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Monitorización de niveles de fármacos 

Therapeutic Drug Monitoring –TDM-

Medición de las concentraciones del fármaco en 

sangre (u otros fluidos) y utilización este dato junto 

con criterios farmacocinéticos, farmacodinámicos y 

clínicos para:

u Individualizar la dosis del paciente.

u Controlar la toma de medicación por parte del paciente, 

es decir, el cumplimiento terapéutico.

u Resolver dudas terapéuticas sobre ineficacia o toxicidad 

de un fármaco. 
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Pacientes

u Conocimiento de su 

patología principal y 

secundarias

u Medicación concomitante

u Expectativas del paciente: 

pronóstico



Fármacos

u No todos los fármacos se monitorizan

u Determinadas características

u Beneficioso para el paciente



Fármaco ideal para monitorizar sus concentraciones 

en sangre

Disponemos de un método analítico rápido, fiable y asequible para realizar las 

determinaciones

No adecuados indicadores clínicos para evaluar eficacia o toxicidad

Buena relación entre el nivel plasmático y el efecto terapéutico: intervalo 

terapéutico establecido.

No adecuada relación entre la dosis y el nivel: variabilidad FC

Índice terapeútico estrecho



Fármacos clásicamente monitorizados

Neuropsicofármacos:
ATC, Neurolépticos

Cardiovasculares:
DIG, Antiarritmicos

Teofilina, Cafeína
Antiepilépticos 

clásicos: 
PHT, CBZ, VPA, FB

Nuevos 
Antiepilépticos: 

LTG, LEV, LAC, TOP

Inmunosupresores:
CsA, TAC, SIR, EVE, 

MMF

Antiinfecciosos: 
AMG, GCP, VOR

Toxicidad: 
PAR, SAL, BZD, 

Drogas

Antineoplásicos:
MTX, 5-FU



Fármacos habitualmente monitorizados

NUMERO DE DETERMINACIONES/PETICIONES POR GRUPO DE FÁRMACOS  2016

CHUC HUMV

ANTIBIÓTICOS (AMINOGLUCÓSIDOS Y GLUCOPÉPTIDOS) 1109 (6,9%) 700 (0,5%)

ANTIEPILÉPTICOS 2424 (15%) 2985 (20,1%)

DIGITÁLICOS 1226 (7,6%) 425 (2,9%)

INMUNOSUPRESORES 10609 (65,6%) 10188 (68,5%)

METOTREXATO 136 (0,8%) 67 (0,5%)

PSICOFÁRMACOS (LITIO,ANTIPSICÓTICOS) 643 (4%) 426 (2,9%)

TEOFILINA 11 (0,1%) 15 (0,1%)

VORICONAZOL - 49 (0,3%)

OTROS - 18 (0,1%)

TOTAL 16158 14873
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Abstract: There are a number of effective but highly toxic drugs
that exhibit a narrow therapeutic index and marked interpatient
pharmacokinetic variability. Individualized therapy with such drugs
requires therapeutic drug monitoring (TDM) to obtain the desired
clinical effects safely. Cost-effectiveness analysis in health care is still
at an early stage of development, especially for TDM. A systematic
review was carried out to document studies that have addressed the
cost-effectiveness of TDM. The Cochrane database and Medline were
searched. References identified by this approach were then searched
manually for relevant articles. Very few studies have been performed
that document the cost-effectiveness of TDM, and TDM has been
demonstrated to be cost-effective only for aminoglycosides. For the
other classes of drugs that are monitored, the rationale for TDM has
been supported, but appropriate cost-effectiveness analyses have not
been performed. Because the use of many of these drugs without
TDM would increase the risk of under- or overdosing, emphasis
should not be placed solely on cost-effectiveness but rather on how
such interventions can be applied in the most cost-effective and
clinically useful manner.
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(Ther Drug Monit 2005;27:10–17)

