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Abstract

Vancomycin is commonly used to treat methicillin-resistant Staphylococcus aureus
infections and is known to cause nephrotoxicity. Previous Vancomycin Consensus
Guidelines recommended targeting trough concentrations but the 2020 Guidelines
suggest monitoring vancomycin area under the curve (AUC) given the reduced risk
of acute kidney injury (AKI) at similar levels of efficacy. This meta-analysis compares
vancomycin-induced AKl incidence using AUC-guided dosing strategies versus trough-
based monitoring. Literature was queried from Medline (Ovid), Web of Science, and
Google Scholar from database inception through November 5, 2021. Interventional
or observational studies reporting the incidence of vancomycin-induced AKI between
AUC- and trough-guided dosing strategies were included. In the primary analysis, the
Vancomycin Consensus Guidelines definition for AKI was used if reported; otherwise,
the Risk, Injury, and Failure; and Loss, and End-stage kidney disease (RIFLE) or Kidney
Disease Improving Global Outcomes (KDIGO) definitions were used. The incidence of
nephrotoxicity was evaluated between the two strategies using a Mantel-Haenszel
random-effects model, and odds ratios (ORs) and 95% confidence intervals (Cls) were
calculated. Subgroup analyses for adjusted ORs and AKI definitions were performed.
Heterogeneity was identified using Cochrane's Q test and 12 statistics. A total of 10
studies with 4231 patients were included. AUC-guided dosing strategies were as-
sociated with significantly less vancomycin-induced AKI than trough-guided strate-
gies [OR 0.625, 95% CI (0.469-0.834), p = 0.001; > =25.476]. A subgroup analysis
of three studies reporting adjusted ORs yielded similar results [OR 0.475, 95% CI
(0.261-0.863), p = 0.015]. Stratification by AKI definition showed a significant reduc-
tion in AKI with the Vancomycin Consensus Guidelines definition [OR 0.552, 95% ClI
(0.341-0.894), p = 0.016] but failed to find significance in the alternative definitions.
Area under the curve-guided dosing strategies are associated with a lower incidence
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1 | INTRODUCTION

Vancomycin, a glycopeptide antibiotic, is the drug of choice to treat
serious methicillin-resistant Staphylococcus aureus (MRSA) infec-
tions and may be used for other susceptible gram-positive infec-
tions.! Previous studies have reported that approximately 10% of
hospitalized patients receive vancomycin annually in the United
States.? According to the American Hospital Association, 33 million
individuals were hospitalized in 2020.% This leads to an estimation of
3.3 million patients on vancomycin each year. The 2020 Vancomycin
Guidelines state that 5%-43% of patients exposed to vancomycin
may experience acute kidney injury (AKI).A The daily cost of hospi-
talization associated with managing vancomycin-induced AKI ranges
from $9379 to $20,467,% thus emphasizing the importance of effec-
tively monitoring vancomycin therapy to minimize AKI occurrence.

In vitro data suggests that vancomycin-induced AKI may result
from mitochondrial damage and dose-dependent proliferation of
proximal tubular cells.%” This increases oxidative phosphorylation,
leading to oxidative stress and tubular cell damage.” Data suggest
that vancomycin-induced AKI involves other segments of the kidney,
including the medullary region.® Concurrent administration of other
nephrotoxic agents, such as aminoglycosides and intravenous con-
trast can increase the risk of vancomycin-induced AKI.® Vancomycin-
induced AKl is thought to be dependent on the intensity and duration
of exposure and mostly occurs within 4-5days of therapy.9

Vancomycin therapy is guided by therapeutic drug monitoring
(TDM) to reduce AKI risk and optimize effectiveness. Previously,
TDM of vancomycin for serious infections caused by MRSA was based
on targeting trough concentrations of 15-20mg/L as a surrogate of
area under the curve (AUC):minimum inhibitory concentration (MIC)
>400mg*h/L, assuming a minimum inhibitory concentration (MIC)
of 1 mg/L. The most recent Vancomycin Consensus Guidelines pub-
lished in 2020 changed this recommendation to a target AUC:MIC
ratio of 400-600mg*h/L.* This change was based on data suggest-
ing that trough-guided dosing often overestimates AUC and results
in greater risk of toxicity.lo’12

Area under the curve-guided dosing can be performed using
Bayesian dose optimization software or traditional pharmacokinetic
(PK) equations. An advantage of Bayesian dosing is that it accounts
for dynamic covariates such as renal function and calculates indi-
vidualized patient dosing based on Bayesian priors, patients' drug
concentrations, and creatinine clearance.’®* On the other hand,
PK equations provide an estimation of AUC solely based on two
vancomycin levels within the same dosing period.’*'*> One factor

of vancomycin-induced AKI versus trough-guided dosing strategies (GRADE, low).

