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Abstract

Introduction—Elevated vancomycin MICs in S. aureus have been associated with worse clinical
outcomes in adults. For invasive MRSA infections in adults, the IDSA recommends targeting
vancomycin serum trough concentrations between 15-20 pg/ml. We evaluated trends in
vancomycin MICs from healthcare-associated S. aureus bacteremia isolates in children in addition
to correlating vancomycin serum trough levels with clinical outcomes.

Methods—~Patients and isolates were identified from a prospective S aureus surveillance study
at Texas Children's Hospital (TCH). Healthcare-associated S. aureus bacteremia isolates from
2003-2013 were selected. Vancomycin MICs by E-test were determined and medical records were
reviewed. Acute kidney injury (AKI) was defined as doubling of the baseline serum creatinine.

Results—341 isolates met inclusion criteria. We observed a reverse vancomycin creep among
MRSA isolates in the study period with a decline in the proportion of isolates with vancomycin
MIC = 2 pg/ml (from 32.7% to 5.6%, p<0.001). However, the proportion of MSSA isolates with
MIC = 2 pg/ml increased (from 2.9% to 9%, p=0.04). Among patients who had vancomycin
troughs performed, there was no difference in duration of bacteremia or fever with vancomycin
trough >15 pg/ml vs. < 15 pg/ml. A vancomycin trough > 15 pg/ml was, however, an independent
risk factor for AKI.

Conclusions—\Vancomycin MICs are shifting among healthcare-associated S. aureus
bacteremia isolates with significant differences between MRSA and MSSA at TCH. Higher
vancomycin troughs did not improve outcomes in pediatric healthcare-associated S. aureus
bacteremia but were associated with increased nephrotoxicity. Further studies are needed to better
understand optimal management of children with S. aureus bacteremia.
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Vancomycin remains the principal agent for the management of severe MRSA infections in
children.! Studies in adults with bacteremia and endocarditis have shown improved clinical
outcomes when vancomycin troughs are over 15 pg/ml.23 For severe MRSA infections in
adults, the Infectious Diseases Society of America (IDSA) recommends targeting
vancomycin serum trough concentrations between 15-20 ug/ml.1 While acknowledging that
data are lacking, the IDSA guidelines state that goal vancomycin serum troughs of 15-20
ug/ml should be “considered” in children with severe MRSA infection.

Achieving such high trough levels in children is often challenging. Studies at Le Bonheur
Children's Hospital have shown that only 16.5% of children receiving vancomycin achieved
a trough level 15-20 pg/ml.# Furthermore, acute kidney injury (AKI) developed in 33% of
children with vancomycin troughs > 15 pg/ml.% In addition, recent pharmacokinetic
modeling studies suggest that sufficient drug exposure may be achieved with vancomycin
trough levels of 7-10 pg/ml in most children.® To date, no studies have examined the
correlation between vancomycin serum trough levels and outcomes of S aureus bacteremia
in children.

Optimal vancomycin dosing is complicated in that studies have shown that vancomycin
minimum inhibitory concentrations (MIC) by E-test have subtly increased over time, a
phenomenon dubbed vancomycin creep.’~® Studies among adults have shown that
bloodstream infections due to MRSA isolates with vancomycin MICs above 1.5 pg/ml are
associated with higher rates of vancomycin treatment failurel? as well as endocarditis and
metastatic infection.1! Studies describing vancomycin creep in pediatric subjects have been
somewhat conflicting with some centers finding temporal increases in MIC while others
have not.12.13

We sought to evaluate trends in vancomycin E-test MICs among healthcare-associated S.
aureus bacteremia isolates at Texas Children's Hospital and to correlate the vancomycin
MICs with clinical course. In addition, we sought to compare vancomycin serum trough
levels with clinical outcomes.

Patients and isolates were identified from a prospective S aureus surveillance study ongoing
at Texas Children's Hospital (TCH).14 Isolates are identified during the routine course of
care by the TCH clinical microbiology laboratory; isolates are sub-cultured, stored in horse
blood at =80 °C in the Infectious Diseases Research Laboratory and basic clinical data are
recorded. Healthcare-associated S. aureus bacteremia isolates from 2003-2013 were
selected. For purposes of this study, healthcare associated infections included nosocomial
and community-onset healthcare-associated (CO-HCA) infections. Patients with primary
bacteremia, central-line associated bloodstream infection (CLA-BSI) and infectious
endocarditis (IE) were included; to minimize the impact that source had on treatment
outcomes, patients with CNS disease or localized purulent collections were excluded.
Patients with end-stage renal disease (ESRD) were also excluded to minimize the impact
that pre-existing renal disease may have had on vancomycin associated nephrotoxicity and
trough levels. Medical records for all patients were reviewed. The highest vancomycin
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trough obtained during the first 96 hours of therapy was recorded and used in analyses.
Vancomcyin troughs were obtained at the discretion of the treating physicians; protocols do
not exist to regularly obtain vancomycin troughs on patients receiving vancomycin at our
hospital.

