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Abstract

Background: Many institutions have guidelines for initiation and monitoring, but not timing, of vancomycin.

Objective: Our objective was to evaluate vancomycin trough collection appropriateness before and after an initiative to change the
dosing and trough collection times in ward patients.

Methods: A retrospective cohort study of ward patients from May 2014-16 who received scheduled intravenous vancomycin was
performed. Nurse managers and pharmacists provided staff education. Differences between pre- and post-intervention groups were
compared using student's t-test for continuous data and chi-square test for categorical data.

Results: Baseline characteristics were similar between the pre-intervention (n=124) and post-intervention (n=122) groups except for
weight-based maintenance dose (15.3 mg/kg vs. 16.5 mg/kg, p=0.03) and percentage of troughs collected with morning labs (14% vs.
87%, p<0.001). Patients in the pre- and post-intervention groups received a similar frequency of loading doses (14.5% vs. 16%, p=0.68).
There was no significant difference in percentage of vancomycin troughs collected appropriately at 30 (40% vs. 42%, p=0.72), 60 (57%
vs. 63%, p=0.35), or 75 (60% vs. 68%, p=0.22) minutes from the scheduled time of the next dose.

Conclusion: Staff education and standardizing collection of vancomycin troughs with morning blood collections did not affect the
percentage of appropriately collected vancomycin troughs.

Keywords
Vancomycin; Drug Monitoring; Pharmacists; Dose-Response Relationship, Drug; Plasma; Pharmacokinetics; Quality Improvement;
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INTRODUCTION

Vancomycin is used in empiric medication regimens for
disease states such as hospital-acquired and ventilator-
associated pneumonia1 and is a preferred therapy for the
treatment of methicillin resistant Staphylococcus aureus
(MRSA) and Staphylococcus epidermidis. Numerous dosing
strategies for vancomycin have been identified and are
routinely used in practice.2 In each dosing strategy,
attaining identified target concentrations, such as a
vancomycin trough of 15-20 mcg/mL for complicated
infections caused by MRSA, is an important component in
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providing safe and effective care.

Although vancomycin has long been trusted for its activity
against MRSA, appropriate use is necessary to reduce the
risk of adverse effects. Numerous risk factors exist for
vancomycin-associated nephrotoxicity, including
vancomycin  trough concentrations® 215 mcg/mL,
concomitant exposure to other nephrotoxins, such as
aminoglycosides4 and piperacilIin/tazobactams'la, duration
of exposure,12’14'16, and total daily dose.”" Due diligence is
necessary when vancomycin is used in patients.

In many institutions there are established clinical practice
guidelines for the initiation and therapeutic drug
monitoring (TDM) of vancomycin.18 However, the
percentage of institutions that use a standard time for
scheduling doses of vancomycin and collecting serum
vancomycin  concentrations is unknown. Without
established guidelines, this can lead to inappropriate
collection of vancomycin troughs, which often results in
concentrations that are difficult or impossible to interpret
and poor patient outcomes.™ Investigators have offered
vancomycin and TDM education to nurses, phlebotomists,
and other health care professionals and compared pre- and
post-education timing of collecting vancomycin trough
levels.?*?! Swartling et al. found a 19% increase in
appropriately collected vancomycin troughs after
educational interventions (p<0.03).20 Coleman et al. found
a non-significant increase of 5% in appropriately collected
troughs after educational interventions (p=0.20).21 These
investigators did not comment on the effect this collection
may have had on attaining a target trough concentration.
Implementation of a standardized vancomycin dosing and
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trough collection schedule coupled with education for
clinical staff could possibly reduce inappropriate timing of
trough collection. The purpose of this research was to
assess the appropriateness of vancomycin trough collection
after clinical staff education and standardizing the time of
vancomycin dosing and blood collections for vancomycin
trough collection in ward patients.

METHODS

The research was approved by the University of Arkansas
for Medical Sciences institutional review board (#205589).

