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BACKGROUND:

METHODS:

RESULTS:

CONCLUSIONS:

The purpose of this study was to determine the clinical cure rate of high-dose vancomycin for the treatment of methicillin-
resistant Staphylococcus aureus (MRSA) ventilator-associated pneumonia (VAP) in critically ill trauma patients. Recent trials
suggest that a traditional dose of 1 g q12 hours results in unacceptable cure rates for MRSA VAP. Thus, more aggressive
vancomycin dosing has the potential to improve efficacy. Based on pharmacokinetic principles, the goal initial dose at the study
center has been 20 mg/kg q12 hours or g8 hours since the 1990s.

All patients admitted to the trauma intensive care unit from 1997 to 2008 diagnosed with MRSA VAP were retrospectively
reviewed. Diagnosis required bacterial growth >100,000 colony forming units/mL from a bronchoscopic bronchoalveolar
lavage, new or changing infiltrate, plus at least two of the following: fever, leukocytosis or leukopenia, or purulent sputum.
Overall, 125 patients with 141 episodes of MRSA VAP were identified. Mean age was 47 years + 21 years, median Injury
Severity Score was 29 (22-43), 70% of patients were male, and the mean length of intensive care unit stay was 38 days + 35
days. The mean initial vancomycin dose was 18.1 mg/kg/dose with a mean duration of therapy of 11 days. Clinical success was
achieved in 88% (125 of 131) of episodes, with microbiological success in 89% (66 of 74) of episodes with a follow-up
bronchoscopic bronchoalveolar lavage. Overall mortality was 20% (25 of 125), with death due to VAP in 12 of 25 deaths. Mean
initial vancomycin trough concentrations were 10.6 mg/L in the clinical success group and 13.3 mg/L in the clinical failure
group (p = not significant).

High-dose vancomycin provided an acceptable cure rate for MRSA VAP in critically ill trauma patients. (J Trauma Acute Care

Surg. 2012;72:1478-1483. Copyright © 2012 by Lippincott Williams & Wilkins)

LEVEL OF EVIDENCE:
KEY WORDS:

Therapeutic study, level III.

Methicillin-resistant Staphylococcus aureus; ventilator-associated pneumonia; vancomycin; linezolid.

H ospital-acquired pneumonia (HAP) and ventilator-
associated pneumonia (VAP) are common complications
of critical illness that are associated with increased morbidity
and mortality.! In particular, methicillin-resistant Staphylococcus
aureus (MRSA) HAP/VAP has an attributable mortality rate of
22% and its prevalence is increasing in many centers.>> This
is noteworthy because MRSA is associated with higher mor-
tality than less resistant organisms and has far fewer treatment
options.* Traditionally, treatment of MRSA HAP/VAP used
vancomycin starting at 1 g intravenous (IV) q12 hours with
subsequent monitoring that largely focused on avoiding tox-
icity rather than achieving aggressive serum concentrations.

Starting in 1999, the first outcome data on using van-
comycin for treating MRSA HAP/VAP started to emerge.
These studies included comparisons to quinupristin/dalfopristin
or linezolid.>~7 However, clinical response rates for vancomycin
were poor (<50%) with traditional dosing. It is unclear why
vancomycin failed; however, the drug does have relatively poor
lung penetration and slow bacterial killing.® Recent data also
suggest that poor outcomes are related to a vancomycin min-
imum inhibitory concentration (MIC) >1 mg/L.*!° It was com-
monly assumed that low vancomycin dosing may have been an
important factor in these poor response rates. Nonetheless, these
results made some clinicians question the utility of vancomycin
for treating MRSA VAP.

Subsequently, recent guidelines recommended increased
starting doses of 15 mg/kg to 20 mg/kg q8 hours to 12 hours
and higher goal trough levels of 15 mg/L to 20 mg/L for
VAP."!'1:12 However, there are few outcome data to support this
trough recommendation. In addition, there are no good out-
come data in critically ill trauma patients who are a unique
intensive care unit (ICU) population in terms of demographics,
pharmacokinetics, and susceptibility to VAP.!3

Based on pharmacokinetic data and our clinical experi-
ence, vancomycin has been dosed aggressively at our center
since the 1990s. As part of a well-defined VAP pathway, we
used 20 mg/kg IV q12 hours with a trough goal of 5 mg/L to
15 mg/L (10-15 mg/L preferred) until 2005.'* After the pub-
lication of the American Thoracic Society/Infectious Diseases
Society of America (ATS/IDSA) VAP guidelines in 2005, we
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became more aggressive, with goal troughs of 15 mg/L to
20 mg/L and more g8 hours and q6 hours dosing intervals.!
With uncertainty in the literature over the efficacy of vanco-
mycin for MRSA VAP and a lack of data in trauma patients,
the purpose of this study was to evaluate the efficacy of high-
dose vancomycin for treating MRSA VAP in critically ill trauma
patients.