Nosocomial infections were those in which signs and symptoms of infection developed at
>72 hours of hospitalization.1> CO-HCA infections were those that developed in the
outpatient setting in patients with underlying conditions predisposing them to frequent
hospitalizations or encounters with the healthcare system.16 Primary bacteremia was
considered if patients had positive blood cultures for S. aureus without a focus on physical
or radiologic examination and who did not have a central venous catheter in situ. For the
purposes of this study, the diagnosis of CLA-BSI describes those patients who had =1
positive blood culture obtained via central venous catheter plus signs/symptoms of infection
and without an alternative source of bacteremia; 1718 this definition was used as paired
central and peripheral blood cultures were not obtained uniformly during the study period.
For patients with CLA-BSI, time to catheter removal was considered the number of calendar
days between the first positive blood culture and the date of catheter removal. IE was
defined using the Modified Duke Criteria.1® Duration of bacteremia was regarded as the
number of calendar days between the first positive blood culture and the first date of at least
two consecutive negative blood cultures. The frequency of collection of blood cultures was
at the discretion of the physician of record; a common practice in our institution, however, is
to obtain daily blood cultures in patients with bacteremia. All patients who survived their S,
aureus infection had follow up blood cultures. AKI was regarded as a doubling of the serum
creatinine over baseline that was sustained on at least two measurements2?; baseline
creatinine was regarded as the last measured creatinine prior to onset of signs/symptoms of
infection. Antistaphylococcal f-lactam antibiotics were considered nafcillin, oxacillin,
dicloxacillin, first-generation cephalosporins and piperacillin-tazobactam.

Antimicrobial susceptibility testing

Susceptibility to oxacillin and vancomycin were performed by the clinical microbiology
laboratory in the routine course of clinical care. All isolates were susceptible to vancomycin
by routine automated laboratory methods. In addition, all isolates had MIC to vancomycin
determined with E-test micro-method? in the Infectious Diseases Research Laboratory. E-
tests were performed as previous data in adults have shown worse outcomes for S. aureus
bloodstream infection when vancomycin E-test MICs are elevated.2223 All E-tests were
performed prior to review of medical records; corresponding clinical outcomes were
unknown to personnel at the time MICs were determined.

Molecular Studies

In order to correlate vancomycin MIC with strain types, a convenience sample of 100
isolates was selected for molecular investigations with equal distribution between early
(2003-2007) and late study periods (2008-2013) and between MRSA and MSSA. Isolates
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were analyzed by pulsed field gel electrophoresis as has been previously described?4 and
agr-groups were determined with a PCR-based assay.2

Statistical Analyses

Results

Dichotomous variables were compared with Fisher's exact and 2 tests; continuous variables
were compared with Kruskal-Wallis and Wilcoxon Rank Sum and two-tailed p-values <
0.05 were considered statistically significant. Variables with p-values <0.1 in univariate
analyses of AKI were included in a multivariate logistic regression model for risk of AKI.
All analyses were performed with the use of STATA ver. 13 (STATA Corp, College Station,
TX).

From the database, 411 bacteremia episodes were initially identified with 341 (107 MRSA
isolates and 234 MSSA isolates) meeting inclusion criteria. Reasons for subject exclusion
included ESRD (n=26), isolates missing and unavailable for E-test (n=9), positive blood
cultures being considered “contaminants” by the physician of record and not treated (n=8),
soft tissue infection (n=6), pneumonia (n=5), osteomyelitis (n=3), database duplication
(n=3), missing medical records (n=3), bacteremia due to organisms other than S aureus
(n=3), community-acquisition (n=2) and surgical site infection/hardware infection (n=2).
The median age of patients included was 20.4 months (Table 1) and the most common
underlying condition was prematurity (24%). Among nosocomial infections, 62 (34.8%)
occurred in the neonatal intensive care unit (NICU).

