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Abstract

Background & objective The Infectious Disease Society of America guidelines recommend vancomycin trough
levels of 15-20 mg/L for severe methicillin-resistant Staphylococcus aureus. However, recent consensus guidelines
of four infectious disease organizations no longer recommend vancomycin dosing using minimum serum trough
concentrations. Therefore, this study aimed to evaluate the impact of low (< 15 mg/L) vs. high (= 15 mg/L) vancomy-
cin trough levels on clinical outcomes in adult patients with sepsis or gram-positive bacterial infections.

Method A systematic literature review from inception to December 2022 was conducted using four online data-
bases, followed by a meta-analysis. The outcomes of interest included clinical response/efficacy, microbial clearance,
length of ICU stay, treatment failure, nephrotoxicity, and mortality.

Results Fourteen cohort studies met the inclusion criteria from which vancomycin trough concentration data were
available for 5,228 participants. Our analysis found no association between vancomycin trough levels and clinical
response [OR=1.06 (95%Cl 0.41-2.72], p=0.91], microbial clearance [OR=0.47 (95% Cl 0.23-0.96), p=0.04], ICU length
of stay [MD=-1.01 (95%Cl -5.73-3.71), p=0.68], or nephrotoxicity [OR=0.57 (95% Cl 0.31-1.06), p=0.07]. However, low
trough levels were associated with a non-significant trend towards a lower risk of treatment failure [OR=0.89 (95%
C10.73-1.10), p=0.28] and were significantly associated with reduced risk of all-cause mortality [OR=0.74 (95% CI
0.62-0.90), p=0.002].

Conclusion Except for a lower risk of treatment failure and all-cause mortality at low vancomycin trough levels, this

meta-analysis found no significant association between vancomycin trough levels and clinical outcomes in adult
patients with sepsis or gram-positive bacterial infections.
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Introduction

Despite a decline in incidence since 1990, an estimated
48.9 million cases of sepsis and 11 million sepsis-related
deaths were reported worldwide in 2017 [1]. Even in
low-burden countries such as the United States [1], sep-
sis accounts for 15.6% of deaths among all hospitalized
patients [2], while it is the immediate cause of death in
about a third of patients admitted to acute care hospi-
tals [3]. Furthermore, 40% of patients with sepsis have a
microbiologically documented infection [4]. The most
common causative organism in adults with severe sepsis
includes gram-negative bacteria such as Klebsiella pneu-
moniae (13.1-19.8%) and Escherichia coli (11.7-37.3%)
and gram-positive bacteria such as Staphylococcus
aureus (8.2-14.1%) [5, 6]. Among those with Staphy-
lococcus aureus infection, 42% are culture-positive for
methicillin-resistant Staphylococcus aureus (MRSA) [5],
which is highly associated with significant mortality and
morbidity due to limited treatment options [7-10].

Vancomycin is the gold standard treatment for MRSA
infections, with the highest cumulative clinical experi-
ence for various invasive clinical syndromes, including
endocarditis, bacteremia, osteomyelitis, and pneumo-
nia [11, 12]. However, its efficacy is currently questioned
and criticized owing to its slow bactericidal activity,
emerging resistant strains, and serious adverse effects
such as hypersensitivity, ototoxicity, and nephrotoxicity
[13]. Additionally, several studies have noted a gradual
increase in minimal inhibitory concentrations (MICs)
of vancomycin against MRSA [14-16], although this
finding remains controversial [17-19]. Moreover, there
is evidence for altered metabolism, distribution, and
elimination of antimicrobial drugs, mainly hydrophilic
drugs such as vancomycin, in septic shock or sepsis due
to changes in renal clearance and volume of distribution
[20].

