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Renal hyperfiltration (RHF) is a prevalent phenomenon in critically ill patients characterized by augmented renal clearance (ARC)
and increased of elimination of renally eliminated medications. Multiple risk factors had been described and potential
mechanisms may contribute to the occurrence of this condition. RHF and ARC are associated with the risk of suboptimal
exposure to antibiotics increasing the risk of treatment failure and unfavorable patient outcomes. The current review discusses the
available evidence related to the RHF phenomenon, including definition, epidemiology, risk factors, pathophysiology, phar-
macokinetic variability, and considerations for optimizing the dosage of antibiotics in critically ill patients.

1. Introduction

Renal hyperfiltration (RHF) is a recently described phe-
nomenon in critically ill patients, which is defined as an
augmented renal clearance (ARC) (creatinine clearance:
CrCl) measured by 24-hour urine collection greater than
130 ml/min [1-3]. It is a clinical condition that has been
gaining recognition in critical care; although it may have
existed long before our current recognition, it was not until
early 2010 that the research group led by Andrew Udy
presented the concept as an existing medical phenomenon
[4, 5]. It predominantly affects patients with severe neu-
rological injuries, sepsis, trauma, and burns [1-6]

RHF has been informed in approximately 30-65% of the
universal population of patients hospitalized in the

polyvalent intensive care unit (ICU), with a maximum in-
cidence peak between the fourth and fifth day of admission
and a tendency to stabilize nearby on the seventh day [6].
However, in certain specific populations, the incidence in-
creases to 50-85% (i.e., patients with sepsis, subarachnoid
hemorrhage, multiple traumas head trauma, or central
nervous system -CNS- infections) [2, 5]. This high incidence
emphasizes the importance of continuous evaluation of
renal function to identify early the presence of RHF [1-6].

In a prospective study carried out in the ICU of the
Otamendi Sanatorium, in Buenos Aires, between October
2011 and September 2012, an incidence of RHF of 28% was
observed [4]. Age <48 years and the absence of comorbid-
ities were the only variables that were independently asso-
ciated with the development of RHF [4].
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TaBLE 1: Populations at risk of RHF. Adapted from Cook and Hatton-Kolpek [1].
. Average
0,

Population Prevalence (%) CrCl value (ml/min)
Burned (burned surface ranged from 33 +21.3 percent of total body surface) 65 172.1
Sepsis 39.5-56 154-210
Subarachnoid hemorrhage 100 326
Febrile neutropenia 16.4 157.4
Trauma 85.7 166
Traumatic brain injury 85 150 (while not receiving CPP treatment)

CrCl: creatinine clearance; CPP: cerebral perfusion pressure.

The development of systemic inflammatory response
syndrome (SIRS) seems to be closely associated with RHF
[6]. In septic patients, the mediators released with the in-
flammatory response can significantly increase cardiac
output and downgrade systemic vascular resistance, which,
added to fluid therapy and the use of vasoactive drugs,
determine an increase in renal blood flow (RBF) and
therefore of the glomerular filtration rate (GFR). These
physiological changes predispose patients who are under
antibiotic treatment to have subtherapeutic plasma con-
centrations of antibiotics; especially if these had renal
elimination [3, 6, 7]. In the presence of RHF, the use of
regular doses of antibiotics regimens could lead to the ap-
pearance of bacterial resistance and/or therapeutic failure,
and a correlation with worse clinical results has been the-
orized [6, 7]. However, studies to evaluate the relationship
between RHF and hard clinical outcomes such as mortality,
ICU stay, the requirement for renal replacement therapy,
vasopressors, and/or mechanical ventilation have failed
[6, 7]. Therefore, would it be necessary to optimize the
dosage of antibiotics in critically ill patients with RHF?

This narrative review aims to present the existing
evidence related to the RHF, involving definition, epi-
demiology, determinants, pathophysiology, pharmaco-
kinetic variability, its implications, and considerations
for optimizing the prescription of antibiotics in ICU
patients.