Therapeutic drug monitoring (TDM) has been used to
individualize drug therapy since the early 1970s. In

addition, application of pharmacokinetic principles as part of
TDM has been used to assess drug behavior. The aim of TDM
is to optimize pharmacotherapy by maximizing therapeutic
efficacy, while minimizing adverse events, in those instances
where the blood concentration of the drug is a better predictor
of the desired effect(s) than the dose. The reasons why these

principles have gained wide acceptance include the following:
(1) although imperfect, a better relationship often exists be-
tween the effect of a given drug and its concentration in the
blood than between the dose of the drug and the effect; (2)
a thorough understanding of pharmacokinetics, ie, the pro-
cesses of drug absorption, distribution, metabolism, and drug
excretion in individual patients and in patient populations is
available; and (3) the development of reliable and relatively
easy to use drug-monitoring assays. In addition, TDM can also
be useful in cases in which compliance is in question, where it
is not clear if the right drug is being taken, where dosage
adjustment is required as a result of drug–drug or drug–food
interactions, and where intoxication is suspected.

TDM is more than simply the analysis of a single drug
concentration in the blood of a patient and a report of this
number. It also comprises interpretation of the value measured
using the mathematical (pharmacokinetic) principles men-
tioned above, drawing the appropriate conclusions about the
result, and advising the physician who ordered the test how
to optimize treatment. It is important to apply a uniform
definition of TDM here, because different definitions have
previously been used in cost-effectiveness studies and reviews
of TDM. Consequently, comparisons have been made based
on different approaches, which may influence the results. The
International Association for Therapeutic Drug Monitoring
and Clinical Toxicology has adopted the following definition1:

n Therapeutic drug monitoring is defined as the measurement
made in the laboratory of a parameter that, with appropriate
interpretation, will directly influence prescribing procedures.
Commonly the measurement is in a biologic matrix of
a prescribed xenobiotic, but it may also be of an endogenous
compound prescribed as replacement therapy in an individual
who is physiologically or pathologically deficient in that
compound.

Besides a definition of TDM, clear definitions of cost-
effectiveness must be presented because most of the older
studies are financially driven. Useful definitions are:
Cost-benefit analysis: costs and benefits measured simulta-

neously in monetary units.
Cost-effectiveness analysis: costs and benefits measured

simultaneously in obtaining a specified objective and
in monetary units.
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Cost-utility analysis: benefits measured in terms of quality of
life, willingness to pay, and patient preference for one
intervention over another.

Cost-minimization analysis: costs analyzed and compared
when 2 or more interventions have been shown, or as-
sumed, to be equivalent in terms of outcomes.
In recent years, TDM has developed a much more

patient-oriented focus to include all the processes around drug
therapy (patient response, adverse events, dosing information,
blood draw times, pharmacokinetic behavior, drug analysis,
interpretation, and dose adjustment). The pharmaceutical
industry, in general, is not in favor of TDM because it is felt
that it increases drug-associated costs and raises barriers
against the success of their drug. However, in some cases,
well-conducted cost-effectiveness studies have shown the
opposite. TDM is not a goal in itself but aims to contribute to
the therapeutic drug management process, and a change from
the passive ‘‘monitoring’’ in the TDM acronym into (pro)-
active ‘‘management’’ has been advocated (C. Pippinger,
personal communication).

TDM and clinical pharmacokinetic services are usually
hospital-based services. These services can be provided by
either clinical pharmacists or clinical chemistry/pathology and
clinical pharmacology staff. TDM usually entails the reporting
of an analytic result in combination with an interpretation and
recommendation. These interpretations and recommendations
should be provided by adequately trained health care pro-
fessionals (eg, formal training in clinical pharmacology). In
times of increasing financial pressure for hospitals and their
budgetary constraints, objective measures of the cost-
effectiveness of a clinical pharmacokinetic service are required
to justify and maintain the staffing of this service.

