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Objective: There is a paucity of published data to evaluate the efficacy and safety of
imipenem (IPM) and piperacillin-tazobactam (PT) dosing regimens in the treatment of septic
patients acquiring continuous renal replacement therapy (CRRT).

Methods and Materials: Critically-ill patients were grouped into short-stay and long-stay
intensive care unit (ICU) patients. Pathogens were isolated from bloodstream infections in
these patients. Minimum inhibitory concentration (MIC) value was determined by agar
dilution method. Population PK models were introduced in this study, and differences in
the likelihood of achieving efficacious and toxic exposures of IPM and PT for critically-ill
patients were assessed.

Results: A total of 86 K. pneumoniae bloodstream infection associated isolates were
collected, and the MICsy and MICyq for short-stay ICU patients were 0.5/4 mg/L and 32/
128 mg/L, respectively. IMP 0.5g q8h reached 90% probability of target attainment (PTA)
against isolates with MICs <2 mg/L and was recommended to empirically treat short-stay
ICU patients during CRRT based on the target of 40% fT>MIC. However, based on a more
aggressive target of 100% fT>MIC, all the simulated IMP regimens except for IMP 1g q6h
failed to achieve >80% cumulative fraction of response (CFR) in such patients.
Unfortunately, the risk of drug-related toxicity for IMP 1g q6h was relatively high (50-85%).
For PT, even the regimen of 4/0.5g q6h failed to provide sufficient antimicrobial exposure in
short-stay ICU patients acquiring CRRT.

Conclusion: No dose adjustment was required for the conventional IMP and PT regimens in
the critically-ill population acquiring CRRT. Empirical treatment of IMP 0.5g q8h/q6h, not
for PT, may provide sufficient antimicrobial exposure for short-stay ICU patients during
CRRT. PT should be used in the knowledge of MIC results.
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Introduction

The treatment of critically-ill patients with sepsis in intensive care units (ICU) is
challenging because of disease complexity, often resulting in acute kidney injury
and multiple organ dysfunction syndrome (MODS) as well as reduced antibiotic
susceptibilities of nosocomial pathogens.' In this setting, continuous renal
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replacement therapy (CRRT) is a well-established and
effective method that can cause enhanced elimination of
drugs to avoid overdosing-related toxicity.” However, sig-
nificant and unpredictable pharmacokinetic (PK) variabil-
ity (i.e. the volume of distribution (V4) and the clearance
(CL)) in such patients has been found and these para-
meters may vary depending on the physical condition
and the type and intensity of CRRT on elimination of
drugs.** Therefore, optimizing the dosing regimen in
such circumstances is a crucial but difficult issue.

It has been stated that an increased risk of carbapenem-
resistant Klebsiella pneumoniae (CRKP) infections and
mortality was observed for patients with prolonged hospi-
talization in ICU.”” In other words, patients in ICU are
relatively easily infected with CRKP. Notably, the risk of
the duration of ICU stay for patients infected with these
organisms is still unknown. A previous study revealed that
low colonization prevalence of carbapenem-resistant
Enterobacteriaceae among patients in short-stay hospital
ICU patients, compared to long-term (3.3% vs. 30.4%,
prevalence ratio, 9.2; 95% CI, 6.3-13.5).® Early and
appropriate antibiotic therapy in critically-ill patients is
associated with the promising clinical outcome.’
Considering the fear of overdosing-related toxicity and
the lack of therapeutic drug monitoring (TDM), the target
antimicrobial concentration was suboptimal in some criti-
cally-ill patients during CRRT.'® Actually, there is
a paucity of published data to evaluate the efficacy and
safety of antibiotic dosing regimens in the treatment of
septic patients during CRRT.

