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ABSTRACT

Objective: Teicoplanin, a glycopeptide antibiotic, is used to treat infections caused by Gram-
positive pathogens. Trough-level monitoring of teicoplanin is recommended in specific
patient populations, including critically ill patients. This study aimed to develop and vali-
date a liquid chromatography-tandem mass spectrometry (LC-MS/MS) method to quantify
teicoplanin in human plasma and adapt the method to a critically ill patient sample.

Materials and Methods: Teicoplanin trough levels were measured using a newly validated
LC-MS/MS method. Analysis was conducted using a C18 column with an inner diameter of 2.7
pm (50.0 x 3.0 mm), and vancomycin hydrochloride was used as the internal standard. The
method’s run time per sample was 5.5 minutes. Non-parametric tests were used for statistical
analysis. Univariate and multivariate logistic regression were performed to identify teicopla-
nin target attainment factors. A p-value of <0.05 was considered statistically significant.

Results: The method demonstrated linearity between 1.56-100 mg/L teicoplanin concen-
tration and had a lower limit of detection and quantification of 0.33 mg/L and 1.00 mg/L,
respectively. Precision, accuracy, recovery rate, and carry-over effects were all within ac-
ceptable limits, according to the U.S. Food and Drug Administration (FDA) guidance. Twenty
patients were included in the study. The target teicoplanin trough level (>10 mg/L) attain-
ment rate was 50%. The patient's laboratory values did not significantly change after te-
icoplanin treatment (p>0.05), except for erythrocyte count, haemoglobin, and haematocrit
values, which decreased significantly (p<0.05). Multivariate analysis revealed no significant
factors affecting target attainment (p>0.05).

Conclusion: The LC-MS/MS assay validated in this study is high-throughput, robust, and
quick enough to be implemented in clinical therapeutic drug monitoring (TDM) laborato-
ries. More large-scale studies are needed to understand better the relationship between
teicoplanin trough levels and patient-related factors.
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Teicoplanin Quantification in Critically Ill Patients

INTRODUCTION

ealthcare-associated infections are fre-

quently encountered in intensive care units

(ICUs), with more than 30% of all ICU ad-
missions having an infection (1). For decades, an-
tibiotics have provided an effective treatment for
infectious diseases (2). Since most antibiotic resis-
tance is caused by misuse or abuse of antibiotics,
one of the strategies that could be applied is to en-
sure optimization of antibiotic dosing regimens (3).
Some pharmacokinetic (PK) and pharmacodynam-
ic (PD) indices for antibiotics have been reported
in the literature. By achieving these PK-PD targets,
the possibility of clinical and microbiological cure
in critically ill patients can be increased, and the
development of antibiotic resistance can be mini-
mized (4).

Teicoplanin, a glycopeptide antibiotic, is adminis-
tered to treat infections caused by Gram-positive
pathogens (5). Although the target PK-PD parame-
ter for teicoplanin is the area under the concentra-
tion-time curve (AUC) divided by the target patho-
gen’s minimum inhibitory concentration (MIC),
AUC estimation software is not available in many
institutions. As a result, trough-level monitoring is
recommended as a surrogate marker of AUC/MIC
in clinical settings (6). For most infections caused
by susceptible organisms, a teicoplanin trough lev-
el of at least 10 mg/L is recommended for clinical
success; however, for severe staphylococcal infec-
tions (e.g., endocarditis), trough levels greater than
20 mg/L are recommended (7). Because blood levels
of teicoplanin are poorly predictable, therapeutic
drug monitoring (TDM) should be planned in pa-
tients with severe infections, acute/chronic renal
dysfunction, burn infections, hypoalbuminemia,
and paediatric populations (5, 8-11). However, it has
been reported in the literature that the target level
of teicoplanin could not be reached in the majority
of patients with conventional dosing (12).

There are numerous studies, two of which were
developed for the detection of multiple antibiotics
simultaneously, regarding teicoplanin quantifica-
tion in humans using liquid chromatography-tan-
dem mass spectrometry (LC-MS/MS) method with
a total runtime between 5 to 7 mins (13-15). These
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studies employed numerous internal standards,
including polymyxin B sulphate, 10-hydroxycar-
bazepine, and daptomycin. The linear range of the
teicoplanin quantification method was reported as
12.0-89.0 mg/L, 1.75-63.0 mg/L, and 1.0-100.0 mg/L,
respectively. In these studies, the developed meth-
ods were applied in a patient sample.

This study aimed to develop and validate an LC-
MS/MS method to quantify teicoplanin in human
plasma and adapt the method to a critically ill pa-
tient sample.

