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Abstract

Delirium, characterized by a sudden onset of neuropsychiatric symptoms, is a highly prevalent syndrome whose
diagnosis is defined solely through clinical evaluation. Due to the often challenging reliability of assessments,
especially in non-cooperative patients, there is a growing emphasis on exploring new reliable biomarkers, such as
Neuron-Specific Enolase (NSE). NSE, an enzyme primarily found in neuronal and neuroendocrine tissues, has been
clinically used to assess the prognosis of patients who have experienced traumatic or hypoxic brain injuries. Thus,
the primary purpose of the present review is to examine the literature to determine whether NSE is applicable

for diagnosis and/or prognosis of patients with delirium. Literature was searched using Pubmed, Lilacs and Scielo
databases, and all published reports identified as potentially relevant were independently assessed by each
reviewer. All relevant original studies were included and independent extraction of articles was performed by three
authors using predefined data fields. Twenty one studies (2,311 patients) satisfied the entry criteria, among which
only eight suggest a possible association between NSE and delirium, particularly in intensive care settings, and only
one correlate NSE with delirium prognosis. Also, significant heterogeneity was observed among studies, varying
across study design, setting, and methodologies. Furthermore, the majority of the selected studies presented
severe methodological limitations, particularly small samples. In conclusion, this systematic review underscores

the need for further research with larger, standardized studies to establish the reliability and validity of NSE as a
diagnostic and prognostic tool for delirium. The current evidence does not sufficiently support its routine clinical
application in assessing patients with delirium.
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Background

Delirium is a neuropsychiatric syndrome defined as a
confusional state of sudden onset and fluctuating course,
in which disturbances in attention and awareness rep-
resent a change from the baseline, and that is not better
explained by an underlying neurocognitive disorder [1,

2].
The importance of delirium is evident in its incidence,
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stay [3]. Moreover, delirium is estimated to occur in
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around 15 to 25% of elderly patients submitted to major
surgery, and 75% of patients at intensive care units under
mechanical ventilation [3]. This high incidence leads to
healthcare costs that are over 160 billion dollars each
year in the USA [3].

Furthermore, even though delirium is, by definition, an
acute condition, a significant number of patients main-
tain a degree of neurocognitive disability even after its
resolution [4].

To diagnose delirium, medical professionals can only
rely on their clinical suspicion, which proves to be a chal-
lenge, given that the neurocognitive impairment may be
wrongly attributed to old age and other humor disorders.
Therefore, it is estimated that only up to 12 to 35% of
delirium cases are recognized [5].

The diagnostic criteria are stated in the Diagnostic
and Statistical Manual of Mental Disorders (DSM-5),
and they are very much similar to the very definition [2].
Hence, several questionnaires were developed and vali-
dated to help physicians assisting patients with distur-
bances of consciousness. The most widely used are the
Confusion Assessment Method (CAM) and its brief ver-
sion (bCAM); however, these tools might be impaired by
the non-cooperative patient [6].

Considering the facts above, it is clear the importance
of a biomarker that could identify patients with delirium
[7]. A biomarker is defined as a characteristic that can be
measured and assessed as an indicator of biological pro-
cesses (normal or pathological) or as a response to thera-
peutic interventions [8, 9].

A biomarker’s relevance is its ability to provide infor-
mation on questions of interest adequately, and the valid-
ity represents the effectiveness in doing so [9]. So far,
several biomarkers have been described as being able
to diagnose delirium; however, none of them have been
widely incorporated in clinical practice.

Neuron Specific Enolase (NSE) is a 78 kD gamma-
homodimer and represents the dominant enolase-isoen-
zyme found in neuronal and neuroendocrine tissues. Its
primary function is to catalyze the conversion of 2-phos-
phoglycerate to phosphoenolpyruvate and its levels in
other tissues, except erythrocytes, are negligible [10].

Due to this organ-specificity, concentrations of NSE in
cerebrospinal fluid and serum are often elevated in dis-
eases resulting in acute neuronal destruction [11]. Ele-
vated serum NSE levels can be found in coma patients
after a hypoxic insult [12] or head trauma [13] and are
usually related to a poor prognosis.