Given that the above situation, the Monte Carlo simu-
lation (MCS) was introduced in our study to integrate
population-PK parameters and population-minimum inhi-
bitory concentration (MIC) pathogen data together so as to
avoid underdosing and overdosing-related treatment
failure.!' Imipenem (IPM) is one of the leading antibiotic
with a broad-spectrum antibacterial activity against most
Gram-positive, Gram-negative and anaerobic isolates,
including multidrug-resistant isolates.'> And for piperacil-
lin-tazobactam (PT), it has been demonstrated clinical
efficacy in the treatment of community- or hospital-
acquired infections.'>'* These two drugs are frequently
used intravenous antimicrobials for the treatment of severe
infections in ICU settings. The aim of our study was to: 1)
determine the MIC distributions of IMP and PT against
K. pneumoniae isolated from ICU; and 2) evaluate the
efficacy and safety of these two antibiotics in critically-
ill patients with sepsis during CRRT.

Methods and Materials

Bacterial Isolates and Susceptibility Testing
Clinical K. pneumoniae, isolated from a 29-bed and 22-
bed medical ICU, were collected between January 2015
and December 2019. Strains were isolated and identified in
accordance with clinical microbiological methods using
the API20 system (bioMérieux, Durham, NC, USA).
Furthermore, strains were re-identified by matrix-assisted
laser desorption ionization-time-of-flight (MALDI-TOF,
Bruker) mass spectrometry (MS). The MICs for IMP and
PT were tested using the standard agar dilution method, as
recommended by the Clinical and Laboratory Standards
Institute (CLSI)."> The results were interpreted based on
the following: IMP <1 mg/L, 2 mg/L = intermediate,
>4 mg/LL = resistant; PT <16/4 mg/L = susceptible,
32/4-64/4 mg/L = intermediate, >128/4 mg/L = resistant.
E. coli American Type Culture Collection (ATCC) 25,922
was used as a quality control.

Population PK Model

The population PK (PPK) models for IPM and PT in
critically-ill patients during CRRT were derived from pre-
vious studies.'®!” The PPK model for IPM was a one-
compartment model parameterized on CL and V. The

equations were displayed as follows:'®

CLiotat = CLcRrrT + CLbody

WT

CLCRRT = Sd X CRRTintensity X m

Ule
CLbody = OCLyoy, (1 + Oprur) € o0

V] = 9[/1 e”"l

where Sy referred to saturation coefficients and the value
was assumed to be 1, WT referred to weight, CRRTipensity
referred to the sum of ultrafiltration rate and dialysis rate,
divided by body weight. 6 was population estimate, and
the typical parameters for CLpoqy and V; were 6.11 and
34.2, respectively. The high- and low-intensity were
40 mL/kg/h and 20 mL/kg/h, respectively. Opjyr Was an
indicator variable with a value of 0 for patients with
anuria. The inter-individual variability (IIV) for CLyoay
and V4 were 36.6% and 47.2%, respectively. The fraction
of unbound IPM was 0.8+0.16.'®

Piperacillin is regarded as the main agent exerting
bactericidal effects against isolates. Thus, the parameters
of piperacillin were used for MCS. The PPK model for
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piperacillin in ICU patients with anuria undergoing CRRT
was a two-compartment model.'” The CRRTjpensity in this
model was in the range of 35-45 mL/kg/h. As the patients
in the PPK model were anuric and on dialysis, it was not
possible to evaluate a covariate effect of creatinine clear-
ance on elimination. IIV was implemented on the struc-

tural PK parameters as follows:

Pk,i = @ x el

where Py ; represents the estimated kth PK parameter for
the ith individual calculated from the population PK para-
meter 0, of the typical patient whilst n, ; represents the
deviation from the typical PK parameter assuming log-
normal distribution. The typical PK parameters of CL,
V1, V,, and Q were 3.3, 6.77, 10.0, and 15.4, respectively.
CL and V; were scaled to WT in line with allometry,
where weight was normalized to 70 kg for a typical adult
and scaled using a fixed exponent of 0.75 for CL and 1 for
V1. The IIV in CL, V, and Q were 10.9%, 26.0% and
54.8%, respectively. The fraction of unbound piperacillin
was 0.78+0.13."

