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Background. The drug levels and clearances of imipenem in critically ill patients are not comprehensively described in current literature,
yet it is vital that adequate levels be achieved for therapeutic success.
Objectives. To determine the proportion of critically ill patients treated with imipenem/cilastatin with sub-therapeutic imipenem plasma
levels, and to compare the clinical outcomes of those patients with therapeutic levels with those who had sub-therapeutic levels.
Methods. Trough imipenem plasma levels of 68 critically ill patients from a surgical intensive care unit were measured using a validated
high-performance liquid chromatography method. Imipenem trough levels were compared with the minimum inhibitory concentration
(MIC) of the causative bacterial agents, based on a target value of 100% time above MIC (ƒT >MIC).
Results. The proportion of participants with sub-therapeutic imipenem levels was 22% (95% confidence interval (CI) 13% - 34%). The
14- and 28-day mortality rates in the sub-therapeutic group were 33% and 40%, respectively, compared with 19% (p=0.293) and 26%
(p=0.346), respectively, in the therapeutic group. Sub-therapeutic imipenem plasma levels are associated with adjusted hazard ratio of 1.47
(95% CI 0.55 - 3.91).
Conclusions. The lower proportion of critically ill patients with sub-therapeutic imipenem plasma levels in this study compared with
previous studies may be attributed to the practice of higher dosages and the administration method of extended infusions of imipenem/
cilastatin in our setting. The results demonstrate a trend of higher mortality in patients with sub-therapeutic imipenem levels, although the
results were not statistically significant at this sample size.
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Globally, bacterial infections are a major contributor to morbidity
and mortality in critically ill patients.[1,2] In this patient population,
an infection may rapidly progress to sepsis and if inadequately
managed, be fatal.[3,4] It is therefore imperative to administer optimal
antimicrobial therapy to critically ill patients with a bacterial
infection.[3,5] Antibiotic dosage guidelines are usually determined by
pharmacokinetic and pharmacodynamic (PKPD) studies conducted
among healthy volunteers.[5] However, the pharmacokinetics of drugs
are drastically altered in critically ill patients compared with their
healthy counterparts.[3,6] The DALI study[7] found that 16% of critically
ill patients had inadequate beta-lactam levels, and that these patients
were 32% less likely to have a positive clinical outcome compared with
those with adequate levels. Furthermore, under-dosing of antibiotics
contributes to the development of antimicrobial resistance.[8]
Individualised drug dosing, guided by therapeutic drug monitoring
(TDM), offers a solution to these issues, and is becoming a necessity
to ensure efficacy and safety. TDM is used to measure the plasma
concentration of a drug at specific time intervals.[9] Conventionally,
TDM was used only for drugs with a narrow therapeutic range where
the risk of toxicity was high.[10] However, owing to the increasingly rapid
development of antibiotic resistance and our improved understanding
of altered pharmacokinetics in critically ill patients, TDM is now in
vogue for use in all classes of antibiotics.[11]
Imipenem/cilastatin is a combination of a hydrophilic antibiotic of
the carbapenem class of beta-lactam agents and a dehydropeptidase-1
inhibitor.[12] It exhibits a broad spectrum of activity and is generally
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effective against Gram-positive, Gram-negative, aerobic and anaerobic
bacteria.[13] Under normal conditions, imipenem is rapidly degraded
by kidney dehydropeptidase-1.[14] To counteract this, it is combined
with cilastatin, which inhibits this enzyme.[14] Due to its wide
spectrum of activity, tolerability and safety profile, it is often used
to treat infections in critically ill patients.[15] In general, imipenem
plasma levels are not routinely measured; rather, standard dosage
guidelines are relied upon.[5] These guidelines are based on PKPD
studies in healthy volunteers.[5] The package insert recommends using
a dosage range between 500 and 1 000 mg every 6 hours, depending
on the site and severity of infection.[16] The drug is most effective at
a concentration four times the minimum inhibitory concentration
(MIC) of the causative organism.[17] As imipenem plasma levels are
not routinely measured, the agent’s pharmacokinetics in critically ill
patients are poorly described in the current available literature.[3,5,18,19]
Available reports show that sub-therapeutic imipenem levels are
found in 0% - 70% of critically ill patients.[5,20-23] This wide variation
and the unacceptably high proportions of sub-therapeutic imipenem
levels in this population group served as an impetus for this study.
The aim of this study was to investigate the need for imipenem
TDM in our critically ill patients. The primary objective was to
determine the proportion of critically ill patients treated with
imipenem/cilastatin with sub-therapeutic imipenem plasma levels.
The secondary objective was to compare the clinical outcomes
of those patients with therapeutic levels with those who had subtherapeutic levels.
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Methods