2. Definition

RHF is a newly termed phenomenon in critically ill patients,
categorized by ARC and renal drug elimination, leading to
suboptimal drug exposure, including antibiotics. This could
be associated with an increase in the generation of bacterial
resistance and potential therapeutic failure, thus worsening
the prognosis of patients [1-6]

Although there is no clear cut-off point for CrCl mea-
sured in 24-hour urine to define RHF, a level greater than
130 mL/min has been linked with subtherapeutic plasma
concentrations of antibiotics, such as vancomycin and
B-lactams, rising the risk of treatment failure and worse
clinical results when these antibiotics are administered in
standard doses [1-3]. A wide range of CrCl limits has been
suggested to define RHF, ranging from 120 to >150 ml/min
[2-4]. Specific patient populations, such as those with severe
neurological injury, trauma, burns, and sepsis have been
recognized as being at high risk for the development of RHF,

with a mean CrCl ranging from 170 ml/min to over than
300 ml/min (Table 1) [1-6].

Another unresolved question is whether additional CrCl
cut-off points are necessary to stage RHF equivalent to the
commonly used classifications of renal dysfunction, i.e.,
mild, moderate, and severe RHF [2, 3].

Notwithstanding the various meanings observed and
founded on the huge number of studies that used CrCl
values >130 ml/min, as well as the clinical implications
associated with this value, an integrated definition of RHF
using CrCl >130 ml/min the adult population [1-6].

While conclusive screening tools are not yet proven,
intensivists must be alert in identifying that RHF may be
a causative issue disturbing the predictable outcomes of
antibiotic treatment in patients [7].

2.1. Epidemiology. The prevalence of RHF has not been
clearly defined. Although it has been reported in approxi-
mately 30-65%, which suggests that it is a frequent clinical
phenomenon (Table 1) [1-6].

Campassi et al. carried out a prospective study between
October 2011 and September 2012 in the ICU of the Ota-
mendi Sanatorium, in which they showed an incidence of
RHF of 28%, being the youngest age (<48 years) and the
absence of comorbidities such as diabetes, the independent
determining factors for the development of RHF [4].

Baptista et al. developed a retrospective cohort study
with the objective of evaluating the risk factors for RHF and
their prevalence in critically ill patients for one year [8]. The
authors observed a prevalence of 24.9%, but in the subgroup
of patients with normal serum creatinine, the diagnosis of
HRH increased to 43%. Independent risk factors for RHF
were young age, male gender, and trauma; particularly in
those without evidence of renal dysfunction [8]. These
findings were similar to the results in Campassi’s work
described previously [4].

The incidence could be as high as 50-85% in certain
specific patient populations (i.e., sepsis, multiple traumas,
head trauma, subarachnoid hemorrhage, central nervous
system infections, and burns) [1-3].

The highest incidence of RHF in the development of life-
threatening illnesses is during the first week of evolution in
the ICU [7]. However, as it is considered a dynamic phe-
nomenon and given the volatility of its length, uninterrupted
monitoring of renal function and plasma levels of antibiotic
concentrations would be justified, especially in patients with
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FiGure 1: Causes and consequences of augmented renal clearance in critically ill patients. RBF: renal blood flow, GFR: glomerular filtration
rate, TDM: therapeutic drug monitoring, PK/PD: pharmacokinetics/pharmacodynamics, SIRS: systemic inflammatory response syndrome.

Modified from Sime FB [6].

normal plasma creatinine values, to avoid therapeutic fail-
ures due to subtherapeutic drug levels [1-6].

Although an absolute etiology has been hard to isolate,
the development of SIRS appears to be closely associated
with RHF [7] (Figure 1). Inflammatory mediators released
by SIRS can substantively rise both cardiac output and
capillary permeability and decrease systemic vascular re-
sistance, producing an increase in renal blood flow (RBF)
and glomerular filtration rate if renal function is intact
(Figure 2).

In critically ill patients, resuscitative struggles such as
management with fluids or vasopressors may also conduce
to RHF, however, the relationship between vasoactive agents
and RHF is still in analysis.

