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ABSTRACT

Background: In 2009, the American Society of Health System Pharmacists (ASHSP), Infectious Diseases
Society of America (IDSA) and Society of the Infectious Diseases Pharmacists (SIDP) released a consensus
statement on vancomycin dosing and monitoring. The appropriateness of these guidelines for a local

population, particularly the subset of obese patients, has not been well-studied.

Methods: A retrospective chart review was conducted on patients hospitalized at an acute care,
university-affiliated, community hospital who received intravenous vancomycin for
suspected/documented infections prior to and after implementation of the 2009 guidelines. Pre-
guidelines, patient received vancomycin, 1 gram every 12 hours. After the guidelines were
implemented, patients were dosed on actual body weight (ABW), 15-20mg/kg, or 25-30mg/kg in
seriously ill patients, every 8-12 hours. We compared the frequency of achieving therapeutic troughs,

nephrotoxicity and trough group levels stratified by Body Mass Index (BMI).

Results: There were no significant differences in achieving therapeutic troughs and nephrotoxicity. But
when adjusted for BMI, was a significant difference in proportion of trough levels when between the
two groups, p=0.0109. However, a large number of patients in the conventionally-dosed group were
excluded due to inconsistent dosing. In the ABW-dosed group, there was a high number of supra-

therapeutic trough levels in 48% of patients with BMIs >35, p=0.005

Conclusions: Obese patients may require an alternate dosing strategy as the ABW-dosing based on the
2009 national guidelines resulted in supra-therapeutic levels in patients with high BMls. Implementing

guidelines-based monitoring resulted in more consistently and appropriately drawn trough levels.



INTRODUCTION

Vancomycin is the most frequently prescribed and recommended antibiotic for methicillin-resistant
Staphylococcus aureus (MRSA) infections (1) which are an important cause of morbidity and mortality in
outpatient and hospital settings. Available for clinical use since 1958, vancomycin is an old, generic
glycopeptide drug which is attractive for its cost, efficacy and current tolerability. Frequent
nephrotoxicity was a concern in the past but has been eliminated by improvements in the purification
process. However, the use of concomitant nephrotoxic drugs, particularly the aminoglycosides, and high
vancomycin levels are still associated with nephrotoxicity. National guidelines endorsed by the
American Society of Health-System Pharmacists, the Infectious Diseases Society of America and the
Society of Infectious Diseases Pharmacists in 2009 recommended actual body weight (ABW)-based
dosing over conventional dosing but acknowledged limited data in obese patients (2) . The guidelines
recommend serum trough concentrations of 15-20 mg/L to improve the probability of obtaining target
serum concentrations and improve clinical outcomes and maintenance of trough levels above 10 mg/L
to avoid developing resistance (2). While the ASHP/IDSA/SIDP guidelines for ABW -dosing of
vancomycin make recommendations for patients regardless of Body Mass Index (BMI), there is a paucity
of evidence for its efficacy in achieving therapeutic troughs in specific populations and across a range of
weights. This study will test the applicability of the guidelines to hospitalized patients at The Queen’s
Medical Center, with suspected or proven infections who represent a wide range of BMls. The
achievement of therapeutic trough levels using conventional dosing will be compared to ABW dosing in
obese and non-obese patients. The rate of nephrotoxicity in patients receiving conventional and ABW-

dosing was also examined.



PATIENTS AND METHODS

The study was conducted at The Queens Medical Center (QMC), a 530 bed, general, acute care, urban,
university-affiliated, community teaching hospital in Honolulu, Hawaii between 2012-2014. The study
was approved by the QMC Institutional Research and Review Committee on October 31, 2012 and the

University of Hawaii Human Studies Program on November 16, 2012.

Selection of Patients

A retrospective review of the electronic charts of hospitalized patients who received intravenous
vancomycin for documented or suspected infection between March —June 2008 and March —June 2012
was conducted. The patients were identified through the pharmacy data base by pharmacy personnel.
Before the guidelines, in 2008, patients received vancomycin at a conventional dose of 1 gram every 12
hours regardless of body weight for most adult patients with normal renal function. After the published
ASHSP/IDSA/SIDP guidelines in 2009, the QMC pharmacy the adopted these guidelines in the same year.
However, when we began our chart review it was apparent that the guidelines were not in widespread
use. Efforts were made to re-implement the guidelines. By 2012, with electronic health record support,
patients were dosed according to the national guideline based on actual body weight (ABW), 15-20
mg/kg or 25-30mg/kg in seriously ill patients every 8 to 12 hours for patients with normal renal function.
Order entry pathways to facilitate appropriate ordering of vancomycin trough levels were also in place
in 2012. Patients were included if they: 1.were >18 years of age; 2. received vancomycin for more than
three doses; 3. had an initial trough dose obtained within 96 hours of the initiation of treatment.
Patients were excluded if they: 1. had a calculated creatinine clearance of less than 60 ml/min/1.73m2;

2. were on hemodialysis; 3. were given vancomycin with an inconsistent dosing schedule; 4. had a



trough level checked before achieving steady state, i.e. before the third consecutive dose; 5. were

prescribed vancomycin for prophylactic therapy.