Vancomycin MIC Trends

All 341 isolates were viable for E-test MIC determination. The modal vancomycin MIC for
both MRSA and MSSA isolates was 1.5 ug/ml (Figure 1). A greater proportion of MRSA
isolates had a vancomycin MIC = 2 ug/ml than MSSA isolates (35/107, 32.7% vs. 13/234,
5.6%, p <0.001). During the study period, however, the proportion of MRSA isolates with
MIC = 2 pg/ml declined from 41.6% in the years 2003-2007 to 19.1% in 2008-2013
(p=0.03 Figure 2). In contrast, among MSSA in the same time period, the proportion of
isolates with MIC < 1 ug/ml decreased (45.5% to 29%, p=0.01) and the proportion of
isolates with MIC = 2 ug/ml increased (2.9% to 9%, p=0.04).

Molecular Studies

The most common PFGE type was USA300 accounting for 35%; USA300 was more
common among MRSA (29/50, 58%) than MSSA (7/50, 14%, p<0.001). USA300 isolates
more often had a vancomycin MIC = 2 ug/ml than non-USA300 isolates (15/36, 41.6%, vs.
16/64, 25%, p=0.06). The proportion of isolates with specific agr-groups is as follows:
group 1=54%, group Il = 40%, group 111 = 4%, group IV = 2%. There were no statistically
significant differences in vancomycin MIC among groups.

MRSA Bacteremia and Vancomycin MIC

MRSA bacteremia episodes with vancomycin MIC = 2 pg/ml were compared with those
with MIC < 1.5 pg/ml (Supplementary Digital Content 1). Infections with higher
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vancomycin E-test MICs were associated with a slightly longer duration of bacteremia (3 vs.
2 days, p= 0.02); this difference was even more pronounced when patients with CLA-BSI
were excluded (4.1 vs. 2.3 days, p=0.03). There was no difference in infectious diagnosis,
underlying condition or vancomycin trough between the groups.

MSSA Bacteremia and Vancomycin MIC

As only thirteen MSSA isolates had MIC = 2 ug/ml, comparisons were made between those
with MIC = 1.5 pg/ml and < 1.5 pg/ml. Among patients with MSSA bacteremia, patients
with isolates with MIC = 1.5 pg/ml more often had a CVL in situ at the time of infection
than those patients with isolates with lower MICs (116/144, 80.5% vs 47/90, 52%, p <
0.001). There were no differences in age, underlying characteristics or clinical outcomes by
vancomycin E-test MIC among MSSA bacteremia cases as a whole. When cases of CLA-
BSI are excluded, there was a greater degree of mortality directly attributable to MSSA
among patients with a vancomycin MIC = 1.5 pg/ml compared to those with MIC <1 pg/ml
(8/59, 13.5% vs. 1/38, 2.7%, p=0.07). Thirty patients (12.8%) with healthcare-associated
MSSA bacteremia received an antistaphylococcal p-lactam on the first day of iliness. There
was no difference in the proportion of cases with empiric use of an antistaphylococcal -
lactam or time to initiation of a p-lactam between the infections with high and low
vancomycin MICs.

Vancomycin Troughs and Outcomes of Staphylococcus aureus Bacteremia

Overall, 127 patients (37.2%) had a vancomycin trough performed in the first 96 hours of
therapy. Fifty-five patients had vancomycin troughs <10 ug/ml (43.3%), 33 with troughs 10-
<15 pg/ml (26%) and 39 with troughs > 15 pg/ml (30.7%). There was no difference in age
among patients who did and did not have troughs performed; patients with endocarditis were
more likely to have vancomycin troughs performed than were other diagnoses (21/39,
53.8%, vs. 106/302, 35.1%, p=0.03). There was no statistically significant difference in
duration of bacteremia or fever among patients with and without vancomycin troughs
performed. Among those patients with serum troughs performed, there was no observed
decrease in duration of bacteremia or fever for patients with higher serum troughs (Table 2).
There was a significant increase in the proportion of cases who experienced acute kidney
injury (Trough < 10 pg/ml: 9/55, 16.2%; 10-<15 pg/ml: 11/33, 33.3%; > 15 pg/ml: 24/39,
61.5%, p<0.001) and S. aureus attributable mortality (2/55, 3.6% vs. 3/33, 9.1% vs. 8/39,
20.5%, p=0.02) among those with higher vancomycin troughs. Similar results were seen
when analyses were performed excluding infants < 12 months of age.

