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Advice sought The Committee is asked to advise: 

• Whether there is evidence for an association between the entire 
cephalosporin class and neurotoxicity? 
o If no, is there evidence for an association between a specific 

generation of cephalosporin and neurotoxicity, or 
o Is there evidence for an association for a specific cephalosporin and 

neurotoxicity?  
 

• If there is evidence for an association (for the entire class, a specific 
generation, or a specific cephalosporin): 
o Does the Committee consider that a warning should be included in 

section 4.4 for all products and related to neurotoxicity in general or 
specific separate warnings for encephalopathy and/or seizures  

o If a warning is desirable, should it include risk factors, and 
management (for example EEG monitoring and discontinuation of 
treatment),  

o Should these terms be included in section 4.8: encephalopathy, 
delirium, confusion, depressed level of consciousness, agitation, 
hallucinations, disorientation, tremor, myoclonus, seizures, NCSE.  
 

• The risk of neurotoxicity appears to be linked with renal function. An 
inconsistency in recommendations of renal dosing has been identified 
across countries. Does the Committee consider the inconsistences to be 
important and require adjustment.   

 
• Does the topic require further communication, other than MARC’s 

remarks in Prescriber Update?   
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narrow spectrum agent [6, 7]. For serious and complicated infections, advice on appropriate antibiotic choice 
and dosing is often sought from infectious disease specialists [7].  
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First generation cephalosporins 

First generation cephalosporins have coverage against most gram-positive cocci such as staphylococci species 
and streptococci species, while having minimal coverage against gram-negative bacteria [4]. Cefazolin is a 
first-generation cephalosporin. It is administered parenterally and is often used for skin and soft tissue 
infections, and for perioperative prophylaxis [4, 6] 

Cefalexin and cefaclor are orally-administered cephalosporins and have a similar antimicrobial spectrum. They 
are used for infections managed in primary care, including urinary tract infections, respiratory tract infections, 
otitis media and skin and soft tissue infections managed in primary care [6]. They may also be used when a 
patient is being discharged from hospital and needs to be switched from intravenous to oral cephalosporins to 
complete the antibiotic course [7].  

Second generation cephalosporins 

Second generation cephalosporins have less activity against gram-positive cocci than first generation 
cephalosporins, but have increased activity against gram-negative bacteria [4]. When given intravenously in 
combination with metronidazole, cefuroxime is used as an alternative option to amoxicillin-based regimens for 
treatment of gastrointestinal infections, such as peritonitis, diverticulitis or intra-abdominal abscesses. It is also 
used as monotherapy (or in combination) for pyelonephritis [7].  

Cefoxitin is a second-generation cephalosporin [4]. There is currently an approved product, however it is not 
being marketed in NZ and there is no published data sheet on the Medsafe website.  

Third generation cephalosporins 

Third generation cephalosporins have extended gram-negative coverage. Compared to previous generations 
of cephalosporins, these antibiotics are more likely to be used for serious infections and infections in 
immunocompromised individuals [4]. Immunocompromised individuals are at risk of acquiring antimicrobial 
resistant infections, and therefore require a broad spectrum of microbial cover [6, 7].  

Third generation cephalosporins are used in the treatment of bacterial meningitis. Ceftriaxone is often used 
first line as an empiric (based on experience of the infection before the pathogen is known) antibiotic for 
bacterial meningitis, and may be given in the community before the patient is transferred to hospital [8]. 
Ceftazidime has pseudomonas coverage and is used in patients who have had a previous pseudomonas 
infection or previous colonisation [6].  

Fourth generation cephalosporins 

Fourth generation cephalosporins have similar coverage to third generation cephalosporins, with additional 
coverage against gram-negative bacteria that have antimicrobial resistance. Cefepime is a fourth-generation 
cephalosporin and may be reserved for serious systemic infection in patients who are likely to have multi-
resistant organisms [4].  

Fifth generation cephalosporins 

Fifth generation cephalosporins, such as ceftaroline and ceftolozane, have coverage against methicillin-
resistant staphylococci and penicillin-resistant pneumococci [4]. Ceftaroline is only funded for multi-resistant 
organism salvage therapy where alternative therapies have failed [9].  

Comments 

There are a range of cephalosporins approved in NZ.  

Cefalexin and cefaclor are oral antibiotics and commonly used in primary care for mild to moderate 
infections. Other cephalosporins are administered parenterally and are used in hospital with a few 
exceptions.  

Third, fourth and fifth generation cephalosporins have a broad antimicrobial spectrum and are used for 
serious infections.  
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Sugimoto et al (2003) examined the convulsive activities of several cephalosporins by intracerebroventricular 
administration in mice. Receptor binding affinity of GABAA receptor and N-methyl-d-aspartate (NMDA) 
receptor were also assessed. Cefazolin had more potent convulsive activity than cefepime and ceftazidime. The 
results from the study suggested that beta-lactam antibiotics exert convulsive activity at higher 
concentrations, bind to GABAA receptors in a concentration-dependent and competitive manner, and NMDA 
receptors are not involved in convulsive activity. While suggestive, these results do not quantify completely 
clarify the convulsive risk of cephalosporins in a clinical situation [22].  

Comments:  

Encephalopathy may arise from cephalosporin exposure in the CNS that affects the normal neuronal 
functioning in the brain.  

Cephalosporins may inhibit GABAA binding, which could be a biologically plausible mechanism for 
convulsive effects.  

The potential convulsive effects of cephalosporins may vary due to their different structures.  

2.2.3 Risk factors  

Risk factors for cephalosporin-induced neurotoxicity include renal impairment, blood brain barrier (BBB) 
penetration, BBB disruption and plasma and cerebrospinal fluid (CSF) levels. These risk factors are discussed 
below.   

2.2.3.1 Renal impairment   

Renal impairment has been recognised as a significant contributing factor to CIN, especially if the 
cephalosporin dose is not appropriately renally-adjusted [23]. 

Renal function can be measured via estimated glomerular filtration rate (eGFR) or creatinine clearance. eGFR is 
normalised to a body surface area of 1.73m2. Creatinine clearance (CrCl) is calculated using Cockcroft and 
Gault equation using the patient’s age, gender and weight [24].  

In renal failure, the kidneys are not able to function properly and eGFR/CrCl is lower than normal. Established 
renal failure is when the eGFR is less than 15 mL/minute/1.732. A reduction in kidney function may progress 
over time (chronic kidney disease) or be sudden in onset (acute kidney injury) [24].  

Table 3 outlines the elimination pharmacokinetic (PK) parameters of different cephalosporins.   
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Calculation of creatinine clearance via the Cockcroft and Gault equation may be a more accurate 
representation of renal function in patients with extremes of weight. eGFR is likely an overestimation of 
renal function in a frail older adult and may lead to overdosing.  

Hepatic impairment may increase the risk of accumulation of ceftriaxone. 

2.2.3.2 Blood-brain barrier (BBB) penetration  

The BBB is a dynamic structure that protects the brain against harmful blood-borne pathogens and toxins, and 
maintains the homeostatic environment [26]. It is formed by a monolayer of endothelial cells fused together to 
form intercellular tight junctions. These cells help to control the entry and exit into the CNS [27]. Figure 3 
highlights the different mechanisms used by molecules to cross the BBB [28]. Molecules may enter through 
the tight junctions (paracellular) or through the cell wall via transport systems (transcellular) [27, 28].  

Figure 3: Diagram of endothelial cells that form the blood-brain barrier and pathways across the blood-
brain barrier  

Source: Alahmari A. 2021. Blood-Brain Barrier Overview: Structural and Functional Correlation. Neural plasticity 2021: 6564585-6564585. 
DOI: 10.1155/2021/6564585 (accessed 14 November 2022). 

 

Cephalosporins enter the CSF predominantly via passive diffusion down a concentration gradient. Due to their 
low lipophilicity, they transverse cell membranes poorly and enter the CSF slowly via paracellular pathways 
[29]. The concentration time-curve of cephalosporins in the CSF lags behind plasma [30]. 

The extent of penetration of different cephalosporins through the intact BBB is variable, due to differences in 
lipophilicity, protein binding and plasma concentration. Patient factors such as renal function and albumin 
levels also influence the pharmacokinetics of these medicines [29]. Cephalosporins exhibiting a moderate 
lipophilicity were found to diffuse well into the CSF [31]. The PK parameters of third and fourth generation 
cephalosporins are similar, with the exception of ceftriaxone [29].  

Binding to plasma proteins influences the entry of a drug into the CNS. Only the plasma fraction of unbound 
(free) drug can penetrate an intact BBB, as binding proteins (eg, albumin and globulins) pass through the BBB 
only to a small degree [31]. Table 4 shows the protein binding of different cephalosporins. 

Some conditions, such as renal disease or low albumin, reduce the amount of proteins available for binding. 
For highly protein-bound drugs, a reduction in binding proteins results in an increase of unbound drug in the 
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Critically ill patients are prone to disruptions in BBB.  

2.2.3.4 Plasma and CSF levels  

When reported, some case reports correlate an increase in serum plasma levels and/or CSF levels of 
cephalosporin with CIN [23, 32].  

