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CLINICAL EEG and NEUROSCIENCE 02004 VOL. 35 NO. 2 

Figure 1. 
Four EEG fragments showing a diffuse slowing of background activity with some diffuse low voltage 10-25 Hz activity, and frequent multi- 
focal and generalized epileptiform discharges Intermittent photic stimulation elicited a generalized photoparoxysmal response (Grade 5)9 
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Figure 2. 
A second EEG recorded after the discontinuation of imipenem and onset of treatment with phenytoin showed slowing of background 
activity without definite epileptiform discharges The photic stimulation failed to generate a generalized photoparoxysmal response. 

DISCUSSION 
Although seizure activity and encephalopathy have 

been reported as occasional complications of imipenem 
therapy, the EEG changes have been rarely documented. 
Thus, solely Brotherton and Kelber,' and later Tse et a1,2 
mentioned the existence of diffuse slowing without frank 
epileptiform activity. However, these authors and others 
failed to report more detailed analysis of the EEG char- 
acteristics.' s 

Our patient had a vascular chronic disorder, and proba- 
bly suffered from an incipient vascular dementia. Be this as 
it may, the acute clinical disturbances detailed in this report 
were more likely due to an imipenem-induced encephalopa- 
thy. It is widely accepted that a past history of stroke is a risk 
factor for developing imipenem neurotoxicity, and this might 
have played a certain predisposing role in this case. 
Furthermore, the possibility of a sepsis-induced 
encephalopathy could also be argued. This argument, how- 
ever, is invalidated by the epileptic manifestations, which 
are alien to septic en~ephalopathy.~ Furthermore, the 

improvement after discontinuation of imipenem and onset 
of phenytoin treatement support our diagnosis. 

A potential dose-dependent convulsive effect of imipen- 
em is well known. It seems that it is able to bind to GABAA 
receptor in the brain with greater avidity than other 0-lac- 
tams, and this property could be directly related to its abil- 
ity to decrease the convulsive threshold. This fact could 
also explain the precipitation of a generalized photoparox- 
ysmal response, because it appears that a reduced 
GABAergic transmission may play a role in visual cortex 
hyperexcitability.8 Such situations may evolve with alcohol 
and benzodiazepine withdrawal, or the use of neuroleptics, 
antidepressants and isoniazid - all of them capable of 
generating a photoparoxysmal response. In view of our 
experience, imipenem should be added to the list of drugs 
potentially able to cause a photoparoxysmal response. 

To summarize, imipenem is a 0-lactam antibiotic that 
may cause delirium and seizures. Frank epileptiform dis- 
charges and a generalized photoparoxysmal response may 
be prominent in this reversible type of encephalopathy. 

102 
 at INSERM on June 22, 2015eeg.sagepub.comDownloaded from 

CLINICAL EEG and NEUROSCIENCE 02004 VOL. 35 NO. 2 

Encephalopathy Secondary to lmipenem Therapy 
J. L Fernandez-Tone, M. Velasco, R. Gutibrrez and M. Fernandez-Sampedro 
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ABSTRACT 
We describe the case of an 84-year-old woman who 

developed a confusional state and suffered from a gener- 
alized tonic-clonic seizure while she was treated with 
imipenem, a p-lactam antibiotic. Focal and generalized 
epileptiform discharges and a photoparoxysmal response 
were prominent with transient changes on the EEG. 
INTRODUCTION 

lmipenem is a p-lactam antibiotic that has been asso- 
ciated with diverse neurologic complications such as 
encephalopathy, seizures and myoclonus.l-s Although such 
adverse experiences are rare, an adequate knowledge of 
them is important since a modification of the antibiotic reg- 
imen may be necessary. 

The epileptogenic activity of imipenem has been inves- 
tigated in animals by using electroencephalogram (EEG) 
recordings and a pharmacokinetic-pharmacodynamic 
modelling.6 Surprisingly, however, the EEG features of 
imipenem-induced encephalopathy in humans have 
received little attention, and its exact pathophysiology 
remains unresolved. 

We describe the case of an older woman who devel- 
oped a confusional state and suffered from a generalized 
tonic-clonic seizure (GTCS) while being treated with 
imipenem. Focal and generalized epileptiform discharges 
and a photoparoxysmal response were prominent with 
transient changes on the EEG. 
CLINICAL CASE 

An 84-year-old right-handed woman was admitted to 
our institution because of a brief episode of dizziness and 
fall to the floor without loss of consciousness. The diagno- 
sis in the emergency room was a transient ischemic attack, 
and she was finally hospitalized for further studies. The 
patient had no antecedents of epilepsy. Fifteen days later, 
the patient suffered from fever and hematuria. She was 

found to have a urinary tract infection. Blood cultures 
revealed the presence of Acinetobacter baumannii and 
Staphylococcus aureus. The patient was treated with 500 
mg imipenem intravenous every 6 hours. On the fifth day 
of imipenem therapy, the patient presented with confusion, 
disorientation and abnormal behavior and suffered from a 
GTCS. A computed tomography scan of the brain dis- 
closed multiple chronic subcortical ischemic lesions local- 
ized on the left thalamus and both coronae radiatae. On 
the following days, the level of consciousness worsened 
and an EEG was finally requested. On examination, she 
was lethargic and mute. Temperature was 37.49. 
Automatisms or myoclonic jerks were not seen. The cranial 
nerves, visual fields, and motor, sensory, and cerebellar 
systems were intact. A subtle distal tremor in the right hand 
was present. 

The EEG showed diffuse slowing of background activi- 
ty and frequent intermittent multifocal and generalized 
epileptiform discharges of rhythmic spikes, polyspikes, 
sharp waves, spike-wave and sharp-and-slow wave com- 
plexes (Figure 1). Some diffuse low voltage 10-25 Hz activ- 
ity was also noted. In addition, a generalized photoparoxys- 
ma1 response, was elicited by intermittent photic stimulation 
at rates of 20 and 25 Hz during the eyes-closed condition. 

A diagnosis of probable toxic-metabolic encephalopa- 
thy was made. Laboratory studies including glucose, 
serum electrolytes, calcium, urea and ammonia were with- 
in normal limits. Serum creatinine and estimated creatinine 
clearance were 0.7 mg/dl and 75 ml/min, respectively. The 
treatment with imipenem was stopped, and therapy with 
phenytoin and amplicillin was started. The patient prompt- 
ly experienced a marked improvement of her neurologic 
state, and a second EEG revealed mild slowing of back- 
ground activity without any evidence of epileptiform activi- 
ty. A photoparoxysmal response was absent (Figure 2). 

Dr. J. L. Fernandez-Twre is Consultant and Drs. M. Velasco and R. 
Gutierrez are residents of the Department of Clinical Neurophysiology, and 
Dr. M. Fernhdez-Sampedro is a resident of Internal Medicine, Hospital 
Universitario 'Marqks de Valdecilla,' Santander, Spain. 
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Figure 2. 
A second EEG recorded after the discontinuation of imipenem and onset of treatment with phenytoin showed slowing of background 
activity without definite epileptiform discharges The photic stimulation failed to generate a generalized photoparoxysmal response. 

DISCUSSION 
Although seizure activity and encephalopathy have 

been reported as occasional complications of imipenem 
therapy, the EEG changes have been rarely documented. 
Thus, solely Brotherton and Kelber,' and later Tse et a1,2 
mentioned the existence of diffuse slowing without frank 
epileptiform activity. However, these authors and others 
failed to report more detailed analysis of the EEG char- 
acteristics.' s 

Our patient had a vascular chronic disorder, and proba- 
bly suffered from an incipient vascular dementia. Be this as 
it may, the acute clinical disturbances detailed in this report 
were more likely due to an imipenem-induced encephalopa- 
thy. It is widely accepted that a past history of stroke is a risk 
factor for developing imipenem neurotoxicity, and this might 
have played a certain predisposing role in this case. 
Furthermore, the possibility of a sepsis-induced 
encephalopathy could also be argued. This argument, how- 
ever, is invalidated by the epileptic manifestations, which 
are alien to septic en~ephalopathy.~ Furthermore, the 

improvement after discontinuation of imipenem and onset 
of phenytoin treatement support our diagnosis. 

A potential dose-dependent convulsive effect of imipen- 
em is well known. It seems that it is able to bind to GABAA 
receptor in the brain with greater avidity than other 0-lac- 
tams, and this property could be directly related to its abil- 
ity to decrease the convulsive threshold. This fact could 
also explain the precipitation of a generalized photoparox- 
ysmal response, because it appears that a reduced 
GABAergic transmission may play a role in visual cortex 
hyperexcitability.8 Such situations may evolve with alcohol 
and benzodiazepine withdrawal, or the use of neuroleptics, 
antidepressants and isoniazid - all of them capable of 
generating a photoparoxysmal response. In view of our 
experience, imipenem should be added to the list of drugs 
potentially able to cause a photoparoxysmal response. 