On August 1, 2015, a policy change was implemented
allowing pharmacist consultation to manage vancomycin
therapy. At the same time but separate to the policy,
standard administration times that included a dose at 05:00
were instituted. As part of this policy change, pharmacists
who were consulted on a vancomycin regimen were
provided the authority to dose, monitor, and adjust
administration times for vancomycin. Prior to this initiative,
standard administration times were 08:00 or 09:00
whenever possible for all dosing intervals. Before and after
this initiative, vancomycin doses that were off of the
standard administration schedule were treated as
exceptions and had trough concentrations ordered prior to
the third, fourth, or fifth dose rather than at the standard
trough collection time (i.e., morning blood draws and 08:00
or 09:00). Education for the day and night shift nurses
regarding the changes in times for morning doses of
vancomycin and trough collection was provided verbally by
pharmacists and nursing managers. Phlebotomists were
not provided education because they were not readily
accessible. The duration of education was 2-5 minutes and
did not involve administration of a post-education
competency assessment. Pharmacists provided more of the
education to day shift nurses, and nursing managers
provided more of the education to night shift nurses.
Formal education sessions occurred during August 2015,
and thereafter only informal discussions were performed in
small groups or one-on-one to remind individuals of the
changes as nurse managers and pharmacists identified
individuals needing remediation.

This was a retrospective, observational cohort study of all
patients admitted to a non-ICU setting at a single 452-bed
academic medical center from May 2014 to May 2016 who
received intravenous vancomycin at a scheduled interval.
Patients who received their first dose of vancomycin before
the implementation date were included in the pre-
intervention group, and those who received their first dose
on or after the implementation date were included in the
post-intervention group. Patients were eligible for inclusion

if they were admitted to our institution, received at least 24
hours of intravenous vancomycin therapy, and had at least
one serum vancomycin trough concentration drawn
between 00:01 to 11:59 recorded in the electronic health
record. Patients were excluded if they were receiving renal
replacement therapy at the time of admission or were
admitted to an intensive care unit before the first serum
vancomycin trough concentration was collected. Standard
dosing intervals were defined as scheduled vancomycin
dosing every 12 or 24 hours. Non-standard dosing intervals
that were used in patients were scheduled vancomycin
dosing every 8, 36, and 48 hours. The dose of vancomycin
for which a blood collection was performed to collect a
trough concentration occurred between 00:01 and 11:59
and may have been performed before, with, or after the
morning blood collection.

The primary outcome was the percentage of interpretable
vancomycin trough concentrations, defined as a trough
concentration collected within 30 minutes of the next
scheduled dose of vancomycin as long as the vancomycin
dose had not been administered yet. This trough
concentration could have been drawn at any time between
00:01 and 11:59 as long as there was a scheduled
vancomycin dose during that time as well. The sensitivity of
this outcome was tested by defining an interpretable
vancomycin trough concentration as one collected within
60 and 75 minutes of the next scheduled dose. Differences
between pre- and post-intervention groups were compared
using Student's t-test for continuous data and Pearson chi-
square test for categorical data. The data were analyzed
using STATA 14 (StataCorp LP, College Station, TX).
Continuous data were reported as mean * standard
deviation, and categorical data were reported as count
(percentage). To detect a 15% change in the percentage of
serum vancomycin trough concentrations that were
interpretable with 80% power and an alpha value of 0.05,
122 vancomycin trough concentrations in each group
needed to be evaluated.

RESULTS

All patients (n=79) who were evaluated against the
inclusion and exclusion criteria were included, resulting in
246 trough concentrations. Baseline characteristics were
similar between the pre-intervention (49 patients, 124
trough concentrations) and post-intervention (30 patients,
122 trough concentrations) groups except for the weight-
based maintenance dose (15.3 mg/kg vs. 16.5 mg/kg,
p=0.03) and the percent of troughs collected with morning
labs (14% vs. 87%, p<0.001). Patients in the pre- and post-
intervention groups received a similar frequency of loading
doses (14.5% vs. 16%, p=0.68). Standard dosing intervals

Table 1. Baseline and clinical characteristics.

