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Summary

Early and appropriate antibiotic therapy remains the
key intervention for successful treatment of infection
in critically ill patients, particularly in the current era
of increasing antibiotic resistance. Optimization of the
antimicrobial dosing regimens to achieve therapeutic
plasma concentrations and concentrations at the site
of infection is crucial for maximizing the therapeutic
response and minimizing the risk of organ toxicity and is
also an important tool to avoid the resistance emergence.
Beta-lactam antibiotics have been considered relatively
safe and, as opposed to aminoglycosides, therapeutic
drug monitoring as a tool conventionally used primarily
to minimize toxicity in drugs with narrow therapeutic
window or complex pharmacokinetics, has not been
provided routinely yet. However, emerging data suggest
that optimal antibiotic exposure may not be achieved
with traditional dosing strategies in a significant number
of critically ill patients and, on the contrary, concerns
about insufficient plasma concentrations leading to
microbiological and clinical failure are warranted.
The treatment of infections in the intensive care unit
(ICU) patients is often challenging because of disease
complexity, pathophysiologic alterations they undergo
and reduced susceptibility of nosocomial pathogens.
Therefore, it is of paramount importance to update
current recommendations on dosing of beta-lactam
antibiotics in severe infections and therapeutic drug
monitoring may be regarded as the only exact method
to ensure pharmacodynamics target achievement. Na
Homolce Hospital is one of the first medical institutions
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in the Czech Republic where the practice of routine
TDM of beta-lactam antibiotics in ICU-patients has been
established. In this paper, we introduce our experience
and first case reports.
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Souhrn

Casna a adekvatni antibiotickd terapie hraje kli¢ovou
roli v uspésném zvladnuti infekce u kriticky nemocnych
pacientll, zejména v soucasné éfe narlstajici antibiotické
rezistence. Optimalizace davkovani antimikrobialni
terapie vedouci k dosazeni terapeutickych koncentraci
v plazmé a nasledné v misté infekce je zakladnim
predpokladem pro maximalizaci terapeutické odpovédi
a minimalizaci rizika organové toxicity a zaroven
predstavuje dilezity nastroj v predchazeni rozvoje
antibiotické rezistence. Beta-laktamova antibiotika
byla povazovana za relativné bezpe¢na a — na rozdil od
aminoglykosidii — terapeuticky monitoring hladin 1é¢iv
(TDM), jakozto nastroj konvenéné pouzivany predevsim
k minimalizaci toxicity 1éCiv s uzkym terapeutickym
rozmezim nebo nelinearni farmakokinetikou, nebyl
v pfipad¢ beta-laktamt dosud rutinné provadén. Nicméné
aktualni data naznacuji, Ze standardni davkovaci rezimy
nevedou k dosaZeni cilovych koncentraci u vyznamného
poctu kriticky nemocnych pacientli, naopak vyvstavaji
opravnéné obavy z nedostateénych expozic vedoucich
k selhani terapie. Lécba infekcei u pacientti na jednotkach
intenzivni péce (JIP) je casto narocnda z davodu
komplexnosti onemocnéni, patofyziologickych zmén,
k nimz u kriticky nemocnych pacientti dochazi, a snizujici
se citlivosti nozokomialnich patogenti. Proto je naprosto
nezbytna aktualizace soucasnych doporuceni tykajicich
se davkovani beta-laktamovych antibiotik u zavaznych
infekci a TDM lIze povazovat za jedinou exaktni
metodu  zajistujici dosazeni farmakodynamickych
cili. Nemocnice Na Homolce je jednim z prvnich
zdravotnickych zatizeni v Ceské republice, kde byla
zavedena praxe rutinniho terapeutického monitorovani
hladin betalaktamovych antibiotik. V nasledujicim textu
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predstavujeme nase zkusenosti a ptfinasime prvni kazui-
sticka sdéleni.

