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Abstract
Purpose Adjusting the antibiotic dose based on an estimation of the glomerular filtration rate (eGFR) may result in subdosing,
which may actually be significantly more problematic for intensive care unit (ICU) patients than not adjusting the dose. The aim
of this study was to assess the outcomes of antibiotic dose adjustment in ICU patients with renal impairment.
Methods A retrospective cohort study was conducted in adult patients admitted to an ICU of a Brazilian hospital from January
2014 to December 2015. The eGFR was determined using Cockcroft–Gault and Modified Diet in Renal Disease equations for
each day of hospitalization. Treatment failure was defined based on the clinical, laboratory, and radiological criteria.
Results A total of 126 patients were assessed to meet the inclusion criteria and subsequently enrolled in the study (19.9% of
patients admitted to the ICU during the study period). Of the 168 opportunities for dose adjustment, 99 (58.9%) adjustments were
made. The mean eGFR in the group with dose adjustment was lower than that in the group without dose adjustment (38.5 vs.
40.7 mL/min/1.73 m2, respectively). The treatment failure rate among patients with dose adjustment and those treated with the
usual dose was 59.3 and 38.9%, respectively (p = 0.023), and the mortality rates in the respective groups were 74.1 and 55.5%
(p = 0.033). An association between dose adjustment and treatment failure/mortality rates was also observed in the multivariate
analysis including the prognostic score.
Conclusions In ICU patients with renal impairment, adjustments in antibiotic dose based on eGFR, significantly increased the
risk of treatment failure and death.
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Introduction

Infections are the leading cause of death in intensive care units
(ICU) worldwide. Despite the development of new drugs,
diagnostic tests, and monitoring tests, the rate of mortality
associated with infections in patients admitted to the ICU
has increased in recent years [1, 2]. This increase is primarily
associated with the rapid emergence of antibiotic-resistant
bacteria, delays in starting treatment, and the prescribing of
incorrect antimicrobial drugs or the incorrect dose [1, 3, 4].

Prescribing the wrong dose of antibiotic is a common med-
ical error in some groups of patients, including those of ex-
treme age and/or with multiple comorbidities, or critically ill
patients admitted to the ICU [5], since these conditions pro-
duce physiological disturbances that result in important phar-
macokinetic changes. However, data on antibiotic dose ade-
quacy in these specific patient populations are limited [6, 7].
Patients with renal impairment (RI) are commonly exposed to
incorrect medication dosing and are, consequently, at higher
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risk of adverse drug events caused by drug overdosing or
subdosing [8].

Many drugs are excreted by the kidneys. When the glomer-
ular filtration barrier is compromised, some substances may
accumulate in the body, resulting in toxicity. Thus, in several
situations, it is necessary to reduce the dose to avoid harming
the patients [9, 10]. This dose adjustment is usually conducted
based on the glomerular filtration rate (GFR), which can be
estimated using equations derived from patient data and some
constants. However, several limitations are associated with
these equations [11]. Moreover, the dose indicated for patients
with RI differs between databases, which raises doubts when a
dose adjustment is being considered. Consequently, suboptimal
doses are frequently used, resulting in treatment failure [12, 13].

Most of the studies that have defined the doses and dose
adjustments of antimicrobials to be used for patients with RI
were performed in healthy patients, patients in non-critical con-
ditions, or even in patients with restricted clinical profiles, such
as adults without other associated comorbidities [3].While dose
adjustment is associated with an increased risk of treatment
failure or adverse drug reactions, data on the clinical impact
of antimicrobial dose adjustment in patients with RI remain
unclear. Hence, many doubts still persist regarding the risks
and benefits of dose adjustment for different groups of patients,
such as those in the ICU, the elderly, newborns, or those with
multiple conditions [14–16]. The choice is between adjusting
the dose and risking negative outcomes for the patients, such as
treatment failure or death, and not adjusting the dose and ex-
posing the patients to the risk of severe adverse drug reactions.
This is the dilemma frequently faced by ICU healthcare teams
when defining the treatment of infections [17]. Thus, the aim of
this study was to assess the outcomes of antimicrobial dose
adjustment in ICU patients with RI.