Data Collection

The following data were collected for each patient: age, sex, ethnicity, body weight, height, body mass
index (BMI), initial vancomycin dose, total daily vancomycin dose, treatment duration, first trough level,
serum creatinine, calculated creatinine clearance at the start of vancomycin treatment and the
calculated creatinine clearance at the end of vancomycin treatment. The site of infection was recorded
as well. Patients were divided into 5 BMI (kg/m2) groups: <20, 20-24.9, 25-29.9,30-34.9 and >35. For
the 2012 cohort, the indication for prescribing vancomycin which was required in the electronic health

record for order entry, was also collected.

Definitions

Vancomycin levels <10 mg/L were defined as sub-therapeutic, between 10-20 mg /L were therapeutic
and >20 mg/L were supra-therapeutic. Creatinine clearance was calculated via the Cockcroft-Gault
equation (3)(Ref 3 Cockcroft DW, Gault MH Nephron. 1976 16: 31-41). Nephrotoxicity was
defined as an increase in serum creatinine level of 0.5 mg/dL or an increase of 50% from
baseline, whichever was greater, on at least two consecutive days during the period from
initiation of vancomycin to 72 hours after completion of vancomycin treatment. Obesity was

defined as having a BMI > 30.



STATISTICAL ANALYSIS

The Chi-square test (p<0.05) was used to show the difference between the 2008 conventional dosing
and the 2012 ABW dosing groups in achieving therapeutic trough levels and rates of nephrotoxicity. The
Chi —square test was used to evaluate patient demographics among the two groups. The Jonckheere-
Terpstra test was used to compare differences in percentage of different trough groups among the BMI-
stratified groups within the 2008 conventional dosing and the 2012 ABW dosing groups. The Cochran-
Mantel-Haenszel test was used to compare the 2008 and 2012 groups with adjustment for BMI

grouping. Statistical analysis was conducted using SAS statistical software (SAS institute, Cary, NC).

RESULTS

207 patients received vancomycin from March —June 2008 based on conventional dosing but only 60
patients met the study criteria. 236 patients received vancomycin from March — June 2012 based on
ABW —dosing and 171 of these met the study criteria. Patient characteristics, site of infection,
underlying diseases, percentage of patients who received vancomycin in the intensive care unit setting
and indication for vancomycin are shown in Table 1. The mean age of patients in 2008 was 49 years
compared to 52 years in 2012. Male outnumbered females in both groups, 62% in 2008 and 72% in
2012. As might be expected from the ethnic diversity of our population, there were large numbers of
Asians and Hawaiian/Pacific Islanders in both groups, 20% and 47% in 2008 and 36% and 30% in 2012,
respectively. Diabetes mellitus was prevalent in both groups, 40% in 2008 and 27% in 2012. The only
significant difference in underlying diseases between the two groups was the high rate of cardiovascular
disease in 2012 compared to 2008, which was statistically significant, p<0.0001. 23% of patients in both
groups received their vancomycin in the critical care setting. For the 2012 evaluable patients,
prescribers were required to state the indication (s) for use during order entry. 70% received initial

vancomycin empirically for high suspicion of resistant organisms, 20% for treatment of known beta-



lactam resistant organisms, 9% empirically for febrile neutropenia and 7% for severe allergies to beta-
lactam antibiotics. Data on indication for use was not required for order entry in 2008 and not obtained.
There was no significant difference in the site of infection between the conventionally dosed and ABW
dosed vancomycin groups. There was also a significant difference in the calculated creatinine clearance
in mL/minute of 82.66 £22.76 SD in 2008 and 103.3+42.01 SD in 2012, p=<0.0001. The difference in
duration of treatment in days, 8.9316.04 SD in 2008 and 6.95+8.55 SD, p=0.05 came very close to

statistical significance.

15% (9 of 60) patients who received conventionally dosed vancomycin compared to 7% (12 of 171)
patients who received ABW-dosed vancomycin developed nephrotoxicity (Table 2). This difference

approached but did not reach statistical significance, p=0.06.

