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VALIDATION AND IMPLEMENTATION OF A METHOD FOR VANCOMYCIN THERAPEUTIC
MONITORING IN A UNIVERSITY HOSPITAL
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"College of pharmacy, Federal University of Santa Catarina, Florianopolis, Santa Catarina, Brazil
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Vancomycin is a hospital antibiotic used in Gram+ bacteria infection. The recommended
plasma concentration is 15 - 20 ug/mL, values above can cause nephrotoxicity and ototoxicity. This,
added to the intra-individual pharmacokinetic variations, makes it an excellent candidate for
therapeutic monitoring, which, through the measurement and interpretation of plasma levels, ensures
effective and safe individualized doses. So, this study is a method validation for the determination of
vancokinemia by high performance liquid chromatography with a UV detector and the application in a
Santa Catarina - Brazil hospital. The method obtained linearity between 5 — 100 ug/mL with a Lower
Limit of Quantitation of 5 pg/mL and Limit of Detection of 1.45 ug/mL, presented adequate
repeatability, intermediate precision, intraday/interday accuracy according to legislation and no matrix
effect. Samples were stable for 24 hours at room temperature, 48 hours post-processing, up to 8
months stored and up to 2 freeze/thaw cycles. The method was applied to four patients, with 12
determinations performed, 66% indicated the need for a change in dose. In conclusion, the method
was successfully validated and applied in the hospital, with challenges to be resolved in the continued

use of the method.

Keywords: Vancokinemia. Method validation. Dose adjustment.

INTRODUCTION

Vancomycin is a glycopeptide potent antibiotic, for hospital use, used in the treatment of
gram-positive bacteria infection, mainly methicillin-resistant Staphylococcus aureus. Bacterial strains
are considered sensitive to vancomycin when the Minimum Inhibitory Concentration (MIC) is above 4
pug/mL, knowing that it is desirable that the minimum serum concentration is 4 times above the MIC,
that is close to 16 ug/mL (Bertoluci, 2007), the plasma concentration recommendation at the time of
lowest plasma concentration (valley) is 15 to 20 pg/mL (Mulubwa et al., 2020).

However, plasma values above 20 ug/mL can cause adverse effects such as nephrotoxicity to
the patient (Filippone, Kraft and Farber, 2017). Several studies present oxidative stress as the
mechanism of vancomycin nephrotoxicity in proximal tubules. Still according to Filippone, Kraft and
Farber (2017), nephrotoxicity is defined when there is an increase of 50 pg/dL or 50% in the patient's
serum creatinine compared to the baseline dose in two or more consecutive measurements after a few

days of treatment. According to Elyasi, Khalili, Dashti-Khavidaki and Mohammadpour (2012), renal
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toxicity by vancomycin was observed in 10-20% of patients after conventional therapy and 30-40% in
high doses of vancomycin. According to the same study, doses above 4 g/day or therapy for more
than 7 days and concomitant use with other nephrotoxic agents are also risk factors for the
development of nephrotoxicity. Added to this, concentrations above 30 ug/mL can lead to ototoxicity.
This adverse effect is rare but irreversible, possible risk factors for this adverse effect are age over 53
years, exposure for more than two weeks and concomitant use with other ototoxic drugs (Uda et al.,
2019).

In addition to these risks, there are patient intra-individual pharmacokinetic variations that may
interfere with the absorption, distribution, biotransformation and excretion of the drug. After
administration, the molecule is 50% bound to plasma proteins, however, according to Cusumano et al.
(2020) elderly and very sick patients may have reduced protein binding. In addition, the elimination
half-life varies from 3 to 6 h with normal renal function and is excreted unchanged in the urine
(Filippone; Kraft; Farber, 2017), predominantly by glomerular filtration, so it is known that in patients
with anuria, the half-life can reach 7.5 days. As for the volume of distribution (VD) of the drug, itis 0.4
to 1 L/kg (Goti et al., 2018), and in elderly, obese or critically ill patients, VD values may be increased
(Cusumano et al., 2020). According to Oliveira et al (2020), patients with renal insufficiencies are the
major challenge because physiological changes significantly affect antimicrobial pharmacokinetics,
reaching inadequate drug concentrations in plasma.