There are several approaches to the evaluation of cost-
effectiveness. In 1966, Donabedian2 proposed the structure–
process–outcome-oriented method for the evaluation of the
quality of health care. Schumacher and Barr3 translated this
method to TDM. The structure component includes the total of
laboratory facilities personnel; the process component
comprises the process of proper sampling, interpretation,
and intervention based on the results; and the outcome
component comprises the clinical effect of the TDM
intervention, including speed of recovery, number of adverse
effects, morbidity, mortality, as well as cost-savings of TDM.
Schumacher and Barr identified the following categories for
TDM cost-effectiveness analysis3:
Patient oriented
What percentage of patients treated with TDM did not

experience adverse events?
Process oriented
What percentage of TDM blood samples was correctly drawn?
What percentage of TDM patients had serum concentrations

that were within a predefined ‘‘therapeutic or target
range’’?
It is obvious that patient-oriented studies are to be

preferred over process-oriented studies. In process-oriented
studies, surrogate endpoints are used because of the lack of
well-defined and measurable clinical parameters.

An important factor in carrying out a cost-effectiveness
analysis is the question of which costs and benefits are to be
included in the model. Are only the direct costs calculated
(human resources, materials, equipment, energy costs, main-
tenance, etc), or are indirect costs included (ie, costs associated
with loss of productivity of the patient, the costs borne by
relatives in supporting the patient, and healthcare costs asso-
ciated with a longer life). Benefits of TDM can be assessed in
several ways. Differences in mortality, morbidity, duration of
hospitalization, duration of drug therapy, number of drug
dosages, and number of serum concentrations ordered can be
costed and compared. Benefits can also be costed in natural
units (eg, costs per life year gained) or in qualys (quality-
adjusted life years). With this latter technique, each year that is
gained is also corrected for the quality of that extended life. It
is evident that well-conducted cost-effectiveness studies need
thorough pharmacoeconomic expert support.

Most of the published cost-effectiveness research in
TDM is process oriented, and many of these studies have been
summarized and discussed in an excellent review by Ensom
and co-workers.4 From this paper and other reviews it is clear
that the majority of TDM cost analysis studies have focused on
the aminoglycoside antibiotics.

Another important aspect of TDM is external pro-
ficiency testing. To date, most external proficiency-testing
programs have focused on testing the quality of the result in
relation to the assay methodology used. A logical next step is
also to evaluate the quality of the interpretation, or clinical
recommendation, together with the analytic aspects.5 Such
programs will contribute to ongoing quality improvements in
TDM and clinical toxicology.

This review aims to update the existing information on
the rationale and cost-effectiveness of TDM for different
classes of drugs by using the method of a systematic review.

METHODS
The medical literature was searched (MedLine) for the

indexed terms ‘‘cost-effectiveness’’ or ‘‘cost-benefit’’ or ‘‘phar-
macoeconomics’’ and ‘‘therapeutic drug monitoring’’ or ‘‘drug
analysis.’’ Studies found were selected for the categories
‘‘patient oriented’’ and ‘‘process oriented.’’ Reference lists of
review articles were searched by hand for studies that were
missed using the search terms.

Reviews and studies were rated according to the
following rating system [Anonymous. Canadian Task Force
Methodology (Canadian Task Force on Preventive Health Care
web site) available at http://ctfphc.org/methods.htm. Accessed
January 12, 2004]:
A1. Systematic review containing several studies of A2 level

and with consistent outcomes.
A2. Prospective randomized clinical trials of good quality.
B. Randomized clinical trials of moderate quality (eg, too

few patients) or other comparative trials (eg, not
randomized, cohort studies, case-control studies).

C. Noncomparative trials.
D. Experts’ opinions (eg, according to the authors).

A clinical trial was rated ‘‘good’’ if the study included
the following components: a clear hypothesis, the presence
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of blinding, analysis of confounders, statistical power and
sample size calculation, summary of patient characteristics,
specification of data analysis methods, and identification of
sources of bias such as the number of patients lost for
follow-up. In addition, a level of recommendation was as-
signed according to:
1. One systematic review (A1) or at least 2 independent trials

of level A2.
2. At least 2 independent studies of level B.
3. One study of level A2, B, or C.
4. Experts’ opinions, eg, according to the authors.

For each drug class, the review paragraph is summarized
by a conclusion and a recommendation.

