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Background: Teicoplanin is a glycopeptide antibiotic that is widely used in clinical practice for the treatment of infections caused by
drug-resistant Gram-positive bacteria. The aim of this study was to analyze plasma teicoplanin concentrations to determine the per-
centage of patients in whom therapeutic concentrations of teicoplanin were achieved in clinical practice.

Materials and Methods: The plasma teicoplanin concentrations of hospitalized patients receiving treatment at a teaching hospital
were retrospectively analyzed. The target level was defined as a plasma teicoplanin concentration of 10 mg/L or greater, since this
was generally regarded as the lower limit of the optimal concentration range required for the effective treatment of a majority of in-
fections.

Results: Patients with sub-optimal (< 10 mg/L) plasma teicoplanin concentrations constituted nearly half of the total study popula-
tion. The majority of these patients received the recommended loading dose, which were three 400 mg doses administered every
12 hours. Sub-group analysis showed a trend that the group receiving loading dose was more likely to reach the optimal teicoplanin
concentration.

Conclusions: The data revealed that a significant proportion of patients in clinical practice achieved only sub-optimal teico-
planin concentrations, which emphasizes the importance of the mandatory use of loading dose and routine therapeutic drug
monitoring. Treatment reassessment and simulation of individual dose regimens may also be necessary to achieve optimal drug
concentrations.
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Introduction fections caused by multi-drug resistant Gram-positive bacte-
ria. These two antibiotics have similar efficacy and antibacte-

Like vancomycin, teicoplanin is a glycopeptide antibiotic rial spectrum against gram-positive pathogenic bacteria,
that is widely used in clinical practice in the treatment of in-  except for the VanB class vancomycin-resistant enterococci,
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which are susceptible to teicoplanin treatment [1-2]. Com-
pared to vancomycin, teicoplanin is significantly less toxic,
particularly in terms of nephrotoxicity [1-4]. Besides being as-
sociated with lower incidence of adverse events, teicoplanin
treatment has other advantages over vancomycin, such as
once-daily bolus administration regimen and the use of the
intramuscular route for injection. Red man syndrome, associ-
ated with histamine release after vancomycin administration,
is also very rare in teicoplanin treatment [2]. Because teico-
planin requires considerable time to reach steady-state con-
centrations, the recommended dosing regimen includes a
loading dose administered 3 times at 12 hour intervals, fol-
lowed by a once-daily dose of at least 6 mg/L thereafter. Hard-
ing et al. [5] described successful teicoplanin treatment of
Staphylococcus aureus septicemia with trough plasma teico-
planin concentrations of > 10 mg/L. However, trough teico-
planin concentrations > 20 and 30 mg/L are considered nec-
essary for the treatment of endocarditis and for deep-seated
bone and joint infections caused by S. aureus, respectively [6-
7]. Monitoring of plasma teicoplanin concentrations is neces-
sary when high doses of the antibiotic are administered. Tobin
et al. [8] analyzed plasma concentrations in more than 10,000
patient samples and found that optimal teicoplanin concen-
trations were not achieved in a significant proportion of pa-
tients. Pea et al. [9] suggested that therapeutic drug monitor-
ing (TDM) and appropriate loading doses of teicoplanin
should be mandatory because of potential treatment failure
due to suboptimal concentrations of circulating teicoplanin.
However, TDM of teicoplanin is currently not performed rou-
tinely in clinical practice.

This study investigated the percentage of patients in routine
clinical practice in whom the required therapeutic plasma
concentrations of teicoplanin could be achieved. To our
knowledge, this is the first report to evaluate the TDM of teico-
planin in Korea.

Materials and Methods

1. Patients

We analyzed the plasma teicoplanin concentrations of hos-
pitalized patients who were treated with teicoplanin for sus-
pected or documented infections with multi-drug resistant
Gram-positive bacteria at an 850-bed tertiary teaching hospi-
tal between September 2010 and August 2011. Three consecu-
tive 400 mg loading doses administered every 12 hours were
followed by maintenance doses of 400 mg administered once