MATERIALS AND METHODS

Study Setting

The study was conducted in the 26-bed capacity an-
aesthesiology and reanimation ICU of Inoni Univer-
sity Turgut Ozal Medical Centre in Malatya, Turkiye,
between May 9, 2022, and January 27, 2023. Because
of the Kahramanmaras earthquake on February 6,
2023, the 12-bed capacity anaesthesia ICU of Erciyes
University Gevher Nesibe Hospital in Kayseri, Turki-
ye, was added as a secondary centre to the study. Pa-
tient inclusion was continued there between May 1,
2023, and July 21, 2023. Initially, the ethical approval
was granted for Inénti University (2022/17, March 2,
2022), but because of the earthquake, Erciyes Univer-
sity Gevher Nesibe Hospital was added as a second
centre to the ethical approval later, so another ethi-
cal approval was not granted for Erciyes University.

Patient Selection
The inclusion criteria were age over 18 years, hos-
pitalization in the ICU, and receiving intravenous

HIGHLIGHTS

e The LC-MS/MS assay for teicoplanin validated in
this study is high-throughput, robust, and rapid,
making it suitable for implementation in clinical
therapeutic drug monitoring laboratories.

e The method was linear between 1.56-100 mg/L
teicoplanin concentration, with a lower limit of
detection and quantification of 0.33 mg/L and
1.00 mg/L, respectively.

e Larger, multi-centre studies are needed to under-

stand better the relationship between teicoplanin
trough levels and patient-related factors.
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teicoplanin treatment for at least 48 hours due to
any infectious disease. The written informed con-
sent to participate in the study was obtained from
the patient’s relatives, as the patients were often
unconscious or sedated. The exclusion criterion is
applied to patients with missing data.

Data Collection

Demographic data, anthropometric data (includ-
ing body weight [kg], height [cm], and body mass
index (BMI) [kg/m?]), admission diagnosis, admis-
sion and discharge dates, patient comorbidities,
laboratory data, and the Acute Physiology and
Chronic Health Evaluation II (APACHE II) (16) score
at admission, as well as the Sequential Organ Fail-
ure Assessment (SOFA) (17) score on admission
day, and on the first, fourth, and last days of the
teicoplanin treatment, were obtained from the
hospital's electronic database.

In addition, the patient’s daily fluid balance (mL),
daily medication orders, and daily Glasgow Coma
Scale (GCS) were collected from the patient file
throughout teicoplanin treatment. Estimated cre-
atinine clearance (eCrCl) was calculated using the
Cockcroft-Gault equation (18). Admission diagno-
ses were classified according to the International
Classification of Diseases, 10th version (ICD-10)
(19).

Thrombocytopenia was defined as a platelet count
below 150 x 10%/pL, and hepatotoxicity was defined
as serum AST or ALT levels exceeding three times
the upper limit of normal (ULN) based on the hos-
pital’s reference ranges for each parameter.

Collection of Blood Samples

Because teicoplanin has a long elimination half-
life, it reaches steady-state concentration as long as
four days. Therefore, blood samples were collected
from the patients on the fourth day of the treat-
ment into K3EDTA anticoagulant-containing tubes
30 minutes before the fifth dose was administered,
as recommended in the literature (6). The blood
samples were centrifuged at 3500 rpm for 10 min-
utes immediately, and the plasma was divided into
4 to 6 microcentrifuge tubes. The plasma samples
were immediately frozen at -80°C and stored until
LC-MS/MS analysis.
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Preparation of Standards and Plasma Samples
Teicoplanin standard powder (Sigma-Aldrich, St.
Louis, USA) was used to prepare 100 mg/mL of te-
icoplanin standard superstock solution. Using 100
mg/mL of teicoplanin-in distilled water standard
superstock solution, 25, 5, and 1 mg/mL of teico-
planin standard stock solutions were prepared by
serial dilution with distilled water. To get the stan-
dard curve drawn, 100, 50, 25, 12.5, 6.25, 3.13, and
1.56 mg/L of teicoplanin standard solutions were
prepared using drug-free plasma from 1 mg/mL
standard solution by serial dilution. Vancomycin
hydrochloride (Sigma-Aldrich, St. Louis, USA) was
used as an internal standard. Using 5 mg/mL of
vancomycin-in distilled water internal standard
superstock solution, 100 mg/L of vancomycin inter-
nal standard stock solution was prepared by serial
dilution with distilled water. Drug-free plasma was
used as blank sample.

For chromatographic analysis, two mobile phases
were used: mobile phase A consisted of 0.1% (v/v)
formic acid in the water, and mobile phase B con-
sisted of 0.1% (v/v) formic acid in a 5:1 (v/v) aceto-
nitrile-water mixture. To prevent cross-contamina-
tion between samples, a 50% (v/v) methanol-water
solution was used as an autosampler washing
solution.