Pharmacokinetics/Pharmacodynamics

Target (PK/PD)

As the drug of beta-lactam, IMP and PT displays time-
dependent bactericidal effect against K. pneumoniae, and
the percentage of time during a dosing interval that free
plasma concentrations exceed the MIC (% fT>MIC) is the
best PD index most closely linked to clinical efficacy. In
general, the PD targets were >40% fT>MIC for IPM and
>50% fT>MIC for PT.*° Since the simulated subjects
were critically-ill patients with sepsis, >100% fT>MIC
for IPM and PT was also suggested for the promising
outcomes.>'** To evaluate the risk of potentially toxic in
critically-ill patients, we used the trough concentrations of
>10 mg/L for IPM and>150 mg/L for piperacillin to be
a threshold for expected toxicity.”*~* All the simulated
dosing regimens were conducted to measure the possibility

of clinical cure and toxic effects.

Monte Carlo Simulation

The initial 48 hours of free serum concentration—time
profiles were simulated for IPM and PT dosing regimens
derived from PPK models.
A 1-compartmental model for IMP with constant intrave-

using the parameters

nous input and first-order elimination was used:

f x DOSE

fC(t) = {kx;d} x (1 — e *)(during infusion)

fx DQFSE —kxt

x e ¥=1) (after infusion)

where f is the unbound fraction, C(t) is the drug concen-
tration at a specific time, T is the infusion time, k is the
elimination rate constant, V4 is volume of distribution, and
t is the time from infusion initiation.

A 2-compartmental model for piperacillin with con-
stant intravenous input and first-order output was used:

Ko P—Kio  _ur
fC(t) =f X [——— 1 “
()= x ol x (1+2 50

Kio —
pER T )](during infusion)
o —

() = £ x (20 g/oi;[({;l)_;)(i;e_ar) x e
Ky x (KZI —ﬁ) X (1 —eiﬂT)
Vix(a—p)xp

x e "] (after infusion)

where a and pare hybrid first-order elimination rate con-
stants of the distribution and elimination phase, V; is the
volume of distribution of the central compartment and k,;
is the transfer rate constant from the peripheral compart-
ment to the central compartment.

A 1000 patients MCS was conducted to calculate the
probability of target attainment (PTA) and cumulative
fraction of response (CFR) of each dosage regimen
against bacterial population using Crystal Ball software
(version 11.1.2.4; Oracle) to evaluate clinical efficacy
and safety. The following dosage regimens were simu-
lated: IPM 0.5g q8h/q6h as intermittent infusion (II) and
1g q8h/q6h as II, PT 2/0.25g q6h as II and 4-h infusion
(extended-infusion, EI), 4/0.5g ql12h/q8h/q6h as II and
EI. Optimal dosing regimens were selected if they pro-
vided >90% PTA and the risk of drug-related toxicity was
low. The CFR was calculated as the proportion of %PTA
of each MIC according to the MIC distributions. An
optimal regimen was defined as reaching >90% CFR
against a population of organisms whereas a CFR
between 80% and 90% was associated with moderate

[ 252
probabilities of success.?”*°
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Statistical Analysis

A previous multidrug-resistant organism surveillance net-
work involving ICUs of long-term (>10) and short-stay
(<10 days) acute care hospitals was conducted to ascertain
the prevalence of colonization by carbapenem-resistant
Enterobacteriaceae.® Thus, the critically-ill patients with
sepsis were grouped to short-stay and long-term ICU
patients in our study. Comparisons between groups used
the chi-square tests as appropriate. A P value of 0.05 was
considered statistically significant, and all analyses and
figures were performed using R v.4.0.2.

Results

Microbiological and Clinical Data

A total of 86 K. pneumoniae bloodstream isolates were
collected from ICU in this study. The carbapenem-
resistant rate was 42% (36/86). The in vitro activities
of IMP and PT against the tested isolates were summar-
ized in Table 1. In our study, the median lengths of ICU
before  onset of

stay carbapenem-susceptible

K. pneumoniae and CRKP bloodstream infections
(BSIs) were 3 and 27.5 days, respectively. We used the
duration of ICU stay to assess the risk for acquisition of
CRKP BSIs. The chi-square analysis revealed that short-
stay ICU patients was tended to be infected with carba-
(P<0.0001,

Figure 1). In the subgroup of short-stay, the MICs, for

penem-susceptible K. pneumoniae BSIs

IMP and PT against this collection of isolates were 0.5
and 4 mg/L, while the MICy, were raised to 32 and
128 mg/L, respectively.