Limitations included the variety of AKI definitions and the potential for confounding

acute kidney injury, area under the curve, nephrotoxicity, trough, vancomycin

to consider is that these equations rely on serum creatinine (SCr);
however, SCr is a delayed marker of renal injury and may take 24-
36 h to display a notable change in renal function.” Additionally, the
Bayesian method concentrations do not need to be drawn at steady-
state and can provide an estimation of AUC prior to reaching steady-
state. 1315 Disadvantages of the Bayesian dose optimization are the
logistics associated with implementation, including cost and educa-
tion.”** Transitioning to AUC-guided dosing using Bayesian software
would require the development and revision of vancomycin dosing
and monitoring policies.” PK equations also rely on fewer assump-
tions than Bayesian software programs.’* The recent shift toward
AUC-guided vancomycin dosing prompts further evaluation to iden-
tify the most appropriate method to determine AUC.

Although TDM and AUC dosing strategies are purported to re-
duce the incidence of vancomycin-associated AKI, this has been
difficult to prove conclusively in part due to heterogeneity in
study designs, especially the definition of outcome. There are four
definitions most commonly used to classify AKI. The Vancomycin
Consensus Guidelines define AKI as an increase in serum creatinine
(SCr) of 20.5 mg/dl or 250% increase in baseline SCr over 22 consec-
utive measurements.* In comparison, the Kidney Disease: Improving
Global Outcomes (KDIGO) Criteria propose a more sensitive thresh-
old of an increase in SCr of 20.3 mg/dl over 48 h.* Alternatively, the
Acute Kidney Injury Network (AKIN) and the Risk, Injury, Loss of
Kidney Function, and End-Stage Renal Disease (RIFLE) Criteria have
defined AKI in various stages based on changes in SCr, glomerular
filtration rate (GFR), and urine output.*®

This meta-analysis examines the incidence of vancomycin-
induced AKI observed with AUC-guided versus conventional trough-
guided dosing strategies. In addition, subgroup analyses evaluate the
influence of AKI definition on estimating the benefits of AUC-based
vancomycin dosing.

2 | METHODS

2.1 | Search strategy

A literature search identified all studies that reported the outcome
of interest: incidence of vancomycin-induced AKI using trough-
based monitoring versus AUC-based monitoring. Medline (Ovid),
Web of Science, and Google Scholar were queried for relevant
journal articles using a combination of the search terms “vancomy-

» o«

cin,” “trough,” “AUC,” “nephrotoxicity,” “acute renal failure,” and/or
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“kidney injury.” Specific search criteria are provided in Table A1. All
studies from the inception of each database to November 5, 2021,
were considered for inclusion. An independent researcher queried
each database or search engine. The search was not restricted by
publication date. A summary of the search strategy, including study
selection, is provided in Figure 1. This meta-analysis was registered
in the PROSPERO database CRD42022306784.

2.2 | Study selection

All studies that provided data for the outcome of interest (AKI)
and included a comparison of AUC versus trough-based vancomy-
cin dosing were evaluated for inclusion. Studies that included only
one dosing strategy or that did not compare the two were excluded.
Only studies published in peer-reviewed journals were considered.
Pediatric studies in patients under the age of 18 were excluded. A
summary of the study characteristics is provided in Table 1.

2.3 | Data extraction and outcomes

Three independent researchers (N.P., J.V., E.A.) collected data in-
cluding trough target, AUC target, the incidence of AKI, method of
AUC calculation, and AKI definition. The primary outcome assessed
vancomycin-induced AKI between trough-guided and AUC-guided

dosing. If a study reported results for more than one AKI definition,

PHARMACOTHERAPY

the primary analysis was performed using the outcomes based on
the Vancomycin Consensus Guidelines AKI definition. In the absence
of outcomes based on this definition, the RIFLE or KDIGO Criteria
were used, as these definitions are similar and would, therefore, in-
crease the standardization of our results. Subgroup analyses were
performed stratifying the outcome of interest by AKI definitions,
which included AKIN, RIFLE, Vancomycin Consensus Guidelines,
and KDIGO, and for studies that adjusted for covariates. All defini-
tions are summarized in Table A2.