There was no significant difference in achieving therapeutic trough levels in 55% (33/60) patients who
received conventionally dosed vancomycin in 2008 compared to 45% ( 11/172) of patients on ABW-
dosed vancomycin in 2012, p= 0.18 (Table 3). When the two groups were stratified by BMI group there
was a significant difference between the 2008 and 2012 groups, p=0.0109.

Of the patients who received conventionally dosed vancomycin in 2008, at the time of their initial
trough, 55% (33 of 60) were in the therapeutic range, 38% (23 of 60) were sub-therapeutic and 7% (4 of
60) were supra-therapeutic (Figure 1). There was no significant difference in the proportion of
therapeutic, sub-therapeutic and supra-therapeutic trough levels when these patients were stratified by
BMI group within the 2008 patients (Table 4). Of the patients who received ABW —dosed vancomycin at
the time of their initial trough, 45% (11/171) were in the therapeutic range, 32% (55/171) were sub-
therapeutic and 23% (39/171) were supra-therapeutic. There was a significant difference in the

proportion of therapeutic, sub-therapeutic and supra-therapeutic trough levels in the ABW-dosed group



when they were stratified by BMI within the 2012 group, p=0.005 (Table 5). Of these patients with BMIs
between 30-34.9, 25% had supra-therapeutic troughs and with BMls of 35 or greater, 48% had supra-
therapeutic troughs (Figure 1). With rising BMI the proportion of patients with supra-therapeutic levels
significantly increased (Figure 2). A similar relationship was seen in the proportion of patients with

supra-therapeutic levels with rising actual body weight (Figure 2).

For all patients with BMlIs of 30 or greater who received ABW dosing, the mean sub-therapeutic trough
was 7.98 plus/minus 1.52, the mean therapeutic trough was 14.52 plus minus 3.21 and the mean supra-

therapeutic trough was 29.3 plus minus 8.49 (Table 6).

DISCUSSION

There was no significant difference in achieving therapeutic first trough levels in patients who were
given conventional dosing compared to those patients given ABW-dosing when the two groups were
compared overall . However, our study was limited by the small size of 2008 cohort relative to

2012. In 2008 there were a large number of patients excluded due to inappropriate dosing such as
changing doses and then drawing a trough too early, missing doses or receiving doses too early or too
late which again affected accuracy of troughs. A larger number of patients with pre-existing renal
insufficiency by the Cockcroft — Gault equation which identified a larger number of patients than
laboratory calculation of estimated creatinine clearance by MDRD equation. ABW dosing did not confer
any benefit over conventional dosing in achieving a therapeutic first trough. Having a guideline in place
in 2012 which specified dose, dosing interval and timing of the trough did result in far fewer patients
being excluded for inconsistent dosing and inappropriately drawn troughs. However, even in 2012

compliance with the institutional guidelines which mirrored national guidelines was less than universal,



consistent with the observations of Davis et al. who did a cross-sectional survey of a diverse sample of

US hospitals’ compliance with the 2009 guidelines (4).

The difference in nephrotoxicity in patients who were given conventional dosing compared to those
patients given ABW-dosing, 15% and 7%, respectively came close but did not achieve statistical
significance. These rates are consistent with the range of nephrotoxicity rates reported in

Other published studies (5-7). But the validity of these findings is limited by the small size of the 2008

patient group.

When patients were stratified by BMI, there were no significant differences in the numbers of patients
achieving sub-therapeutic, therapeutic and supra-therapeutic troughs within the conventional dosing
group. However, interpretation of these results is difficult due to overall low numbers and very small
numbers in some of the subgroups with BMI <20 and BMI 30-34.9. In ABW-dosed patients, however,
there were significant differences in the proportion of sub-therapeutic, therapeutic and supra-
therapeutic trough levels among BMI groups. These trends were similar when we stratified these
patients by actual body weight as well. ABW dosing was most effective in achieving therapeutic troughs
in patients with BMIs between 20-24.9 but even in this group was only achieved about 50% of the time.
ABW dosing for this BMI group still had more than 36% sub-therapeutic and more than 11% supra-
therapeutic trough levels. The ABW —dosing was least effective at the low and high BMI subgroups. The
BMI <20 group had 40% sub-therapeutic, only 30% therapeutic and 30% supra-therapeutic trough levels.
There is increasing interest in vancomycin dosing in obese patients due to rising obesity rates in our
population but there is very little published about vancomycin dosing in patients with low body weight.
Obesity conventionally is defined by a BMI of 30 or greater. The BMI 30-34.9 group had 30% sub-

