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Neurofilament light: a narrative review on biomarker utility
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Abstract

Neurofilament light (NfL) is a scaffolding protein that is located primarily within myelinated axons and that provides increased 
conduction speed and structural support. In recent years, NfL has been used as a disease biomarker on the basis of the observation 
that axonal injury results in elevated levels of NfL in cerebrospinal fluid or blood. This review focuses on how cerebrospinal 
fluid and plasma NfL have been studied in various disorders such as Alzheimer’s disease (AD) and multiple sclerosis (MS) in 
relation to neuroinflammation and cognitive dysfunction. Focusing on the role of NfL as a biomarker for AD and MS, this review 
aims to further explore the potential of NfL as a promising biomarker with regard to surgery- and anesthesia-based incidents for 
postoperative cognitive decline and delirium. A search of the PubMed database yielded 36 articles, 31 of which are from within 
the last 3 years, that show how NfL has been observed and studied under various types of trials and disease cohorts and potential 
future directions. Higher levels of NfL have frequently been correlated with disease progression and prognosis of AD and MS, 
and delirium has been found to share a neuroinflammatory pathophysiology that NfL could help to measure. Focusing on NfL as a 
biomarker for neurodegenerative decline, these studies indicate that the protein could be further tested and related to postoperative 
aspects that result in cognitive dysfunction, and it has the potential to be an established delirium biomarker, particularly in the 
realm of the perioperative course.
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Introduction
Neurofilaments (NFs) are cylindrical and elastic proteins located 
in neurons that provide structural stability and dictate their  
asymmetrical shape. NFs are found in dendrites and the neu-
ronal soma though not as abundantly as in myelinated axons1,2.  
NFs promote the radial growth of axons and are expressed more 
in larger myelinated axons, promoting a higher conduction  
velocity1–3. NFs are released upon axonal injury, leading to 
an increase in concentration in cerebrospinal fluid (CSF) and 
blood. Among the four NF subunits, neurofilament light (NfL) is  
the most abundant and soluble in CSF and blood. In par-
ticular, NfL has served as an important biomarker for many  
neurodegenerative diseases such as multiple sclerosis (MS),  
Alzheimer’s disease (AD), and Parkinson’s disease (PD)4–7. 
NFs have been measured through CSF for both central nerv-
ous system and peripheral nervous system diseases, although this  
requires a lumbar puncture, which is a more invasive proce-
dure. Similar to the other subunits of NFs, NfL can be measured  
in CSF through the antibody–antigen interactions seen in  
enzyme-linked immunosorbent assay (ELISA) technology2,4. 
However, this method is neither sensitive nor specific enough  
for quantifying levels of NfL in blood since the concentration 
of NfL in blood is far lower than in CSF. More recent advances 
in immunoassay technology have contributed to the ability  
to measure NfL in blood. In particular, the quantification of NfL 
concentration and detection of longitudinal changes in NfL lev-
els specific to plasma have been achieved via single-molecule  
array (Simoa) technology2,4–6. Many studies have shown a posi-
tive correlation between the plasma or serum and the CSF  
concentration of NfL, demonstrating the effectiveness of NfL  
as a blood biomarker for multiple diseases2,5,6.

For this narrative review, we specifically looked at the func-
tion of NfL and aimed to address its use in previous studies and  
trials, particularly with regard to neurodegeneration, neuroin-
flammation, and neuronal injury as a result of surgery and  
anesthesia. Studies pertaining to cognitive decline and delirium 
were also incorporated to emphasize the relationship between 
NfL and perioperative neurocognitive disorders (PNDs).  
However, it should be noted that there is an ongoing discussion 
regarding the definition of PND as a more overarching term for 
events or diagnoses of cognitive dysfunction and decline as a  
result of surgery and anesthesia7. A literature search was con-
ducted on PubMed with defined keywords, including “neurofila-
ment light”, “NfL”, “neurodegeneration”, “neuroinflammation”,  
“cognitive dysfunction”, “postoperative delirium”, and “peri-
operative neurocognitive disorders”. Scientific papers and 
reviews included were published between 2011 and 2020, and  
over 25 of the references were published in the last three years.

