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Dosagem prescrita
• adesão ao 
tratamento

Dosagem administrada
• absorção
• distribuição
• biotransformação
• excreção

Concentração sérica

Concentração no sítio de ação

• difusão passiva
• transporte ativo

Intensidade do efeito farmacológico
• associação medicamentosa



•Fármaco inadequado
•Dose inadequada
•Diagnóstico incorreto
•Falta de adesão ao 
tratamento 

Falta de Resposta 
Terapêutica



COMO AVALIAR A EFICÁCIA 
DE UM TRATAMENTO?

ü Avaliação direta da resposta clínica

crises epilépticas (antiepilépticos), lesões cutâneas 
(corticoides)

ü Avaliação do efeito farmacológico do fármaco

glicemia (diabetes), tempo de protrombina 
(anticoagulantes), pressão arterial (hipertensão), 
escalas de avaliação (doenças psiquiátricas)

ü Determinação da concentração do fármaco



•Concentração nos sítios de ação 
muitas vezes são impossíveis
• Ex. fenitoína no SNC, digoxina no 
coração

Concentrações plasmáticas 
tornam-se importantes

Monitorização Terapêutica 
de Fármacos



v Otimização do tratamento com tentativa de 
manter monoterapia

v ¯ dos efeitos adversos e evitar intoxicação 
aguda

v ¯ dos custos do tratamento

Monitorização Terapêutica
Objetivos



Monitorização Terapêutica

Medida das concentrações de um fármaco no sangue 

total, soro ou plasma com a finalidade de  

individualização da terapia farmacológica com o 

objetivo de maximizar a eficácia e minimizar os eventos 

adversos



Monitorização Terapêutica 
de Fármacos

Princípio importante na 
Monitorização Terapêutica

A concentração plasmática reflete a 
concentração no sítio de ação   

Concentração do fármaco nos tecidosC
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“Homogeneidade cinética”



RELAÇÃO DOSE X RESPOSTA

dose
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terapêutico

tóxico

letal

sub-terapêutico

RELAÇÃO DOSE X EFEITO



FAIXA TERAPÊUTICA

Fármaco Faixa terapêutica*
Digoxina 0,9-2,0 ng/mL
Fenitoína 10-20 mg/L

Fenobarbital 15-40 mg/L

Gentamicina < 2 mg/L (vale) 5-10 mg/L (pico)
Procainamida 4-8 mg/L

Teofilina 10-20 mg/L

* Goodman and Gilman, 12th, 2010.

Faixa de concentração plasmática, sanguínea
ou sérica do fármaco no estado de equilíbrio
que se correlaciona com a curva de eficácia

CSS
max

CSS
min



FAIXA TERAPÊUTICA É PARA 
DETERMINADO EFEITO…

Clomipramina: uso na depressão, TP, TOC
Doses diferentes: TP- subantidepressiva

TOC- > que na depressão
- Depressão – correlação – MT
- TP e TOC - sem correlação estabelecida – não MT

(Marcourakis et al., J. Psycopharmacol. 1999)
(Marcourakis et al, Int Clin Psychopharmacol, 2015)

Carbamazepina: Faixa terapêutica para epilepsia: 4-10 mg/L
Poucas evidências de aplicação desta faixa terapêutica na 
profilaxia da enxaqueca, transtornos do humor



vIdade
vPolimorfismos genéticos
vEstado fisiológico
vFatores ambientais
vHábitos (ingestão de 
bebidas alcoólicas, 
tabagismo)
vDieta, doenças

Fatores que afetam a 
resposta a um fármaco



Fármaco é monitorado regularmente e 
ajustado de acordo com a evolução clínica e 

intercorrências

QUANDO A MT É 
EFICIENTE?

Paciente entende a finalidade do tratamento e 
adere ao regime prescrito

Fármaco é selecionado apropriadamente e 
usado com o conhecimento farmacocinético e 

farmacodinâmico



Requisitos do 
fármaco para MT

v Boa correlação entre resposta farmacológica e 
concentração plasmática

v Alta variabilidade interindividual das concentrações 
plasmáticas após mesma dose: concentração plasmática 
imprevisível

v Índice terapêutico estreito e bem definido
v Metabólitos ativos

ü Carbamazepina – epóxido de carbamazepina
ü Clomipramina – desmetilclomipramina
ü Amitriptilina – nortriptilina
ü Procainamida – N-acetilprocainamida



limit of suggested doses. Also, it would be recommended to
reduce phenytoin dose of the G5 patient by 25% to 40% to
achieve suitable therapeutic concentrations. This model was
verified in some patients and was found to be useful to predict
the dose–concentration relationship based on genotypes. By
prescribing the current pharmaceutical formulation of phenyt-
oin, Aleviatin (Dainippon, Japan, 100 mg/tablet), the recom-
mended dose can be easily applied in daily life. For a 60-kg G1
group patient, 400 mg/d phenytoin would be suitable to reach
the therapeutic level; also for a 60 kg G2 group patient; for a
60-kg G3 group patient, 200 mg/d phenytoin would be suit-
able, and for a 60-kg G4 group patient, 150 mg/d phenytoin
would be suitable to reach the therapeutic level.

Although it would be expected that CYP2C19 PMs and
CYP2C9 PMs exhibit lower ability to metabolize phenytoin, in
terms of Michaelis-Menten parameters, the impacts caused by
Vm or Km might be different. Compared with G1 and G2 pa-
tients, our results showed that the changes in Vm and Km were
more significant in CYP2C9 PMs (G4) whereas the impact of
Vm seemed to be more dominant (37%) in this group (Table 3).
On the other hand, for CYP2C19 PMs (G3), the change in the
Km value was more significant than the Vm values (15% vs
8%), although the overall contribution of CYP2C19 toward
phenytoin metabolism was less important. It was also noted

that, for the patient who was a poor metabolizer in both
CYP2C19 and CYP2C9 (G5), the changes in the values of Vm

and Km could be up to 45.8% and 91.7%, respectively. None-
theless, except for the G5 patient, the Km values of most pa-
tients were in the range of 8 to 11 µg/mL, regardless of geno-
types. In this regard, the change in Km values caused by muta-
tions would be less influential within a normal therapeutic
range, ie, 10–20 µg/mL. Instead, the difference in the meta-
bolic capacity (ie, Vm) of a patient would become dominant for
the metabolism of phenytoin.