Klic¢ova slova: beta-laktamova antibiotika * farmakoki-
netika ¢ optimalizace davkovani ¢ patofyziologické zme-
ny * jednotka intenzivni péce (JIP)  terapeutické monito-
rovani hladin 1é¢iv (TDM)

Introduction

Optimization of antibiotic dosage regimens requires
deep knowledge of the mechanisms involving the ef-
fect of the antibiotics (pharmacodynamics, PD) and
the evolution of plasma and tissue drug concentra-
tions over time (pharmacokinetics, PK). Given that in
antimicrobial therapy the effect is produced on the bac-
terial pathogen, the main indicator of the pharmacody-
namic efficacy of antibiotics is the minimum inhibitory
concentration of the pathogen (MIC), which is defined
as the lowest concentration of an antimicrobial agent
that is able to prevent the visible growth of bacteria' ?.
Only the free (unbound) fraction of the drug exhibits an
antimicrobial effect¥. Pharmacokinetics involves pro-
cesses such as absorption, distribution, metabolism and
elimination which determine the concentration-time pro-
file of the drug and may be characterized by the primary
and secondary pharmacokinetic parameters. Changes in
primary PKparameters (for instance, the volume of dis-
tribution V and clearance Cl) may be explained due to
the changes in physiological variables. The elimination
half-life (t,,), area under the concentration-time curve
(AUC) and bioavailability (F) could be considered as
secondary PK-parameters because they are derived from
primary parameters.

The quantitative relationship between a pharmacoki-
netic and a microbiological parameter known as a PK/
PD index is the basis on which antibiotics can be clas-
sified into three categories reflecting the mechanism
of bactericidal effect* .

Intravenously administrated broad-spectrum B-lactam
antibiotics are the most frequently prescribed antimicro-
bials in the ICU both in monotherapy and combination
therapy with aminoglycosides and glycopeptides® 7.
Because of its favourable safety profile and spectrum of
antimicrobial activity, including gram-negative bacte-
ria, B-lactams still represent first choice therapy in both
empirical and targeted treatment of serious infections®?.
These drugs are characterised as small hydrophilic
molecules with predominantly time-dependent activity
defined as the cumulative percentage of time (%) over
a dosing interval (T) in which the free drug concentra-
tion (F) exceeds the minimum inhibitory concentration
(MIC) of an offending pathogen (%fT > MIC)'?.

According to recent studies, to date acknowledged and
generally accepted PK/PD target of 40-70%fT > MIC
is not sufficient to achieve maximal bactericidal activity
in intensive care setting, being derived from experimen-
tal trials using neutropenic animal models and relatively
sensitive bacterial strains!"-'?, This conservative target is

likely to be efficient in the treatment of less severe in-
fections. However, in critically ill patients with serious
infections, which are often caused by resistant organisms
with high bacterial burden, immunological limits of the
patient and reduced B-lactam penetration at the site of in-
fection, maintaining at least 100%fT > MIC may be nec-
essary'®, whereas some authors suggest that maximum
killing of bacteria occurs when serum concentrations
are maintained above the MIC of the causative patho-
gen for four to five times the MIC (fT > 4-5 x MIC)'+19.
A consensus regarding the %fT > MIC value that should
be chosen as the pharmacodynamics target for antimicro-
bial therapy in critically ill patients has not been reached.
However, the maintaining antibiotic serum concentration
above the MIC of the pathogen for extended periods of
100%fT > MIC is clearly associated with better bacte-
riological eradication and therapeutic outcomes than
fT > MIC < 100%® 1317,

The in vitro susceptibility of a causal pathogen has
been considered a cornerstone of antibiotic prescription.
Nevertheless, choosing a molecule and dosing sched-
ule according to susceptibility of the infectious microor-
ganism is only one component of optimal antibiotic ther-
apy and many other factors must be considered in clinical
practice. Due to the critical illness in combination with
therapeutic interventions in the ICU, essential pathophys-
iologic changes occur leading to significant alterations
in both the primary and secondary pharmacokinetic pa-
rameters'® '), Especially in case of hydrophilic antibiot-
ics largely distributed into the interstitial fluid and with
predominantly renal elimination, there are two important
factors influencing the achieved antibiotic concentrations
in plasma and subsequently at the infection site, namely
alteration of renal function (affecting clearance) and in-
creased volume of distribution'.

