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Abstract
In older adults, few studies confirm that adequate concentrations of antibiotics are achieved using current dosage regimens of
intravenous β-lactam antibiotics. Our objective was to investigate trough concentrations of cefotaxime, meropenem, and piper-
acillin in older adults hospitalized with infection. We included 102 patients above 70 years of age. Total trough antibiotic
concentrations were measured and related to suggested target intervals. Information on antibiotic dose, patient characteristics,
and 28-day outcomes were collected frommedical records and regression models were fitted. Trough concentrations for all three
antibiotics exhibited considerable variation. Mean total trough concentrations for cefotaxime, meropenem, and piperacillin were
6.5 mg/L (range 0–44), 3.4 mg/L (range 0–11), and 30.2 mg/L (range 1.2–131), respectively. When a target range of non-species-
related breakpoint − 5× non-species-related breakpoint was applied, only 36% of patients had both values within the target range.
Regression models revealed that severe sepsis was associated with varying concentration levels and increasing age and
diminishing kidney function with high concentration levels. The study was not powered to demonstrate consequences in clinical
outcomes. Conclusively, in older adults treated with cefotaxime, meropenem, or piperacillin-tazobactam, trough antibiotic
concentrations varied considerably. Better predictors to guide dosing regimens of β-lactam antibiotics or increased use of
therapeutic drug monitoring are potential ways to address such variations.

Introduction

The importance of early, correct antibiotic treatment in bacte-
rial infections is undisputed [1]. Optimizing antibiotic treat-
ment means choosing the correct antibiotic and administering
a correct dose to ensure efficacy and to minimize the risk of
adverse events. Dosing guidelines for adults are often based
on results from middle-aged healthy volunteers, but are gen-
eralized to all adults [2].

The most commonly used group of antibiotics for severe
infections is beta-lactams. The bactericidal effect of beta-
lactams depends on the time of unbound antibiotic concentra-
tion above the minimum inhibitory concentration (MIC) for

the bacteria, fT >MIC [3]. Animal studies suggest that 50–
70% fT >MIC may be sufficient for penicillins and cephalo-
sporins in treating most infections, and for meropenem, 40%
may be sufficient [4]. However, immune-deficient and criti-
cally ill patients likely require a longer fT >MIC [5–7].
Studies suggest that a fT >MIC of 100% is required in mice
with neutropenia [8]. In human medicine, there is no consen-
sus on ideal fT >MIC targets. Most clinical studies have in-
vestigated patients with severe sepsis and have defined targets
higher than those suggested from animal models, generally
fT >MIC of 100% [9].

For most patients, the volume of distribution of beta-lactam
antibiotics is considered similar, with the exception of small
children and pregnant women [10, 11]. The predominant route
of elimination is via the kidneys, and dosing of most beta-
lactams is adjusted according to estimated glomerulus filtra-
tion rates (eGFR). In certain clinical situations, volatile phar-
macokinetics for beta-lactams is well documented, including
severe sepsis. In severe sepsis, the volume of distribution in-
creases, mainly due to capillary leakage and fluid resuscita-
tion, and augmented as well as reduced renal clearance is
common [2, 12]. Increasing age is not only associated with
an increased risk of infection, but age-related changes in organ
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function also result in difficulties in approximating renal func-
tion, making the pharmacokinetics of beta-lactam antibiotics
unpredictable [7]. Also, adverse effects related to antibiotics,
such as diarrhea, nephrotoxicity, and neurotoxicity, are more
common among older adults [7, 13, 14].

Even though a large proportion of antibiotics in hospitals
are administered to older adults, information on antibiotic
concentration attainment in this group is limited. To fully as-
sess the pharmacokinetic of a beta-lactam in an individual
patient, repeated concentration measurements are needed.
This is, however, seldom feasible in standard care. A more
feasible way to assess fT >MIC is to measure total trough
concentrations during presumed steady state. In the present
investigation, trough concentrations were determined for three
beta-lactam antibiotics commonly used for severe infections
in the region; cefotaxime, meropenem, and piperacillin-tazo-
bactam, in individuals aged 70 years or more, and hospitalized
due to an infection. Associations between concentration levels
and clinical predictors as well as outcomes were assessed.

Materials and methods

Study setting

This prospective observational study was conducted at Skåne
University Hospital Malmö, Skåne county, Sweden, which
serves a population of 400,000–500,000.

Study population

All inclusions were performed between January and April
2016. Individuals, born 1946 or earlier, that had been
admitted to a ward of infectious diseases or internal med-
icine with ongoing intravenous treatment with cefotaxime,
meropenem, or piperacillin-tazobactam since at least 24 h
and able to provide informed written and oral consent,
were approached for inclusion.

Sampling and sample analysis

Two samples, at different time points, were drawn from each
patient, primarily for internal validation. To try to achieve
steady state-like trough concentrations, measurements on the
first day of treatment were avoided. Samples were drawn
shortly before the next scheduled antibiotic administration.
Our aim was to have at least two doses of antibiotic between
the first and the second sample, though in a few cases this was
not achieved.