In addition to the current study, the effects of
CYP2C19/CYP2C9 on population pharmacokinetics of phe-
nytoin have been reported by 2 other studies.12,13 Both studies
concerned Japanese patients with epilepsy, whereas the corre-
sponding white data are still limited. In 1 study conducted by
Odani et al,12 44 Japanese patients between 1 and 33 years old
were recruited. The mean daily dose was 5.18 mg/kg/d. In the
other study conducted by Mamiya et al,13 134 adult Japanese
patients with mean ages of 47 years old were enrolled, and the
mean daily dose was about 3 mg/kg/d. The Km and Vm values
in each of the genotype groups obtained by Odani et al12 were
about 1.5- to 2-fold higher than those in the corresponding
groups obtained by Mamiya et al.13 It was reported that chil-
dren would exhibit higher Km and Vm than those in adults.11,18

FIGURE 1. The relationship between
phenytoin daily dose and steady-
state serum concentration with re-
spect to the five CYP2C9/CYP2C19
genotype groups. The recommend
dose for G1( ), G2(........),
G 3 ( ) , G 4 ( . . . . ) , a n d
G5( ) patients would be 5.5–7
mg/kg/d, 5–7 mg/kg/d, 5–6
mg/kg/d, 3–4 mg/kg/d, and 2–3
mg/kg/d, respectively. After model
building, it was verified in some pa-
tients, as shown in the figure: G1
(!), G2 ("), G3 (#), and G4 ($).
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Dose recomendada
G1: 5,5-7 mg/kg/dia
G2: 5-7 mg/kg/dia
G3: 5-6 mg/kg/dia
G4: 3-4 mg/kg/dia
G5: 2-3 mg/kg/dia

Grupo Classificação Vmax
(mg/kg/d) 

G1 e G2 EM CYP2C9 e CYP2C19

G3 PM CYP2C19 e EM CYP2C9 8,29% < G1  

G4 PM CYP2C9 e EM CYP2C19 36,96 < G1

G5 PM CYP2C9 e CYP2C19 45,75% < G1  

169 pacientes

ORIGINAL ARTICLE

Dosage Recommendation of Phenytoin for Patients with
Epilepsy with Different CYP2C9/CYP2C19 Polymorphisms

Chin-Chuan Hung,*† Chun-Jung Lin,† Chih-Chuan Chen,‡ Chee-Jen Chang,§ and Horng-Huei Liou*‡

Abstract: To search for the optimal dosage of phenytoin in patients
with epilepsy based on the metabolic activities of CYP2C9 and
CYP2C19 polymorphisms, a total of 169 patients receiving phenytoin
treatment for more than 1 month were recruited. Phenytoin concen-
tration, serum albumin, liver function tests, and renal function tests
were measured. CYP2C9 and CYP2C19 polymorphisms were geno-
typed by PCR-RFLP analysis, and NONMEM models were built to
evaluate factors that would affect phenytoin metabolism. Patients
were divided into 5 groups according to genotyping results (G1 to
G5). Compared with extensive metabolizers in both CYP2C9 and
CYP2C19 (G1), the Vmax (mg/kg/d) was 8.29% and 36.96% lower in
CYP2C19 poor metabolizers (G3) and CYP2C9 poor metabolizers
(G4), respectively. For the patient who was identified as a poor me-
tabolizer in both CYP2C19 and CYP2C9 (G5), the Vmax was 45.75%
lower than that of G1. In respect to Km (mg/L), it was 15.09% higher
in G3 and 27.36% higher in G4 compared with that in G1. The Km of
G5 was 91.71% higher than that of G1. The results revealed that the
CYP2C9 and CYP2C19 polymorphisms have dramatic effects on the
population pharmacokinetic parameters of phenytoin, especially for
CYP2C9. Based on the Vm and Km values obtained in this study, the
recommended dose ranges for G1, G2, G3, G4, and G5 patients would
be 5.5–7, 5–7, 5–6, 3–4, and 2–3 mg/kg/d, respectively.

Key Words: NONMEM, phenytoin, pharmacogenetics

(Ther Drug Monit 2004;26:534–540)

Phenytoin is an effective antiepileptic drug and has been
widely used for a long time. The kinetic properties of phe-

nytoin are known to be dose dependent, and the therapeutic

window is narrow, with a range usually between 10 and 20
µg/mL. The complications caused by the characteristics of
phenytoin have made it challenging to adjust the dose for each
person to attain optimal steady-state concentration. Phenytoin
is mainly metabolized by CYP2C9 and CYP2C19.1 Both
CYP2C9 and CYP2C19 are known to exhibit polymorphisms
in terms of genetic sequences and metabolic activities.2–5 Ac-
cordingly, each individual could be broadly classified as a poor
metabolizer (PM) or an extensive metabolizer (EM). The ma-
jor clinical consequence of being a PM or an EM would be the
plasma levels of administered drugs, as it is reflected by dif-
ferent metabolic capacities in each person. However, without
knowledge of Vm (the maximum rate of biotransformation)
and Km (the binding affinity) in each patient, it would be dif-
ficult to evaluate appropriate plasma levels of phenytoin across
different groups. Clearance of phenytoin follows zero-order
kinetics as following:

Cl =
Vm

Km + C
(1)

where Km represents the Michaelis-Menten constant, and Vm

represents the theoretical maximum rate of the process. An es-
timation of the intrinsic ability of the liver to eliminate a drug
in the absence of limitations imposed by blood flow is the in-
trinsic clearance. In biochemical terms and under first-order
conditions, intrinsic clearance is a measure of the ratio of Mi-
chaelis-Menten parameters for the elimination process, ie,
Vm/Km.6 The magnitude of the intrinsic clearance might be
used to characterize the metabolic activities of PMs and EMs.