Alterations of volume of distribution

A characteristic feature described in critically ill pa-
tients, particularly in patients with severe inflammatory
disease (e.g. pancreatitis, extensive burns) is endothe-
lial dysfunction and increased vascular permeability as
a result of systemic inflammatory response syndrome
(SIRS). Capillary leakage leads to fluid extravasation into
the interstitial space and consequently to the systemic hy-
potension requiring aggressive fluid resuscitation. In ad-
dition, mechanical ventilation, extracorporeal circulation
and the presence of surgical drains contributes to further
increase of the volume of distribution in critically ill pa-
tients. Finally, there is an enormous expansion of V for
hydrophilic B-lactam antibiotics in a relatively short peri-
od of time in the initial phase of antimicrobial therapy. As
a result, achieved plasma concentrations and the concen-
trations at the site of infection may be substantially low-
er when standard dosage regimens are used in the early
phase of the critical illness, which is associated with seri-
ous clinical consequences® 22D,

Another factor contributing to the increase in V,
of some B-lactam antibiotics is hypoalbuminemia, de-
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fined as a serum albumin concentration < 25 g/l, which
is present in 40-50% of critically ill patients® *». Hy-
poalbuminemia increases the unbound fraction of be-
ta-lactam antibiotics, which is available for renal clear-
ance. Moreover, it increases fluid shift into the interstitial
space leading to further expansion of the volume of
distribution. As a result, transient (about 5 elimination
half-lives) increase in serum concentration of -lactam
antibiotics may be observed, especially in case of high-
ly protein bound antibiotics (e.g. ceftriaxone, oxacillin),
with a sequential decrease in the free drug fraction as
a consequence of an augmented clearance?> >,

* Case report
Obesity

An acute surgery was indicated in a 51 years old mor-
bidly obese man (BMI 42.8, serum creatinine 76 umol/I,
GFR 2.16 ml/s) with finding of perforated appendicitis
with circumscript peritonitis. Empiric antimicrobial ther-
apy was initiated immediately with piperacillin/tazobac-
tam (PIP/TAZO) at a dose of 4.5 g each 4 hours (27 g
a day) together with a single dose of gentamicin 480 mg.
24 hours after the antimicrobial treatment initiation,
control trough levels were determined. The measured
concentration PIP/TAZO of 1.2 mg/l was far below this
needed to manage a community-acquired intra-abdom-
inal infection, where non-resistant Enterobacteriaceae
and anaerobes (MIC value for PIP/TAZO 8 mg/l) may
be expected, undoubtedly because of extreme obesity and
augmented renal clearance. Nevertheless, perioperative
samples were negative, the infectious focus was not con-
firmed. Five-day antibiotic therapy remained in medi-
cation rather from clinical embarrassment. The patient
remained afebrile, without clinical signs of infection, in-
testinal passage was restored. On day 5, it was decided
to discontinue antimicrobial therapy and on day 10 after
the surgery, the patient was released in good condition.

In obese patients whose body weight exceeds the ideal
body weight (IBW) over more than 30%, the increase in Vd
not only lipophilic antibiotics but also some hydrophilic
antibiotics occurs due to the extracellular fluid contained
in the adipose tissue. The clinical significance of increas-
ing Vd of hydrophilic time-dependent antibiotics in obese
patients is also related to their half-life. According to the
current state of knowledge, for antibiotics with ultrashort
t, (e.g. PIP/TAZO 0.7-1.2 hour) and the characteristic
of T > MIC it may not be automatically necessary to ex-
ceed the recommended maximum daily dose (e.g. PIP/
TAZO 27 g/day), nevertheless, this case report shows that
even the recommended dose for morbidly obese patients
may result in inadequate antibiotic levels in the context
of the MIC values of the suspected pathogen, when aug-
mented renal clearance (ARC) is present. Taking into ac-
count that this patient did not display any signs of sepsis,
serum concentration above the MIC for four to five times
the MIC (fT > 4-5 x MIC) may not be required. Howev-
er, for the maximal bacterial killing associated with suc-
cessful antimicrobial therapy in critically ill patients, the
target of 100%fT > MIC needs to be achieved, while this