Monte Carlo Simulation

The relationships between MIC and PTA for different
dosing regimens were presented in Figures 2 and 3. For
critically-ill patients requiring CRRT, body weight
showed an impact on the achievement of PTA for the

Table | MICs of K. pneumoniae Against Tested Agents

Antimicrobial The Length of | MIC5, | MICy, | MIC
Agent ICU Stay Range
IMP <I0 0.5 32 0.25-64
210 32 64 0.25-64
All | 64 0.25-64
PT <l0 4 128 0.5->128
=10 32 >|28 1->128
All 32 >|28 1->128

Abbreviations: IMP, imipenem; PT, piperacillin-tazobactam.

simulated regimens. For example, the cut-off for
achieving >90% PTA was 64 mg/L in patients weight-
ing 50 kg for the simulated regimens of PT 4/0.5g q8h/
q6h II/EI, while this was lowered to 32 mg/L in
patients weighting 100 kg, based on the PK/PD target
of 40% fT>MIC (Figure 2). For patients with severe
life-threatening infections, 100% fT>MIC might be
considered as a more appropriate target. Similar trends
were also observed in the different weighted patients. It
is worth noting that only the regimen of PT 4/0.5g q6h
EI reached 90% PTA against isolates with a MIC of
64 mg/L in the 50 kg ICU patients. And for isolates
with a MIC of 32 mg/L, PT 4/0.5g q6h II/EI achieved
the promising PTA target regardless of body weight.
For all the simulated IMP regimens, the PTAs were
almost 100% against isolates with MIC <2 mg/L regard-
less of body weight based on the target of 40% fT>MIC
(Figure 3). However, the value was lowered to
<0.125 mg/L for IMP 0.5g q8h II when the target of
100% fT>MIC was used. None of the simulated regi-
mens reached >90% PTA against a MIC of 2 mg/L
CRRT modality.
Increasing the daily dose could improve the cut-off

regardless of body weight or
value. The achievable MIC value was <1 mg/L in criti-
cally-ill patients administered with IMP 1g q6h II during
CRRT.

The possibility of developing drug-related toxicity
of each simulated regimen was presented in Figures 4
and 5. The MICs of 1 and 64 mg/L was used to
calculate the PTA of different dosing regimens of
IMP and PT reaching 100% fT>MIC, respectively.
Considering efficacy from the PTA target and the prob-
ability of developing toxicity, the regimen of PT 4/0.5g
goh I1I was suggested for 75/100 kg critically-ill
patients infected with organism with high MICs
(32—-64 mg/L) during CRRT (Figure 4). And if the
body weight of ICU patients was 50 kg, the optimal
regimen was PT 4g q8h II. For the IMP regimens,
a higher risk of drug-induced toxicity was observed
when compared to PT. When CRRT with lower effluent
rate of 20 mL/kg/h was prescribed, the probability of
toxicity was >50% for IMP 1g q6h II regardless of
body weight (Figure 5). Elevated effluent rate
(40 mL/kg/h) resulted to the probability of toxicity in
the range of 20%—-50%. In addition, the regimen of
IMP 0.5g q6h II had greater therapeutic effect and
lower toxicity as well as better economic than IMP
lg q8h II.
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Carbapenem-resistant K. pneumoniae

‘ short-stay ICU patients
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Carbapenem-susceptible K. pneumoniae

Figure | The prevalence of carbapenem-resistant or susceptible K. pneumoniae among patients in short-stay ICU patients versus long-term ICU patients. Solid dots
represent the length of ICU stay for each isolate, and error bars representing 95% confidence intervals. The chi-square analysis showed short-stay ICU patients was tended

to be infected with carbapenem-susceptible K. pneumoniae BSIs (P<0.0001).
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Figure 2 Probability of target attainment (PTA) of 50% or 100% fT MIC for the piperacillin dosing regimens of 2g qéh, 4g ql2h, 4g q8h and 4g qéh in critically ill virtual
patients with the CRRT intensity of 35—45 mL/kg/h. Il, intermittent infusion as 0.5-h infusion; El, extended infusion as 4-h infusion.