It is now known that Asians have a lower percentage of
CYP2C9 PMs but a higher percentage of CYP2C19 PMs com-
pared with whites.2–9 The contributions of CYP2C9 and
CYP2C19 toward the metabolism of phenytoin are different in
that CYP2C9 may account for 80–90% of the metabolism of
phenytoin.10 Therefore, it might appear that a higher percent-
age of whites would experience adverse reactions caused by
higher blood levels of phenytoin at the same dosage compared
with Asians. Furthermore, the foundations for dosage adjust-
ment of phenytoin by genotype are still limited. In terms of Vs

and Km, the results of ethnic differences are controversial. It
has been reported that the Km and Vm values of Japanese are
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Vmax= taxa máxima de biotransformação



v Tratamentos crônicos
v Suspeita de intoxicação: simulação da doença 
v Ausência de resposta terapêutica: adesão ao 

tratamento
v Doença intercorrente: renal, hepática, cardíaca
v Pacientes idosos, obesos, gestantes, puberdade
v Alteração da posologia
v Interação medicamentosa

Em quais situações a MT 
é indicada?

(Patsalos et al. Ther Drug Monit, 35, 2013) 



v Tratamentos crônicos
v Suspeita de intoxicação: simulação da doença 
v Ausência de resposta terapêutica: adesão ao 

tratamento
v Doença intercorrente: renal, hepática, cardíaca
v Pacientes idosos, obesos, gestantes, puberdade
v Alteração da posologia
v Interação medicamentosa

Em quais situações a MT 
é indicada?



Casos de simulação 
da doença

Náuseas e vômitos: intoxicação digitálica ou insuficiência cardíaca 

Fenitoína: ­ das crises epilépticas

Insuficiência renal em pacientes com septicemia por agentes 
gram-negativos: doença ou efeito adverso da gentamicina



v Tratamentos crônicos
v Suspeita de intoxicação: simulação da doença 
v Ausência de resposta terapêutica: adesão ao 

tratamento
v Doença intercorrente: renal, hepática, cardíaca
v Pacientes idosos, obesos, gestantes, puberdade
v Alteração da posologia
v Interação medicamentosa

Em quais situações a MT 
é indicada?



ADESÃO AO 
TRATAMENTO



v Tratamentos crônicos
v Suspeita de intoxicação: simulação da doença 
v Ausência de resposta terapêutica: adesão ao 

tratamento
v Doença intercorrente: renal, hepática, cardíaca
v Pacientes idosos, obesos, gestantes, puberdade
v Alteração da posologia
v Interação medicamentosa

Em quais situações a MT 
é indicada?



Alterações na farmacocinética:
üê esvaziamento gástrico e da 
motilidade intestinal
üNáuseas e vômitos: ê absorção
üé de volume de líquido corpóreo
üé fluxo hepático
üBiotransformação na placenta

é Volume de plasma em 50%



v Tratamentos crônicos
v Suspeita de intoxicação: simulação da doença 
v Ausência de resposta terapêutica: adesão ao 

tratamento
v Doença intercorrente: renal, hepática, cardíaca
v Pacientes idosos, obesos, gestantes, puberdade
v Alteração da posologia
v Interação medicamentosa

Em quais situações a MT 
é indicada?



v Podem ser:
üBenéficas 
üPrejudiciais ou inúteis

BENEFÍCIO

RISCO

Interação 
medicamentosa



v Interações físico-químicas
ü reações de óxido-redução, precipitação, adsorção: 
- AAS/Tetraciclinas e metais (Fe / Ca / Mg / Al)
- Anfotericina B precipita quando misturada em solução fisiológica (mas não 

em dextrose 5%)

v Interações farmacocinéticas: alteram a concentração no 
sítio de ação 
ü absorção
ü distribuição
ü biotransformação
ü excreção

v Interações farmacodinâmicas: resultam das ações 
farmacodinâmicas dos fármacos envolvidos
ü adição, sinergismo, potenciação, antagonismo        1ª aula!!! 

Interações Medicamentosas
Mecanismo de ação

↑ resulta em ↑ do efeito
↓resulta em ↓ do efeito

↑ resulta em ↓ do efeito
↓ resulta em ↑ do efeito



vVelocidade de esvaziamento gástrico: estágio 
limitante na absorção 
Inibem: anMcolinérgicos, opiáceos, ADT

� o peristalNsmo e � a absorção � substâncias permanecem 
no estômago

Aceleram:
- metoclopramida: acelera o esvaziamento gástrico e � a 

absorção de analgésicos – ú:l na crise aguda de enxaqueca

Interações Medicamentosas
Farmacocinéticas - absorção



Interações Medicamentosas
Farmacocinéticas – absorção 
(esvaziamento gástrico)

Nimmo et al. (1973), Br. Med. J. 1, 587-589



Interações Medicamentosas
Farmacocinéticas - distribuição

v Ligação às proteínas plasmáticas: 
Ø que sofrem deslocamento: 

varfarina, fenitoína
Ø que deslocam: sulfonamidas, 

salicilatos, ácido valproico
Fármaco Proteína % Ligação

Fenitoína Albumina 89
Fenobarbital Albumina 51
Fenilbutazona Albumina 99
Indometacina Albumina 97
Primidona Albumina 19
Ácido valproico Albumina >90