The present prospective, observational, cohort study was conducted
among critically ill patients in the surgical intensive care unit (ICU) at
the Steve Biko Academic Hospital (Pretoria, South Africa (SA)) from
March 2018 to October 2019. The study was approved by the Faculty of
Health Sciences Research Ethics Committee of the University of Pretoria
(ref. no. 473/2017). Written informed consent was obtained from each
participant, or in cases of incapacitation, from the participant’s next
of kin. Eligibility for inclusion in the study required that a participant
be ≥18 years, critically ill (defined as admission to the ICU), have an
infection with a clinical or microbiological indication for imipenem/
cilastatin therapy and initiated on imipenem/cilastatin at the discretion
of the responsible clinician. The unit in which the study was done
uses individualised dosing schedules of imipenem/cilastatin ranging
between 500 and 1 000 mg (based on renal function) 6 - 12-hourly,
with each dose infused over 3 hours. Patients with no renal impairment
and estimated creatinine clearance >70 mL/min/1.73m2 received
1 000 mg 6-hourly. Patients with mild renal impairment and estimated
creatinine clearance 41 - 70 mL/min/1.73m2 received 750 mg 8-hourly.
Patients with moderate renal impairment and estimated creatinine
clearance 21 - 40 mL/min/1.73m2 received 500 mg 8-hourly. Patients
with severe renal impairment and estimated creatinine clearance
<20 mL/min/1.73m2 received 500 mg 12-hourly. All doses were infused
over 3 hours. Patients who withheld informed consent were excluded
from the study.
A trough blood sample was obtained from each participant prior
to re-dosing, taken once steady state had been achieved. Steady
state is defined as a situation where the overall intake of the drug is
in a dynamic equilibrium with its elimination.[24] Each participant
received at least four prior doses before the study sample was taken.
Each sample was transferred into a heparinised collection tube
and transported to the microbiology laboratory immediately after
collection, where it was centrifuged at 5 000 revolutions per minute
for 10 minutes. After centrifugation, 2 mL of plasma was removed
and stabilised with 2 mL of 2-N-morpholine-ethane sulfonic acid
and ethylene glycol solution (1:1) and stored at –70°C until analysis.[5]
Imipenem levels were measured using a validated high-performance
liquid chromatography (HPLC) method, the details of which have
been published previously.[25] Analytical-grade imipenem was
obtained from the European Directorate for the Quality of Medicines
& HealthCare. The HPLC was done utilising a Shimadzu ultra-fast
liquid chromatography system.
Imipenem trough levels were compared with the MIC of the
causative bacterial agents, based on a target value of 100% time above
MIC (ƒT >MIC). Studies suggest that for beta-lactam antibiotics to
be effective in non-critically ill patients, the unbound (free) drug
concentration should be maintained above the MIC (ƒT >MIC)
for 40% - 70% of the dosing interval.[26,27] However, in critically ill
patients, recent reports suggest a PKPD target of 100% ƒT >MIC, and
this target was used in the present study.[24,28] MICs were determined
as part of routine laboratory procedure by either the Vitek2 system or
by Etest. A limitation of the Vitek2 system is that the lowest reported
MIC of imipenem is ≤0.25 mg/L, and the highest reported value is
≥16 mg/L. In all calculations performed, MIC values of ≤0.25 mg/L
where rounded to 0.25 mg/L, and values of ≥16 mg/L where rounded
to 16 mg/L. Where MIC data were not available, the highest MIC
breakpoint in the susceptible range of the bacterial species cultured
was used, as published by the European Committee on Antimicrobial
Susceptibility Testing (EUCAST).[24,29] In cases where no organism
was cultured, a proxy MIC value of 4 mg/L was used in calculations, as
this is the highest susceptible EUCAST breakpoint for any organism.
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Participants were allocated to one of two groups according to their
measured plasma drug concentration in relation to the MIC of the
causative bacterial pathogen: ‘therapeutic’ and ‘sub-therapeutic’. The
two groups were compared in terms of length of stay and mortality.
Demographic and clinical data were captured from each
participant’s hospital chart and entered electronically using Excel
(Microsoft Corporation, USA). Infection sites were defined according
to the criteria published by Garner et al.[30] Creatinine clearance
was estimated by using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation to calculate estimated glomerular
filtration rates.[31,32] The clinical course of each participant was
followed up for at least 28 days. Clinical outcomes were measured by
length of hospital and ICU stay (in days) and 14- and 28-day mortality.
To ensure that the comparison between the two groups was robust,
Acute Physiology and Chronic Health Evaluation II (APACHE II)
scores were calculated for each participant on admission.[33]
Statistical analysis employed Stata version 15 software (StataCorp,
USA). Comparison of imipenem plasma level groups (therapeutic and
sub-therapeutic) with respect to continuous variables was done using
Student’s two-sample t-test, Welch’s t-test with unequal variances and
the Wilcoxon rank sum test. For discrete variables, Fisher’s exact test
was used. The above methods were repeated in the comparison with
respect to mortality categories (survived and deceased). Imipenem
plasma level categories were compared with respect to their survivor
functions using the log-rank test and Kaplan-Meier methods.
Survival was modelled using Cox regression with outcome mortality
and time as length of hospital stay. Variables for which mortality
groups were significantly different at the liberal significance level of
0.15 were included, along with the categorical variable for imipenem
therapeutic plasma levels, into a Cox regression analysis. Testing was
done at the 0.05 level of significance.