2.4 | Assessment of the risk of bias and
heterogeneity

The methodologic quality and risk of bias of each study were as-
sessed using the Risk of Bias in Non-Randomized Studies of
Interventions (ROBINS-I) scoring tool by two independent review-
ers (N.P. and J.V.). Any disagreements in the study assessment were
adjudicated by a third individual (E.A.). Visual inspection of the fun-
nel plot and analysis of Egger's statistic were used to evaluate study

heterogeneity.

2.5 | GRADE assessment

The Grading of Recommendations, Assessment, Development,

and Evaluation (GRADE) approach was used to evaluate each

[ Identification of studies via databases and registers

[ Identification of studies via other methods J

Records removed before

Screening

Included

Records identified from*: screening:
Medline (Ovid) (n=678) Duplicate records removed
Web of Science (n=774) =72)

Records removed for other
reasons (n = 1339)

Records identified from:
Google Scholar (n = 3,939)

l

Records screened

Records excluded**
(n =30)

(n=41)
l

Reports sought for retrieval

Reports not retrieved
(n=1)

Reports sought for retrieval
(n=5)

Reports not retrieved (n = 1)

(n=11)
l

Reports assessed for eligibility
(n=10)

Reports excluded:
Patients were used as their

own controls when comparing

AUC vs. trough guided
monitoring (n = 1)

Reports assessed for eligibility
(n=4)

Studies included in review
(n=10)

Reports of included studies
(n=10)

S

Reports excluded:
Not published in peer-reviewed
journal (n = 3)

*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the total number across all databases/registers).

**If automation tools were used, indicate how many records were excluded by a human and how many were excluded by automation tools.

FIGURE 1 PRISMA diagram. Summary of evidence search and selection. AUC, area under the curve.
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. é remained significantly associated with a lower incidence of AKI [OR
E k) 0.675, 95% CI (0.539-0.845), p = 0.001; Figure A1]. Although visual
w o
§ ;20 inspection of the funnel plot (Figure 3) showed some asymmetry, the
,_'G 3 Egger's weighted regression statistic did not identify significant pub-
- =
g f—: o lication bias (p = 0.0660). A subgroup analysis was performed with
CRoN |- =/ _[= _ = _|= the three studies that reported ORs with adjustments for confound-
ing variables, which showed that AUC-guided dosing was associ-
_E ated with significantly reduced risk of nephrotoxicity compared to
=}
§ 2 trough-guided dosing [OR 0.475, 95% Cl (0.261-0.863), p = 0.015,
o]
8 g 12 =65.375%; Figure 4; GRADE: Low].
é % g § § ED § § § § § § § Subgroup analysis by AKI definition showed a significant de-
crease in vancomycin-induced AKI using AUC-guided dosing strat-
5 egies when AKI was classified using the Vancomycin Consensus
‘u;:'; Guidelines definition [OR 0.552, 95% CI (0.341-0.894), p = 0.016,
g tH % % % % I =49.437%; GRADE: Low] as shown in Figure 5. However, there
£ 2 g - I8 g N .B g 8 . was no significant difference in vancomycin-induced AKI based on
S
SEa 5833335323223 RIFLE, AKIN, and KDIGO definitions [RIFLE OR0.740, 95% Cl (0.520~
1.053), p = 0.095, I> =53.805%; GRADE: Low; AKIN OR 0.724, 95%
@ "é" % Cl(0.479-1.095), p = 0.126, I? =51.206%; GRADE: Low; KDIGO OR
S 8 = E 0.644,95% Cl (0.394-1.050), p = 0.078, I? =31.433%; GRADE: Low].
“ES 2 2§ 32 328 2 32 3 3 ]
a8 9 S S 8 =583 585 8 Moderate heterogeneity was observed among each subgroup and
was highest in the RIFLE subgroup (I =53.805%) and lowest in the
(=
= KDIGO subgroup (> =31.433%). The Egger's statistic was nonsignif-
‘% - icant for the subgroup analysis for the RIFLE, AKIN, and KDIGO defi-
E § S nitions, but significant for the Vancomycin Consensus Guidelines
= [}
g *2 § © definition (RIFLE: p = 0.1650; AKIN: p = 0.3136; Vancomycin
= [}
o g g 2 2 2 32 2 2 3 2 38 3 Consensus Guidelines: p = 0.038; KDIGO: p = 0.6092).
mse 9 389 9 9398 8 8 = 8
= 4 | DISCUSSION
.%
(%)
% E = The results of our study indicate that AUC-guided dosing strategies
(=]
L§ § 2 g are less likely to result in vancomycin-mediated nephrotoxicity than
— c£¢ S . . Lo o
; = 2 trough-based dosing strategies. Of the three studies identifying a
2 B8ES 33533333339 e 8 e o emiyng |
5 msg 2 39T 399 8 8 8 8 8 5 difference in AKI incidence, two*>*’ reported a statistically signifi-
8 g cant higher trough level in the trough-guided dosing groups, while
.téo @ E the third®? did not provide this data. This signifies that the observed
[ N
g g :é‘ § difference in AKI may be due to the inherently higher trough con-
'-g B E é centrations in the trough-guided group. An expected but important
z % E E ancillary finding is that the definition of AKI influences the signifi-
o o
L B35 - ~ cance of the study results. These findings underscore the impor-
S 248 2 2% 2 3B 2 3 3 3 &
E 2s 2 3 3% 33 33573 <, tance of uniformity in assessing vancomycin-induced AKI in future
o i studies. The GRADE of each meta-analysis ranged from very low to
E .°E° % low, suggesting that the true effect of AUC-based dosing is markedly
._f;e - E 3 % different from the estimate provided in this analysis. Regardless, the
o o)
“E o “g % @, -go @, -go @, -go @, -go @, -go Z magnitude of the estimate warrants consideration.
S - T T T T g Our results support the updated guidelines for vancomycin,
§ ® g which aim to minimize vancomycin-induced AKI and maintain effi-
G$J %’_‘ § % cacy against invasive MRSA infections through AUC-guided dosing.*
< & S 8 g9 =
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L o X
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n:_nI 3 § 5 é S 5 8 =5 9 2 o gistic to financial. A 2020 survey showed that the majority of insti-
< & 085328 Ssz2i& 3
= o tutions continue to use trough-based monitoring as their primary
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Study name AKI / Total Statistics for each study Odds ratio and 95%Cl