Measuring the concentration of cephalosporins in the plasma and CSF may give an idea of cephalosporin 
exposure. However, the relationship between the level of exposure to a cephalosporin and the onset of 
neurotoxicity has not been established [23].  

Plasma concentration alone is likely unable to estimate CSF concentration because of different CSF/plasma 
ratios and BBB efflux among patients [30].  

Comments: 

There is insufficient available information to define the plasma and CSF level associated with cephalosporin 
neurotoxicity. It is unclear what plasma levels should be targeted or what CSF levels could be toxic or 
whether measuring these would help reduce the risk of neurotoxicity. 

In some cases of CIN, the patients had renal dysfunction and were not dosed appropriately for their 
condition. This inappropriate dosing could be considered an overdose. If the patients had been dosed 
appropriately, neurotoxicity may not have occurred. 

Seizures and encephalopathy are reported as symptoms of overdose in several cephalosporin data sheets, 
suggesting that when used at more than the recommended dosages, neurotoxicity may occur.  

Cephalosporins do not generally require therapeutic drug monitoring compared with some other antibiotics 
such as vancomycin or gentamycin. The ceftazidime data sheet states that trough levels should not exceed 
40mg/mL when treating severe infections. The ceftriaxone data sheet recommends monitoring plasma 
concentration in patients undergoing dialysis. The Australian PI includes that blood levels should be 
monitored in patients with severe renal impairment and that serum levels should not exceed 280 
micrograms/mL. There is no information about the risk of adverse effects in relation to the monitoring 
recommendations.  

2.2.3.5 Summary  

Many risk factors have been identified for CIN, however, most have been identified via case reports.  

High plasma concentrations of cephalosporins resulting from reduced clearance and/or excessive dosing, in 
conjunction with an increased permeability of the BBB (such as in severe infections), may increase CNS levels 
and contribute to neurotoxicity. Individuals with underlying CNS disease or who are elderly may be more 
susceptible to CIN.  

A combination of these factors may cause an increase in the levels of cephalosporins in the CNS, and in 
conjunction with the patient’s susceptibility, the potential for neurotoxicity.  

2.2.4 Differential diagnosis 

Neurotoxic symptoms with similar clinical features to CIN are common in critically ill patients. Distinguishing 
CIN among these patients is challenging [18].  

There are many other types of acute TME, including septic, electrolyte disturbance, hepatic (advanced cirrhosis 
of the liver) and uremic (high levels of toxics normally cleared by the kidney). Acute TME can also occur from 
other medicines, illicit drugs, and alcohol. Clinical features of acute TME are nonspecific, and do not reliably 
identify the underlying cause [14]. 

Infectious diseases may affect brain function and cause encephalopathy even when the pathogen does not 
directly infect the CNS. Infections caused by viruses, bacteria or parasites may lead to a secondary 
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inflammatory response in the brain, also known as neuroinflammation, mediated by cytokines and 
chemokines. Neuroinflammation has been linked to cognitive and behavioural symptoms [12].  

Delirium is common in a hospitalised patient. Other risk factors for delirium include older age, baseline 
cognitive impairment, mechanical ventilation and the post-operative setting [11]. 

Electrolyte disturbances, medicines, withdrawal effects, sepsis, fever and CNS infections (such as meningitis 
and encephalitis) may also cause a provoked seizure [20].  

NCSE can occur in the ICU and is more common that previously recognised. Any fluctuating or unexplained 
alternation in behaviour or mental status warrants consideration of NCSE and evaluation of EEG [16].  

Comments:  

Individuals may be at risk of encephalopathies and/or seizures caused by infection, liver and kidney 
impairment and other medicines.  

The presence of these factors in patients who are receiving cephalosporin therapy may complicate the 
recognition of CIN.    

2.2.5 Diagnosis and management  

Diagnosis of CIN is mainly by clinical suspicion, however, may include diagnostic imaging. It is recommended 
that EEG studies are performed in patients who present with neurological complications during the course of 
treatment with cephalosporins [20].  

Different EEG patterns have been described in association with CIN. Both encephalopathy with triphasic waves 
and NCSE have been reported, and distinguishing between these two conditions may be difficult [33].  

Early detection of drug-induced seizures is important. Cessation of the antibiotic is critical in preventing 
seizure recurrence. Drug-induced seizures are typically self-limiting, however repetitive prolonged seizures 
may require medical management [20].  

Management of CIN includes cessation of cephalosporin use, initiation of anticonvulsive therapy if indicated, 
and intermittent haemodialysis in those with compromised renal function [34]. Symptoms of CIN are usually 
resolved following discontinuation of the cephalosporin [10].  

Comments  

EEG monitoring is helpful in patients taking cephalosporins who present with an altered mental state and 
no other obvious causes for the presentation.  

Discontinuation of the cephalosporin in CIN usually resolves symptoms. However, in patients with renal 
impairment, the half-life will be extended and dialysis may be required for rapid removal of the medicine.  
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3 SCIENTIFIC INFORMATION  

3.1 New Zealand and international prescribing information  

The NZ data sheets for approved and available cephalosporins were reviewed against Australian and UK 
product information for neurological adverse events.  

The product information used in this section was sourced from the following websites:  

• New Zealand data sheets: Medsafe Information for Prescribers/Consumers Search (medsafe.govt.nz) 
• Australian product information (PI): Therapeutic Goods Administration TGA eBusiness Services 
• UK summary of product characteristics (SmPC): About emc - electronic medicines compendium (emc) 

3.1.1 Neurological adverse effects  

A summary of the neurological adverse effects listed in New Zealand, Australian and UK product information is 
presented below.  

For further information, refer to annex 1.   

3.1.1.1 First generation cephalosporins 

The Australian and UK cefazolin product information includes a warning in section 4.4 that seizures may occur 
in patients with renal impairment/inappropriately high doses administered in renal impairment.  

The Australian PI includes an additional warning for encephalopathy with use of cefazolin in renal failure.  

Confusion, hyperactivity, and drowsiness are listed in section 4.8 of the UK SmPC.  

Seizures is included in section 4.9 (overdose) of the NZ, Australian and UK product information.  

The cefalexin product information in NZ, Australia and UK has no warnings about encephalopathy and/or 
seizures. A general statement about overdosage of cephalosporins is included in the NZ and Australian 
product information.  

3.1.1.2 Second generation cephalosporins 

Reversible hyperactivity, confusions, hypertonia, and hallucinations are listed in section 4.8 of cefaclor data 
sheet. These symptoms could represent encephalopathy.  

Section 4.8 of the cefaclor NZ data sheet has a general statement about cephalosporins triggering seizures, 
particularly in patients with renal impairment. If seizures associated with medicine therapy occur, the medicine 
should be discontinued, and anticonvulsant therapy can be given if clinically indicated.  

There is no information about seizures in section 4.9 of cefaclor data sheet, Australian PI or UK SmPC. 
product information. 

Section 4.9 of the cefuroxime IV Australian PI and UK SmPC state that encephalopathy and coma, in addition 
to convulsion, are symptoms of overdose. The cefuroxime NZ data sheet lists convulsions only in section 4.9. 
No information is listed in section section 4.4 or 4.8 of the NZ data sheet, Australian PI or UK SmPC.   

3.1.1.3 Third generation cephalosporins 

The cefotaxime NZ, Australian and UK product information contains warnings about neurotoxicity. This 
warning notes that cefotaxime, especially in patients with kidney failure, may lead to encephalopathies (e.g., 
loss of consciousness, abnormal movements, and convulsions). Risk of encephalopathy is also listed in 
section 4.7.  

Section 4.9 of the UK cefotaxime SmPC states that the risk of encephalopathies and CNS excitation 
conditions is increased in patients with severely restricted kidney function, epilepsy, and meningitis. The NZ 
data sheet does not include the additional information about risk factors.  
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Sections 4.4 and 4.8 of the ceftazidime product information include that there have been reports of 
neurological sequelae (including tremor, myoclonia, convulsions and encephalopathy) in patients with renal 
impairment whom the dose has not been appropriately reduced.  

The NZ ceftriaxone data sheet does not include information about neurological adverse effects. 
Encephalopathy is included in the Australian and UK product information.  

3.1.1.4 Fourth generation cephalosporins 

The cefepime product information includes warnings relating to encephalopathy, myoclonus, and seizures. 
Most reports have occurred in patients with renal impairment who received doses of cefepime that exceeded 
recommendations.  

Section 4.4 states that, in general, symptoms of neurotoxicity resolved after discontinuation of cefepime 
and/or after haemodialysis. However, some cases included a fatal outcome, which is included in the NZ data 
sheet and Australian PI. 

3.1.1.5 Fifth generation cephalosporins 

The ceftaroline product information includes information about neurological sequalae, including 
encephalopathy occurring when appropriate dose adjustments are not made. In addition, ceftaroline should 
be used with caution in patients with a history of seizures, due to seizures occurring in toxicology studies.  

Section 4.9 of the UK ceftaroline SmPC includes information about neurotoxic effects, which is not in section 
4.9 of the NZ and Australian product information.  