Neurofilament light and neurodegenerative disorders
The measured levels of NfL have allowed the assessment of dis-
ease onset, progression, and prognosis in neurodegenerative  
diseases. NfL is released at a constant and low level from 
axons under normal conditions; however, this rate increases  
with age. During events of axonal damage, concentrations of 
NfL in CSF can increase to 40 times their original level4,6. The  

observance of this increase in NfL levels therefore can serve 
as an indication of the degree of axonal damage and disease  
severity. In MS, for example, axonal injury occurs during the 
early phases and degeneration continues as the disease progresses, 
providing NfL with prognostic potential. This degeneration  
correlates with NFL levels in affected patients, and greater lev-
els are measured in the relapsing–remitting disease course4,8.  
Additionally, NfL has been found to be sensitive to treatment 
for MS, and a higher percentage decrease is seen in patients 
who receive treatment as compared with healthy control  
groups9.

In regard to neurodegeneration, both neurocognitive decline 
and neuronal loss associated with AD correlate with increased  
levels of plasma and CSF NfL; a peak in the rate of increase 
is on par with the onset of AD4–6,10,11. A 2019 longitudinal  
study found that the rate of change in serum NfL levels served 
as a predictor for presymptomatic AD but that absolute NfL 
levels were observed to indicate the symptomatic phase and 
progression of AD10. Although the study demonstrated that a  
greater rate of change would indicate a higher conversion 
from presymptomatic to symptomatic AD, the optimal disease 
period at which the rate of change is most accurate, a character-
istic that would further the ability of NfL as a biomarker, was  
not determined10. Similarly, a correlation between higher 
plasma NfL levels and poor cognition in PD has been studied11.  
However, no relationship between the motor symptoms and 
the biomarker was established, emphasizing the specificity of  
NfL to cognitive dysfunction in diseases11.

Neurofilament light in perioperative neurocognitive 
disorders
Acute neurofilament light changes following surgery
Changes in NfL levels have also been observed in response 
to surgery and anesthesia, suggesting an association between 
neuronal damage and surgery as measured by the biomarker  
through the perioperative course12–14. The aims of a 2018 study 
by Evered et al. were to observe and investigate the effects of 
anesthesia and surgery on cognition through the use of the neu-
ronal injury biomarkers tau and NfL12. The cohort consisted of  
30 patients who were at least 60 years old and who were  
undergoing either hip or knee arthroplasty with general anesthe-
sia (combined with either bupivacaine or ropivacaine). Blood 
samples were collected over the perioperative course at five  
different time points: before surgery and 30 minutes (for 17 
participants), 6 hours, 24 hours, and 48 hours after the surgi-
cal incision. The analysis compared change over time from the  
baseline of each individual and showed a significant and sequen-
tial increase in plasma NfL concentration at up to 48 hours  
(Figure 1). These results demonstrated a more acute response 
to neuronal injury rather than chronic neurodegeneration due  
to surgery and anesthesia12.

Postoperative delirium
Delirium is defined by the Diagnostic and Statistical Man-
ual of Mental Disorders, Fifth Edition (DSM-5) as an acute 
onset or fluctuating course of inattention along with either  
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disorganized thinking or an altered level of consciousness.  
Delirium has a high incidence in the postoperative period, espe-
cially in elderly patients undergoing cardiac surgery13,14,16,17.  
In the perioperative period, there are various risk factors for 
delirium, including preoperative cognitive status, elderly age, 
untreated acute pain, excessive use of sedatives, and opioids in the  
postoperative period. Although the underlying pathophysiol-
ogy of delirium is not fully understood, there are two leading 
hypotheses: dysregulation of inflammation and impairment in  
neurotransmission13,16,17. Various biomarkers have shown an 
association of systemic inflammation with delirium sever-
ity and duration, but current literature falls short in providing a  
reliable biomarker for predicting the incidence of delirium18–21. 
However, studies have linked CSF biomarkers to delirium, 
and the neuroinflammation pathophysiology found in AD is  
associated with delirium22. Thus, it may be of value to study 
the trends of NfL as a screening modality for imminent onset  
of postoperative delirium.