PATIENTS AND METHODS

Patients

Patients admitted from January 1997 through December
2008 to the Presley Memorial Trauma Center trauma ICU within
the Regional Medical Center in Memphis, TN, were eligible for
inclusion in this retrospective observational study. This study
was approved by the University of Tennessee Health Science
Center Institutional Review Board. The need for informed
consent was waived. Patients were available for inclusion if they
developed a VAP due to MRSA after >48 hours of mechanical
ventilation. Exclusion criteria were malignancy, pregnancy,
immunocompromised state, and those without available med-
ical records.

Diagnosis

Diagnosis of VAP was made as part of routine clinical
care using a previously published clinical pathway.'42° Di-
agnosis required bacterial growth >10° colony forming units
(cfu)/mL from a bronchoscopic bronchoalveolar lavage (BAL)
in addition to a new or changing infiltrate on chest radiograph.
In addition, at least two of the following conditions had to be
met: abnormal temperature (>38°C or <36°C), abnormal white
blood cell count (>10,000 cells/mm® or <4,000 cells/mm°,
or >10% immature neutrophils), or macroscopically purulent
sputum. Although some centers use a diagnostic threshold for
BAL of 10* cfu/mL, the use of 10° cfu/mL has been validated
in trauma patients by our group and others and is one of the
recommended thresholds in the ATS/IDSA guidelines.!-!42!

Empiric therapy was immediately begun after each di-
agnostic BAL and was selected based on the annual analyses
of organisms and susceptibility patterns in the study ICU. If
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the BAL was performed <7 days into hospitalization, ampicillin-
sulbactam 3 g IV g6 hours was initiated.'* If the BAL was per-
formed >7 days into the hospital stay, cefepime 2 g IV g8 hours
and vancomycin 20 mg/kg IV q12 hours were started.'* Start-
ing in 2005, some patients received vancomycin 20 mg/kg IV
g8 hours if they were expected to have particularly rapid clear-
ance (e.g., younger patients with normal renal function). For
patients with significant beta-lactam allergies, moxifloxacin
and ciprofloxacin were substituted for ampicillin-sulbactam and
cefepime, respectively.!”20

Vancomycin dosing was managed by clinical pharma-
cists, and peak and trough levels were obtained in all patients
once it was expected that a steady state was achieved (i.e., at
least the third dose). Peaks were drawn at least 1 hour after
the end of infusion to allow for drug distribution. Before the
publication of the 2005 VAP guidelines, goal troughs were
5 mg/L to 15 mg/L, with 10 mg/L to 15 mg/L preferred. After-
ward, goal troughs were 15 mg/L to 20 mg/L.!

Definitions

Patient outcomes were defined as either “treatment fail-
ure” or “treatment success” using a set of criteria that have
evolved over a number of studies.!”!®22 The primary outcome
of the study was the percentage of patients with treatment
success. Treatment success was further delineated as either
“clinical success” or “microbiological success.” Clinical suc-
cess was defined as an improvement in the signs and symptoms
of the VAP and thus allowed for the discontinuation of anti-
microbial therapy without a relapse within 10 days of dis-
continuing therapy (defined as original VAP pathogen(s) with
growth of >10° cfu/mL on BAL culture). Those patients who
initially achieved clinical success but later died of an unrelated
event were still considered to have clinical success. Microbio-
logical success was defined by the eradication or inhibition of
VAP organism (<10* cfu/mL) on repeat BAL after >3 days of
appropriate therapy, in addition to the criteria for clinical suc-
cess.!7-1820 Patients were considered to have an inconclusive
microbiological outcome if repeat BAL showed >10* cfu/mL
but <10’ cfu/mL of the original VAP organism or if no follow-up
BAL was performed.'8

Treatment failure was additionally defined as either
“clinical failure” or “microbiological failure.” Clinical failure
was classified as (1) death that was likely caused by VAP (also
identified as VAP-related mortality), (2) persistence of clinical
signs and symptoms of VAP for >10 days that warranted a
change in therapy, or (3) relapse of VAP as defined above.
Microbiological failure was defined by persistence of VAP
pathogen (at counts of >10° cfu/mL) on a follow-up culture of a
BAL specimen completed >3 days after starting therapy, or
counts of >10* cfu/mL within 10 days after stopping therapy,
in addition to above criteria for clinical failure.