2.2. Risk Factors. Multiple studies compared critically ill
patients with and without FHR revealing that younger age,
male gender, diastolic blood pressure >65 mmHg, absence of
comorbidities (i.e., chronic obstructive pulmonary disease,
heart failure, diabetes mellitus, and hypertension), traumatic
pathology as well as lower severity scores (SOFA, SAPSII, or
APACHE II) were independent predictors associated with
the development of RHF [1-6]. Likewise, RHF risk scoring
systems have been developed with a sensitivity of 100% and

specificity of 71.4%, a negative predictive value of 100%, and
a positive predictive value of 75% [1-6].

Within the approach and study of RHF, the identifica-
tion of high-risk subpopulations is essential to guide the
application of predictive strategies that guide its diagnosis.
An observational study carried out by the group led by
Batista et al., with a 1-yearfollow-up, included 447 patients
admitted to the ICU at a third-level hospital, and evaluated
the characteristics with the capacity to predict the presence
of RHF. Leading to the development of the ARCTIC
(augmented renal clearance in trauma intensive Care)
scoring system employed the patient with the following
factors: serum creatinine, sex, and age to identify those with
high ARC risk (ARCTIC score > 6)°. The ARCTIC scoring
system produced a sensitivity of 84% and a specificity of
68% [8].

The usage of the ARC or ARCTIC predictive instruments
permits the recognition of at-risk patients and guides cli-
nicians to take suitable interventions (Table 2).

There are several patient groups that are related to an
elevated prevalence of RHF, comprising patients with
head trauma, major trauma, sepsis, ventilator-associated
pneumonia, major surgery, CNS infection, burns,
pregnant women, and hematological malignancy [3]
(Table 1).
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FIGURE 2: Potential contributing factors to ARC. ANP: atrial natriuretic peptide, ARC: augmented renal clearance, BNP: brain natriuretic

peptide. Modified from Cook AM [1].

TaBLE 2: The ARC risk scoring systems. Modified from Hobbs et al. [3] and Baptista et al. [8].

ARC scoring system

ARCTIC scoring system

Age <50 years =6 points
Trauma on admission =3 points

SCr < 62 ymol/L =3 points
Male sex =2 points

Criteria SOFA <4=1 point Age < 56 years = 4 points
Age: 56-75years =3 points
Interpretation 0-6 points: low risk <6 points: low ARC risk
p 7-10 points: high-risk >6 points: high ARC risk
Sensitivity 100% 84%
Specificity 71% 68%

2.3. Pathophysiology. A broad spectrum of pathophysio-
logical changes can occur in the critically ill patient that has
an impact on the pharmacokinetic and pharmacodynamic
(PK/PD) properties of drugs [9]. In these patients, changes
in the volume of distribution (Vd) and clearance occur that
may affect the plasma concentrations of the antibiotics used.
Consequently, it is essential to try to optimize antibiotic
dosage regimens to maximize response rate and efficacy and
minimize bacterial resistance leading to better patient
outcomes [9] (Figure 3).

Actual knowledge of the pathophysiology of RHF is still
scarce. It has been described to be correlated with renal
tubular secretion of anions, renal tubular reabsorption, and
increased glomerular filtration. The usage of exogenous
markers suggests that RHF affects many mechanisms of the
nephron, attributing changes in peripheral vascular per-
meability, increased RBF, and increased cardiac output
secondary to SIRS triggered by an acute infection or even
fever, as well as by other factors (acute brain injury, poly-
trauma, burns); resulting in a hyperdynamic state that can
result in glomerular hyperfiltration manifesting as RHF
[1, 2, 6, 9].

In addition, it is common for ICU patients to undergo
fluid therapy and treatment with vasoactive and inotropic
drugs, which could further contribute to the hyperdynamic

state [6]. The exact mechanism linked to the pathophysi-
ology of the RHF remains uncertain and is based on the
results of experimental studies.

2.4. Antimicrobials in Critical Patients: Pharmacokinetics and
Pharmacodynamics. Minimum inhibitory concentration
(MIC) is an in vitro measure of antimicrobial effects on the
pathogen thus it reflects the microbiological activity of
antimicrobials [10]. PK/PD are tools that determine how
much and how often the medication should be given. PK
refers to the absorption, distribution, metabolism, and
elimination of the medication, while PD defines the influ-
ence of the blood serum concentration and the reaction to
the drug [10].