Characteristics Pre-intervention Post-intervention p-value
(n=124) (n=122)

Actual body weight, kg (mean, SD) 77.4 (32.5) 71.7 (17.3) 0.09
Loading dose, n (%) 18 (14.5) 20 (16) 0.68
Initial maintenance dose, mg (mean, SD) 1076 (299) 1148 (217) 0.04
Initial maintenance dose, mg/kg (mean, SD) 15.3 (4.8) 16.5 (3.5) 0.03
Initial dosing interval (Q12H or Q24H), n (%) 94 (76) 102 (84) 0.13
Therapy initiated on a weekday, n (%) 92 (74) 87 (71) 0.61
Trough drawn on a weekday, n (%) 92 (74) 93 (76) 0.71
Trough drawn with morning labs, n (%) 17 (14) 106 (87) <0.001

Q12H: every 12 hours; Q24H: every 24 hours; SD: standard deviation
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Table 2. Outcomes
Characteristics Pre-intervention Post-intervention
n (%) (n=124) (n=122) p-value

Trough drawn appropriately,

+ 30 minutes from next scheduled dose, n (%) 49 (40) 51 (42) 0.72

+ 60 minutes from next scheduled dose, n (%) 71(57) 77 (63) 0.35

+ 75 minutes from next scheduled dose, n (%) 75 (60) 83 (68) 0.22
New trough ordered within 24 hours of last trough, n (%) 17 (14) 20 (16) 0.56

were used in the majority of patients (76% vs. 84%,
p=0.13). (Table 1)

There was no significant difference in the percentage of
interpretable vancomycin troughs as determined by a
blood collection within 30 minutes of the next scheduled
dose (40% vs. 42%, p=0.72). Similarly, there were no
differences in percentage of blood collections within 60
(57% vs. 63%, p=0.35) or 75 (60% vs. 68%, p= 0.22) minutes
from the next scheduled dose. Between the pre-
intervention and post-intervention groups, there was no
difference in the number of new troughs ordered within 24
hours of the last trough (14% vs. 16%, p=0.56). (Table 2)

DISCUSSION

Standardization of vancomycin trough collection to be with
morning labs did not change the percentages of
interpretable vancomycin troughs or the need to order a
new trough for a subsequent dose because of a missed
blood collection. These findings suggest that health care
professionals in both groups were afforded a similarly low
percentage of vancomycin troughs that could be assessed
without extrapolation to a true trough value. Additionally,
minimal redrawn troughs in both groups indicate that
inappropriately collected troughs minimally affected
patient decisions. Although many measured vancomycin
trough concentrations may be extrapolated to a true
trough concentration, this requires time and training for
the clinical pharmacist and patient characteristics (e.g.,
stable renal function) that are not always present.

Less than two-thirds of vancomycin troughs that were
supposed to have been drawn with a morning blood
collection within 60 minutes of the 05:00 dose were drawn
in this time interval, likely owing to a large percentage
(29%) of morning blood collections occurring earlier in the
day than anticipated by the investigators. A component of
the education provided to nurses suggested morning blood
collections be performed as close to 05:00 as possible;
however, collecting blood earlier than 05:00 is a long-
standing practice that may require further education to
rectify or a change to earlier vancomycin trough collection
times is warranted. The most likely reasons for similar rates
of interpretable vancomycin troughs between groups was
inadequate education and reeducation was provided to
clinical staff who ordered and collected vancomycin
troughs and earlier than expected morning blood
collections were not recognized by practitioners in the
post-intervention group. Consistent education related to
the importance of this initiative as it relates to efficiency
and productivity as well potentially improving patient
satisfaction should be emphasized in future discussions
with individuals who collect patient blood to improve the
outcomes from this intervention.