Sample Pretreatment

Into the microcentrifuge tubes, 100 pL of teico-
planin standard solutions or plasma samples were
taken and then 35 pL of 100 mg/L of vancomycin in-
ternal standard solution was added. To precipitate
out the proteins, 500 pL of acetonitrile was added
to every standard or plasma sample, and the micro-
centrifuge tubes were vortexed for 1 minute. Then,
the tubes were centrifuged at 10,000 rpm for 5 min-
utes. Into the vials, 100 pL of clear supernatant was
taken, and 200 pL of mobile phase A solution was
added; after vortexing for 10 seconds, the vials were
injected into LC-MS/MS.

LC-MS/MS Analysis

The analysis was conducted at the Erciyes Universi-
ty Drug Research and Application Centre. Shimad-
zu Nexera XR system equipped with a CC-20AD
pump (Shimadzu Corp., Kyoto, Japan), a SIL-20AC
autosampler (Shimadzu Corp., Kyoto, Japan), and
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Raptor® C18 reverse phase column (Restek Corp.,
Pennsylvania, USA) (2.7 pm, 50.0 x 3.0 mm) was
used. LabSolutions LCMS (Shimadzu Corp., Kyoto,
Japan) software was used in data collection and
analysis. The following column conditions were set:
column temperature of 40°C, flow rate of 0.3 mL/
min, injection volume of 5 pL, total operation time
of 5.5 mins. The mobile phase gradient was pro-
grammed as follows:

* 0.0-0.5 min: 5% mobile phase B

¢ 0.5-1.5 min: linear increase from 5% to 100% B

e 1.5-2.5min: 100% B

e 2.5-2.6 min: linear decrease from 100% to 5% B

e 2.6-5.0min: 5% B.

Under these conditions, the retention times for te-
icoplanin and vancomycin were determined to be
2.320 and 2.002 minutes, respectively.

Mass spectrometric detection was performed us-
ing an LCMS-8040 instrument (Shimadzu Corp.,
Kyoto, Japan). The following conditions were set:
flow rate of nebulizer gas 3 L/min, desolvation line
temperature of 250°C, heating block temperature
of 400°C, flow rate of drying gas 15 L/min, colli-
sion-induced dissociation gas pressure of 230 kPa.
The mass spectrometry parameters are presented
in Table 1.

Validation

Each standard was analysed two times, and the
standard curve was obtained. It was seen that the
standard curve was linear between 1.56-100 mg/L
concentrations (r>=0.999). The standard curve is
given in Figure 1.

The appropriateness of the validation parameters
of the method was evaluated according to the U.S.
FDA guidance (20). The standard with the lowest
concentration (1.56 mg/L) was analysed five times,

Table 1. The mass spectrometry parameters.

and the standard deviation was determined. The
lower limit of detection (LLOD) and the lower limit
of quantification (LLOQ) were calculated by mul-
tiplying this value by 3.3 and 10, respectively. The
LLOD and LLOQ values for the method were found
to be 0.33 mg/L and 1.00 mg/L, respectively.

The precision and accuracy of the method were
evaluated by analysing three different teicoplanin
concentrations—3.13, 25, and 100 mg/L—five times
on three separate days. For intraday precision and
accuracy, the standards were analysed five times
consecutively. The analysis was repeated five times
on three different days for inter-day precision and
accuracy. Precision and accuracy were determined
by relative standard deviation (RSD, %) and bias (%),
respectively. Appropriate precision and accuracy
were defined as an RSD not exceeding 20% and a
bias within £20%. For each concentration, the preci-
sion values ranged from 0.01% to 0.12% for intraday
and 0.04% to 0.12% for inter-day measurements,
while the accuracy values ranged from -0.29% to
9.56% for intraday and 1.88% to 8.28% for inter-day
measurements, all of which were considered appro-
priate.

The method’s recovery rate (%) was evaluated
by mixing of 25 mg/L and 100 mg/L standards in
equal volumes, and the expected analyte concen-
tration was assumed to be 62.5 mg/L. The mea-
sured analyte concentration was found to be 62.44
mg/L, which yields a recovery rate of 99.91%. This
recovery rate could be evaluated as appropriate
(80%-120%).

The carry-over effect was evaluated using stan-
dards with concentrations of 6.25 mg/L and 100
mg/L. The difference between the readings of the
6.25 mg/L concentration before and after the mea-
surement of 100 mg/L concentration was assessed.

Analvte m/z of m/z of Dwell time Q1 pre Collison Q3 pre
y precursor ion product ion (msecs) bias (V) energy (V) bias (V)

Ié'_cz"/ﬁ\';r_‘;” 940.40 316.20 100.0 -34.0 -18.0 -21.0

Vancomycin 724.90 144.10 100.0 -20.0 -17.0 -24.0

m/z: mass/charge ratio.
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Figure 1. Standard curve used for quantifying teicoplanin levels in patient plasma samples.

It was concluded as appropriate because the differ-
ence, which was 0.02 mg/L, was smaller than LLOD,
which was determined to be 0.33 mg/L.

