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Abstract

Objectives: This study aimed to investigate vancomycin therapeutic drug monitoring (TDM) in
patients on continuous renal replacement therapy (CRRT) and explore the risk factors for
exceeding the target concentration.

Methods: This retrospective study enrolled patients aged > 18 years who were admitted to the
intensive care unit and treated with >3 intravenous vancomycin doses during CRRT, and who
underwent vancomycin TDM. Demographic and other information were collected. Multivariate
logistic regression was used assess the risk factors for exceeding the target concentration.
Results: Sixty-nine patients were included, and 40.6% patients underwent TDM. Additionally,
14.5% of patients reached the optimal concentration, and 87.5% of patients who exceeded the
target received a daily dose adjustment. The cumulative dose of vancomycin and serum albumin
were risk factors for exceeding the target concentration in patients on CRRT.

Conclusions: Patients on CRRT did not meet the optimal vancomycin management; <50% of
the patients routinely received vancomycin TDM, and <15% achieved the optimal concentration.
Fewer patients in the subtherapeutic group received a daily dose adjustment than those who
exceeded the target concentration. Cumulative vancomycin and serum albumin doses before
TDM were the risk factors for exceeding the target concentration in CRRT patients.
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Introduction

The Infectious Diseases Society of America
(IDSA) indicates that the clinical efficacy of
severe methicillin-resistant Staphylococcus
aureus (MRSA) infection is closely related
to the vancomycin trough concentration.
To confirm the efficacy and safety, a load-
ing dose that is based on the actual body
weight should be administered, and trough
concentrations should be obtained before
the fourth or fifth dose under steady-state
conditions. The subsequent dosage adjust-
ment should be administered on the basis of
the actual trough concentration to achieve
the optimal target of 15 to 20 mg/L."

When patients on continuous renal
replacement therapy (CRRT) receive vanco-
mycin for sepsis, vancomycin clearance
becomes complex. CRRT parameters® °
and patient conditions’ may affect vancomy-
cin pharmacokinetics (PK)/pharmacody-
namics (PD). For example, continuous
venovenous hemodiafiltration (CVVHDF)
clearance of vancomycin was 1.3- to 7.2-
times greater than that of other types of
CRRT.? Additionally, severe hypoalbumine-
mia influenced the half-life of vancomycin in
older patients.” Inappropriate therapeutic
drug monitoring (TDM) time points and
nonalternative daily doses may lead to a
trough concentration that does not achieve
the optimal target and contributes to adverse
clinical outcomes.® Previous studies showed
that the vancomycin trough concentration in
CRRT patients has a wide variability.” '

The purpose of this study was to inves-
tigate vancomycin TDM in patients on
CRRT and explore the risk factors of
vancomycin trough concentrations that
exceeded the target.

Methods

Study design and data collection

This retrospective observational study was
performed at the Department of Critical

Care, a general intensive care unit (ICU)
with 24 beds in a tertiary hospital
in Beijing from 1 January 2014 to 31
December 2019. Because this was a retro-
spective study, the requirement for patient
consent was waived by the ethics committee
at Fuxing Hospital, Capital Medical
University (approval notice number:
2013FXHEC-KYO018).

The inclusion criteria were as follows:
age >18 years; admitted to ICU; received
CRRT; and treated with >3 doses intrave-
nous vancomycin during CRRT. The exclu-
sion criterion was patients who did not
receive TDM.

Sex, age, body mass index (BMI),
comorbidities, creatinine clearance (calcu-
lated using the Cockcroft-Gault formula),
serum albumin level before TDM, Acute
Physiology and Chronic Health Evaluation
II (APACHE 1I), survival at day 28, infec-
tion sites, and etiology were collected. The
following vancomycin parameters were
recorded: daily dose, intermittent or contin-
uous infusion, TDM time point (TDM
before the fourth or fifth dose of vancomy-
cin), trough concentration, and alternative
therapy. The following CRRT parameters
were recorded: mode (continuous venove-
nous hemofiltration [CVVH] or continuous
venovenous hemodiafiltration [CVVHDEF]),
blood flow rate (mL/minute), dose (mL/kg/
hour) in the CRRT effluent volume, dura-
tion (hours; including cumulative CRRT
working hours, which is the CRRT machine
run time from the first vancomycin dose
administered for TDM from which the cir-
cuit priming time is subtracted), and the
cumulative dose (L/kg; the product of dura-
tion and dose [duration was unchanged]).

The enrolled patients were divided into
the following two groups on the basis of a
trough concentration of 20mg/L: nonex-
ceeding target group and exceeding target
group.