Following centrifugation at 1500×g for 15 min, the sam-
ples were stored at − 80 degrees Celsius awaiting analysis.
Samples were analyzed at the Department of Clinical
Pharmacology at Karolinska Institutet in Stockholm, using

liquid chromatography-mass spectrometry (LC-MS) [15].
The results were given as total concentration of the antibiotic,
which is the sum of the active, free concentration and the
protein-bound fraction.

Data collection and definitions

Information on baseline data, data from the ongoing infection
as well as outcomes was collected from medical records.

Baseline data included information on the patients’ age,
sex, weight, and height (body mass index, BMI), the reason
for hospital admission, the Charlson/Deyo comorbidity index
[16, 17] and current medication. Renal function was estimated
using the Cockcroft-Gault equation for creatinine clearance
(eGFR). Missing descriptive data were considered to be miss-
ing at random. Information about the ongoing infection in-
cluded cultures taken at admittance and site of infection. In
cases with defined etiology, the MIC for the causative agent
was registered. Basic laboratory parameters such as C-reactive
protein (CRP) and white blood cell count were also obtained.
An assessment of sepsis severity [18] was made within 24 h of
admission or at the start of infection (for nosocomial infec-
tions). Outcomes collected included days of hospital stay, 28-
day mortality, and 28-day readmission, as well as cause of
death and/or of readmission.

Defining target intervals and categorization
of antibiotic concentration results

Type of antibiotic, dose, and dosing interval, as well as time of
initiation of treatment and number of doses prior to sampling
was registered at inclusion. We also registered whether each
patient was given the recommended dose according to
Swedish guidelines, based on eGFR (Supplemental Table 1).

The protein binding of piperacillin and cefotaxime is ap-
proximately 30% and 35–40%, respectively [19, 20], while
for meropenem, it is 2% [21]. Predictions of unbound concen-
trations from total concentration and prior knowledge of
protein-binding generally correlate well for antibiotics with
moderate protein-binding [22]. Considering the protein-
binding of each antibiotic and that meropenem therapy in
patients admitted to wards of internal medicine or infectious
diseases in our region is predominantly used in immune-
deficient individuals, we suggest target interval of total trough
concentration starting at the level of the non-species-related
breakpoint. In this, non-ICU cohort, we proposed an ideal
target range for total trough concentrations at 1–5 mg/L for
cefotaxime, 2–10 mg/L for meropenem, and 4–20 mg/L for
piperacillin, respectively. All concentration values were cate-
gorized as low (beneath the ideal range), on target, high (5–
10× the non-species-related breakpoint), or very high (> 10×
non-species-related breakpoint).
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Data analysis

Data analysis was performed through analysis of descriptive
data, estimations of target attainment as well as univariate and
multivariate regression analyses of associations between
trough concentration levels and clinical outcomes.

Baseline descriptive data were compared between patients
receiving the three different antibiotics. The chi-square and
Kruskal-Wallis tests were used for categorical and continuous
variables, respectively. Categorical andmean trough concentra-
tion results for each patient were used in subsequent regres-
sions. The target attainment for the full cohort as well as for
each antibiotic was calculated, and compared between each
antibiotic using chi2 tests. Outcome data were determined for
the full cohort as well as for each antibiotic, and comparisons
between groups were performed using the chi2 test for categor-
ical outcome data and Kruskal-Wallis for continuous outcomes.

Regression modeling

Univariate linear and polynomial regressions were performed
to assess associations between antibiotic concentrations

(continuous and categorical, respectively) and descriptive as
well as infection-related predictors. Univariate regressions
were performed to establish associations between patient out-
comes and predictors.

For categorical data on antibiotic concentrations, multino-
mial multivariate regression models were fitted for the full
cohort. A separate model was fitted for only individuals re-
ceiving the recommended antibiotic dose. For continuous out-
come data on antibiotic concentrations, multivariate linear re-
gression models were fitted separately for mean concentra-
tions of the three antibiotics. Multivariate regression models
were fitted for patient outcomes. All multivariate models were
fitted using the purposeful selection algorithm, maintaining
predictors with p < 0.1 or a coefficient-changing effect of >
20% in the final model [23].

Ethical considerations

The study was approved by The Regional Ethical Review
Board in Lund, Sweden (2015/709). All participation in the
study was based on oral and written consent.