Methods

This cohort study was conducted with retrospective data from
ICU patients admitted in a tertiary hospital in the northeast
region of Brazil. The hospital primarily handles urgent and
emergency cases and covers 134 municipalities.

Data were collected from patients’ medical records using a
digital form developed in the KoBoToolbox for Android
(KoBoToolbox, Harvard Humanitarian Initiative, Cambridge,
USA, available at: https://www.kobotoolbox.org/). The data
extracted from the patients’ medical records were analyzed,
beginning on the day before ICU admission until the last day in
the unit. The following data were obtained: cause of admission,
comorbidities, medications, laboratory test results, infection
sites, cultures, weight, height, daily urine output, relevant
medical history, and clinical outcomes. In addition, the severity
of each patient’s clinical status upon admission was assessed
according to the Simplified Acute Physiology Score (SAPS 3).

All patients admitted between January 2014 and December
2015, aged ≥18 years, who stayed in the ICU for > 24 h were
considered eligible for this study. Patients whose missing data
did not allow the calculation of the eGFR or the evaluation of
treatment results (success/failure) or those patients whose pre-
scribed dose did not match the recommendations of the used
guidelines were subsequently excluded from the study.

The Cockcroft–Gault (CG) and the four-variable Modified
Diet in Renal Disease (MRD-4) equations were used to calculate
the eGFR [18, 19]. The eGFRwas calculated daily, and the need
for dose adjustment was assessed based on the following sources
of information: Micromedex Healthcare Series® and the
American Hospital Formulary Service (AHFS) Drug
Information Handbook 2015 [20, 21]. Therapeutic drugmonitor-
ing through measurement of the serum drug levels is not per-
formed in ICU under study. Thus, the dose adjustment of antibi-
otics is usually performed as follows: for the first 24 h, the usual
dose is prescribed for individuals with normal renal function;
from the second day onwards, an adjusted dose is prescribed
according to the daily updated eGFR.

After entry into the study, patients were divided into two
groups. The first group consisted of patients with a range of
eGFR values that indicated dose adjustment but whowere treat-
ed with the usual dose of the antibiotic (not adjusted) for the
whole treatment. The second group consisted of patients with a
range of eGFR values that indicated dose adjustment andwhose
dose was reduced based on this eGFR range (adjusted).

Two outcomes were compared between the groups: treat-
ment failure and death. Treatment failure was assessed by
physical examination, organic dysfunction, comorbidities,
broadening antimicrobial spectrum, laboratory tests, and ex-
amination of microscopic images. Successful treatment was
defined by an improvement in the signs and symptoms of
infection, while failure was defined by the persistence of in-
fection, clinical deterioration, or death [22, 23].

In the statistical analyses, continuous variables were report-
ed as the mean with the standard deviation for variables with a
normal distribution or as the median with the interquartile
range for variables that did not present a normal distribution,
and comparisons were made using Student’s t test or the
Mann–Whitney U test, respectively. Proportions were com-
pared using Pearson’s chi-squared test. The bivariate analysis
was conducted to examine the association between the out-
comes and antibiotic dose adjustment and clinical features,
including sex, age, diagnosis at admission to the ICU, SAPS
3, admission source, and antibiotic class. The SAPS 3 results
was categorized into scores of ≤ 57 or > 57. This cutoff point
was previously defined as a better prediction of higher mor-
tality in ICU patients in a previous Brazilian study [24]. All
significant factors in the bivariate analysis were included in
the multiple regression model (Poisson with robust variance).
Data were analyzed using STATA 14.2 (Stata Corp., College
Station, TX, USA).
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Results

During the period covered by this study, a total of 632
patients were admitted in the ICU, among whom 279
(46.9%) presented with RI. Of these 279 patients with
RI, 126 (45.2%) met the inclusion criteria and had been
prescribed at least one antimicrobial agent that needed
dose adjustment during their time in the ICU. The gen-
eral characteristics of the study population are given in
Table 1.