daily for those patients whose renal function test results were
within the normal range. The maintenance dose was adjusted
for patients with compromised renal function. Pea et al. [9]
suggested that optimal teicoplanin plasma concentrations
were achieved after at least four days of therapy, given that 10
mg/L is considered the minimum recommended plasma con-
centration for effective treatment of serious infections. To ex-
clude samples taken during steady-state conditions and to as-
sess whether the loading dose helped achieve optimal drug
concentration, we evaluated patient samples collected within
three days from the start of treatment. Blood samples were
drawn immediately before administration of the maintenance
dose to measure trough teicoplanin levels. Expert advice on
the adjustment of teicoplanin dose based on the TDM results
was not provided; therefore, determination of individualized
maintenance dosing regimens was at the discretion of the
treating physicians. The target level was defined as a plasma
teicoplanin concentration of 10 mg/L or greater, since this
concentration is generally regarded as the lower limit of the
optimal drug concentration for treating a majority of infec-
tions. The following data were analyzed from clinical record-
ing charts: patient demographics; laboratory test results, in-
cluding serum creatinine levels (mg/dL), creatinine clearance
(CLcr) estimated using the Cockcroft & Gault formula to as-
sess renal function, and serum albumin levels (g/dL); detailed
information on the administration of teicoplanin injections
(loading and maintenance doses decided on by the treating
physician; diagnosed medical conditions that required teico-
planin therapy; reasons for preference of teicoplanin to van-
comycin; and the presence of other underlying diseases. The
Institutional Review Board of the Inha University Hospital ful-
ly approved the use of this database and the study protocol.
(IRB No. 11-2212)

2. Drug analysis

Teicoplanin concentrations were calculated by measuring
the serum levels of A2-2 component, one of the main constitu-
ents of teicoplanin, by high-performance liquid chromatogra-
phy with tandem mass spectrometric (LC/MS/MS system)
detection methods (Applied Biosystems, Foster City, CA,
USA) and column switching apparatus (Shiseido, Tokyo, Ja-
pan). Inter- and intra-day concentration variations were not
investigated.

A teicoplanin standard solution was prepared by dissolving
the drug in distilled water at a concentration of 1 mg/mL. A
sulfamethoxazole solution as internal standard solution was
prepared at a concentration of 1 ug/mL in distilled water.
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Working standards were prepared by diluting the standard so-
lutions with pooled human sera that were free of teicoplanin.
Final concentrations of 1, 2, 5, 10, 25, and 50 pg/mL were used
for the assessment of the assay procedure. Standard serum (20
pL) was mixed with 10 pL of internal standards, 1% formic
acid, and 0.2 mL of water and centrifuged for 5 min at 12,000
rpm. From the final filtrate volume, 2 pL of the filtrate was
used for liquid chromatography analysis (Agilent 1200 Sys-
tem, Agilent Technologies, Santa Clara, CA, USA). The calibra-
tion curve was determined from the ratio of teicoplanin peak
areas to that of the internal standard sample.

3. Statistical analysis

Descriptive data were expressed as median and ranges. Dis-
crete variables were summarized as frequencies and percent-
ages. Continuous and categorical variables were analyzed using
the Mann-Whitney U and the Chi-square tests, respectively
(SPSS, SPSS Inc, Chicago, IL, USA). Differences among groups
were considered statistically significant when P-values were
less than 0.05.

Results

1. Patients

The data of 61 patients were retrospectively analyzed, as
shown in Table 1. Of these, 36 were men and 25 were women;
the median (range) of age and body weight, were 65.8 (17-87)
years and 55.0 (29.8-90.2) kg, respectively.

2, Use of teicoplanin
The median time for collection of blood samples was 5 days
after the first administration of teicoplanin, with a range of 2

Table 1. Clinical characteristics of the patients
]
Number or values in

Characteristics s ()
Number of patients 61
Gender M36 / F25
Age (years) 65.9 (17-87)
Body weight (kg) 55.0(29.8-90.2)
Creatnine (mg/dL) 1.14 (0.43-5.10)
CLCr (ml/min)* 57.2(10.1-120.2)
Albumin (g/dL) 2.8 (1.6-4.5)
Sampling day (day)” 5 (2-38)

“CLCr: caleulated using Cockeroft-Gault equation.
*Sampling day: initial sampling time after first teicoplanin administration.