Vancomycin hydrochloride injection was
manufactured by of Eli Lilly Japan KK,
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Seishin (Kobe, Japan). Each bottle con-
tained 0.5g of vancomycin. The CVVH
was performed using Prismaflex with
the PRISMAFLEX STI150 SET filter
(Deerfield, IL, USA). The CVVHDF was
performed using a Multifiltrate, and the
filter was Fresenius AV600S (Fresenius,
Bad Homburg, Germany). An Abbott
ARCHITECT 11000 immunoassay analyzer
(Abbott, Abbott Park, IL, USA) with a
quality control box and standard curve
box administered fluorescence polarization
immunoassay were used for the
vancomycin TDM.

Statistical analysis

Continuous data were presented as the
mean + standard deviation (SD) or as the
median and interquartile range (IQR).
Categorical data were presented as the
number and percentage. A Student’s #-test
and the Mann—Whitney U test were used to
compare continuous data. The Chi-square
test and Fisher’s exact test were used to
compare categorical data. Multivariate
logistic regression was used to analyze the
risk factors associated with a vancomycin
trough concentration that exceeded the
target. Additionally, a P value <0.05 was
considered to be statistically significant.
Statistical analyses were conducted using
SPSS version 23.0 (IBM Corp., Armonk,
NY, USA).

Results

Study population and characteristics

Four hundred eighty-seven patients who
were admitted to the ICU and underwent
CRRT were enrolled into our study.
Among them, 119 patients were treated
with vancomycin and 69 patients received
TDM (Figure 1).

Among these 69 patients who received
TDM, the median age was 77.0

(56.0, 83.5) years, 35 (50.7%) were men,
and the median BMI was 22.9 (20.6, 26.7)
kg/m?. Most patients had comorbidities
(63, 91.3%), and 42 (60.7%) patients had
died at day 28 in the ICU.

Among all of the included patients, 43
(62.3%) patients had pneumonia, ten
(14.5%) patients had a bloodstream infec-
tion, 13 (18.8%) patients had an abdominal
infection, and three (4.3%) patients had a
urinary tract infection. Among all the
included patients, 27 (39.1%) patients had
MRSA.

Vancomycin TDM and daily dose
adjustment

All included patients received vancomycin
by intermittent infusion, and each infusion
time was greater than 1 hour.

More patients received vancomycin
TDM in 2018 and 2019 than those in 2014
to 2017 (75.0% versus 48.0%, P=0.004).
There were five (7.2%) patients who
received TDM before the third dose, and
28 (40.6%) patients who received TDM
before the fourth or fifth dose. There were
36 (52.2%) patients who received TDM
after the fifth dose. Fourteen (20.3%)
patients were administered a loading dose.

Ten (14.5%) patients achieved the opti-
mal concentration of 15 to 20 mg/L. A sub-
therapeutic concentration (<15mg/L) was
observed in 27 (39.1%) patients, and 32
(46.4%) patients had a concentration
>20mg/L.

Thirty-nine (66.1%) patients received a
daily dose adjustment. Among them, 11
patients with a concentration <15mg/L. and
28 patients with a concentration >20mg/L
received alternative therapy for their daily
dose (40.7% versus 87.5%, P < 0.001).

CRRT parameters

There were 50 (72.5%) patients who under-
went CVVH and 29 (27.5%) patients who
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Figure |. Flowchart of patient inclusion in the study.

underwent CVVHDF. Among all included
patients, the blood flow rate was 120 (120,
150) mL/minute. The therapeutic dose was
26.7 (25.0, 30.0) mL/kg/hour. The CRRT
duration was 46.0 (34.0, 67.0) hours, and the
cumulative dose was 1.17 (0.91, 1.74) L/kg.

Risk factors for a vancomycin
concentration exceeding the optimal
target in patients on CRRT

The exceeding target group seemed to have
a lower BMI and received a higher cumula-
tive dose of vancomycin before TDM com-
pared with that of the nonexceeding group
(Tables 1 and 2).

The cumulative dose of vancomycin
(odds ratio [OR]: 1.505, 95% confidence
interval [CI]: 1.066-2.125) and serum albu-
min (OR: 1.204, 95%CI: 1.001-1.449) were
the risk factors for a concentration exceed-
ing the optimal target. The cumulative

CRRT dose (OR: 0.264, 95%CI: 0.091-
0.767) and BMI (OR: 0.816, 95%CI:
0.683-0.976) (Table 3) could reduce the
risk of the concentration exceeding the opti-
mal target.