Abbreviation: CRRT, continuous renal replacement therapy.

The results of C,,;, were also calculated and showed
that the C,,;, in IMP regimens was highly heterogeneous.
The median values of C,;, in all the simulated IMP regi-
mens were 1.5-12.5 mg/L, whereas the minimum values
were all <0.1 mg/L (Table 2). Figures S1 and S2 showed
the simulated median and 95% prediction interval of

0-48 h free IMP and piperacillin concentrations in 75 kg
criticallyill patients requiring CRRT.

As the CFR values were similar for patients in dif-
ferent body weight, 75kg critically-ill patients was pre-
sented in Table 3. For the tested K. pneumoniae isolated
form short-stay ICU patients, all of the simulated IMP
regimens reached >80% and 50-82% CFRs based on
targets of 40% and 100% fT>MIC, respectively. And
for the simulated PT regimens, the decreasing CFRs
(70-75%) were found against the above strains regard-
less of II or EI. However, against all the K. pneumoniae
isolated from BSIs in ICU, the worse outcomes were
achieved with the CFR values of 40-65% for IMP and
45-60% for PT.

Discussion

IMP and PT are the widely prescribed drugs and
account for a large proportion of antibiotic consump-
tion in ICU settings. Notably, the antimicrobial con-
centration in BSI are known to vary greatly in
critically-ill patients during CRRT. Such patients may

be administrated with suboptimal dosing regimens in
fear of drug-related toxicity. Thus, sufficient antimicro-
bial exposure remains a pivotal challenge for ICU
clinicians. In this study, the Bayesian-based dosing
regimens, based on the PPK models, were conducted
to provide individualised dosing regimens from
a patient’s own physiopathological characteristics. We
evaluated the possibility of clinical cure and the risk of
drug-related toxicity simultaneously to optimize the
dosing regimens for ICU patients requiring CRRT.
Our findings highlighted that empiric treatment of PT
4/0.5g q6h 11 or EI failed to provide sufficient antimi-
crobial exposure to treat K. pneumoniae BSIs for short-
stay ICU patients regardless of the PK/PD targets.
Conversely, IMP 0.5g q8h II was recommended to
treat in such patients based on the target of 40%
fT>MIC, and increasing the daily dosage could be
used in severe infections caused by multidrug-
resistant isolates (up to <8 mg/L). However, based on
a more aggressive target of 100% fT>MIC, all the
simulated IMP regimens except for IMP 1g q6h II
failed to achieve >80% CFR in treating short-stay
ICU patients with sepsis in the CRRT intensity of
20 mL/kg/h. Unfortunately, the risk of drug-related
toxicity for IMP 1g q6h II was relatively high (50—
85%). For the remaining simulated IMP regimens, the

potentially toxic possibility was low (0-30%) in
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Figure 3 Probability of target attainment of 40% or 100% fT MIC for the imipenem dosing regimens of 0.5g q8h, 0.5g q6h, Ig q8h and | g qé6h in critically ill virtual patients
with the CRRT intensity of 20 mL/kg/h (top) and 40 mL/kg/h (bottom). I, intermittent infusion as 0.5-h infusion.

Abbreviation: CRRT, continuous renal replacement therapy.

different CRRT modalities. Thus, no dose adjustment
was required for the daily dose of IMP <3 g in ICU
patients during CRRT.

From several previous surveillance studies,
K. pneumoniae is one of the most prevalent blood-
stream isolates in ICUs.2”?® Thus, it is critical to
know local trends in resistance and population-MIC
distributions as well as the best regimens to maximise
the efficacy and minimise the probability of toxic
effects. In our study, the resistance of K. pneumoniae
to IMP was 41.9%, which was lower than that of
previous studies reported.”’*® This may be that severe

infections have been occurred in some patients before

they were admitted to ICU. As excepted, IMP and PT
failed to achieve promising CFRs against all the tested
K. pneumoniae because of highly resistant pathogens.
In this regard, the length of IUC stay was regarded as
the index to discriminate whether organisms were car-
It has
admission to ICU, exposure to carbapenems, previous