therapeutic, only 44% therapeutic and 26% supra-therapeutic trough levels. The most extreme BMI 235



group had 17% sub-therapeutic, 35% therapeutic and 48% supra-therapeutic trough levels. This high
rate of supra-therapeutic trough levels is similar to the findings of Reynolds et al. (8) who observed
trough levels >20 pg/mL in approximately 55% of their obese patients who received weight-based
vancomycin regimens and 79% of their obese patients in the intensive care unit. 9% of their obese
patients had sub-therapeutic levels and 36% had therapeutic levels, which also closely approximates our
findings. In the ABW —dosed patients with BMI of > 30, the mean sub-therapeutic trough was 7.98, the
mean therapeutic trough was 14.5 and the mean supra-therapeutic trough was 29.3. These numbers
were nearly identical to values obtained by Reynolds et al. in their obese patients with weight > 100kg
and total body weight > 140% of ideal body weight who received ABW dosing: 7.3+1.6, 15.4+3.0 and
29.147.5, respectively. Heble et al also found that overweight and obese children have elevated

vancomycin trough levels when dosed by total body weight (9).

Despite the large number of our obese patients who had supra-therapeutic trough levels, there was not
a high rate of nephrotoxicity. Reynolds et al. reported a low nephrotoxicity rate of 2.9% which was even
lower than ours. However, Lodise et al. found a nephrotoxicity rate of 22% in patients who had
vancomycin troughs of >9.9 pug/mL in the first 96 hours of treatment (10). If all components of the 2009
guidelines are implemented, it may be that prompt adjustment of vancomycin dosing in response to a
supra-therapeutic trough drawn at steady state prevents nephrotoxicity that may have resulted from
sustained exposure to high blood levels.

Based on their findings of high percentages of supra-therapeutic trough levels utilizing ABW dosing
guidelines, Reynolds et al. developed their own protocol for obese adults with normal renal function:
loading dose of 20-25mg/kg intravenously followed by maintenance dosing of 10mg/kg intravenously
every 12 hours or 15mg/kg every 24 hours. Using this regimen they were able to improve their rate of

therapeutic troughs to 59% from 36% in guidelines dosed patients and lower their supra-therapeutic
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troughs to 18% from 55% in guidelines dosed patients. However, their protocol which results in lower
vancomycin doses in obese patients resulted in 23% sub-therapeutic troughs compared to 9% in
guidelines dosed patients. Their protocol needs to be tested in other populations and other formulas

need to be devised for more precise dosing.

The biggest limitation of our study was the small numbers in the pre-guidelines, 2008 conventionally
dosed patients. We did not look at vancomycin dosing and clinical outcomes and vancomycin trough
levels and clinical outcomes. We purposely excluded patients who received vancomycin for surgical
prophylaxis as levels are not routinely obtained. However with the incidence of MRSA continuing to rise,
vancomyecin is increasingly used for prophylaxis. Rapid achievement of therapeutic levels may be even
more important for the 24 hour limited use of prophylactic antibiotics, recommended by other national

guidelines on antibiotic prophylaxis for surgical procedures such as the (SCIP).

Optimal vancomycin dosing is more complex than suggested by the 2009 National guidelines,
particularly for obese patients. The assumed positive correlation between vancomycin clearance and
total body weight may not hold for all obese patients. Body surface area is used most frequently for
dosing chemotherapeutic agents (11). Camaione et al found that body surface area may be superior to
weight-based dosing in achieving the desired AUC across body size in chidren and young adults(12). Our
findings in obese patients closely replicate those of Reynolds et al who found a high proportion of supra-
therapeutic troughs from guideline recommended ABW dosing. There did not seem to be a correlation
with nephrotoxicity possibly due to prompt adjustment from specifically timed troughs which are also
part of the guidelines. Recent nationwide vancomycin shortages, the added patient discomfort and

monetary costs of doing additional trough levels and physician and pharmacist resources required for
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adjustments in dose when the initial level is not in the targeted range are other reasons to strive for an

initial dosing regimen which achieves a precise therapeutic first trough.