Outcomes were examined separately for MRSA bacteremia. Among those with serum
troughs performed, higher vancomycin troughs did not correlate with a decrease in either
duration of bacteremia or time to clinical resolution (Supplemental Digital Content 2). There
was however, an increased risk of AKI with increasing vancomycin troughs (p<0.001). Only
36/54 (66.7%) MRSA patients with vancomycin troughs available received scheduled
weight-based dosing. Similar proportions of patients with vancomycin troughs below and
above 15 pg/ml received vancomycin doses in excess of 60 mg/kg/day (6/28, 21.4%, vs 2/8,
25%).
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Thirty patients (12.8%) with healthcare-associated MSSA bacteremia received an
antistaphylococcal B-lactam on the first day of illness. There was no difference in duration
of fever or bacteremia, need for vasopressors, AKI or mortality between patients who
received a p-lactam empirically and those who did not.

Acute Kidney Injury and Vancomycin

Overall, 51 patients (14.9%) developed acute kidney injury. Patients with AKI were more
often <12 months old, had a history of prematurity or congenital heart disease, nosocomial
acquisition, concomitant vasopressor and/or aminoglycoside use and more often had a
vancomycin serum trough > 15 pg/ml (Supplemental Digital Content 3). When these
variables were included in a multivariate logistic regression model, vancomycin trough > 15
ug/ml as well as vasopressor and aminoglycoside use were independently associated with
AKI. Among patients with AKI 12/51 (23.5%) died of S. aureus compared to 4/290 patients
without documented AKI (1.4%, p< 0.001). One patient who developed AKI ultimately
required hemodialysis; all other patients with vancomycin associated AKI who survived
their infection recovered renal function by the time of hospital discharge.

AKI in MRSA bacteremia was examined separately. Overall, thirteen patients with
healthcare-associated MRSA bacteremia experienced AKI (13/107, 12.1%). AKI was
positively associated with a vancomycin trough > 15 ug/ml (7/12, 58.3% vs. 9/42, 20.9%,
p=0.02) and concomitant aminoglycoside (9/13, 69.2% vs. 33/94, 35.1%, p=0.03) and
vasopressor use (4/13, 30.8% vs. 5/94, 5.3%, p=0.01, Table 3). These variables along with
vancomycin E-test MIC = 2 pug/ml were included in a multivariate model and serum
vancomycin trough > 15 pg/ml remained independently associated with risk of AKI
(p=0.02).

Discussion

Optimal vancomycin dosing remains challenging in critically ill children. We investigated
341 episodes of healthcare-associated S. aureus bacteremia at a large children's hospital.
Work at TCH from a previous time period (2001-2008) showed a gradual increase in
vancomycin MIC among S. aureus isolates.12 While we observed a temporal increase in
vancomycin MIC among MSSA isolates, there was a decline in the proportion of MRSA
isolates with MIC =2 pg/ml or “reverse creep.” The reasons for this discrepancy between
MRSA and MSSA are unclear. Others have noted that high vancomycin MICs are
associated with specific strains of MSSA, in particular agr-11 as well as those with agr-
dysfunction.26:27 In contrast, we were unable to show a relationship with vancomycin MIC
and agr-group; there was, however, a trend for higher vancomycin MICs among USA300
isolates. One could hypothesize that the increase in MSSA isolates with higher vancomycin
MICs are related to an increase in the USA300 background among MSSA isolates, as has
been previously demonstrated.28

Changes in vancomycin MIC are of clinical significance in that a higher vancomycin MIC
can be associated with poor response to vancomycin?2:29 as well as more invasive
infections!! in adults. Among MRSA cases in the present study, there was a modest but
statistically significant increased duration of bacteremia associated with higher vancomycin
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MICs and this was particularly the case for non-CLABSI bacteremia. Holmes et al.23
observed higher mortality in MSSA isolates with MIC > 1.5 ug/ml regardless of antibiotic
choice. Similarly, we observed a trend for greater S aureus attributable mortality among
MSSA isolates with a vancomycin MIC = 1.5 pg/ml. While B-lactams are the drugs of
choice for MSSA, these findings still have clinical import. We found that the time to
initiation of antistaphylococcal B-lactam antibiotics between MSSA isolates with high and
low vancomycin MICs was no different, suggesting that an elevated vancomycin E-test MIC
may be a marker for virulence even in MSSA. Given that the vancomycin MICs in the
population served at TCH are shifting, these trends will need to be followed in order to
understand what impact this will have on therapy.