bapenem-resistant. been demonstrated that
antibiotic use, longer length of hospitalization and
mechanical ventilation were associated with CRKP
infection.? Our findings revealed that short-stay ICU
patients tended to infect with carbapenem-susceptible
K. pneumoniae (P<0.0001). However, there were still 6

critically-ill patients infected with CRKP in the
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Figure 4 Probability of target attainment (PTA) for a MIC of 64 mg/L when efficacy is defined as 100% fT>MIC and toxicity is defined as an Cmin > 150 mg/L for doses
administered to critically-ill patients during CRRT: (A) dosing schedule for critically-ill patients weighing 50 kg in CRRT intensity of 3545 mL/kg/h; (B) dosing schedule for
critically-ill patients weighing 75 kg in CRRT intensity of 35-45 mL/kg/h; (C) dosing schedule for critically-ill patients weighing 100 kg in CRRT intensity of 35—45 mL/kg/h.

duration of short-stay. Most of them had several
chronic diseases and ever hospitalized in the wards
and treated with antibiotics. Thus, this maybe promote
to the
germs.

Our simulation results demonstrated that IMP 0.5g
q8h II could be empirically treated in short-stay ICU

selective pressure on carbapenem-resistant

patients infected with K. pneumoniae BSI regardless of
CRRT intensity or body weight. Similar results were
also observed in a previous PK/PD study involving
critically-ill patients acquiring CRRT, which supported
the regimen of IMP 1 g/day to treat most common
gram-negative pathogens with a MIC of <2 mg/L, and
2 g/day or more to treat and prevent resistance in
pathogens with higher MICs (MIC=4-8 mg/L).*°
However, when the target of 100% fT>MIC was
adopted, the cut-off for achieving >90% PTA was low-
ered to <1 mg/L, and the values of CFRs were disap-
pointing. The reason partly may be the presence
of CRKP. the
variability of PK in the critically-ill patients and the

Besides, great inter-individual
contribution of CRRT to total clearance were also
responsible for the unpredictable and fluctuating drug
concentrations, since the the lower limit of simulated
Cmin Was relatively low (<0.05 mg/L, Table 2). Given

the increased V4 and the above situation in critically-ill

patients with sepsis, maybe a front-loaded dose of
carbapenems during the first 24-48 hours was required,
regardless of organ function. Of note, IMP 1g q6h II
could lead to the risk of IMP-induced toxicity with
a 48.8%, 35.5% and 21.3% likelihood of toxicity for
50 kg, 75 kg and 100 kg patients in the CRRT intensity
of $0 mL/kg/h, respectively. The values were higher in
CRRT with lower effluent rate of 20 mL/kg/h (Figure
5). TDM is recommended if applicable, and clinical
monitoring of IMP adverse reactions should be
concerned.

For PT, recommended dosing regimens from pre-
vious studies in a short or extended infusion were
evaluated in our study. Based on the target of 100%
fT>MIC, PT 4/0.5g q6h II could be used for infections
caused by microorganisms with a MIC of <16 mg/L in
patients receiving CRRT. Actually, for many of the
clinical strains isolated from critically-ill patients in
ICU the MICs were >32 mg/L (Table 1). Following
the above regimen would be underdosed in such cir-
cumstance. Increasing the dose to 4/0.5g q8h or more
should be considered if treating a relatively drug-
resistant pathogen (MIC 32-64 mg/L) for patients
receiving CRRT since its low risk of drug-related toxi-
city (Figures 2 and 4). The results of a PPK study
reported by Asin-Prieto et al was in line with our
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Figure 5 Probability of target attainment (PTA) for a MIC of | mg/L when efficacy is defined as 100% fT>MIC and toxicity is defined as an Cmin > 10 mg/L for imipenem
doses administered to critically-ill patients during CRRT: (A) dosing schedule for critically-ill patients weighing 50 kg in CRRT intensity of 20 mL/kg/h; (B) dosing schedule for
critically-ill patients weighing 50 kg in CRRT intensity of 40 mL/kg/h; (C) dosing schedule for critically-ill patients weighing 75 kg in CRRT intensity of 20 mL/kg/h; (D) dosing
schedule for critically-ill patients weighing 75 kg in CRRT intensity of 40 mL/kg/h; (E) dosing schedule for critically-ill patients weighing 100 kg in CRRT intensity of 20 mL/kg/
h; (F) dosing schedule for critically-ill patients weighing 75 kg in CRRT intensity of 40 mL/kg/h.