The NZ, Australian and UK prescribing information for ceftolozane + tazobactam has no information about 
neurotoxicity.  

3.1.1.6 Summary of neurological adverse effects in product information  

Table 5 provides a summary of the information relating to neurotoxic adverse effects currently in NZ data 
sheets.  
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3.1.2 Renal dose adjustments  

A summary of renal dose adjustments of cephalosporins for adults in the NZ datasheets, versus international 
prescribing information and other prescribing resources, is presented in the section below.  

For further information refer to annex 2.  

3.1.2.1 First generation cephalosporins  

The recommended dosing orf cefazolin in the NZ data sheet varies depending on the indication. Higher doses 
are used in severe, life-threatening infections.  

Dose reduction of cefazolin is required when CrCl is <55 mL/min. Renal dose adjustments in the cefazolin NZ 
data sheet are the same as in the UK SmPC. Dose adjustments apply after an initial loading dose appropriate 
to the infection. Dose adjustments are calculated by halving the full dose required and/or extending the 
frequency. The data sheet does not provide information on dosing in dialysis.  

Compared to the NZ data sheet and UK SmPC, the recommended cefazolin doses for severe renal impairment 
are lower in the Australian product information and UpToDate. For serious infections, the NZ data sheet 
recommends 1–1.5g every 6 hours. This is reduced to 500–750mg every 18–24 hours if CrCl <10 mL/min. 
Using the Australian information, for a severe infection, the dose would be reduced to 150–400mg every 24 
hours when CrCl between 5–20 mL/min, and 75-200mg every 24 hours when CrCl <5 mL/min. The 
recommended dose in UpToDate for ≤10 mL/minute: 500 mg to 1 g every 24 hours. 
The maximum dose of cefazolin in the Australian and UK information is up to 6g a day. The NZ data sheet 
states that doses up to 12g have been used rarely.  
 

Comments:  

Cefazolin is funded in the community for dialysis. The NZ cefazolin data sheet has no dosing information for 
use in dialysis.   

Dosing in severe renal impairment differs between the NZ and Australian product information.  

 

The usual dose of cefalexin ranges from 1 to 4 grams. Section 4.4 of the NZ, Australian and UK product 
information advises that cefalexin should be administered with caution in patients with markedly impaired 
renal function, and that a safe dosage may be lower than that usually recommended.  

Prescribing guidelines, including the NZF, suggest a lower dose should be used in renal impairment and 
provide dosing recommendations.  

Comments:  

The cefalexin NZ data sheet recommends caution with use in renal impairment; however, no dose 
adjustments are provided.  

 

3.1.2.2 Second generation cephalosporins  

The cefuroxime dose should be renally adjusted when it is given intravenously to patients with CrCl 
<20mL/min. Dose adjustment recommendations in the cefuroxime (IV) NZ data sheet are the same as the UK 
SmPC and include dialysis.  

The cefuroxime IV Australian PI has a maximum dose of 1.5g every 24 hours in patients with CrCl <20 mL/min. 
UpToDate and the Renal Drug Handbook guidance also have this this maximum dose. The NZ data sheet and 
the UK SmPC recommend 750mg once daily for CrCl <10 mL/min.  

The dose of cefuroxime axetil, administered orally, should be reduced when CrCl is <30 mL/min.  
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Renal dose adjustments of cefaclor are generally not required. Cefaclor has a short half-life.  

Comments:  

The maximum dose of cefuroxime (IV) in patients with severe renal impairment is lower in the NZ data sheet 
and UK SmPC, compared to Australian product information and other prescribing information.  

Cefaclor does not require renal dose adjustment, however product information states that it should be used 
with caution in the presence of markedly impaired renal function.  

3.1.2.3 Third generation cephalosporins  

Dosing recommendations for ceftazidime are the same in the NZ, Australian and UK product information. 
Dosing guidance for ceftazidime for different types of dialysis are also in the NZ data sheet. It is 
recommended a lower maximum dose (3g) of ceftazidime is used in elderly, especially over 80 years of age.  

There is variation between renal dosing recommendations of cefotaxime across international prescribing 
information and prescribing guidelines. The NZ data sheet recommends dose reduction when CrCl is 
<10 mL/min. The Australian and UK product information suggest dose reductions when CrCl is between 5–20 
mL/min, and further dose reductions when CrCl <5 mL/min.  

The NZ cefotaxime data sheet does not contain information about dosing in haemodialysis, however this is 
noted in the UK SmPC.  

Dosing guidance in the NZF and the Renal Drug Handbook are similar to the NZ cefotaxime data sheet. 

Comments:  

The threshold for dose reduction for cefotaxime is 20 mL/min in the UK and Australian product information, 
and 10 mL/min in the NZ data sheet.  

Higher doses of cefotaxime maybe used in severe renal impairment as per the cefotaxime NZ data sheet, in 
comparison to the Australian and UK product information.  

Ceftriaxone is different to other cephalosporins, as it undergoes renal and biliary clearance. In the NZ 
ceftriaxone data sheet, a maximum dose of 2g daily is recommended when CrCl is <10 mL/min.  

The Australian PI recommends that blood levels should be monitored in patients with severe renal impairment, 
including dialysis. If evidence of accumulation from serum levels is evident, then the dose should be decreased 
accordingly. Monitoring of plasma concentrations is also recommended in the NZ data sheet, however no 
guidance on levels is provided.  

Patients using ceftriaxone who are on dialysis do not require additional dosing following dialysis. Ceftriaxone 
is not removed by peritoneal or haemodialysis. This information is included in the NZ ceftriaxone data sheet.  
 

Comments:  

Monitoring of ceftriaxone plasma concentrations is recommended in patients undergoing dialysis in the NZ 
data sheet. However, there is no guidance on target plasma concentrations is provided.   

 

3.1.2.4 Fourth generation cephalosporins  

The renal dose adjustments for cefepime are similar in the NZ, Australian and UK product information. The 
dose of cefepime should be adjusted when the CrCl is <50 mL/min.  

The NZ cefepime data sheet only has dose adjustments for renal function in adults. However, the UK product 
information suggests that if children >12 years who are >40kg require renal dose adjustment, adult guidance 
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can be used. Dosing information for haemodialysis and peritoneal dialysis is provided in the NZ cefepime data 
sheet.   

Comments  

Cefepime is highly renally cleared. As a result, renal dose adjustment is required in moderate renal 
impairment, in addition to severe renal impairment.  

3.1.2.5 Fifth generation cephalosporins  

The NZ and UK prescribing information for both ceftaroline and ceftolozane (and tazobactam) have the same 
recommendations for adjustment in renal impairment, respectively. 

Dose adjustment should occur when CrCl is <50 mL/min. Information on dosing in end stage renal disease 
(ESRD) is also included. 

3.1.2.6 Summary 

Appropriate renal adjustment of cephalosporins in patients with renal impairment, including in dialysis, is 
important.  

Inappropriate overdosing in renal impairment has been highlighted as a risk factor for CIN.  

The NZ data sheet dosing recommendations for cefazolin and cefotaxime in patients with severe renal 
impairment are potentially higher than in the Australian and UK prescribing information.  

The cefalexin NZ data sheet does notes caution for use in renal impairment. However, prescribing guidelines 
(NZF, UpToDate and The Renal Drug Handbook) provide renal dosing recommendations.  

The cefazolin NZ data sheet does not include recommendations for dosing in dialysis.  

Dosing of antibiotics in renal failure can be challenging. In some clinical situations, there is a balance between 
risk of accumulation and adverse effects and targeting an effective dose to provide therapeutic benefit.   

Renal dosing recommendations for children are not included in some cephalosporin data sheets where renal 
dose adjustment is provided for adults. 
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3.2 Published literature  

This section includes studies, reviews and case reports identified from the literature.  

Articles relating to cefepime were mostly excluded as CIN has already been identified with this cephalosporin 
and the data sheet includes appropriate information.  

3.2.1 Serious central nervous system side effects of cephalosporins: a national analysis of serious 
reports registered in the French Pharmacovigilance database – Lacroix et al, 2019 [23] 

Aim: To review serious CNS (neurological and/or psychiatric) adverse effects from cephalosporins using data 
from the French pharmacovigilance database.  

Method: Serious CNS (neurological and/or psychiatric) ADRs involving a cephalosporin and registered in the 
French pharmacovigilance data base until 31st December 2017 were extracted. Serious ADR was defined as 
fatal or life-threatening, requiring hospitalisation or prolongation of ongoing hospitalisation, resulting in 
persistent or significant disability, other medically important conditions or congenital abnormality or birth 
defect.  

Results: 511 serious reports were identified, representing 755 CNS ADRs. Of these, 52.5% of reports were in 
males and 62.4% of reports were in patients over 65 years of age. The ADR resulted in a hospitalisation or 
prolonged hospitalisation in 364 reports, was life-threatening in 61 reports and fatal in 31 reports.  

Figure 4 shows the number of ADRs from different cephalosporins. Overall, 20 different cephalosporins were 
identified. Cefepime (169), was the most frequently reported, followed by ceftriaxone (152), ceftazidime (100), 
cefotaxime (46) and cefazolin (15).  