to 38 days. The maximum number of patients who received
teicoplanin treatment were those with a diagnosis of pneumo-
nia (n = 24); followed by surgical-site or prosthesis-related in-
fections (n = 18); other skin and soft tissue or bone and joint
infections (n = 11); catheter-related blood stream infections (n
= 10); and other disorders, including febrile neutropenia,
methicillin-resistant S. aureus (MRSA) infections of unknown
origin, and other infections (n = 7). Nine patients had more
than one cause for teicoplanin treatment. The reasons for ad-
ministering teicoplanin instead of vancomycin therapy are
listed in Table 2. Twenty-eight patients (45.9%) received teico-
planin as a primary treatment, and 33 (54.1%) were switched
from vancomycin to teicoplanin because of the following rea-
sons: vancomycin-related nephrotoxicity, neutropenia, drug
fever, drug eruption, thrombocytopenia, and eosinophilia, in
decreasing order. In some patients, teicoplanin was selected
as the primary treatment based on their renal impairment,
age, or physician preference.

3. Plasma teicoplanin concentration

In nearly 50% (n = 29/61, 47.5%) of the patients, the levels of
plasma teicoplanin (< 10 mg/L) were sub-optimal (Table 3).
The median plasma teicoplanin concentration was 6.8 mg/L,
and the majority of patients (22/29, 75.9%) had received load-
ing doses as recommended, which was three 400 mg doses
administered every 12 hours. The median sampling time was
the fourth day after the first dose of teicoplanin; all patients
were administered teicoplanin at least two days before TDM
was performed. These results indicate that most patients in
this group failed to achieve optimal drug concentrations even
though they had received appropriate loading doses. There
were no statistically significant differences in serum concen-
trations of creatinine and albumin, estimated renal function,

Table 2. Reasons for the use of teicoplanin over vancomycin

Switch from vancomycin to teicoplanin, n (%) 33 (54.1)
Nephrotoxicity 10 (30.3)
Neutropenia 8(24.2)
Drug fever 6(18.2)
Drug eruption 6(18.2)
Thrombocytopenia 4(12.1)
Eosinophilia 3(9.1)

Teicoplanin from the beginning, n (%) 28 (45.9)
Renal dysfunction 18 (64.3)
Elderly 6(21.4)
Preference of the doctor 4(14.3)
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Table 3. Subgroup analysis according to plasma teicoplanin concentration

Plasma teicoplanin Plasma teicoplanin
concentration concentration P-value
<10 mg/L >10 mg/L
Number of patients 29 (47.5%) 32 (52.5%)
Serum concentrations (mg/L) 6.8 (1.29-9.82) 18.7 (10.1-86.4) <0.01°
Use of loading dose 22 (75.9%) 24 (75%) 0.588"
Sampling day (day) 4(3-14) 6.5 (2-38) <0.01"
Clinical characteristics
Age (years) 67 (17-84) 69 (25-87) 0.96"
Sex (Male/Female) 21/8 15/17 0.038"
Body weight (kg) 53.7 (40.0-90.2) 58.0 (29.8-79.0) 0.92°
Creatinine (mg/dL) 1.19 (0.49-5.10) 0.98 (0.43-2.53) 0.07*
Albumin (g/dL) 2.7(1.6-4.5) 2.9 (1.9-4.3) 0.153"
CLCr (mL/min) 47.4(12.7-121.0) 61.5(10.1-120.2) 0.543°
Underlying diseases 20 (69.0%) 23 (71.9%) 0.512°
DM 6 10
HTN 14 12
Chronic kidney disease 7 5
Cardiovascular disease 0 0
Cerebrovascular disease 3 5
Autoimmune disease 2 1
Malignancy 4 4

CLCr: creatinine clearance estimated on the basis of the Cockeroft & Gault formula.
Values represent median (range) unless otherwise stated.

*Mann-Whitney U-test.

*Chi-squared test,

and basic demographics except gender distribution between
groups with optimal and sub-optimal plasma teicoplanin con-
centrations.

4. Use of loading dose

In the case of 17 of all study patients, TDM samples were
drawn within 3 days from the beginning of treatment; the data
of these patients were analyzed. Twelve (70.6%) patients had
received a loading dose; among these, 66% (n = 8) achieved
plasma teicoplanin concentrations of 10 mg/L or greater.
Among the five patients who did not receive a loading dose,
only one (20%) achieved optimal plasma drug concentrations
(Table 4). Although this result was not statistically significant
(P =0.09), it indicated that target therapeutic drug concentra-
tions were more likely with the administration of a loading

dose.

