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“While anesthesia/surgery 
are clearly inciting factors for 
delirium, intraoperative strategies 
to reduce it are sorely lacking.”
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Although postoperative delir-
ium afflicts as many as half of 

cardiac surgery patients1 and is asso-
ciated with prolonged hospitaliza-
tion, long-term cognitive decline, 
and mortality, we know little of the 
pathophysiologic mechanisms that 
subtend this common neurobe-
havioral syndrome. Delirium is an 
acute confusional state, generally 
viewed as a marker of increased 
brain vulnerability and an aberrant 
response to stress. As such, its neu-
ropathogenesis depends on com-
plex interrelationships between 
predisposing and precipitating fac-
tors, with a number of overlapping 
mechanistic theories involving 
neuronal aging, neuroinflamma-
tion, oxidative stress, neurotrans-
mitter deficiency, neuroendocrine 
activation, circadian dysregulation, 
and breakdown in brain network 
connectivity.2 While anesthesia/surgery are clearly inciting 
factors for delirium, intraoperative strategies to reduce it are 
sorely lacking. This is in part because prevailing theories 
have focused on preoperative (older age, frailty, medical 
comorbidities, and preexisting cognitive impairment) and 
postoperative recovery factors (disrupted sleep, altered sen-
sorium, pain, and sedating medication use/polypharmacy) 
as drivers of postoperative delirium.

In this issue of Anesthesiology, Lopez et al.3 refocus 
our attention on intraoperative factors associated with deliri-
um—namely, oxidative stress and blood–brain barrier break-
down. They report results from a subset of patients (n = 400)  
enrolled in a single-center randomized controlled trial of 
statin therapy to reduce acute kidney injury and delirium 
following cardiac surgery. The primary trial results revealed 

no statin effects on incident post-
operative acute kidney injury as 
well as incidence or duration of 
postoperative delirium.4 Here, in 
a prespecified secondary analy-
sis, the authors performed mass 
spectrometry–based plasma quan-
tification of oxidative stress indica-
tors F2-isoprostanes and isofurans, 
demonstrating clear associations 
with incident postoperative delir-
ium. They also found that post-
operative elevations of a putative 
marker of blood–brain barrier 
breakdown, S100 calcium-bind-
ing protein, are associated with 
delirium. Oxidative stress and 
blood–brain barrier breakdown 
markers were both associated with 
increases in ubiquitin carbox-
yl-terminal hydrolase isozyme L1, 
a plasma marker of neuronal injury, 
and the strength of the association 

between oxidative damage and neuronal injury was higher 
in patients with biomarker evidence of blood–brain barrier 
disruption. Overall, this biologically plausible triangle of 
elegant consecutive correlations between surrogate circu-
lating biomarkers and delirium adds evidence in support of 
the oxidative stress hypothesis, which proposes that patho-
logic insults such as hypoxia and ischemia-reperfusion may 
lead to reduced cerebral oxidative metabolism and associ-
ated cognitive and behavioral symptoms of delirium.2

Readers might consider several factors in interpreting the 
potentially wide-ranging clinical and translational relevance 
of the study by Lopez et al.3 The first promising translational 
implication is the use of circulating biomarkers to predict, 
monitor, and assess therapeutic effectiveness for postopera-
tive delirium. The Institute of Medicine has outlined a clear 
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three-step framework for evaluating putative biomarkers of 
disease, consisting of analytical validation (analytical perfor-
mance of an assay), qualification (associations between the 
biomarker and disease states, including effects of interven-
tions on both the biomarker and clinical outcomes), and uti-
lization (contextual analysis based on proposed specific use 
and applicability of available evidence). The authors are to be 
congratulated for providing evidence in support of analytical 
validity and associations between the panel of plasma markers 
investigated and delirium. However, fulfilling the qualifica-
tion step also requires evidence that interventions targeting 
the biomarkers in question impact the clinical endpoints of 
interest, and this is where the study has some limitations. First, 
the analysis was conducted in the context of a pharmacologic 
intervention to reduce delirium (high-dose statin therapy), 
and although biomarker associations with delirium were 
adjusted for statin use, the actual effects of statin treatment on 
markers of oxidative damage, blood–brain barrier disruption, 
and neuronal injury are not reported. Statins are known for 
their pleiotropic cholesterol-independent activities, includ-
ing both reduced and paradoxical increases in oxidative stress, 
linked to a number of organ toxicities. Despite lacking clini-
cal effect on delirium in the primary trial, a significant effect 
of statins on the biomarkers investigated would alter the 
interpretability and translational relevance of these findings.