According to the PD characteristics of an antibiotic, it
can be cataloged as, concentration-dependent, time-
dependent, and concentration/time-dependent as shown
in Figure 4 and Table 3 [9, 10].

Several mechanisms impact antimicrobic PK in critically
ill patients (Figure 5) [9]. The distribution of.

Antimicrobial agents’ distribution experiences deep
changes during septic shock, there is an augmented pro-
duction of endotoxins that can lead to the discharge of
multiple inflammatory mediators that influence the vascular
endothelium and conclude in low blood flow distribution
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FIGURE 3: Diagrammatic view of pathophysiological variations that can happen during sepsis and their pharmacokinetic consequences. CL:
clearance; Vd: volume of distribution. Modified from Roberts and Lipman [9].

Concentration (mg/L)

Time (hours)

Ficure 4: Correlation of the pharmacodynamics of an antimicrobial agent in terms of concentration vs time. Cpa/MIC: maximum
concentration rate (C,y) by MIC; T'> MIC: time T that the antibiotic concentration remains above the minimum inhibitory concentration
(MIC); MIC/AUC: ratio of the area under the curve (AUC) of concentration versus time above the MIC. Adapted from Freitas et al. [10].

TasLE 3: Efficacy of certain antibiotics based on pharmacodynamic properties. Modified from Roberts and Lipman [9].

Aminoglycosides .

B-lactams Metronidazole Fluoroquinolones
Carbapenem Telithromycin Aminoglycosides

Antibiotics Linezolid Daptomycin Azithromycin

Erythromycin Tetracyclines

Clarithromycin Quinupristin/dalfopristin Glycopeptides

Lincosamides Tigecycline
PD kill characteristics Time-dependent Concentration-dependent Concentration-dependent with time-dependence

Optimal PD parameter fT > MIC Cinax/MIC AUC 0-24/MIC

MIC: minimum inhibitory concentration; AUC: area under the curve, PD: pharmacodynamics, Cy,y: maximum concentration, fT > MIC: free drug
concentration above time.
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Figure 5: Clinical status of the patient and its influence on the pharmacokinetics of antimicrobials. Vd: volume of distribution. Modified

from Freitas et al. [10].

due to increased capillary permeability, and endothelial
injury. This promotes fluid extravasation from the in-
travascular to the interstitial space, rising the Vd of hy-
drophilic drugs, resulting in a decrease in their serum
concentration, this can occur with glycopeptides, beta-
lactam antibiotics, colistin, aminoglycosides, and linezolid
(Table 4) [9]. The Vd can also be augmented in patients with
hypoalbuminemia, under mechanical ventilation and being
supported by extracorporeal circuits [5, 9, 10].

Among the considerations in relation to the dosage of
antimicrobial agents, there is the location site of the in-
fection, with a relevant variable such as the volume of
distribution. For this reason, adequate doses of antibiotic
agents must be guaranteed, especially in critically ill patients,
where these concentrations could affect penetrance to the
infection site [11]. By way of explanation, piperacillin has
a plasma/pulmonary penetration ratio of 0.4-0.5 (free drug
concentration), consequently, for pneumonia treatment,
plasma concentration should be 200 to 250% of that required
for bacteremia, with them to guarantee that antibiotic
concentrations are equivalent at the site of infection [11].

2.5. Pharmacokinetic Changes in the RHF. The presence of
RHF in critical patients can have a harmful influence on the
achievement of therapeutic levels of many medications, so
some investigation has been carried out to measure the
impact on PK and clinical outcomes, almost all published
references on this topic focus on antimicrobial therapy
[1-3]. RHF influences the PK profile of antibiotics that are
eliminated via the kidneys, especially those that have a direct
connection between their renal metabolism and CrCl
(vancomycin, aminoglycosides, or f-lactams); leading to
a shorter half-life, an inferior C,,, and alower AUC, having

a direct implication in the PD effects affecting the efficacy as
well as the increase in the appearance of bacterial resistance
with drastic results in the evolution of the patient [1-3, 6].