5. Analysis according to renal function
Twenty-seven of 61 patients initially showed CLcr values

that were lower than 60 mg/dL. CLcr values could not be cal-
culated for 12 patients because details of their body weights
were not recorded. Out Of 27 patients with renal impairment,
13 (48%) achieved optimal drug concentrations, as against
63% of patients with normal renal function (P = 0.53) (Table 5).

Discussion

Teicoplanin has a long elimination half-life, which allows it
to be administered once daily. However, because of this,
steady-state concentrations of teicoplanin are achieved slow-
ly. Therefore, an initial loading dose is mandatory to rapidly
achieve therapeutic steady-state concentrations. The period of
therapeutic efficacy of glycopeptide antibiotics, such as teico-
planin, is closely related to the time available after the
achievement of plasma concentrations above the minimum
inhibitory concentration (MIC). Peak serum teicoplanin con-
centrations for short durations are not likely to be clinically ef-
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Table 4. Subgroup analysis of plasma teicoplanin concentrations according to the administration of loading dose (blood samples were drawn from pa-

tients within 3 days after treatment initiation

Use ofloading dose No loading dose P-value
Number of patients 12 (70.6%) 5(29.4%)
Number of patients with plasma teicoplanin >10 mg/L 8 (66.7%) 1(20%) 0.090"
Clinical characteristics
Age (years) 67 (17-87) 70 (53-84) 0.292°
Sex (Male/Female) 7/5 4/1 0.225"
Body weight (kg) 53.4 (40.0-70.0) 61.9 (45.0-79.0) 0.051°
Creatinine (mg/dL) 0.91 (0.54-2.86) 0.89 (0.64-1.92) 0.673"
Albumin (g/dL) 2.65(1.9-3.4) 2.8(2.1-3.5) 0.958"
CLCr (mL/min) 58.7 (14.5-117.2) 59.9 (39.7-121) 0.716"
Underlying diseases 9(75%) 3(60%) 0.090"
Diabetes mellitus 0 1
Hypertension 6 2
Chronic kidney disease 1 1
Cardiovascular disease 0 0
Cerebrovascular disease 2 0
Autoimmune disease 1 0
Malignancy 1 2
CLCr: creatinine clearance estimated on the basis of the Cockeroft & Gault formula.
Values represent median (range) unless otherwise stated.
‘Mann-Whitney U-test.
*Chi-squared test.
Table 5. Subgroup analysis based on creatinine clearance
CLCr > 60 mg/dL CLCr < 60 mg/dL P-value
Number of patients 22 (44.9%) 27 (55.1%)
CLCr (mL/min) 76.1 (61.5-121.0) 30.0 (10.1-58.4) <0.01°
Number of patients with plasma teicoplanin >10mg/L 14 (63.6%) 13 (48.1%) 0.532"
Use of loading dose 18 (81.8%) 19 (70.4%) 0.279"
Clinical characteristics
Age (years) 59 (17-87) 73 (55-86) <0.01"
Sex (Male/Female) 12/10 16/11 0.483"
Body weight (kg) 57.1 (40.0-90.2) 54.0 (29.8-87.0) 0.175"
Creatinine (mg/dL) 0.74 (0.43-4.30) 1.54 (0.71-5.10) <0.01°
Albumin (g/dL) 3.0 (2.1-4.5) 2.8 (1.7-4.2) 0.324°
Underlying diseases 13 (59.1%) 24 (88.9%) 0.311°
Diabetes mellitus 5 7
Hypertension 4 18
Chronic kidney disease 1 8
Cardiovascular disease 0 0
Cerebrovascular disease 3 4
Autoimmune disease 0 3
Malignancy 4 2

CLCr: creatinine clearance estimated on the basis of the Cockcroft & Gault formula.
Values represent median (range) unless otherwise stated.

“Mann-Whitney U-test.