Second, there is no concomitant assessment of antioxi-
dant defense systems. Previous studies found lower preop-
erative concentrations of the antioxidant enzyme catalase in 
patients undergoing cardiac surgery with cardiopulmonary 
bypass (CPB) who developed delirium, compared to those 
without delirium.5 The intraoperative increase in plasma 
F2-isoprostanes reported by Lopez et al. is consistent with 
previous findings.6 Importantly, these previous studies also 
reported a concomitant gradual intraoperative increase in 
circulating antioxidants α- and γ-tocopherol. This suggests 
that an adaptive upregulation of antioxidant counterregula-
tory response to the oxidative injury associated with CPB 
is at play. In interpreting the role of oxidative stress in the 
pathobiology of postoperative delirium, factors driving 
biomarkers of oxidative injury should be jointly assessed 
with those modulating endogenous antioxidant capacity 
and redox resilience, as both are equally important targets 
for therapeutic interventions (e.g., prehabilitation). Given 
the paucity of properly conducted trials of perioperative 
antioxidant supplementation, all with debatable results and 
mainly focused on postoperative atrial fibrillation (none on 
postoperative delirium), such integrated biomarker anal-
ysis of redox state may serve as quantitative intermediate 
phenotypes to assess the efficacy of multicomponent non-
pharmacologic intervention programs, integral to clinical 
consensus for delirium management in at-risk older adults.

Third, the standardized anesthetic and surgical management 
in the study by Lopez et al. omits, for practical reasons, param-
eters related to intraoperative systemic and cerebral oxygen-
ation, especially during conduct of and separation from CPB. 
Most published data correlate poor oxygenation with cerebral 

dysfunction and delirium.7 However, as reported by the same 
investigative group and others in previous observational stud-
ies, hyperoxia during reperfusion is equally detrimental and is 
associated with delirium.8 This is perhaps the most tangible 
potential clinical implication of this study for future anesthe-
siologist-implemented intraoperative interventions to reduce 
delirium. To this end, we are awaiting the results of two ongo-
ing randomized controlled trials evaluating the effectiveness 
of preventing hyperoxia during cardiac surgery in reducing 
intraoperative oxidative stress, neuronal injury, and delirium 
(ClinicalTrials.gov ID NCT02591589 and NCT02361944).

An important finding by Lopez et al. is that blood–brain 
barrier breakdown modified the association between mark-
ers of oxidative stress and neuronal injury. Thus, blood–brain 
barrier “health” might be a defense from neurologic injury 
in the face of oxidative stress. The incidence of blood–brain 
barrier disruption after CPB, assessed by dynamic contrast 
enhancement magnetic resonance imaging, is as high as 71%, 
primarily in the frontal lobes, and correlates with cognitive 
changes in attention and executive functions.9 However, lit-
tle is known about blood–brain barrier disruption during 
off-pump surgery. Although a post hoc sensitivity analysis 
reported by Lopez et al. revealed no differences in biomarker 
associations with delirium between the subgroup of patients 
who underwent on-CPB surgery (70%) and the total cohort, 
the study would have been bolstered by directly comparing 
on-CPB versus off-pump biomarker concentrations. Serial 
perioperative magnetic resonance imaging studies after car-
diac operations are a tour de force, thus identifying a specific 
circulating biomarker of blood–brain barrier disruption 
would aid assessment of much needed pharmacologic and 
nonpharmacological interventions to improve blood–brain 
barrier function preoperatively—potentially by optimizing 
preoperative sleep (such as treating sleep apnea) and vascular 
disease (such as treating hypertension).

A strength of the study is that standardized preopera-
tive cognitive assessment (Mini-Mental State Exam and 
Trail Making Test) together with twice-daily postopera-
tive assessments (Confusion Assessment Method for the 
Intensive Care Unit) were conducted by trained investi-
gators to minimize risk of misclassification bias and detect 
transitions to delirium, which should become part of clin-
ical consensus. Unfortunately, the study did not attempt to 
determine specific associations with severity or subtype 
(hyperactive versus hypoactive versus mixed) of delirium. 
Expert opinions state that the hypoactive form is frequently 
missed when using established diagnostic tools, and future 
implementation of biomarkers in assessment tools could 
be especially useful. The field would further benefit from 
shifting the current dichotomized endpoint definition of 
delirium, based on Confusion Assessment Method for the 
Intensive Care Unit assessment, to a deep phenotyping of 
delirium, including quantitative neurophysiological and 
neuroimaging information.10

In conclusion, Lopez et al. provide us with valuable 
data suggesting that intraoperative oxidative brain injury 
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may contribute to delirium, refocusing important clinical 
research questions related to intraoperative interventions to 
reduce brain injury and postoperative delirium. Irrespective 
of a possible causal relationship between oxidative injury, 
blood–brain barrier disruption, neuronal injury, and postop-
erative delirium, if independently validated in other cohorts, 
the circulating markers reported by Lopez et al. may become 
part of a molecular signature used to predict, monitor, and 
modify a patient’s perioperative cognitive trajectory.
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