Table 1 Baseline descriptive data on included patients

Variable Full cohort
102 patients

Cefotaxime
72 patients

Meropenem
12 patients

Piperacillin
18 patients

Significant difference
between any of the
three groups

Gender % women (n) 39.2% (40) 44.4% (32) 41.7% (5) 16.7% (3) p = 0.10

Age median (IQR) 80 (74–86) 82.5 (75–87.5) 75 (72.5–80) 80 (74–84) p = 0.09

eGFR median (IQR) [MV] 50 (36–71) [3] 49.5 (37.3–68.8) [2] 60.5 (34.9–86.3) [0] 47 (31–71) [1] p = 0.57

BMI median (IQR) [MV] 23.9 (21.5–27.3) [15] 23.5 (21.4–27.4) [13] 22.9 (20.9–27.3) [1] 24.5 (21.5–27.3) [1] p = 0.98

Charlson/Deyo score Median (IQR) 3 (1–4) 3 (1–4) 3 (0.8–4) 3 (1.3–6) p = 0.53

Each part of Charlson/Deyo comorbidity index % (n)

Myocardial infarction 19.6% (20) 16.7% (12) 16.7% (2) 33.3% (6) p = 0.27

Congestive heart failure 22.5% (23) 23.6% (17) 33.3% (4) 11.1% (2) p = 0.33

Peripheral vascular disease 12.7% (13) 12.5% (9) 0 22.2% (4) p = 0.20

Cerebrovascular disease 19.6% (20) 18.1% (13) 33.3% (4) 16.7% (3) p = 0.44

Dementia 2% (2) 1.4% (1) 0 5.6% (1) p = 0.46

Chronic lung disease 28.4% (29) 31.9% (23) 25% (3) 16.7% (3) p = 0.42

Rheumatologic disease 19.6% (20) 20.8% (15) 16.7% (2) 16.7% (3) p = 0.89

Peptic ulcer disease 2% (2) 1.4% (1) 0 5.6% (1) p = 0.46

Mild liver disease 2% (2) 1.4% (1) 0 5.6% (1) p = 0.46

Diabetes without organ damage 20.6% (21) 20.8% (15) 25% (3) 16.7% (3) p = 0.85

Diabetes with organ damage 5.9%(6) 4.2% (3) 0 16.7% (3) p = 0.09

Hemiplegia/paraplegia 5% (5) 5.6% (4) 0 5.6% (1) p = 0.70

Moderate or severe kidney disease 12.7% (13) 13.9% (10) 25% (3) 0 p = 0.35

Tumor within the past 5 years 30.4% (31) 26.4% (19) 58.3% (7) 27.8% (5) p = 0.39

Moderate/severe liver disease 1% (1) 0 0 5.6% (1) p = 0.10

AIDS 0 0 0 0 –

Malignant tumor with metastasis 5.9% (6) 4.2% (3) 8.3% (1) 11.1% (2) p = 0.50

IQR interquartile range, MV number of missing values
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Results

The study included 102 patients. From 88 of these patients,
two samples were obtained, resulting in 190 samples. Of these
patients, 72 individuals were treated with cefotaxime, 18 with
piperacillin-tazobactam, and 12 with meropenem.

Descriptive data

Baseline descriptive data for the full cohort sorted by
antibiotic treatment is presented in Table 1. Fewer wom-
en than men (39%) were included in the study. The me-
dian age for the entire cohort was 80 years, while
meropenem-treated patients were slightly younger (medi-
an 75 years). Differences, though not statistically signif-
icant, regarding eGFR were seen between groups. All
patients with neutropenia (n = 5) were treated with
meropenem. In the full cohort, the most common infec-
tion was pneumonia, affecting 33% of the patients
(Supplemental Table 2).

Trough antibiotic concentrations

Trough concentrations varied considerably in the group
(Table 2). Only 36% of patients had concentration values

within the defined target interval. Meropenem concentrations
were generally low in relation to the target interval and three
out of five patients with neutropenia had concentrations below
the reference interval. Trough concentrations for piperacillin
were often high. Only one patient receiving piperacillin-
tazobactam had a low piperacillin concentration, and none
had two low values. Trough cefotaxime concentrations were
variable, as 42% of patients had at least one value above the
target interval and 22% of patients had at least one value
below the target interval. Limited variation between paired
samples was observed (Fig. 1).

Univariate regressions of trough concentrations
as outcomes of baseline predictors

In a linear univariate regression, higher trough cefotaxime
concentrations were significantly associated with increasing
age, decreasing eGFR, sepsis severity, and higher comorbidity
index (Table 3). The univariate regression for piperacillin
trough concentrations suggested an association between high
concentrations and moderate/severe liver disease (based on a
limited number of observations).