The AUC/MIC (area under the concentration-time
curve to minimum inhibitory concentration) ratio has
gained recognition as a more precise predictor of vanco-
mycin efficacy compared to trough levels alone, especially
in MRSA infections. Studies have shown that targeting
an AUC/MIC ratio of >400 is associated with improved
clinical outcomes, including higher rates of microbial
clearance and reduced treatment failure in MRSA infec-
tions [21-23]. These findings support the clinical rele-
vance of AUC/MIC-guided vancomycin dosing, aligning
with safety data and recommendations outlined in recent
guidelines [24]. The 2011 guidelines of the Infectious
Diseases Society of America (IDSA) for MRSA infection
treatment recommend vancomycin trough concentra-
tions below 15 mg/L for mild infections and 15-20 mg/L
for severe infections [12]. The lower trough concentration
threshold of 15 mg/L for patients with severe infections is
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supported by later studies. For instance, a meta-analysis
of 4 prospective and 12 retrospective studies by Stein-
metz et al. [11] showed that vancomycin concentration
below 15 mg/L in patients with severe MRSA infection
was associated with higher treatment failure, microbio-
logic failure, and mortality rates.

However, prolonged therapy and higher serum van-
comycin trough concentrations have been associated
with nephrotoxicity [11, 25, 26], possibly leading to
increased acute kidney injury (AKI), compromising its
safety at higher levels [27]. Lodise et al. [28] reported a
vancomycin-associated AKI risk of 5% with the initial
administration of low trough levels (<10 mg/L), 21% for
moderate (10-15 mg/L) trough levels, 20% for trough
levels of 15-20 mg/L, and 33% for trough levels > 20 mg/L
which is consistent with findings of other studies [29-
31]. Consequently, the most recent consensus guidelines
of the American Society of Health-System Pharmacists,
the Infectious Diseases Society of America, the Pediatric
Infectious Diseases Society, and the Society of Infectious
Diseases Pharmacists (2020) no longer recommends van-
comycin dosing using minimum serum trough concen-
trations due to efficacy and nephrotoxicity concerns [32].
Instead, it recommends assuming the vancomycin MIC
as 1 mg/L and adopting AUC-guided vancomycin moni-
toring for MRSA infections [32].

Although MIC/AUC-guided vancomycin dosing and
monitoring may be more effective in achieving time
to and time in the therapeutic range [33] and possibly
a better safety profile, the latest consensus guidelines
also underscore the need for caution with this approach
while treating mild noninvasive infections and infections
caused by non-MRSA species responsive to vancomycin
as the guidelines predominantly rely on pharmacologi-
cal and toxicological data from patients treated for seri-
ous for severe MRSA infections [23]. Moreover, recent
studies comparing AUC/MIC and trough-only dosing
approaches have yielded inconsistent results in terms of
safety. For instance, Folkers et al. [33] did not find any sig-
nificant difference in the incidence of AKI with the two
dosing approaches modality, while McClure et al. [34]
reported a 23% lower risk of incident AKI with the AUC/
MIC-guided approach versus trough-only approach. In
addition, the AUC/MIC-guided approach is associated
with a marginally higher cost of vancomycin dosing and
monitoring [35], which may be limiting in resource-
strapped settings or facilities with large caseloads.

Given that the data with that AUC/MIC-guided
approach is still emerging and the trough-based approach
will continue to be relevant for mild or non-MRSA
infection and in limited resource settings, continuously
evaluating emerging literature on vancomycin dosing
and monitoring is essential. Therefore, this systematic
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review and meta-analysis aimed to assess the impact of
low (<15 mg/L) vs. high (15-20 mg/L) trough concen-
tration of vancomycin on the clinical response/efficacy,
microbial clearance, length of intensive care unit (ICU)
stay, treatment failure, nephrotoxicity, and mortality in
patients with sepsis or gram-positive bacterial infections
including MRSA.

Methods

This systematic review and meta-analysis conformed to
the guidelines provided by the Cochrane Collaboration
Search Strategy and Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis (PRISMA) statement
(36, 37].

Search strategy

Scopus (Medline), PubMed, Cochrane Central Register
of Controlled Trials (Central), and Google Scholar data-
bases were searched using a varied mix of search terms
that included keywords and MeSH terms (vancomy-
cin, pharmacokinetics, critically ill, ICU, efficacy, safety,
AUC/area under the curve, MIC, trough, and AKI). Addi-
tionally, the reference lists of all potential articles were
screened and manually retrieved for additional articles.

Inclusion criteria
Our inclusion criteria were guided by the PICOTS frame-
work as follows:

« Population: Adult patients (>18 years) with sepsis
(including septic shock as a subset of sepsis) or gram-
positive bacterial infections.

