22 N=11 r
Within range* (%) 30.7+£19.9 22.6+17.6 .01 30.0£20.3 36.6£17.5 .35
Below range* (%) 50.0£26.7 55.4+28.2 25 45.1+29.6 19.0+16.4 .01
Above range* (%) 19.3+£21.7 22.0+21.8 46 24.9+24.1 44.4+24.4 .03
<10 ug/mL (%) 49+8.0 33.9+26.5 <.01 3.5+10.6 3.0+6.8 .88
10-15 ug/mL (%) 13.5+11.9 20.5+15.6 <.01 16.0+18.8 16.1+16.2 .99
15-20 ug/mL (%) 32.3+20.8 22.6+17.6 <.01 25.6+20.8 36.6+17.5 14
20-25 ug/mL (%) 30.7+19.9 13.7+15.6 <.01 30.0+20.3 14.1+18.3 .03
>25 ug/mL (%) 19.3+21.7 99+12.6 <.01 249+24.1 30.3+18.3 .52

* Therapeutic range: plateau level of 20 to 25 ug/mL for continuous infusion and trough level of 15 to 20 ug/mL for intermittent infusion.

CVVH, continuous venovenous hemofiltration.

rate 35.6+9.0mL/kg/hr vs 71.4+13.8 mL/kg/hr,
P<.001). Replacement fluids on the first day of ther-
apy were given at 3.3+0.9L/hrand 5.8+1.4L/hrin
these groups, respectively (P < .001).

The influence of high-dose CVVH therapy on
serum vancomycin levels was examined (Table 5).
The average daily vancomycin doses from II or
CI were equivalent in patients who received con-
current high-dose CVVH therapy (26.4+6.4 vs
23.8+6.8mg/kg/day; P=.30). The average hemo-
filtration rates were nearly identical in these groups.
II in patients receiving high-dose CVVH was asso-
ciated with more frequent supratherapeutic levels
compared to CI (Table 5). Levels of 10 to 15 ug/mL
and 15 to 20 ug/mL were achieved equally as often
between the two dosing methods. The frequency of
achieving stratified vancomycin levels did not vary
significantly for patients who received CVVH ther-
apy with hemofiltration rate above vs below 50 mL/
kg/min (data not shown).

DISCUSSION

Both the vancomycin therapeutic drug monitoring
consensus review® and the MRSA guidelines'® rec-
ommend the use of II vancomycin over CI. How-
ever, randomized studies in nonburn patients have
reported that CI vancomycin is associated with simi-
lar outcomes, decreased variability of the area under
the 24 hour time-concentration curve (AUC,,),
lower doses, reduced cost, and more rapid target
level attainment compared to intermittent dosing.’
In this study, we found no difference in overall clini-
cal outcomes or toxicity in critically ill burn patients
receiving CI vancomycin, and therapeutic drug mon-
itoring costs were equivalent between the dosing
methods. This calls into question the cost-benefit

relationship of therapeutic drug monitoring for van-
comycin in terms of improving efficacy or limiting
toxicity in critically ill burn patients.

Burn patients who received CI vancomycin in our
study more frequently had levels in the therapeutic
range and were less likely to have serum levels <10
ug/ml—a threshold suggested to prevent the emer-
gence of subpopulations of S. aureus with reduced
vancomycin susceptibility by recent guidelines. The
overall higher vancomycin exposure associated with
CI may have been the result of more convenient dos-
ing leading to fewer treatment interruptions in the
complex environment of care for these critically ill
patients. Although CI delivery was also associated
with more frequent levels >25 ug/mL, an associa-
tion between CI dosing and adverse renal outcomes
was not evident in our data (although our study
lacked sufficient power for this endpoint). The use
of CI vancomycin in a burn population could lead
to more consistent AUC/MIC ratios, which has
been proposed as the therapeutic target in published
guidelines® for isolates of MRSA with higher vanco-
mycin MICs. However, the desire to comply with
guideline-recommended target levels should be bal-
anced against the increased probability of achieving
supratherapeutic vancomycin levels when using CI
dosing, which could potentially enhance the risk of
toxicity. !¢

We observed a significantly increased mortality
rate in a subgroup of patients receiving vancomy-
cin empirically by CI for clinical sepsis whose blood
cultures were negative for Gram-positive organisms.
The reasons for this are not clear, as this finding did
not correlate with the initial percentage of TBSA,
the use of CVVH, or the subsequent recovery of
Gram-negative organisms in blood cultures during
the septic episode.



Journal of Burn Care & Research
Volume 33, Number 6

Our results raise concern on the adequacy of van-
comycin therapy overall in severely burned patients
regardless of the method of infusion. Notably, van-
comycin levels of 20 to 25 ug/mL (for CI) or 15 to
20 ug/mL (for II) were achieved roughly one third
of the time or less, thus treatments frequently failed
to meet guideline-recommended targets,® given the
vancomycin MICy; of 1.5 ug/mL in the isolates
of 8. aureus. Nevertheless, recurrence of S. aureus
bacteremia after beginning vancomycin therapy was
infrequent, observed in only 10.5% of patients with
Gram-positive bacteremia although follow-up cul-
tures were not obtained in every case.