Results

Participant recruitment took place from 1 March 2018 to 31 October
2019. During this period, 69 patients were eligible for recruitment;
1 patient withheld consent and was excluded from the evaluation. Fig.
1 depicts the distribution of study participants. In total, 68 participants
were included in the analysis. The demographics and description of
the participant population are summarised in Tables 1 and 2. Briefly,
63% of participants were male. The mean age was 47 (range 18 81) years, and the mean weight was 78.8 (range 40 - 140) kg. Renal
function varied widely between participants. The mean creatinine
level was 142.4 (range 33 - 840) µmol/L, and the mean estimated
creatinine clearance was 91 (range 6 - 180) mL/min/1.73m3. Of the
68 participants, 24 (35%) had estimated creatinine clearance levels
<60 mL/min/1.73m3, and 20 (29%) had estimated creatinine clearance
levels above 130 mL/min/1.73m3. The most common comorbidity
was cardiovascular disease (37%), and 16% of participants were HIVpositive. On admission to ICU, 44% of participants had sepsis, 32%
were admitted for general surgical conditions and 24% for trauma.
The APACHE II scores on admission to ICU ranged between 4 and
39 (mean 18). The most common site of infection was bloodstream
infection (62%). The majority (84%) of participants were treated
for hospital-acquired infections. The mean length of stay was 16
(range 2 - 58) ICU days, and 41 (range 5 - 167 days) hospital days.
The 14- and 28-day mortality rates were 22% and 29%, respectively.
The mean imipenem trough plasma level was 11.5 (range 3.6 92.2) mg/L . Table 3 shows the bacterial organisms cultured from the
participants. It also provides a breakdown of the MICs of imipenem
determined for each organism. The most common organism cultured
was Klebsiella pneumoniae, of which the mean MIC was 2.5 mg/L.
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Imipenem-resistant Gram-negative bacilli
were cultured in 23 (34%) patients. The
isolates cultured in these patients included 21
imipenem-resistant Acinetobacter baumannii,
4 imipenem-resistant Enterobacterales,
and 1 imipenem-resistant Pseudomonas
aeruginosa. Combination Gram-negative
antibiotic therapy was used in 6 of these
patients, 5 patients received colistin in
combination with imipenem/cilastatin
and 1 received piperacillin/tazobactam in
combination with imipenem/cilastatin. Of
the 68 participants evaluated, 15 (22%; 95%
confidence interval (CI) 13% - 34%) had
sub-therapeutic imipenem plasma levels.
The mean imipenem trough level in the
sub-therapeutic group was 6.8 (range 3.6 10.8) mg/L, compared with 12.8 (range 4.0 92.2) mg/L in the therapeutic group. There
were no significant differences between
the two groups in terms of age, weight,
severity of illness (APACHE II score),
sex, admission category, infection type,