Aminoglycosides
The success and continuing use of the aminoglycosides

can be attributed to various factors, including a rapid
concentration-dependent bactericidal effect, clinical efficacy,
synergism with b-lactam antibiotics, a low rate of true re-
sistance, and low costs. The major limitation to their clinical
use continues to be concern about the development of oto- and
nephrotoxicity. The nephrotoxic effects have been shown to be
related to active drug uptake and accumulation in the tubular
cortex, which is related to the dosing schedule. Therapeutic
drug monitoring (TDM) of the aminoglycosides is an
important tool that can reduce the incidence of toxicity while
maximizing efficacy parameters, such as the peak to minimal
inhibitory concentration (MIC) ratio. Several patient-oriented
studies have documented the cost-effectiveness of dose
individualization by means of TDM.6–11 As early as 1979,
Bootman et al6 demonstrated, in a retrospective cohort analysis
in burn patients with gram-negative sepsis, that dose individ-
ualization of gentamicin based on TDM increased the length
of stay in hospital but also significantly decreased mortality.
The extra costs of the TDM service were significantly less than
the overall savings made as a result of the reduced mortality.
These results have since been confirmed by other groups.7–9,11

More recently, research in Holland has demonstrated that
another approach to TDM, a more proactive approach in which
the hospital pharmacist is involved in deciding the initial dose
and dosing interval of an aminoglycoside for an individual
patient, can lead to a significant shortening of the hospital stay,
less nephrotoxicity, and a trend toward reduced mortality.10

This approach was compared with the passive form of TDM,
in which initial doses and sampling were decided by the
doctor. Based on hospital stay and additional medical costs,
the costs associated with the ‘‘active’’ TDM service were
significantly lower than the savings that were achieved by the
service. This is the only prospective European study to
evaluate the cost-effectiveness of TDM. An important
additional aspect of this study is that the cost-effectiveness
analysis was carried out by an independent pharmacoeco-
nomic research institute. The study has been archived in the
British National Health Service (NHS) Economic Evaluation
Database [National Health Service Economic Evaluation
Database (database online), York, Center for Reviews and
Dissemination, University of York, UK, http://www.york.ac.
uk/inst/crd/nhsdhp.htm. Updated January 5, 2004).

However, with the introduction of extended-interval
dosing for aminoglycosides, the role of TDM to assist dosing
has been the subject of considerable debate. There are no
clearly defined target concentrations for extended-interval
dosing, and the concept is difficult to apply in the conventional
sense.12 Trough concentrations should usually be below assay
detection limits and, if measurable, often imply overdosage.
The benefits of TDM services using population model-based
Bayesian pharmacokinetic approaches with extended-interval
dosing have not been formally studied. Based on the data
available, these strategies will have definitive advantages over
nomogram dosing in selected patient populations.

Panel 1: Conclusion and Recommendation on
Cost-Effectiveness With Respect to Aminoglycosides
Conclusion (level 1): TDM of aminoglycosides is cost-

effective [ref 6 (B), ref 7 (B), ref 8 (A2), ref 10 (A2)].
Conclusion (level 2): TDM of aminoglycosides leads to a

reduction of mortality [ref 6 (B), ref 10 (A2)].
Conclusion (level 2): TDM of aminoglycosides leads to a

reduction of side effects [ref 10 (A2), ref 11 (A2)].
Recommendation: It is recommended that aminoglycoside

therapy be guided by TDM.
Note: all cost-effectiveness studies reviewed here were per-

formed before the introduction of extended-interval
dosing.

Vancomycin
Vancomycin is considered to be less nephrotoxic than the

aminoglycosides. Nevertheless, a relationship seems to exist
between serum concentrations and both toxicity and efficacy.13

Two patient-oriented vancomycin TDM cost-effectiveness
studies have been conducted. The first study compared, pro-
spectively, the effect of TDM on the following outcome mea-
sures: renal function; cumulative dose; duration of vancomy-
cin therapy; duration of hospital stay; and consumption of
other antimicrobial drugs.14 On average, patients receiving
TDM had less nephrotoxicity, needed lower cumulative vanco-
mycin dosages, and had shorter hospital stays than patients
who did not receive TDM.