findings and commented that the administration of PT
24 g/day by continuous infusion could achieve >90%
PTA against MICs up to 32 mg/L."” Actually, PT
should not be used in in severe pre-ICU infections
unless MIC results were released. It is noteworthy
that critically-ill patients weighting 50 kg should not
be administered the regimen of 24 g/day as the poten-
tial of toxicity was recognized to be high (Figure 4).
Besides, the combination of PT and vancomycin should
be avoided, as the odds of acute kidney injury with
vancomycin plus PT were increased versus vancomycin
monotherapy (OR, 3.40; 95% CI, 2.57-4.50), versus
vancomycin plus cefepime or carbapenem (OR, 2.68;
95% CI, 1.83-3.91).%!

The tazobactam concentration was not simulated in the
present study. It is unknown whether tazobactam accumu-
lates in patients with no residual renal function during CRRT.
Asin-Prieto et al conducted a simulation of tazobactam 0.5
g g4h in patients with CrCL 50 mL/min undergoing CRRT."’
A relative accumulation was observed in their research, but it
did not lead to toxic concentration. And similar tazobactam
concentration has also been shown in a PK study of critically-
ill patients, including anuric renal failure, treated with PT 4/
0.5g q8h during continuous veno-venous hemofiltration.>?

There are several limitations in this study. First, the
population PK model of IMP was developed from 17
critically-ill patients with anuria, oliguria or preserved
diuresis.'® And for PT, 10 patients with anuria receiving
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Table 2 The Simulated C,;;, of PT and IPM Dosing Regimens in Critically-Ill Patients Requiring CRRT

WT Regimens | Infusion CRRT Chin Regimens | Infusion CRRT Chin
Time Intensity K Time Intensity R
PT Median | Range IMP Median | Range
(h) (mL/kg/h) (h) (mL/kg/h)
(mg/L) | (mg/L) (mglL) | (mg/L)
50kg | 2g q6h 0.5 3545 744 67.4-81.9 0.5g q8h 0.5 20 3.6 0.002-17.6
4 3545 100.1 88.9—-107.6 | 0.5g qéh 0.5 20 6.2 0.026-25.0
4g ql2h 0.5 3545 41.3 33.549.2 lg q8h 0.5 20 73 0.004-35.3
4 3545 55.5 47.7-63.4 lg q6h 0.5 20 124 0.050-50.1
4g q8h 0.5 3545 924 81.6-103.5 0.5g q8h 0.5 20 32 0.002-14.3
4 3545 124.3 113.2-135.9 | 0.5g q6h 0.5 20 5.5 0.021-20.6
4g q6h 0.5 3545 148.8 134.8-163.9 | Ig q8h 0.5 20 6.4 0.003-28.7
4 3545 200.3 177.9-215.2 | g q6h 0.5 20 11.0 0.04341.2
75kg | 2g q6h 0.5 3545 50.2 45.2-55.6 0.5g q8h 0.5 20 28 0.001-11.9
4 3545 71.2 63.4-76.7 0.5g q6h 0.5 20 5.0 0.010-17.4
4g ql2h 0.5 3545 248 19.9-29.9 lg q8h 0.5 20 5.6 0.003-23.9
4 3545 35.2 30.040.6 lg q6h 0.5 20 9.9 0.035-34.7
4g q8h 0.5 3545 60.2 53.1-67.8 0.5g q8h 0.5 40 28 0.001-11.9
4 3545 85.2 77.4-93.6 0.5g q6h 0.5 40 5.0 0.020-17.4
4g q6h 0.5 3545 100.4 90.9-111 lg q8h 0.5 40 5.6 0.002-23.9
4 3545 142.5 126.8-153.3 | Ig q6h 0.5 40 9.9 0.034-34.7
100kg | 2g q6h 0.5 3545 383 34.2-42.5 0.5g q8h 0.5 40 22 0.001-8.7
4 3545 56.2 50.5-60.5 0.5g q6h 0.5 40 4.0 0.011-12.9
4g ql2h 0.5 3545 17.5 14.1-21.3 lg q8h 0.5 40 4.4 0.001-17.3
4 3545 25.7 21.9-29.7 lg q6h 0.5 40 8.0 0.020-25.8
4g q8h 0.5 3545 44.8 39.5-50.6 0.5g q8h 0.5 40 1.7 0.001-6.5
4 3545 65.7 59.7-72.1 0.5g q6h 0.5 40 33 0.006—-10.0
4g q6h 0.5 3545 76.6 69.5-84.9 lg q8h 0.5 40 35 0.001-13.1
4 3545 112.5 100.9-121.1 | lg q6h 0.5 40 6.6 0.012-20.0