2.6. Vancomycin Pharmacokinetics and RHF. Vancomycin is
a hydrophilic, glycopeptide antibiotic that is eliminated
unchanged renal pathways by 80-90%; it is used as the
standard  treatment of  Gram-positive  bacteria
infections [12].

Numerous studies have been developed to determine the
impact of RHF on the plasma concentration of vancomycin
[2]. In a study carried out by Baptista et al., they reviewed the
effect of RHF (urinary CrCl 130 ml/min) in 93 septic patients
who received empirical or directed treatment with vanco-
mycin in a continuous infusion, obtaining as a result that 37
patients with RHF got between 25 and 30% inferior levels of
vancomycin with statistical significance (P <0.05), and was
powerfully linked with subtherapeutic serum concentrations
in the first 72 hours of treatment [12].

In another study of the same group, they aimed to
develop a nomogram for vancomycin dosage administered
by continuous infusion during the first 24 hours of treat-
ment, based on urinary CrCl measured over 8 hours [13]. In
the first place, they retrospectively analyzed 79 patients, of
whom 29 (36%) had RHF, and were treated with the hos-
pital’s standard vancomycin protocol; 8 (28%) out of the 29
patients with RHF reached the target level of plasma con-
centration of vancomycin 20-30 mg/L, compared with 64%
(n=32) of those without RHF (P =0.092). Considering these
results, the investigators elaborated a predictive equation for
vancomycin clearance and a dosing nomogram based on
urinary CrCl measured in 8-hour urine collections [13].
Applying this nomogram, it was possible to reach the
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therapeutic target level of vancomycin in 84% of patients.
Patients included all those with RHF [13].

A prospective study run by Bilbao-Meseguer et al.
confirmed the association between RHF and subtherapeutic
levels of the plasma concentration of vancomycin in critical
patients [14]. Thus, they demonstrated that patients with
RHF had an inferior plasma concentration of vancomycin
on the first days of treatment and no patient achieved the
target level on the first day. This happens regardless of dose-
increasing levels of vancomycin, which after 72 hours from
the start of treatment were almost 50% higher than in pa-
tients without RHF [14]. Besides, at that time, mean plasma
concentrations were beneath the lower limit of suggested
levels. This implies that the majority of patients with RHF
were treated improperly [14].

The study conducted by Spadaro et al. showed among
patients with subtherapeutic levels of vancomycin, 50, 66,
and 80% had RHF at the first monitoring (day 2), second
(day 4) and third (day 6), respectively [14, 15]. Minkute
obtained similar results and concluded that the risk of
subtherapeutic levels of vancomycin is doubled in patients
with FHR [16].

2.7. Impact of RHF on the Pharmacokinetics of ff-Lactams.
Since the early 1940s, B-lactams, owing to their broad
spectrum of antibacterial activity, have been used as the
keystone of antimicrobial treatments, for serious infections
throughout the world [17]. Increases in resistance pro-
portions have defied its well-known application in clinical
practice. Therefore, continued infusion of -lactam antibi-
otics has been recommended as one of the dosing strategies
to improve PK/PD targets, and thus be able to improve the
consequences of patients accepted to the ICU. Although the
evidence on the efficacy of its administration in prolonged
infusion is scarce, this measure is being adopted more and
more in many ICUs worldwide.

B-Lactams are habitually used as empiric therapy in
critical illnesses, have time-dependent antibacterial activity,
are mainly eliminated via the kidneys, and are therefore
affected by the presence of RHF, posing a significant risk to
treatment success and patient outcomes [17]. Many studies
informed treatment failures with p-lactams when using
standard dosage regimens in patients with RHF, some of
which are described as follows [2].