The second studywas conducted bydelMarFernándezde
Gatta et al.15 They investigated the effect of vancomycin TDM
on clinical outcome and adverse effects. They also observed
a reduced incidence of mild and severe nephrotoxicity, and this
led to significant cost savings in patients receiving TDM.
Based on these 2 studies and a cost-price model for drug-
related nephrotoxicity, Darko et al calculated the savings that
could be realized by vancomycin TDM.13 Darko et al calcu-
lated the cost of treating nephrotoxicity as $11,233.13 The cost
of preventing 1 vancomycin-associated nephrotoxic episode
with TDM was $8363 for ICU patients, $5000 for oncology
patients, and $5564 for patients receiving concomitant nephro-
toxic drugs.13 Overall, TDMof vancomycin can be cost-effective,
with the biggest potential savings in ICU patients, patients
receiving other nephrotoxic medications, and oncology patients
because these patients have the greatest risk of developing nephro-
toxicity. Of more concern may be the potential for treatment
failure because of underdosing to avoid the risk of toxicity. There
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Análisis coste-efectividad

Fármacos Estudios realizados Conclusiones

Aminoglucósidos
Coste-efectividad (paciente)

*No intervalos expandidos

TDM es coste-efectiva (A2; GR:1)

Reduce mortalidad (A2; GR: 2)

Reduce efectos adversos (A2; GR: 2)

Vancomicina Coste-efectividad (paciente)

TDM es coste-efectiva en UCI, oncología, otros nefrotóxicos

(A2; GR:2)

Reduce nefrotoxicidad (A2; GR: 3)

Antiepilépticos 

clásicos

Efectividad

Costes

TDM puede mejorar control de la epilepsia y reducir E. Ad. 

(B; GR: 3)

Puede ser coste-efectiva (B; GR: 3)

Nuevos 

antiepilépticos
Efectividad

TDM puede ser útil para ajustar la dosis en pacientes con 

mal control, incumplimiento o interacciones (D; GR: 3)

Digoxina Efectividad (I. Cardíaca)
TDM puede ser útil en I. Cardiaca (B; GR: 3)

TDM podría ser útil en Fibrilación Auricular (D; GR: 4)

Inmunosupresores
Efectividad

Comparación estrategias TDM

TDM es obligatoria (D; GR: 4): escasez de órganos, costes 

del TX y sus complicaciones, variabilidad FC, interacciones



Nuevos fármacos que se monitorizan

u Antifúngicos: Triazólicos ® voriconazol, itraconazol

u Fármacos antineoplásicos

u Psicofármacos

u Antibióticos beta-lactámicos en pacientes críticos *

u Fármacos biológicos anti-TNF *

u Anticogulantes orales de acción directa *



Monitorización de beta-lactámicos en 

pacientes críticos

u Amplia variabilidad FC de los beta-lactámicos en el paciente crítico: aumento 

de Vd, cambios en el aclaramiento, técnicas de reemplazo renal

u Reducción de las concentraciones en sangre y aumento de resistencias

u Aumento toxicidad: encefalopatía y convulsiones

From: Therapeutic drug monitoring of the β-lactam antibiotics: what 
is the evidence and which patients should we be using it for?
J Antimicrob Chemother. 2015;70(12):3178-3183. 
doi:10.1093/jac/dkv201



Objetivo PK/PD: fT>MIC

From: DALI: Defining Antibiotic Levels in Intensive Care Unit Patients: Are Current β-Lactam Antibiotic Doses 
Sufficient for Critically Ill Patients?
Clin Infect Dis. 2014;58(8):1072-1083. doi:10.1093/cid/ciu027



From: An international, multicentre survey of β-lactam antibiotic therapeutic drug monitoring practice in intensive care units
J Antimicrob Chemother. 2014;69(5):1416-1423. doi:10.1093/jac/dkt523