Studies of adults with MRSA pneumonia have reported that a vancomycin area under the
curve (AUC)/MIC ratio = 400 was associated with an improved clinical and microbiologic
outcome.30 Work in adults has revealed that a vancomycin trough concentration of 15-20
ug/ml will achieve an AUC/MIC >400 in most patients infected with an organism with an
MIC < 1 pg/ml.31 Kullar et al. reported greater degrees of vancomycin success when troughs
were between 15-20 pg/ml compared to lower troughs among adults with MRSA
bacteremia.2 Aggressive dosing strategies have been advocated by national guidelines for
adult patients with severe MRSA infections to achieve these trough goals.1:3

To the best of our knowledge, this work represents the first attempt to correlate vancomycin
troughs with outcomes of S aureus bacteremia in children. While only 37.2% of patients
with S aureus bacteremia had vancomycin serum troughs performed, we were unable to
show a clinical benefit in patients with a serum vancomycin trough > 15 pg/ml. This contrast
from adult studies may result from the small number of children with troughs performed. In
addition, previous studies in adults have shown that the mean duration of vancomycin-
susceptible MRSA bacteremia is 6 days;32 the far shorter duration of bacteremia in children
(median 2 days) makes illustration of clinical benefit in our pediatric study extremely
challenging. There was a trend for a longer duration of bacteremia, as well as greater
mortality, in children with higher vancomycin troughs; this finding was likely an artifact,
however, in that children who were perceived as being more ill may have been dosed more
aggressively. Beyond these concerns, the modal vancomycin MIC = 1.5 pug/ml in the isolates
studied would suggest that obtaining optimal AUC/MIC ratio is more challenging than
previously believed.

While we were unable to illustrate a benefit to higher vancomycin troughs in this patient
population, there was a clear risk of increasing AKI with higher troughs which was
independent from other concomitant nephrotoxic medications. Sinclair et al.33 found that
children receiving vancomycin who experienced AKI had higher vancomycin troughs than
those who did not have AKI. In our retrospective study, it is difficult to know if high
vancomycin levels caused AKI rather than that AKI was related to hemodynamic instability,
other medications or sepsis leading to a delayed clearance of vancomycin and higher
troughs. Nevertheless, the absence of a clear benefit calls into question the wisdom of
pursuing aggressive trough levels in children with S. aureus bacteremia. It is important to
note, however, that the inclusion of only children with healthcare-associated bacteremia who
often have had numerous previous hospitalizations and underlying conditions, likely

Pediatr Infect Dis J. Author manuscript; available in PMC 2017 March 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

McNeil et al.

Page 8

contributed to the high rate of AKI in this population. Furthermore, the study design only
assessed for the co-administration of nephrotoxic medications and does not account for the
impact of medication administration in previous hospitalizations and the possible cumulative
impact of nephrotoxic agents. Similarly, only children with ESRD were excluded and not
those with a history of other mild renal disease or AKI in previous hospitalizations. In
addition, more children with AKI had vancomycin troughs performed and this may have
influenced our findings.

Studies in adults have demonstrated the superiority of antistaphylococcal p-lactams to
vancomycin for the management of MSSA bacteremia.343% Many experts in the field
recommend empiric initiation of vancomycin along with an antistaphylococcal -lactam for
patients with suspected severe staphylococcal infection followed by de-escalation once
susceptibilities are known.38 While scientific rationale for such a practice exists, we were
unable to show a benefit to empiric combination therapy for MSSA bacteremia. However,
the number of patients who received combination therapy was small (12.8%) and likely
hampered the ability to detect a clinical benefit.

A number of additional limitations to our study are acknowledged. First, these data are from
a single center and may not reflect a wider experience. In addition, the inclusion of very
young children in this study group likely influenced the relative proportion of cases with low
troughs. Furthermore, the inclusion of children who did not receive weight based dosing
hinders our ability to draw conclusions regarding dosing and outcomes of healthcare-
associated staphylococcal bacteremia. Providers may have been using a “goal trough” as a
threshold to provide an additional dose of vancomycin in children not receiving scheduled
weight based dosing. The use of a doubling of the serum creatinine alone to define AKI
rather than a combination of creatinine clearance and urine output (such as with the pediatric
Risk for renal dysfunction, Injury to kidney, Failure of kidney, Loss of kidney function and
End-stage renal disease (pRIFLE) criteria) may have led to errors in determination of AKI
rates. The doubling of the serum creatinine, however, has been used by other investigators in
studies of drug toxicity.2%:37 Furthermore, changes from baseline creatinine have been
previously been shown to better correlate with negative outcomes than decreases in urine
output in critically ill children.38 Finally, given that our study only included patients with
primary bloodstream infection, this data cannot necessarily be applied to those patients with
secondary bacteremia or those who have a pyogenic focus secondary to S aureus.