To summarize, imipenem is a 0-lactam antibiotic that 
may cause delirium and seizures. Frank epileptiform dis- 
charges and a generalized photoparoxysmal response may 
be prominent in this reversible type of encephalopathy. 
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cefepime compared to patients receiving meropenem, but
overall the prevalence of this finding was still relatively
low (1.3%) [18].
While it is imperative that health-care providers are

aware of the potential complication of seizures associated
with cefepime use, our findings indicate that seizures and
NCSE are very uncommon clinical expressions of ce-
fepime neurotoxicity. Rather, the more likely clinical
scenario is a patient who develops difficult-to-explain
‘altered mental status’, which may be either a depression in
the level of consciousness or confusion or disorientation.
Associated myoclonus and renal impairment are potentially

suggestive of the diagnosis and should prompt the discon-
tinuation of cefepime in favor of an alternative antibiotic.
We have observed patients with renal failure and severe
encephalopathy or coma who improved dramatically after
the cessation of cefepime. Some of these patients were
so seriously affected that discussions about withdrawal of
life-sustaining measures had occurred. Stopping a medica-
tion is a simple therapeutic trial. Because cefepime neuro-
toxicity is a reversible (and preventable) cause of severe
neurologic symptoms, it is important for clinicians to be
aware of this possibility and consider the use of alternative
antibiotics in patients with renal impairment.
Decreasing the dose of cefepime in accordance with a

patient’s estimated renal function is recommended, and
our findings support and emphasize the importance of
this recommendation. Still, cefepime neurotoxicity can
occur despite dose adjustments [19] and in our study, of
those with cefepime neurotoxicity, 28.9% (four of four-
teen patients with known doses) developed neurologic
symptoms despite a standard dose reduction based on
CLCr. It is also notable that neurotoxicity can occur des-
pite concurrent hemodialysis [20], though one expects
the neurologic symptoms to improve after a few days if
the dose has been appropriately adjusted and if flow
rates are adequate. The current practice of cefepime
dosing is dictated by standard algorithms according to
CLCr. Cefepime concentrations in the blood or cere-
brospinal fluid have been performed rarely for research

Figure 1 EEG findings in cefepime neurotoxicity. Electroencephalogram (longitudinal bipolar montage) of a patient receiving intravenous (IV)
cefepime shows diffuse slowing of the background, atypical triphasic waves, and multifocal sharp waves.

Table 2 Electroencephalogram results of patients with
cefepime neurotoxicity
N EEG findings*

2 Atypical triphasic waves

2 Severe diffuse slowing

1 Triphasic waves and multifocal sharp waves

1 Stimulus-induced rhythmic sharp waves over the midline region
(SIRPIDs)

1 Multifocal and quasi-periodic sharp waves

1 Multifocal sharp waves

1 Continuous generalized sharp and slow wave discharges (NCSE)
and triphasic waves

*All EEGs additionally showed moderate-severe nonspecific diffuse slowing of
the background. EEG, electroencephalogram; SIRPIDs, stimulus-induced rhythmic,
periodic, or ictal discharges; NCSE, nonconvulsive status epilepticus.

Fugate et al. Critical Care 2013, 17:R264 Page 4 of 6
http://ccforum.com/content/17/6/R264

Seizure 19 (2010) 529–530 

this group included six patients with met-
abolic dysfunction (three acute hepatic
failure, one severe hyponatremia, one
acute renal failure, and one hyperglyce-
mic hyperosmolar nonketotic coma) and
one with chronic obstructive pulmonary
disease and hypercapnic acute respiratory
failure. In patients with intoxication, 11
had ethanol withdrawal and none had
ESZs. The proportion of patients who had
ESZs or PEDs was higher in patients with
sepsis than in those without sepsis (32%
vs. 9%, p ! 0.001).

Among the 120 septic patients, time
elapsed between sepsis onset and cEEG
was 2 (IQR 1–5) days; 38 of 120 (32%)
had ESZs or PEDs, 11 (9%) had ESZs
only, 19 (16%) had PEDs only, and 8 (7%)
had both ESZs and PEDs, whereas in the
81 patients without sepsis, 7 (9%) had
ESZs or PEDs, none had ESZs only, 5
(6%) had PEDs only, and 2 (2%) had both
ESZs and PEDs.

On univariate analysis, sepsis, chronic
renal failure, and circulatory shock were
significantly associated with ESZs or
PEDs (Table 3). Using multivariable anal-
ysis, sepsis at admission to the ICU was
the only significant predictor of ESZs or
PEDs (odds ratio [OR] 4.6, 95% confi-
dence interval [CI] 1.9–12.7, p " 0.002).
The percentage of patients with ESZs or
PEDs was similar in comatose vs. not
comatose patients (24% vs. 20%, p "
0.55) and in patients with severe sepsis
vs. septic shock (25% vs. 33%, p " 0.43).

We also examined predictors of ESZs
and PEDs separately. Sepsis remained a
significant risk factor for ESZs (on uni-
variate analysis, 16% of patients with sep-

sis had ESZs vs. 2.5% of patients without
sepsis; OR 9.3, 95% CI 2.1–69.4, multi-
variable p " 0.01) and PEDs (23% vs. 9%;
OR 3.0, 95% CI 1.3–7.9, p " 0.03). The
rate of ESZs was also higher in patients
with diabetes (22% vs. 7%; OR 3.9, 95%
CI 1.4–11.3, p " 0.01) and with sus-
pected clinical seizures before cEEG
(18% vs. 8%; OR 3.0, 95% CI 1.1–8.4,
p " 0.04). Finally, women were more
likely to have PEDs than men (24% vs.
11%; OR 2.4, 95% CI 1.1–5.4, p " 0.03).

Association Between ESZs or PEDs
and Outcome. The percentage of patients
with poor outcome at hospital discharge
was significantly higher among patients
with ESZs, PEDs, or both (about 90%)
than in those without (about 40%). When
adjusted for additional covariates (age,
coma, renal failure, hepatic failure, and
circulatory shock), the presence of ESZs
or PEDs was associated with an increased
risk of death or severe disability at hospi-
tal discharge (adjusted OR 19.1, 95% CI
6.3–74.6, p ! 0.001, Table 4).

A subgroup analysis of the 120 pa-
tients with sepsis showed that the pres-
ence of ESZs or PEDs was associated with
an increased risk of poor outcome (90%
poor outcome in patients with ESZs or
PEDs vs. 55% in those without). This
association remained significant after
controlling for age, coma, shock, acute
renal failure, and acute hepatic failure
(adjusted OR 10.4, 95% CI 3.0–50.7, p !
0.001).

When dichotomizing outcome into
deceased vs. alive, we found a similar
association between cEEG findings and

mortality in both the total cohort and the
sepsis subgroup (data not shown).

DISCUSSION

Using a cohort of MICU patients with-
out a known acute neurologic condition
who underwent cEEG recording for in-
vestigation of possible seizures or
changes in mental status during ICU stay,
we found that 1) 22% of patients had
ESZs or PEDs, 2) seizures were recorded
in 10% of patients and were usually non-
convulsive, 3) septic patients were at
higher risk of ESZs or PEDS (32%), and
4) ESZs or PEDs were associated with a
significant increase in death or severe
disability at hospital discharge, even after
controlling for covariates.

One prior study analyzed the occur-
rence rate of ESZs in comatose ICU pa-
tients without clinical seizures and found
an 8% occurrence rate of nonconvulsive
seizures (19). However, these authors in-
cluded patients with primary brain inju-
ries (hypoxic-ischemic encephalopathy,
head trauma, ischemic stroke, and cere-
bral hemorrhage). Our series is unique in
that it only includes MICU patients with-
out known acute neurologic injury at the
time of cEEG. Our findings seem in line
with previous observations and confirm
that nonconvulsive seizures are common
in critically ill comatose patients.

In addition to ESZs, we analyzed the
occurrence of PEDs. PEDs are often seen
in combination with ESZs and may be
observed after a variety of neurologic in-
juries or status epilepticus (23). Although
the exact significance of PEDs is unclear
(10, 23), studies in neurologic ICU pa-
tients suggest that PEDs are independent
predictors of poor outcome (11, 12).

The majority of patients with ESZs or
PEDs had sepsis. Sepsis is a known risk
factor for acute brain dysfunction (24–
26), together with age, renal failure, and
shock (27, 28), which were all significant
predictors of ESZs or PEDs in our study
cohort. Pathogenic mechanisms of sep-
sis-associated brain dysfunction include
endothelial activation, blood-brain bar-
rier disruption, cytokine release, and in-
creased levels of excitatory neurotrans-
mitters (29). Sepsis-associated brain
dysfunction is a severe complication that
is still under-recognized and poorly un-
derstood. Our results show that sepsis is a
significant risk factor for ESZs or PEDs.
This further suggests that cEEG may be
useful for the management of acute brain
dysfunction in critically ill medical pa-

Table 2. Findings on cEEG

cEEG Recording Number/Total Number (%)

Presence of ESZs or PEDs 45/201 (22%)
ESZs 21/201 (10%)

ESZs only 11/21 (52%)
ESzs and PEDs 10/21 (48%)

ESZs clinical correlates
Nonconvulsive seizures only 14/21 (67%)
Convulsive seizures only 6/21 (29%)
Nonconvulsive and convulsive seizures 1/21 (4%)

PEDs 34/201 (17%)
PEDs only 24/34 (71%)
PEDs and ESZs 10/34 (29%)

PEDs findings
Generalized PEDs only 19/34 (56%)
Lateralized (PLEDs or BIPLEDs) only 9/34 (26%)
Lateralized and generalized 6/34 (18%)

cEEG, continuous electroencephalography; ESZs, electrographic seizures; PEDs, periodic epilep-
tiform discharges; PLEDs, periodic lateralized epileptiform discharges; BIPLEDs, bilateral independent
PLEDs.