Delirium, neurofilament light, and other biomarkers
Because delirium results in cognitive changes, investiga-
tors have explored links to NfL, specifically those having to 
do with cognition and neuronal damage. Previous candidate  

biomarkers measured for delirium have included tau and  
interleukin-8 (IL-8)12,18,23,24. Postoperative fluctuation in tau lev-
els (a rapid increase followed by a decrease in the first 48 hours)  
points to the neuronal response to surgery and anesthesia;  
however, this fluctuation lacks a longitudinal correlation with 
the incidence of delirium12,23,24. Even though the cytokine IL-8  
has demonstrated a correlation with severity of delirium through 
inflammation, it is difficult to determine whether surgery  
independently impacts inflammation or delirium and, if so, 
to what extent24. NfL has been directly linked with cognitive 
impairment and neurodegeneration, and the former has also  
been associated with postoperative delirium4,16,25. Casey et al. 
established NfL as a biomarker for neurodegeneration by  
correlating increased levels of plasma NfL with patients posi-
tive for neurodegeneration on neuroimaging18. The same study  
also demonstrated a rising trend of NfL in a postsurgical popu-
lation with a peak on postoperative day 1 in delirium-positive  
patients when compared with non-delirious controls. This posi-
tive correlation was seen even if the patients were found to 
be delirious on a later postoperative day, suggesting that the  
biomarker could be predictive for the state of postopera-
tive delirium18. The link between neuronal damage and delir-
ium was strengthened in that study by showing independence 

Figure 1. Neurofilament light (NfL) levels over perioperative course. The figure shows a comparative sequential increase in NfL in 
patients 60 years or older, for a period of 48 hours postoperatively, as described by Evered et al. and Fong et al., respectively12,15. Mean 
plasma neurofilament light concentration measured at baseline, 6 hours, 24 hours, and 48 hours for patients undergoing hip or knee surgery 
under general anesthesia (Evered et al.12). Baseline and 48-hour NfL concentrations measured in patients undergoing major elective surgery 
(Fong et al.15). Quartile 1 is the lowest median quartile range, defined by NfL concentration of no more than 20.76 pg/mL at baseline and 
perioperative neurocognitive disorder 28.08 pg/mL at postoperative day 2. Quartile 4 is the highest median, defined by NfL concentration of 
at least 44.39 pg/mL at baseline and at least 54.76 pg/mL at postoperative day 2.
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from the pathophysiologic role that inflammation has been  
hypothesized to play in delirium17–19.

The cardiac surgery population is associated with a high (up 
to 50%) incidence of postoperative delirium along with worse 
postoperative outcomes18,20,26,27. A recently published case  
series tested the association of NfL levels on three groups of 
cardiac surgery patients grouped by procedure (off-pump car-
diac arterial bypass or procedure with cardiopulmonary bypass)  
and delirium status: without developing delirium in off-pump 
patients, without delirium, and postoperative delirium in  
cardiopulmonary bypass patients13. All groups had an increased 
level of NfL in the postoperative period when compared  
with the baseline values, and the concentration was strikingly 
higher in the delirious patients who underwent cardiopulmo-
nary bypass intraoperatively compared with the no-delirium  
and evolving-delirium groups24. With a total length of hos-
pital stay between 10 and 30 days for this group, the peak  
NfL levels were observed around the time of discharge,  
indicating the longitudinal value of the biomarker and the role 
it has as a diagnostic and monitoring tool in the perioperative  
course24. However, the case series format of that study limits 
study validity as there was no randomization and it is unclear 
whether NfL was an associated or causal factor in the delirium  
pathway. Therefore, there is a need for matched cohort stud-
ies or randomized control trials to further analyze the rela-
tionship between NfL and postoperative delirium in cardiac  
surgery. Alifier et al. investigated the relationship between neu-
ronal injury and surgery by measuring NfL concentrations in  
25 cardiac surgery patients and 26 otolaryngeal surgery  
patients28. Samples were taken before, during, and after surgery, 
and NfL was found to increase in concentration over a period 
of 7 days after on-pump cardiac surgery compared with no  
changes in otolaryngeal surgery. This association between car-
diac surgery and neuronal injury in patients indicates a key  
interaction in observing cognitive decline and PND, particu-
larly through NfL24,26–29. Through the use of NfL as a biomarker,  
there is more potential for early detection of delirium in the 
postoperative period, possibly before the symptoms present  
themselves. Having a validated biomarker that can predict delir-
ium would help clinicians take mandated precautionary meas-
ures and reduce the in-hospital morbidity of these patients,  
potentially using this biomarker to track the effectiveness of  
their measures over a period of time.