Using categorical concentration outcomes (Table 4) of
the full cohort, significant associations were again seen
between high concentration levels and increasing age,

Table 2 Antibiotic concentrations in the study

Variable Full cohort
102 patients

Cefotaxime
72 patient

Meropenem
12 patients

Piperacillin
18 patients

Significant difference
between any of the
three groups

Antibiotic concentration (mg/L)
Mean (range) and median (IQR) [MV]
1. Concentration measurement 1
2. Concentration measurement 2

– 1. 6.1 (0–44) and
3.6 (1.3–7.9) [0]

1. 3.1 (0.53–11) and
1.95 (1–3.6) [0]

1. 34.5 (5.7–131) and
16.5 (9.9–43.8) [0]

–

2. 7.0 (0–43) and
3.7 (2–11) [10]

2. 3.8 (0–10) and
2.8 (1–6.3) [0]

2. 25.8 (1.2–94) and
19 (11–36.5) [3]

Proportion of patients not receiving
recommended dose % (n)

19.6% (20) 23.6% (17) 16.7% (2) 5.6% (1) p = 0.22

Proportion of patients with two trough
values % (n)

86.3% (88) 84.7% (61) 100% (12) 83.3% (15) –

Proportion of patients with all concentrations
within the interval % (n)

36.3% (37) 36.1% (26) 33.3% (4) 38.9% (7) p = 0.78

Proportion of patients with at least one
low value % (n)

23.5% (24) 22.2% (16) 58.3% (7) 5.6% (1) p = 0.003

Proportion of patients with two low
values % (n)

9.8% (10) 8.3% (6) 33.3% (4) 0 p = 0.008

Proportion of patients with at least one
high value % (n)

40.2% (41) 41.7% (30) 8.3% (1) 55.6% (10) p = 0.032

Proportion of patients with two high
values % (n)

23.5% (24) 26.4% (19) 0 27.8% (5) p = 0.122

Proportion of patients with at least one
very high value % (n)

24.5% (25) 25% (18) 0 38.9% (7) p = 0.052

Proportion of patients with two very
high values % (n)

12.7% (13) 15.3% (11) 0 11.1% (2) p = 0.33

Significant p values are shown in italics

IQR interquartile range, MV number of missing values
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decreasing eGFR and sepsis severity. Increased sepsis se-
verity was also associated with low concentrations. Thus,
in patients with severe sepsis, antibiotic concentrations

varied greatly, emphasizing the need for therapeutic drug
monitoring in this group.

Multivariate regressions of trough concentrations
as outcomes of baseline predictors

Following adjustment for covariates, significant associations
remained between increasing trough concentrations of cefo-
taxime and increasing age, diabetes with end organ damage,
moderate/severe kidney disease, and higher sepsis severity
(Table 3). Due to limited number of observations in the groups
of meropenem and piperacillin, multivariate linear models
were not fitted for these antibiotics.

The multivariate model for categorical outcomes of the
full cohort (Table 4) revealed a significant association be-
tween a low eGFR and high concentrations. Low concen-
trations were significantly associated with increasing sep-
sis severity. In individuals given antibiotic doses according
to guidelines, low eGFR remained significantly associated
with very high concentrations, while increasing sepsis se-
verity remained significantly associated with low concen-
trations (Table 4).

Hospital stay, readmissions, and mortality

The median length of stay was 9 days for the entire cohort,
while the 28-day mortality was 12.7% (n = 13). Patients treat-
ed with piperacillin-tazobactam had the highest mortality rate.
The 28-day readmission rate was 22.5% (Table 5).

A significant association between high concentration of
antibiotics and 28-day mortality as well as increased length-
of-stay was observed (Table 6). As expected, a higher
Charlson/Deyo score was significantly associated with 28-
day mortality. No significant associations were seen between
hospital readmission and included predictors.

Discussion

In this prospective observational study, total trough antibiotic
concentrations of cefotaxime, meropenem, and piperacillin in
older adults hospitalized with infection varied considerably.
This variation was pronounced in individuals with severe sep-
sis. When a target interval of the non-species-related
breakpoint − 5× the non-species-related breakpoint was ap-
plied, only 36% of patients had both values within the range.
Most of the off-target concentrations of cefotaxime and piper-
acillin were above the target interval but significant inter-
individual variation was evident. For meropenem, off-target
concentrations were generally below the target interval. Even
though the study was not powered to properly assess patient
outcomes, dosing recommendations based on serum-
creatinine-based renal function estimations clearly do not

Fig. 1 Spaghetti plots illustrating the variation in total trough antibiotic
concentration levels in the patients fromwhom two values were obtained.
The dashed lines mark the reference interval used for target concentration
levels (non-species-related breakpoint − 5× non-species-related
breakpoint). a Cefotaxime values (target interval used 1–5 mg/L or μg/
mL). b Piperacillin values (target interval used 4–20 mg/L or μg/mL). c
Meropenem values (target interval 2–10 mg/L or μg/mL)
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provide predictable trough concentrations of our most com-
monly used antibiotics in older adults, especially not in indi-
viduals with severe sepsis.

The major strength of this study is the relevance to stan-
dard of care. In the study, we have applied what we believe
to be a feasible way of approximating fT >MIC. A large
proportion of patients treated with intravenous antibiotics
in hospitals are older adults with comorbidities, and in this
group, infection-related mortality is increased [24].
However, the study also has limitations. The cohort size
is limited and the study was not properly powered to assess
consequences in patient outcomes. Being pragmatic in na-
ture, the study was neither designed to measure exact fT >
MIC nor to make proper pharmacokinetic simulations,
which would require a larger number of samples per pa-
tient. Also, even though often used in clinical studies, to
meet target intervals of trough concentrations of beta-
lactam antibiotics has not been unambiguously demon-
strated to correlate with improved clinical outcomes.