Monitorización de betalactámicos en 

pacientes críticos

u No hay evidencias sólidas de su eficacia ni se realiza de 

rutina pero se considera que puede ser útil para la 

individualización de la dosis, especialmente:

u Pacientes con infecciones por bacterias resistentes

u Pacientes de mayor gravedad

u Pacientes con alteraciones de la función renal: aumento o 

disminución

u Pacientes con hipoalbuminemia

u Pacientes obesos



Monitorización de fármacos biológicos anti-TNF

FÁRMACO        Ac AntiF



Monitorización de fármacos biológicos 

anti-TNF

Factores que justifican la monitorización del anti-TNF y de los AcAF:

u Variabilidad farmacocinética interindividual 

u Peso, sexo, albuminemia

u Actividad de la enfermedad inflamatoria (EII, AR, Psoriasis)

u Tratamientos concomitantes: DMARDS

u Importancia de la detección de AcAF que contribuyen a la pérdida de eficacia o 

al desarrollo de reacciones de hipersensibilidad

u Neutralización

u Aumento del aclaramiento del anti-TNF



Monitorización de anti-TNF en EII

From: American Gastroenterological Association Institute Clinical Guidelines Committee. American Gastroenterological

Association Institute Guideline on Therapeutic Drug Monitoring in Inflammatory Bowel Disease. Gastroenterology 2017 

Sep;153(3):827-834. 

doi: 10.1053/j.gastro.2017.07.032.

• Monitorización reactiva vs proactiva

• Fase inducción – fase mantenimiento



Monitorización de fármacos biológicos 

anti-TNF

u Amplia implantación clínica: monitorización reactiva y 

proactiva

u Estudios coste-efectividad, en general favorables

u Quedan incertidumbres por resolver: efectividad en los 

tratamientos de inducción, mejor definición de intervalos 

terapéuticos en distintas situaciones



Monitorización de Anticoagulantes 

orales de acción directa (ACOD)

u Situaciones en las que puede ser útil la monitorización:

u Detección de acumulación en situaciones de fallo renal o hepático 
o sobredosis

u Sangrado o trombosis

u Planificación de cirugía o procedimientos invasivos urgentes

u Necesidad de trombolisis en ictus isquémico

u Otras características del paciente: obesidad, malabsorción

u Guía para administrar agentes de reversión



Monitorización de Anticoagulantes orales 
de acción directa (ACOD)

Acción Fármaco Screening Monitorización Medición

Anti-FIIa Dabigatran APTT dTT/ECT

LC-MS/MS
Anti-FXa

Rivaroxaban PT Método 
cromogénico para 
determinar 
actividad anti-Xa

Apixaban -

Edoxaban -

Estimación de la concentración



Monitorización de Anticoagulantes orales 
de acción directa (ACOD)

u La medición directa de las concentraciones plasmáticas está poco extendida:

LC-MS Pruebas coagulación

Gold estándar: alta sensibilidad y 
especificidad

Medición indirecta

Depende de otras características del 
paciente

Requiere medios y personal 
especializado

Ampliamente implementadas en 
cualquier laboratorio de hematología

No intervalos óptimos validados para las diferentes situaciones clínicas



Otros avances en la monitorización

u Técnicas analíticas: LC-MS/MS



Otros avances en
la monitorización

u Obtención de muestras: 

Gota seca “Dried Blood Spot” DBS



Interacción entre TDM y otras formas de 

individualización del tratamiento

Farmacogenética: 
polimorfismo genéticos 

relacionados con 

metabolismo, transporte, 

receptores

Parámetros FD: 
parámetros analíticos 

o funcionales



Conclusiones

La TDM continúa teniendo utilidad clínica para muchos de los fármacos 
que clásicamente se han monitorizado: coste-efectividad

Se van incorporando nuevos fármacos que precisan de una monitorización 
de niveles

Hay avances relacionados con otros aspectos de la monitorización: 
técnicas de determinación analítica, obtención de muestras

Cada vez es más frecuente la interacción entre la TDM y otros 
biomarcadores genéticos o farmacodinámicos que mejoran su efectividad

La TDM sigue siendo una herramienta de amplia utilización en la 
individualización terapéutica: medicina personalizada