Mortality rate in the studied patient population was
69% (87 patients). The most frequent infection sites were
the pulmonary, abdominal, and skin systems, with 47
(37%), 36 (29%), and 10 (7.9%) patients affected, respec-
tively. The site of infection was not identified in 22
(17.5%) patients. Approximately 69 patients (54.8%) had
sepsis or septic shock and 93 (73.8%) presented higher
probabilities of death (SAPS 3 > 57).

From the 126 patients included in this study, we identified a
total of 168 opportunities for dose adjustment of prescribed

Table 1 General characteristics
of the study population (N = 126) General characteristics of study population Dose adjustment made Total number

of patients
p value

Yes
(N = 54)

No
(N = 72)

Sex, N (%)

Male 34 (53.1) 30 (46.9) 64 0.018

Female 20 (32.3) 42 (67.7) 62 0.018

Source, N (%)

Surgical clinic 5 (71.4) 2 (28.6) 7 0.116

Medical clinic 1 (14.3) 6 (85.7) 7 0.116

Other hospital 1 (11.1) 8 (88.9) 9 0.046

Surgery center 14 (48.3) 15 (51.7) 29 0.502

Emergency 33 (45) 41 (55) 74 0.638

Diagnosis at admission to ICU (by system), N (%)

Endocrinologic 2 (66.7) 1 (33.3) 3 0.399

Cardiac 0 5 (100) 5 < 0.001

Gastrointestinal 2 (28.6) 5 (71.4) 7 0.432

Pulmonary 4 (40) 6 (60) 10 0.849

Others 12 (42.9) 16 (57.1) 28 1.000

Neurologic 12 (38.7) 19 (61.3) 31 0.591

Surgical 22 (52.4) 20 (47.6) 42 0.127

SAPS 3 range , N (%)

≤ 57 18 (54.5) 15 (45.5) 33 0.114

> 57 36 (38.7) 57 (61.3) 93 0.114

Antibiotic, N (%)

Glycopeptides 2 (50) 2 (50) 4 0.769

Miscellaneous 7 (63.6) 4 (36.4) 11 0.145

Carbapenems 9 (42.9) 12 (57.1) 21 0.247

Quinolones 15 (51.7) 14 (48.3) 29 0.477

Cephalosporins 10 (33.3) 20 (66.7) 30 0.061

Ureidopenicillins + BLI 11 (35.5) 20 (64.5) 31 0.339

Mean age of patients (years) 56.8 ± 21.2 57.68 ± 17.3 – 0.795

Mean SAPS 3 68.9 ± 18.5 66.7 ± 17.9 – 0.502

Length of stay in ICU (days) 9 [6–16] 8 [3.8–15] – 0.132

Baseline eGFR (mL/min/1.73 m2) 39.52 ± 31.6 40.7 ± 36.9 – 0.851

Values in table are presented as the number with the percentage in parenthesis, the mean ± standard deviation
(SD), or the median with the interquartile range (IQR) in square brackets

ICU, Intensive care unit; SAPS 3 Simplified Acute Physiology Score 3; BLI, beta lactamase inhibitor; eGFR,
estimated glomerular filtration rate
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antimicrobial agents. In all of these cases, antibiotics were
used at the standard dose on the first day of treatment. The
group of patients with dose adjustment following recommen-
dations based on eGFR values had higher rates of treatment
failure (Table 2) and mortality (Table 3) than the group with-
out dose adjustment. Among all patients, 60 (47.6%) showed
treatment failure. The mortality rate was higher among pa-
tients with therapeutic failure than among those whose treat-
ment was effective (44 [73%] vs. 36 [52%], respectively; p =
0.029). When mortality was assessed only in patients with
therapeutic failure, the mortality rate was lower in the dose

adjustment group than in the group with no adjustment (7
[43.8%] vs. 9 [56.2%], respectively; p = 0.370).