Discordant outcomes were defined as either (1) VAP-
related death despite eradication or inhibition of VAP organism
(<10* cfu/mL) on repeat BAL after >3 days of appropriate
therapy or (2) survival despite failure to clear or inhibit VAP
organism on repeat BAL. Inadequate empiric antibiotic ther-
apy was defined as empiric antibiotic therapy that did not have
in vitro activity against the organism that was cultured from
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BAL. Initial vancomycin troughs were defined as the first
trough obtained on vancomycin therapy. Optimized vanco-
mycin troughs were defined as the subsequent troughs opti-
mized for patient-specific variables and pharmacokinetic data.

Statistics

The treatment success rates of patients were compared
between vancomycin MIC subgroups and vancomycin trough
subgroups using the x? test or Fisher’s exact test as appropriate
(SPSS 16.0, Chicago, IL). A p value of <0.05 was considered
statistically significant.

RESULTS

Overall, 125 patients with 141 episodes of VAP met
inclusion criteria for this study. The baseline demographics are
reported in Table 1. Clinical characteristics of VAP are reported
in Table 2. Of the 141 VAP episodes, 76 (54%) were treated
with vancomycin, 10 (7%) with linezolid, and 55 (39%) were
switched from vancomycin to linezolid. The reasons for
switching to linezolid or choosing linezolid as first-line therapy
are reported in Table 2.

The initial and optimized vancomycin trough con-
centrations and MRSA vancomycin MICs were similar in
patients with treatment success and failure (Tables 3 and 4).
There were six episodes of discordant clinical and microbio-
logical outcomes. In three of these episodes, the patients died
with clinical failure, despite microbiological success on repeat
BAL. In the other three episodes, the patients survived and
achieved clinical success despite microbiological failure on
repeat BAL.

Before the publication of the VAP guidelines in 2005,
the median initial dose was 1,000 mg q12 hours, with an op-
timized dose of 1,500 mg q12 hours. After the publication of
these guidelines, the median initial dose increased to 1,500 mg
q12 hours, with an optimized dose of 1,500 mg q8 hours.

The VAP outcomes are reported in Table 5. The study’s
primary outcome, treatment success, was 88% (115 of 131).
The success rates were statistically similar for the three anti-
biotic groups. The VAP-related mortality rate was 10% (12 of
125). There were no apparent adverse effects in patients re-
ceiving high-dose vancomycin, including acute renal failure
leading to hemodialysis following vancomycin therapy.

DISCUSSION

The primary outcome of this study was that treatment
success was achieved in 88% of episodes of MRSA VAP in
critically ill trauma patients treated with vancomycin or van-
comycin switched to linezolid. This success rate was con-
firmed microbiologically in a large percentage of patients.
These data are important for several reasons. First, this is the
largest set of MRSA VAP outcomes reported to date. Second,
there is continuing uncertainty about the efficacy of vanco-
mycin for treating MRSA VAP, the effect of dosing and trough
concentrations on outcomes, and the utility of vancomycin
against isolates with an MIC of 2 mg/L. Third, these are the
first treatment success data for a large series of trauma patients

© 2012 Lippincott Williams & Wilkins
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TABLE 1. Baseline Demographics TABLE 2. VAP Characteristics
Characteristic Patients (n = 126) Episodes
Variable (n =141)
Age (yr), mean + SD 47 £21
Male, n (%) 88 (70) Length of mechanical ventilation (d), mean + SD 33+£35
Caucasian, n (%) 85 (67) Length of stay ICU (d), mean + SD 38 +£35
Weight (kg), mean + SD 82 +21 Length of stay hospital (d), mean + SD 47 + 37
APACHE 11, median (IQR)* 18 (14-22) Time to initial VAP (d), mean + SD 17 £23
ISS, median (IQR) 29 (22-43) Episodes of polymicrobial VAP, n (%) 73 (52)
Mechanism of injury, n (%) Episodes of IEAT, n (%) 39/141 (28)
Blunt 112 (89) Clinical success 36/39
Penetrating 14 (11) Clinical failure 3/39
Type of injury, n (%) Length of antibiotic therapy (d), treatment success, 11.6 £ 43
m 06 L meallln J;: SD'b" ic th d), clinical fail 52+3.6
Spinal ?or d injury 26 21) e;getanoi ;rgl iotic therapy (d), clinical failure, . .
Abdominal organ trauma 2107 Length of antibiotic therapy (d), VAP-related death, 43+27
Chest traumat 14 (11) mean + SD
Pelvic or long bone fracture 9(7)

IQR, interquartile range; APACHE, Acute Physiology and Chronic Health Evalua-
tion; ISS, Injury Severity Score; TBI, traumatic brain injury.