Therefore, the present review’s primary purpose is
to examine the literature to determine whether NSE is
applicable for diagnosis and/or prognosis of patients with
delirium.
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Methods
Study design
This was a systematic review to evaluate NSE as a diag-
nostic and prognostic tool in delirium patients.

This study followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.

Eligibility criteria

We included original observational studies (cohort,
case-control and cross-sectional studies) that evaluated
plasma or cerebrospinal fluid NSE levels among adult
patients with delirium. There was no restriction in terms
of year of publication, intervention or outcome. Non
English or adult human studies, case reports, narrative
reviews, and opinion articles were excluded.

Search strategy

A strategy for a literature search was developed and
executed by a medical doctor with inputs from the study
investigators. The search strategy was created using a
combination of keywords and standardized index terms
related to NSE and delirium.

The search strategy included the search terms (Delir-
ium) AND (Neuron specific enolase OR enolase OR
NSE).

The initial search was run in July 2024 in PubMed (66),
Scielo (1) and Lilacs (2).

Study selection and data extraction
In the first phase, 3 investigators independently screened
all titles and abstracts for eligibility.

In the second phase, all studies considered potentially
relevant were retrieved as full text and independently
assessed for eligibility. The investigators were not blinded
to the authors, journals, or results of the studies.

Pertinent data were independently extracted for all
the studies using a standardized, predefined extraction
form. The extracted data included author, journal, year,
country, study type, included patients characteristics
and main findings, which were paraphrased and adapted
from the original publication results and conclusions.
Unadjusted and adjusted effect estimates reported by the
studies were extracted. Only data available in published
manuscripts and abstracts were used.

Results
Initially, 69 articles were selected after searching the
databases, and 2 duplicates were identified and excluded.
Thus, 67 articles remained for the first phase of the
analysis.

After reading the title and abstract, 23 articles were
selected (not related to NSE and delirium, non eng-
lish or adult human studies, editorials or reviews were
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excluded), and then read in full by the reviewers. 2 stud-
ies were excluded in the second phase because they did
not meet the inclusion criteria (lack of data about NSE or
delirium-NSE correlation).

The 21 selected articles constitute this systematic
review (Fig. 1; Tables 1 and 2).

Study design

Out of the twenty one articles selected, two were ran-
domized clinical trials, six were case-control studies, and
thirteen were cohorts.

Methodologies

Each study’s sample sizes varied from 13 to 194, with a
median value of 74 and an interquartile range of 44 to
120 patients.

(2024) 9:23
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Three out of twenty one studies determined a cutoff
value for defining delirium, utilizing plasmatic NSE levels
above the 95th percentile or above 12,5 pg/L [22, 24, 26].

Two out of twenty one studies took samples in varying
time spams to evaluate NSE kinetics and release patterns
before and after situations related to brain dysfunction
[15, 17].

Most studies analyzed serum samples to determine
NSE concentrations, as only Caplan et al. [19] and Zhang
et al. [34] considered concentrations in cerebrospinal
fluid.

The delirium diagnosis was confirmed with a clini-
cal evaluation, carried out most frequently before and
after exposure. Nonetheless, the delirium assessment
tools varied, as five studies utilized the latest DSM crite-
ria available at the time and thirteen studies utilized the
Confusion Assessment Method (CAM) and its variations

PubMed: 66 results
Scielo: 1 results
Lilacs: 2 results

69 articles identified from electronic databases

y

== 2 duplicates excluded

67 articles, without duplicates
Title and abstract read

44 articles excluded (did not

A

meet inclusion criteria)

23 articles selected for full-text analysis

2 articles excluded (lack of

y

data about NSE)