Due to the risk of inadequate treatment effect, low concen-
trations are the most immediate concern. For meropenem
treatment, which in Sweden is reserved for the most severe
infections and for patients with neutropenia, 100% fT >
MIC is suggested. In the study region, the recommended
dose of meropenem in infection was 500 mg×3, for pa-
tients with neutropenia 500 mg×4, and for patients with
severe sepsis 1000 mg×3. More than half of individuals
treated with meropenem had at least one low trough con-
centration value, suggesting that 500 mg (×3 or ×4) do not
reliably provide 100% fT > non-species-related breakpoint.
Increasing sepsis severity was associated with low as well
as high trough concentrations, likely reflecting the timing
of sepsis as well as the degree of renal involvement and
hydration. Previous studies performed on patients with se-
vere sepsis, mainly in ICU settings, have also demonstrat-
ed great variations in beta-lactam concentration levels [2,
25]. Roberts et al. have shown that 16% of critically ill
patients did not achieve 50% fT > MIC and that these

Table 3 Univariate and multivariate linear regressions for trough concentrations of cefotaxime, meropenem, and piperacillin as outcomes of baseline
predictors

Variable Univariate regression
Cefotaxime

Multivariate regression
Cefotaxime

Univariate regression
Meropenem1

Univariate regression
Piperacillin1

Age β = 0.42
p =< 0.001

β = 0.31
p = 0.002
(95% CI 0.12–0.51)

β = − 0.18
p = 0.29

β = − 0.27
p = 0.83

Gender β = − 1.24
p = 0.48

β = − 0.26
p = 0.90

β = − 18
p = 0.43

eGFR β = − 0.11
p = 0.002

β = − 0.05
p = 0.10

β = − 0.31
p = 0.21

BMI β = − 0.14
p = 0.38

β = − 0.33
p = 0.24

β = − 0.69
p = 0.61

Charlson/Deyo
comorbidity index

β = 0.95
p = 0.032

β = − 0.54
p = 0.22

β = 0.96
p = 0.73

Each part of Charlson/Deyo
comorbidity index

Diabetes with organ
damage β = 10.5

p = 0.014
Moderate/severe

kidney failure
β = 8.15
p = 0.001

Diabetes with organ
damage β = 9.94

p = 0.005
(95% CI 3.13–16.8)
Moderate/severe kidney

disease β = 6.92
p = 0.001
(95% CI 3.03–10.8)

Myocardial infarction
β = 5.02

p = 0.039

Peptic ulcer disease
β = 84.7
p = 0.012
Moderate/severe liver

disease β = 84.7
p = 0.012

Sepsis severity β = 3.48
p = 0.007

β = 3.43
p = 0.002
(95% CI 1.35–5.50)

β = − 1.06
p = 0.50

β = − 4.67
p = 0.68

Day of treatment β = 0.27
p = 0.52

β = − 1.03
p = 0.14

β = − 1.79
p = 0.74

Dose interval β = − 0.02
p = 0.94

β = 1.40
p = 0.07

β = 3.96
p = 0.38

Dose given according
to guidelines

β =β = − 0–4.34
p = 0.031

β = − 4.27
p = 0.09

β = 5.30
p = 0.89

Significant p values are italicized

β beta-coefficient, CI confidence interval
1 There are too few observations to motivate a multivariate regression
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Table 4 Polynomial univariate and multivariate regressions for categorical outcomes of antibiotic concentrations in the full cohort and among the
subset of individuals that received antibiotic doses according to eGFR-based guidelines

Variable Full cohort—univariate
analyses (compared to conc.
in the correct interval)
A Low conc.
B High conc.
C Very high conc.

Full cohort—multivariate
model (compared to conc.
in the correct interval)
A Low conc.
B High conc.
C Very high conc.

Those who have received dose of antibiotics
according to guidelines- multivariate model
(compared to conc. in the correct interval)
A Low conc.
B High conc.
C Very high conc.