The multivariate analysis with those variables signif-
icantly associated with mortality in the bivariate analysis
are shown in Fig. 1. With the exception of the use of
glycopeptide antibiotics, no other variable was signifi-
cant in the bivariate analysis for therapeutic failure.
Notwithstanding, glycopeptides were not included in
the multivariate analysis because only four patients had
used glycopeptides and in all cases their doses were
adjusted.

Table 2 Therapeutic failure in
patients with renal impairment
treated by antibiotics needing
dose adjustment in an intensive
care unit (bivariate analysis)

Variables Therapeutic failure Relative risk 95% Confidence interval p value

Dose adjustment, n/N (%)

Adjusted 32/54 (59.3) 2.23 1.11–4.70 0.023
Not adjusted 28/72 (38.9)

SAPS 3 range, n/N (%)

> 57 46/93 (49.5) 1.33 0.60–2.96 0.487
≤ 57 14/33 (42.4)

Sepsis/septic shock, n/N (%)

Yes 36/69 (52.2) 1.50 0.74–3.04 0.260
No 24/57 (42.1)

Sex

Female 27/50 (54.0) 1.24 0.87–1.79 0.245
Male 33/76 (43.4)

Source, n/N (%)

Surgical clinic 4/7 (57.1) 1.00 – –

Medical clinic 4/7 (57.1) 1.00 0.40–2.49 1.00

Other hospital 3/9 (33.3) 0.58 0.19–1.80 0.350

Surgical center 12/29 (41.4) 0.72 0.33–1.58 0.416

Emergency room 37/74 (50.0) 0.88 0.44–1.73 0.702

Diagnosis at admission to ICU (by system), n/N (%)

Endocrinologic 2/3 (66.7) 1.00 – –

Cardiac 0/5 (0) 0.90 0.31–2.64 0.848

Gastrointestinal 2/5 (40.0) 0.64 0.20–2.08 0.461

Pulmonary 4/12 (33.3) 0.90 0.35–2.33 0.828

Others 12/28 (42.9) 0.75 0.31–1.82 0.524

Neurologic 12/31 (38.7) 0.58 0.23–1.45 0.246

Surgical 22/42 (52.4) 0.71 0.30–1.70 0.445

Antibiotic, n/N (%)

Miscellaneous 4/11 (36.4) 1.00 – –

Cephalosporins 10/30 (33.3) 0.92 0.36–2.33 0.855

Quinolones 17/29 (58.6) 1.61 0.69–3.74 0.267

Carbapenems 11/21 (52.4) 1.44 0.59–3.49 0.419

Ureidopenicillins + BLI 14/31 (45.2) 1.24 0.52–2.98 0.628

Glycopeptides 4/4 (100) 2.75 1.25–6.03 0.012

Mean age (years) at:

Failure 58.2 ± 19.2 – – 0.557
Success 56.2 ± 20.0

Values in table are presented as the ratio of patients (n/N) with the percentage in parenthesis or as the mean ± SD
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Discussion

Th results of this study demonstrate that continuing the prac-
tice of adjusting antimicrobial dose based on eGFR values
may significantly increase therapeutic failure and mortality
rates in ICU patients with RI. The association with higher
mortality remained even when the outcome was pooled in
the multivariate analysis with the SAPS 3 score, categorized
as higher or minor risk of death.