Odds Lower Upper Relative

AUC Trough ratio limit limit p-Value weight

D'Amico 2021 71/398 147/ 626 0.708 0.516 0.971 0.032 29.51 E &
Eads 2021 0/19 2125 0.241 0.011 5.324 0.368 0.85
Lines 2021 2/73 9/55 0.144 0.030 0.697 0.016 3.10
Muklewiz 2021 24328 35/308 0.616 0.357 1.062 0.081 17.35 —i
Wolfe 2021 1/67 9/187 0.300 0.037 2411 0.257 1.83
Valli 2020 8/104 10/139 1.075 0.409 2.826 0.883 7.43 —_—
Oda 2020 1/22 13/52 0.143 0.017 1.169 0.070 1.80
Meng 2019 11/117 20/179 0.825 0.380 1.792 0.627 10.58 ——
Neely 2018 2/177 6/75 0.131 0.026 0.667 0.014 2.94
Finch 2017 54734 54 /546 0.724 0.488 1.074 0.108 24.62 i

0.625 0.469 0.834 0.001 L 2

0.01 0.1 1 10 100

Heterogeneity: Tau?=0.047; Q=12.121, dF (9), p=0.207; 1>=25.746 Favors AUC Favors Trough

Test for overall effect: Z=-3.200, p=0.001

FIGURE 2 Forest plot examining incidence rate of AKl reported as odds ratio (OR). The overall meta-analysis compares AKl incidence of
AUC-guided and trough-guided dosing. AKI, acute kidney injury; AUC, area under the curve; Cl, confidence interval.