Age A. β = − 0.01 (p = 0.727)
B. β = 0.08 (p = 0.063)
C. β = 0.14 (p = 0.002)

Gender A. β = 0.55 (p = 0.320)
B. β = − 0.59 (p = 0.329)
C. β = − 0.01 (p = 0.986)

eGFR A. β = 0.01 (p = 0.348)
B. β = − 0.23 (p = 0.072)
C. β = − 0.07 (p = 0.001)

A. β = 0.01 (p = 0.449)
(95% CI − 0.01–0.03)
B. β = − 0.06 (p = 0.004)
(95% CI − 0.1–(−)0.02)
C. β = − 0.07 (p = 0.002)
(95% CI − 0.12–(−) 0.03)

A. β = 0.01 (p = 0.558)
(95% CI − 0.01–0.03)
B. β = − 0.02 (p = 0.269)
(95% CI − 0.04–0.01)
C. β = − 0.06 (p = 0.005)
(95% CI − 0.10–(−) 0.02)

BMI A. β = 0.08 (p = 0.158)
B. β = 0.06 (p = 0.265)
C. β = − 0.05 (p = 0.297)

A. β = 0.08 (p = 0.254)
(95% CI − 0.06–0.22)
B. β = 0.15 (p = 0.041)
(95% CI 0.01–0.29)
C. β = 0.06 (p = 0.424)
(95% CI − 0.09–0.21)

Charlson/Deyo comorbidity index A. β = − 0.24 (p = 0.093)
B. β = − 0.01 (p = 0.952)
C. β = − 0.05 (p = 0.694)

Sepsis severity A. β = 0.88 (p = 0.039)
B. β = 0.76 (p = 0.072)
C. β = 1.24 (p = 0.005)

A. β = 1.06 (p = 0.034)
(95% CI 0.08–2.03)
B. β = 0.68 (p = 0.203)
(95% CI − 0.36–1.72)
C. β = 0.88 (p = 0.109)
(95% CI − 0.2–1.95)

A. β = 1.06 (p = 0.025)
(95% CI 0.13–1.99)
B. β = 0.73 (p = 0.155)
(95% CI − 0.28–1.74)
C. β = 0.49 (p = 0.380)
(95% CI − 0.61–1.59)

Day of treatment A. β = 0.25 (p = 0.208)
B. β = − 0.31 (p = 0.278)
C. β = 0.32 (p = 0.097)

Dose interval A. β = 1.17 (p = 0.289)
B. β = − 0.94 (p = 0.141)
C. β = − 1.02 (p = 0.113)

Significant p values are italicized

β beta-coefficient, CI confidence interval

Table 5 Patient outcomes

Variable Full cohort
102 patients

Cefotaxime
72 patients

Meropenem
12 patients

Piperacillin
18 patients

Significant difference between
any of the three groups

Days of hospitalization
Median (IQR)

9 (6–17) 8 (6–14) 10 (7.5–20.5) 14 (8–19) p = 0.12

2Mortality within 28 days % 12.7% (13) 9.7% (7) 8.3% (1) 27.8% (5) p = 0.09
3Readmission within 28 days % 22.5% (23) 23.6% (17) 16.7% (2) 22.2% (4) p = 0.87
3Readmission within 28 days

due to treatment failure
12.7% (13) 11.1% (8) 16.7% (2) 22.2% (4) p = 0.45

Change of antibiotic within
48 h due to lack of effect

4.9% (5) 5.6% (4) 0% (0) 5.6% (1) p = 0.70

IQR interquartile range
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patients were less likely to have a positive clinical outcome
[12], while Udy et al. demonstrated a 58% target attain-
ment rate using a target concentration greater than or equal
to MIC [26].

For many patients receiving cefotaxime and piperacil-
lin-tazobactam, high trough concentration levels were
seen. Dosage recommendations based on eGFR defined
by Cockcroft-Gault alone may be too crude, and it is well
described that alternative estimates of eGFR provide better
guidance for older adults [27]. For a few patients receiving
piperacillin-tazobactam, trough concentrations were very
high (50–150 mg/L). This was significantly associated
with liver disease. However, current recommendations do
not suggest dose adjustment in patients with liver cirrhosis
[20]. Overall, there is limited knowledge on the potential
toxicity of high beta-lactam concentrations in humans.
High concentrations may lead to reversible encephalopathy
[28] and nephrotoxicity [29]. Threshold levels for beta-
lactam concentrations where 50% of individuals develop
adverse event have recently been suggested [30], but in
older adults, significantly increased risk of adverse events
is expected [7]. In the present study, an association be-
tween 28-day mortality and very high trough concentration
levels was seen. However, the causality is unclear, and the
association may be confounded by end-stage organ failure,
despite adjusting for comorbidities.

In conclusion, current dosage guidelines for intravenous
beta-lactam antibiotics do not provide predictable trough
antibiotic concentrations in older adults hospitalized with
infection. Better predictors are needed to guide antibiotic
dosing in this group, and increased use of therapeutic drug
monitoring of beta-lactams would be useful in patients

with severe sepsis, where concentration levels were espe-
cially difficult to predict.

Acknowledgements Wewould like to acknowledge the work of the ward
nurses, SUS Malmö providing blood samples of patients.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflicts of
interest.

Ethical approval The study was approved by The Regional Ethical
ReviewBoard in Lund, Sweden (2015/709). All participation in the study
was based on oral and written consent.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a link
to the Creative Commons license, and indicate if changes were made.

