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Acute encephalopathy (AE), defined as either delirium or
depressed level of consciousness, is common in the inten-
sive care unit (ICU) [1, 2]. The exact cause can be hard
to determine and may often be a combination of medica-
tions, acute disease processes, metabolic derangements,
and unknown causes [3]. Recent literature has sought to
identify what interventions and processes place patients
at a high risk of AE. Numerous medications commonly
used in the intensive care unit have been associated with
AE or changes in mental status, including fluoroquinolo-
nes, voriconazole, beta-lactam antibiotics, muscle relax-
ers, antipsychotics, sedatives, and anticholinergics [4—8].
Beta-lactam antibiotics, including cephalosporins, car-
bapenems, and penicillins, have a well-documented asso-
ciation with AE, and cefepime has recently been associ-
ated with AE [9-11].

In this issue of Neurocritical Care, Singh and col-
leagues conducted a retrospective, propensity-matched
case—control study to determine the association between
cefepime and both the incidence and duration of AE.
A randomly selected patient population comprising
patients who did and did not experience AE (delirium or
depressed level of consciousness without deep sedation)
were included. Patients were then matched based on age,
Charlson Comorbidity Index, and 24-h Acute Physiology
and Chronic Health Evaluation III (APACHE III) score.
The authors noted that sepsis was not part of the match-
ing due to its inclusion in the APACHE III score, though
age is also included in that score. The authors found that
shock, midazolam infusion, acute kidney injury (AKI),
renal disease, and cefepime use were independently
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associated with AE. Risk factors for increased AE dura-
tion were similar.

A common criticism of observational retrospec-
tive studies is the fact that biases between the treat-
ment group and the control group often exist. Detection
bias may occur in situations where knowledge of the
increased risk of adverse events due to exposure causes
the clinician to perform increased monitoring, increasing
the likelihood of detecting the adverse effect [12]. Pro-
topathic bias may occur when an underlying condition
necessitates the use of a particular intervention, causing
an association between the two that may be falsely asso-
ciated with the intervention rather than the preexisting
disease [12]. Confounding by indication can be broken
down into disease severity bias, where certain patients
may be more likely to receive a particular interven-
tion due to their severity of illness, and channeling bias,
where patients with certain comorbidity are more likely
to receive an intervention [12]. Propensity score match-
ing is a well-studied statistical method of accounting for
known biases in observational studies [12]. Though the
treatment effect may vary from randomized clinical tri-
als (RCTs), they generally agree with findings from RCTs
conducted on critically ill patients [13]. Unlike trials with
randomized enrollment, however, propensity matching
lacks the ability to balance for unknown biases and can
actually exacerbate unbalanced, unmeasured variables
[14].

While Singh and colleagues did an excellent job match-
ing for some previously identified risk factors for AE,
information was not provided on multiple medications
and disease states that could contribute to AE, limit-
ing the strength of their findings. No information was
provided regarding the frequency of neuromonitoring,
leaving the risk of detection bias unknown. A lack of
information regarding the source of infection limits the
ability to adjust for severity of illness other than shock.
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While APACHE III score was included, it was measured
in the first 24 h of admission, compared to the average
time to onset of AE of 4 days after cefepime initiation, of
which timing information was not provided. Cefepime is
often used in patients at risk for resistant infections and
those not responding to initial treatment. It is unknown
how often the patients in this study were started on
cefepime as empiric therapy or were changed to cefepime
after a lack of response to a different antimicrobial.
Cefepime was the only antimicrobial included in this
study, though multiple other antibiotics have been asso-
ciated with either AE or delirium. Other cephalosporins
and penicillins have been associated with seizures and
delirium [9, 15]. Metronidazole has been associated with
neurotoxicity and may be co-administered with cefepime
to provide additional anaerobic coverage. Sulfonamides,
fluoroquinolones, and macrolides have been associated
with psychosis as well [9]. Piperacillin/tazobactam when
given in combination with vancomycin has been associ-
ated with an increased risk of AKI, which was a stronger
risk factor than cefepime for AE in this study [16].

While this study provides needed information regard-
ing risk factors for AE, it is still unclear how much their
effect compares with other similar treatment options
and patient characteristics. Future studies should aim to
include all known risk factors for AE, and large databases
such as the one used by Singh et al. will be integral in
comparing treatment options and identifying previously
unknown obstacles to curing coma.
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