CONCLUSION

The 2009 national guidelines based on actual body weight dosing did not confer any advantage in
achieving therapeutic vancomycin trough levels over conventional 1 gm every 12 hour dosing when
applied to our patient population. There was also no difference in the rate of nephrotoxicity between
these dosing regimens. Pts with low and high BMIs may not be well-served by compliance with the
current guidelines. In our obese patients there was a significantly high rate of supra-therapeutic
troughs. Our findings are very consistent with Reynolds et al who found similarly high rates of supra
therapeutic troughs and almost identical mean trough levels in their obese patients. Their alternative
protocol for initial dosing for obese patients that was superior to the 2009 guidelines ABW dosing in
achieving therapeutic troughs deserves testing in other populations and institutions. Implementation of
the other aspects of guidelines in addition to the actual dose of drug did improve more consistent

vancomycin dosing and appropriately timed trough levels compared to pre-guideline practices.
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TABLES AND FIGURES

Table 1 Patient Characteristics, Site of Infection, Underlying Diseases, Site of Administration
and Indication

2008 2012
Category Number (%) Number (%) p-value
Sex
Female 23 (38.3%) 48 (28.1%) 0.14
Male 37 (61.7%) 123 (71.9)
Ethnicity
Asian 12 (20.0%) 62 (36.3%) 0.05
Caucasian 18 (30.0%) 50 (29.2%)
Hawaiian/Pacific
Islander 28 (46.7%) 51(29.8%)
Other 2 (3.3%) 8(4.7%)
Site of Infection
Bone/Joint 6 (10.0%) 16 (9.4%) 0.95
Catheter-related 4( 6.7%) 0 (0%)
Pneumonia 18 (30.0%) 52 (30.6%)
Sepsis-unknown site 6 (10.0%) 22 (12.9%)
Skin/soft tissue 20 (33.3%) 70 (41.2%)
uTl 1(1.7%) 0 (0%)
Others 5(8.3%) 10 (5.9%)
Underlying Disease
Diabetes 24 (40.0%) 46 (27.1%) 0.06
CVA 7 (11.6%) 14 (8.2%) 0,43
CvD 5(8.3%) 73 (42.9%) <0.0001
Chronic lung disease 5(8.3%) 26 (15.3%) 0.17
Chronic liver disease 8 (13.3%) 15 (8.8%) 0.32
Site of Administration
| Icu 14(23.3%) 39 (22.9%) 0.95
Indication
Empiric
Febrile neutropenia NA 9 (5.3%)
High suspicion of
resistant organism NA 121 (70.8%)
Treatment
Resistant organism NA 34 (19.9%)
Severe allergy to
Beta-lactam NA 7 (4.1%)
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Table Table 2: Frequency of Nephrotoxicity Table Table 3: Frequency of Achieving Therapeutic

Table of calyear by nephrotosxicity Trough
calyear nephrotoxicity Table of calyear by midtrough
Frequency calyear midtrough
Row Pct No Yes Total
2008 51 9 60 ey
8500  15.00 Row Pct 0 1| Total
2012 15 12 171 2008 27 33 60
92.98 7.02 45.00| 55.00
fata 210 A 21 2012 94 77| 171
Frequency Missing = 1 54.97 45.03
p-value=0.06 Total 121 110 231
p-value=0.06 p-value=0.18

Table Table 4: 2008 Differences in Trough Levels  Table Table 5: 2012 Differences in Trough Levels

by BMI group by BMI group
Table of bmigp by troughgp Table of bmigp by troughgp
bmigp troughgp bmigp troughgp
Frequency Frequency
Row Pcit | 1Low)| ZMid| 3Hign| Totai Row Pct | 1Low| 2Mid| 3High | Total
1 2 1 0 3 1 4 3 3 10
66.67| 33.33 0.00 40.00( 30.00| 30.00
2 4 5 1 10 2 22 31 7 60
40.00| 50.00( 10.00 36.67| 51.67| 11.67
3 7 11 2 20 3 16 21 8 45
35.00( 55.00| 10.00 35.56| 46.67| 17.7
4 1 5 0 6 4 8 12 7 27
16.67| 83.33 0.00 2063 44.44| 23593
5 9 11 1 21 5 5 10 14 29
42.86| 52.38 4.76 17.24| 34.48| 48.28
Total 23 33 4 60 Total 55 77 39 171
p value=0.99 p-value=0.005
Table 6: Trough Levels in Actual Body Weight Dosed Patients With BMI 230
Trough level range N Mean (mg/L) + SD
<10 13 7.98+£1.52
10-20 22 14,52 +3.21
>20 21 29.29 £ 8.49
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Figure 1 Percentage of Sub-therapeutic, Therapeutic and Supra-therapeutic Trough Levels by BMI
comparing 2008 Conventional Dosing and 2012 Actual Body Weight Dosing, p=0.0109
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Figure 2 Rising Proportion of Patients with Sub-therapeutic Trough Levels with Increasing BMI and
Increasing Actual Body Weight in Patients with Actual Body Weight Dosing
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