Figure 4: Number of serious CNS ADRs registered per cephalosporin in the French Pharmacovigilance 
database 

 
Where information was available from 195 reports, the mean creatinine clearance was 32.9 mL/min and renal 
impairment present in 87.7% of these reports. There were 128 reports where the patient had a documented 
history of CNS diseases. The most frequent reported CNS diseases were depression (23.1%), alcoholism 
(20.3%), epilepsy (16.4%), cognitive disorders (10.2%) and anxious-depressive syndrome (8.6%). There were 
254 patients that were exposed to other antibiotics, and 150 patients exposed to other drugs that can affect 
the CNS.  

The most frequently reported serious ADRs reported with cephalosporins are shown in Figure 5. The most 
frequently reported ADRs included encephalopathy (34.1%), convulsion (27%), confusional state (19.4%), 
myoclonia (9.4%) and hallucination (6.7%).  
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Figure 5: The most frequently reported ADRs from reports of cephalosporins and serious CNS ADRs in 
the French Pharmacovigilance Database 

 
The mean time of onset of CNS ADRs was 7.7 days (standard deviation [SD]: 11.3) after starting a 
cephalosporin. The mean duration of the ADR was 6 days (SD: 7.4).  

Results of an EEG were available in 195 reports and were abnormal for 81%.  

Cephalosporin plasma levels were available for 153 patients. Details of these patients are outlined in Table 6. 
Except for cefotaxime, the majority of plasma levels were above the usual range.  

Table 6: Level of exposure to cephalosporin: Number of patients with plasma levels measurements, 
median plasma levels, number of plasma levels above the standards and number of patients with 
plasma levels above the standards relate to a renal impairment  

 

 
Discussion: This study identified reports of serious CNS ADRs of cephalosporins. Signs of encephalopathy 
(confusional state, hallucination, coma) and/or signs convulsive state (convulsion, myoclonia, status 
epilepticus) were the main ADRs reported. Results from this study suggest that the elderly are more prone to 
CNS ADRs, or more frequently reported about as the mean age of patients in the study was 67.7 years.  

Results from this study showed that various other cephalosporins have been reported to be associated with 
CNS ADRs. In addition, that these ADRs are not limited to parenteral administration.  

CNS ADRs from cephalosporins can be life threatening and lead to a fatal outcome.  

Most patients in the study received doses below the maximum dose in the SmPC, showing that CNS ADRs can 
occur within normal dose range.  
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Comments 

Previous studies relating to CIN are mostly about cefepime. Regulators, such as the FDA, have 
communicated about this safety concern with cefepime. Less is known about CNS ADRs related to other 
cephalosporins.  

This review suggests that in addition to cefepime, other cephalosporins can cause CNS ADRs. The risk of 
neurotoxicity between different cephalosporins may vary. Most reports were associated with cefepime, 
ceftriaxone and ceftazidime. Cefotaxime and cefazolin had a low number of reports, and cefaclor was one of 
the least reported cephalosporins, cefalexin had no reports, however the reporting level is likely influenced 
by use of different cephalosporins in France. 

CNS ADRs were reported in patients treated with the normal dose range and were not only due to higher or 
overdoses.  

Renal impairment was present in most of the reports, where this information was available, although this 
information was missing from a large number of the total reports analysed.  

A small number of reports had plasma levels available. Of these, most reported elevated levels, indicating an 
increased exposure to cephalosporins for these patients. The plasma level that may determine a risk for CIN 
is unknown. CSF levels were not reported.  

Patients were aged over 65 years in more than half of the reports.  

A range of CNS ADRs were reported, suggesting that CIN may present as a range of neurotoxic symptoms. 
However, both encephalopathy and confusional state were reported, though these ADRs could potentially 
be interchangeable. The sum of the encephalopathy + confusional state reports was greater than the 
number of seizure reports.  

It is not known from this study if a specific cephalosporin is more strongly associated with particular ADRs.   

3.2.2 Antibiotic-associated encephalopathy – Bhattacharyya et al, 2016 [35] 

Aim: Undertake a comprehensive review of reported cases of antibiotic-associated encephalopathy (AAE) to 
define the specific clinical features, EEG changes and neuroimaging findings associated with encephalopathy 
from antibiotic classes and individual antibiotics.  

Method: PubMed was searched from beginning of indexing to 16 October 2013. Search terms included were 
encephalopathy, confusion, delirium, seizure, neuropathy, neurotoxicity, mania, hallucination or psychosis. 
Articles included must have presented a case report or case series describing patients experiencing alternation 
of cognition/consciousness after administration of antibiotics and improvement after cessation.  

Results: Search yielded 292 articles describing 391 individual cases. Toxicity was reported with 54 different 
antibiotics from 12 different classes. 

Penicillins had 72 reports, followed by cephalosporins with 69 reports. The reports from cephalosporins 
included cefepime (33), ceftazidime (12), and other (including cefuroxime (5), ceftriaxone (4), cefazolin (3), 
cefalexin (3) and cefotaxime (2)).  

In comparison with other antibiotics, baseline renal insufficiency was particularly common in cases of 
cephalosporin-associated encephalopathy (72%). The median age for cephalosporin reports was 65 years.  

Table 7 shows the clinical characteristics of AAE for penicillins and cephalosporins. Psychosis was much less 
common in cases of encephalopathy associated with cephalosporins, compared with other antibiotic classes. 
Seizures were present in 14% of cases overall and were most reported with penicillins (38%) and 
cephalosporins (35%). Seizures associated with cephalosporin-associated encephalopathy were nonconvulsive 
in 54% of patients. Myoclonus was found in 41% of cephalosporin reports.  
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Table 7: Clinical features of penicillins and cephalosporin – associated encephalopathy  

 
Table 8 shows brain MRI and EEG abnormalities in antibiotic-associated encephalopathy. EEG was abnormal in 
nearly all cases of cephalosporin associated encephalopathy in which EEG was obtained (95%). Of these, both 
EEG with seizures or epileptiform discharges and EEG with slowing/triphasic waves were identified.  

Table 9: Brain MRI and EEG abnormalities in cases of penicillins and cephalosporins – associated 
encephalopathy   

 
Discussion: Based on the data, three clinical phenotypes of AAE were identified. This are shown in Figure 6.   

Figure 6: Types of antibiotic-associated encephalopathy  

 
Type 1 AAE is characterised by onset with days of antibiotic initiation, common occurrence of myoclonus or 
seizures, abnormal EEG, normal MRI and resolution within days. This is the clinical phenotype seen with 
cephalosporins and penicillin. It is thought to be caused by disruption of inhibitory synaptic transmission 
leading to excitotoxicity.   
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Limitations: This review focused on cases describing altered cognition with antibiotics, as opposed to seizures 
associated with antibiotics. Reports focusing on seizures with antibiotics may underreport encephalopathy.  

Comments:  

This review identified signs and symptoms of cephalosporin-associated encephalopathy, which included 
seizures (including non-convulsive) and myoclonus. A large proportion of cases had baseline renal 
insufficiency.  

Cefepime had the most reports of cephalosporin-associated encephalopathy, followed by ceftazidime. A 
range of cephalosporins were also reported, although to a lesser extent.  

Information from individual case reports was not provided, such as dosing of antibiotics, other medical 
conditions or medicines, which may have been influential in the outcome.  

Identification of antibiotic-associated encephalopathy as a cause of delirium is difficult as patients who are 
receiving antibiotics may have multiple potential causes of altered cognition. Therefore, antibiotic-
associated encephalopathy may be underrecognised.  

3.2.3 Antimicrobial exposure and the risk of delirium in critically ill patients – Grahl et al, 2018 [11] 

Aim: To determine whether there is an independent association between antimicrobial class exposure in 
critically ill patients and the daily risk of delirium.  

This study talks about encephalopathy and delirium as being similar terms.  

Method: The study included adults who received treatment in the medical or surgical ICU for respiratory failure 
and/or shock between March 2007 and May 2010.  

Results: 521 patients were enrolled in the study and 418 patients met the inclusion criteria. Delirium occurred 
in 74% of patients during their ICU stay. Antimicrobial exposure was found in 318 patients, of which 53% 
received beta-lactam antibiotics.  

From 318 patients who received antimicrobials, the following cephalosporins were identified: 1st generation 
(cefazolin (10), cefalexin (2)), 2nd generation (cefoxitin (1)), 3rd generation (ceftriaxone (24), cefotaxime (3)) and 
4th generation (cefepime (64)).  

First, second and third generation cephalosporins were grouped for analysis and demonstrated an association 
with delirium that was significant (odds ratio (OR): 2.20 (95% confidence interval (CI): 1.28 – 3.79)). Other 
antimicrobial classes did not have a significant risk (not discussed here). Figure 7 outlines the OR for beta-
lactams only.  

Figure 7: Delirium risk after antimicrobial exposure using a logistic regression model with cluster 
sandwich covariance estimator  

 
The risk factors for delirium were delirium on previous day, mechanical ventilation, sepsis and age.  

Discussion: The study found that first, second and third generation cephalosporins doubled the odds of 
delirium after adjusting for baseline co-morbidities, the course of critical care, and other competing 
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antimicrobials and psychotropic medications risks. The study did not find an association between delirium and 
cefepime.  