estimated creatinine clearance, creatinine
and albumin levels. However, there was a
statistically significant difference between
the two groups concerning the mean MIC
of bacterial pathogens cultured (3.9 mg/L
v. 16.3 mg/L, p≤0.001), with a higher mean
MIC in the sub-therapeutic group. There
was also a statistically significant difference
in terms of cardiovascular disease (43% v.
13%, p=0.038), with a higher prevalence in
the therapeutic group. Other statistically
significant differences between the two
groups occurred in the prevalence of lower
respiratory tract infections (15% v. 53%,
p=0.004), with higher prevalence in the
sub-therapeutic group, and in catheterrelated bloodstream infections (6% v. 27%,
p=0.038), with higher prevalence in the
sub-therapeutic group. The details of these
differences may be found in Tables 1 and 2.
The mean lengths of hospital stay and ICU
stay in the sub-therapeutic group were 37
days and 16 days, respectively, compared with

69 patients
eligible for study

1 patient withheld
consent and excluded

68 included
for evaluation

53 participants in
therapeutic group

39 participants
survived

15 participants in
sub-therapeutic group

14 participants
deceased

9 participants
survived

6 participants
deceased

Fig. 1. Participant distribution study flow.

42 days (p=0.639) and 16 days (p=0.886),
respectively, in the therapeutic group. In
terms of mortality, the 14- and 28-day
mortality rates in the sub-therapeutic group
were 33% and 40%, respectively, compared
with 19% (p=0.293) and 26% (p=0.346),
respectively, in the therapeutic group. The
log rank test predicted 15.6 mortalities in the
therapeutic group, against the 14 observed
mortalities in this group, compared with
4.4 predicted and 6 observed mortalities in
the sub-therapeutic group (p=0.372). Fig.
2 illustrates the result of the Kaplan Meier
survival analysis. Of the 68 participants
included in the study, 48 were alive 28 days
post inclusion. A comparison between the
groups of participants who survived and
those who died is presented in Tables 1
and 2. There was no statistically significant
difference between the two groups in
terms of age, weight, APACHE II scores,
length of ICU stay, sex, admission category,
site of infection, infection type, MICs,
estimated creatinine clearance, creatinine
and albumin levels. However, there was a
statistically significant difference between
the two groups in terms of length of hospital
stay (49 days v. 22 days, p=0.001), with a
longer stay in the surviving group. There
was also a statistically significant difference
in terms of the prevalence of malignancy
(6% v. 25%), with a higher prevalence in
the deceased group. The Cox regression
analysis found an unadjusted hazard ratio
of 1.54 (95% CI 0.59 - 4.02; p=0.377) for
sub-therapeutic imipenem plasma levels in
terms of 28-day mortality. After considering
variables for which mortality groups were
significantly different at the liberal 0.15 level
of significance, for inclusion into the Cox
regression analysis, a hazard ratio of 1.47
(95% CI 0.55 - 3.91; p=0.441) was found

Table 1. Comparison of therapeutic and sub-therapeutic imipenem plasma level groups and survived and deceased groups with
respect to continuous variables (N=68)

Variable
Age (years)
Weight (kg)
Estimated creatinine clearance
(mL/min/1.73m3)
Creatinine (µmol/L)
Albumin (g/L)
APACHE II score
MIC (mg/L)
Imipenem trough (mg/L)
ICU length of stay (days)
Hospital length of stay (days)

All patients
(N=68)
Mean
47.0
78.8
91.1

Therapeutic
group (n=53)
Mean
48.0
79.2
88.1

Sub-therapeutic
group (n=15)
Mean
43.4
77.7
101.8

142.4
16.2
18.2
6.6
11.5
15.9
40.6

159.5
16.0
18.2
3.9
12.8
15.7
41.5

81.9
16.8
18.2
16.3
6.8
16.3
37.3

905

0.320
0.805
0.372

Survived
group (n=48)
Mean
45.4
80.5
98.0

Deceased
group (n=20)
Mean
50.8
74.8
74.8

0.102
0.552
0.992
0.000
0.091
0.886
0.639

140.8
16.6
17.1
6.4
11.6
17.6
48.6

146.3
15.3
21.0
7.3
11.3
11.8
21.5

p-value
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p-value
0.198
0.294
0.093
0.900
0.289
0.079
0.650
0.937
0.080
0.001