Thus, there is a narrow therapeutic window for treatment to avoid therapeutic failure, reduce
bacterial resistance and avoid nephrotoxicity and ototoxicity. These factors, added to the
pharmacokinetic intra-individual variability of the drug, make therapeutic monitoring (TM) an important
tool to individualize the dose and ensure effective treatment.

For proper monitoring, 3 phases must be well suited, pre-analytical, analytical and
post-analytical. Sample collection is an important factor in the pre-analytical phase as it must be
carried out at the correct time (CFF, 2020). According to Heckler and Hahn (2020), vancomycin TM
can be performed with a collection in the valley and in the stationary phase, which is when the
concentration is at equilibrium in the plasma. This can be done by collecting the sample 30 minutes
before the fourth dose, when the patient has normal renal function. In the analytical phase, it is
essential that laboratories follow the specific and updated legislation in Brazil established by ANVISA
(CFF, 2020). A validated method that ensures the reliability of the data must be used, in addition to
internal quality parameters. It is also important for the pharmacist to know the possible interferences of
the method, which may give a wrong result, such as bilirubinemia, hemolyzed samples,
hyperlipidemias and interaction with other drugs. The post-analytical phase, in turn, is the
interpretation of the results that must be correlated with the patient's clinical data, it is at this moment
that the dose-response information added to the knowledge of pharmacokinetics can be used to revise
the dose, when necessary, in order to fulfill the goal of the TM: to maximize the chance of success of
the pharmacotherapy (CFF, 2020).

This study presents the development and validation of a method to determine vancokinemia

and application to patients at a hospital in the state of Santa Catarina — Brazil.
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MATERIALS AND METHOD

Reagents and Standards

Vancomycin hydrochloride (Sigma-Aldrich®) was used to prepare the standards. In addition, a
pesticide called Imidacloprid (Sigma-Aldrich®) was used as an internal standard (I.S.) at a
concentration of 52 pg/mL. For mobile phase preparation and sample preparation, Methyl Alcohol
(Methanol) and Acetonitrile, both HPLC grade from Sigma-Aldrich® were used. For pH 4 buffer solution
was used Sodium Acetate and Acetic Acid HPLC grade (Biograde®). Before analysis, the mobile

phase solutions were filtered through a nylon filter membrane 47 mm x 0.45 pym.

Samples

Human plasma was obtained from the Toxicological Researches Laboratory of the University
Hospital Polydoro Ernani de S&o Thiago, where the tests were performed and used as a sample for
carrying out the tests and analytical curves. For the selectivity tests, serum from the Biochemistry and

Immunology sector of the same hospital were used.

Sample preparation

A simple method of protein precipitation with acetonitrile was used. The points were pipetted
and added with the |.S and vortexed for 10 seconds. Then, 1 mL of acetonitrile was added, vortexed
for 30 seconds and centrifuged for 15 minutes at 3500 rpm. 1mL of the supernatant was separated for
complete drying in a gaseous nitrogen sample concentrator at 50 °C. Then, it was resuspended with
500 L of a solution in a concentration equal to the initial proportion of the mobile phase of the

method, that is, 10% of the 7:3 solution of methanol and acetonitrile and 90% of the pH 4 acetic buffer

Preparation of standard solutions

The vancomycin standard solution was prepared by weighing 0.125 g of Vancomycin
Hydrochloride in analytical balance and transferring it to a 25 mL volumetric flask, completing with
ultrapure water at 10% methanol arriving at a solution of 5 mg/mL, this solution was used to prepare 5
more solutions in the following concentrations (mg/mL) 4, 2.5, 1.5, 0.75 and 0.25 all in ultrapure water
with 10% methanol. These were called mother-solutions and from them, at the time of analysis, the
plasma curve was prepared directly in the test tube by pipetting 10 pL of each of these solutions and
adding 490 uL of white plasma, thus reaching the concentration of the points on the curve 5, 15, 30,
50, 80 and 100 pg/mL.