Other neurotoxicity symptoms were not included in the study. However, the authors noted that seizures 
occurred infrequently in the cohort (3%), whereas delirium was much more common.  

Limitation: Patients with neurological injuries and neurological conditions were excluded from the study.  

Comments:  

Delirium is common in critically ill patients treated in the ICU taking antimicrobials.  

First, second and third generation cephalosporins doubled the odds of delirium. A higher proportion of 
patients were on ceftriaxone (24) and cefazolin (10), which may have influenced the result. However, the 
number of individuals who took a specific cephalosporin and developed delirium is not known.  

This study did not find an association with cefepime and delirium in the cohort of patients. This may mean 
that the risk of encephalopathy was managed appropriately in the cohort. In addition, the risk of such 
adverse effects (in patients with renal impairment) is well-described in the cefepime prescribing information. 
There may be greater awareness of the risk of these adverse effects.  

Patients with underlying neurological conditions were excluded from the study. These patients may have 
been more at risk of antimicrobial-induced delirium.  

Details about the individuals who experienced delirium, including the dose of antimicrobial administered 
and renal function, was not provided.  

3.2.4 Nonconvulsive status epilepticus associated with cephalosporins in patients with renal failure – 
Martinez-Rodriguez et al, 2001 [16] 

Aim: Review cases of nonconvulsive status epilepticus (NCSE) reported in patients with renal failure with 
ceftriaxone, ceftazidime and cefepime.  

Method: EEG database was reviewed from January 1991 to May 2000 for NCSE. A diagnosis was made when 
continuous or almost continuous epileptiform activity lasting as least 30 minutes was found in a patient with 
depressed consciousness, agitation or disorientation in the absence of convulsions.  

Results: 10 patients were identified who had NCSE who were receiving cephalosporins, 5 male and 5 female, 
with a mean age of 69 years.  

All patients had impaired renal function, 8 had chronic renal failure (including 4 on haemodialysis), and 2 had 
acute renal failure. One patient also had hepatic failure. Table 9 shows more information about the 10 cases. In 
all cases, neurological symptoms were slowly progressive, and consisted of depressed consciousness, agitation 
and disorientation. The mean period between cephalosporin administration and clinical deterioration was 5 
days (range 1–10 days). In all patients, cephalosporins were withdrawn and antiepileptic treatment started.  
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Table 9: Clinical and electroencephalographic features of 10 patients with Nonconvulsive Status 
Epilepticus associated with cephalosporin therapy  

 
Other causes of seizures, including concomitant medicines, were reviewed but were not thought to be the 
cause of the reported seizure. No patient had a history of seizures or CNS conditions.  

Discussion: In the cases presented in the study, accumulation of cephalosporins in the central nervous system 
might have led to the development of NCSE. Other causes of seizures were reviewed, however only 
cephalosporins were temporally related to the appearance of the clinical syndrome.  

Comments:  

This study reviewed cases of NCSE with third and fourth generation cephalosporins in patients with renal 
impairment and no previous seizures or CNS disorders.  

Clinical findings of NSCE included confusion, myoclonus and agitation.  

Only patients with renal failure were included in this study, therefore limited further information about risk 
in patients with normal renal function.  

3.2.5 Cephalosporin-related neurotoxicity: metabolic encephalopathy or non-convulsive status 
epilepticus? – Triplett et al, 2019 [13] 

Aim: To analyse the clinical and EEG findings in patients with cephalosporin-related neurotoxicity (CRN) in a 
group of hospital patients and the literature. EEG findings have previously reported a metabolic 
encephalopathy with generalised slowing and triphasic (TW) waves but have also been reported as NCSE.  

Method: CRN was identified as an encephalopathy without other obvious cause. Patients were identified from 
a hospital EEG database between 2002 and 2016. A review of the literature was undertaken with the terms 
‘cephalosporin’, plus ‘neurotoxicity’, ‘status epilepticus’, or ‘non-convulsive status epilepticus’. EEG was 
assessed to differentiate between NCSE and TW.  

Results: Eleven patients with CRN were identified (cefepime (9), ceftriaxone (2)). All had decreased conscious 
state and/or confusion. One patient with a history of focal epilepsy and HIV infection had a single tonic-clonic 
seizure. Six patients had myoclonus. Ten patients had an EEG showing TW, while no EEG was consistent with 
NCSE. 

Table 10 shows the clinical and electrographic features of the patients with CRN.  
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Table 10: Clinical and electrographic features of 11 patients with cephalosporin-related neurotoxicity  

 
Doses of cephalosporin were more than recommended in 6 patients (including cefepime (5) and ceftriaxone 
(1). CRN resolved after cessation of the cephalosporin in all patients. Three patients required admission to ICU, 
with one requiring haemodialysis. No patients who received antiepileptics showed clinical benefit.  

From the literature review, 31 articles reported CRN with 37 samples of EEG analysed. Seven EEGs were 
reported as showing TW consistent with a metabolic encephalopathy and 30 as NCSE.  

Discussion: From a group of patients in this study, CRN showed metabolic encephalopathy in most patients, 
with EEG characteristically revealing generalised slowing and TW. There were more reports of CRN with NCSE 
compared to TW in the literature. However, these may be incorrectly interpreted as TW.  

Accurate EEG interpretation is important given the clinical similarities between NCSE and the encephalopathy 
generally seen in CRN, including agitation, somnolence and occasionally aphasia. In addition, to ensure 
appropriate management decisions.  

Limitations: Only patients with an EEG receiving cephalosporins were included in the study and may have not 
included all CRN reports.  

Comments: 

This study found that cefepime and ceftriaxone can lead to metabolic/toxic encephalopathy. Most patients 
had renal impairment or were administered the cephalosporin above recommended doses. Seizures were 
uncommon compared to myoclonus in this group of patients, although the study size was small.  

Literature reports more likely showed CRN with NCSE. However, the authors note the difficultly between 
distinguishing metabolic/toxic encephalopathy and NCSE on EEG.  

Patients may present with similar symptoms in metabolic/toxic encephalopathy and NCSE, therefore EEG 
interpretation is important to guide appropriate management.  
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3.2.6 Serious neurological adverse events of ceftriaxone – Lacroix et al, 2021 [36] 

(This study is related to article 3.2.1, focusing on ceftriaxone)  

Aim: To characterise ceftriaxone-induced serious central nervous system (CNS) adverse reactions.  

Method: Retrospective descriptive analysis of serious CNS ADR reports in the French pharmacovigilance 
database from 1995 to 2017.  

A literature review of ceftriaxone-induced neurotoxicity was also completed.  

Results: A total of 152 serious reports were identified, with 216 CNS ADRs. Most (95.4%) of reports were from 
hospital clinicians. Women accounted for 55.3% of the reports. The median age from all reports was 74.5 
years, and 69.7% of the reports were in patients over 65 years of age.  

The ADR led to hospitalisation or prolonged hospitalisation in 73.7% of reports, while deaths and life-
threatening ADRs were reported in 7.9% and 10.5%.  

Renal function was available for 59 out of the 152 reports (38.8%). Amongst these reports, 44 (74.6%) had 
renal impairment. The median creatinine clearance was 35 mL/min.  

Concomitant administration of other antibiotics was present in 72 patients, and more commonly included 
fluoroquinolones (34), metronidazole (24) and other beta-lactams (14).  

Figure 8 shows the number of serious reports of CNS ADRs related to ceftriaxone per indication.  

Figure 8: Number of serious reports of CNS ADRs related to ceftriaxone per indication 

 
The most frequently reported serious neurologic ADRs were encephalopathy (20.8%), convulsions (without 
other information) (13%), myoclonia (6%), status epilepticus (5.1%), tonic-clonic seizures (1.9%), tonic seizures 
(0.9%), partial seizures (0.9%), clonic seizures (0.5%) and focal seizures (0.5%). The main psychiatric ADRs 
reported included a confused state (15.7%), and hallucinations (7.4%). The median time to onset of CNS ADRs 
was 4 days.  

Ceftraixone plasma concentrations were available for 19 patients, of which, 8 were over the toxic level 
(>100 ug/mL).  

EEG results were available in 50 reports (32.9%) and were abnormal in 37 reports. The EEG’s specific findings 
were described in 18 reports, including mainly slow wave discharges, followed by triphasic waves, delta-theta 
activity or biphasic waves.  
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Discussion: This review showed the ceftriaxone treatment is associated with life-threatening conditions with 
serious CNS ADRs. Most reports were in patients aged over 65 years of age.  

The number of reports of serious CNS ADRs with ceftriaxone in this review was higher that published in the 
literature.  

Twenty-one cases of ceftriaxone-induced neurotoxicity have been reported and are shown in Table 11. Only 2 
of the cases were in patients without renal impairment. CNS ADRs reported included convulsions, myoclonia 
and signs of encephalopathy. 

Table 11: Systematic literature review of neurotoxicity attributable to ceftriaxone  

 

 
Limitations: Information from spontaneous reporting can be incomplete, under-reporting may occur, and the 
total number of patients treated is not known.  