must be based on the MIC of the least sensitive bacterial
pathogen according to clinical breakpoints determined
by the European Committee on Antimicrobial Suscepti-
bility Testing (EUCAST), till the cultivation result is ob-
tained. Therefore, the dosage of f-lactam antibiotics in
critically ill morbidly obese patients represents a contro-
versial issue, as current recommendations appear to lead
to insufficient serum drug levels attainment and risk of
antimicrobial therapy failure. Only the establishment of
routine monitoring of f-lactam antibiotics will provide
the answer to this systemic question.

Changes of drug clearance

While expansion of the volume of distribution may
play a key role in decreasing antibiotic concentration at
the start of therapy, drug clearance is considered a ma-
jor determinant of steady-state drug concentration. Al-
terations in renal function may lead, on the one hand,
to the prolonged elimination half-life with risk of ac-
cumulation of the drug with systemic toxicity symp-
toms. On the other hand, patients with altered renal func-
tion within the meaning of hyperfiltration may be put at
significant risk of underdosing. Systemic inflammation,
increased cardiac output and intensive fluid resuscitation
results in increased renal perfusion and subsequently in
increased renal clearance. According to recent studies,
50-60% of critically ill patients experience ARC with
creatinine clearance values > 130 ml/min during their
ICU-stay, particularly in the initial phase of sepsis. The
ARC presence facilitates solute elimination (includ-
ing B-lactam antibiotics) potentially resulting in pharma-
codynamics targets non-achievement resulting in poor
clinical outcome as well as the risk of development of
antibiotic resistance *.

* Case report
Augmented renal clearance

A 63 years old woman (163 cm, 57 kg) underwent a sub-
total gastrectomy for gastric cancer. On the day 8 after
surgery, signs of wound infection including fever, elevated
inflammatory markers and elevated renal parameters were
observed. Empiric antimicrobial therapy with piperacillin/
tazobactam (PIP/TAZO) at a dose of 4.5 g each 6 hours
was initiated immediately with control trough levels deter-
mination 24 hours after the first dose. Based on the serum
PIP/TAZO trough level of 4.6 mg/l and microbiological re-
sults with findings of Klebsiella in secretion samples, anti-
biotic dosing was increased to the maximal recommended
dose of 4.5 g each 4 hours (27 g/day), which led to micro-
biological and clinical cure (Fig. 1).

The desired serum trough level of PIP/TAZO necessary
to manage an infection due to Klebsiella pneumoniae
(MIC value for PIP/TAZO 8 mg/l) had not been reached
in convenient dosing schedule, presumably due to ex-
tremely augmented renal clearance of the patient (GFR
2.76 ml/s). In this case, TDM made it possible to reveal
subtherapeutic concentrations early and answer rapidly
with dosage adjustment, which was essential for treat-
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Fig. 1. The time course of plasma concentrations after two PIPERACILLIN-TAZOBACTAM dosing regimens

ment success. Otherwise, inadequate antibiotic dosing in
relation to ARC may have resulted in insufficient serum
antibiotic levels and consecutively the failure of antimi-
crobial therapy.