Delayed cognitive recovery and mild cognitive impairment 
following surgery and neurofilament light
Cognitive dysfunction and decline have been frequently  
associated with surgery, particularly in relation to postopera-
tive complications in cardiac surgery26,27,29. Conditions such 
as PNDs have been shown to contribute to decreased qual-
ity of life and increased risks of developing dementia and AD.  
In a 2018 randomized trial, Danielson et al. observed that a 
high dose of methylprednisone in cardiac surgery patients 
attenuated systemic inflammatory markers such as IL-6 but did  
not impact neuroinflammatory markers like NfL and tau30. It 

should be noted, however, that the CSF biomarkers were obtained  
only once after surgery because of the invasive nature of the  
lumbar puncture, and NfL was measured through CSF and 
methods such as ELISA may have not been sensitive enough 
to note the changes in levels when compared with plasma or  
serum30,31.

Neurofilament light with other biomarkers
When comparing NfL with other biomarkers used for neuro-
degenerative disease, many studies have used NfL alone and  
in conjunction with more disease-specific biomarkers not only 
to further understand the progression of disease but also to 
evaluate the potential of NfL as a biomarker32. Dhiman et al.  
compared NfL with amyloid-beta (Aβ) and tau proteins in order 
to distinguish AD from mild cognitive impairment (MCI)33.  
The study used the CSF form for all three biomarkers and 
found that NfL was highly specific and sensitive in separating 
patients with AD from healthy controls. This capability was on  
par with that of tau and Aβ. However, the study also observed 
that higher accuracy in the diagnosis between AD patients and 
MCI patients was seen when combining the latter biomarkers  
with NfL33. Similarly, higher levels of biomarkers such as GFAP 
and YKL-40 are correlated with increased MS disease pro-
gression while NfL determined changes in brain volume and  
neuronal injury34. NfL was also found to have accurate diag-
nostic value in neurodegenerative dementias when used in con-
junction with tau35. These results could be attributed to the fact  
that NfL is not a disease-specific biomarker but rather one that 
applies particularly to neurodegeneration and axonal injury 
conditions, providing a range of potential uses in various  
diseases32–35.

Neurofilament light and neurocognitive assessments
NfL has also been evaluated as a biomarker through its com-
parison with neurocognitive assessments to determine the sta-
tus of a given patient’s cognitive function. A 2019 prospective  
observational study paired NfL levels with a neuropsychiatric 
exam and the Confusion Assessment Method for the intensive  
care unit (CAM-ICU) to measure functional outcome of  
sepsis-associated encephalopathy in patients with septic shock36.  
A significant increase in NfL was found over a period of 7 days 
in patients with sepsis, compared with the healthy controls, 
and was found in both plasma and CSF. The mean NfL increase  
in CAM-ICU–positive patients was significantly larger than 
that of CAM-ICU–negative patients. Overall, poor functional  
cognitive outcome correlated with higher levels of NfL and 
with a significant association with shorter survival36. A cohort of 
hip fracture patients who underwent elective surgery was also  
assessed for delirium with the CAM assessment, and higher 
levels of both serum and CSF NfL were found in patients posi-
tive for delirium37. The study by Halaas et al. compared NfL 
between hip fracture patients and cognitively normal patients  
undergoing elective surgery and used the CAM assessment to 
help diagnose delirium37. Samples consisted of CSF and preop-
erative and postoperative serum and found elevated levels of  
NfL serum in hip fracture patients with delirium, which positively 
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correlated with NfL levels in CSF. This study, however, did 
not measure NfL at various time points to reflect gradual  
change in NfL concentration in patients with cognitive decline,  
as seen in other surgery-related studies37.