* Score obtained on admission.

T Includes any of the following: multiple rib fractures, pulmonary contusion,
hemothorax, pneumothorax.

with MRSA VAP. Previous studies had focused solely or pri-
marily on medical ICU or general (medical/surgical) ICU popu-
lations, who tend to have lower cure rates.'+2°

Vancomycin Efficacy

Despite the use of vancomycin for decades, the first
MRSA HAP/VAP outcome data were not reported until 1999.23
In that small observational study, the mortality rate of patients
with bacteremic MRSA HAP treated with vancomycin was
50% (11 of 22). The following year, a prospective randomized
trial of vancomycin versus quinupristin/dalfopristin for Gram-
positive HAP/VAP reported an overall clinical success rate of
45% (67 of 148) with vancomycin.> Other recent studies of
MRSA HAP/VAP showed vancomycin success rates of 31%
to 46% in a total of 106 patients.>?

However, the study that had the biggest impact in making
clinicians question the efficacy of vancomycin in MRSA VAP
was a post hoc subgroup analysis of two prospective ran-
domized trials of vancomycin versus linezolid.® In that study,
the clinical cure rate for MRSA VAP was higher with linezolid
than vancomycin (62% vs. 21%, p = 0.001, n = 70). However,
the study had several weaknesses including what appeared to
be a more severely ill vancomycin group and no difference in
outcomes in patients with high-quality cultures. Moreover, in
none of these studies was vancomycin dosed aggressively
based on body weight (e.g., 15-20 mg/kg/dose) or optimized to
a target trough value. Nonetheless, vancomycin at traditional
doses performed rather poorly in these studies of HAP/VAP.

However, other recent data cast vancomycin in a better
light. A recent meta-analyses of eight studies reported that
vancomycin and linezolid are equivalent for treating HAP/
VAP.?* In particular, a good success rate (69%) was reported in
one study that used quantitative BAL cultures for VAP diag-
nosis and dosed vancomycin somewhat aggressively (15 mg/kg

© 2012 Lippincott Williams & Wilkins

Episodes, n (%)
Vancomycin only
Combination of vancomycin and linezolid, n (%)
Reasons for switching to linezolid
Vancomycin MIC 2.0
Physician preference
Incomplete recovery on follow-up BAL
Worsening colony count on follow-up BAL
HD prior to start of antibiotics
Linezolid only, n (%)
Reasons for using linezolid
Vancomycin MIC
HD prior to start of antibiotics
Physician preference

76/141 (54)
55/141 (39)

21/55
18/55
/55
6/55
3/55
10/141 (7)

7/10
1/10
2/10

IEAT, Inadequate empiric antibiotic therapy; HD, hemodialysis.

TABLE 3. Vancomycin Characteristics

Vancomycin MIC, n (%)

0.5 37/131 (28)
1.0 51/131 (39)
2.0 41/131 (31)
Not available 2/131 (2)
Vancomycin MIC of patients with clinical failure, n
0.5 5/16
1.0 7/16
2.0 4/16
Initial vancomycin dose (mg/kg/dose), mean + SD 18.1 £4
q6 h 0/131
q8h 7/131
ql2h 109/131
q24 h 15/141
Optimized vancomycin dose (mg/kg/dose), mean + SD 20.7 £ 5.1
q6h 4/81
q8 h 29/81
ql2h 33/81
q24 h 15/81
1481
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TABLE 4. Clinical Outcomes

Vancomycin Trough Concentration*

Clinical Success Clinical Failure P
1997 to 2004
Initial 10 £5.1 11.3£23 0.62
Optimized 143 £5.8 15.1£55 0.79
2005 to 2008
Initial 112+£738 144 £5.1 0.30
Optimized 162 £9.3 156 £59 0.87

*Data are reported as mean concentration (mg/L) + SD.