The uncertainties around the adjustment of medication
dose in patients with RI have led to a broad discussion on this

issue. Nevertheless, a slight change in the recommendations
for dose adjustment has occurred, although these are still im-
plemented in a non-individualized manner, independent of the
patient’s clinical status. These recommendations are general
for a wide range of GFR values, which are often estimated. In
several cases, the estimates seemed to be unreliable, mainly
because the patient’s serum creatinine concentration was used
for all equations and because the level may vary with a pa-
tient’s muscle mass, diet, hydration status, ethnic characteris-
tics, among others [13]. Moreover, these equations were ob-
tained from a specific group of individuals, and their use in

Table 3 Mortality in patients
with renal impairment treated by
antibiotics needing dose
adjustment in an intensive care
unit (bivariate analysis)

Variables Death Relative risk 95% Confidence interval p

Dose adjustment, n/N (%)

Adjusted 40/54 (74.1) 2.29 1.06–4.92 0.033
Not adjusted 40/72 (55.6)

SAPS 3 range, n/N (%)

> 57 64/93 (68.8) 2.35 1.04–5.23 0.037
≤ 57 16/33 (48.5)

Sepsis/septic shock, n/N (%)

Yes 52/69 (75.4) 3.17 1.49–6.74 0.002
No 28/57 (49.1)

Sex

Female 33/50 (66.0) 1.07 0.82–1.39 0.635
Male 47/76 (61.8)

Source, n/N (%)

Surgical clinic 4/7 (57.1) 1.00 – –

Medical clinic 7/7 (100) 1.75 0.92–3.33 0.089

Other hospital 8/9 (88.9) 1.55 0.78–3.08 0.206

Surgical center 14/29 (48.3) 0.84 0.40–1.78 0.658

Emergency room 47/74 (63.5) 1.11 0.57–2.17 0.756

Diagnosis at admission to ICU (by system), n/N (%)

Endocrinologic 2/3 (66.7) 1.00 – –

Cardiac 3/5 (60.0) 0.90 0.31–2.64 0.848

Gastrointestinal 4/7 (57.1) 0.86 0.31–2.40 0.769

Pulmonary 8/10 (80.0) 1.20 0.51–2.84 0.678

Others 16/28 (57.1) 0.86 0.36–2.03 0.727

Neurologic 20/31 (64.5) 0.97 0.42–2.25 0.939

Surgical 27/42 (64.3) 0.96 0.42–2.22 0.932

Antibiotic

Miscellaneous 4/11 (36.4) 1.00 – –

Cephalosporins 13/30 (43.3) 0.89 0.51–1.54 0.678

Quinolones 14/29 (48.3) 0.81 0.41–1.0 0.477

Carbapenems 2/21 (9.5) 1.42 0.89–2.27 0.142

Ureidopenicillins + BLI 11/31 (35.5) 1.01 0.46–1.44 0.959

Glycopeptides 2/4 (50) 0.79 0.26–2.32 0.662

Mean age (years) at:

Death 57.3 ± 18.6 – – 0.935
Discharge 56.9 ± 21.4

Values in table are presented as the ratio of patients (n/N) with the percentage in parenthesis or as the mean ± SD
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critically ill patients could be inadequate [14, 25]. Under these
conditions, the GFR must be determined directly with labora-
tory tests instead of being estimated. However, the methods
currently available for the direct measure of GFR are so labo-
rious and expensive that it is impractical to implement them on
a routine basis [11, 13].

The inappropriate use of antibiotics has been identified
more frequently in ICU patients than in other patient groups
[26]. Errors involving the use of anti-infective agents even
include the wrong choice of antimicrobial agent(s) and the
administration of inappropriate doses that do not achieve ther-
apeutic levels at the site of infection. Difficulties in establish-
ing correct doses are caused by several factors that produce
constant changes in GFR, such as metabolic and physiologic
variations, use of nephrotoxic drugs, invasive procedures or
devices, and various comorbidities that affect ICU patients
[27]. Additionally, the rapid increase in minimal inhibitory
concentrations (MICs) that has been observed in recent years
and the unavailability of technologies or knowledge that can
support the choice of the correct dose have made the prescrib-
ing of antimicrobial agents for ICU patients a real challenge.

Most studies suggest that, when possible, the use of agents
that are poorly excreted by the kidneys should be considered
in patients with renal failure. However, most often, there are
no alternatives that can fulfill this criteria. Hence, the risks and
benefits of prescribing antimicrobials without dose adjustment
in the first 24 h must be evaluated [28]. The application of this
recommendation was observed in the patients included in this
study when doses were adjusted in the presence of RI. In these
cases, the doses were administered without adjustment during
the first 24 h and were only adjusted after this period.
However, this intervention was not sufficient to avoid the high
rate of therapeutic failure.