Abbreviations: IMP, imipenem; PT, piperacillin-tazobactam; CRRT, continuous renal replacement therapy.

CRRT were included in their study. As the significant
PK variability has been found in critically-ill patients
during CRRT, the PK models of IMP and PT, used in
our study, may not be fully evaluated. Second, the
therapeutic or potentially toxic targets were derived
from previous studies. Thus, our simulation results
may be varied depending on the different targets.
Some authors have commented that a more aggressive
target of up to 100% fT>4MIC may be required to
achieve adequate antimicrobial exposure in critically-ill
patients. Following this criteria, limited beta-lactams
could be life-
threatening infections. And maybe, none of the regimens

dosing regimens used in severe

could empirically treat infections caused by multidrug-
resistant pathogens. It is debatable which target is more
suitable. Third, combination antibiotic therapies are
often ICU

empirically  prescribed in settings.

Unfortunately, MCS 1is helpless in such situations.
Finally, our MIC distributions against K. pneumoniae
were derived from BSIs in ICU, which may may not
be representative of the MIC distributions in other
regions.

Conclusion

The PPK model was introduced in our study to evaluate
a truly optimized regimen. No dose adjustment was
required for the conventional IMP and PT regimens in
the critically-ill population acquiring CRRT. TDM clinical
monitoring of IMP adverse reactions should be concerned
for IMP 1g g6h II. Empirical treatment of IMP 0.5g q8h/
g6bh, not for PT, may provide sufficient antimicrobial
exposure for short-stay ICU patients during CRRT. PT
should be used in the knowledge of MIC results and de-
escalation therapy.
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Table 3 Cumulative Fraction of Response (CFR) to IPM and PT Against the Tested K. pneumoniae Isolated from ICU Patients

Drug CRRT Intensity (mL/kg/h) Dosing Regimens CFR Based on %f>MIC
40% 100% 40% 100%
IPM 20 0.5g q8h Il 62.39 43.36 86.51 61.42
0.5g qé6h 1l 60.32 51.21 87.6 77.05
lg q8h Il 59.25 48.21 87.05 72.68
lg qéh I 62.13 58.19 87.36 82.24
40 0.5g q8h Il 57.95 47.04 84.55 5111
0.5g qé6h Il 61.23 49.31 86.96 70.06
lg q8h Il 59.56 45.13 85.31 65.62
lg qéh I 61.74 53.96 86.55 78.07
PT 50% 100% 50% 100%
3545 2g qbh Il 48.9 45.1 71.7 67.1
4g ql2h 1l 53.8 48.2 719 67
4g q8h Il 55.9 52.3 735 70.4
4g q6h Il 56.2 53.8 74 71.9
3545 2g q6h EI 50.5 47 72 67.5
4g ql2h El 54.3 48.8 72.8 67.4
4g q8h El 55.9 53.6 74.2 72
4g q6h El 56.1 543 744 728
Note: Bold indicates 80% to 90% CFR.
Abbreviations: IMP, imipenem; PT, piperacillin-tazobactam; I, Il, intermittent infusion as 0.5-h infusion; El, extended infusion as 4-h infusion; CRRT, continuous renal

replacement therapy.
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