Olsson et al. established similar results when comparing NfL 
with the Mini–Mental State Examination, Montreal Cognitive  
Assessment, and Dementia Rating Scale for cohorts of vari-
ous neurodegenerative disorders38. Higher NfL levels at baseline  
directly correlated with poorer scoring on the tests as well as 
faster decline of cognition in subsequent tests38. The use of 
NfL in conjunction with these assessments highlights brain 
injury in patients, and the combination further represents the  
prognostic ability of the biomarker in neurological  
outcome36–38.

In 2020, Fong et al. used neurocognitive assessments and  
measured four biomarkers associated with neuroaxonal 
injury—NfL, GFAP, tau, and ubiquitin carboxyl-terminal hydro-
lase L1 (UCHL-1)—in plasma samples in order to determine 
their relationship with the incidence, severity, and duration of  
delirium15. The cohort was identified as two groups of patients 
undergoing major elective surgery: delirium cases (patients 
with peak delirium on postoperative day 2) and no-delirium  
cases (no delirium throughout the length of their hospital stay); 
54 participants, all over the age of 70, were in each group.  
This cohort design (a case-control design) paired the two 
groups on the basis of multiple variables. This study combined 
the use of neurocognitive assessments over the perioperative  
course with the blood collection at three time points: preop-
eratively (baseline), postoperative day 2, and 1 month after  
hospitalization15. The analysis with the assessment and NfL 
found that patients with the higher levels of NfL at baseline  
had a significantly greater risk of developing delirium post-
operatively. Similarly, participants who had higher NfL levels  
either preoperatively or on postoperative day 2 experienced 
a more severe delirium, and these increases in concentration  
were not found in the other biomarkers that were tested. This 
result was corroborated with higher CAM severity scores, and  
there was a correlation between peak delirium severity and 
the change in baseline and postoperative day 2 NfL levels15.  
The analysis divided patients into four median quartiles; 
the highest quartile (Q4) had an increased risk of delirium  
compared with the lowest quartile (Q1) (Figure 1). Finally, 
although it was noted that absolute NfL increased in all par-
ticipants, the delirium group was found to have higher NfL  
levels that continued to increase at 1 month after hospitaliza-
tion, compared with the baseline level. This result was also  
examined with general cognitive performance (composited 
through various other neurocognitive tests), and an overall cogni-
tive decline was found in patients with elevated NfL levels after  
1 month15. The combined design of using both neurocogni-
tive assessments and measuring NfL levels demonstrates a 
more effective method in following the trajectory of delirium in  
patients. This can be further broadened and applied to other 

surgical cohorts and randomized trials in order to establish  
NfL as a predictive biomarker for delirium.

The previously mentioned study by Evered et al. included fol-
low-up cognitive testing, but no data were incorporated into  
the analysis12. The combined use of cognitive testing and  
NfL measurements in surgery-based studies would also vali-
date the effectiveness in determining PND and other cogni-
tive disorders. Previous case studies following surgical patients  
through their length of stay to depict the change in NfL levels 
have been conducted24. Combining the measurement of NfL at 
various timepoints along with the administration of neurocognitive  
assessments during the perioperative course would allow 
for parallel observations as well as monitoring a potential  
aligned trajectory in cognitive change.12,36,37. The study by Fong 
et al. was the first to measure NfL levels in combined efforts 
with neurocognitive assessments at a follow-up period of 1  
month15. The observation that elevated NfL levels at 1 month 
may attribute to ongoing cognitive decline post-operatively. 
This could be further tested and expanded upon in larger studies  
of different surgical cohorts, including cardiac surgery patients, 
as seen with the case series carried out by Saller et al.24.  
Further confirmation from future studies would illustrate that 
the trigger of delirium may lead to neuroaxonal injury with  
the potential of long-lasting cognitive dysfunction15. An impor-
tant note to be made is that developing a similar study design 
for the measurement of NfL could then progress into rand-
omized control trials, comparing normal patients in a surgical  
cohort to those undergoing an intervention, to diagnose and 
track the progression of cognitive disorders or postoperative  
delirium.