Teicoplanin Treatment

Teicoplanin treatment was administered to pa-
tients in two phases: a loading phase followed by
a maintenance phase in accordance with the man-
ufacturer’s package insert. The first three doses
of teicoplanin were administered intravenously
in 400 mg units every 12 hours. The loading dose
was given regardless of the patient’s current renal
function. The maintenance dose of teicoplanin was
administered intravenously in units of 400 mg once
daily in patients with normal renal function. The
maintenance teicoplanin dosing interval was ex-
tended to 48 hours if the patient's estimated creati-
nine clearance (eCrCl) was between 30-60 mL/min,
and to 72 hours if it was below 30 mL/min.

Statistical Analysis

There were no missing data in the analysis. All sta-
tistical analyses were performed using the Statisti-
cal Package for the Social Sciences (SPSS), version
27.0.1 (IBM Corp., USA). Continuous variables were
expressed as median (interquartile range [IQR]) and
categorical variables were presented as counts (per-
centages). Given the relatively small sample size,
normality tests were not conducted, and non-para-
metric tests were used. Comparisons of the median
values of two continuous variables were conduct-
ed using the Mann-Whitney U test. Comparisons
among more than two continuous variables were
performed using the Kruskal-Wallis H test. Paired
comparisons of continuous variables (before and af-
ter the treatment) were analysed using the Wilcox-
on signed-rank test. Paired comparisons of categor-
ical variables (before and after the treatment) were
done using the McNemar test. The distribution of
the two categorical data was analysed using Fish-
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er's exact test. Univariate analyses were performed
to identify the predictors that could significantly
contribute to the teicoplanin target trough-level at-
tainment. In the univariate analyses, the predictors
that reached a p-value of 0.15 or less were includ-
ed in the multivariate analysis. A p-value <0.05 was
considered statistically significant.

RESULTS

This study developed and validated an LC-MS/MS
method for determining teicoplanin plasma lev-
els according to U.S. FDA guidelines. The quanti-
fication method demonstrated a broad linearity
range (1.56-100.0 mg/L) with LLOD of 0.33 mg/L
and LLOQ of 1.00 mg/L. The method was suitable
for use in TDM laboratories with a runtime of 5.5
minutes.

A total of 20 critically ill patients were included in
the study. Of these, 17 (85.0%) patients were from
the ICUs of Inéni University Turgut Ozal Medical
Centre and 3 (15.0%) patients were from Erciyes
University Gevher Nesibe Hospital. The character-
istics of the study population are presented in Table
2. With a 5.5 [4.5-6.0] mg/kg unit teicoplanin dos-
es, 50.0% of the patients had reached target teico-
planin trough level of 10 mg/L by the fourth day of
treatment.

Some laboratory parameters, clinical scores, and
rates of some medical conditions were compared
before and after teicoplanin treatment. The results
are presented in Table 3. No significant changes
were observed in laboratory values at the end of the
treatment compared to baseline, except for eryth-
rocyte counts, haemoglobin levels, and haemato-
crit values, which significantly decreased (p=0.025,
0.021, and 0.011, respectively).

The distribution of some patient-related parame-
ters and medical conditions on the fourth day of
the teicoplanin treatment, stratified by whether pa-
tients reached the target teicoplanin trough level, is
given in Table 4.

Median teicoplanin trough levels were compared
across various patient groups, as detailed in Table 5.
The patients were grouped based on their eCrCl on
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the fourth day of the treatment: <30 mL/min, 30-60
mL/min, and >60 mL/min. No significant difference
in median teicoplanin trough level was observed
among the groups (p=0.188). Similarly, there was
no difference in median teicoplanin trough levels
between patients with serum albumin levels < 2.5
g/dL and those with >2.5 g/dL on the fourth day of
treatment (p=0.384).

Univariate and multivariate analyses were per-
formed to identify the significant predictors of
achieving the target teicoplanin trough level. The
results are presented in Table 6.

DISCUSSION

The LC-MS/MS assay validated in this study is
high-throughput, robust, and sufficiently rapid for
implementation in clinical TDM laboratories. The
assay does not require deuterated-teicoplanin as an
internal standard; instead, it uses non-isotope-la-
belled vancomycin, offering a more economical al-
ternative. The method is linear between 1.56-100
mg/L of teicoplanin concentrations, encompassing
therapeutic levels.

Chae et al. (21) developed an LC-MS/MS assay
for teicoplanin in 104 patients with hematologic
malignity. Their method was linear between 3.9-
52.9 mg/L of teicoplanin concentrations, which is
narrower. Mouton et al. (22) developed an LC-MS/
MS assay that could be used to measure the total
and free fraction of teicoplanin in 30 ICU and hae-
matological patients. Their method could quantify
a minimum teicoplanin level of 2.5 mg/L in blood.
However, our method could quantify a minimum
teicoplanin level of 1 mg/L in blood which is more
sensitive. In addition, the assay method of Mouton
et al. (22) has a linearity in a range of 2.5-150 mg/L,
which is wider than ours. Barco et al. (23) developed
an assay that could quantify 14 antibiotics simulta-
neously in critically ill pediatric patients. Our assay
method, however, cannot quantify anything other
than teicoplanin, making it more labour-intensive
in TDM settings where more than one drug level
needs to be monitored simultaneously.