« Intervention: Vancomycin.

« Comparison Low (<15 mg/L or 10-15 mg/L) vs. (15-
20 mg/L or >15 mg/L) trough levels of vancomycin.
We did not include troughs of >20 in our analysis
due to the very high risk of toxicity.

o Outcomes Treatment success/failure, clinical
response, microbial clearance, mortality, ICU stay,
bacterial recurrence, and/or nephrotoxicity.

+ Timing Since inception to December 2022.

o Setting & design Controlled trials (randomized and
nonrandomized) and cohort (retrospective and pro-
spective) studies published in English.

Study screening, selection, and data extraction

Articles identified from the database search were elec-
tronically retrieved for screening. Two authors (SC and
RK) screened, selected, and extracted data from articles
meeting our inclusion criteria. The process involved iden-
tifying duplicate entries, title and abstract screening, and
full-text screening while removing articles not meeting
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our inclusion criteria at each step. All disagreements
were resolved by discussion and consensus between the
two reviewers. However, the two authors independently
conducted the data extraction process using a standard
data extraction form comprising study setting and loca-
tion, design, study duration, sample size, age and gender
of participants, infection type, defined breakpoint, objec-
tives, and relevant findings.

Outcomes and definitions

The primary study outcomes were clinical response/
efficacy, microbial clearance, ICU length of stay, and
all-cause mortality. All-cause mortality was defined as
30-day, in-hospital, or ICU mortality.

Secondary study outcomes included treatment failure
and nephrotoxicity. Treatment failure was defined as a
composite endpoint including at least one of the follow-
ing: death from any cause within 30 days of treatment,
microbiologic failure/bacterial persistence after seven
days of vancomycin therapy, or recurrence of the bacte-
rial infection within 60 days of discontinuing vancomycin
therapy.

For the meta-analysis, vancomycin trough levels from
the included studies were dichotomized into low, defined
by serum trough of <15 mg/L, and high, defined by
serum trough of 15-20 mg/L.

Risk of bias and study quality assessment

Two reviewers (RK and SC) independently evaluated
the risk of bias in the included articles that fulfilled the
inclusion criteria. Most studies selected for this review
were retrospective and prospective cohorts, so the qual-
ity assessment was evaluated based on the Newcastle-
Ottawa Scale [38]. The following items were assessed:
(a) study selection criteria, including representativeness
of the exposed cohorts, selection of the non-exposure
group, and ascertaining the exposure levels; (b) compa-
rability of the study groups; and (c) outcomes, including
assessment of various clinical outcomes (independent
blind assessment/record linkage/self-report/no descrip-
tion), and follow-up duration for outcomes to occur.

Statistical analysis

All statistical analyses were conducted using R soft-
ware (Version 2024.04.2+764). Odds ratios (ORs) and
95% confidence intervals (CI) were used to calculate
the effect sizes of individual studies by producing forest
plots. Heterogeneity in the results of the analyzed stud-
ies was assessed using the chi-square test for study het-
erogeneity and the I” statistic to measure inconsistency
and heterogeneity degree [39, 40]. If no inter-study het-
erogeneity was detected, a meta-analysis was conducted
using the Mantel-Haenszel fixed-effects model approach.
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Otherwise, if the studies showed significant heterogene-
ity, the meta-analysis was performed using the Mantel-
Haenszel random-effects model approach. Funnel plots
were generated to assess the degree of asymmetry tested
by Egger’s [41] and Begg’s test. A p-value <0.05 was con-
sidered statistically significant.

Results

Literature search and selection results

Our search strategy yielded 817 articles from databases
and 16 from the reference list screening, of which 412
were eliminated as duplicate studies. The remaining 421
records were screened based on titles and abstracts in
conformity with the inclusion criteria, eliminating 356
studies. Seventy studies were eligible for full-text screen-
ing, of which 14 articles met the inclusion criteria and
were included in this meta-analysis. The study screening
and selection process is illustrated in Fig. 1.