Conclusions
NfL, a protein specific to axonal injury, has recently been 
found to be a rising biomarker for multiple neurodegenerative  
disorders. Studies have both incorporated and focused on 
NfL for diagnostic and prognostic purposes and expanded the  
function of the biomarker beyond neurodegenerative diseases. 
NfL also shows potential in regard to surgery and postoperative  
cognitive dysfunction and delirium. Higher levels of NfL seem 
to correlate with increased neurodegeneration and poorer  
cognitive outcomes. Although most studies have used NfL in 
conjunction with other disease-specific biomarkers, more stud-
ies using both randomization of groups and the inclusion of  
multiple time points closer to the time of injury should be 
conducted. Thereby, NfL would be established either as part 
of a causative pathway in these disorders or as a byprod-
uct of neurodegenerative and neuroinflammatory processes.  
Additionally, the use of multiple time points for NfL sam-
ples in conjunction with neurocognitive assessments would 
help to further indicate the prediction, progression, and trajec-
tory of postoperative delirium and cognitive dysfunction over 
the perioperative course. The sensitivity that NfL provides in 
these studies illustrates a promising future as an established and  
definitive biomarker specifically for PNDs.



Faculty Reviews 2021 10:(46)Faculty Opinions

References Faculty Opinions Recommended

1.  Yuan A, Rao MV, Veeranna Nixon RA: Neurofilaments and Neurofilament 
Proteins in Health and Disease. Cold Spring Harb Perspect Biol. 2017; 9(4): 
a018309.  
PubMed Abstract | Publisher Full Text | Free Full Text 

2.  Lambertsen KL, Soares CB, Gaist D, et al.: Neurofilaments: The C-Reactive 
Protein of Neurology. Brain Sci. 2020; 10(1): 56.  
PubMed Abstract | Publisher Full Text | Free Full Text 

3.  Khalil M, Teunissen CE, Otto M, et al.: Neurofilaments as biomarkers in 
neurological disorders. Nat Rev Neurol. 2018; 14(10): 577–89.  
PubMed Abstract | Publisher Full Text 

4.  Gaetani L, Blennow K, Calabresi P, et al.: Neurofilament light chain as a 
biomarker in neurological disorders. J Neurol Neurosurg Psychiatry. 2019; 90(8): 
870–81.  
PubMed Abstract | Publisher Full Text 

5.  Gaiottino J, Norgren N, Dobson R, et al.: Increased neurofilament light chain 
blood levels in neurodegenerative neurological diseases. PLoS One. 2013; 
8(9): e75091.  
PubMed Abstract | Publisher Full Text | Free Full Text 

6.  Osborn KE, Khan OA, Kresge HA, et al.: Cerebrospinal fluid and plasma 
neurofilament light relate to abnormal cognition. Alzheimers Dement (Amst). 
2019; 11: 700–9.  
PubMed Abstract | Publisher Full Text | Free Full Text 

7.  Evered L, Silbert B, Knopman DS, et al.: Recommendations for the 
Nomenclature of Cognitive Change Associated with Anaesthesia and Surgery-
2018. Br J Anaesth. 2018; 129(5): 872–9.  
PubMed Abstract | Publisher Full Text | Free Full Text 

8.  Cai L, Huang J: Neurofilament light chain as a biological marker for multiple 
sclerosis: A meta-analysis study. Neuropsychiatr Dis Treat. 2018; 14: 2241–54. 
PubMed Abstract | Publisher Full Text | Free Full Text 

9.   Kuhle J, Kropshofer H, Haering DA, et al.: Blood neurofilament light chain as 
a biomarker of MS disease activity and treatment response. Neurology. 2019; 
92(10): e1007–e1015.  
PubMed Abstract | Publisher Full Text | Free Full Text | 
Faculty Opinions Recommendation 

10.  Preische O, Schultz SA, Apel A, et al.: Serum neurofilament dynamics predicts 
neurodegeneration and clinical progression in presymptomatic Alzheimer’s 
disease. Nat Med. 2019; 25(2): 277–83.  
PubMed Abstract | Publisher Full Text | Free Full Text 