21 articles included in the review

Fig. 1 Diagram of studies selection



Sugawara et al. Translational Medicine Communications (2024) 9:23 Page 4 of 8
Table 1 Key characteristics of included studies
Study Journal Year Country Study type Delirium assessment tool
Stelzl et al. [14] Eur J Emerg Med 1995 Germany Cohort DSM-III-R
Herrmann et al. [15] Eur J Cardiothorac Surg 1999 Germany Cohort DSM-IIIR
DRS (severity)
Rasmussen et al. [16] Br J Anaesth 2000 Denmark Case-control DSM-IlI
Herrmann et al. [17] Stroke 2000 Germany Cohort DSM-IIIR
DRS (severity)
van Munster et al. [18] BMC Neurol 2009 Netherlands Case-control CAM
DRS-R-98 (severity)
DOS
Caplanetal. [19] J Gerontol A Biol Sci 2010 Australia Cohort CAM
Med Sci DI
Grandi et al. [20] J Crit Care 2011 Brazil Case-control CAM-ICU
Macedo et al. [21] Braz J Psychiatry 2013 Brazil Case-control CAM-ICU
Anderson et al. [22] J Crit Care 2016 EUA Cohort CAM-ICU (medical record
review)
Kozak et al. [23] Neurol Neurochir Pol 2017 Turkey Case-control DSM IV
DRS
Anderson et al. [24] J Heart Lung Transplant 2018 EUA Cohort Medical record review
Gailiusas et al. [25] Acta Med Litu 2019 Lithuania Cohort CAM-ICU
Erikson et al. [26] Acta Anaesthesiol Scand 2019 Finland Cohort CAM-ICU
(Finnish version)
Lietal [27] Jintensive Care Med 2019 China Randomized clinical trial  CAM-ICU
Mietani et al. [28] PLoS One 2021 Japan Cohort CAM-ICU
ICDSC
Hollinger et al. [29] J Clin Anesth 2021 Switzerland Randomized clinical DOS
trial (placebo controlled, Nu-DESC
double blind) ICDSC
Gao et al. [30] Ann Palliat Med 2021 China Case-control No information
Menzenbach et al. [31] Biomedicines 2021 Germany Cohort CAM (hospital ward)
CAM-ICU
DOS
4AT score
de Alencar et al. [32] Sci Rep 2023 Brazil Cohort CAM
Nubel et al. [33] J Cardiovasc Dev Dis 2023 Germany Cohort CAM-ICU
Zhang et al. [34] Curr Med Res Opin 2024 China Cohort CAM-ICU

(CAM-ICU). Only three studies considered neither DSM
criteria nor CAM to diagnose delirium.

Results of individual studies

Eight studies found statistically significant variation in
plasma or CSF NSE levels in patients with and without
delirium [15, 19, 20, 22, 24, 28, 30, 33, 34], while other
eleven did not [14, 16-18, 23, 25-27, 29, 31, 32].

One study concluded that NSE might have prognostic
value, for its higher levels being related to a higher risk of
delirium and overall mortality [20], while other three did
not [15, 21, 34].

Limitations and bias

Ten authors acknowledged that they worked with small
sample sizes [15, 19, 20, 23, 24, 26, 27, 32—-34]. Other lim-
itations stated were also related to the small number of
participants, such as lower incidence of cases [20, 22, 27,

33] and the rigidity of exclusion criteria [21, 23, 27, 28,
31].

Three out of twenty one authors declared limitations
in the post-analytical phase, for instance, hemolysis [14]
and the difference between peripheral and CNS samples
[18, 32].

We did not observe any limitations reported in four
studies [16, 17, 25, 30], even though some of the limita-
tions discussed by other authors could also be applied to
them.

Discussion

Delirium is the outcome of a multifactorial process
that culminates in the acute confusional state and not a
proper disease [1]. Therefore, it may be better compre-
hended as an “acute brain failure” in many ways, similar
to heart failure and other organic dysfunctions. The dif-
ference is the lack of biomarkers that could reliably define
the diagnosis and prognosis, which would serve a similar
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Table 2 Included patients characteristics and main findings of the selected studies

Study  Included patients Main findings

Stelzlet 13 patients with circulatory Only one patient developed a prolonged delirium, whose NSE levels ranged from 10 ug/mL to 36 ug/mL.

al.[14]  arrest due to acute cardiopul-  Other patient’s enzyme levels ranged from 8 ug/mL to 412 ug/mL. No correlation was assumed between

monary failure NSE levels and the presence of delirium.

Her- 36 patients undergoing valve  Three patients undergoing valve replacement developed delirium at the first postoperative examination,

rmann  replacement whose NSE-values were found above the 75% percentiles 6 h and 20 h after surgery. No associations were

etal. and/or coronary artery bypass  found between the delirium data at 1-week and 6-month follow-up and the NSE release pattern.