References

1. Kumar A, Roberts D, Wood KE, Light B, Parrillo JE, Sharma S,
Suppes R, Feinstein D, Zanotti S, Taiberg L, Gurka D, Cheang M
(2006) Duration of hypotension before initiation of effective anti-
microbial therapy is the critical determinant of survival in human
septic shock. Crit Care Med 34(6):1589–1596

2. Sime FB, Roberts MS, Peake SL, Lipman J, Roberts JA (2012)
Does beta-lactam pharmacokinetic variability in critically ill pa-
tients justify therapeutic drug monitoring? A systematic review.
Ann Intensive Care 2(1):35

3. Eagle H, Fleischman R, Musselman AD (1950) Effect of schedule
of administration on the therapeutic efficacy of penicillin;

Table 6 Multivariate outcome analyses for duration of hospitalization, hospital readmission, and mortality compared to patients within the target
concentration interval

Variable Duration of hospitalization Readmission to hospital within 28 days 28-day mortality

Low concentration β = 1.12
p = 0.81
(95% CI – 7.87–10.1)

OR = 0.60
p = 0.47
(95% CI 0.15–2.44)

–

High concentration β = 12.01
p = 0.01
(95% CI 3.00–21.0)

OR = 1.13
p = 0.84
(95% CI 0.33–3.87)

OR = 1.18
p = 0.85
(95% CI 0.19–7.25)

Very high concentration β = 9.65
p = 0.048
(95% CI 0.10–19.2)

OR = 0.91
p = 0.87
(95% CI 0.25–3.34)

OR = 5.68
p = 0.027
(95% CI 1.22–26.46)

Charlson/Deyo comorbidity index β1 = − 0.24
p = 0.75
(95% CI2 − 1.69–1.21)

OR = 1.47
p = 0.005
(95% CI 1.12–1.94)

Age β = − 0.43
p = 0.089
(95% CI2 − 0.92–0.066)

Significant p values are italicized

β beta-coefficient, CI confidence interval, OR odds ratio

492 Eur J Clin Microbiol Infect Dis (2018) 37:485–493



importance of the aggregate time penicillin remains at effectively
bactericidal levels. Am J Med 9(3):280–299

4. Nicolau DP (2008) Pharmacokinetic and pharmacodynamic prop-
erties of meropenem. Clin Infect Dis 47(Suppl 1):S32–S40

5. Levison ME, Levison JH (2009) Pharmacokinetics and pharmaco-
dynamics of antibacterial agents. Infect Dis Clin N Am 23(4):791–
815 vii

6. Leander G, Eliasson E, Hanberger H, Giske C (2015) Beta lactam
antibiotics and the question of dose regimen for severe infection.
Prolonged infusion theoretically appealing—yet no evidence of
clinical benefit. Lakartidningen 112

7. Faulkner CM, Cox HL, Williamson JC (2005) Unique aspects of
antimicrobial use in older adults. Clin Infect Dis 40(7):997–1004

8. Craig W (1984) Pharmacokinetic and experimental data on beta-
lactam antibiotics in the treatment of patients. Eur J Clin Microbiol
3(6):575–578

9. Abdul-Aziz MH, Sulaiman H, Mat-Nor MB, Rai V, Wong KK,
Hasan MS, Abd Rahman AN, Jamal JA, Wallis SC, Lipman J,
Staatz CE, Roberts JA (2016) Beta-Lactam Infusion in Severe
Sepsis (BLISS): a prospective, two-centre, open-labelled
randomised controlled trial of continuous versus intermittent beta-
lactam infusion in critically ill patients with severe sepsis. Intensive
Care Med 42(10):1535–1545

10. Kearns GL, Abdel-Rahman SM, Alander SW, Blowey DL, Leeder
JS, Kauffman RE (2003) Developmental pharmacology—drug dis-
position, action, and therapy in infants and children. N Engl J Med
349(12):1157–1167

11. Tasnif Y, Morado J, Hebert MF (2016) Pregnancy-related pharma-
cokinetic changes. Clin Pharmacol Ther 100(1):53–62

12. Roberts JA, Paul SK, Akova M, Bassetti M, De Waele JJ,
Dimopoulos G, Kaukonen KM, Koulenti D, Martin C, Montravers
P, Rello J, Rhodes A, Starr T, Wallis SC, Lipman J, Study D (2014)
DALI: defining antibiotic levels in intensive care unit patients: are
current beta-lactam antibiotic doses sufficient for critically ill pa-
tients? Clinical infectious diseases : an official publication of the
Infectious Diseases Society of America 58(8):1072–1083

13. Routledge PA, O'Mahony MS, Woodhouse KW (2004) Adverse
drug reactions in elderly patients. Br J Clin Pharmacol 57(2):
121–126