The |.S was prepared by weighing 0.026 g of Imidacloprid and transferring it to a 10 mL
volumetric flask and completing it with 100% Methanol, due to its solubility characteristics, arriving at a
solution with a concentration of 2.6 mg/mL, by adding 10 pl of this solution to the curve points and

samples (500 pL) arrive the concentration of 52 pyL/mL.

11
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Instrumentation and chromatographic conditions

A High Performance Liquid Chromatography system with ultraviolet detector (HPLC-UV)
(Shimadzu®) was used, with a C18 reverse column (4.6 mm x 15 cm x 5 ym) and UV detector in the
wavelength range from 215 to 254 nm .

The mobile phase consisted of a biphasic system: acetic buffer of pH 4.0 (A): (Methanol:
Acetonitrile) in the proportion of 70:30 (v/v) (B), with a gradient starting with 10% of phase B and 90%

of phase A, following the phase proportion variations according to table I:

TABLE I: Gradient used in the method for determination of vancokinemia

METHOD GRADIENT
Time (min) Solvent B (%)
10
4 60
30
12 10
22 10

Under these conditions, the Retention Time (RT) of vancomycin obtained was 11.4 minutes
and the internal standard RT was 14.1 minutes.

Validation

The method was validated according to Anvisa's RDC 116/2017 (Brazil). The tests performed
were: lower limit of quantitation (LQ) and detection (LD), linearity, repeatability, intermediate precision,
intraday and interday accuracy, residual effect, selectivity, matrix effect and short-term stability,
long-term stability, post-processing and freezing and thawing cycles, and in the long-term stability test
the samples were stored for up to 8 months.

For the linearity test, a calibration curve was prepared in quintuplicate, with this same
curve the intraday precision and accuracy tests were analyzed. For the selectivity test, serum from 6
different sources were analyzed, one of which was lipemic and the other hemolyzed. For the matrix
effect, a standard curve was made at the same concentrations as the points on the calibration curve to
compare the statistically significant difference between the angular coefficients of the curve performed
in plasma and standard, using the Student's T test in Microsoft excel®. For the stability test, a
calibration curve was prepared on the day the points were prepared and compared with the short-term
test, post-processing, after 1, 2 and 3 cycles of freezing and thawing and the long-term test where
were analyzed at 15 days, 1.5 months, 3.5 months, 4.5 months, 6 were analyzed months, 7 months
and 8 months.

12
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Application of the method

For the sample collection, an orientation protocol was elaborate in order to implement the
collection in the therapy valley, respecting the balance time of the drug in the body, being 3 to 5
plasma half-lives. Knowing that the half-life of vancomycin is from 3 to 6 hours, the necessary steady
state after the first administration is from 18 to 30 hours considering 6 hours as the half-life.

In addition to the vancokinemia determinations of these patients, clinical information collected,
such as the day of initiation of therapy, vancomycin administration dose and patient information such
as gender and clinical conditions in order to relate to the results found. After the vancomycin
quantification analysis, data analysis were performed jointly in order to identify the number of
determinations within the reference interval of 15 — 20 pg/mL and the number of determinations that
had an indication of dose adjustment based on the result found.

This study was submitted and approved by the Ethics Committee for Research with Human

Beings at UFSC and followed the approved procedures

RESULTS AND DISCUSSION

Analytical method

The method validation used to quantify the patients’ vancokinemia was carried out in
accordance with RDC Resolution No. 166 of 2017, which establishes criteria for the validation of
analytical methods (RDC 166, 2017, Brazil). Vancomycin presented RT of 11.4 minutes and IS RT of
14.1 minutes, as shown in figure 1A. Linearity was verified between 5 ug/mL and 100 ug/mL as seen
in figure 1B. In addition, figure 1C shows the peak response at different concentrations of all peaks on
the analytical curve, and the IS that remained at the same concentration and the same response at all

points.
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FIGURE 1: RT of vancomycin and IS (A) Linearity of the method (B) Comparison of the chromatogram of the

different points of the curve (C)

According to RDC 166/2017 (Brazil) the method linearity must be demonstrated through its
ability to obtain analytical responses directly proportional to the concentration of an analyte in a
sample, it must be performed with at least 5 points and in triplicate. The result obtained in the graph
was performed with a curve in quintuplicate using 6 points, and a correlation coefficient r = 0.996 was
observed, thus determining the linearity of the method. The limit of quantitation (LQ) was established
at 5 ug/mL and the limit of detection (LD) was obtained according to the formula described in RDC N°.
166 of 2017 (Brazil), obtaining a result of a LD of 1.45 pg/mL.