Many different dosing regimens have been tried
in the literature, and the proportion of patients
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Table 2. Demographic, clinical, and treatment
characteristics of the patients (n=20).

Infect Dis Clin Microbiol. 2025; 2: 195-208

continue to Table 2

Type of admission

Characteristics

n (%) or median [IQR]

Sex

Male 10(50)
Female 10 (50)
Age, years 70 [55.3-73.0]
Height, cm 170 [161.3-175.0]
Weight, kg 72.50 [66.3-88.8]
BMI, kg/m? 25.83 [24.3-30.6]

Surgical 11 (55)
Medical 9 (45)
Admitted from

Emergency 11 (55)
Another ward 9 (45)
glltea?r:?si;?;r\:entilation support rate 13 (65)
Mortality rate 16 (80)

Admission diagnoses*

APACHE Il score at admission 22.5[14.3-30.3]

GCS score at admission 7.5[3.0-11.0]
SOFA score at admission 9.0[7.3-11.0]
Teicoplanin trough level on

Day 4, mg/L 10.2 [7.6-15.3]
Teicoplanin dose per 5.5 [4.5-6.0]

administration, mg/kg

Cumulative dose on Day 4, mg 1600 [1200-1600]

Total cumulative dose until

end of treatment, mg 3400 [2500-4400]

Teicoplanin trough-level distribution

Below the 10 mg/L threshold 10 (50)
Between 10-20 mg/L 7 (35)
Between 20-30 mg/L 2 (10)
Above the 30 mg/L threshold 1(5.0)

163 Cerebral infarction 6(14.3)
146 Cardiac arrest 4(9.5)
R68 Other general symptoms and 3(7.1)
sighs
A41 Other sepsis 2(4.8)
‘tl"OZ Fractures involving multiple 2(4.8)
ody regions

V43 Car occupant injured in collision 2(4.8)
with car, pick-up truck or van ’
Comorbidity count 4.0 [2.0-6.8]
Comorbidities*
110 Essential (primary) hypertension 10 (10.9)
E11 Type 2 diabetes mellitus 10 (10.9)
125.1 Atherosclerotic heart disease 9(9.8)
E78.5 Hyperlipidaemia, unspecified 9(9.8)
N40 Hyperplasia of prostate 4(4.4)
(G63.2 Diabetic polyneuropathy 3(3.3)
N31.9 Neuromuscular dysfunction 3(3.3)
of bladder, unspecified ’
120 Angina pectoris 2(2.2)
G40 Epilepsy 2(2.2)
EO3 Other hypothyroidism 2(2.2)
150 Heart failure 2(2.2)
J44.9 Chronic obstructive

- . 2(2.2)
pulmonary disease, unspecified
134.0 Mitral (valve) insufficiency 2(2.2)

Duration of ICU stay, days

37.5[13.3-67.5]

Duration of teicoplanin
treatment, days

7.5[53-11.0]

ICU day of teicoplanin initiation

3.0[1.0-37.0]

achieving different target teicoplanin trough levels
has been analysed. We believe that these differ-
ences are due to several factors ranging from pa-
tient demographics to renal function. In fact, in the
study conducted by Li et al. (24), the CrCl of the pa-
tient group in which 400 mg unit teicoplanin dose
was administered was reported as 93 (26.8-146.3)
mL/min, and the rate of patients whose trough
level exceeded 10 mg/L was 28.6%. In this study, a
400 mg unit dose of teicoplanin was administered,
and the CrCl of the patients was found to be 73.2
(30.4-126.1) mL/min, while the rate of patients with
trough levels exceeding 10 mg/L was 50.0%. Since
teicoplanin is mainly excreted by the kidneys, it ac-
cumulates in the body and reaches higher concen-
trations in the case of renal failure. One reason for
the higher rate of patients reaching the target te-
icoplanin trough level in this study compared to Li
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Table 3. Changes in selected clinical and laboratory parameters during teicoplanin treatment (n=20)

At the beginning of | At the end of the
Parameters Unit if applicable the treatment, treatment, p