14. Marusic S, Bacic-Vrca V, Obreli Neto PR, Franic M, Erdeljic V,
Gojo-Tomic N (2013) Actual drug-drug interactions in elderly pa-
tients discharged from internal medicine clinic: a prospective ob-
servational study. Eur J Clin Pharmacol 69(9):1717–1724

15. Pitt JJ (2009) Principles and applications of liquid chromatography-
mass spectrometry in clinical biochemistry. The Clinical biochemist
Reviews 30(1):19–34

16. Deyo RA, Cherkin DC, Ciol MA (1992) Adapting a clinical co-
morbidity index for use with ICD-9-CM administrative databases. J
Clin Epidemiol 45(6):613–619

17. Charlson ME, Pompei P, Ales KL, MacKenzie CR (1987) A new
method of classifying prognostic comorbidity in longitudinal stud-
ies: development and validation. J Chronic Dis 40(5):373–383

18. Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, KnausWA,
Schein RM, Sibbald WJ (1992) Definitions for sepsis and organ
failure and guidelines for the use of innovative therapies in sepsis.
The ACCP/SCCM Consensus Conference Committee. American
College of Chest Physicians/Society of Critical Care Medicine
Chest 101(6):1644–1655

19. Esmieu F, Guibert J, Rosenkilde HC, Ho I, Le Go A (1980)
Pharmacokinetics of cefotaxime in normal human volunteers. J
Antimicrob Chemother 6(Suppl A):83–92

20. FDA (2017) Zosyn (piperacillin and tazobactam for injection).
FDA, https://http://www.fda.gov/ohrms/dockets/dockets/06p0195/
06P-0195-EC1-Attach-1.pdf. Cited 2017 06 19 2017

21. Craig WA (1997) The pharmacology of meropenem, a new carba-
penem antibiotic. Clin Infect Dis 24(Suppl 2):S266–S275

22. Wong G, Briscoe S, Adnan S,McWhinney B, Ungerer J, Lipman J,
Roberts JA (2013) Protein binding of beta-lactam antibiotics in
critically ill patients: can we successfully predict unbound concen-
trations? Antimicrob Agents Chemother 57(12):6165–6170

23. Bursac Z, Gauss CH,Williams DK, Hosmer DW (2008) Purposeful
selection of variables in logistic regression. Source code for biology
and medicine 3:17

24. Holmbom M, Giske CG, Fredrikson M, Ostholm Balkhed A,
Claesson C, Nilsson LE, Hoffmann M, Hanberger H (2016) 14-
year survey in a Swedish County reveals a pronounced increase in
bloodstream infections (BSI). Comorbidity—an independent risk
factor for both BSI and mortality. PLoS One 11(11):e0166527

25. Goncalves-Pereira J, Povoa P (2011) Antibiotics in critically ill
patients: a systematic review of the pharmacokinetics of beta-
lactams. Crit Care 15(5):R206

26. Udy AA, Varghese JM, Altukroni M, Briscoe S, McWhinney BC,
Ungerer JP, Lipman J, Roberts JA (2012) Subtherapeutic initial
beta-lactam concentrations in select critically ill patients: associa-
tion between augmented renal clearance and low trough drug con-
centrations. Chest 142(1):30–39

27. Nyman U, Grubb A, Larsson A, Hansson LO, Flodin M, Nordin G,
Lindstrom V, Bjork J (2014) The revised Lund-Malmo GFR esti-
mating equation outperforms MDRD and CKD-EPI across GFR,
age and BMI intervals in a large Swedish population. Clin Chem
Lab Med 52(6):815–824

28. Chow KM, Hui AC, Szeto CC (2005) Neurotoxicity induced by
beta-lactam antibiotics: from bench to bedside. Eur J ClinMicrobiol
Infect Dis 24(10):649–653

29. Tune BM, Hsu CY (1990) Mechanisms of beta-lactam antibiotic
nephrotoxicity. Toxicol Lett 53(1–2):81–86

30. Imani SBH, Marriott D, Sheridan G, Sandaradura I (2017) Too
much of a good thing: a retrospective study of B-lactam concentra-
tion-toxicity relationships (abstract). J Antimicrob Chemother 72:
2891–2897

Eur J Clin Microbiol Infect Dis (2018) 37:485–493 493

http://www.fda.gov/ohrms/dockets/dockets/06p0195/06P-0195-EC1-Attach-1.pdf
http://www.fda.gov/ohrms/dockets/dockets/06p0195/06P-0195-EC1-Attach-1.pdf

	Considerable...
	Abstract
	Introduction
	Materials and methods
	Study setting
	Study population
	Sampling and sample analysis
	Data collection and definitions
	Defining target intervals and categorization of antibiotic concentration results
	Data analysis
	Regression modeling
	Ethical considerations

	Results
	Descriptive data
	Trough antibiotic concentrations
	Univariate regressions of trough concentrations as outcomes of baseline predictors
	Multivariate regressions of trough concentrations as outcomes of baseline predictors
	Hospital stay, readmissions, and mortality

	Discussion
	References