Characteristics of included studies

The characteristics of the 14 included articles are
listed in Table 1. Eleven included studies were ret-
rospective observational cohorts [42-52], and three
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were prospective studies [53-55]; we did not identify
any randomized controlled trials meeting our inclu-
sion criteria. Regarding regional distribution, six stud-
ies were from the United States [42-46, 53], two from
China [47, 48], and each from Korea [54], Japan [49],
Israel [50], Iran [51], France [55], and Slovakia [52]. All
the included studies were published between 1997 and
2023. Twelve studies included patients with laboratory-
documented MRSA infections and two with docu-
mented gram-positive infections (including MRSA).

The 14 included studies provided a pool of 5,228
adult participants with vancomycin trough levels: two
studies had four categories of vancomycin trough levels
(<10, 10-14.9, 15-20, and >20 mg/L), three had three
categories of trough levels (< 15, 15-20, and > 20 mg/L),
and the remaining studies had two trough concentra-
tion levels (<15 and >15 mg/L). The studies reported
varied data for investigating the association between
various vancomycin trough levels and clinical and drug
resistance outcomes.

Fig. 1 PRISMA Flow Diagram of Study Selection Process
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Quality of included studies

Although the methodological quality of the fourteen
included articles varied, it did not influence their inclu-
sion for analysis. The scores of studies ranged from 8 to
9 on the Newcastle-Ottawa Scale. None of the articles
attained a score of <7, indicating that the overall qual-
ity of the included studies was high. The details of the
risk of bias assessment are shown in Table 2.

Table 2 Newcastle Ottawa Scale (NOS) for Quality Assessment
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Primary outcomes

Clinical response/efficacy

Data for patient clinical outcomes were available from
four cohort studies [47-51], which collectively provided
a study sample of 203 participants with low and 210
with high vancomycin trough levels. A random effect
model was used for the meta-analysis since the studies
reported significant heterogeneity (I> = 70%). The results
showed no significant difference in the clinical response

Study Selection

Comparability

Outcome Total

Ascertainment of
exposure

Representativeness Selection

of the exposed cohort of the non-
exposed
cohort

Demonstration
that outcome of
interest was not
present at the
start of the study

Comparability
of cohorts based
on the design or
analysis

Assessment of Duration of Adequate
outcome follow-up follow-up
enough for
outcomes
to occur

Fullscore 1 1 1 1

Jeffres 1 1 1 1
etal. [42]
(2006)

Hermsen 1 1 1 1
etal. [43]
(2010)

Kullaretal. 1 1 1 1
[44]
(20171)

Clemens 1 1 1 1
etal. [45]
(2011)

Houetal. 1 1 1 1
[46]
(2021)

Wangetal. 1 1 1 1
[47]
(2021)

Huang 1 1 1 1
etal. [48]
(2018)

Chuma 1 1 1 1
etal.[49]
(2018)

Yahavetal. 1 1 1 1
[50]
(2019)

Arasteh 1 1 1 1
etal.[51]
(2019)

Kralovi- 1 1 1 1
covaetal.

[52]

(1997)

Bossoetal. 1 1 1 1
[53]
(2011)

Chung 1 1 1 1
etal. [54]
(2011)

Arshad 1 1 1 1
etal. [55]
(2012)

2 1 1 1 9
1 1 0 1 7
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of patients with low or high trough levels of vancomycin
[OR=1.06 (95%CI 0.41-2.72], p=0.91] (Fig. 2). A sen-
sitivity analysis was performed to investigate the source
of high heterogeneity detected in this meta-analysis. The
exclusion of two studies [47, 50] demonstrated no het-
erogeneity; hence, it was presumed that the representa-
tiveness of the participants, i.e., possible selection bias
of participants and ascertainment of the exposure, could
confound the high heterogeneity.

Microbial clearance

Two studies reported microbial clearance with low
(n=65) or high (n=67) trough levels of vancomycin [50,
51]. A fixed effect model was used for meta-analysis as
the studies had no heterogeneity (I* = 0%). The analysis
indicates significantly lower odds of microbial clearance
[OR=0.47 (95% CI 0.23-0.96), p=0.04] with low vanco-
mycin trough concentrations (Fig. 3).