Precision and Accuracy

Repeatability, intermediate precision and intraday and interday accuracy were evaluated
according to RDC 166/2017 (Brazil).

14
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TABLE II: Method validation results

Intermediate Intraday Intermediate
Concentration Repeatability precision Accuracy Accuracy Matrix effect
(0]
(ug/mL) (CV%) (CV%) (Avera:;;()a Error (Average Error %) (p<0,05)
(o]
5 9.59 1377 15.2 14.16
15 7.45 13.49 5.73 10.71
30 8.5 7.93 8.36 6.1
0.2113
50 7.99 6.27 5.43 12.62
80 3.29 7.27 2.93 14.08
100 3.17 6.9 2.94 5.45

The results obtained in Table Il were obtained using the preparations described above. A CV
and error equal to or less than 15% were used as acceptance criteria, except for the LQ where CV and
error equal to or less than 20% were acceptable, as described in RDC 899 of 2003 (Brazil). It was
concluded that they were considered adequate for the studies of repeatability, intermediate precision,

intraday accuracy and interday accuracy.

Matrix Effect

To matrix effect, after Student's t test evaluation a value of 0.2113 was obtained, concluding
that there was no significant difference considering the p<0.05 criterion (Table IlI). Despite the
favorable results and the determination of absence of matrix effect, it was decided to continue using

the matrix itself to perform the curves, seeking more reliable and real results.

Selectivity

For selectivity analysis, six different samples were analyzed: a hemolyzed one, a lipemic one
and four normal ones and the areas found was 4.16, 17.91, 6.07, 5.00, 8.23 and 35.01% of LQ,
respectively. These areas found had a RT of 11.3 minutes, a few seconds before the vancomycin
retention time of 11.4 minutes. According to RDC 27/2012 (Brazil), the interfering elements' responses
peak cannot exceed 20% of the LQ area. All peaks remained below the legal limit except one of the
samples considered normal that obtained an area of 35.01%, therefore the selectivity of the method

presents restrictions. Possible interfering drugs can be investigated in this method.
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Stability

The stability tests were carried out according to RDC 899/2003 (Brazil), which for the analysis

of drugs in biological liquids, having evaluated:
e Short term stability;
e Stability after freeze-thaw cycles;
e Long-term stability;

e Post-processing stability;

For all stability tests, a curve was prepared on day 1 in blank plasma that was fortified with

vancomycin at concentrations of 15 pg/mL, low quantitative control (LQC), 50 pg/mL, medium

guantitative control (MQC) and 80 ug/mL, high quantitative control (HQC) in triplicate, this curve was

used as day 0, as shown in Figure 2. The Brazilian Resolution states that “samples will be considered

stable when no deviation greater than 15% is observed in the value obtained from newly prepared

samples, with the exception of LQ, for which deviation of up to 20% is accepted.” (RDC 899, 2003,

Brazil)
A Long Term Stability
== LU Linear (LOQC) == MQC —— Linear (ML) HC Linear (HJL)
18000000
16000000
B
= 14000000
g
= 12000000
e
£ 10000000 L i — = 5
2, - — A —
£ pooo0oo —
=
= GOO0000
AO00000 — =
2000000
i
o 50 100 150 200 250 300
Days
B Freeze and Thaw Cycles Stability C Past Processing Stability
B 15000000 15000000
5 14000000 & 14000000
£ 12000000 £ 12000000
. e ———— 3 10000000 4 \
£ 3000000 g 8000000 -
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- ]
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FIGURE 2: Results of long term stability tests (A); results of freeze and thaw cycles stability tests (B); and results

of post processing stability tests (C)
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*LQC = Low quantitative control, MQC= Medium quantitative control, HQC = High quantitative control

Short Term Stability

The samples were submitted for 24 hours at room temperature, approximately 23°C, and
compared to day 0. For curve approval purposes, a curve was obtained with the samples submitted to
room temperature and the CV (%) was observed. which must be less than 15% and the concentration
which must have a difference of less than 15% from the expected concentration. As a result, the

short-term stability test was approved.