11.  Lin YS, Lee WJ, Wang SJ, et al.: Levels of plasma neurofilament light chain and 
cognitive function in patients with Alzheimer or Parkinson disease. Sci Rep. 
2018; 8(1): 17368.  
PubMed Abstract | Publisher Full Text | Free Full Text 

12.   Evered L, Silbert B, Scott DA, et al.: Association of Changes in Plasma 
Neurofilament Light and Tau Levels With Anesthesia and Surgery: Results 
From the CAPACITY and ARCADIAN Studies. JAMA Neurol. 2018; 75(5): 542–7. 
PubMed Abstract | Publisher Full Text | Free Full Text | 
Faculty Opinions Recommendation 

13.  Ntalouka MP, Arnaoutoglou E, Tzimas P: Postoperative cognitive disorders: An 
update. Hippokratia. 2018; 22(4): 147–54.  
PubMed Abstract | Free Full Text 

14.  Whitlock EL, Vannucci A, Avidan MS: Postoperative delirium. Minerva Anestesiol. 
2011; 77(4): 448–56.  
PubMed Abstract | Free Full Text 

15.   Fong TG, Vasunilashorn SM, Ngo L, et al.: Association of Plasma 
Neurofilament Light with Postoperative Delirium. Ann Neurol. 2020; 88(5): 
984–94.  
PubMed Abstract | Publisher Full Text | Free Full Text | 
Faculty Opinions Recommendation

16.  Oh S-T, Park JY: Postoperative delirium. Korean J Anesthesiol. 2019; 72(1): 4–12.  
PubMed Abstract | Publisher Full Text | Free Full Text 

17.  Rudolph JL, Marcantonio ER: Review articles: Postoperative delirium: acute 
change with long-term implications. Anesth Analg. 2011; 112(5): 1202–11. 
PubMed Abstract | Publisher Full Text | Free Full Text 

18.   Casey CP, Lindroth H, Mohanty R, et al.: Postoperative delirium is 
associated with increased plasma neurofilament light. Brain. 2020; 143(1): 
47–54.  
PubMed Abstract | Publisher Full Text | Free Full Text | 
Faculty Opinions Recommendation 

19.   Subramaniam B, Shankar P, Shaefi S, et al.: Effect of Intravenous 
Acetaminophen vs Placebo Combined With Propofol or Dexmedetomidine on 
Postoperative Delirium Among Older Patients Following Cardiac Surgery: The 
DEXACET Randomized Clinical Trial. JAMA. 2019; 321(7): 686–96.  
PubMed Abstract | Publisher Full Text | Free Full Text | 
Faculty Opinions Recommendation 

20.  Khan BA, Perkins AJ, Prasad NK, et al.: Biomarkers of Delirium Duration and 
Delirium Severity in the ICU. Crit Care Med. 2020; 48(3): 353–61.  
PubMed Abstract | Publisher Full Text | Free Full Text 

21.  Androsova G, Krause R, Winterer G, et al.: Biomarkers of postoperative delirium 

and cognitive dysfunction. Front Aging Neurosci. 2015; 7: 112.  
PubMed Abstract | Publisher Full Text | Free Full Text 

22.   Hall RJ, Watne LO, Cunningham E, et al.: CSF biomarkers in delirium: A 
systematic review. Int J Geriatr Psychiatry. 2018; 33(11): 1479–500.  
PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation 

23.  DiMeglio M, Furey W, Hajj J, et al.: Observational study of long-term persistent 
elevation of neurodegeneration markers after cardiac surgery. Sci Rep. 2019; 
9(1): 7177.  
PubMed Abstract | Publisher Full Text | Free Full Text 

24.   Saller T, Petzold A, Zetterberg H, et al.: A case series on the value of tau and 
neurofilament protein levels to predict and detect delirium in cardiac surgery 
patients. Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2019; 163(3): 
241–6.  
PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation 

25.   Mielke MM, Syrjanen JA, Blennow K, et al.: Plasma and CSF neurofilament 
light: Relation to longitudinal neuroimaging and cognitive measures. 
Neurology. 2019; 93(3): e252–e260.  
PubMed Abstract | Publisher Full Text | Free Full Text | 
Faculty Opinions Recommendation 