After the initial phase of sepsis associated with expan-
sion of distribution volume and subsequently with the risk
of underdosing, the later stage of sepsis may arise as the
compensatory mechanisms are exhausted and progres-
sive organ damage, including acute renal and hepatic
failure, develops. On the contrary to the above men-
tioned situation of ARC, the reduced removal capacity of
an eliminating organ emerges as significant risk factor
for drug accumulation and development of systemic side
effects (e.g. carbapenems-induced neurotoxicity, tetracy-
clines-induced hepatotoxicity, nephrotoxicity associated
with aminoglycoside administration)®”. However, war-
ranted fear of overdosing and side effect is often a cause
of choosing inappropriately low B-lactam doses in crit-
ically ill patients with renal insufficiency, especially in
the early phase of infection. Clearance of p-lactam an-
tibiotics eliminated predominantly by glomerular filtra-
tion (e.g. cefepime, meropenem) correlates well with cre-
atinine clearance (CICr), nonetheless, the estimation of
glomerular filtration rate (GFR) from serum creatinine
according to the equation may be misleading and its
use to predict real CICr in ICU-patients is markedly lim-
ited’). Although determining creatinine clearance from
urine collection may present a more convenient practice,
monitoring of serum antibiotic concentrations in patients
with renal or hepatic impairment is the only exact me-
thod to consider the optimal dosage regimen.

* Case report
Bronchopneumonia

A polymorbid elderly patient (82 years, 68 kg) underwent
surgical resection for acute aortic dissection. The postop-

erative course was characterized by worsening of chron-
ic obstructive pulmonary disease with the need of more
frequent non-invasive ventilation and consistent respira-
tory rehabilitation, SpO, values ranged around 70%. On
the chest X-ray, signs of bronchopneumonia were detected
and antimicrobial therapy with cefepime at loading dose
of 2 g every 8 hours (Krea 239, CICr 0.35 ml/s) was initiat-
ed. 24 hours after the first dose, the serum cefepime trough
level was found to be 114 mg/l (!). In accordance with pro-
gression of renal impairment (CICr 0.21 ml/s), cefepime
dosing was deescalated to 500 mg each 8 hours. Because
of further progression of renal insufficiency, CVVHD must
be started and cefepime dosing was increased to 1 g
every 6 h due to the changes in elimination parameters.
In sputum samples, positive culture for Klebsiella pneu-
moniae susceptible to fourth-generation cephalosporins
was referred by microbiologist. Antibiotic treatment was
successfully completed on day 7.

Although toxic serum concentrations of cefepime are not
defined in the current literature, higher plasma levels are
clearly associated with a significantly higher risk of neu-
rotoxicity, attributed to the ability of the drug to cross the
blood-brain barrier and display a dose-dependent gam-
ma-aminobutyric acid (GABA) antagonistic effect. Neu-
rotoxic symptoms may be manifested as alteration of
consciousness, encephalopathy, aphasia, myoclonus, sei-
zures and coma. Risk factors include pre-existing brain
condition, high antibiotic doses and renal insufficiency
potentially leading to drug accumulation. In an attempt to
reach rapid bactericidal effect, aggressive initiation of an-
timicrobial therapy with full-dose cefepime regimen was
chosen. This led, however, to a prompt increase in plasma
concentrations up to more than 10 times the MIC of the
least sensitive bacterial pathogen (Pseudomonas aerugi-
nosa, MIC 8 mg/l). Only using early therapeutic monitor-
ing with real-time adaptive feedback permits the clinician
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to answer immediately by reducing the dose of cefepime
and thus prevent the development of epileptic seizures or
emergence of other neurotoxic manifestations.

Continuous elimination methods

Acute kidney injury requiring the use of extracorpore-
al removal techniques (RRT — renal replacement thera-
py) makes the situation even more complex. The changes
in drug removal induced by CRRT initiation depend on
the physiochemical properties of a molecule (molecular
weight, lipophilicity/hydrophilicity), volume of distri-
bution and protein binding. Variability in the mode and
setting of renal replacement therapy (flow rate, pre- and
post-dilution) increases the complexity of antibiotic
dosing in dialysed patients. In addition, differential ex-
trarenal drug removal and varying patient parameters
(residual renal function and non-renal clearance) limit
the utilizing of standard doses. Significant extracorpore-
al drug removal may be expected particularly in drugs
with predominantly renal elimination, volumes of distri-
bution about equal to extracellular fluid volume and low
protein binding®?.