ICU length of stay

Two studies reported ICU length of stay with low
(n=77) or high (n=32) trough levels of vancomycin
[43, 54]. A fixed effect model was used for the meta-
analysis since the studies reported no heterogene-
ity (I* = 0%). Trough levels of vancomycin were not
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associated with ICU length of stay [MD= -1.01 (95%CI
-5.73-3.71), p=0.68] (Fig. 4).

All-cause mortality

Mortality data with low (n=1,572) or high (n=1,637)
trough levels of vancomycin were available from 9 stud-
ies [42, 43, 45-48, 50, 54, 55] with no inter-study het-
erogeneity (I*> =0%). Low vancomycin trough level was
associated with a significantly lower mortality risk in
the fixed effect model [OR=0.74 (95%CI 0.62-0.90],
p=0.002] (Fig. 5).

Secondary outcomes

Treatment failure

Treatment failure was reported in six studies [43-46,
52, 55] with a large sample size of 2,918 patients (n for
<15 mg/L=1,393 and for >15 mg/L=1,525) and sig-
nificant inter-study heterogeneity (I> = 66%). In the
fixed effect model, low vancomycin trough levels were
associated with non-significant trend toward a lower
risk of treatment failure compared with higher trough
levels [OR=0.89 (95% CI 0.73-1.10), p =0.28] (Fig. 6).

Vancomycin Trough (10-14 mg/l) Vancomycin Trough 15-20 mg/l)

Weight Weight
Study Event Total Event Total Odds Ratio OR 95%-Cl (common) (random)
Arasteh 19 22 13 17 B 1.95 [0.37; 10.20] 4.3% 18.6%
Huang 21 25 14 25 I 4.12 [1.09; 15.59] 4.9% 22.4%
Yahav 8 43 20 50 —— 0.34 [0.13; 0.89] 32.7% 27.2%
Wang 77 113 86 118 B 0.80 [0.45; 1.40] 58.1% 31.9%
Common effect model 203 210 0.86 [0.56; 1.31] 100.0%
Random effects model : 1.08 [0.38; 3.06] 100.0%
Heterogeneity: /2 = 70%, 12 = 0.8000, p = 0.02 f T T T !
0.01 0.1 0512 10 100

Vancomycin Trough (10-14 mg/l) Vancomycin Trough 15-20 mg/l)

Fig. 2 Forest plot of comparison: clinical response/efficacy

Vancomycin
Trough (<15 mg/l)

Vancomycin

Trough (>15 mg/l

Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
Arasteh 2019 6 22 6 17 : # 0.69 [0.18;2.70] 22.7%
Yahav 2019 13 43 26 50 ——— 0.40 [0.17;0.94] 77.3%
Common effect model 65 67 —— 0.47 [0.23; 0.96] 100.0%
Heterogeneity: 12 = 0%, t° = 0, p = 0.51 ' '

0.2 0.5 1 2 5

Fig. 3 Forest plot of comparison: microbial clearance

Vancomycin Trough (<15 mg/l)

Vancomycin Trough (>15 mg/l)
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Vancomycin Trough (<15 mg/L)

Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Chung 2011 38 299 189 16 34.6 248 { -4.70 [-18.26;8.86] 12.1%
Hermsen 2010 39 16.0 90 16 165 85 —, -0.50 [-5.53;4.53] 87.9%
Common effect model 77 32 ' -1.01 [-5.73; 3.71] 100.0%

Heterogeneity: 2= 0%, 1° =0, p=0.57

Fig. 4 Forest plot of comparison: ICU length of stay

Vancomycin Trough (<15 mg/l)

[ I T I I I 1

-15-10 -5 0 5 10 15
Vancomycin Trough (<15 mg/L)  Vancomycin Trough (>15 mg/L)

Vancomycin Trough (<15 mg/l)

Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
Arshed 2012 3 55 7 49 —— 0.35 [0.08;1.42] 2.7%
Chung 2011 17 38 7 16 —r— 1.04 [0.32;3.38] 2.1%
Clemens 2011 4 26 7 68 — 1.58 [0.42;5.94] 1.3%
Hermsen 2010 2 39 3 16 ) 0.23 [0.04;1.56] 1.6%
Hou 2021 164 1165 233 1261 = 0.72 [0.58;0.90] 75.0%
Huang 2018 5 25 8 25 T 0.53 [0.15;1.93] 2.5%
Jeffres 2006 20 68 12 34 —r—— 0.76 [0.32;1.83] 4.4%
Wang 2021 17 113 18 118 —t— 0.98 [0.48;2.02] 5.8%
Yahav 2019 17 43 21 50 — 0.90 [0.39;2.07] 4.6%
Common effect model 1572 1637 ® 0.74 [0.62; 0.90] 100.0%
Heterogeneity: = 0%, 2= 0,p=0.73 ' ' ' '
0.1 051 2 10
Vancomycin Trough (<15 mg/l)  Vancomycin Trough (>15 mg/l)
Fig. 5 Forest plot comparison: All-cause mortality
Vancomycin Vancomycin
Trough (<15 mg/L) Trough (>15 mg/L)
Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
Arshad 1 55 2 49 0 0.44 [0.04; 495] 1.1%
Clemens 5 26 18 68 —— 0.66 [0.22; 2.02] 4.1%
Hermsen 14 39 12 16 ! 0.19 [0.05; 0.69] 5.5%
Hou 153 1165 192 1261 . 0.84 [0.67; 1.06] 81.1%
Kralovicova 2 18 3 45 * 1.75 [0.27;11.46] 0.8%
Kullar 52 90 34 86 = 2.09 [1.15; 3.82] 7.4%
Common effect model 1393 1525 ' 0.89 [0.73; 1.10] 100.0%
Heterogeneity: /2 = 66%, 1> = 0.4573, p = 0.01 ' rr '
0.1 051 2 10

Fig. 6 Forest plot of comparison: Treatment failure

Nephrotoxicity

Nephrotoxicity was reported in eight studies [43, 44, 47,
49, 52-55], providing a sub-population of 502 patients

Vancomycin Trough (<15 mg/L) Vancomycin Trough (>15 mg/L)

with low trough and 420 patients with high trough levels
of vancomycin with significant inter-study heterogene-
ity (I = 62%). In the random effects model, trough levels
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of vancomycin were not associated with nephrotoxicity
[OR=0.57 (95% CI 0.31-1.06), p=0.07] (Fig. 7). How-
ever, due to the significantly high heterogeneity detected,
a sensitivity analysis was done to determine the possible
cause of the variability. An analysis by excluding three
studies [44, 49] showed no heterogeneity among the
other studies, implying that the high heterogeneity could
be due to the high variability of patient data, i.e., serum
creatine levels, receiving first vancomycin therapy a few
days before the study and any other possible covariates.

Discussion

This meta-analysis evaluated the clinical and drug resist-
ance outcomes associated with low and high vancomycin
trough levels in adult patients with sepsis or gram-pos-
itive bacterial infections, including MRSA. Our analysis
found no significant association between vancomycin
trough levels and clinical response, microbial clearance,
ICU length of stay, or nephrotoxicity. However, low
trough levels were associated with a non-significant
trend toward a lower risk of treatment failure and a sig-
nificantly reduced risk of all-cause mortality.

Our findings contradict previous meta-analyses in this
domain. For instance, Tongsai et al. [56] reported a higher
risk of nephrotoxicity with high vancomycin trough levels
while noting a null association between trough levels and
clinical success or all-cause mortality. Similarly, Prybyl-
ski [29] showed that vancomycin trough levels were not
associated with treatment failure, persistent bacteremia,
or mortality. Furthermore, Steinmetz et al. [11] found
no significant difference between low and high vanco-
mycin trough levels and all-cause mortality or treatment
failure rates. However, low and high vancomycin levels

Page 12 of 16

were associated with higher microbiologic failure rates
and nephrotoxicity, respectively. Finally, Meng et al. [57]
reported an increased risk of nephrotoxicity with high
vancomycin trough concentrations, although trough con-
centrations were not associated with the risk of treatment
failure and all-cause mortality.