[15] grafting surgery

Rasmus- 65 patients undergoing elec-  After operation, eight patients had delirium. No statistical correlation was found between delirium and

senetal. tive major abdominal surgery,  non-delirium patients and the levels of NSE at 24 h (p=0.19), 48 h (p=0.41) or 72 h (p=1.0) after surgery.

[16] aged 60 years or older

Her- 74 patients who underwent Seven patients presented with delirium at the first postoperative assessment. The area under the receiver

rmann  elective coronary artery bypass operating characteristic curve of NSE did not differ significantly between patients with and without

etal. grafting or valve replacement  delirium.

17 surgery and who showed no

severe neurological deficits
after surgery

van 120 patients aged 65 yearsor 62 patients had delirium. Mean NSE level was 11.7 ng/L both in delirium (samples were the first samples

Munster  older who were acutely admit-  during the delirious episode) and no delirium patients (samples of comparable postoperative day)

etal. ted with hip fracture to the (p=0.97). No significant difference was observed in NSE levels in patients with different subtypes (hyper-

[18] medical center active, hypoactive or mixed) (p=0.41), nor between patients with known vs. unknown subtype. Also, NSE
did not correlate with delirium severity (p=0.32).

Caplan 20 hospitalized patients with NSE levels in cerebrospinal fluid were lower in patients with delirium compared to those with Alzheimer’s

etal. delirium without clinical im- dementia (P<0.001). CSF NSE levels were significantly correlated with CAM (P=0.028), DI (P=0.014).

[19] provement after 5 days of treat-  No statistically significant correlations were found between the NSE and the other indices [APACHE

ment and 20 outpatients with  (p=0.298), IADL (P=0.449) and Barthel (p=0.991)].
known Alzheimer's dementia
(control group)

Grandi 60 patients (30 delirium and 30 Mean NSE concentration at admission was significantly higher in delirium when compared to non-

etal. non-delirium) retrospectively delirium patients (p=0.001), whereas NSE level the day before delirium was not (p=0.321), as NSE levels

[20] selected from 130 patients decreased during ICU stay. The area under the receiver operating characteristic curve to the diagnosis

admitted to the ICU for more  of delirium was 0.72 for NSE levels at admission. When patients who earlier developed delirium were

than 24 h separately analyzed, it was determined that serum NSE levels at admission were significantly higher only
at this group, but not in patients who later developed delirium (p <0.05). Also, admission NSE levels were
higher in non survivor delirious patients when compared with survivors (p =0.04).

Macedo 70 patients admitted to the ICU  When analyzing delirium and non-delirium patients separately, there were no significant differences in

etal. (35 patients who developed NSE levels between survivors and non-survivors.

[21] delirium and 35 who did not)

Ander- 124 patients admitted to the All patients had detectable NSE on admission to the ICU, and the median plasma concentration of NSE

son etal. ICU for sepsis was 6.6 ug/L (interquartile range 4.1-13.8). Thirty-four patients developed delirium.

[22] Higher plasma NSE concentrations at ICU admission were associated with increased risk of delirium. Each
2-fold increase in the plasma NSE concentration was associated with a 5.2% (95% Cl 3.2-7.2, P<0.001) in-
creased risk of delirium after adjusting for APACHE Il score and receipt of sedative and analgesic infusions.

Kozak et 60 patients with acute ischemic There was no significant difference between the delirious and non-delirious patients in respect of NSE

al. [23] stroke admitted to the hospital ~ values (p=1.0). In addition, serum baseline levels of the enzyme were similar in the two groups.

within the first 24 h of stroke
onset

Ander- 155 patients undergoing lung  Delirium occurred in 57 (36.8%) patients for a median of 4 days (interquartile range [IQR] 2 to 7 days).

sonetal. transplantation All patients had detectable NSE plasma levels 24 h after reperfusion, with a median concentration of

[24] 11.3 pg/liter (interquartile range [IQR] 8.1 to 14.7). Higher plasma NSE concentrations were significantly
associated with post-operative delirium. Patients with a plasma NSE concentration at the 75th percentile
(14.7 ug/liter) had a 15.1% (95% Cl 2.5 to 27.7; p=0.019) absolute increased risk of post-operative delirium
compared with patients with a plasma NSE concentration at the 25th percentile (8.1 pg/liter).