FIGURE 3 Funnel plot for all included Funnel Plot (All Studies)
studies. The funnel plot including all

studies to visualize risk of bias in the S
overall analysis. D"’*'"'?ﬁ;?éﬁ&
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0.05 0.10 0.20 0.50 1.00 2.00 5.00 10.00
Odds Ratio
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper Relative
ratio limit limit Z-Value p-Value weight
D'Amico 2021 0.610 0.419 0.888 -2.580 0.010 48.42 B
Finch 2017 0.514 0.332 0.795 -2.992 0.003 45.40 =
Oda 2020 0.037 0.004 0.361 -2.838 0.005 6.18
0.475 0.261 0.863 -2.444 0.015 2
0.01 0.1 1 10 100
Heterogeneity: Tau?=0.155; Q=5.776, dF (2), p=0.0.56; 2=65.375 Favors AUC Favors Trough

Test for overall effect: Z=-2.444, p=0.015

FIGURE 4 Forest plot examining effects of adjusting for confounders on AKI incidence. Subgroup analysis includes studies reporting
adjusted odds ratios. AUC, area under the curve; Cl, confidence interval.

method of dosing vancomycin.g'5 Many institutions are currently im- trough-based to AUC-based vancomycin dosing include who will lead

35,36

plementing or planning to incorporate AUC dosing in the future. the implementation of the new program, which populations AUC

Questions that need to be addressed before transitioning from dosing should be used in, and which AUC strategy should be used
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Study name AKIl/ Total Statistics for each study MH odds ratio and 95%Cl (A)
MH odds Lower Upper Relative
AUC Trough ratio limit limit p-Value weight
D'Amico 2021 71/398 147 1 626 0.708 0.516 0.971 0.032 33.73 E
Muklewiz 2021 34/328 48/308 0.626 0.392 1.002 0.051 2541 —H
Wolfe 2021 1167 9/187 0.300 0.037 2411 0.257 2.70
Oda 2020 1122 13/52 0.143 0.017 1.169 0.070 2.66
Finch 2017 139/734 99/ 546 1.055 0.793 1.403 0.714 35.51
0.740 0.520 1.053 0.095
Heterogeneity: Tau?=0.070; Q=8.659, dF (4), p=0.070; 12=53.805
Test for overall effect: Z=-1.671, p=0.095 0.01 0.1 1 10 100
Study name AKI / Total Statistics for each study MH odds ratio and 95%CI (B)
MH odds Lower Upper Relative
AUC Trough ratio limit limit p-Value weight
Muklewiz 2021 471328 64 /308 0.638 0.422 0.964 0.033 41.12
Oda 2020 2/22 15/52 0.247 0.051 1.189 0.081 6.30
Finch 2017 132/734 106 / 546 0.910 0.685 1.209 0.515 52.58
0.724 0.479 1.095 0.126
Heterogeneity: Tau2=0.064; Q=4.099, dF (2), p=0.129; 12=51.206 0.01 0.1 1 10 100
Test for overall effect: Z=-1.529, p=0.126
Study name AKI / Total Statistics for each study MH odds ratio and 95%Cl (C)
MH odds Lower Upper Relative
AUC Trough ratio limit limit p-Value weight
Lines 2021 2/73 9/55 0.144 0.030 0.697 0.016 7.77 —_—r
Muklewiz 2021 241328 35/308 0.616 0.357 1.062 0.081 28.89
Meng 2019 11/117 20/179 0.825 0.380 1.792 0.627 20.95
Neely 2018 2/177 6/75 0.131 0.026 0.667 0.014 7.39 —_—
Finch 2017 54 /734 54 / 546 0.724 0.488 1.074 0.108 35.01
0.552 0.341 0.894 0.016 ‘
Heterogeneity: Tau?=0.132; Q=7.911, dF (4), p=0.095; 12=49.437 0.01 01 1 10 100
Test for overall effect: Z=-2.415, p=0.016
Study name AKIl/ Total Statistics for each study MH odds ratio and 95%Cl (D)
MH odds Lower Upper Relative
AUC Trough ratio limit limit p-Value weight
D'Amico 2021 65/398 142/ 626 0.665 0.481 0.921 0.014 63.44 -.-
Wolfe 2021 4167 32/187 0.308 0.104 0.906 0.032 16.67
Valli 2020 8/104 10/139 1.075 0.409 2.826 0.883 19.88
0.644 0.394 1.050 0.078
Heterogeneity: Tau?=0.071.; Q=2.917 dF (2), p=0.233; 1>=31.433 0.01 0.1 1 10 100
Test for overall effect: Z=-1.764, p=0.078
Favors AUC Favors Trough

FIGURE 5 Forest plot examining the effect of different AKI definitions on AKl incidence. The forest plots present the results of the
subgroup analyses by AKI definition. Panel A—RIFLE; Panel B—AKIN; Panel C—Vancomycin Consensus Guidelines; Panel D—KDIGO. AKI,
acute kidney injury; AKIN, Acute Kidney Injury Network; AUC, area under the curve; Cl, confidence interval; KDIGO, Kidney Disease
Improving Global Outcomes; MH, Mantel-Haenszel; RIFLE, Risk, Injury, Failure, Loss, End-stage kidney disease.