These inconsistencies may be attributable to meth-
odological differences. Our study population comprised
patients with sepsis, gram-positive bacterial infection,
or MRSA, the three most common indications for the
vancomycin regime [13]. In contrast, Tongsai et al. [56]
sampled studies reporting nephrotoxicity in patients with
MRSA irrespective of infection site, Prybylski [29] spe-
cifically sampled patients with MRSA bacteremia, and
Meng et al. [57] sampled patients with gram-positive
bacterial infections including MRSA. Moreover, Tongsai
et al. [56] and Prybylski [29] excluded patients with van-
comycin trough levels>20 mg/L in their meta-analysis.
Although Steinmetz et al. [11] sampled patients with
MRSA infections and sepsis, they excluded studies that
only reported nephrotoxicity without efficacy outcomes.

Nonetheless, these inconsistencies support the notion
that vancomycin trough level may not be a reliable pre-
dictor of clinical outcomes, in line with the latest consen-
sus guidelines of the American Society of Health-System
Pharmacists, the Infectious Diseases Society of America,
the Pediatric Infectious Diseases Society, and the Society
of Infectious Diseases Pharmacists not to use minimum
serum trough concentrations for vancomycin therapeutic
drug monitoring (TDM) [32]. Moreover, though moni-
toring vancomycin trough levels has been suggested to
improve efficacy and safety of clinical outcomes and
reduce nephrotoxicity and drug failure in gram-positive

Vancomycin Vancomycin

Trough (<15mg/)  Trough (>15 mg/l)
Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
Arshad 5 55 13 49 ——— 0.28 [0.09;0.85] 12.9%
Bosso 13 144 42 144 —— 0.24 [0.12;0.47] 17.6%
Chuma 2 16 2 14 — 0.86 [0.10;7.04] 6.2%
Chung 12 25 16 48 5 1.85 [0.69; 4.96] 14.2%
Hermsen 4 39 5 16 —®&— 0.25 [0.06;1.10] 9.8%
Kralovicova 29 138 21 60 —— 0.49 [0.25;0.97] 17.6%
Kullar 13 76 10 77 —il— 1.38 [0.57;3.38] 15.2%
Wang 2 9 3 12 — 0.86 [0.11;6.62] 6.5%
Random effects model 502 420 i 0.57 [0.29; 1.14] 100.0%
Heterogeneity: 1° = 62%, 12 = 0.4498, p < 0.01 ' ' ' '

0.1 051 2 10

Vancomycin Trough (<15 mg/l)

Fig. 7 Forest plot of comparison: Nephrotoxicity

Vancomycin Trough (>15 mg/l)



Chander et al. BMC Infectious Diseases (2024) 24:1114

patients, an effective target trough level is still not defined
since the recommendations of 15-20 mg/L trough levels
do not guarantee better outcomes.

As previously noted by Chung et al. [54] and Clemens
et al. [45], our study indicates that patients would proba-
bly exhibit poor clinical success when administering high
trough vancomycin levels. Furthermore, we observed a
lower risk of treatment failure, defined as bacterial per-
sistence with low trough levels. In agreement with this
finding, Prybylski [29], Hale et al. [58] also showed that
persistent bacteremia was higher in patients with high
vancomycin trough levels.

Although several studies have previously demonstrated
vancomycin-induced nephrotoxicity [25, 28, 59, 60], the
non-significant reduction in the risk of vancomycin-
induced nephrotoxicity at low trough levels observed in
the current study warrants further investigation as this
could indicate nephrotoxicity even at low trough levels or
high variability in nephrotoxicity at high trough levels. In
support of the latter, a meta-analysis by van Hal et al. [61]
noted that nephrotoxicity incidence rates varied between
7% and 67% in patients exposed to elevated trough lev-
els compared to 0 to 33% in the low serum trough level
group. Additionally, Pan et al. [62] recently demonstrated
that vancomycin-associated nephrotoxicity was associ-
ated with trough concentration > 20 mg/L, and given that
most studies included in the current meta-analysis report
trough concentration<20 mg/L, the incidence among
low and high trough groups may not be sufficiently large
to achieve statistical significance. It is also important to
note that although Steinmetz et al. [11] demonstrated a
higher risk of nephrotoxicity with vancomycin levels of
>15 mg/L, irreversible renal damage was not reported in
any of the cases of vancomycin-induced nephrotoxicity.