Gailiusas 44 patients undergoing 8 patients developed postoperative delirium. After surgery, NSE significantly increased in the whole

etal. elective coronary artery sample (p=0.002), but when comparing delirium and non-delirium patients, NSE was significantly higher

[25] bypass grafting and/or valve in the delirium group (p=0.042).

procedures

Erikson 22 patients with septic shock  Ten patients had delirium, whose mean NSE was 23.0 [13.2-28.0] P=0.771. 17 patients achieved the cut-

etal. admitted to the ICU off value of 12.5 pg/L adopted for NSE, 8 of whom developed delirium.

[26]
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Study Included patients Main findings
Lietal. 26 patients admitted to the 54 patients developed delirium. The area under the receiver operating characteristic curve for predicting
27 ICU for more than 96 h receiv-  the development of delirium on the day when delirium was diagnosed was 0.724 (Cl 95%: 0.532-0.916).
ing continuous sedation and
analgesia for >48 h.
Mietani 117 patients who underwent 41 patients were clinically diagnosed with postoperative delirium. NSE levels were significantly higher in
etal. elective cancer surgery under  the delirium group when compared to the non-delirium one (p <0.0001). Using a cut-off value of 201.2
[28] general anesthesia, irrespective  ng/mL, the area under the curve (AUC) for serum NSE level in predicting delirium was 0.87 (sensitivity,
of the affected organ 0.76; specificity, 1.00; 95% confidence interval, 0.79-0.95). Multivariate logistic regression analysis showed
that NSE was associated with postoperative delirium (p <0.0001).
Hol- 182 patients admitted for 14 of patients developed postoperative delirium and had mean NSE levels of 19.7 ug/l in the preopera-
lingeret elective surgery (randomized  tive period (p=0.8), while 10 had mean levels of 16.8 ug/! in the postoperative period (p=0.9). There
al. [29] into haloperidol, ketamine, were no significant changes in perioperative NSE levels in patients with delirium (median —5.1 [-9; 14.3],
haloperidol + ketamine and P=0.56).
placebo groups)
Gaoet 98 patients with combined The expression levels of NSE in the research group were higher than those in the control group
al. [30] severe craniocerebral injury (P<0.001). Research group patients were followed up for a period of 30 days when transferred out of the
(GCS < 8) and delirium (research  ICU. By the end of the follow-up, 37 patients died and 61 patients survived. The expression levels of NSE
group), and 90 patients who in the death group were higher than those in the survival group (P<0.001). Multivariate analysis showed
had a physical examination that abnormally elevated levels of NSE were independent risk factors for the prognosis of research group
during the same period (con-  patients. Also, the average survival time of the high NSE level group was shorter than that of the low-level
trol group) group (P<0.05).
Menzen- 118 patients over the age of 60 33 patients had delirium (20 from the 1st to the 2nd postoperative day and 13 from the 3rd to the 5th).
bachet admitted for elective surgery NSE tended to be different in patients with postoperative delirium, but without statistical significance in
al. [31] lasting at least 60 min relation to the control group (p=0.39), even after propensity score matching (p=0.26).
de Alen- 194 patients aged 65 yearsor 46 patients were diagnosed with delirium —25 on admission (prevalent delirium) and 21 during hospital
caretal. older, admitted to the ED of a stay (incident delirium). Plasma NSE concentration at ED admission was not associated with an increased
[32] tertiary hospital and hospital-  risk of delirium diagnosis during hospitalization (p=0.57), even when only patients at risk of develop-
ized for less than 24 h ing delirium were evaluated (i.e, those without delirium at enrollment) (p=0.87). Also, NSE levels were
not associated with the delirium pathology (enzyme levels measured before and during delirium were
compared) (p=0.88).
NUbel et 135 patients undergoing elec-  After TAVR, patients with postoperative delirium (POD) had a higher median NSE level compared to
al. [33] tive TAVR (Transfemoral Aortic  patients without POD after TAVR (4.42 ng/mL vs. 2.33 ng/mL, p=0.024). The median relative increase in
Valve Replacement) classified NSE was 40.4% (13.1-138.0) in patients with POD versus 17.3% (3.3-43.4) in those without POD (p=0.17).
as high surgical risk patients Adjusted for preoperative NSE levels, the relative increase in NSE had an OR 1.0 [95% Cl 0.995-1.01],
p=0.40, for POD. Compared to the group of patients with an NSE elevation < 20%, patients with an NSE
elevation >20% had an OR 2.45 [95% Cl 0.43-13.84], p=0.31, for POD.
Zhang 101 sepsis patients (patients NSE levels in the Sepsis-Associated Encephalopathy (SAE) group were higher than in the non-SAE group
etal. with infection or suspected with a statistically significant difference for both serum (11.67 (9.80-12.62) vs. 10.05 (9.12-11.34), respec-
[34] infection and sequential organ  tively, p=0.002) and cerebrospinal fluid (9.89 (8.46-11.02) vs. 8.54 (7.83-9.34), respectively, p <0.001)