% or median [IQR] % or median [IQR]
Gcs NA 8.0[6.0-11.0] 7.5 [4.3-13.8] 0.850
SOFA NA 9.5[5.8-10.8] 6.5 [3.5-15.0] 0.827
Serum creatinine mg/dL 1.2[0.7-1.6] 1.1[0.6-2.8] 0.931
Crestine el was higher than ULN % 350 450 0625
ecrcl mL/min 62.4 [40.0-124.4] 64.0 [27.6-113.7] 0.744
Serum ALT IU/L 36.5 [17.8-82.0] 19.0 [11.3-67.8] 0.117
e of it whose s
Serum AST U/L 67.5[29.0-183.0] 40.5 [23.5-89.5] 0.156
AST level e igher than UL % 400 200 0289
;I;he rate of patients who had o 40.0 200 0.289

epatotoxicity

Serum albumin g/dL 2.5[2.4-3.1] 2.4[2.3-2.6] 0.058
Serum sodium mmol/L 139.0 [136.0-144.0] 140.0 [137.0-145.0] 0.844
Serum potassium mmol/L 3.7 [3.4-4.5] 3.5[3.2-4.1] 0.126
Leukocyte count x10%/pL 12.7 [9.5-17.5] 9.3 [5.3-15.6] 0.204
Neutrophile count x10%/uL 9.4 [6.5-15.7] 7.0 [4.6-13.2] 0.179
Erythrocyte count x10%/uL 3.58 [3.19-4.24] 3.36 [3.00-3.89] 0.025*
Haemoglobin g/dL 9.6 [9.0-11.0] 9.4[8.4-10.1] 0.021*
Haematocrit % 30.2 [28.8-35.0] 29.1[26.4-31.8] 0.011*
Mean corpuscular volume fL 86.6 [81.0-92.1] 87.4[81.7-89.7] 0.970
Platelet count x10%/pL 208.5 [125.8-253.0] 201.5 [40.3-245.5] 0.478
The rate of patier_wts who were o 300 45.0 0375
thrombocytopenic
Serum PCT ng/mL 1.6 [0.3-5.3] 1.6 [0.2-9.7] 0.601
Serum CRP mg/dL 13.0[6.2-18.7] 13.9 [4.7-19.2] 0.398

* Statistically significant at the level of 0.05

GCS: Glasgow Coma Scale, SOFA: Sequential Organ Failure Assessment score, ULN: Upper limit of normal, eCrCl: Estimated creatinine clearance,
ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, CRP: C-reactive protein, PCT: Procalcitonin, NA: Not available.

et al. (24) may be that our patient group had worse
renal function. This explains how we reached the
target level in half of the patients in this study, even
though a unit dose of teicoplanin lower than 6 mg/
kg was administered.

The rate of hepatotoxicity before and after teico-
planin treatment was not significantly different
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(p=0.289). Similarly, a retrospective study conduct-
ed by Kato et al. in 2016 (25) assessed hepatotoxici-
ty in 42 patients who were divided into three groups
based on the teicoplanin loading dose they received:
Group 1 (n=5) received approximately 40 mg/kg for
two days, Group 2 (n=19) received approximately
35 mg/kg for two days, and Group 3 (n=18) received
approximately 30 mg/kg for two days. Hepatotox-
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Target level Target level
Parameter achieved (n=10), not achieved (n=10), p
n (%) n (%)

Serum creatinine > ULN 4 (40.0) 3(30.0) 1.000
Serum ALT >3xULN 0(0) 2(20.0) 0.474
Serum AST >3xULN 2(20.0) 3(30.0) 1.000
Hepatotoxicity 2 (20.0) 3(30.0) 1.000
Thrombocytopenia 5 (50.0) 2(20.0) 0.350
Mechanical ventilation 8(80.0) 5 (50.0) 0.350
Parenteral nutrition 2(20.0) 2(20.0) 1.000
Pharmacologic sedation 2(20.0) 2(20.0) 1.000
Norepinephrine 20.1 pg/kg/min 3(30.0) 1(10.0) 0.582
BMI 230 kg/m? 2(20.0) 3 (30.0) 1.000
Surgical admission 5 (50.0) 6 (60.0) 1.000

ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, BMI: Body mass index, ULN: Upper limit of normal.

Table 5. The comparison of teicoplanin trough levels on Day 4 of treatment among the patient subgroups.

. Trough level (mg/L)
0, )

Patient group n (%) median [IQR] p
BMI, kg/m?
>30 5 (25.0) 9.6 [7.0-11.5]

0.266
<30 15 (75.0) 10.5 [8.4-15.2]
Type of admission
Surgical 11 (55.0) 9.8[7.8-13.9]

0.766
Medical 9 (45.0) 10.5 [8.1-14.5]
Unit teicoplanin dose, mg/kg
26 5(25.0) 22.5[8.7-24.1]

0.168
<6 15 (75.0) 9.8[7.5-12.0]
Fluid balance on Day 4, mL
=0 17 (85.0) 10.5 [8.1-14.9]

0.416
<0 3(15.0) 8.7 [8.1-9.6]
Mechanical ventilation on Day 4
Mechanically ventilated 13 (65.0) 10.5 [8.1-14.5]