Bold indicates major categories rather than subcategories.
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Continuous electroencephalography in the medical intensive care
unit*

Mauro Oddo, MD; Emmanuel Carrera, MD; Jan Claassen, MD; Stephan A. Mayer, MD;
Lawrence J. Hirsch, MD

Acute brain dysfunction (also
called intensive care unit [ICU]
delirium or acute encephalop-
athy) is frequent in patients

admitted to the medical ICU (MICU) for
nonneurologic diseases (1–3) and is asso-
ciated with increased morbidity and mor-

tality (4). Continuous electroencephalog-
raphy monitoring (cEEG) provides
physiologic information regarding brain
function, particularly in comatose pa-
tients (5, 6), and often detects clinically
silent electrographic seizures (ESZs) and
periodic epileptiform discharges (PEDs) (7–
10). Increasing evidence suggests that ESZs
and PEDs are associated with poor out-
come in neuro-ICU patients (5, 8, 11–18).

Few studies have examined the preva-
lence of ESZs in the nonneurologic ICU
(19). Thus, the potential value of cEEG
for the management of MICU patients
with acute brain dysfunction is unknown.

Using a cohort of MICU patients with-
out a primary neurologic condition and
who underwent cEEG, we examined pre-
dictors of ESZs and PEDs and sought to
determine their association with patient
outcome.

MATERIALS AND METHODS

Study Population. We retrospectively iden-
tified all consecutive patients admitted to the
MICU at Columbia University Medical Center,

New York-Presbyterian Hospital, who under-
went cEEG for at least 12 hrs between June
2004 and January 2007. Patients were identi-
fied from the Comprehensive Epilepsy Center
cEEG electronic log and database. Indications
for cEEG included evaluation of suspected
clinical seizures or otherwise unexplained
changes in the level of consciousness. Ap-
proval for this study was given by the hospital
Institutional Review Board.

Primary ICU Admission Diagnosis. Pri-
mary ICU admission diagnosis was categorized
as follows: 1) sepsis, including severe sepsis
(i.e., infection, including pneumonia, with ev-
idence of organ dysfunction) and septic shock
(i.e., severe sepsis with persistent hypotension
requiring vasopressors after adequate fluid re-
suscitation) (20, 21); 2) metabolic dysfunc-
tion, including renal and hepatic failure, elec-
trolyte disorders, diabetic keto-acidosis, and
acute pancreatitis; 3) intoxication, including
ethanol abuse/withdrawal and drug ingestion;
and 4) other medical conditions. Patients with
primary acute neurologic injury (including
ischemic or hemorrhagic stroke, head injury,
and hypoxic-ischemic encephalopathy after
cardiac arrest) were excluded from this study.
Patients with central nervous system infec-

*See also p. 2132.
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Objectives: To examine predictors and the prognostic value of
electrographic seizures (ESZs) and periodic epileptiform dis-
charges (PEDs) in medical intensive care unit (MICU) patients
without a primary acute neurologic condition.

Design: Retrospective study.
Setting: MICU in a university hospital.
Patients: A total of 201 consecutive patients admitted to the

MICU between July 2004 and January 2007 without known acute
neurologic injury and who underwent continuous electroencepha-
lography monitoring (cEEG) for investigation of possible seizures
or changes in mental status.

Intervention: None.
Measurements and Main Results: Median time from intensive

care unit (ICU) admission to cEEG was 1 day (interquartile range
1–4). The majority of patients (60%) had sepsis as the primary
admission diagnosis and 48% were comatose at the time of cEEG.
Ten percent (n ! 21) of patients had ESZs, 17% (n ! 34) had
PEDs, 5% (n ! 10) had both, and 22% (n ! 45) had either ESZs
or PEDs. Seizures during cEEG were purely electrographic (no
detectable clinical correlate) in the majority (67%) of patients.

Patients with sepsis had a higher rate of ESZs or PEDs than those
without sepsis (32% vs. 9%, p < 0.001). On multivariable analy-
sis, sepsis at ICU admission was the only significant predictor of
ESZs or PEDs (odds ratio 4.6, 95% confidence interval 1.9–12.7,
p ! 0.002). After controlling for age, coma, and organ dysfunc-
tion, the presence of ESZs or PEDs was associated with death or
severe disability at hospital discharge (89% with ESZs or PEDs, vs.
39% if not; odds ratio 19.1, 95% confidence interval 6.3–74.6, p <
0.001).

Conclusion: In this retrospective study of MICU patients mon-
itored with cEEG, ESZs and PEDs were frequent, predominantly in
patients with sepsis. Seizures were mainly nonconvulsive. Both
seizures and periodic discharges were associated with poor out-
come. Prospective studies are warranted to determine more pre-
cisely the frequency and clinical impact of nonconvulsive seizures
and periodic discharges, particularly in septic patients. (Crit Care
Med 2009; 37:2051–2056)

KEY WORDS: acute brain dysfunction; ICU delirium; septic enceph-
alopathy; sepsis-associated encephaloapathy; electrographic sei-
zures; nonconvulsive seizures; medical ICU; outcome
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Seizures during cEEG were purely electrographic in the majority 
(67%) of patients. 
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EEG de 100 patients sous cefepime 

cefepime compared to patients receiving meropenem, but
overall the prevalence of this finding was still relatively
low (1.3%) [18].
While it is imperative that health-care providers are

aware of the potential complication of seizures associated
with cefepime use, our findings indicate that seizures and
NCSE are very uncommon clinical expressions of ce-
fepime neurotoxicity. Rather, the more likely clinical
scenario is a patient who develops difficult-to-explain
‘altered mental status’, which may be either a depression in
the level of consciousness or confusion or disorientation.
Associated myoclonus and renal impairment are potentially

suggestive of the diagnosis and should prompt the discon-
tinuation of cefepime in favor of an alternative antibiotic.
We have observed patients with renal failure and severe
encephalopathy or coma who improved dramatically after
the cessation of cefepime. Some of these patients were
so seriously affected that discussions about withdrawal of
life-sustaining measures had occurred. Stopping a medica-
tion is a simple therapeutic trial. Because cefepime neuro-
toxicity is a reversible (and preventable) cause of severe
neurologic symptoms, it is important for clinicians to be
aware of this possibility and consider the use of alternative
antibiotics in patients with renal impairment.
Decreasing the dose of cefepime in accordance with a

patient’s estimated renal function is recommended, and
our findings support and emphasize the importance of
this recommendation. Still, cefepime neurotoxicity can
occur despite dose adjustments [19] and in our study, of
those with cefepime neurotoxicity, 28.9% (four of four-
teen patients with known doses) developed neurologic
symptoms despite a standard dose reduction based on
CLCr. It is also notable that neurotoxicity can occur des-
pite concurrent hemodialysis [20], though one expects
the neurologic symptoms to improve after a few days if
the dose has been appropriately adjusted and if flow
rates are adequate. The current practice of cefepime
dosing is dictated by standard algorithms according to
CLCr. Cefepime concentrations in the blood or cere-
brospinal fluid have been performed rarely for research

Figure 1 EEG findings in cefepime neurotoxicity. Electroencephalogram (longitudinal bipolar montage) of a patient receiving intravenous (IV)
cefepime shows diffuse slowing of the background, atypical triphasic waves, and multifocal sharp waves.

Table 2 Electroencephalogram results of patients with
cefepime neurotoxicity
N EEG findings*
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1 Stimulus-induced rhythmic sharp waves over the midline region
(SIRPIDs)
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1 Continuous generalized sharp and slow wave discharges (NCSE)
and triphasic waves

*All EEGs additionally showed moderate-severe nonspecific diffuse slowing of
the background. EEG, electroencephalogram; SIRPIDs, stimulus-induced rhythmic,
periodic, or ictal discharges; NCSE, nonconvulsive status epilepticus.
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Cefepime neurotoxicity in the intensive care unit: a
cause of severe, underappreciated encephalopathy
Jennifer E Fugate1, Ejaaz A Kalimullah2, Sara E Hocker1, Sarah L Clark3, Eelco FM Wijdicks1 and Alejandro A Rabinstein1*

Abstract

Introduction: Cefepime, a broad spectrum antibiotic, is commonly prescribed in intensive care units (ICU) and
may be an overlooked cause of neurologic symptoms such as encephalopathy, myoclonus, seizures, and coma.
We aimed to characterize cefepime neurotoxicity in the ICU.

Methods: We performed a retrospective study of adult ICU patients treated with intravenous cefepime for at least
3 days between January 1, 2009 and December 31, 2011. The primary outcome was the development of cefepime
neurotoxicity, with the likelihood of causality ascribed via a modified Delphi method.

Results: This study included 100 patients. The mean age was 65.8 years (± 12.7 years). The median daily average
dose of cefepime was 2.5 (IQR 2.0 to 3.5) grams. The median treatment duration was 6 (IQR 4 to 10) days. Renal
failure in any form was present in 84 patients. Chronic kidney disease affected 40 patients, and 77 had acute kidney
injury. Cefepime neurotoxicity occurred in 15 patients. Of these, seven were considered definite cases, three
probable, and five possible. Neurotoxic symptoms included impaired consciousness (n = 13), myoclonus (n = 11),
disorientation (n = 6), and nonconvulsive status epilepticus (n = 1). The dose of cefepime was appropriately
adjusted for renal clearance in 64 patients (75.3%) without cefepime neurotoxicity and four patients (28.6%) with
neurotoxicity (P = 0.001). Chronic kidney disease was present in 30 patients (35.3%) without neurotoxicity and in
10 (66.7%) of those with neurotoxicity (P = 0.04).