Discussion

In our study, patients on CRRT did not
achieve optimal vancomycin management.
Fewer than half of the patients on CRRT
routinely received vancomycin TDM, and
less than 15% of these patients achieved
the optimal concentration. On the basis of
the trough concentration, fewer patients in
the subtherapeutic group (which included
patients whose vancomycin trough concen-
tration was less than 15mg/L) received an
daily dose adjustment than those in the
exceeding target group. The cumulative
dose of vancomycin and serum albumin
before TDM were risk factors for the
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Table I. Demographics, baseline, and comorbidities.
Nonexceeding Exceeding target
Total (n=69) target (n=37) (n=232) P-value

Sex (male), n (%) 35 (50.7) 20 (54.1) 15 (46.9) 0.552
Age (years) 77.0 (56.0,83.5) 73.0 (50.0,81.5) 78.0 (65.0,85.0) 0.253
BMI (kg/m?) 22.9 (20.6,26.7) 23.9 (21.7,27.3) 21.7 (19.5,25.6) 0.015
APACHE I 23.8+8.1 229485 25.0+74 0.310
Dead at 28-day, n (%) 42 (60.9) 25 (67.6) 17 (53.1) 0.220
Creatinine clearance (mL/minute) 14.7 (10.3, 24.5) 17.2 (11.3,27.9) 14.2 (9.1,19.7) 0.108
Serum albumin (g/L) 240+5.0 239+£53 242+4.6 0.813
Comorbidities, n (%)

Cardiovascular diseases 56 (81.2) 28 (75.7) 28 (87.5) 0.236

Respiratory diseases 5(7.2) 4 (10.8) 1 (3.1) 0.363

Endocrine diseases 28 (40.6) 14 (37.8) 14 (43.8) 0618

Cerebrovascular diseases 30 (43.5) 14 (37.8) 16 (50.0) 0.309

Chronic renal diseases 30 (43.5) 14 (37.8) 16 (50.0) 0.309

Immunological diseases 7 (10.1) 6 (16.2) I 3.1 0.113

Malignancy 12 (17.4) 6 (16.2) 6 (18.8) 0.782
BMI, body mass index; APACHE Il, Acute Physiology and Chronic Health Evaluation II.
Table 2. Vancomycin therapy and CRRT parameters.

Nonexceeding Exceeding target
Total (n=69) target (n=37) (n=32) P-value

Loading dose, n (%) 14 9 (24.3) 5 (15.6) 0.370
Cumulative dose before TDM (g) 3.5 (2.0,6.0) 3.0 (1.8,3.8) 4.3 (3.0,7.8) 0.002
Time point of TDM 5.0 (2.0,8.0) 4.0 (3.0,7.0) 5.0 (4.0,9.8) 0.211
CRRT mode, n (%) 0.129

CVVH 50 (72.5) 24 (64.9) 26 (81.2)

CVVHDF 19 (27.5) 13 (35.1) 6 (18.8)
Blood flow rate (mL/minute) 120 (120,150) 120 (120,150) 120 (120,143) 0.365
Duration (hours) 46.0 (34.0,67.0) 46.0 (34.0,78.0) 40.0 (30.0,58.0) 0.101
Dose (mL/kg/hour) 26.7 (25.0,30.0) 25.5 (24.0,30.0) 29.9 (25.0,30.5) 0.079
Cumulative dose (L/kg) 1.17 (0.91,1.74) 1.38 (0.92,1.92) 1.14 (0.87,1.64) 0.189

CRRT, continuous renal replacement therapy; TDM, therapeutic drug monitoring; CVVH, continuous venovenous
hemofiltration; CVVHDF, continuous venovenous hemodiafiltration.

concentration exceeding the optimal target
in patients on CRRT.

Vancomycin clinical efficacy is closely
related to its trough concentration. To con-
firm the efficacy and safety, a dose regimen
on the basis of a trough concentration
target of 15 to 20mg/L is recommended
by IDSA. Providing a loading dose on the
basis of the actual body weight rather than

on the basis of the empirical dose is recom-
mended to attain the optimal concentration
as soon as possible. When obese patients
receive vancomycin for infection, the loading
dose should be increased,'* while in our
study, fewer patients received a loading dose.

The previous dose regimen was based on
vancomycin TDM. The study performed by
Ye et al. showed that nearly 50% of
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Table 3. The risk factors for the vancomycin concentration exceeding the target

in patients on CRRT.

Variables OR (95%Cl) P-value
BMI 0.816 (0.683-0.976) 0.026
Creatinine clearance 0.941 (0.884-1.000) 0.051
Serum albumin 1.204 (1.001-1.449) 0.049
Cumulative dose before TDM 1.505 (1.066—2.125) 0.020
CRRT mode 3.031 (0.601-15.274) 0.179
CRRT cumulative dose 0.264 (0.091-0.767) 0.014

CRRT, continuous renal replacement therapy; BMI, body mass index; TDM, therapeutic drug
monitoring OR, odds ratio; Cl, confidence interval.

patients received TDM and that the TDM
group had a significantly higher rate of clin-
ical efficacy and a significantly decreased
risk of nephrotoxicity compared with those
without TDM."> Some studies'® '’ with a
small sample size showed that 10% to 60%
of patients received vancomycin TDM,
which was a large variation. Vancomycin
clearance is complex in patients on CRRT,
which means that physician should monitor
vancomycin trough concentration particu-
larly in CRRT patients.