0.588
Not mechanically ventilated 7 (35.0) 9.6 [7.9-12.4]
Pharmacological sedation on Day 4
Sedated 4(20.0) 9.6 [7.5-12.0]

0.682
Awake 16 (80.0) 10.2 [7.7-14.7]
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continue to Table 5

Parenteral nutrition on Day 4
Administered 4(20.0) 10.8[7.6-17.7]
1.000
Not administered 16 (80.0) 10.2 [7.7-14.7]
Norepinephrine (20.1 pg/kg/min) on Day 4
0.1 4(20.0) 10.9 [8.7-20.7]
0.554
<0.1 16 (80.0) 9.7 [7.7-14.7)
Cumulative teicoplanin dose until Day 4, mg
1200 6 (30.0) 9.6 [7.4-10.5]
1600 10 (50.0) 122 [8.1-22.5]
0.739
2000 3(15.0) 9.6 [8.3-11.3]
2400 1 (5.0) NA
Total dose on last 2 days before sampling, mg
0 1 (5.0) NA
400 3(15.0) 10.5[9.6-12.9] 0.610
800 16 (80.0) 102 [7.5-14.7]
Serum albumin on Day 4, g/dL
<25 12 (60.0) 10.5 [6.7-13.7]
0.384
>25 8 (40.0) 9.7 [8.9-23.3]
eCrCl on Day 4, mL/min
<30 5 (25.0) 10.5[10.5-24.1]
30-60 1(5.0) NA 0.188
>60 14 (70.0) 9.7 [8.1-14.5]

BMI: Body mass index, eCrCl: estimated creatinine clearance, NA: Not available due to small sample size (n=1).

icity was observed in 20% of patients in Group 1,
21.1% in Group 2, and 16.7% in Group 3, but statisti-
cal significance was not reached across the groups
(p=0.48).

In our study, the proportion of patients with se-
rum creatinine values exceeding the upper limit
of the normal limit before and after teicoplanin
treatment did not differ significantly (p=0.625). In
a study conducted by Ueda et al. (26) in 2014, pa-
tients were divided into four groups according to
teicoplanin trough levels, and the rates of patients
with nephrotoxicity were analysed. Nephrotoxicity
was not observed in any patients with trough lev-
els below 10 mg/L or above 30 mg/L. However, it
was observed in 1.6% of patients with trough levels
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between 10-15 mg/L and in 3.2% of those with
levels between 15-30 mg/L. The differences be-
tween the groups were not statistically significant
(26). The relatively small sample size in this study
should also be taken into account when interpret-
ing the results.

In our study, the eCrCl values of the patients were
calculated using the Cockcroft-Gault formula
based on the serum creatinine values measured
on the fourth day of teicoplanin treatment. The pa-
tients were divided into three groups: those with an
eCrCl value <30 mL/min, between 30-60 mL/min,
>60 mL/min. The distribution of teicoplanin trough
levels among these groups was analysed. Statistical
analysis revealed no significant difference in plas-
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Table 6. The univariate and multivariate logistic regression analysis of the teicoplanin target trough level attainment.

Contributor

Univariate Analysis

Multivariate Analysis

Crude OR (95% Cl) p Adjusted OR (95% Cl) p
Age, years 0.955 (0.881-1.035) 0.264 - -
Sex (female) 0.444 (0.074-2.660) 0.374 - -
Height, cm 1.009 (0.898-1.133) 0.883 - -
Weight, kg 1.003 (0.933-1.080) 0.926 - -
BMI, kg/m?2 0.993 (0.796-1.240) 0.953 - -
BMI = 30 kg/m? 0.583 (0.075-4.562) 0.608 - -
Surgical admission 1.500 (0.255-8.817) 0.654 - -
Mechanical ventilation at admission 0.250 (0.034-1.819) 0.171 - -
Mechanical ventilation on Day 4 4.000 (0.550-29.096) 0.171 - -
Number of comorbidities 1.394 (0.944-2.058) 0.095 1.446 (0.893-2.341) 0.133
ICU stay, days 1.001 (0.983-1.019) 0.949 - -
ICU day of teicoplanin initiation 0.997 (0.975-1.020) 0.818 - -
APACHE Il at admission 0.998 (0.905-1.099) 0.960 - -
GCS at admission 1.162 (0.933-1.448) 0.180 - -
GCS on Day 1 of teicoplanin 1.096 (0.856-1.403) 0.466 - -
GCS on Day 4 of teicoplanin 0.878 (0.677-1.137) 0.324 - -
SOFA at admission 1.023 (0.763-1.370) 0.882 - -
SOFA on Day 1 of teicoplanin 1.447 (0.985-2.126) 0.060 1.417 (0.830-2.418) 0.202
SOFA on Day 4 of teicoplanin 1.204 (0.966-1.502) 0.099 1.009 (0.741-1.376) 0.952
Unit dose =6 mg/kg 1.010 (0.339-3.009) 0.985 - -
Unit dose (continuous, mg/kg) 1.714 (0.219-13.406) 0.608 - -
Cumulative dose on Day 4, mg 1.000 (0.998-1.003) 0.782 - -
Total dose on last 2 days, mg 1.001 (0.997-1.005) 0.679 - -
Serum creatinine on Day 1, mg/dL 1.682 (0.605-4.675) 0.319 - -
Serum creatinine on Day 4, mg/dL 2.835 (0.773-10.398) 0.116 1.932 (0.486-7.682) 0.350
eCrCl on Day 1, mL/min 0.989 (0.972-1.007) 0.246 - -
eCrCl on Day 4, mL/min 0.992 (1.978-1.006) 0.238 - -
Serum albumin on Day 1, g/dL 1.431 (0.273-7.490) 0.671 - -
Serum albumin on Day 4, g/dL 0.123 (0.006-2.720) 0.185 - -