Competição pelas 
proteínas plasmáticas

Fluido
extracelular

Plasma albumina

albumina

albumina

albumina



CINÉTICA DE ORDEM ZERO E 
1ª ORDEM



Deslocamento dos sítios de ligação
às proteínas plasmáticas

↑ da fração livre 
(cinética de ordem zero)

Sinais de intoxicação aguda

↑ da depuração

↑ da concentração plasmática total

Fenitoína (10-20 μg/mL)

Perigo: o médico solicita a concentração plasmática total, 
a considera inadequada e ­ a dose                intoxicação

Fração livre

Fração ligada

1 2

10% 20%

20%60 𝝁mol/L

6 𝝁mol/L 12 𝝁mol/L

6 𝝁mol/L

30 𝝁mol/L

+ = 60 M (6+54 μM; monoterapia) 

+ = 60 M (12+48 μM; associação) 

+ = 30 M (6+24 μM; associação) 



Adverse Drug Event

Drug Interaction Between Phenytoin and
Valproic Acid in a Child With Refractory
Epilepsy: A Case Report

Indira Valadê Carvalho, MSc1, Renata Cavalcanti Carnevale, MSc1,
Marı́lia Berlofa Visacri, MSc1, Priscila Gava Mazzola, PhD1,
Rosiane de Fátima Lopes Ambrósio2, Marcelo Conrado dos Reis, MD3,
Rachel Alvarenga de Queiroz, MD3, and Patricia Moriel, PhD1

Abstract
Introduction: There are no published reports on pediatric phenytoin toxicity, resulting from the drug interaction between
phenytoin and valproic acid. Case description: A 12-year-old patient with refractory epilepsy syndrome presented with pheny-
toin toxicity, following a concomitant treatment with phenytoin, valproic acid, and lamotrigine. The phenytoin concentration
detected in the capsules used by the patient was in accordance with the prescribed dose and was appropriate for the age and
weight of the patient. However, a supratherapeutic phenytoin serum concentration was observed (21.92 mg phenytoin/mL
of blood). Consequently, the phenytoin dose was reduced, and the patient was monitored; 24 hours later the patient did not
present with any signs/symptoms of toxicity. Discussion: Despite the appropriate phenytoin concentration in the capsules, the
patient presented with phenytoin toxicity. This toxicity likely resulted from the drug interaction between phenytoin and val-
proic acid that leads to phenytoin displacement from plasmatic proteins and inhibits phenytoin metabolism, thereby increasing
the concentration of free drug in the serum.

Keywords
phenytoin, valproic acid, pediatrics

Introduction

Refractory epilepsy is a frequently encountered condition in
neurology. It is believed that approximately 30% of patients with
any type of epilepsy will continue to have seizures despite drug
therapy.1 Patients who were treated with antiepileptic drug at
appropriate doses as monotherapy or polytherapy, but are not
free of seizures, are considered to be refractory to therapy.1 In
recent studies involving children and adults with refractory epi-
lepsy, 64% had polytherapy with 2 or more antiepileptic drugs,
and 35% adults had comorbidities related to the central nervous
system, resulting in a considerable risk of drug interactions.2,3

Phenytoin, valproic acid, and lamotrigine are important anti-
epileptic drugs that can be used as monotherapy or polytherapy
in epilepsy treatment. Antiepileptic drugs are known to be
potentially dangerous because of their high susceptibility to
drug interactions.4 There are drug interactions between all 3
of these antiepileptic medications. The interaction of phenytoin
with valproic acid results in increased phenytoin toxicity
because it displaces plasmatic proteins and inhibits phenytoin
metabolism, thereby increasing the concentration of free drug
in the serum.5,6 This interaction results in reduced serum levels
of valproic acid because of increased metabolism following

cytochrome P450 induction.7-9 The interaction between lamo-
trigine and valproic acid leads to increased serum levels of lamo-
trigine and a risk of rash development because valproic acid is
capable of competitively inhibiting the glucuronidation sys-
tem.8,9 The interaction of phenytoin with lamotrigine reduces
lamotrigine concentration because of increased clearance fol-
lowing the induction of lamotrigine glucuronidation in the
liver, resulting in increased metabolism and reducing the
half-life of the drug by 50%.8,9

In the present report, we present a case of phenytoin toxi-
city resulting from the drug interaction between phenytoin
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Caso: criança de 12 anos com epilepsia refratária

lamotrigina   + VPA
200 mg/d     1.200 mg/d

DPH
200 mg/d

+ 21,92 mg/L

9 meses 1 mês

ataxia, diplopia horizontal, nistagmo ao olhar fixo e moderado
transtorno de atividade encefálica difusa

Conduta: ê 150 mg/d de DPH – criança 
sem sinais de intoxicação



v Indução enzimática: antiepilépticos (fenobarbital), 
nicotina, etanol (crônico)

v Inibição enzimática: dissulfiram, fenilbutazona, 
metronidazol, cloranfenicol, tetraciclina

Interação Medicamentosa
Farmacocinética - biotransformação

CYP 450



Verapamil e ciclosporina

v Verapamil: antiarrítmico - bloqueador de 
canal de cálcio – inibidor CYP 450

v Ciclosporina: imunossupressor

↓ da dose de ciclosporina e ↓ do custo do 
tratamento

Interação Medicamentosa
FarmacocinéMca – biotransformação



Lüllmann et al., Color Atlas of Pharmacology, 2005.