0.346

1.000

0.786
0.311
1.000
0.719
0.043
1.000
0.741
1.000
0.179
0.597
0.575
0.741
0.182
1.000

0.272

Deceased group
(n=20), n (%)
15 (75.0)
5 (25.0)
8.0 (40.0)
0 (0.0)
2 (10.0)
4 (20.0)
5 (25.0)
1 (5.0)
3 (15.0)
5 (25.0)
15 (75.0)
9 (45.0)
2 (10.0)
3 (15.0)
4 (20.0)
2 (10.0)
3 (15.0)
17 (85.0)
15 (75.0)
20 (100.0)
6 (30.0)
14 (70.0)
0.293
0.346
-

0.433

0.038
1.000
1.000
0.696
1.000
0.569
0.053
0.004
0.136
0.387
0.569
0.462
0.038
1.000

1.000

Survived group
(n=48), n (%)
20 (41.7)
28 (58.3)
17.0 (35.4)
5 (10.4)
7 (14.6)
7 (14.6)
3 (6.3)
3 (6.3)
10 (20.8)
11 (22.9)
27 (56.3)
26 (54.2)
2 (4.2)
10 (20.8)
3 (6.3)
5 (10.4)
8 (16.7)
40 (83.3)
0 (0)
0 (0)
9 (18.8)
39 (81.3)
p-value

Sub-therapeutic group
(n=15), n (%)
10 (66.7)
5 (33.3)
2.0 (13.3)
1 (6.7)
2 (13.3)
3 (20.0)
2 (13.3)
0 (0.0)
0 (0.0)
8 (53.3)
12 (80.0)
6 (40.0)
0 (0.0)
4 (26.7)
4 (26.7)
1 (6.7)
1 (6.7)
14 (93.3)
5 (33.3)
6 (40.0)
15 (100.0)
0 (0.0)
Therapeutic group
(n=53), n (%)
33 (62.3)
20 (37.7)
23.0 (43.4)
4 (7.5)
7 (13.2)
8 (15.1)
6 (11.3)
4 (7.5)
13 (24.5)
8 (15.1)
30 (56.6)
29 (54.7)
4 (7.5)
9 (17.0)
3 (5.7)
6 (11.3)
10 (18.9)
43 (81.1)
10 (18.9)
14 (26.4)
0 (0.0)
53 (100.0)
All patients
(N=68), n (%)
43 (63.2)
25 (36.8)
25 (36.8)
5 (7.4)
9 (13.2)
11 (16.2)
8 (11.8)
4 (5.9)
13 (19.1)
16 (23.5)
42 (61.8)
35 (51.5)
4 (5.9)
13 (19.1)
7 (10.3)
7 (10.3)
11 (16.2)
57 (83.8)
15 (22.1)
20 (29.4)
15 (22.1)
53 (77.9)
Variable
Male
Female
Cardiovascular disease
Respiratory disease
Diabetes mellitus
HIV infection
Malignancy
Tuberculosis
Renal disease
Lower respiratory tract infection
Bloodstream infection
Intra-abdominal infection
Surgical site infection
Skin and soft-tissue infection
Catheter-related bloodstream infection
Genitourinary tract infection
Community acquired
Hospital acquired
14-day mortality
28-day mortality
Sub-therapeutic
Therapeutic

Table 2. Comparison of therapeutic and sub-therapeutic imipenem plasma level groups and survived and deceased groups with respect to discrete variables (N=68)

p-value
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for sub-therapeutic imipenem plasma levels in
terms of 28-day mortality. The 28-day mortality
rate in the 23 participants who had infections
with imipenem-resistant Gram-negative bacilli
was 34%. There was no statistically significant
difference in the 28-day mortality rate of those
participants who received combination Gramnegative antibiotic therapy and those who
received imipenem mono therapy (33% v. 35%;
p=0.932).