failure assessment (SOFA)
scores of >2)

measurements.

When plasma NSE >8.81 ng/ml, the ability to identify SAE of AUC=0.687, specificity =0.605, sensitiv-
ity=0.714; When cerebrospinal fluid NSE = 10.04 ng/ml, the ability to identify SAE of AUC=0.711, specific-
ity=0.816, sensitivity =0.635.

Also, NSE levels in the survival group did not present statistical significance when compared with the
non-survival group for both serum (11.98 (11.09-15.32) vs. 11.45 (9.73-12.45), respectively, p=0.079) and
cerebrospinal fluid (9.60 (8.96-11.44) vs. 9.89 (8.45-10.70), respectively, p=0.815) measurements.

purpose that troponin and brain natriuretic peptides do
for heart failure [35, 36].

Neuron Specific Enolase is an intracellular enzyme,
located almost exclusively in neurons and neuroendo-
crine tissues [10]. This fact prompted its use as a marker
of neuronal injury. There is no consistent evidence that,
in patients with delirium, neuronal death occurs. How-
ever, other central nervous system injury markers, like
S100B, have been reported to reflect the delirium severity

[7].

Therefore, in this review, we evaluated serum NSE lev-
els’ applicability as a diagnostic and prognostic tool to
assess patients with delirium. We selected twenty one
papers, published from 1995 to 2024, that evaluated the
relationship between serum or CSF NSE levels and the
occurrence of delirium. Due to the wide variation in
study design, participants, interventions, data, and out-
comes reported, we decided to describe the studies, their
results, their limitations, and possible bias.

Only eight studies concluded that NSE could have any
value for identifying or giving the prognosis of patients
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with delirium [15, 19, 20, 22, 24, 28, 30, 33, 34]. All of
these studies, except one [19], were conducted in inten-
sive care units. Although there is no logical explanation
for this finding, it can be supposed that these patients
received a higher degree of attention to changes in con-
sciousness levels, making it more probable that delirium
could be identified.

This systematic review suffers significantly from its
study pool’s vast heterogeneity, which leads to an impos-
sibility to create a meta-analysis. The data published in
these studies have almost no similarity between each
other, as seen in the delirium assessment: the assessment
tool varied significantly, and the time of evaluation varied
even further.

Besides that, the number of patients included in each
study was very small for the designed purpose. The three
largest studies included around 177 patients [24, 29, 32]
and, notoriously, presented opposite results. As a com-
parison, one of the first studies to report the usefulness of
troponin to diagnose myocardial infarction enrolled 388
patients [37]. Also, selection bias is also very plausible
in this systematic review, the size of which we could not
predict due to the incapability of creating a funnel plot.

Although a discussion about the limitations was sup-
posed to be found in each paper, some did not present
it. All the others discussed the matter, pointing out the
small samples and even analytical troubles responsible
for negative results. Anderson and colleagues [22] even
stated that the varying results across studies might be
explained by different outcome definitions or the differ-
ence in pathophysiologic mechanisms leading to delirium
in different patient populations.

Conclusion

In conclusion, the present data and findings concern-
ing NSE measurements are not sufficient to be clinically
applied in the neurobehavioral and/or neurocognitive
diagnoses or prognosis of a patient that presents to the
emergency room or to the intensive care unit. Thus, fur-
ther data is necessary to support any claims that NSE is a
diagnostic or prognostic tool for patients with delirium.
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