Comments:  

There were more reports of serious CNS ADRs in the French Pharmacovigilance database than reported in 
the literature. There may be a lack of awareness or identification of these CNS ADRs with ceftriaxone in 
clinical practice.  
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Most reports of serious CNS ADRs with ceftriaxone were reported by hospital clinicians, suggesting that 
these ADRs either mainly occur in hospital or are mainly recognised by hospital clinical staff.  

Most reports were in patients over 65 years of age. Only 38.8% of reports had renal function available, 
however renal impairment was present in a high proportion of these reports.  

A range of neurological and psychological ADRs were reported. Encephalopathy, confused state and 
convulsions were most frequently reported. Some reports were fatal or life-threatening.  

The indication for use of ceftriaxone varied among reports and was not limited to meningitis.  

Older age and renal impairment were present in a large number of literature case reports. 

Confounding factors such as other antibiotics or medicines, medical conditions, concurrent illness and age 
may make it hard to distinguish between ceftriaxone-induced neurotoxicity and other encephalopathies, 
especially in the acute hospital setting.  

3.2.7 Serious adverse events with novel beta-lactam/beta-lactamase inhibitor combinations: a large-
scale pharmacovigilance analysis – Gatti, Raschi & De Ponti, 2021 [37] 

Aim: Characterise adverse events of clinical interest reported with ceftolozane-tazobactam (C/T) and 
ceftazidime-avibactam (C/A) using the FDA Adverse Event Reporting System (FAERS) database.  

Method: Observational, retrospective disproportionality analysis of reports recorded between the first quarter 
of 2015 and the second quarter of 2020. In relation to neurotoxicity with cephalosporins, the following high 
level groups terms were searched: ‘seizures’, ‘deliria’ and ‘hallucinations’. Specific preferred terms concerning 
neurotoxicity were also analysed: ‘encephalopathy’, ‘tremor’, ‘agitation’, ‘anxiety’, ‘cognitive disorder’, ‘mental 
impairment’, ‘altered state of consciousness’, ‘mental disorder’, ‘mental status changes’, ‘myoclonus’ and 
‘neurotoxicity’.  

The reporting odds ratio (ROR) with relevant 95% confidence interval (CI) was calculated as a measure of 
disproportionality. All other drugs/events recorded in FAERS and cephalosporins showing clinical evidence of 
neurological adverse events were respectively selected as comparator for analysis of designated medical 
events and neurotoxicity. Traditional criteria for signal detections were used, this was when the lower limit of 
95% CI of the ROR was >1, with at least three cases of interest reported.  

Results: 654 and 506 reports were identified for C/T and C/A as suspect medicines. From these reports, 11.9% 
(C/T) and 14% (C/A) included neurological adverse events.  

Compared to other selected cephalosporins, C/T exhibited significant ROR for encephalopathy, epilepsy, 
generalised tonic-clonic seizure and status epilepticus. Increased reporting was found for encephalopathy, 
mental status changes and tonic convulsion with C/A. After deduplication, encephalopathy with both C/T and 
C/A, and mental status changes with C/A were retained in at least 3 cases (see Table 12). 
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Table 12: Selected neurological adverse events reported with ceftolozane – tazobactam and 
ceftazidime-avibactam showing statistically significant disproportionality  

 

 
Concomitant renal impairment was found in 28% of cases, while no underlying nervous abnormalities were 
identified.  

Discussion: There was an over-reporting of different serious neurological adverse events (namely 
encephalopathy and mental status changes) compared to other cephalosporins in patients receiving C/T or 
C/A. The higher reporting may be related to use at standard (not adjusted for renal impairment) or higher 
dosing to improve efficacy in severe multi drug resistant infections in clinical practice. Toxic serum 
concentrations may be more likely to be achieved, therefore leading to a greater risk of neurological AEs.  

Comments:  

This publication reviewed adverse events reported with ceftolozane and ceftazidime in combination with 
beta-lactamase inhibitors.  

The review suggested a possible signal of encephalopathy with C/T and encephalopathy and mental status 
changes with C/A.  

The number of ADRs relating to neurological adverse events after de-duplication was small, and therefore 
the significance of the outcome of this study is uncertain. In addition, information about the reports, such as 
dosing and confounding factors, was not available.  

The cephalosporins were analysed in combination, rather than as monotherapy.  

3.2.8 Cefepime-induced neurotoxicity: a systematic review – Payne et al, 2017 [18] 

Aim: To describe the spectrum of most reported symptoms, risk factors, time frame of onset and resolution of 
symptoms, patient outcomes and interventions associated with cefepime neurotoxicity.  

Methods: Literature search between January 1980 and February 2016. Search terms included cefepime, 
neurotoxicity, encephalopathy, seizures, delirium, coma, non-convulsive status epilepticus (NCSE), myoclonus, 
confusion, aphasia, agitation and death.  

Results: 123 citations identified, 37 were included representing 135 patients (shown in Table 13). Patients were 
predominantly elderly, had renal dysfunction (80%), and required intensive care (81%).  

 

 

 

 



Cephalosporins and neurotoxicity  CONFIDENTIAL 
 

Medicines Adverse Reactions Committee: 1 December 2022 

Page 36 of 60 
 

Table 13: Patient characteristics  

 
Table 14 provides the cefepime dosing, indication and drug concentration characteristics. Almost half (48%) of 
patients received cefepime regimens that were excessive for their reported renal function, 26% were dosed 
appropriately and 26% were unable to be assessed. Neurotoxicity was identified a median of 4 days after 
cefepime initiation.  

Table 14: Cefepime characteristics  

 
All patients had an altered mental status. Commonly reported clinical findings were reduced consciousness 
(47%), myoclonus (42%), confusion (42%), aphasia (15%), seizures (13%) and agitation (11%). Of the 73% of 
patients with EEG results, all demonstrated abnormalities. Of these, 25% experienced NSCE, 7% had myoclonic 
status epilepticus, 40% triphasic waves and 39% with focal sharp waves.  

Discussion: Table 15 provides a review of the outcomes found in this study. Renal dysfunction and excessive 
dosing were found to be major risk factors for cefepime neurotoxicity.  
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Case 3  M, 61 
yrs 

Acute kidney 
injury  

Osteomyelitis 600mg every 8 
hours  

Day 8: lethargic, confusion  Continuous veno-venous 
renal-replacement-therapy 
(RRT) was started on day 16 
and ceftaroline was 
discontinued on day 20 

Care was complicated by 
further cardiac arrests and 
the patient died 

Discussion: On review of the cases by the authors, the patients were on higher doses than those approved by 
the FDA for impaired renal function, either due to a failure to clear blood cultures on lower doses or due to 
AKI without an adjustment of drug dosing. The onset of encephalopathy coincided with a high likelihood of 
increasing drug levels, due to changes to renal function.  

Although limited by the small study size, the prevalence of encephalopathy was 10% among patients receiving 
ceftaroline who had an eGFR <30 mL/min.  

Limitations: Cases were not investigated systematically for alternative causes of encephalopathy and due to 
other comorbidities, there were several confounders. 

Comments:  

Ceftaroline is a fifth generation cephalosporin.  

This study identified cases of encephalopathy with ceftaroline in patients with renal impairment before 
staring therapy or an acute change in renal impairment while on therapy.  

The size of the study was small, and only included patients who had renal impairment, which is a known risk 
factor for CIN.  

3.2.10 Case reports  

The following section contains case reports identified from the literature. 

3.2.10.1 Treatment of cefuroxime-induced neurotoxicity with continuous venovenous haemofiltration – Burgers 
et al, 2017 [34] 

Case report  

61-year-old woman presented with 14-day fever, right flank pain and acute on chronic renal insufficiency 
(serum creatinine 199 umol/L).  

She was given cefuroxime IV 1.5g three times daily for suspected urinary tract infection. After 4 days, her 
creatinine increased to 316 umol/L. Nine days after administration, neurological examination showed a decline 
in the Glasgow Coma Scale, horizontal nystagmus, myoclonus and tremors. She was admitted to the ICU and 
diagnosed with cefuroxime-induced neurotoxicity and cefuroxime discontinued.  

Continuous venovenous hemofiltration (CVVH) rapidly reduced plasma cefuroxime levels and the patient’s 
neurological symptoms improved.  

Comments 

This case reported cefuroxime-induced neurotoxicity in worsening renal impairment.  

No renal dose adjustment was undertaken even though serum creatinine had increased. This likely was 
influential in this case.   

3.2.10.2 Cefazolin induced seizures in haemodialysis patients – Arkaravichien, Tamungklang and Arkaravichien, 
2006 [39] 

Case report  
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29-year-old woman admitted to hospital and started on cefazolin 2g IV every 8 hours. She had a history of 
end stage renal disease and was on haemodialysis.  

She was treated with cefazolin for 25 days. On day 14, she developed generalised tonic-clonic seizure with 
aura. Neurological exam was performed but no neurological deficit was detected. Seven days later the patient 
developed another generalised tonic-clonic seizure and was treated with diazepam and phenytoin. Four days 
later she developed a third episode of generalised tonic-clonic seizure.  