Exemplos de outras 
interações com ciclosporina



Interações Medicamentosas
Farmacocinéticas – biotransformação

Associação
Dose única



§Metotrexato + probenecida: 
mielossupressão 

§Cloroquina + probenecida: 
toxicidade ocular
§Penicilina + probenecida
§Quinidina + digoxina: dobra 
concentração plasmá7ca de 
digoxina (intoxicação digitálica)

Fármaco que compete com a secreção 
tubular ativa

Interações Medicamentosas
Farmacocinéticas - excreção
Secreção ativa no túbulo proximal

Cloroquina: antimalárico, lupus
Quinidina: antiarrítmico



Monitorização 
terapêutica





v Escolha do material biológico apropriado
v Esperar o estabelecimento do estado de equilíbrio: 

normalmente de 4 a 5 T1/2

v A determinação deve ser feita no pico baixo ou vale, 
normalmente, antes da administração da dose da manhã

Cuidados na Monitorização 
Terapêutica

Após 4 t1/2 
ocorre a 
impregnação

Lüllmann et al., Color Atlas of Pharmacology, 2005.
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v Faixa terapêutica: 0,4-0,8 mmol/mL
v Toxicidade e efeitos a longo prazo: 1,0-1,5 

mmol/mL, evitar concentrações acima de 1,5 
mmol/mL

v Hora da coleta: 12 hs após a última dose
v Motivos para MT 

üNefrotóxico e excretado pelos rins - provoca 
lesão renal, > retenção de Li+ e > toxicidade

üBiodisponibilidade sistêmica varia de pessoa para 
pessoa e é alterada pela ocorrência de diarreia

Lítio



v Determinação no sangue total
v Risco de rejeição de transplante nos 1os. 6 meses com 

baixas concentrações de ciclosporina
v Risco de nefro e hepatotoxicidade: 200-400 ng/mL
v Hora da coleta: imediatamente antes da próxima dose
v MT

ü Individualização da dose no início do tratamento
üAjuste da dose nas interações medicamentosas
üDetecção da adesão ao tratamento
üTransplante renal: útil para distinguir entre rejeição do 

transplante e farmacoterapia inadequada como causas de 
deterioração da função renal

Ciclosporina



PK/PD – Tratamento de infecções 

Alvos, objetivos e problemas? 
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Individualised vancomycin doses for paediatric burn patients
to achieve PK/PD targets
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1. Background

Burn-related injuries are the main causes of morbidity and
mortality in 1–9-year-old children, and burns are one of the
three main causes of injury-related death. In addition,
infections are responsible for a poorer prognosis in these
children [1]. The disruption of the normal skin barrier,

prolonged hospitalisation, immunocompromised status and
broad-spectrum antimicrobial therapy makes burn patients
easy targets for microbial colonisation [2].

Therefore, appropriate antimicrobial therapy has proved to
be critical for the treatment of patients who meet the clinical
and laboratorial criteria for sepsis. Over the last 40 years,
vancomycin has remained the drug of choice for the treatment
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Background: The objective of the study was to investigate vancomycin dose adjustment in

pediatric burn patients by evaluating trough drug concentrations and the pharmacokinetic

and pharmacodynamic (PK/PD) correlation.

Methods: Study subjects included 13 patients who were 6.0 years old, 25 kg (median). with

normal renal function. These had at least a 30% total burn surface area and inhalation injury

were present in 7/13 patients. The patients were investigated prospectively. Plasma moni-

toring and PK assessments were performed by serial blood sample collections (30 sets). Only

0.2 mL of each plasma sample was required for our plasma measurements, which were

made by high performance liquid chromatography. The vancomycin PK/PD target was set at

AUCss
0!24=MIC > 400.

Results: Trough values less than 10 mg/mL were obtained in 16/30 sets (53%) as a consequence

of increased plasma clearance and the apparent volume of distribution. The daily dose was

subsequently increased from 43.4 " 9.0 mg/kg (mean " SD) to 98.0 " 17.9 mg/kg, p < 0.05. The

PK/PD target was reached for pathogens with 0.5 mg/L, 1 mg/L, 2 mg/L and 4 mg/L MIC in 93.3%

(28/30), 66.7% (20/30), 33.3% (10/30) and 3.3% (1/30) of the sets, respectively.

Conclusions: To more rapidly achieve the PK/PD targets in pediatric burn patients with

normal renal function, an initial dose of approximately 90–100 mg/kg/day is recommended;

however, this higher dosage regimen should be further evaluated in this population in terms

of efficacy and toxicity as well as in terms of achieving pharmacodynamic goals.

# 2012 Elsevier Ltd and ISBI. All rights reserved.

* Corresponding author at: Rua Perucaia, 63, 05578-070, São Paulo/SP, Brazil. Tel.: +55 11 3091 2195; fax: +55 11 3815 8484.
E-mail addresses: davgomez@usp.br (D.S. Gomez), edvcampos@uol.com.br (E.V. Campos), rpazevedo@yahoo.com.br (R.P. de Azevedo),

joao.s@globo.com (J.M.d. Silva-Jr), mcastroferreira@uol.com.br (M.C. Ferreira), crisinhasan@usp.br (C. Sanches-Giraud), carlindo.sil-
va@usp.br (C.V. Silva-Jr), pharther@usp.br (Silvia R.C.J. Santos).

Available online at www.sciencedirect.com

journal homepage: www.elsevier.com/locate/burns

0305-4179/$36.00 # 2012 Elsevier Ltd and ISBI. All rights reserved.
http://dx.doi.org/10.1016/j.burns.2012.07.005

Individualised vancomycin doses for paediatric burn patients
to achieve PK/PD targets

David S. Gomez a, Edvaldo V. Campos a, Rodrigo P. de Azevedo a,
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Dose inicial: 43 mg/kg
Ajuste de dose: 98 mg/kg
Alvo: 10-20 µg/mL

2.2. Blood sampling

Patient blood samples were obtained via a venous catheter at
a steady-state level. Serial blood samples (1 mL) were
collected into sodium ethylenediaminetetraacetic  acid
(EDTA) tubes for drug plasma assays at 1, 2, 3 and 4 h
following vancomycin administration and at the time of the
vancomycin trough concentration (immediately before the
next dose). During the patients’ stay in the ICU, the
vancomycin trough and pharmacokinetic data were investi-
gated weekly or when re-infection by vancomycin-sensitive
strains occurred.