Discussion

The pharmacokinetics of antibiotics are
drastically different in critically ill patients
compared with healthy volunteers.[3,5,6] The most
important reasons for these differences include
the changes in physiology of the critically ill
patient, capillary leak syndrome and end organ
dysfunction.[34] In addition, patients with sepsis
frequently become haemodynamically hyperdynamic.[34] This leads to increased renal blood
flow, with a resultant increase in the glomerular
filtration rate and increased clearance of
drugs, including beta-lactam antibiotics. This
augmented renal clearance (ARC) is well
described in the literature.[3] In our study,
29% of participants had estimated creatinine
clearance levels above 130 mL/min/1.73m3 and
would qualify as having ARC. Protein binding
is another important feature of drugs as only
the unbound fraction is pharmacodynamically
active.[3] Hypoalbuminaemia is a frequent
finding in critically ill patients.[3] It is further
associated with increased volume of distribution
and increased drug clearance of highly proteinbound hydrophilic drugs, leading to low plasma
drug levels of these agents.[3] Since imipenem’s
protein binding is approximately 10% - 20%,
the albumin concentrations affect imipenem
to a lesser extent compared with more highly
protein-bound drugs.[14] Fluid accumulation due
to hypoalbuminaemia may, however, still increase
the volume of distribution of imipenem and
result in lower plasma levels. Furthermore, owing
to endothelial damage and increased capillary
permeability in sepsis, the volume of distribution
of hydrophilic agents, such as imipenem, is
increased, leading to decreased serum levels.[35]
To aid clinicians with drug dosage decisionmaking, dosing nomograms were developed, but
they have proven to be inaccurate and unhelpful
in many circumstances.[34]
This study found a lower proportion
of critically ill patients with sub-therapeutic
imipenem plasma levels than in previous
studies, i.e. Belzberg et al.[5] (46%), Fournier
et al.[20] (48%) and Huttner et al.[21] (77%).
This may be attributed to higher dosages of
imipenem/cilastatin used in our setting than
in previous studies.[20,21] The use of extended
infusion of the imipenem/cilastatin over 3 hours
in our study, compared with 30 minutes in
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Table 3. Bacterial pathogens cultured and minimum inhibitory concentration (MIC) distributions
n
29
1
1
2
2
1
15
7
18
4
36
4
1
1
21
3
1
2
1
1

Organism
Acinetobacter baumannii complex
Acinetobacter haemolyticus
Acinetobacter iwoffii
Citrobacter freundii
Citrobacter koseri
Clostridium subterminale
Enterobacter cloacae complex
Enterococcus faecalis
Escherichia coli
Klebsiella oxytoca
Klebsiella pneumoniae
Morganella morgannii
Proteus mirabilis
Proteus penneri
Pseudomonas aeruginosa
Serratia marcescens
Stenotrophomonas maltophilia
Staphylococcus aureus
Streptococcus anginosus
Streptococcus constellatus

MIC, mean (mg/L)
15.46
≤0.25
≤0.25
0.50
≤0.25
0.75
≤0.25
≤0.25
2.52
2.50
≤0.25
≤0.25
4.43
2.00
-

MIC, min (mg/L)
≤0.25
≤0.25
≤0.25
0.50
≤0.25
≤0.25
≤0.25
≤0.25
≤0.25
2.00
≤0.25
≤0.25
0.25
2.00
-

MIC, max (mg/L)
≥16.00
≤0.25
≤0.25
0.50
≤0.25
2.00
≤0.25
≤0.25
32.00
4.00
≤0.25
≤0.25
16.00
2.00
-

MIC = minimum inhibitory concentration; min = minimum; max = maximum.

1.00

0.75
Proportion survival

the three aforementioned studies, may
also have impacted on more favourable
pharmacokinetics. Other authors have
also reported improved pharmacokinetics
when using higher doses and prolonged
infusions with beta-lactam antibiotics.[36,37]
Differences in study popu
lations in terms
of age, sex, race, weight and renal function
may also have contributed to the disparity
between the studies. However, the finding
that more than one in five critically ill patients
in this study have sub-therapeutic imipenem
levels is nonetheless a significant result
considering the impact of inadequate levels
on patient outcomes and resistance levels.
This observation alone may be considered
evidence to necessitate TDM of imipenem
in this population, and is aligned with the
recommendations of previous authors.[5,20,21,24]
Interestingly, no significant differences
between the two groups were observed in
terms of length of hospital or ICU stay.
This may well be due to the sample size
being too small to detect statistically
significant differences. Alternatively, many
confounding factors impact on length of
stay, such that the impact of imipenem
plasma levels might not be evident on
outcome. With respect to mortality, our
results show a definite trend in that patients
with sub-therapeutic imipenem levels have
higher mortality (40%) than patients with
therapeutic plasma levels (26%), although
this result was not statistically significant
(p=0.346). Furthermore, sub-therapeutic
imipenem plasma levels were found to have