Cl: Confidence interval, OR: Odds ratio, BMI: Body mass index, ICU: Intensive care unit, APACHE Il Score: Acute Physiology and Chronic Health

Evaluation Il score, GCS: Glasgow Coma Scale, SOFA: Sequential Organ Failure Assessment score, eCrCl: Estimated creatinine clearance,
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ma teicoplanin trough levels between the groups
(p=0.188). This finding may be attributed to the fact
that teicoplanin maintenance doses were adjusted
based on renal function, which likely contributed
to achieving consistent blood drug levels across all
groups.

In a study published by Ueda et al. (12) in 2020, the
effects of several variables on the attainment of a
first teicoplanin trough level of below or above 20
mg/L were examined. The study found that having
a BMI of 225 kg/m? (p=0.008), receiving an enhanced
teicoplanin dosing regimen (p<0.001), staying in the
ICU for longer than three days (p<0.001), having se-
rum albumin <2.5 g/dL (p<0.001), undergoing surgi-
cal operation within the previous 28 days (p=0.001),
and receiving parenteral nutrition (p=0.022) were
all significantly associated with a first teicoplanin
trough level of 20 mg/L. In contrast, ventilator use
(p=0.316), eGFR > 60 mL/min/1.73 m? (p=0.603), the
presence of chronic renal failure (p=0.062), and an
APACHE 1II score > 15 (p=0.371) were not significant-
ly associated with teicoplanin trough levels (12).
Similarly, in another study published in 2020, Li et
al. (24) examined the factors that could influence
attainment of a teicoplanin trough level of 10 mg/L.
The study found that the body weight of the patient
as the only statistically significant factor (p<0.001).
In our study, we also investigated factors that could
influence attainment of a teicoplanin trough level
of 10 mg/L; however, no factors reached statistical
significance in the multivariate analysis.

We found a significant decrease in erythrocyte
(p=0.025), haemoglobin (p=0.021), and haemato-
crit (p=0.011) values at the beginning and the end
of teicoplanin treatment. In the ICU, patients may
develop anaemia due to many reasons. However, a
review of the literature did not establish a relation-
ship between teicoplanin and these parameters. To
draw more definitive conclusions, further studies
with larger number of participants and studies spe-
cifically focused on this issue are necessary.
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This study has several limitations. It did not assess
the clinical and microbiological success of teico-
planin treatment, nor did it examine the associa-
tion with teicoplanin trough level. Additionally, the
study could not provide sufficient evidence on the
impact of extracorporeal therapies, such as renal
replacement therapy, on teicoplanin trough lev-
els due to the limited number of eligible patients.
TDM of teicoplanin was not performed on the day
that blood samples were collected; therefore, teico-
planin treatment was not adjusted based on the
trough levels. As a result, the study cannot infer the
effect of TDM-led therapy modifications on clinical
success. The LC-MS/MS method used in this study
was validated to measure total teicoplanin concen-
trations. It remains unknown whether the method
is suitable for quantifying the unbound fraction of
teicoplanin in human plasma. However, routine
TDM of the unbound fraction is not currently rec-
ommended in clinical guidelines.

One of the strengths of this study is that the te-
icoplanin plasma trough levels were determined
with sufficient precision by using a sensitive, rapid,
low-cost, and practical LC-MS/MS method. Further-
more, this study contributes to the field by identify-
ing key gaps and providing a validated method that
may support future TDM studies on teicoplanin.

In this study, a robust, high-throughput, and rapid
LC-MS/MS method suitable for TDM of teicoplanin
was successfully developed and validated for use
in clinical laboratories. Further large-scale studies
are needed to clarify the relationship between te-
icoplanin trough levels and patient-related factors.
Additionally, the concentration-time profile of te-
icoplanin in the context of extracorporeal thera-
pies, such as renal replacement therapy, is another
area for future investigation.
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