In previous studies, the time of vancomycin trough
collection was kept the same but education for nurses and
phlebotomists was provided in order to improve
understanding for the importance and appropriate timing
of blood collections.?*** In the study by Swartling et al., an
increase in appropriate blood collections from 51% to 78%
was observed after a longitudinal educational intervention
was provided; however, this was not the case in our study.
The lack of consistent, scheduled reeducation for clinical
staff by nurse managers and pharmacists may have
affected ordering and collecting of vancomycin troughs
according to the new schedule in our study. Now that the
dosing and collection times are standard practice at our
institution, evaluation of a new educational effort may be
warranted.

There are several potential benefits to standardizing the
time of vancomycin dosing and trough collection with
morning blood collections. This practice would allow for
trough concentrations to be collected and ready to assess
prior to morning rounds, which would allow for more
timely interventions on patients. Pharmacists at our
institution manage vancomycin therapy through a consult
service, and preparation of consult notes can be
incorporated into the workflow more effectively by having
this information available sooner. Although this was not
captured in this data analysis, if a vancomycin trough
collection were missed or not sent initially with the
morning laboratory collection, it could have been ordered
as an add-on to this collection, which would have reduced
the need to recollect the trough with a later dose and
potentially delay intervention. By including the trough
collection with the morning blood collection, the result was
one less blood collection for a patient and one less
percutaneous access, which can increase patient
satisfaction.”? Also, standardized timing of vancomycin
trough collection could improve workflow for nurses. For
example, there are usually fewer medications ordered at
the end of a night shift compared to the beginning of a day
shift, which could diminish the overlap of medications
requiring intravenous access, mitigate compatibility issues,
and reduce the number of nursing activities at the
beginning of a day shift.®

Standardizing the time of vancomycin trough collection to
be with morning blood collections comes with potentially
detrimental effects. Because vancomycin doses will be
provided before the day-shift staff are available to assess
the appropriateness of continuing the therapy or the
development of nephrotoxicity, there may be a greater risk
of patients receiving a vancomycin dose that otherwise
would not be given if assessed later in the morning.
Although it is not standard practice to routinely hold doses
while awaiting morning laboratory values at our institution,
other institutions may have a different policy on this
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practice. Each institution should evaluate its specific
workflow and pharmacy practice model prior to
implementing a change in standardized timing of
vancomycin doses and measuring of serum concentrations.

This study is not without limitations. It was a retrospective
study design, which can lead to numerous biases, including
the inability to assess all variables of interest because they
were not collected at the time care was provided and
potential differences in the study cohorts. There was
inconsistent reeducation for clinical staff, which may have
affected the timing of blood collections and should be
investigated further following reeducation. Additionally,
the time from the previous vancomycin dose to collection
of the trough concentration may have been a more
appropriate outcome to evaluate than the time from
trough collection to the expected next dose of vancomycin,
which necessitated the assumption that dosing intervals
were stable and the scheduled administration times were
appropriate. Vancomycin trough concentrations were not
assessed, as this was outside the scope of this study. A
previous investigation into the effect of inappropriately
collected vancomycin trough concentrations observed that
a sizable proportion of vancomycin troughs were collected
early, resulting in an overestimation of true vancomycin
trough concentrations and likely vancomycin under-
dosing.24 Following reeducation of clinical staff, the effects
of  inappropriately  collected vancomycin  trough
concentrations should be evaluated for safety,
effectiveness, and cost-effectiveness.

CONCLUSIONS

Implementation of a universal vancomycin trough schedule
with morning blood collections did not appear to reduce
the percentage of inappropriately collected vancomycin
troughs. This finding may be the result of a change in time
for collection of vancomycin trough concentrations
mitigating the effects of educational efforts, which resulted
in the morning blood collections occurring earlier than
desired. The change in timing of trough collection showed
no appreciable harm to patients while pharmacists and
other health care providers may have realized benefits in
workflow management. Based on the results of this study,
we will recommend to continue collecting vancomycin
troughs with morning blood collections but will standardize
the time of these collections, reeducate clinical staff on this
practice and evaluate their understanding with a post-
education competency assessment, and evaluate the
impact of further education and specific effects on
workflow for clinical staff and patient-centered outcomes.
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