(institutional vs. commercial). The guidelines recommend AUC-based
dosing only for patients with invasive MRSA infections. Nonetheless,
many institutions plan to incorporate AUC-based dosing for all adult
patients, which may be due to pragmatic reasons to limit confusion or
additional training requirements.3> A recent survey revealed that the
most commonly used AUC calculation method among hospitals with
an AUC-guided dosing strategy was Bayesian software (38.3%), fol-
lowed closely by in-house software (35%), typically using Microsoft
Excel 3

As mentioned above, cost is often a barrier to switching vanco-
mycin dosing methods. Lee et al. performed a cost-benefit analysis
comparing vancomycin dosing for trough, two-concentration AUC,
and Bayesian AUC. Costs included phlebotomy, Bayesian software,
and complications from nephrotoxicity. The cost of Bayesian software
ranges from $10,000 to $50,000 per year while that of managing

AKI for a single patient on vancomycin therapy is estimated to be
$2982 with trough dosing, $2136 with two-sample AUC, and $917
with Bayesian AUC dosing methods, showing that there may be a
favorable cost-benefit ratio. Although many institutions are hesitant
to transition, this study supports the use of AUC-guided dosing and
predicts that the overall cost savings associated with the transition
may outweigh the potential burden.’” Importantly, the study pro-
vided estimates of AKI based on trough, two-concentration AUC,
and Bayesian dosing using available literature. These data support
the use of Bayesian software to generate the greatest cost savings
benefit.

The 2020 Vancomycin Consensus Guidelines recommend AUC
using Bayesian software programs over pharmacokinetic equa-
tions.* Out of the 10 studies included in this meta-analysis, only
three utilized Bayesian software for AUC dosing. Bayesian software
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programs use an established pharmacokinetic model and patient pa-
rameters to optimize vancomycin dosing and account for dynamic
changes such as renal function. 131 Bayesian software programs are
the preferred method of AUC monitoring since concentrations do
not need to be drawn at steady-state, and thus, therapeutic drug
monitoring can be initiated as early as the first dosing interval. This
may quicken the time to effective drug concentrations as trough lev-
els need to be drawn at steady-state.'* Additionally, AUC monitoring
is beneficial as steady-state conditions may be difficult to predict in
clinical practice since they can be influenced by renal function and
other factors such as loading doses and body mass index.** Bayesian
monitoring can be performed using one- or two-concentrations.
Based on the Vancomycin Consensus Guidelines, it is preferred to
calculate AUC using two-concentration Bayesian monitoring due to
the lack of data using single concentration estimates.*

This meta-analysis has several limitations as it attempts to combine
multiple studies with different methodologies. An important consider-
ation is that the small sample size of this analysis reduces the power
of our meta-analysis. However, the detection of a difference despite
the small sample size suggests that AUC-guided dosing strategies are
less likely to lead to vancomycin-induced AKI than trough-based dos-
ing strategies. Given the multiple definitions of nephrotoxicity, such
as RIFLE, AKIN, KDIGO, or Vancomycin Consensus Guidelines, the
ascertainment of the AKI end point was not consistent. To increase
the standardization of the results, we used the most common defini-
tion throughout all 10 studies, which was the Vancomycin Consensus
Guidelines definition. For the remaining studies, we used the RIFLE
Criteria and KDIGO definition, as they were the second and third most
utilized definitions, respectively.