Patients who were administered II received an
average vancomycin dose of 2.3 g per day (26.2 mg/
kg/day), but fell below a trough of 15 ug/mL more
than half of the time. More aggressive vancomycin
doses >4 g per day would likely be required to main-
tain troughs 15 to 20 ug/mL (predicted AUC,,
>360-480 ug-hr/mL)Y for our burn population.
This is concerning because retrospective stud-
ies evaluating II vancomycin in intensive care unit
patients have suggested >20% predicted probability
of nephrotoxicity in patients with initial trough val-
ues >10 ug/mL or in patients receiving total daily
doses >4 g/day.'¥1? In contrast, a wider therapeu-
tic index may be observed with CI vancomycin
since increased nephrotoxicity has been observed
with steady-state vancomycin levels 228 pg/mL in
patients with concurrent risk factors.!¢ Theoretically,
vancomycin levels of 16.7, 25, and 33.4 ug/mL
would maintain an AUC/MIC ratio 2400 when
the MIC is 1.0, 1.5, or 2.0 ug/mL, respectively,
assuming constant vancomycin levels over 24 hours.
These target steady-state vancomycin levels may
be achieved in critically ill nonburn patients with
lower total daily doses of vancomycin (<4 g/day),
if administered via CI.2° No patient had absolute
leukopenia or neutropenia, and few in this group
had evidence of renal impairment attributable to
vancomycin. Although thrombocytopenia did occur
in some patients, mean platelet counts significantly
increased overall during vancomycin therapy with
both methods of infusion.

Our study also evaluated the influence of high-dose
CVVH (average effluentrate 50 mL/kg,/hr) on target
attainment for intermittent and CI vancomycin since
most continuous renal replacement therapy (CRRT)
effluent rates are much lower (20-35 mL/kg,/hr).?!
CI administration of antibiotics may be preferred
in patients receiving CRRT because of the vari-
able removal of drug that occurs when replacement
parameters are changed.?? In addition, continuous
administration allows for rapid adjustment of infusion
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rates based on predicted drug removal or mechanical
CRRT failures. There was no difference in frequency
of therapeutic vancomycin levels between CI and II.
However, II recipients had supratherapeutic levels
almost half of the time. Exposure to excessive con-
centrations may be prolonged if a CRRT line clots
soon after administration of a bolus dose of antibi-
otic. It is unclear whether the excessive vancomycin
exposure in the intermittent group was because of
CRRT mechanical failures or the use of aggres-
sive dosing (26.4mg/kg/day). Recommendations
for intermittent vancomycin dosing in CVVH
with lower ultrafiltration rates (~20mL/kg/hr) is
generally <15mg/kg every 24 hours. The recom-
mended dose of intermittent vancomycin in high-
dose CVVH may therefore be ~20mg/kg every
24 hours. Interestingly, the CI dose of vancomy-
cin of 23.8mg/kg/day in burn patients receiving
high-dose CVVH resulted in subtherapeutic levels.
This finding highlights the importance of infusion
method when designing initial dosing regimens in
patients undergoing CRRT.

Our study has limitations. As a retrospective study,
it is vulnerable to many sources of bias, such as the
preferential allocation of patients to the CVVH
group who were treated with multiple courses of
vancomycin, both with and without concurrent
CVVH therapy. Although the study was intended
to measure our success in meeting the criterion of
AUC/MIC 2400, the lack of postinfusion peak data
prevented actual calculation of the AUC or other
standard pharmacokinetic parameters for vancomy-
cin. Hemofiltration rates documented daily in the
medical record may have been inaccurate, as they do
not always reflect changes implemented at the bed-
side in response to rapidly changing hemodynamics
of critically ill patients. Also, it was not possible to
accurately estimate the effect of renal vancomycin
clearance in patients receiving CVVH, as an accurate
means to assess residual endogenous renal function
in the setting of renal replacement therapy was lack-
ing. Finally, the study was underpowered (a = 0.05,
B = 0.20) for the endpoints of interest to clinicians.
Using the observed data from the entire cohort of
171 patients, post hoc analysis determined the study
power to be 0.32 for mortality, up to 0.39 for neph-
rotoxicity (best power was for estimated GFR), and
0.08 for thrombocytopenia. As no patient met the
endpoint for neutropenia, power was estimated at
0.36 assuming an incidence of 10% for CI vs 20%
for II. The power inadequacies in this retrospective
observational study raise the possibility that signifi-
cant findings were not observed because of limita-
tions in sample size.
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In conclusion, we found that severely burned
patients had vancomycin levels within the thera-
peutic range only 22.6 to 30.7% of the time. We
found similar overall clinical outcomes with CI van-
comycin dosing, although a subgroup analysis of
patients with clinical sepsis but negative blood cul-
tures revealed increased mortality associated with
empiric CI vancomycin therapy. Toxicity appeared
to be minimal with both methods of dosing despite
an increased frequency of vancomycin levels >25 ug/
mL in patients who received CI. CI produced more
frequent therapeutic vancomycin levels and less fre-
quent subtherapeutic levels compared to II. Given
equivalent therapeutic drug monitoring costs and
the lack of a clear clinical benefit, the role of CI dos-
ing remains to be defined in spite of practical and
theoretical advantages, particularly when adminis-
tered in the setting of CVVH.
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