Conclusions: Critically ill patients with chronic kidney disease are particularly susceptible to cefepime neurotoxicity.
Myoclonus and impaired consciousness are the predominant clinical manifestations. Neurotoxic symptoms
occur more often when the cefepime dose is not adjusted for renal function, but can still occur despite those
modifications.

Introduction
Potent, broad-spectrum antimicrobials are increasingly
prescribed in intensive care units (ICUs) because of the
proliferation of multidrug-resistant pathogens. Cefepime,
a fourth-generation cephalosporin, is one of these antimi-
crobials commonly prescribed empirically for nosocomial
infections. Because cefepime is predominantly renally
excreted (85% unchanged), a reduction in renal function
confers a proportional increase in the elimination half-life
and reduction in total body clearance of cefepime [1]. In
patients with renal failure, cefepime can accumulate in
both the blood and cerebrospinal fluid and reach toxic
concentrations [2]. Consequently, patients with renal

failure who are treated with cefepime at relatively high
doses are at risk of developing neurological symptoms that
include seizures, hallucinations, confusion, myoclonus,
and coma [3-12].
The terms ‘encephalopathy’ or ‘delirium’ generically

describe cerebral dysfunction of some type, but most of
the time they are used to characterize patients with a
change in attention, perception and memory. These
neurological manifestations are very poorly understood
considering their high prevalence in the ICU [13,14].
Given the pervasiveness of confounding causes of en-
cephalopathy (for example infection, postoperative state,
electrolyte disturbances, hypoglycemia, uremia, shock,
alcohol withdrawal, pain, hypercapnia, hypoxemia), elu-
cidating the cause of ‘altered mental status’ or ‘failure to
awaken’ in a patient in the ICU can be challenging. Des-
pite this etiologic uncertainty, the encephalopathy often
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Ceftazidime Overdose-Related Nonconvulsive Status 
Epilepticus After Intraperitoneal Instillation

Ceftazidime-related nonconvulsive Status epilepticusSuda Vannaprasaht, M.D. and Arporn Tawalee
Department of Pharmacology, Srinagarind Hospital, Faculty of Medicine, Khon Kaen University, 
Khon Kaen, Thailand

Nutdhakarn Mayurasakorn, M.D., Chattanong Yodwut, M.D., Ratiporn Bansong, 
M.D., Sirirat Reungjui, M.D., and Somsak Tiamkao, M.D.
Department of Medicine, Srinagarind Hospital, Faculty of Medicine, Khon Kaen University, 
Khon Kaen, Thailand

We report a case of ceftazidime-related nonconvulsive status
epilepticus (NCSE) in a 70-year-old female patient with continu-
ous ambulatory peritoneal dialysis (CAPD)-related peritonitis.
She was given ceftazidime intravenously which was then changed
to intraperitoneal installation after clinical improvement. She
received 11 g of ceftazidime via intraperitoneal installation for
two days after being discharged from the hospital. Her conscious-
ness was altered with mutism, asterisxis, and horizontal nystagmus.
Her EEG showed continuous generalized three spikes-and-wave
per second that were abolished after intravenous diazepam.
Ceftazidime-related NCSE was suggested and ceftazidime ther-
apy was stopped. Hemodialysis was done while phenytoin was also
given to control the convulsions. Her consciousness improved
after hemodialysis. Serum ceftazidime measured before and after
hemodialysis on the second and third day were 105.2/39.4, 36.2/5.2
µg/mL (normal peak level 55 mg/mL), respectively. Repeated eval-
uation on day 6 showed normal EEG without epileptiform activ-
ity. She was later discharged with full recovery.

Keywords Ceftazidime; Nonconvulsive status epilepticus; Intra-
peritoneal instillation

INTRODUCTION
Ceftazidime, a semisynthetic cephalosporin, is a broad

spectrum antibiotic. It is recommended for the treatment of
pneumonia, pyelonephritis, skin infections, peritonitis, menin-
gitis, and septicemia. The International Society for Peritoneal
Dialysis (ISPD) has recommended empirical intraperitoneal

cefazolin combined with ceftazidime for continuous ambula-
tory peritoneal dialysis (CAPD)-related peritonitis (1). Central
nervous system adverse reactions to ceftazidime occur in less
than 1% of patients and may include headache, dizziness, hal-
lucinations, and lethargy. However, recent data showed neuro-
logical sequelae including tremor, myoclonus, convulsions,
and encephalopathy occurring in patients with renal impair-
ment, most of whom received inappropriate dosages during a
decline of renal clearance (2–6). Ceftazidime-related noncon-
vulsive status epilepticus (NCSE) is an uncommon adverse
drug reaction that has previously been reported in the literature
(7–12). All of these patients had renal insufficiency. We report
a case of NCSE in a patient with CAPD-related peritonitis who
received an unusually large dose of ceftazidime.

CASE REPORT
A 70-year-old woman was brought to the hospital with

alteration of consciousness for two days. She had diabetic
nephropathy with chronic kidney disease and CAPD had been
performed over two months prior to admission. Two weeks
before this admission, she was diagnosed as having peritonitis.
Treatment consisted of 1000 mg of ceftazidime intravenously
every 12 hours. After clinical improvement, the treatment was
changed to 250 mg of intraperitoneal ceftazidime in 2000 mL
of dialysis fluid, six cycles per day. Before discharge from the
hospital, her cousin was trained to add 250 mg of ceftazidime
per 2000 mL dialysis fluid, six cycles per day.

Unfortunately, her cousin added 1000 mg of ceftazidime in
every 2000 mL dialysis fluid. Total ceftazidime intraperitoneal
instillation was 11 grams over the two days she was out of the hos-
pital prior to admission. She presented with alteration of con-
sciousness for two days. Physical examination was remarkable for
E4V1M5, mutism, asterisxis and horizontal nystagmus. Routine

Received 19 May 2005; accepted 23 June 2005.
Address correspondence to Suda Vannaprasaht, Department of

Pharmacology, Faculty of Medicine, Khon Kaen University, Khon
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Figure 1. A) Digital EEG showing the existence of continuous generalised epileptiform discharges compatible, in the clinical context,
with myoclonic status epilepticus (MSE); B) Administration of an intravenous bolus of 4 mg of midazolam during the second v-EEG
recording temporally abolished epileptiform discharges, causing a cessation of motor manifestations.
LF: 0.53 Hz; HF: 35 Hz; NF: 50 Hz; vertical bar: 100 !V; horizontal bar: 1 second.

array (CDSA) was observed (figure 2). During the
subsequent days, the patient remained sedated and
the analysis of CDSA showed a control of MSE. On Day
40, an EEG carried out during working hours confirmed
the existence of moderate diffuse encephalopathy
without epileptiform activity. Unfortunately, a few
days later, the patient died as a consequence of severe
heart failure.

Discussion

There are two important points that emerge from this
study: i) cefepime may cause MSE in non-anoxic sub-
jects, thus, to the best of our knowledge, this is the

first case illustrated by v-EEG, of a critically ill sub-
ject receiving treatment with cefepime who developed
an episode of definite symptomatic MSE; and ii) the
latest bilateral bispectral index (BIS)-VistaTM monitor
may be helpful in order to guide general anaesthe-
sia for status epilepticus when CEEG is not available.
Of note, CDSA was easy to interpret at the bedside
and useful for monitoring the recurrence of epilep-
tiform activity and detection of potential episodes of
NCSE.
MSE has been described in generalised epilepsy
syndromes, progressive neurodegenerative diseases,
toxic-metabolic encephalopathies, and following
hypoxic-anoxic brain injury (Kirac et al., 2013). The
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ABSTRACT – Background. Status epilepticus, particularly non-convulsive
status epilepticus (NCSE), is a frequent complication in patients with altered
renal function receiving treatment with intravenous cefepime. To the best
of our knowledge, we report the first case, illustrated by video-EEG, of
a critically ill patient receiving treatment with cefepime who developed
an episode of confirmed symptomatic myoclonic status epilepticus (MSE).
Methods. Case report and video-EEG. Results. A 60-year-old man, who had
received a liver transplant due to alcoholic cirrhosis one year ago, was admit-
ted to our intensive care unit due to septic shock. Computed tomography
revealed a prostatic abscess as cause of his sepsis. On Day 27, a respiratory
infection due to Pseudomona aeruginosa was diagnosed, and treatment
with intravenous cefepime (2 g/8 hours) was initiated. On Day 32, his mental
status deteriorated and he developed inattention, a reduced level of con-
sciousness, and multifocal and generalised continuous myoclonic jerks. A
video-EEG study was compatible with the diagnosis of symptomatic MSE.
On Day 35, cefepime was stopped and general anaesthesia with midazo-
lam was started in order to achieve a faster clinical improvement. We used
the BIS-VistaTM monitor to guide general anaesthesia and detect potential
episodes of NCSE. On Day 40, an EEG confirmed the existence of moderate
diffuse encephalopathy. Finally, the patient died as a consequence of severe
heart failure. Conclusions. Cefepime may be a cause of MSE in non-anoxic
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Figure 2. A) Colour density spectral array (CDSA) revealing the control of myoclonic status epilepticus (MSE) during the sedation with
intravenous midazolam (white arrow); B) Aspect of the CDSA following the resolution of MSE.
The CDSA applies fast-Fourier transformation to convert raw EEG data into a time-compressed and colour-coded display for frequencies
between 0 and 30 Hz, with blue representing low power, and green, yellow and red representing successively higher power.
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The CDSA applies fast-Fourier transformation to convert raw EEG data into a time-compressed and colour-coded display for frequencies
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Propriétés pro-convulsivantes des différentes 
bétalactamines 

bêta-lactamine 
Puissance relative 

(référence: pénicilline G=100) 