Stability after freezing and thawing cycles

To analyze the stability after cycles of freezing and thawing, samples in the concentrations of
LQC, MQC and HQC were submitted to 24h at freezing temperature, and then these samples were
analyzed, this process was repeated three times, thus obtaining a graph as shown in figure 2B. Note
that LQC and MQC remained stable until the third cycle, but HQC had a drop in response in the third

cycle. Thus, a maximum of two cycles were defined for the analysis of these samples (Figure 2B).

Long-term stability

For the long-term stability test, samples of LQC, MQC and HQC concentrations were used,
which were frozen separately and remained frozen and were analyzed in the following elapsed times
after freezing: 15 days, 1.5, 3.5 , 4.5, 6, 7 and 8 months. As approval criteria, CV (%) and
concentration obtained less than 15% compared to the expected concentration were considered. In

Figure 2A, the samples remained stable over the 8 months analyzed.

Post-process stability

A post-processing stability test was also carried out, as described in RDC 899/2003 (Brazil),
maintained for 24 h and 48 h at room temperature to then be analyzed in the equipment. The same
approval criteria of the other stability tests were used, in this case a of the LQC replicates failed in
accuracy, when processed 24 hours after processing and also the same replicate showed problems
when analyzed in 48 hours at room temperature. The other replicates obtained approval, and the
mean of the absolute area of vancomycin compared to the curve of the day 0 remained stable as seen

in figure 2C, so it was considered approved in post-processing stability.

17
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Residual effect

Residual effect analysis was performed using a standard at the High Limit of quantitation
(HLQ) used in the curve (100 pg/mL) and blank standards subsequently analyzed. An area in RT
similar to that of vancomycin was observed in all whites, which generated an average of 19.61% of the
LQ (limit of quantitation) and peaks in the IS retention time, which generated an average of 2.26%.
The legislation recommends a maximum of 20% of the LQ and 5% for the IS (RDC 27/2012, Brazil). A
result was then obtained that could indicate the presence of a residual effect, however, when
comparing the blank analyzed before starting the test and the blanks analyzed after analyzing the
samples in HLQ, no difference was noticed, all ranged from 18% to 22% regardless of the processed

HLQ and therefore this was considered a selectivity failure and not a residual effect.

Application at the Hospital

For application data were collected from four patients who were using vancomycin admitted to
the Intensive Care Unit (ICU), who were applied to the vancokinemia quantification method validated
according to previous results. A code system was used to preserve the identity of each patient as
prescribed in the Informed Consent Form that each patient or accompanying family member signed,
so patients will be called A1, A2, A3 or A4. The results are organized in table Ill in order to facilitate

understanding.

TABLE Ill: Results found in patients admitted to the ICU

A1 A2 A3 A4
Sex Male Male Male Male
Sepsis, cirrhosis of
Pathology Esophggeal tear ar?d Acute endQCarQ|tls .the liver and Third degree burn
bacterial pneumonia and septicemia malignant neoplasm
of the colon
Initial creatinine (mg/dL) 0.91 10.5 1.1 6.2
Initial Dose (mg/day) 2500 333 2000 1000
Final dose (mg/day) 3000 375 3000 750
Vancokinemia 1 (ug/mL) 5.5™* 17.3 29.7*** 25.5*
Vancokinemia 2 (ug/mL) 5.7** - 171 15.0***
Vancokinemia 3 (ug/mL) 14.8 - 56.5*** -

18
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Vancokinemia 4 (ug/mL) 30.3* - - -
Vancokinemia 5 (ug/mL) 1.4 - - -
Vancokinemia 6 (ug/mL) 27.9* - - -

*Collection performed at the appropriate time with dose reduction or withdrawal of
vancomycin.
** Collection performed at the appropriate time with dose increase.