The efficacy of elimination techniques general-
ly increases in order from intermittent haemodialysis
(iHD) through continuous venovenous haemodialysis
(CVVHD) and continuous venovenous hemofiltration
(CVVHF) to continuous venovenous hemodiafiltra-
tion (CVVHDF), however, the final removal of solutes
(drugs) by CRRT (CL_,,) may vary greatly depending
on the physiochemical properties of the molecule and
characteristics of the renal replacement therapy de-
vice’® 33, In terms of substitutional fluid administra-
tion, approximately 20% lower drug removal will be
obtained by using predilution in comparison to postdi-
lution®”. In other words, in postdilution hemofiltration
the drug clearance equals the ultrafiltration rate, while
in predilution hemofiltration, the dilution of the blood
prior to filtration needs to be considered when calculat-
ing clearance®. In general, CRRT functions at a drug
filtration rate of 10-50 ml/min, depending on the blood
flow rate, the membrane flux and the use of dialysate.
In addition to the CL ., the residual clearance of the
patient must be taken into account®.

The use of CRRT may translate into alteration in phar-
macokinetics, namely of hydrophilic drugs with low
binding to tissue structures, small volume of distribu-
tion limited to plasma and extracellular space, and pri-
marily renal elimination, thus, dose adjustment may be
necessary. There are mathematical formulas and CL .,
calculation algorithms, but their description and inter-
pretation go beyond the scope of this paper. For em-
pirically optimized dosing, a loading dose in order to
compensate the increased volume of distribution may be
required with following administration of maintenance
dose, which must be adjusted to RRT setting and pa-
tient’s own variables. Although many recommendations
regarding drug dosing in patients undergoing renal re-
placement therapy have been published, there is consid-

erable discrepancy between the sources. With respect to
the number of variables which must be considered when
calculating drug dosing in RRT, all current best practic-
es are inapplicable and inappropriate for an individual
patient’s needs. Therefore, TDM of antibiotic levels is
the only exact method allowing to predict clinical effec-
tiveness and safety of antimicrobial therapy in critically
ill haemodialysed patients and it becomes a useful tool
to daily individualize dosing and to ensure maintaining
antibiotic levels within the therapeutic range®* 3239,

* Case report
Staphylococcal mediastinitis

A 74 years old man (100 kg, 183 cm) after biological aor-
tic valve replacement and quadruple aortocoronary by-
pass surgery was rehospitalized on day 18 postoperative-
ly for an increased pain and redness around the surgical
wound, abdominal pain, nausea, vomiting, and general
fatigue. On admission to the hospital, he already showed
signs of sepsis with the development of acute renal injury
and anuria with the need of CRRT initiation. The crepita-
tion of sternum was observed, and on the CT, liquid collec-
tion along the sternum and suspected forming abscess was
described. CRP levels raised over 300 mg/l and elevat-
ed white blood cell count (12.6 x 10°/]) was found. Acute
surgical revision was performed. After the blood cultures
sampling, meropenem (2 g every 8 hours) in combination
with vancomycin (1.5 g every 12 hours) was administered
as empirical antimicrobial therapy. 24 hours after the ini-
tial dose, control trough level of meropenem was measured
with the founding of 2.8 mg/ml. In haemocultivation and
peroperative samples, Staphylococcus aureus with good
susceptibility has been identified, and according to this
finding, antibiotic therapy was modified to oxacillin 3 g
every 4 hours with a good clinical outcome.

Regarding the patient’s low to null residual renal func-
tion, only CL ... 30-50 ml/min was considered when
estimating the initial dose of meropenem using CVVHDF
in the pre-dilution mode. Thus, full-dose regimen was
chosen. However, the serum level of 2.8 mg/l is still in-
sufficient in the context of the MIC of the least suscepti-
ble pathogen (e.g. 8 mg/l for Pseudomonas aeruginosa),
which must be accounted, till the cultivation results are
obtained. Based on this case report we suggest that the
use of renal replacement therapy does not always justi-
fy dose adjustment in the meaning of reduction. The pa-
tient s residual renal function, dialysis flow rates (2—4 l/h)
and CL ., (10-50 ml/min depending on the CRRT mo-
dality and intensity) should be considered when prescrib-
ing P-lactams in critically ill patients receiving CRRT.
Nonetheless, even a qualified estimate may not lead to
therapeutic serum concentrations achievement and with-
out TDM of S-lactam antibiotics, we are moving on the
level of crystal ball prophecy.