Céfazoline 294 
Céfépime 160 
Pénicilline G 100 
Imipénème 71 
Aztreonam 42 
Ampiciline 21 
Ceftazidime 17 
Méropénem 16 
Ceftriaxone 12 
Pipéracilline 11 
Cefotaxime 8,8 
Cefoxitine 1,8 

 



Ajustement des doses 



t1 t2
T>CMI

Cmax

Cmin
CMI

AUIC

AUC

Q.I

Temps

C
on

ce
nt

ra
tio

n
Q.I=Cmax/CMI

AUIC=AUC0  24/CMI

T>CMI=T avec C>CMI

Marqueurs PK/PD

ATB



Pharmacodynamie ATB dans LCR

β-Lactamines: t>CMI
    Temps dépendant

penicillines  t>CMI > 50%
Cephalosporines  t>CMI > 70%
Carbapenèmes  t>CMI > 40%

   si infection grave : t>CMI > 100%

Aminosides QI (Pic/CMI) Q.I.>8
    Concentration dépendant

Fluoroquinolones AUIC AUIC>125     BG-
   Concentration dépendant  AUIC>30-40 CG+

Glycopeptides t>CMI
   Temps dépendant
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Un problème de variabilité 

DALI:	Defining	An*bio*c	Levels	in	Intensive	care	unit	pa*ents		

384 patients 

384 patients 

Roberts Clin Infect Dis. 2014 Apr;58(8):1072-83



Example : AMINOSIDES 

3615 GNA



AMINOSIDES

EUCAST : European Committee on Antimicrobial Susceptibility Testing

Example : AMINOSIDES 

PK/PD



Un problème de volume de distribution 

3615 GNA



Un problème de variabilité 

Marlk Anaesth Intensive Care. 1993 Apr;21(2):172-3.

Optimizing Use of Aminoglycosides in the
Critically Ill
Rhonda S. Rea, Pharm.D.1 and Blair Capitano, Pharm.D.1

ABSTRACT

In the era of increasing bacterial resistance and a lack of development of new
antimicrobials for the treatment of gram-negative infections, aminoglycosides (AGs)
are more commonly used in combination with other antimicrobials for the treatment of
life-threatening infections in the intensive care unit (ICU).

AGs display concentration-dependent killing activity; thus the rate and extent of
bacterial killing increase with increasing peak (Cmax) drug concentrations. Optimizing
AG dosing requires attainment of a pharmacodynamic target ratio (Cmax:minimal
inhibitory concentration [MIC] ! 10) upon first dose, which is associated with a more
rapid rate of resolution of infection. Extended-interval AG dosing has been shown to attain
this target in the general patient population while decreasing the risk of nephrotoxicity
compared with multiple daily dosing. However, ICU patients have pharmacokinetic
differences compared with patients who are less ill, including increased volume of
distribution and variable clearance, which may make attainment of this target difficult.
The need for extended-interval aminoglycoside dosing with Cmax monitoring and
MIC determination of the pathogen may be needed to optimally treat serious infections
in the critically ill.

KEYWORDS: Aminoglycosides, pharmacokinetics, pharmacodynamics, critically ill

Despite treatment with antimicrobial therapy to
which a pathogen is indicated to be susceptible, 22 to
32% of intensive care unit (ICU) patients die from
infections caused by gram-negative pathogens.1–3 An
increase in the prevalence of multi-drug-resistant
gram-negative pathogens over the past decade has pro-
foundly limited treatment options for infections that
were previously curable with selection from a large
armamentarium of antimicrobials.4–6 It is disturbing to
note that there are no new prospects in the pharmaceut-
ical pipeline in the foreseeable future.7

Although the aminoglycosides (AGs) have been
in use for over 50 years, their activity against gram-
negative pathogens has been largely preserved, most

likely due to prudent use over the years based on a
high propensity for nephrotoxicity. Today, clinicians
most commonly rely on AGs as part of a combination
regimen, due to their relatively reliable activity against
gram-negative pathogens, to manage serious infections
in ICU patients in an attempt to increase the chance of
initial effective therapy.8

AGs display concentration-dependent killing
activity; thus the rate and extent of bacterial killing
increases with increasing peak (Cmax) drug concen-
trations.9 Optimizing AG dosing in the treatment of
serious gram-negative infections requires attainment of
the pharmacodynamic (PD) target ratio [Cmax:mini-
mum inhibitory concentration (MIC) ! 10:1 to 12:1],

1Pharmacy and Therapeutics, School of Pharmacy, University of
Pittsburgh, Pittsburgh, Pennsylvania.

Address for correspondence and reprint requests: Rhonda S. Rea,
Pharm.D., Pharmacy and Therapeutics, University of Pittsburgh,
School of Pharmacy, 200 Lothrop St., 302 Scaife Hall, Pittsburgh,
PA 15213 (e-mail: rhonda_rea@yahoo.com).

Optimizing Antimicrobial Therapy for Serious Infections in the
Critically Ill; Guest Editor, David L. Paterson, M.D., Ph.D.

Semin Respir Crit Care Med 2007;28:596–603. Copyright # 2007
by Thieme Medical Publishers, Inc., 333 Seventh Avenue, New York,
NY 10001, USA. Tel: +1(212) 584-4662.
DOI 10.1055/s-2007-996406. ISSN 1069-3424.
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Adaptation posologique

Dose de charge : ???



Adaptation posologique

Dose de charge :

Dose de charge = [plasmatique souhaitée] (mg/l) x Vd (L)



Adaptation posologique

Dose de charge :

Dose de charge = [plasmatique souhaitée] (mg/l) x Vd (L)

Ex : Aminoside

Gentamycine   [plasmatique souhaitée]= 20 mg/l

   Vd  volontaire = 0,15 l/kg DC= 3 mg/kg

   Vd  Réanimation = 0,4 l/kg DC= 8 mg/kg
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3615 GNA



Adaptation posologique

Dose de charge = [plasmatique souhaitée] (mg/l) x Vd (L)

Calcul de la clairance Totale
ClCRRT+ Clnon CRRT

Cible Pharmacocinétique ?

Concentration Dépendant
Cmax/CMI

Concentration Dépendant
AUC24/CMI

Temps Dépendant
T>CMI

Elimination
=Concentration x Cltot

Demi-vie
=0,693 x Vd / Cltot

Posologie IVSE
=élimination

Concentration
Moyenne cible

=AUC24/24

Intervalle
=5xT1/2

Intervalle
=Dose/([plasmatique]xCltot



Adaptation posologique

Dose de charge = [plasmatique souhaitée] (mg/l) x Vd (L)

Calcul de la clairance Totale
ClCRRT+ Clnon CRRT

Cible Pharmacocinétique ?

Concentration Dépendant
Cmax/CMI

Demi-vie
=0,693 x Vd / Cltot

Intervalle
=5xT1/2
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Ajustement des doses 

Blactamine

Les expert suggèrent de cibler une concentration plasmatique libre de 
bêta-lactamines entre 4 et 8 fois la CMI de la bactérie incriminée 

pendant 100 % de l’intervalle de dose (%fT ≥ 4 à 8xCMI à 100 %) pour 
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temperatures) at 378C and 1000 g using Nanosep Omega 10K devices
(VWR, Ismaning, Germany).

Plasma specimens and pharmacokinetic analysis
Plasma from healthy volunteers was used for development of the ultrafil-
tration method. The Ethics Committee of Charité University Hospital Berlin
gave approval for anonymized analysis of remains of samples from ICU
patients obtained in the course of their treatment and related clinical
data (reference EA4/028/13). Patients or their legal representatives had
consented to such use in the medical treatment contract. Demographic
and laboratory data were collected from the patient files prior to
anonymization.

The sampling times reflected the fact that this was not a specifically
designed pharmacokinetic study. Timepoints were chosen to cover a rea-
sonable range of the dosing interval for each patient, deliberately avoiding
the initial phase after the end of infusion because these measurements
may be less robust and would anyway not affect f T.MIC.

The pharmacokinetics of total and unbound concentrations were ana-
lysed separately by fitting a one-compartment model (zero-order input,
first-order elimination) with 1/y2 weighting using Phoenix WinNonlin 6.3
(Pharsight/Certara, St Louis, MO, USA).

Exploratory binding studies
The protein binding of ertapenem (3–300 mg/L) in vitro was investigated
in HSA solutions (3–100 g/L) and in pooled plasma from six healthy volun-
teers (38 g/L albumin). The concentrations of albumin and other proteins
were varied by dilution with either isoosmotic phosphate buffer (IPB; pH
7.4) or 38 g/L HSA in IPB. Binding of ertapenem to albumin was described
by Michaelis–Menten kinetics.

Statistical analysis
Prism 6.0d for MacOSX (GraphPad Software, La Jolla, CA, USA) was used for
calculating statistics and Michaelis–Menten kinetics. The mean+SD and/
or median and range are given, as appropriate. Statistical significance was
assumed at P,0.05 without correcting for multiple comparisons.