TABLE 5. VAP Outcomes

Vancomycin
Vancomycin and
Variable n (%) Only Linezolid P
Treatment success, 115/131 (88) 68/76 47/55 0.591
Evaluable microbiological 66/74 (89) —
success
Discordant clinical and 6/131 (5) —
microbiological
outcomes
VAP relapse 4/131 (3) —
Mortality
All-cause 25/125 (20) 18/76 7/55 0.176
VAP-related 12/125 (10) 6/76 6/55 0.558

q12 hours).?> This study is most similar to the current study in

terms of dosing and use of a high-quality diagnosis.

Effect of Troughs on Outcomes

Finding a relationship between vancomycin trough con-
centrations and clinical outcomes has been elusive. In the current
study, there was no difference in the mean trough concentrations
in patients with treatment success and failure (Tables 3 and 4).
Likewise, the aforementioned study by Jeffres et al.?> found that
the trough concentrations were similar in patients with treatment
success or failure. Another observational study did not find a
difference in outcome between patients who reached the target
trough range and those who did not.'? A recent review of van-
comycin pharmacodynamics concluded that there are no good
data supporting a relationship between trough concentrations
and outcomes.®

However, there are some data suggesting that aggres-
sive dosing may improve outcomes. The best treatment success
rates to date were seen in the studies where vancomycin was
dosed most aggressively: in the current study and the study
conducted by Jeffres et al.>> In addition, pharmacodynamic
data suggest that an AUC/MIC ratio >400 is related to better
outcomes.?®

Even with a lack of clinical data, the vancomycin guide-
lines and the VAP guidelines both recommend a trough of
15 mg/L to 20 mg/L for VAP treatment."!! This recommenda-
tion was made in an attempt to maximize pulmonary penetration,
to avoid low concentrations that may foster resistance, and to
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avoid the poor outcomes seen with traditional dosing. Pharma-
codynamic data suggest that at least 40 mg/kg/d is needed to
meet treatment thresholds in general ICU patients.?®

Some trauma ICU patients will require even higher
dosing because they tend to have faster clearance and a larger
volume of distribution than general ICU patients.!> In the
current study, the mean optimized trough was barely above
15 mg/L (Table 3) despite a mean optimized dose of 20.7 mg/kg
and g8 hours dosing in 36% of patients. The need for aggres-
sive dosing was confirmed in a recent study that reported that
0% of trauma ICU patients on 1 g q12 hours achieved a trough
of 15 mg/L to 20 mg/L.?” Overall, there does not seem to be a
relationship between trough concentrations and outcomes;
however, there are some suggestions that aggressive dosing
is important in trauma patients due to their different phar-
macodynamic properties.

Effect of MIC on Outcomes

Several recent studies reported that vancomycin was less
effective against MRSA isolates with an MIC of 2 mg/L.%-1%-12
Based on these data, the 2009 vancomycin guidelines recom-
mend against using vancomycin to treat MRSA isolates with
an MIC of 2 mg/L.!' However, in the current study there
was no relationship between MIC and treatment success. It is
unknown if this was because of the aggressive vancomycin
dosing, to differences in trauma patients compared with medi-
cal patients reported in other studies, or some other factor. The
current results suggest that vancomycin remains an effective
option in trauma ICU patients for treating MRSA isolates with
an MIC of 2 mg/L.

Strengths and Weaknesses

The strengths of this study are the large size, the use of
an optimal diagnostic technique in all patients (bronchoscopic
BAL), a large percentage of patients with follow-up BALs to
evaluate microbiologic success, and aggressive vancomycin
dosing compared with most other studies. Using a high-quality
diagnostic technique is key because most patients in previous
studies were diagnosed with lower quality techniques, making
it uncertain if they truly had pneumonia.

Weaknesses of the study include the retrospective de-
sign and that the data are from a single center. The fact that the
study only included trauma patients is a strength and a weak-
ness. Trauma-specific VAP outcome data are needed because
those patients are different from general ICU patients in many
respects (e.g., demographics, pharmacokinetics and VAP sus-
ceptibility). However, this may limit applicability to other ICU
populations.

CONCLUSIONS

High-dose vancomycin resulted in a good treatment
success rate for MRSA VAP in critically ill trauma patients.
Success was not related to trough concentrations or the van-
comycin MIC. This suggests that vancomycin can continue to
be used against isolates with a vancomycin MIC of 2 mg/L in
this patient population. High doses of vancomycin are required
in trauma ICU patients to achieve trough concentrations of
15 mg/L to 20 mg/L.

© 2012 Lippincott Williams & Wilkins
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