2.3. Plasma vancomycin assay

Blood samples were centrifuged at 2800 ! g, and the plasma
was transferred to labelled polyethylene vials and analysed
on the same day. Only 0.2 mL of each plasma sample was
required for the drug measurements taken using high-
performance liquid chromatography/ultraviolet detection
(HPLC–UV) according to a simple and accurate bioanalytical
method with adequate linearity and sensitivity that was
previously published [14]. The coefficient of determination
(r2) for the drug assay over the standard curve concentration
(0.4–100 mg/mL) was 0.9985. With respect to the internal

controls (drug plasma concentrations – high: 80 mg/mL,
medium: 40 mg/mL and low: 1.6 mg/mL), data expressed as
the mean (standard deviation/SD) of interday coefficients of
variation was 8.4% (7.4), while the mean of intraday
coefficients of variation was 4.8% (3.5). The lower limit of
detection was 0.2 mg/mL.

2.4. Pharmacokinetic analysis and PK/PD correlation

Vancomycin plasma concentration–time data were analysed
using PK Solutions 2.0 software (Summit, Montrose, CO, USA),

and the area under the curve at the time/dose interval (AUC),
the elimination rate constant (Kel), the biological half-life (T1/2),
the plasma clearance (CLT) and the volume of distribution (Vd)
were estimated. Antimicrobial susceptibility expressed by the
minimum inhibitory concentration (MIC) was obtained from
the European Committee on Antimicrobial Susceptibility
Testing (EUCAST, www.eucast.org) [15] or confirmed by
microbiological laboratory data after strain documentation.
PK/PD data were based on the AUCss

0"24=MIC ratio from each
patient; ratio values above 400 were considered the target for
treatment [16].

2.5. Data analysis

Statistical data analysis was carried out using the Statistical
Package for Social Sciences 13.0 (SPSS Inc., Chicago, IL, USA)

and GraphPad Prism Version 4.0 (GraphPad Software Corpo-
ration, San Diego, CA, USA). p-Values lower than 0.05 were
considered significant. Quantitative variables were described
using central tendency and dispersion measures. The statisti-
cal model used for the evaluation of each variable was chosen
based on the distribution pattern of each variable. A paired t-
test was applied to investigate the differences between the
dose and trough before and after dose adjustment.

3. Results

Thirteen paediatric burn patients were included in the study,
and the follow-up was performed for 30 sets while the patients
were in the ICU. Population data concerning the clinical and
demographic parameters of our study subjects are presented
in Table 1.

After an initial vancomycin daily dose of 43.4 # 9.0 mg/kg
(mean/SD), the target plasma trough concentration (>10 mg/
mL) was achieved in 2/13 (15.4%) patients. Consequently, the
daily doses were adjusted to 98.0 # 17.9 mg/kg ( p < 0.001,
Fig. 1).

As expected, the vancomycin trough increased significant-
ly from 7.4 # 6.0 mg/mL to 13.0 # 4.8 mg/mL after dose adjust-
ment ( p = 0.017). A dosing interval of 6 qh was chosen for
93.3% (28/30) of the investigated sets. In addition, a dosing
interval of 8 qh was chosen in only 2/30 sets, and vancomycin
was administered three times daily.

The vancomycin pharmacokinetic parameters estimated
in paediatric burn patients (30 sets) are presented in Table 3.

The vancomycin PK/PD correlation was also investigated as
presented in Fig. 2. Considering a target AUCss

0"24=MIC ratio of
above 400, target attainment was achieved for 93.3% (28/30),
66.7% (20/30), 33.3% (10/30) and 3.3% (1/30) of the patients with

0.5 mg/L, 1 mg/L, 2 mg/L and 4 mg/L MIC, respectively (Fig. 2);
considering also that 2.0 mg/L is the MIC for MRSA.

The initial and adjusted vancomycin daily doses were
plotted against the percentage of target achievement for the

Table 2 – Burn Unit guidelines for dose adjustment of
vancomycin based on trough vancomycin concentra-
tions.

Trough
(mg/mL)

Dose adjustment
required

<5 " 100%
5–10 " 50%
10–20 $
20–30 # 50%
>30 # 75%

Symbols: (<) below; (>) above; (") increase; ($) unchanged; (#)
decrease.

Fig. 1 – Vancomycin was administered to 13 patients to
reach the vancomycin target trough plasma concentration
(10–20 mg/mL). Significant differences between doses
( p < 0.0001) and the trough ( p = 0.017) were demonstrated
by paired sample statistics.
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trough and AUCss
0!24=MIC parameters, as shown in Fig. 3. It was

demonstrated that when doses greater than 80 mg/kg were
prescribed, the trough and AUCss

0!24=MIC targets were achieved
in a higher percentage of sets.

4. Discussion

Adequate antimicrobial therapy, including the optimal dos-
age, influences the risk of bacterial resistance and the clinical
outcome in patients with life-threatening infections, such as
those that occur in burn patients [2,17,18].