Results
Ultrafiltration
Ertapenem (16 and 80 mg/L) was stable in plasma for≥1 h at 378C
and for≥8 h at 258C or 68C. No adsorption onto the filter device was
observed (ertapenem 0.8–80 mg/L). In plasma spiked with ertape-
nem, fu was significantly higher when centrifugation was per-
formed at 1000 g compared with 10000 g (n¼5 each; 16 mg/L:
19.2%+1.1% versus 13.5%+1.2%, P,0.0001; 80 mg/L:
23.2%+2.5% versus 16.4%+1.2%, P¼0.0005; unpaired t-test).
Temperature and pH had an even higher influence (Figure S1, avail-
able as Supplementary data at JAC Online). From 58C to 208C, fu was
constant, but it was substantially higher at 378C (16 mg/L, buffered,
378C/208C: 19.0%+0.85%/11.0%+0.91%, P¼0.0004). In unbuf-
fered plasma (pH before/after ultrafiltration 7.9/8.3), fu was
approximately halved compared with in buffered plasma (pH
7.3/7.5).

Clinical data and pharmacokinetics
In total, 29 samples from six ICU patients treated with 1 g of erta-
penem once daily were collected. All patients showed moderate
hypoalbuminaemia (24.0–30.6 g/L); further characteristics are
provided in Table S1 (available as Supplementary data at JAC

Online). Both total and unbound ertapenem concentrations
were adequately described by a one-compartment model
[Figure 1 and Table S2 (available as Supplementary data at JAC
Online)]. The median (range) values for clearance, volume of
distribution and half-life were 2.56 (1.69–6.67) L/h, 19.2 (14.8–
36.2) L and 4.71 (3.76 –6.52) h for total and 5.61 (3.84–
15.1) L/h, 47.5 (30.4–71.0) L and 4.36 (3.25–8.15) h for unbound
ertapenem, respectively. The median (range) fu was 37.8%
(30.9%–53.6%). The unbound concentrations exceeded 2 mg/L
for a median 72% (39%–100%) of the dosing interval and
0.25 mg/L for 100% (79%–100%).

Exploratory binding studies
Binding of ertapenem to HSA showed no saturation within the
investigated range and only n/kd could be determined (where n
is the number of binding sites and kd is the dissociation constant).
For HSA concentrations of 3 –100 g/L, fu (mean+SD; n¼5)
decreased from 94%+1.5% to 30%+0.45%, independent of
the ertapenem concentration. In plasma from healthy volunteers,
fu was "20% at total concentrations up to 30 mg/L and increased
to "25% at 100 mg/L and "40% at 300 mg/L (Figure S2, available
as Supplementary data at JAC Online). After stepwise dilution with
IPB, fu increased but remained unchanged when 38 g/L HSA in IPB
was added. The results of the Michaelis–Menten kinetic analysis
are shown in Figure 2 and Table S3 (available as Supplementary
data at JAC Online). The fitted curves for these two groups were
not statistically different (extra sum-of-squares F-test) and there-
fore pooled for comparison with the patient samples, which for-
mally proved the difference of the binding characteristics
(P,0.0001). In particular, the number of binding sites per albumin
molecule was 1.22 (95% CI 1.07–1.38) in plasma from healthy
volunteers and only 0.404 (95% CI 0.158 –0.650) in plasma
from ICU patients.

Discussion
Ultrafiltration is a convenient method to determine unbound drug
concentrations. In 2003, Musson et al.7 described an ultrafiltration
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protocol for ertapenem, which included centrifugation of unbuf-
fered plasma in a Centrifree device at 1500 g at room tempera-
ture. Others modified this technique, varying filter types,
centrifugal force or temperature.8,9 Equilibrium dialysis is time-
consuming and possibly problematic for unstable drugs, but
was applied in a recent study on ertapenem during continuous
renal replacement therapy.10 Some groups used mathematical
models or fixed percentages,4,11 which carry along potential pro-
blems of the technique used to establish these data.

Our data clearly demonstrate a strong effect of pH and tem-
perature on the results of ultrafiltration. Whereas ultrafiltration
of unbuffered samples at room temperature reproduced the fu

value reported by Majumdar et al.12 and stated in the summary
of product characteristics (5%–8%), application of physiological
conditions resulted in 2- to 4-fold higher values. High centrifugal
forces shorten ultrafiltration time but cause pressure artefacts.5,13

These aspects have been described many years ago.14 – 16

Michaelis –Menten kinetics of the binding of ertapenem to
albumin revealed important differences between HSA solutions,
plasma from healthy volunteers and plasma from ICU patients.
In HSA solutions, binding was linear throughout the investigated
concentration ranges whereas it was non-linear and higher in
plasma, as if additional binding partners existed. However, binding
to albumin was identical whether all plasma components includ-
ing albumin were diluted or when albumin was kept constant, rul-
ing out alternative binding partners. The binding in plasma
samples from ICU patients could be described with less precision
(also due to the pooled analysis), but was distinctly lower than in
diluted plasma from healthy volunteers. In conclusion, (i) albumin
is the only relevant binding partner for ertapenem, but (ii) its

binding properties are affected by other plasma components
and (iii) plasma from ICU patients is not just diluted ‘healthy’
plasma.

These phenomena are likely to be complex. Fatty acids, calcium
ions or its redox state have been reported to induce conform-
ational changes of albumin, which enhance or diminish protein
binding, depending on the substance.17,18 In plasma from ICU
patients, the frequent presence of other highly protein-bound
drugs (e.g. sedatives) might have a role. Certainly, there is more
to altered protein binding of ertapenem (and presumably other
drugs) in severely ill patients than hypoalbuminaemia.

Compared with data from healthy volunteers, both the volume
of distribution and clearance of total ertapenem in our study were
increased !2-fold, whereas the mean half-life was nearly
unchanged.12 These findings are consistent with data from
patients with ventilator-associated pneumonia or severe sepsis.3,4

As for unbound concentrations, our values are similar to those
determined in eight patients with severe sepsis.3 Although not
stated explicitly, a mean fu of !55% can be calculated from the
AUC of total and unbound ertapenem.3 In patients on continuous
renal replacement therapy, the fu of ertapenem was determined
by equilibrium dialysis to be 20%–40%.10 Similar to our results
(30.9%–53.6%), these are multiples of 5% –8% which have
been reported in healthy volunteers.12 Such a different protein
binding explains severely altered pharmacokinetics and has a
strong impact on the interpretation of PK/PD indices when
unbound concentrations are estimated from total concentrations
and reported fu.4,11,19

One limitation of our study must be acknowledged. We cannot
claim that our results reflect the true unbound concentrations in
vivo. At best, they are closer to reality, as ultrafiltration was per-
formed mimicking physiological conditions. Validation could be
done by linking unbound concentrations to pharmacodynamics
or pharmacokinetics,5 but this would require more data.

To summarize, we demonstrated that determination of
unbound plasma concentrations of ertapenem by ultrafiltration
is susceptible to experimental conditions. Mimicking physiological
conditions, we found higher unbound concentrations in plasma
from healthy volunteers than previously reported and these
were even higher in samples from ICU patients, providing reason-
able exposure to free drug with standard dosing. Our results sug-
gest influences beyond hypoalbuminaemia in ICU patients.
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Objectives: To determine unbound ertapenem concentrations in plasma and to describe the pharmacokinetics of
unbound ertapenem in intensive care unit (ICU) patients.

Patients and methods: For assessing the influence of experimental conditions and for development of the ultra-
filtration protocol, plasma from healthy volunteers was used. Concentrations of total and unbound ertapenem
were determined by HPLC in 29 plasma samples from six ICU patients treated with 1 g of ertapenem once daily.
The concentration–time courses were described by a one-compartment model. Ertapenem binding to albumin
was assessed by Michaelis–Menten kinetics in solutions of human serum albumin, in plasma from healthy volun-
teers and in plasma from ICU patients.

Results: The unbound fraction (fu) of ertapenem was highly susceptible to pH and temperature during ultrafiltra-
tion and was !20% in plasma from healthy volunteers at clinically relevant concentrations. In ICU patients,
fu was substantially higher (range 30.9%–53.6%). The unbound concentrations of ertapenem exceeded 2 mg/L
for 72% (median; range 39%–100%) of the 24 h dosing interval and 0.25 mg/L for 100% (range 79%–100%).
The number of binding sites per albumin molecule was 1.22 (95% CI 1.07–1.38) in plasma from healthy volunteers
and 0.404 (95% CI 0.158–0.650) in samples from ICU patients.

Conclusions: Determination of unbound ertapenem by ultrafiltration is susceptible to experimental conditions.
When determined at physiological pH and temperature, fu of ertapenem is 2- to 4-fold higher than previously
reported and even higher in ICU patients. Binding studies indicate that hypoalbuminaemia alone does not explain
these differences. This issue should be further investigated for its clinical relevance.

Keywords: protein binding, carbapenems, b-lactams, pharmacokinetics, pharmacodynamics

Introduction
In contrast to most b-lactams, the carbapenem antibiotic ertape-
nem is highly bound to plasma proteins, thus prolonging its half-
life and allowing for once-daily dosing. However, this could be
problematic in critically ill patients, who often are hypoproteinae-
mic and for whom important alterations of pharmacokinetics
have been reported.1 Accordingly, differing conclusions have
been drawn concerning the adequacy of unbound ertapenem
concentrations resulting from standard doses.2 – 4

We have recently demonstrated the importance of experimen-
tal conditions during ultrafiltration of vancomycin.5 The objective
of the present study was to adapt our protocol to the determin-
ation of ertapenem, to apply it to samples from intensive care unit

(ICU) patients and to investigate ertapenem binding to albumin
in vitro.