Limitations

Several limitations prevent the generalization of our find-
ings. First, all studies included in this systematic review
and meta-analysis were observational cohort studies,
most with small sample sizes. These studies may be sub-
ject to selection bias for the participant impacting the
quality of the study results. Moreover, most of the stud-
ies included were conducted in ICU settings, suggesting
a higher potential for bias related to overall mortality
and renal dysfunction. This bias could stem from vanco-
mycin itself, septic shock, or nephrotoxicity from other
medications.

Second, not all studies reported the initial trough value
or only reported the average trough value. The successful
treatment of MRSA infections could also be confounded
by factors unrelated to vancomycin trough levels, such as
adequate drainage and appropriate duration of therapy.
These are difficult to isolate in this study. Additionally,
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vancomycin dosing is influenced by renal function and
the severity of the disease, indicating that target trough
levels may vary among different patient populations.
Third, we could not consider vancomycin MIC as 8 of the
14 included studies were from over a decade ago, which
did not allow the extraction of the distribution of MIC
values. Fourth, there is an inherent risk of publication
bias since positive studies were more likely to be pub-
lished than negative ones. Fifth, targeted analysis was not
possible due to the presence of confounding factors, lim-
iting the ability of this study to establish a definite causal
association between the study variables.

Finally, baseline patient characteristics such as disease
severity and underlying comorbidities may have influ-
enced our results. For instance, among the six studies
included in our meta-analysis for treatment failure, three
reported significantly high Acute Physiology and Chronic
Health Evaluation (APACHE) scores among patients in
>15 mg/L trough group [43, 46, 55], and one reported
higher prevalence of heart failure and ICU admission [45]
indicative of severe clinical status at baseline. APACHE
score was not significantly different between the two
trough groups in Kullar et al. [44], while Kralovicova
et al. [52] did not report baseline clinical characteristics
of the study population. Similarly, three out of nine stud-
ies included in our meta-analysis for all-cause mortality
reported higher APACHE scores in the > 15 mg/L trough
group [43, 46, 55], one reported higher prevalence of
heart failure and ICU admission [45], while two reported
non-significant differences in APACHE scores [42, 54]
and one reported non-significant differences in Charlson
comorbidity index [50] between the two trough groups.
Two studies did not report baseline APACHE scores for
different trough groups [47, 48]. Incidentally, the four
studies that reported a more severe clinical status at
baseline in the >15 mg/L trough group contributed 92%
of our pooled study population (and 81% of events) for
treatment failure and 83% of our pooled study population
(and 75% of events) for all-cause mortality. It is crucial to
note that including infections caused by pathogens other
than MRSA, such as enterococci and Streptococcus, in
the current study may add additional variability in dis-
ease severity and outcomes.

Nevertheless, the current study provides a compre-
hensive analysis of the impact of low and high vanco-
mycin trough levels on clinical outcomes, including two
studies since the publication of the consensus guide-
lines of the American Society of Health-System Phar-
macists, the Infectious Diseases Society of America, the
Pediatric Infectious Diseases Society, and the Society of
Infectious Diseases Pharmacists recommending MIC/
AUC-guided vancomycin dosing and monitoring for
MRSA infections [32]. Of these, the study by Hou et al.
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[46] is one of the biggest to date in terms of participant
size (n=3,603) to report the association between van-
comycin trough levels and mortality.

Conclusion

With the exception of a non-significant trend toward a
lower risk of treatment failure and a significant reduc-
tion in all-cause mortality at low vancomycin trough
levels, this meta-analysis did not detect any signifi-
cant association between vancomycin trough levels
and clinical outcomes in adult patients with sepsis or
gram-positive bacterial infections. As demonstrated
by studies published since the consensus guidelines,
future observational studies with large sample sizes
and randomized controlled trials are needed to deter-
mine if trough-guided vancomycin dosing and moni-
toring remain clinically relevant in specific patient
populations. Maintaining a vancomycin trough level
of <15 mg/L may continue to be a viable option, par-
ticularly among patients with non-severe clinical sta-
tus, but may not be appropriate for patients with severe
infections.
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