During the treatment of an infection, therapeutic failure is
strongly associated with death. However, treatment response
is not due solely to the antimicrobial agent, but also to other
factors, such as age, site and severity of the infection, and

comorbidities. Thus, an improvement in the patient’s condi-
tion, based on both clinical assessment and laboratory tests,
may be observed despite the administration of an inaccurate
dose of the antimicrobial agent. Moreover, in the specific case
of infections, underdosing of antimicrobials by dose adjust-
ment can result in other problems that are more difficult to be
measured but which can also increase the risk of death. Low
antibiotic levels at the site of infection, for example, may
retard the patient’s response, which in turn may extend the
length of stay in the ICU and promote antimicrobial resis-
tance. Consequently, the patient will be exposed to several
other risks, and if a subsequent infection occurs, it may be
caused by a multiresistant strain, which significantly increases
the risk of death [1].

In view of the lack of studies conducted in specific groups
with the aim to clearly define the appropriate medication
doses, one of the more used measures to avoid negative out-
comes is to provide therapeutic drugmonitoring by measuring
the serum level of the drug [4]. Several studies have suggested
this practice for the treatment of patients with RI. However,
only a few hospitals have adopted the use of serum drug mea-
surements, as the tests are expensive. Moreover, these tests are
available only for a few antimicrobial drugs [29]. Thus, the
use of this tool in clinical practice is limited and has not been
sufficiently efficacious in optimizing antimicrobial use.

There are inherent difficulties with retrospective chart re-
views, including the possible absence of relevant information,
primarily regarding the prescriber’s impression of the patient’s
clinical status at the time of prescribing the antimicrobial
agent; this may be a limitation of this study. In addition, the
unavailability of local data on MICs could prompt doctors to
prescribe amounts that are lower than the recommended dose,
thereby increasing the risk of treatment failure. However, this
study was performed in an ICU with high rates of infections
caused by multiresistant microorganisms, where the vast ma-
jority of treatments are started with maximum doses, reducing
the risk of possible bias. In the same way, appropriate choice

Fig. 1 Poisson regression
analysis for risk of death with
predictors significant in the
bivariate analysis. CI Confidence
interval, RR relative risk, SAP 3
Simplified Acute Physiology
Score 3
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of the antimicrobial agent could have influenced treatment
failure and mortality rates. However, with rare exceptions,
both groups included in this study were treated in the same
ICU by the same healthcare team, which reduces the chance of
high differences in decision-making.

Finally, the lack of data or tools supporting the decision-
making process for antimicrobial dose adjustment has been a
source of uncertainty in the care of patients with RI, particu-
larly under clinical conditions that significantly change the
pharmacokinetics. Therefore, the prescribers constantly face
the following dilemma: not to perform the adjustment and
expose patients to the risk of overdose, which in general are
known, monitorable, and controllable, or to prescribe the an-
timicrobial agents with a dose adjustment, perhaps at a
subdose, and possibly reduce the chance of microbiological
cure, which may have a more significant impact on the pa-
tient’s clinical outcomes, especially in the current scenario
with the shortage of therapeutic alternatives. In this way, even
if the answer to that doubt is reasonably foreseeable, in daily
clinical practice, the conduct of healthcare providers has been
conflicting among the different clinical settings or even within
a same team. The data from our study should reduce the un-
certainty surrounding this decision and reinforce confidence
when prescribing an antibiotic for an ICU patient with RI.

Conclusion

In our study of ICU patients with RI, antibiotic dose adjust-
ments based on eGFR were seen to significantly increase the
risk of treatment failure and death. These data suggest that
when the only strategy available for adjustment is based on
the eGFR, the use of the full dose of the antibiotic should be
considered.
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