Cefazolin was identified as the cause for the seizures and discontinued. No more seizures were noted.  

Discussion  

The dosing of cefazolin in this case was inappropriately high, and in combination with renal impairment, led to 
cefazolin accumulation, and subsequent crossing of the blood brain barrier into CSF and brain.  

Cefazolin-associated seizures have been previously reported. They were associated with patients with impaired 
renal function receiving high dose cefazolin for a prolonged period and who developed generalised tonic-
clonic seizures.  

Comments:  

Long duration of antibiotic treatment in renal impairment may lead to increased accumulation of cefazolin, 
which may lead to seizures.  

If the clinical scenario requires long-term antibiotic therapy, renal function should be monitored, and dose 
adjustments made as appropriate.  

3.2.10.3 Seizures associated with high cerebrospinal fluid concentrations of cefazolin – Bectel, Slaughter and 
Moore, 1980 [40] 

Case reports  

60-year-old woman with impaired renal function, administered gentamycin and cefazolin (1.5g IV every 4 
hours). On day 12, she had a generalized tonic-clonic seizure. Serum and CSF concentrations obtained one day 
later were 470 and 64 micrograms/mL, respectively.  

70-year-old man with impaired renal function administered cefazolin (1g every 12 hours, increased to 6-
hourly). Two days later the patient had 2 tonic-clonic seizures. Serum and CSF concentrations 8 hours after the 
last dose were 360 and 34 micrograms/mL, respectively.  

67-year-old woman with renal vein thrombosis was given gentamycin and cefazolin (2g every 6 hours). On day 
8, the patient had 2 tonic-clonic seizures. Serum and CSF levels were measured and were 1000 and 106 
micrograms/mL, respectively.  

Discussion 

Patients with renal failure may have high CSF concentrations of cefazolin, which may contribute to seizures.  

Comments 

CSF concentrations of cefazolin may be elevated when cefazolin is not dose adjusted in renal impairment.  

A study in mice by Sugimoto et al (2003) found that cefazolin, out of the cephalosporins studied, had the 
most anticonvulsive activity [22] 

3.2.10.4 De novo absence status epilepticus of late onset (DNASLO) precipitated by oral treatment with 
cefuroxime: description of an ambulatory case – Fernandez – Torre et al, 2018 [41] 

Case report 
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79-year-old woman admitted to hospital after 48 hours of behavioural abnormalities and disorientation. She 
had been taking oral cefuroxime for acute media otitis the week before.  

On neurological examination, she was confused and disorientated to time, with poor spontaneous speech and 
a mild tremor in both upper limbs. An EEG revealed frequent and recurrent generalised paroxysms of spike-
wave complexes, intermixed with brief periods of normal background activity, in keeping with the diagnosis of 
de novo absence status epilepticus of late onset (DNASLO).  

Cefuroxime was discontinued and 24 hours later, the patient returned to normal with a normal EEG.  

Discussion 

DNASLO is a subtype of NCSE. Renal function in this patient was normal.  

Previous studies have reported 4 cases of cefuroxime-induced encephalopathy. The EEG in all patients showed 
generalised slowing, but epileptiform activity was absent. The clinical picture was acute and reversible. 

Comments:  

A high level of suspicion for neurotoxicity should be taken in cases of unexplained confusion in adults, 
especially in the elderly, taking cephalosporins. 

3.2.10.5 Jerky movement with ceftazidime: A case of ceftazidime-induced neurotoxicity with a review of the 
literature – Al-Sadawi et al, 2019 [17] 

Case report  

78-year-old male started on ceftazidime 2g IV every 8 hours for pyelonephritis. His eGFR reduced from 63 
mL/min to 35 mL/min.  

After 3 days of treatment, he developed jerky movements of the jaw and both upper extremities. Ceftazidime 
was discontinued. After 48 hours, his symptoms improved.  

Discussion  

Ceftazidime was not adjusted based on the creatinine clearance. Prevention, by appropriate dosing in renal 
impairment, is important.  

Comments:  

The patient’s condition improved 48 hours after discontinuation of the antibiotic, suggesting that his 
symptoms were caused by the antibiotic rather than the underlying infection.  

3.2.10.6 Probable nonconclusive status epilepticus with the use of high dose continuous infusion ceftazidime – 
Collins et al, 2016 [21] 

Case report 

64-year-old man presented to hospital with neutropenic fever.  

Ceftazidime 8 gram/day via IV continuous infusion and IV colistin was initiated. His CrCl was 126 mL/min. On 
hospital admission day 4, the patient developed septic shock and was admitted to the ICU. Ceftazidime was 
increased to 16 g/d and colistin continued. His CrCl had reduced to 88 mL/min. On hospital day 8, the dose of 
ceftazidime was increased to 19.2 g/d due to improved renal function (117 mL/min).  

On hospital day 9, the patient experienced agitation. Computed tomography (CT) scan revealed a small 
subarachnoid haemorrhage (SAH). On hospital day 11, the patient experienced new-onset facial jerking and 
myoclonus. An EEG revealed NCSE. He was administered anti-convulsants. Ceftazidime was discontinued on 
day 12. Renal function had declined to 39 mL/min.  

Discussion 



Cephalosporins and neurotoxicity  CONFIDENTIAL 
 

Medicines Adverse Reactions Committee: 1 December 2022 

Page 41 of 60 
 

There have been prior reports neurological adverse effects with ceftazidime. Chow et al, 2005 reviewed 12 
cases of ceftazidime-induced neurotoxicity. All 12 patients were in acute or chronic renal failure. Most (91%) 
patients exhibited confusion, 50% myoclonus and one patient experienced a seizure. On EEG, 75% were in 
NCSE although none experienced generalised seizures during assessment. Symptoms resolved in all patients 
on discontinuation of ceftazidime.  

Other potential causes of neurotoxicity in this case include SAH on CT and the use of colistimethate sodium. 
The events in the case report may have occurred due to multiple factors.  

The authors note that it may be prudent to avoid high dose continuous infusions of beta-lactam antibiotics in 
patients with neurological conditions associated with an increased potential for seizure activity. This case also 
highlights a specific population that may benefit from beta-lactam therapeutic drug monitoring.  

Comments:  

Administration of cephalosporins at high doses by continuous infusion may be a risk factor for neurotoxic 
effects, particularly in the presence of other risk factors such as CNS disease, renal impairment and 
concomitant medicines known to contribute to neurotoxicity.  

3.2.10.7 Ceftazidime encephalopathy developed without elevation of cerebrospinal fluid concentration of 
ceftazidime: A case report of two cases – Toda et al, 2022 [42] 

Case reports 

Case 1 

80-year-old male with end stage renal disease (ESRD), on both peritoneal dialysis and haemodialysis. Six days 
after starting ceftazidime (1g every 12 hours), he developed altered consciousness, dysarthria and myoclonic 
movements in bilateral upper extremities. EEG showed triphasic waves suggesting drug-induced 
encephalopathy, and ceftazidime was discontinued.  

Serum concentration of ceftazidime was markedly increased on the day that symptoms developed; however, 
the CSF concentration was less than 0.1 ug/mL.  

Case 2 

88-year-old male with CKD. Five days after starting ceftazidime (1g ever 12 hours), he developed altered 
consciousness. Ceftazidime-encephalopathy was clinically suspected, and the antibiotic was discontinued.  

The serum level of ceftazidime was markedly increased; however, the CSF concentration was within the 
therapeutic range.  

Discussion  

Ceftazidime encephalopathy is caused by the high serum concentration of ceftazidime, especially in patients 
with renal impairment, who received repeated administration of ceftazidime. The patients in the 2 cases 
presented developed ceftazidime encephalopathy without the elevation of CSF concentrations.  

There could be an alternative mechanism occurring that causes encephalopathy in patients with high plasma 
concentration levels of ceftazidime, but low CSF levels. Ceftazidime upregulates TNF-alpha, which then 
increases quinolinic acid. Quinolinic acid may then be transported into the brain and acts as an excitatory 
transmitter of NMDA receptors, causing neurotoxicity. However, more research is needed in this area. 

Review of the 16 literature cases of ceftazidime encephalopathy is shown in Table 17. Of these, 13 cases had 
underlying renal impairment, including 7 cases where the patient was on renal replacement therapy due to 
ESRD.  
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Table 17: Case reports of ceftazidime encephalopathy  

 
Comments:  

This article includes 2 reports of ceftazidime-induced encephalopathy, where CSF levels were in the normal 
range, but plasma levels were elevated.  

The author proposed an alternative mechanism for neurotoxicity.  

There are several case reports of ceftazidime-induced encephalopathy in the literature, most often in 
patients with renal failure.  

Myoclonus was frequently reported. 

3.2.10.8 Ceftazidime/avibactam neurotoxicity in an adult patient with normal renal function – Pingue et al, 
2020 [43] 

Case report  

70-year-old woman with a history of brain injury experienced neurological complications from 
ceftazidime/avibactam, without renal impairment.  