Prolonged infusions vs. intermittent bolus dosing

B-lactam antibiotics have been conventionally admin-
istered almost exclusively by intermittent bolus dos-
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ing®®, However, challenging global rates of microbial
resistance and declined development pipeline for new
antibiotics over recent decades have increased the interest
in alternative antimicrobial dosing strategies in an attempt
to improve attainment of PK/PD targets and clinical out-
comes of severe infections in critically ill patients. Max-
imization the effect of time-dependent antibiotics can be
theoretically accomplished in three possible ways reflect-
ing the mechanism of action. As the most important deter-
minant of bacterial killing is the duration that the pathogen
is exposed to the B-lactam concentrations exceeding the
MIC, optimization of dosing regimens could be on theoret-
ical basis provided by increasing the dose (single or daily),
shortening the dosing interval or prolonging the infusion
time. Prolonged infusion as opposed to standard intermit-
tent bolus dosing (IB) may include either extended infu-
sion (EI) over 2 to 4 hours or continuous infusion (CI)
over the entire dosing interval. Available data obtained
from observational or non-randomized prospective studies
based on pharmacodynamics principles suggest that pro-
longed infusions of B-lactam antibiotics are at least equally
effective as, and in certain circumstances (such as severe
infection in critically ill), even more effective than tradi-
tional intermittent bolus dosing®”.

Limited clinical data suggest a comparable inci-
dence of B-lactam antibiotic adverse events with pro-
longed infusions compared to intermittent bolus dos-
ing*®. However, well-designed and adequately powered
randomized controlled trials are needed to provide defin-
itive evidence of clinical advantages of prolonged (ex-
tended/continuous) infusion of B-lactam antibiotics.

Conclusion

As opposed to aminoglycosides and glycopeptides, se-
rum concentrations of f-lactam antibiotics have not been
determined routinely yet, considering the TDM as a tool
used primarily to minimize toxicity in drugs with na-
rrow therapeutic window or complex pharmacokinetics.
However, recent studies have demonstrated that standard
B-lactam doses do not reach therapeutic concentration in
a significant number of critically ill patients. Thus, there is
an increasing interest in the TDM use for antibiotic dose
optimization in an attempt to improve attainment of PK/PD
targets and clinical outcomes. Despite the global growth
in practice of antibiotic TDM, current state of knowledge
does not provide any definitive evidence of B-lactam do-
sing in critically ill patients and dose adjustments have
been made on the basis of an expert estimation only. As
highlighted on the examples from clinical practice, cri-
tically ill patients exhibit extreme inter-individual phar-
macokinetic variability underlying dynamic changes in
the course of the infection process, which makes antibiotic
levels very difficult (if not impossible) to predict. Thus,
ICU-patients are jeopardized by insufficient -lactam con-
centrations resulting in treatment failure or, on the other
side, are at significant risk of high-level antibiotic expo-
sure associated with potential systemic toxicity. Exact
determination of pharmacokinetic changes in critically ill

patients is becoming a prerequisite for optimizing of to-
day’s inconvenient “one-size-fits-all” model dose regi-
mens. The establishment of a validated analytical method
for measurement of serum concentrations of B-lactam
antibiotics and routine implementation of TDM using the
PK-software provides maximizing clinical efficiency and
minimizing the risks of both under- and overdosing. Eva-
luation of the clinical advantage of TDM praxis is still an
area for future study, though we hope our experience may
build a basis for further development.

Supported by Ministry of Health, Czech Republic —
conceptual development of research organization (NHH,
00023884) 1G 168601, IG 168602.
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