The need for increasing daily doses to reach adequate
trough concentrations has been documented in adult burn
patients [9,11]. In the present study, the initial daily dose of
43 mg/kg was not sufficient to achieve the recommended

trough target in 84.6% of the investigated paediatric burn
patients; consequently, daily doses were increased to 98 mg/
kg. Alternatively, for non-burn patient children, Glover and
et al. demonstrated that 60.6 mg/kg vancomycin doses
achieved 7.8 mg/mL trough concentrations, which is below
the desired target of 10–20 mg/mL [19]. Recently, Eiland et al.
found that to reach the 10 mg/mL target trough level in
paediatric patients, the daily dose needed to be increased to
70 mg/kg, and 85 mg/kg/day doses were necessary to achieve
the 15 mg/mL target trough [20]. Consequently, our data for
child burn patients from the present study are in accordance
with the reported results for non-burn patient children,

considering the increased daily doses required to achieve
the desired trough target.

Vancomycin pharmacokinetics in adults (burn patients
compared to non-burn patients) has been described by
Garrelts and Petere, and changes in burns were related to an
increased drug plasma clearance with a consequent reduc-
tion in the biological half-life of the drug [9]. Controversially,

drug pharmacokinetics in child burn patients (30 sets) were
comparable to the previously reported data for non-burn
patient children [21]. Changes in kinetic disposition are
different in adults and children due to differences in body
size, fluid compartments and drug elimination by urinary

excretion or drug metabolism [22]. In addition, the phar-
macokinetics of vancomycin in the child burn patients
investigated in this study varied greatly from the pharma-
cokinetics previously reported in septic adult burn patients
[2,9,23–27].

In accordance with the trough target drug concentration,
when the data were stratified, a significant difference in the PK
parameters was obtained as a consequence of equivalent
increases in the plasma clearance and the apparent volume of
distribution, with the biological half-life remaining un-
changed. Many causes of intrapatient variability (haemody-

namic status, fluid administration, surgery and inflammatory
processes) may influence PK changes during a patient’s stay in
the ICU, making it difficult to reach and maintain the target
trough.

At the present time, vancomycin remains the drug of
choice for the treatment of invasive MRSA infections;
however, an increased MIC, even within the susceptible
range, is a risk factor for vancomycin treatment failure in
adults [3,6,7,24]. It is proposed that the area under the plasma
concentration versus time curve (AUCss

0!24) and the MIC ratio
are the target parameters for the vancomycin PK/PD correla-
tion. A ratio higher than 400 is related to a plasma trough

above 15 mg/mL, assuming 1 mg/L MIC or less [6,8].
Despite the fact that the trough-based dose adjustment

data from the present study have revealed increases from 43.4

Fig. 3 – Daily dose versus target achievement percentage for
trough concentrations >10 mg/mL and AUCss

0!24=MIC > 400
considering the 0.5, 1, 2 and 4 mg/L minimum inhibitory
concentrations (MICs).

Table 3 – Vancomycin pharmacokinetics in children with burn injuries (n = 30 sets).

Parameters T1/2b(h) CLT(mL/min kg) Vdss(L/kg) AUCss
0!24(mg h/mL)a

Median 2.4 1.7 0.41 552.8
Percentile (25–75) (1.8–3.2) (1.0–3.7) (0.20–0.89) (302.5–1008.2)
Intra patient Variability 39.6% 50.5% 73.5% 45.7%
Inter patient Variability 88.0% 90.5% 91.5% 61.5%

a Data are expressed as the mean " standard deviation; Variability is expressed as the coefficient of variation; T1/2b
: biological half-life; CLT:

total body clearance; Vdss: apparent volume of distribution; AUCss
0!24: area under the curve.

Fig. 2 – The vancomycin PK/PD parameter (AUCss
0!24=MIC)

versus the minimum inhibitory concentration (MIC: 0.5; 1;
2; 4 mg/L) in 13 pediatric burn patients; 30 dispersion sets
were considered. Statistics: Kruskal–Wallis test, p < 0.001.

b u r n s 3 9 ( 2 0 1 3 ) 4 4 5 – 4 5 0448

Alvo PK/PD: AUCss
0-24h/MIC= 400

Plasma no vale de 15 µg/mL

MIC £ 1 mg/L
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those that occur in burn patients [2,17,18].
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trough concentrations has been documented in adult burn
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43 mg/kg was not sufficient to achieve the recommended
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versus the minimum inhibitory concentration (MIC: 0.5; 1;
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Melhor resposta:
MIC 0,5 e 1 mg/L

Para MIC > 1 mg/L: dose 
diária deve ser aumentada
Criança Queimada: 100% da dose

Criança não queimada: 66% da dose

alvo

2.2. Blood sampling

Patient blood samples were obtained via a venous catheter at
a steady-state level. Serial blood samples (1 mL) were
collected into sodium ethylenediaminetetraacetic  acid
(EDTA) tubes for drug plasma assays at 1, 2, 3 and 4 h
following vancomycin administration and at the time of the
vancomycin trough concentration (immediately before the
next dose). During the patients’ stay in the ICU, the
vancomycin trough and pharmacokinetic data were investi-
gated weekly or when re-infection by vancomycin-sensitive
strains occurred.

2.3. Plasma vancomycin assay

Blood samples were centrifuged at 2800 ! g, and the plasma
was transferred to labelled polyethylene vials and analysed
on the same day. Only 0.2 mL of each plasma sample was
required for the drug measurements taken using high-
performance liquid chromatography/ultraviolet detection
(HPLC–UV) according to a simple and accurate bioanalytical
method with adequate linearity and sensitivity that was
previously published [14]. The coefficient of determination
(r2) for the drug assay over the standard curve concentration
(0.4–100 mg/mL) was 0.9985. With respect to the internal

controls (drug plasma concentrations – high: 80 mg/mL,
medium: 40 mg/mL and low: 1.6 mg/mL), data expressed as
the mean (standard deviation/SD) of interday coefficients of
variation was 8.4% (7.4), while the mean of intraday
coefficients of variation was 4.8% (3.5). The lower limit of
detection was 0.2 mg/mL.