In addition, we performed subgroup analyses based on each defi-
nition reported throughout the studies. Although AUC-based dosing
was associated with a reduced incidence of AKI in all subgroups,
significance was only reached in the subgroup analyses including
studies utilizing the Vancomycin Consensus Guidelines definition of
AKI, which is the strictest based on the change in SCr. Statistically
significant results may have been more profound with stricter defi-
nitions such as Vancomycin Consensus Guidelines, which suggest a
cut-off of 0.5 mg/L or a 50% increase in SCr. More lenient definitions
(0.3 mg/L or a 30% increase in SCr) as the lower threshold may be
too sensitive and captures more non-vancomycin-related AKI. Thus,
the results may be biased toward the null hypothesis in studies using
the 0.3 mg/dl cutoff. Since the results remain significant in the sub-
group using the strictest definition for AKI, AUC-guided dosing would
likely remain beneficial in clinical settings where more lenient crite-
ria may be used to define AKI. Additionally, no randomized studies
were available for inclusion and most studies included in this analysis
were retrospective, leading to an increased risk of confounding bias.
Only three of the 10 studies adjusted for these potential covariates
by performing regression analyses and reporting adjusted ORs. A
subgroup analysis was performed with these three studies and the
results remained significant in favor of AUC-guided dosing to reduce

nephrotoxicity.

5 | CONCLUSIONS

Compared to trough-based dosing strategies, the use of AUC-
guided dosing strategies is associated with a reduced incidence of
vancomycin-induced AKI, which supports the 2020 Vancomycin
Consensus Guidelines. However, the certainty of the findings re-
mains low due to the overall low quality of many of the studies
included in the meta-analysis. Ultimately, randomized controlled
studies are necessary to affirm the safety benefits of AUC-guided

vancomycin therapy.
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Study name AKI / Total Statistics for each study MH odds ratio and 95% Cl

MH odds Lower Upper Relative

AUC Trough ratio limit limit p-Value weight
D'Amico 2021 71/398 147/ 626 0.708 0.516 0.971 0.032 39.12 -.-
Eads 2021 0/19 2/25 0.241 0.011 5.324 0.368 0.53
Muklewiz 2021 24/328 35/308 0.616 0.357 1.062 0.081 15.54 —i—
Wolfe 2021 1/67 9/187 0.300 0.037 2411 0.257 1.16
Valli 2020 8/104 10/139 1.075 0.409 2.826 0.883 526 _—
Oda 2020 1/22 13/52 0.143 0.017 1.169 0.070 1.14
Meng 2019 11/117 20/179 0.825 0.380 1.792 0.627 8.02 —
Neely 2018 2/177 6/75 0.131 0.026 0.667 0.014 1.90 _—
Finch 2017 541734 54 /546 0.724 0.488 1.074 0.108 27.35 —H
0.675 0.539 0.845 0.001 ’
0.01 0.1 1 10 100
Favors AUC Favors Trough

FIGURE A1 This figure shows the results of a sensitivity analysis performed excluding Lines et al., due to its high risk of bias. AUC, area
under the curve; Cl, confidence interval; MH, Mantel-Haenszel.

TABLE A1 Search strategy

Database Search terms

Google Scholar “vancomycin” and (“AUC” or “area under the curve”) and “trough”
“vancomycin” and “nephrotoxicity or acute renal failure or kidney injury” and “AUC or area under the curve”
“vancomycin” and “acute renal failure or nephrotoxicity or kidney injury” and “trough”

Web of Science “vancomycin” and "AUC or area under the curve" and “trough”
“vancomycin” and “AUC/area under the curve” and “nephrotoxicity/acute renal failure/kidney injury”
“vancomycin” and “trough” and “nephrotoxicity/acute renal failure/kidney injury”

Medline “vancomycin” and “AUC or area under the curve” and “trough”
“vancomycin” and “nephrotoxicity or acute renal failure or kidney injury” and “AUC or area under the curve”

“vancomycin” and “acute renal failure or nephrotoxicity or kidney injury” and “trough”



ABDELMESSIH €T AL.

PHARMACOTHERAPY ¢
TABLE A2 AKIdefinitions

Criteria Definition
AKIN
Stage 1 e Absolute increase in SCr >0.3mg/dl or >1.5-2x from baseline

e Urine output <0.5ml/kg per hour for >6h

Stage 2 e Increase in SCr >2-3x from baseline
e Urine output <0.5ml/kg per hour for >12h

Stage 3 e Increase in SCr >3x from baseline or >4mg/dl with acute increase >0.5mg/d|
e Urine output <0.3ml/kg per hour for >24 h, or anuria for 12h