In a retrospective cohort conducted by Udy et al., they
analyzed 52 trough concentrations of f-lactams, where
piperacillin was the most prescribed (48%) [18]. Most pa-
tients were on mechanical ventilation on the day of the study
(85%), and 25% received vasopressor support. Just 30 pa-
tients (58%) had a trough drug concentration equal to or
greater than the MIC, a number that decreased to 16 (31%)
when targeting four times the MIC [18]. The presence of
RHF was related to trough concentrations lower than the
MIC or less than four times in 82 and 72% of cases, re-
spectively. Multivariate analysis confirmed that CrCl re-
mains a significant predictor of the probability of obtaining
subtherapeutic levels of S-lactams [18].

International Journal of Nephrology

Subsequently, in 2015, the same author carried out
another study, in this case, a single-center observational
study, with the objective of exploring the impact of RHF and
the dissimilar susceptibilities of bacteria in achieving the PK/
PD objective of piperacillin (time above MIC (fT > MIC)) in
critically ill patients with sepsis receiving intermittent dosing
[19]. The results indicate that an empirical intermittent
infusion of 4.5g piperacillin/tazobactam is improbable to
reach ideal piperacillin exposure in an important proportion
of patients, especially when they target less susceptible
pathogens [19].

Casu et al. investigated whether variation in CrCl cor-
relates with changes in S-lactam concentrations or phar-
macokinetics in septic patients [20]. Obtained data from 56
adult patients admitted to the ICU in whom MTD of broad-
spectrum antibiotics (ceftazidime, cefepime, piperacillin, or
meropenem) were performed, showed that the PK of
B-lactams is significantly altered by CrCl (>125-130 ml/min)
leading to an insufficient therapeutic level in more than 50%
of patients [20]. However, the main finding was that dose
adjustment is not reliable for changes in kidney function
alone. Therefore, the MTD of -lactams is still necessary to
optimize antimicrobial dosing strategies [20].

Carlier et al. in a prospective, observational study,
evaluated the influence of RHF on the achievement of the
PK/PD goal in critically ill patients getting piperacillin/
tazobactam or meropenem, given as a prolonged infusion
[21]. This study showed that 48% of patients did not reach
the desired PK/PD goal, of which almost 80% had RHF [21].
Subsequently, these patients may be at threat of treatment
failure if there’s not a dose increase [21].

RHF as a predictor of subtherapeutic levels in trauma
patients receiving piperacillin/tazobactam was Akers et al.
main purpose study [22]. Patients were categorized into
two risk groups (low: 0-6 points, high: >6 points) founded
on the RHF score (Table 2) proposed by Hobbs et al. [3].
The ARC score was 100% sensitive and 71.4% specific for
detecting an increase in CrCl [22]. In addition, authors
detected a greater Vd, decreased in AUC, and
fT > MIC < 50% at a MIC of 16 ug/ml**, The area under the
receiver operating characteristic curve was 0.86 for each,
reflecting a high degree of diagnostic accuracy for the ARC
score [22]. Serum creatinine less than 0.6mg/dL had
comparable specificity (71.4%) but was less sensitive
(66.7%) and accurate (area under the ROC curve 0.69) in
detecting higher clearance rates [22].

B-lactams are agents that act over time above the
minimum inhibitory concentration, therefore in the RHF
scenario, they may require higher doses to perform their
function adequately. On the other hand, adverse clinical
results have been identified in patients with subtherapeutic
concentrations of these agents. For this reason, the in-
dividualization of drug administration regimens based on
closed monitoring of their serum levels is proposed, ac-
companied by their use in a continuous infusion, maxi-
mizing the possibility of achieving therapeutic goals, and
eradicating the infection.
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2.8. Other Antibiotics. Aminoglycosides are eliminated
primarily via the kidneys with expectable efficacy founded
on serum concentrations. In a 204 patients retrospective
analysis performed by Goboova et al., patients received
gentamicin, of which 29 patients (14%) had ARC [23].
Analysis of gentamicin Cmax found that subtherapeutic
concentrations occurred in 93% of patients who had RHF
requiring a dose increase to reach maximum target levels
[23]. The results of this study highlight the role of drug
monitoring in the context of RHF.