Vancomycin will reach a stable trough
concentration after the third or fourth
dose, so TDM should be performed before
the fourth or fifth dose. Additionally, the
daily dose should be adjusted on the basis
of the measured trough concentration. Van
Der Heggen et al. showed that delayed sam-
pling occurred in 16% of adults,”® while
over half of the patients received vancomy-
cin TDM later than recommended in our
study. In many tertiary hospitals in China,
vancomycin TDM is only available on
weekdays during working hours, and thus,
TDM and the daily dose adjustment may be
delayed, which may lead to a concentration
that exceeds the optimal target. Therefore,
balancing the supply and demand in the
pharmacology and clinical departments
seems to be important. Moreover, the clin-
ical department should provide supervision
for vancomycin TDM and improve its

awareness to prevent a missed test resulting
from human-related issues.

There were only 14.5% patients whose
TDM met the optimal target range of 15
to 20mg/L in our study. Al-Magbali et al.
showed that the vancomycin therapeutic
level was not achieved in 16.8% of patients,
and 47.5% of them had high vancomycin
levels (>20mg/L),* which was consistent
with our study results. Subtherapeutic con-
centrations were measured by Van Der
Heggen in 68% of adults in their study,
showing that it is common for vancomycin
TDM to not meet the optimal target.®
When patients on CRRT receive vancomy-
cin for sepsis, vancomycin clearance is com-
plex and trough concentrations may be
uncertain. Subtherapeutic concentrations
may lead to inadequate drug efficacy and
supertherapeutic concentrations may aggra-
vate renal failure. Thus, vancomycin TDM
should be carefully monitored in CRRT
patients, but few studies have focused on
them. The purpose of our study was to
highlight the vancomycin regimen in
CRRT patients.

Bakke et al. studied 245 patients who
received vancomycin. When the concentra-
tion was not within the target concentration
range, only 46.2% of patients received an
adjustment.?’ Clinicians in our study were
watching more carefully for supertherapeu-
tic concentrations because more patients



Liu et al.

(87.5% versus 40.7%) in this group received
a daily dose adjustment. When excessive
serum levels were observed, clinicians
decreased the daily dose and provided
extra vancomycin if subtherapeutic concen-
trations occurred.

Hypoproteinemia may increase vanco-
mycin clearance by CRRT. Vancomycin
shows approximately 55% protein binding,
and only free drug can be cleared by
CRRT.?"* When patients with hypoprotei-
nemia receive vancomycin, the increasing
amount of free drug can be cleared more
easily by CRRT, leading to concentrations
that do not meeting the target.

Different CRRT modes and doses will
affect vancomycin clearance.>* >> The ade-
quacy of CRRT can decrease the occur-
rence of excessive concentration.?® %
Some studies showed that a higher CRRT
dose was closely related to subtherapeutic
concentrations.'****® In our study, a
lower cumulative CRRT dose led to the
supertherapeutic vancomycin
concentrations.

Additionally, some studies showed that
other factors influenced the vancomycin
concentration. Lin et al.>' and Covajes
et al.>® suggested that when patients are
undergoing CRRT, it was easier to achieve
and maintain the target concentration with
continuous vancomycin infusion compared
with intermittent infusion.

Our study results showed that patients
on CRRT did not meet optimal vancomy-
cin management. The physician should
administer TDM at the correct time point,
and the individualized drug regimen should
be administrated on the basis of the trough
concentration results.* °

Our study had some limitations. This
was a retrospective study at a single
center, and although the observation time
was extended, the number of patients who
met the inclusion criteria was small. Thus,
selection bias might exist. Additionally, we
did not exclusively analyze medications

such as exogenous albumin, diuretics, and
citrate anticoagulation.

Conclusions

Patients on CRRT did not meet optimal
vancomycin management requirements.
Fewer than half of the patients routinely
received vancomycin TDM, and less than
15% of them achieved the optimal concen-
tration. On the basis of the trough concen-
tration, fewer patients in the subtherapeutic
target group received a daily dose adjust-
ment compared with those in the group
that exceeded the target. The cumulative
dose of vancomycin and serum albumin
before TDM were risk factors for a concen-
tration exceeding the target in patients on
CRRT.
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