She was administered 2.5g every 8 hours for sepsis. At day 6, she experienced focal seizures and progressive 
impaired awareness. Plasma and CSF analysis was performed. CSF analysis showed a moderate blood-CSF 
barrier damage. Ceftazidime levels were 36.9 mg/L in plasma and 0.26 mg/L in the CSF. Brain magnetic 
resonance imaging revealed diffusely thickened and hyperintense leptomeninges compatible with meningeal 
inflammation.  
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On day 15 the antibiotics were discontinued, and 2 days later the patient showed an overall improvement. Two 
weeks after discontinuation, the brain CT showed resolution of meningeal involvement.  

Discussion 

This patient experienced severe encephalopathy that occurred after the initiation of the ceftazidime/avibactam 
and resolved on discontinuation. Brain MRI identified meningeal inflammation, which improved after 
suspending the drug.  

An increase in blood-CSF barrier permeability may have led to neurotoxic levels in the CNS. This could have 
been caused by the sepsis. Meningeal inflammation could also be due to a drug-induced aseptic meningitis. 
Pathogenic mechanisms of drug-induced aseptic meningitis include immune-complex pathologies, hyper-
sensitivity reactions or direct meningeal irritation.   

Comments:  

This author presents a case of neurological complications with ceftazidime/avibactam and discusses how 
meningeal inflammation may lead to increased levels of ceftazidime in the CNS.   

The author does not discuss the patient’s history of brain injury; however, this could have increased the 
patient’s susceptibility to neurotoxic effects of ceftazidime.  

3.2.10.9 Additional case reports of ceftriaxone-induced neurotoxicity in the literature  

Table 27 shows additional case reports of ceftriaxone-induced neurotoxicity in the literature.  

Comments 

Three cases presented in Table 18 have ESRD or are on dialysis and are taking the recommended maximum 
dose of 2g of ceftriaxone when CrCl <10 mL/min. However, they still experienced CIN. 
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3.2.11 Summary of literature  

Lacroix et al 2019 provided a review of serious CNS ADRs of cephalosporins from pharmacovigilance reports.  
A review of such ADRs had not previously been analysed; however, the outcome of this study suggested that 
multiple cephalosporins may cause serious CNS ADRs.  

Cefepime, ceftriaxone and ceftazidime were most frequently associated with CIN, followed by cefazolin and 
cefuroxime. The number of reports for cefotaxime was lower than other third generation cephalosporins, but 
this may reflect lower usage. Cefalexin and cefaclor were included in very few reports. The fifth generation 
cephalosporins ceftaroline and ceftaroline were each represented by one study.   

CIN was reported as both an encephalopathy and NCSE, and patients may vary in their presentation. 
Depressed consciousness and confusion may be present in encephalopathy and NCSE. CIN may also present 
as myoclonus. Patients may also experience a convulsive seizure; however, this may be less common than 
symptoms relating to mental state changes. Agitation was also reported in some cases. EEG monitoring may 
be used to identify whether symptoms correlate to seizure activity. 

The symptoms of CIN were not specific to a particular cephalosporin. Myoclonus was reported in several 
ceftazidime case reports. There were multiple case reports of cefazolin-induced generalised tonic-clonic 
seizures.  

The indications for use of cephalosporins varied in the case reports and were not limited to meningitis (where 
meningeal inflammation is present).  

CIN may be hard to diagnose due to multiple risk factors for encephalopathy/delirium that may present with 
similar symptoms.  

Renal insufficiency (mostly CKD) and older age were common themes in the literature. An abnormal EEG was 
also a common finding.   

3.3 Spontaneous reporting  

3.3.1 CARM reports  

Table 19 outlines reports of CIN up to 31 October 2022, received by the Centre of Adverse Reactions 
Monitoring (CARM) for approved and available cephalosporins in NZ.  

Reports are only included if the cephalosporin was reported as a suspect medicine and where the symptoms 
could relate to CIN, including mental status changes.  

There were no reports for ceftaroline and ceftolozane.
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Convulsions and encephalopathy have been reported with ceftriaxone. However, unlike the Australian and 
UK prescribing information, there is no information about these ADRs in the NZ ceftriaxone data sheet.  

A range of possible symptoms of CIN have been reported with most cephalosporins in NZ. However, the 
number of reports is low, suggesting that the ADR is rare. Confusion or altered mental state may represent 
NCSE, however it might not be reported as NCSE if EEG monitoring is not undertaken. 

Different cephalosporins may be more likely to cause certain neurotoxic effects. Convulsions were reported 
with cefazolin, cefalexin, cefotaxime and ceftriaxone. Myoclonus was reported with cefepime, cefotaxime, 
cefazolin, cefuroxime/cefotaxime and ceftazidime. However, there are only a small number of reports to 
review this.  

and older age were present in several reports.  

Lack of recognition of CIN could lead to underreporting.  





Cephalosporins and neurotoxicity  CONFIDENTIAL 
 

Medicines Adverse Reactions Committee: 1 December 2022 

Page 52 of 60 
 

Figure 9: Number of reports in VigiLyze for the preferred terms ‘encephalopathy’, ‘seizures’, ‘depressed 
level of consciousness’, ‘myoclonus’ and ‘confusional state’, by cephalosporin 

 
Source: WHO VigiLyze, accessed 28 October 2022 
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The PRAC recommended adding the following to the ceftriaxone EU SmPC product information:  

4.4. Special warnings and precautions for use  

Encephalopathy 

 Encephalopathy has been reported with the use of ceftriaxone (see section 4.8), particularly in elderly 
patients with severe renal impairment (see section 4.2) or central nervous system disorders. If ceftriaxone-
associated encephalopathy is suspected (e.g. decreased level of consciousness, altered mental state, 
myoclonus, convulsions), discontinuation of ceftriaxone should be considered.  

4.8. Undesirable effects 

SOC Nervous system disorders Frequency ‘rare’: Encephalopathy  

Package leaflet  

Possible side effects: Treatment with ceftriaxone, particularly in elderly patients with serious kidney or 
nervous system problems may rarely cause decreased consciousness, abnormal movements, agitation and 
convulsion 

3.4.1.3 Health Canada  

Ceftriaxone 

In early 2021, Health Canada issued a summary safety review of ceftriaxone containing products, assessing the 
potential risk of encephalopathy. The review was triggered by a study published in the Journal of Neurological 
Sciences, by Lacroix et al (see section 3.2.1 of this report) [48].  

Health Canada reviewed 29 cases (5 Canadian and 24 international) of encephalopathy reported with the use 
of ceftriaxone. The 24 international cases included 18 reported to the Canada Vigilance database and 6 in the 
literature. Of the 29 cases, 17 were found to be possibly linked to the use of ceftriaxone. Health Canada also 
assessed 5 studies and 3 review articles from the published scientific literature [48].  

Health Canada’s review of the available information concluded that there is a possible link between the use of 
ceftriaxone and the risk of encephalopathy. They recommended updates to the ceftriaxone product labels 
(data sheets) [48].  

Cephalosporins 

Health Canada is currently reviewing the cephalosporin product class and the potential safety issue of seizures 
[49].  

This review was triggered by the FDA. The FDA labels for the cephalosporin class of medicines include a 
warning for neurological adverse effects. The outcome of this review is ongoing [49].  

3.4.1.4 Therapeutic Goods Administration (TGA – Australia) 

The TGA published a safety update in December 2021, for ceftriaxone and the risk of hepatitis and 
encephalopathy. Up until 16 November 2021, the TGA had received 3 reports of encephalopathy for 
ceftriaxone [50].  

Heath professionals were advised that the product information for ceftriaxone had been updated to include a 
warning about encephalopathy, particularly in older patients with underlying renal impairment or CNS 
disorders [50].  
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CIN has been reported with cephalosporins internationally. The FDA labels include a warning for neurotoxicity 
for the cephalosporin class.  

5 ADVICE SOUGHT 
The Committee is asked to advise: 

• Whether there is evidence for an association between the entire cephalosporin class and 
neurotoxicity? 
o If no, is there evidence for an association between a specific generation of cephalosporin and 

neurotoxicity, or 
o Is there evidence for an association for a specific cephalosporin and neurotoxicity?  

 
• If there is evidence for an association (for the entire class, a specific generation, or a specific 

cephalosporin): 
o Does the Committee consider that a warning should be included in section 4.4 for all products 

and related to neurotoxicity in general or specific separate warnings for encephalopathy and/or 
seizures  

o If a warning is desirable, should it include risk factors, and management (for example EEG 
monitoring and discontinuation of treatment),  

o Should these terms be included in section 4.8: encephalopathy, delirium, confusion, depressed 
level of consciousness, agitation, hallucinations, disorientation, tremor, myoclonus, seizures, 
NCSE.  
 

• The risk of neurotoxicity appears to be linked with renal function. An inconsistency in 
recommendations of renal dosing has been identified across countries. Does the Committee 
consider the inconsistences to be important and require adjustment.   

 
• Does the topic require further communication, other than MARC’s remarks in Prescriber Update?  
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6 ANNEXES 
Annex 1: Neurological effects of cephalosporins listed New Zealand, Australia and UK product information.  

Annex 2: Adult renal dosing information for cephalosporins in New Zealand, Australia and UK product 
information, and prescribing resources.  
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