Another affected family of antibiotics affected by RHF is
fluoroquinolones, therefore MTD could be valuable when
used in these patients with RHF, as superior doses may be
required [2]. As an instance, supported by Monte Carlo
simulation, in patients with S. aureus, S. pneumoniae, and
P. aeruginosa infections and CrCl >130 mL/min, a superior
levofloxacin dose of 1gram every 24 hours have been pro-
posed (conventional dosing 0.5-0.75g every 24 h) [2].

2.9. Dosage Considerations. The implications of RHF for
antibacterial dosing strategies in the critically ill will depend
significantly on the specific “death characteristic’ of any
given agent [5]. In general terms, this determines that PK/
PD is the factor most closely associated with effective
bacterial eradication [5].

2.10. Application in Clinical Practice. To determine anti-
microbial therapy outcome there are three factors to be
considered host (patient), bacteria, and antibiotic [24]. These
aspects determine the successful dose needed to eradicate the
infection without harming the patient [24]. As mentioned
before critically ill patients have distorted pharmacokinetic
parameters and are usually infested by more resistant mi-
croorganisms [6], hence a personalized method to achieve
correct dosing for each patient is required [25]. Precision
medicine offers it and incorporates precision dosing through
therapeutic drug monitoring (TDM) [26].

The current evidence does not support the use of al-
gorithms or precise adjustment models for the dosage of
antimicrobials in critically ill patients with RHF, it is nec-
essary to develop complementary studies from the phar-
macokinetics and the clinic for these agents and estimate
their real impact on adverse results. For this reason, derived
from the currently available data, there are few guidelines
that can be delivered to clinicians for the dosage and titration
of antibiotics in critical scenarios. One proposal would be the
use of follow-up by TDM, still under construction.

An approach based on personalized medicine, seeking to
identify patients with RHF, forces us to start from the
identification of the risk factors associated with the devel-
opment of this condition, identifying groups of patients
susceptible to complementary studies [3, 8]. In this high-risk
subpopulation, it is proposed to carry out serial creatinine
clearance medications, recommending measurements for 8
to 24 hours [2]. Once confirmed ARC, considerations of PD/
PK should be made for all renally cleared medications [27].
Highlighting that aspects such as protein binding and Vd
determine the impact of renal function on its elimination

International Journal of Nephrology

and therefore on its serum levels [27]. In renally cleared
medications monitor plasma levels, if possible [28].

However, we must point out the limitations regarding
the widespread availability of TDM for routine use in ICUs.
With limited evidence, to guide dosage modification in the
ARC population, an alternative, evaluating risk-benefit and
the patient’s condition, is to use higher doses of antimi-
crobial agents proportional to the estimated increased renal
losses; this could be done using mathematical models or
monograms [25, 28]. Always with close clinical monitoring
[25, 28]. Assess the possibility of restricting the gaps of
administration and using extended or continuous infusions
in time-dependent antibiotics [24, 27]. Contemplate switch
to an alternative drug agent with other routes of elimination,
not largely renally eliminated [24]. Table 5 shows recom-
mended initial dosing of studied medications in patients
with ARC [28].

In order to improve the TDM of antibiotics in critically
ill patients, future perspectives point to the development of
rapid bioanalytical techniques that can be used simply, with
cheaper equipment or with real-time monitoring of drug
concentrations through means of biosensors at the patient’s
bedside [27].

3. Conclusion

Antibiotic treatment in critically ill patients continues to be
a major challenge for ICU doctors worldwide, hence the
importance of effective therapy consisting of control of the
infectious focus, and early and suitable antibiotic treatment,
these being the paramount interventions that the physician
can apply.

RHF is a new phenomenon, without a unanimously
recognized etiology and with diverse incidence proportions
that are pronounced more frequently in specific groups of
patients hospitalized in intensive care. With respect to
pathophysiology, it induces important changes in PK/PD,
thus hindering the therapeutic objective. In the case of
sepsis, an insufficient antibiotic dose aggravates the prog-
nosis and increases the generation of resistance. Therefore,
the optimization of the dosage in patients with RHF should
be guided and adjusted by serum therapeutic monitoring,
based on the PK/PD properties, this being of main im-
portance in the treatment of ICU patients.
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