2.4. Pharmacokinetic analysis and PK/PD correlation

Vancomycin plasma concentration–time data were analysed
using PK Solutions 2.0 software (Summit, Montrose, CO, USA),

and the area under the curve at the time/dose interval (AUC),
the elimination rate constant (Kel), the biological half-life (T1/2),
the plasma clearance (CLT) and the volume of distribution (Vd)
were estimated. Antimicrobial susceptibility expressed by the
minimum inhibitory concentration (MIC) was obtained from
the European Committee on Antimicrobial Susceptibility
Testing (EUCAST, www.eucast.org) [15] or confirmed by
microbiological laboratory data after strain documentation.
PK/PD data were based on the AUCss

0"24=MIC ratio from each
patient; ratio values above 400 were considered the target for
treatment [16].

2.5. Data analysis

Statistical data analysis was carried out using the Statistical
Package for Social Sciences 13.0 (SPSS Inc., Chicago, IL, USA)

and GraphPad Prism Version 4.0 (GraphPad Software Corpo-
ration, San Diego, CA, USA). p-Values lower than 0.05 were
considered significant. Quantitative variables were described
using central tendency and dispersion measures. The statisti-
cal model used for the evaluation of each variable was chosen
based on the distribution pattern of each variable. A paired t-
test was applied to investigate the differences between the
dose and trough before and after dose adjustment.

3. Results

Thirteen paediatric burn patients were included in the study,
and the follow-up was performed for 30 sets while the patients
were in the ICU. Population data concerning the clinical and
demographic parameters of our study subjects are presented
in Table 1.

After an initial vancomycin daily dose of 43.4 # 9.0 mg/kg
(mean/SD), the target plasma trough concentration (>10 mg/
mL) was achieved in 2/13 (15.4%) patients. Consequently, the
daily doses were adjusted to 98.0 # 17.9 mg/kg ( p < 0.001,
Fig. 1).

As expected, the vancomycin trough increased significant-
ly from 7.4 # 6.0 mg/mL to 13.0 # 4.8 mg/mL after dose adjust-
ment ( p = 0.017). A dosing interval of 6 qh was chosen for
93.3% (28/30) of the investigated sets. In addition, a dosing
interval of 8 qh was chosen in only 2/30 sets, and vancomycin
was administered three times daily.

The vancomycin pharmacokinetic parameters estimated
in paediatric burn patients (30 sets) are presented in Table 3.

The vancomycin PK/PD correlation was also investigated as
presented in Fig. 2. Considering a target AUCss

0"24=MIC ratio of
above 400, target attainment was achieved for 93.3% (28/30),
66.7% (20/30), 33.3% (10/30) and 3.3% (1/30) of the patients with

0.5 mg/L, 1 mg/L, 2 mg/L and 4 mg/L MIC, respectively (Fig. 2);
considering also that 2.0 mg/L is the MIC for MRSA.

The initial and adjusted vancomycin daily doses were
plotted against the percentage of target achievement for the

Table 2 – Burn Unit guidelines for dose adjustment of
vancomycin based on trough vancomycin concentra-
tions.

Trough
(mg/mL)

Dose adjustment
required

<5 " 100%
5–10 " 50%
10–20 $
20–30 # 50%
>30 # 75%

Symbols: (<) below; (>) above; (") increase; ($) unchanged; (#)
decrease.

Fig. 1 – Vancomycin was administered to 13 patients to
reach the vancomycin target trough plasma concentration
(10–20 mg/mL). Significant differences between doses
( p < 0.0001) and the trough ( p = 0.017) were demonstrated
by paired sample statistics.
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• Má colaboração do paciente: 75% dos resultados
• Paciente fazendo uso de fármaco por tempo insuficiente: 

esperar de 4-5 T1/2

• Medicamento não é administrado em intervalo de tempo 
correto: T1/2 curta

• Dose insuficiente: mg/kg/dia
• Má absorção do fármaco: distúrbios GI
• Associação medicamentosa: aMvação da 

biotransformação
• Metabolismo rápido: comportamento individual

Interpretação dos Resultados
Subterapia



•Má colaboração do paciente, intervalo 
incorreto de administração, dose diária 
incoerente, associação medicamentosa
•Puberdade
•Hepatopatia e/ou nefropatia
•Metabolismo lento

Interpretação dos Resultados
Concentração acima da faixa 
terapêutica



•­ da fração livre do fármaco: 
hipoproteinemia, idosos, competição com 
outros fármacos

• Fenitoína x ácido valproico

Interpretação dos Resultados
Concentração na faixa terapêutica 
e sinais de intoxicação



•Coleta de sangue em horário 
inadequado
•Comportamento individual

Interpretação dos Resultados
Concentração na faixa terapêutica 
e ausência de resposta terapêutica



•Iden[ficação de variações individuais no padrão 
de biotransformação dos fármacos
•Adequação da dose a pacientes portadores de 
doenças hepá[cas e renais

•Compensar alterações produzidas por estados 
fisiológicos como: gravidez, puberdade, 
envelhecimento

•Iden[ficação de pacientes que não fazem uso da 
medicação de forma adequada

Vantagens da MT



Tratar o paciente e não a 
concentração plasmática

“We treat patients, not
levels” (Vajda, 2007)

Importante



v Avaliação farmacogenética: 
v Estabelecimento do perfil metabólico do paciente que sofrem 

influência genética
v CYP2D6 (deficiência afeta 9% dos caucasianos)

ü Recomendações para nortriptilina
• ML (50%)
• MR heterozigotos (100%)
• MR homozigotos (120%)
• MUR (até 230%)

v Azatioprina (imunossupressor) é metabolizada pela tiopurina
metiltransferase (TPMT)
ü 10% dos brancos têm deficiência da TPMT
ü Farmacogenética identifica estes indivíduos antes do tratamento

MT e farmacogenética


