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Restoring Order to Postoperative Neurocognitive Disorders
Sarah Saxena, MD; Yosuke Uchida, MD, PhD; Mervyn Maze, MB, ChB, FRCP, FRCA, FMedSci

Through the ages, anesthesiologists have had a Polyanna-
ish view that general anesthesia was an instantaneously re-
versible condition that left no trace after emergence, despite
remarkable alterations in consciousness and similarly dra-
matic changes in other organ systems. Over the last 2 de-
cades, that myth has been exposed by contravening evi-
dence, which has left the discipline scrambling for answers
about the neurotoxicity that anesthesia and the accompany-
ing surgical interventions wreak on vulnerable patients, par-
ticularly those at the extremes of life. In the current issue of
JAMA Neurology, Evered et al1 report on surrogate biomark-
ers that may portend neurological injury that can result in post-
operative cognitive decline (PCD) in elderly surgical patients.
The clinical manifestations of postoperative cognitive de-
cline run the gamut from delirium (there are listed criteria in
the Diagnostic and Statistical Manual of Mental Disorders [Fifth
Edition] for this form of “acute brain failure”2) to a more in-
dolent, diagnostically imprecise form of cognitive disorder.
Both ends of the spectrum can result in long-term conse-
quences, such as dementia and increased mortality.3,4 Under
recently proposed updates to the nomenclature, conditions re-
lated to postoperative cognitive decline are referred to collec-
tively as perioperative neurocognitive disorders (PNCD).5

In parsing the patho-
genic roles played by anes-
thetic agents vs the aseptic

trauma of surgery, investigators have encountered an ethical
constraint, because the effects of surgery alone cannot be di-
rectly studied. It has seemed to some researchers that gen-
eral anesthetics had been exonerated, because the incidence
of PNCD is no different if a patient is randomized to receive
general vs regional anesthesia6; however, trials focused on es-
tablishing this equivalence have generally not been appropri-
ately powered,6 and regional anesthetic techniques are often
supplemented with general anesthetics,6 albeit at somewhat
lower doses, which thereby contaminated the randomized
groups. Animal models have suggested that disordered cog-
nition is owing to a neuroinflammatory response7 that may be-
come exaggerated and persistent in circumstances that are be-
coming more prevalent as a result of aging populations of
surgical patients and increasing burdens of lifestyle-related
diseases.8

These findings have led to the quest for identifying neu-
roimaging and other biomarkers of perioperative brain in-
jury, which is now taking shape through the creation of large
consortia in Europe (via a study cohort named Biomarker De-
velopment for Postoperative Cognitive Impairment in the El-
derly, or BIOCOG), North America (via the Successful Aging af-
ter Elective Surgery, or SAGES, study, and the Trajectory of

Recovery in the Elderly, or TORIE, study) and countries in the
Southern Hemisphere (via study cohorts called Cerebrospi-
nal Fluid And Preclinical Alzheimer Cognitive Trajectory, or
CAPACITY, and the Assessment And Review Of Cognition, Alz-
heimer Disease, And Inflammation In Elderly Patients After
Hospital Intervention, or ARCADIAN). Findings from the CA-
PACITY and ARCADIAN trials precipitated this commentary.1

In the course of associating biomarkers with careful phe-
notyping, Evered et al1 provide an intriguing preliminary find-
ing that 2 plasma markers of brain injury, namely tau and neu-
rofilament light, rise significantly in surgical patients 60 years
and older who are anesthetized with either sevoflurane or
propofol; levels then return to baseline within 3 days. The high
precision and sensitive analyses of these samples were per-
formed in batches by their Swedish coauthors using single mol-
ecule array technology (Simoa). It is notable that the baseline
values differ remarkably between the batch assays from the 2
separate trials, which leads the investigators to focus on the
incremental, rather than absolute, changes in these levels over
time. At this juncture, the authors do not report a correspond-
ing behavioral phenotype to which these changes can be linked;
therefore, it remains an open question whether these changes
are relevant to the development of PNCD. While it does ap-
pear that the analytes were upregulated in each surgical pa-
tient (as displayed in Figure 2 of the report by Evered et al1), it
would be extremely unusual for all study participants to have
developed perioperative neurocognitive disorders. There-
fore, if there is a relationship between the incremental changes
in tau and neurofilament light and postoperative cognitive de-
cline, it must begin above a currently unknown threshold. At
the time that the cognitive changes are documented, it will be
necessary to explore the relationship with receiver operating
characteristic curves. The authors draw attention to the fact
that these same biomarkers have been noted to increase pari
passu with traumatic brain injury.9,10 While the pathogenesis
of PNCD is not fully understood, there is a lack of biologic plau-
sibility that injury was produced by the combination of pe-
ripheral surgery and anesthesia, resembling traumatic brain
injury and resulting in similar biomarkers.

The authors’ quest1 for a biomarker for PNCD is wel-
comed. Validated biomarkers of enhanced susceptibility for the
development of PNCD will facilitate customization of preha-
bilitation strategies for the vulnerable surgical patient, as well
as providing a more realistic risk-benefit assessment prior to
the patient’s consenting to impending elective surgery. Bio-
markers that can help diagnose PNCD in its preclinical mani-
festation may enable interventions that can successfully abort
the full-fledged complication and its sequelae of increased mor-
bidity and mortality.
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The combination of surgery and anesthesia may also be re-
sponsible for the developmental neurotoxicity that has been
well-documented in preclinical models, including in nonhu-
man primates, but is less well-established in clinical settings.11

We anticipate that the current article1 will spur the applica-
tion of biomarkers of brain injury to anesthetic-induced de-
velopmental neurotoxicity, a lifelong complication that may
be as devastating as PNCD and its sequelae.

The authors are to be applauded for uncovering this novel
finding; however, without a defined link to cognitive disor-

ders, this observation is quite preliminary. Together with care-
ful behavioral phenotyping we encourage future authors to
limit confounders, such as the variety of anesthetic drugs used,
the depth of anesthesia attained, the types of surgical proce-
dures performed, the ages of the surgical patients, and comor-
bidities known to affect the prevalence of PNCD.12 Neverthe-
less, with this report, Evered and colleagues1 have begun to
bring some order to the imprecise field of postoperative neu-
rocognitive disorders.
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