Methods
Chemicals, ultrafiltration and drug assay
Ertapenem for injection (Invanzw) was obtained from InfectoPharm,
Heppenheim, Germany. Human serum albumin (HSA; lyophilized powder)
essentially fatty acid free was obtained from Sigma–Aldrich, Steinheim,
Germany.

Ertapenem was determined adapting a published HPLC-UV method
(lower limit of quantification 0.10 mg/L).6 Prior to ultrafiltration, plasma
(300 mL) was buffered with 10 mL of 3 M potassium phosphate buffer
(pH 7.5). Ultrafiltration was performed for 20 min (up to 40 min at lower
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Recommended b-lactam regimens are inadequate
in septic patients treated with continuous renal
replacement therapy
Lucie Seyler1, Frédéric Cotton2, Fabio Silvio Taccone3, Daniel De Backer3, Pascale Macours2, Jean-Louis Vincent3

and Frédérique Jacobs1*

Abstract

Introduction: Sepsis is responsible for important alterations in the pharmacokinetics of antibiotics. Continuous
renal replacement therapy (CRRT), which is commonly used in septic patients, may further contribute to
pharmacokinetic changes. Current recommendations for antibiotic doses during CRRT combine data obtained from
heterogeneous patient populations in which different CRRT devices and techniques have been used. We studied
whether these recommendations met optimal pharmacokinetic criteria for broad-spectrum antibiotic levels in
septic shock patients undergoing CRRT.

Methods: This open, prospective study enrolled consecutive patients treated with CRRT and receiving either
meropenem (MEM), piperacillin-tazobactam (TZP), cefepime (FEP) or ceftazidime (CAZ). Serum concentrations of
these antibiotics were determined by high-performance liquid chromatography from samples taken before (t = 0)
and 1, 2, 5, and 6 or 12 hours (depending on the b-lactam regimen) after the administration of each antibiotic.
Series of measurements were separated into those taken during the early phase (< 48 hours from the first dose) of
therapy and those taken later (> 48 hours).

Results: A total of 69 series of serum samples were obtained in 53 patients (MEM, n = 17; TZP, n = 16; FEP, n = 8;
CAZ, n = 12). Serum concentrations remained above four times the minimal inhibitory concentration for
Pseudomonas spp. for the recommended time in 81% of patients treated with MEM, in 71% with TZP, in 53% with
CAZ and in 0% with FEP. Accumulation after 48 hours of treatment was significant only for MEM.

Conclusions: In septic patients receiving CRRT, recommended doses of b-lactams for Pseudomonas aeruginosa are
adequate for MEM but not for TZP, FEP and CAZ; for these latter drugs, higher doses and/or extended infusions
should be used to optimise serum concentrations.

Introduction
Severe sepsis and septic shock are major causes of morbid-
ity and mortality in ICUs [1-3]. Antibiotic treatment, if
adequate and given early [4,5], remains of paramount
importance to optimise chances of survival [6]. Several
studies have shown the crucial impact of the first 24 hours
of antimicrobial treatment on outcome [7]. In addition to
timing, the chosen antibiotic should target the potential
pathogens involved, taking local susceptibility patterns

into account. To be effective, the doses given should reach
therapeutic concentrations in the blood and at the site of
infection [8-10]. Sepsis can significantly alter the pharma-
cokinetics of antimicrobials and result in subtherapeutic
drug concentrations [11,12], potentially contributing to
decreased bacterial killing, therapeutic failure and emer-
gence of resistance.
Acute renal failure is a common complication of sepsis.

In septic patients, continuous renal replacement therapy
(CRRT) is often preferred to conventional haemodialysis
because it is better tolerated haemodynamically. However,
CRRT can further alter the pharmacokinetics of antibiotics
[13]. These changes depend on several variables, such as
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Facteurs de variation de l’élimination 

        

FACTEURS liés aux médicaments

. Poids moléculaire

. Volume de distribution

. Fixation protéique

. Coefficient de partage (hydrophile/Lipophile)

. % de métabolisme rénal

. Charges moléculaire

        

FACTEURS liés aux patients

. Augmentation du volume de distribution

. pH

. Héparinothérapie / AG nutrition

. Albuminémie

. Clairances résiduelles

        

FACTEURS liés à la techniques

. Continue / Intermittent

. Convectif et/ou Diffusif

. Pré et/ou Post dilution

. Qs / Qd / Quf

. Type de membrane :

. Taille des pores

. Perméabilité hydrique

. Capacité Adsorption

. Surface d’échange

. Age du filtre

. Charges membranaire



Caractère Lipophile ou Hydrophile

Lipophiles Hydrophiles

Rifampicine

Métronidazole 

Fluoroquinolones

Phénicolés

Pénicillines

C3G

Glycopeptides

Aminosides

Linezolid

Volume de distribution

Si Vd >1 L/kg pas d’adaptation en EER même si à élimination rénale



Caractère Lipophile ou Hydrophile

Lipophiles Hydrophiles

Rifampicine

Métronidazole 

Fluoroquinolones

Phénicolés

Pénicillines

C3G

Glycopeptides

Aminosides

Linezolid

Volume de distribution

Vd élevé Vd réduit

1 l/kg

0,8 l/kg

1,8-3 l/kg

1 l/kg

0,2-0,3 l/kg

0,1-0,3 l/kg

0,3-0,6 l/kg

0,1-0,3  l/kg

0,6-0,8 l/kg

Si Vd >1 L/kg pas d’adaptation en EER même si à élimination rénale
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Vancomycine
Volume de distribution

DOSAGE !!!



Poids Moléculaire

1 10 100 1000 10 000 100 000

eau

urée

créatinine

albumine

B2 microglobuline

Interleukines
endotoxines

IgG/ anticorps

médicaments

Masses moléculaires Da

0.3 nm

0.5 nm

4x15 nm

Globules
rouges

7000 nm !



Diffusion versus convection

Poids Moléculaire

Antibiotiques
HF

HD



Poids Moléculaire

Antibiotiques

Mieux épurées par méthodes convectives





ASPECTS	PRATIQUES	

Ricci et al., Critical Care 2006, 10:R67  
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Vancomycin

1° dose

Doses additionnelles

QS 200 ml/min
Dialysat 1l/h
UF  Pré  2l/h
AN69        

750 mg/12h

Age du filtre

VANCOMYCIN:

Dose de charge:      15-20 mg/kg

CVVHD       1g/24h

CVVH      1,5-2g/24h



ChargeDAPTOMYCINE Clearence

with different types of hemofilter
and CRRT mode

CVVH >> CVVHD

Churchwell et al., Blood Purification 2006 

CVVH CVVHD

Clearance according to the hemofilter 

PolysulfonePolysulfone

AN69

AN69



Daptomycine

DAPTOMYCINE:

CVVHD  
 4 mg/24h ou 8 mg/48h

CVVH
 6-8 mg/kg/24h

Daptomycine (cumulé)

0
10
20
30
40
50
60

0 5 10 15 20 25 30
Time (h)

[C] (µg/ml) HD ART

HD EFF

BD ART

BD EFF

Joannes-Boyau et al. SRLF 2011

HVVH (HD) et CVVH (BD)

6mg/kg/j



Linezolid
Sieving Coefficient : 

HDI : 0,33
SLED: 0,60
CVVH: 0,70

Fiaccadori et al., CCM 2004; 32:2437-42
Meyer et al., JAC 2005; 56:172-9

JAC 2005; 56:172-9

CL Totale     25%
      50 % des concentrations plasmatiques
T>MIC (2mg/L) = 93%
T>MIC (4mg/L) = 57%



Taux de Fixation Protidique

   Peu épurées + Oxacilline et autres Peni M

Antibiotiques



Antibiotiques

Sieving Coefficients

Peu épurées



Taux de Fixation Protidique

35%

95%

Cefotaxime

Fraction totale
Fraction libre

Fixation Protéique

Ceftriaxone

Forme libre plasmatique

µ g
/m
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Scaglione et al. JAC 1990

h
0

20

40

60

80

100

0 1 2 3 4 5 6



SC=1-level of Proteins Binding

cyclosporine

ceftriaxone

phénitoine

phénobarbital

ciprofloxacine

digoxine

vancomycine

fluconazole

imipenem

ceftazidine
piperacilline

gentamycine

1.0

0.8

0.6

0.4

0.2

   0 0.2        0.4             0.6             0.8              1.0
fu

Sc

Free Fraction 

Sieving Coefficients

Sieving Coefficients

R=0.74

          SC=1-Taux de Fixation Protidique
 



Adaptation posologique

n  Calcul de la clairance de CRRT
CVVHDF(post)= Sd (0,62) *(2450) = 1519 ml /h = 25 ml/min

Calcul de la clairance Totale
ClCRRT (25 ml/min) + Clnon CRRT (23 ml/min) = 48 ml/min

Cible Pharmacocinétique

Concentration Dépendant
Cmax/CMI

Concentration Dépendant
AUC24/CMI

Temps Dépendant
T>CMI

Elimination
=Concentration x Cltot

Posologie IVSE
=élimination

Concentration
Moyenne cible

=AUC24/24

Intervalle
=5xT1/2 (7,8h)=40h

Intervalle
=Dose/([plasmatique]xCltot

Dose de Charge
= 32 mg/l (8xCMI) x Vd (33l) = 1000 mg

Demi-vie
=0,693 x Vd (33000 ml) / Cltot (48ml/min)=467min=7,8h

Ex : Amikacine
70 kg
CVVHDF total 35 ml/kg/h

Amikacin
Renal  Elimination 52%
Vd= 0,42 l/kg
BP 38% => Sc (1-BP) = 0,62

Intervale
=5xT1/2 (7,8h)=40h



Dose Adjustment



Dose Adjustment



Théorie ≠ Réalité

Prédit

Observé



Théorie ≠ Réalité

Prédit

Observé



Golper, Contrib Nephrol 2001;132:349-53 

Sieving Coefficients

Observé Théorique Observé Théorique



Effet Gibbs-Donnan 

Alb -

Cations

Anions

Protéines chargées négativement (albumine):