In conclusion, many questions remain regarding the management of healthcare-associated S.
aureus bacteremia in children. Among the population at TCH there was reverse vancomycin
creep observed for MRSA isolates while the MICs for MSSA isolates have increased.
Elevated vancomycin MICs were associated with worse clinical outcomes for both MRSA
and MSSA. A clear benefit to elevated vancomycin troughs was not seen in children,
although the data set was limited. However, nephrotoxicity is definitely associated with
vancomycin serum troughs > 15 pg/ml. Further work is needed to better understand optimal
vancomycin dosing in critically ill children.
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Figure 1.
Distribution of vancomycin E-test MICs.
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Temporal Trend in Vancomcyin E-test MICs. Panel A. Trends in MRSA E-test over time.

Panel B. Trends in MSSA E-test over time.
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Selected Clinical Features of Patients with Healthcare-Associated S. aureus Bacteremia

Table 1

N=341 (%)
Median Age, Months (IQR) 20.4 (1.2-115.7)
Nosocomial Acquisition 178 (52.2)
CVL in situ at Time of Infection 233(68.3)
History of Prematurity 82 (24)
History of Malignancy 69 (20.2)
History of Congenital Heart Disease 44 (12.9)
Infectious Diagnoses
Primary Bacteremia 110 (32.3)
CLA-BSI 192 (56.3)
Infectious Endocarditis 39 (11.4)
Median Duration of Bacteremia, Days (IQR) 2(1-4)
Median Duration of Fever, Days (IQR) 2(2-4)
S. aureus Attributable Mortality 16 (4.7)
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Outcomes of S aureus bacteremia (MRSA and MSSA) by Vancomycin Trough

Table 2

Page 15

Trough < 10 pg/ml Trough 10-<15 pg/ml Trough > 15 pg/ml P value
(n=55) (n=33) (n=39)

Median Age, Months (IQR) 15.6 (1.2-96) 2.4 (0.1-10.3) 9.4 (0.3-169.2) 0.3
Infectious Diagnosis of Endocarditis 7(12.7) 10 (30.3) 4(10.3) 0.07
Median Duration of Bacteremia, Days 2 (1-4) 2.5 (1-5) 2(1-4) 0.4
(IQR)
Median Time to Resolution of Fever, Days 2 (1-4) 3(2-4) 2 (1-5) 0.2
(IQR)
Median Length of Hospital Stay, Days 17.5 (10-44) 47.5 (24-104) 43.5 (25-89) 0.01
(IQR)
AKI 9(16.2) 11 (33.3) 24 (61.5) <0.001
S. aureus Attributable Mortality 2(3.6) 3(9.1) 8(20.5) 0.02

Pediatr Infect Dis J. Author manuscript; available in PMC 2017 March 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

McNeil et al.

Table 3

Features of Acute Kidney Injury in MRSA Bacteremia

Page 16

Patients with AKI, Patients without AKI, Pvalue Multivariate P value
n=13 n=94
Median Age, Months (IQR) 20.5 (2-206) 22.5(3.9-143.7) 0.8
Vancomycin MIC = 2 ug/ml 7 (53.8) 28 (29.8) 0.1 0.6
Nosocomial Acquisition 7 (53.8) 54 (57.4) 1
CVL insitu 9 (69.2) 62 (60) 1
History of Prematurity 3(23.1) 19 (20.1) 0.7
History of Malignancy 2(15.4) 11 (11.7) 0.6
Concomitant Aminoglycoside Administration 9(69.2) 33(35.1) 0.03 0.3
Any Concomitant p-lactam administration 5(38.4) 27 (28.7) 0.5
Vancomycin 12 (92.3) 43 (45.7) 0.002
Trough Performed
Vancomycin trough > 15 pg/ml 7 (58.3) 9(20.9) 0.02 0.02
Vancomycin Trough > 10 pg/ml 12 (100) 19 (44.1) 0.001
Concomitant Vasopressor Administration 4(30.8) 5(5.3) 0.01 0.2
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