*Chi-squared test,
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ficacious, which emphasizes the importance of trough levels.
Pea et al. [9] observed that optimal therapeutic levels of teico-
planin were reached after at least 4 days of therapy in most
cases, and they recommended administration of teicoplanin
loading doses to all patients, regardless of renal function. Har-
ding et al. [5] concluded that the probability of successful
treatment of S. aureus septicemia with teicoplanin increases
with increased trough concentrations, and that trough con-
centrations should always exceed 10 mg/L. While some evi-
dence shows that vancomycin may be superior to teicoplanin
in the treatment of endocarditis or endarteritis, the higher tei-
coplanin treatment failure rate might have been due to inap-
propriate plasma drug concentrations [10, 11]. Although it is
generally accepted that trough plasma concentrations > 10
mg/L are appropriate for the majority of severe infections,
higher concentrations of loading and maintenance doses are
required in certain circumstances to obtain therapeutic ef-
fects [12].

This study analyzed samples obtained from patients receiv-
ing teicoplanin therapy to determine whether optimal con-
centrations (> 10 mg/L) were achieved and observed in rou-
tine clinical practice. Overall, the rate of achievement of
optimal teicoplanin concentration was surprisingly lower
than expected. Interestingly, the majority of patients with sub-
optimal teicoplanin concentrations had received the recom-
mended loading dose. This unexpected result implies that the
conventional loading dose of three consecutive 400 mg doses
administered every 12 hours might be inadequate for some
patients to rapidly achieve steady-state concentrations in the
first few days of treatment. While three consecutive 6 to 12
mg/kg doses administered at 12 hour intervals is commonly
suggested as loading dose regimen in many studies, package
inserts in Korea recommend 3 loading doses of 400 mg every
12 hours for severe infections, although 400 mg is equivalent
to 6 mg/kg for patients weighing under 85 kg. Therefore, it is
reasonable to assume that a loading dose of 400 mg is used
most frequently in Korean hospitals; however, additional
large-scale studies of teicoplanin levels from a wide selection
of Korean hospitals are necessary to elucidate the common
treatment protocols currently used in Korea. Because the
TDM sampling day varied for each patient, suboptimal plas-
ma teicoplanin concentrations might be attributed not only to
inappropriate loading dose but also to insufficient steady state
concentrations. Niwa et al. [13] used a software suite that sup-
ported individualized teicoplanin TDM based on patient age,
body weight, and creatinine clearance to achieve the mini-
mum effective plasma concentration (> 10 mg/L) by day 3.

The success rate for optimal trough concentration was much
higher in the group that received individualized loading dose
regimens than in the group that received conventional load-
ing dose regimens. In study by Yamada et al. [14], simplified
dosing regimens stratified by renal function and weight using
Monte Carlo simulation based on population pharmacokinet-
ics and observed distribution of patient characteristics were
found to be helpful to estimate optimal loading and mainte-
nance doses. These findings suggest that the loading dose is
mandatory for optimal drug concentration, and that individu-
al adjustment of initial loading and maintenance doses ac-
cording to population pharmacokinetics could be potentially
useful for rapidly achieving optimum levels of therapeutic
drug concentrations.

Although the results were not statistically significant, we ob-
served that patients with renal dysfunction were less likely to
receive a loading dose, and the percentage of these patients
with optimal drug concentrations was lower than that of pa-
tients with normal renal function. These results might be due
to physician concern about potential drug-induced nephro-
toxicity. Because dosages were adjusted at the discretion of
each treating physician without any formal guidelines it can
be assumed that some patients with renal impairment did not
receive a loading dose or were administered reduced mainte-
nance doses insufficient for adequate treatment.

In a study that investigated teicoplanin usage in the UK, re-
searchers found that more than two-thirds of medical centers
did not routinely recommend teicoplanin TDM. Physicians
stated that a major advantage of using teicoplanin was that
TDM was not required [6]. This perceived lack of need for tei-
coplanin TDM might contribute to inadequate therapeutic
drug concentrations. To the best of our knowledge, this study
is the first to measure teicoplanin levels in clinical settings in
Korea. In conclusion, a significant proportion of study partici-
pants did not achieve optimal plasma teicoplanin concentra-
tions in clinical practice, which emphasizes the importance of
administering loading doses and performing routine TDM of
teicoplanin. Moreover, current standard dose regimens seem
insufficient for treating a certain number of study patients. Re-
assessment of dosing strategies or population-based individu-
alized pharmacokinetic dose adjustments would be helpful in
in achieving adequate therapeutic drug concentrations. In ad-
dition, increased clinician awareness of the significance of
loading doses and drug monitoring should be encouraged
through education on drug pharmacokinetic characteristics.
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