Retient les cations 
- aminoside   (Sc gentamycine T: 0, 95 /O: 0,81)
- levofloxacine

Repousse les anions
 - Ceftazidime

- Cefotaxime
- Ceftriaxone

Golper et Marx Kidney Int 1998;66:S165-8

=>  Sc Théorique >> Sc Observé

=>  Sc Théorique << Sc Observé



Effluent

Adsorption 

AN69 PAES 



Adsorption 

AN69 
Phénomène PH indépendant (6,8 vs 7,4)
Surface indépendant (0,6 vs 0,9 m2)
AN69 >> PS

Irréversible
Dose dépendant
Saturable

Capacité maximale (0,6 m2) = 550 mg AN69 / pH 7,4 / 70mg
AN69 / pH 6,8 / 70mg

AN69 / pH 7,4 / 35mg

PS   / pH 7,4 / 70mg

Adsorption 

AAC 2008; 52: 1009–1013. 
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ATB et EER Continue 

Un mot: DOSAGE !

        ATB  =  tous PM  <30Kd 

FACTEURS DE VARIATIONS

. Adsorption

. Age du filtre

. Pré ou Post dilution

. Volume de distribution

. Fixation protéique

. Coefficient de partage

. Clairances résiduelles extra-rénale

. Charges moléculaire



ATB et administration 



ATB et administration 

 
Fraction 
libre % 

 

Concentrations cibles  recommandées# 
CMI seuil  

considérée£  
(5) 

Réf. 

 

Infection documentée 
Infection non 
documentée 

Amoxicilline ≈80% 
CminL ou CéqL ≥ 4x CMI 
Cmin ou Céq < 80 mg/L 

Cmin : 40*-80** mg/L§ 
Céq : 40-80 mg/L 

8 mg/L  
(E. coli) (12) 

Céfazoline ≈15-20% 
CminL ou CéqL ≥ 4x CMI 
Cmin ou Céq < 80 mg/L 

Cmin : 40-80 mg/L§ 
Céq: 40-80 mg/L 

2 mg/L  
(S. aureus) (13) 

Céfépime 80% 
CminL  ou CéqL ≥ 4x CMI 
Cmin <20mg/L 
Céq <35 mg/L 

Cmin : 5-20 mg/L 
Céq : 5-35 mg/L 

1 mg/L 
(Enterobactéries)§§ 

(6,7,14) 

Céfotaxime ≈60-80% 
CminL ou CéqL ≥ 4x CMI 
Cmin ou Céq < 60 mg/L 

Cmin : 25-60 mg/L 
Céq : 25-60 mg/L 

4 mg/L  
(S. aureus) (15) 

Ceftazidime ≈90% 
CminL ou CéqL ≥ 4x CMI 
Cmin ou Céq < 80 mg/L 

Cmin : 35-80 mg/L§ 
Céq : 35-80 mg/L 

8 mg/L 
(P. aeruginosa) 

 
(16) 

Ceftriaxone ≈10% 
CminL ≥ 4x CMI 
Cmin <100 mg/L 

Cmin : 20-100 mg/L 
0,5 mg/L 

(E. cloacae) 
(8) 

Cloxacilline ≈10% 
CminL ou CéqL ≥ 4x CMI 
Cmin ou Céq < 50 mg/L 

Cmin : 20 -50  mg/L§ 
Céq : 20-50 mg/L  

0,5 mg/L 
(S. aureus) (12) 

Ertapénème ≈10% 
CminL ou CéqL ≥ 4x CMI 
Cmin < 10 mg/L 

Cmin : 5-10mg/L 
0,125 mg/L 

(H. influenzae)§§§ 
 

Imipénème ≈80% 
CminL ≥ 4x CMI 
Cmin < 5 mg/L 

Cmin : 2,5-5 mg/L 
0,5 mg/L  
(E. coli) (17) 

Méropénème ≈100% 
CminL ou CéqL ≥ 4x CMI 
Cmin ou Céq < 16 mg/L  

Cmin : 8-16 mg/L§ 
Céq : 8-16 mg/L 

2 mg/L  
(P. aeruginosa) (18) 

Pipéracilline ≈80% 
CminL ou CéqL ≥ 4x CMI 
Céq < 160 mg/L 

Céq : 80-160 mg/L 
16 mg/L 

(P. aeruginosa) (9) 

 



Ceftazidime

CVVH     Quf 3000 ml/h Post 0,68 98

Fortum 2g than 3g/24h IVSE

Mariat et al., Crit Care 2006; 10:R26 Traunmuller et al., JAC 2002; 49:129-34

CVVH     Quf 1000 ml/h   pre ou post ? 0,97 25

CVVHDF  Quf  1000 ml/h Pre 0,81 33
    Qd  1500 ml/h

Fortum 2g / 8h

Mariat et al., Crit Care 2006; 10:R26

Traunmuller et al., JAC 2002; 49:129-34

Fortum 2g
 than 3g/24h IVSE

Fortum 2g/8h

Fortum 1g/24h
Matzke et al., AAC 2000; 1639-44

SC Cl
(ml/min)



Ceftazidime

Fortum 2g / 8h

CVVH  Quf 3000ml/h Post

Sc: 0,68
ClCRRT 98 ml/h

Fortum 2g  puis 3g/24h IVSE

CVVHDF  Quf 1000ml/h Pré
    Qd  1500ml/h

Sc: 0,81
ClCRRT 33 ml/h

Mariat et al., Crit Care 2006; 10:R26 Traunmuller et al., JAC 2002; 49:129-34



1g/12h 500 mg
puis 2g IVSE/24h

Meropenem



Clairance Fractionelle  Extracorporelle

n  Levofloxacine
n  TFP: 25-40 %
n  ClCRRT: 12 ml/min

n  Elimination hépatique faible: 15-20% (22-30 ml/min)
n   
n  Moxifloxacine
n  TFP: 54 %
n  ClCRRT: 18 ml/min
n  Elimination hépatique élevée 80% (160 ml/min)

Fluoroquinolones

FrCRRT =
ClCRRT+Clnon-rénale+Clrénale résiduelle

ClCRRT

=> FrCRRT: 40%

=> FrCRRT: 10%

HDI: 125 mg/j
CVVH ou CVVHDF: 250 mg/j (dose 
de charge de 500mg)



70 ml/kg/h 

J3  

« IVOIRE study » 

35 ml/kg/h 

J5  

Fluoroquinolones

ofloxacine IV, 200 mg deux fois par jour



Les autres antifungiques

Voriconazole:
Fixation protidique: 56% PM: 350 d
Métabolisme hépatique

     Vd 4.6 L/kg
                        Pas de modification

6 mg/kg/12h puis 4 mg/kg/12h
Micafungine： 

Fixation protidique: 99.8% PM: 1292 d 
Métabolisme hépatique

                       Pas de modification
100 mg/24h

Amphotericine B liposomale： 
Fixation protidique: >90 % PM: 924 d 
Insoluble dans l’eau 
Vd 1,7-3 L/kg

     Pas de modification
5 mg/kg/24h

Fuhrmann et al., JAC 2007;60:1085-90

Hirata et al., JSP 2007;127:897-901

Passer Per-os     



Fluconazole

RCT européennes

400 mg /J

200 mg /J

CVVHDF

Candida sensible

Cl-Fluconazole rénale= 20-25 ml/min
car réabsorption tubulaire

PM: 306 daltons
Fixation protéique: 12   %
Vd 0,7 l/kg

Métabolisation: Rénale (80%)

Sieving Coefficient Fluconazole Théorique: 0,8 /Observé: 1

CVVH moderne = Cl creat 25-50 ml/min (Sc=1)

Cl rénale <<< Cl EER



Fluconazole



CVVH
Débit 90ml/min
Réinjections (pré) 1000ml/h

CVVHDF
Débit 90ml/min
Réinjections (pré) 1000ml/h
Dialysat 1000ml/h

t1/2: 
CVVHD: 15-35 h
CVVH:    24-51 h 

Sieving coefficient 
CVVHD: 0.88 
CVVH: 0.96 

400 mg/j

600 mg/j
800 mg/j

CVVH
Débit 200ml/min
Réinjections (pré) 1000-2000ml/h

Fluconazole

t1/2: 
CVVH 1l:   33-20 h
CVVH 2l:   24-13 h

Fluconazole  400  600  800 mg /24h Fluconazole  800 mg /24h

UF 1000 ml/h

UF 2000 ml/h

Anurique :   200 mg/j
CVVHDF ou CVVH Qd et/ou Qu 1 l/h:  600mg/j
CVVH  Qu 2l/h: 800 mg/j
CVVH Qu 35 ml/kg/h: 600mgx2/j



Patient 0124 Fluconazole
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ATB et EER Continue 

Ne pas oublier de DIMINUER quand arrêt EER  !!!
Clairance souvent basse initialement



ATB en réanimation 



ATB en réanimation 