*** Collection carried out at inappropriate times

Among the collections carried out, the patient A1 was the one who had the most vancokinemia
determinations, in all 6 collections were performed. He entered the ICU due to a laceration in the
esophagus that ended up causing bacterial pneumonia and started using vancomycin at a dose of
2,500 mg/day. Four of the collections performed on this patient influenced a dose change, two
increases after vancokinemia 1 and 2 (Table Ill) of 50% and 20% of the dose, respectively, to reach
the therapeutic range that was obtained in the 3™ determination of vancokinemia. However, later, there
was a dose decrease due to a vancokinemia of 30.3 ug/mL accompanied by an increase in the
patient's creatinine that reached 1.12 mg/dL, this dose decrease proved to be efficient since the next
determination (vancokinemia 5) obtained a result of 11.42 ug/mL, below the therapeutic range, but the
dose was not readjusted. After ten days, another collection that resulted in a vancokinemia of 27.9
pug/mL, accompanied a creatinine increase (2.98 mg/dL) greater than 50% of the patient's baseline
creatinine, which according to Filippone, Kraft and Farber (2017) characterizes renal injury therefore it
led to the discontinuation of vancomycin.

The patient A4 also had dose reduced after vancokinemia. He was admitted to the ICU with
third-degree burns and started using vancomycin at a dose of 1,000 mg/day. The first collection was
performed obtaining a result of 25.5 yg/mL (Table 1ll) which led to a dose reduction of 25%, another
collection was performed in this patient. However, it was observed that the collection was out of
balance and the result was disregarded. This patient did not perform any further dose changes or
collections.

The patient A3 entered the ICU due to sepsis with an abdominal focus, in addition, the patient
had a malignant neoplasm of the colon and liver cirrhosis, started vancomycin at a dose of 2,000
mg/day, with an increase to 3,000 mg/day before any measurement of vancokinemia. In this patient,
were performed three collections, however the first collection and the last one were considered
inappropriate due to the time not being in accordance with the therapy valley (table 1ll) the only one
performed at a time appropriate to the protocol led to a result of 17.1 yg/mL and no change in dose
was made. It was observed that among 12 collections of the total, at least 3 were performed at a time
not in accordance with the protocol, as per table Ill, making these results invalid for dose adjustment. It

is understood that these failures were due to lack of communication within the ICU team, which was
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still adapting to the new method. In order to prevent these errors from occurring again, a form was
created to be completed by the ICU pharmacy and the nursing team with an actual time of collection
and ensure that the valley has been collected before starting vancomycin administration.

Furthermore, another patient analyzed was A2, admitted to the hospital's ICU due to
septicemia and acute endocarditis, started using vancomycin at a dose of 1,000 mg every 72 hours
(333 mg/day). He had changes of 12% in dose previously the first collection of vancokinemia, which
resulted in 17.3 yg/mL and therefore no further adjustment, was performed in this patient until the day
the patient was discharged.

In summary, excluding inadequate results, 33% of the results were within the therapeutic
range of 15 pg/mL to 20 pg/mL. 33% of the results were below the therapeutic range, and 33% were
above the therapeutic range. Among the results below the therapeutic range, 66% resulted in an
increase in the dose of vancomycin, only one of the results, for patient A1 of 11.42 ug/mL the choice
was to maintain the dose. As for the results above the therapeutic range, 100% of the results led to a
decrease in the dose used in the patient.

In conclusion, the analytical method was validated and proved to be reproducible, with good
accuracy and analytical precision. With selectivity limitations, which can be verified in relation to the
possible interferences of the method. As for implementation, difficulties were observed in sample
collection at the correct time, due to lack of preparation and understanding of the importance of this
test in the team involved. Measures such as training and a collection protocol made available in order
to obtain the correct collection. In addition, this work contributed to facilitating the safe change of dose
for patients using vancomycin. However, in a continuation beyond the valley, it is also important to
analyze the peak, defined in the literature as the moment of highest plasma concentration of the drug,

and through pharmacokinetic calculations, to individualize the dose of each patient using vancomycin.
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