KDIGO
Stage 1 e Increase in SCr by 1.5-1.9x from baseline or >0.3mg/d|I
e Urine output <0.5ml/kg per hour for 6-12h
Stage 2 e Increase in SCr by 2-2.9x from baseline
e Urine output <0.5ml/kg per hour for >12h
Stage 3 e Increase in SCr by 3x from baseline or >4 mg/dI
e |nitiation of renal replacement therapy
e In patients <18years, decrease in eGFR to <35 ml/min/1.73m?
e Urine output <0.3ml/kg per hour for >24 h, or anuria for >12h
RIFLE
Risk e SCr 1.5-2x above baseline
e GFR decrease >25%
e Urine output <0.5ml/kg per hour for 6h
Injury e SCr 2-3x above baseline
e GFR decrease >50%
e Urine output <0.5ml/kg per hour for 12h
Failure e SCr more than 3x above baseline, >4mg/dI, or acute rise >0.5mg/dl
e GFR decrease >75%
e Urine output <0.3ml/kg per hour for 24 h or anuria for 12h
Loss e Persistent AKI (on renal replacement therapy for >4 weeks)
ESRD e On dialysis for >3months
2020 Vancomycin e A minimum of 2-3 consecutive documented increases in SCr (>0.5mg/dl or >50% from baseline, whichever is
consensus guidelines greater) after several days of vancomycin therapy

Note: Summary of the AKI Definitions for AKIN, KDIGO, RIFLE, and 2009 Vancomycin Consensus Guidelines.

Abbreviations: AKI, acute kidney injury; AKIN, Acute Kidney Injury Network; ESRD, end-stage renal disease; GFR, glomerular filtration rate; KDIGO,
Kidney Disease: Improving Global Outcomes; kg, kilograms; ml, milliliters; RIFLE, Risk, Injury, Failure, Loss, End-stage kidney disease; SCr, serum
creatinine.
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TABLE A3 Grading of recommendations, assessment, development, and evaluation (GRADE)

Author(s): Emily Abdelmessih, Nandini Patel, Janaki Vekaria
Question: AUC-guided dosing compared to trough-guided dosing for the of - AKI

s T

L &= 1 = = 1]
Certainty
AUC-guided trough-guided Relative
MW

AKI
10 observational serious serious not serious not serious publication bias strongly 174/2039 306/2192 OR0.625 48 fewer o000 IMPORTANT
suspected
studies i plousbis resdunl (8.5%) (14.0%) (0.469 to 0.834) per 1,000 Very low
confounding would suggest (from 69
spurious effect, while no fewer to
effect was observed 20 fewer)
dose response gradient
AKI per [¢
5 observational serious not serious not serious not serious publication bias strongly 93/829 (11.2%) 124/1163 OR 0.552 45 fewer o000 IMPORTANT
suspected
studies o plowibl il (10.7%) (0.341t00.894) per 1,000 Low
confounding would suggest (from 68
spurious effect, while no fewer to
effect was observed 10 'm’)
dose resoonse eradient
AKI per RIFLE Criteria
5 observational serious not serious not serious not serious publication bias strongly 246/1549 316/1719 OR0.740 41 fewer o000 IMPORTANT
studies Separag (15.9%) (18.4%) (0.520t01.053) | per 1,000 Low
all plausible residual f 79
confounding would suggest (from
spurious effect, while no fewerto8
effect was observed me)
dose resoonse eradient
AKI per KDIGO Definition
3 observational serious not serious not serious not serious publication bias strongly 77/569 (13.5%) 184/952 OR 0.644 60 fewer 200 IMPORTANT
suspected
studies o plowsbis recdnl (19.3%) (0.394t0 1.050) per 1,000 Low
confounding would suggest (from 107
spurious effect, while no fewerto8
effect was observed more)
dose resoonse eradient
AKI per AKIN Definition
3 observational serious not serious not serious not serious publication bias strongly 181/1084 185/906 ORO0.724 48 fewer o000 IMPORTANT
studies SumpScins (16.7%) (20.4%) (0.479 t0 1.095) per 1,000 Low
all plausible residual
confounding would suggest (from 95
spurious effect, while no fewer to
effect was observed 15 mo’e)
dose resoonse eradient
AKI in studies with adjustments
3 observational not serious not serious not serious not serious publication bias strongly 126/1154 214/1224 OR 0.475 83 fewer o000 IMPORTANT
studies dose -‘x::’:.a-m (10.9%) (17.5%) (0.261t00.863) per 1,000 Low
" 4 (from 122
fewer to
20 fewer)

Cl: confidence interval; OR: odds ratio
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