0.50

0.25

0.00
0

50

100

150

200

Follow-up (days)
Therapeutic

Sub-therapeutic

Fig. 2. Kaplan-Meier survival graph comparing the survival of therapeutic and sub-therapeutic
imipenem plasma level groups.

an adjusted hazard ratio of 1.47 (95% CI
0.55 - 3.91; p=0.441) in terms of 28-day
mortality. However, as in previous studies,
these results were not statistically significant
at this sample size, and a larger study is
necessary to further investigate the impact
of sub-therapeutic imipenem plasma levels
on clinical outcome. Due to the study
design and PKPD target, sub-therapeutic
imipenem plasma levels invariably reflected
high MIC values, rather than low imipenem
concentrations, suggesting that MIC might
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be a better indicator of treatment failure than
imipenem concentration. In the ideal setting,
individualised therapy guided by TDM will
be preferred. However, therapeutic drug
monitoring of beta-lactams is not routine,
and this study reinforces the concept that
MIC values should be used to determine
treatment outcomes for the present. This
study additionally highlights the increasing
number of infections with carbapenemresistant Gram-negative bacilli in the ICU
setting, and the difficulties associated with
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managing these patients. TDM of imipenem or other beta-lactam
antibiotics ought to be worthwhile in all patients with multidrugresistant organism infections. The unfortunate reality is that in many
countries, including SA, TDM is not only an expensive intervention
but also not easily accessible. Further research is certainly required
to ascertain in which specific patient population subsets beta-lactam
TDM would be most useful.
This study has important limitations that should be considered. It
was conducted on participants from a single centre, and the sample
size was small. As such, the results may not be globally applicable.
Since this study only analysed a single plasma sample from each
patient, it does not adequately reflect the variability of imipenem
plasma levels in critically ill patients, which may change on a daily
or even hourly basis. Although consensus guidelines for beta-lactam
TDM do not exist, recent studies recommend that at minimum, two
blood samples be taken, as a single sample would be insufficient
to appropriately inform dose adjustment.[11,38] We evaluated only
one sample per patient, taking into account that this was a noninterventional study. Interpreting data regarding clinical outcomes in
patients with sepsis is difficult, with numerous confounding factors
to consider. In the present study infection source control was not
documented, and this makes outcome data difficult to interpret.
The study also has a number of strengths. The study population is
diverse and includes a varied distribution in terms of demographics
and clinical conditions. By including patients with a wide range of
renal function, the results reflect a realistic representation of patients
treated in the ICU setting. To our knowledge, this is the first study on
TDM of imipenem in critically ill patients done in Africa.

Conclusion

With the rapid increase in antimicrobial resistance globally, it is
becoming ever more important to ensure adequate antimicrobial
treatment for bacterial infections. This is imperative not only to
ensure satisfactory clinical outcomes, but also to prevent further
development of antimicrobial resistance. Mortality in critically
ill patients with sepsis is exceedingly high, and sub-therapeutic
antibiotic levels may be an important contributing factor. In this
study, 22% (95% CI, 13% - 34%) of critically ill patients treated with
imipenem/cilastatin had sub-therapeutic imipenem plasma levels.
We also found a trend toward higher mortality in patients with
sub-therapeutic imipenem plasma levels compared with patients
with therapeutic plasma levels. This study is important because it
highlights the fact that, even when using high dosages and prolonged
infusions, one-fifth of critically ill patients had sub-therapeutic
imipenem plasma levels. TDM offers a solution to detect patients
with sub-therapeutic antibiotic plasma levels in order to adjust
the dose accordingly. It is the authors’ view that the future of
antibiotic dosing, particularly in critically ill patients, is to aim for
individualised dosing, and TDM is vital to achieve this.
The intricacy and heterogeneity of critically ill patients, as well
as confounding factors, make associations between antibiotic blood
levels and clinical outcomes difficult to establish in studies with small
sample sizes. Larger, multicentre studies are required to definitively
investigate the clinical impact of sub-therapeutic beta-lactam blood
levels in critically ill patients with sepsis.
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