26.  Glumac S, Kardum G, Karanovic N: Postoperative Cognitive Decline After 
Cardiac Surgery: A Narrative Review of Current Knowledge in 2019. Med Sci 
Monit. 2019; 25: 3262–70.  
PubMed Abstract | Publisher Full Text | Free Full Text 

27.  Yuan SM, Lin H: Postoperative Cognitive Dysfunction after Coronary Artery 
Bypass Grafting. Braz J Cardiovasc Surg. 2019; 34(1): 76–84.  
PubMed Abstract | Publisher Full Text | Free Full Text 

28.   Alifier M, Olsson B, Andreasson U, et al.: Cardiac Surgery is Associated 
with Biomarker Evidence of Neuronal Damage. J Alzheimers Dis. 2020; 74(4): 
1211–20.  
PubMed Abstract | Publisher Full Text | Faculty Opinions Recommendation 

29.   Berger M, Terrando N, Smith SK, et al.: Neurocognitive Function after 
Cardiac Surgery: From Phenotypes to Mechanisms. Anesthesiology. 2018; 
129(4): 829–51.  
PubMed Abstract | Publisher Full Text | Free Full Text | 
Faculty Opinions Recommendation 

30.   Danielson M, Reinsfelt B, Westerlind A, et al.: Effects of methylprednisolone 
on blood-brain barrier and cerebral inflammation in cardiac surgery-a 
randomized trial. J Neuroinflammation. 2018; 15(1): 283.  
PubMed Abstract | Publisher Full Text | Free Full Text | 
Faculty Opinions Recommendation 

31.  Kuhle J, Barro C, Andreasson U, et al.: Comparison of three analytical platforms 
for quantification of the neurofilament light chain in blood samples: ELISA, 
electrochemiluminescence immunoassay and Simoa. Clin Chem Lab Med. 
2016; 54(10): 1655–61.  
PubMed Abstract | Publisher Full Text 

32.   Rabbito A, Dulewicz M, Kulczyńska-Przybik A, et al.: Biochemical Markers in 
Alzheimer’s Disease. Int J Mol Sci. 2020; 21(6): 1989. 
PubMed Abstract | Publisher Full Text | Free Full Text | 
Faculty Opinions Recommendation 

33.   Dhiman K, Gupta VB, Villemagne VL, et al.: Cerebrospinal fluid 
neurofilament light concentration predicts brain atrophy and cognition in 
Alzheimer’s disease. Alzheimers Dement (Amst). 2020; 12(1): e12005.  
PubMed Abstract | Publisher Full Text | Free Full Text | 
Faculty Opinions Recommendation 

34.  Magliozzi R, Cross AH: Can CSF biomarkers predict future MS disease activity 
and severity? Mult Scler. 2020; 26(5): 582–90.  
PubMed Abstract | Publisher Full Text 

35.  Abu-Rumeileh S, Steinacker P, Polischi B, et al.: CSF biomarkers of 
neuroinflammation in distinct forms and subtypes of neurodegenerative 
dementia. Alzheimers Res Ther. 2019; 12(1): 2.  
PubMed Abstract | Publisher Full Text | Free Full Text 

36.   Ehler J, Petzold A, Wittstock M, et al.: The prognostic value of neurofilament 
levels in patients with sepsis-associated encephalopathy - A prospective, pilot 
observational study. PLoS One. 2019; 14(1): e0211184.  
PubMed Abstract | Publisher Full Text | Free Full Text | 
Faculty Opinions Recommendation 

37.  Halaas NB, Blennow K, Idland AV, et al.: Neurofilament Light in Serum and 
Cerebrospinal Fluid of Hip Fracture Patients with Delirium. Dement Geriatr 
Cogn Disord. 2018; 46(5–6): 346–57.  
PubMed Abstract | Publisher Full Text 

38.   Olsson B, Portelius E, Cullen NC, et al.: Association of Cerebrospinal Fluid 
Neurofilament Light Protein Levels With Cognition in Patients With Dementia, 
Motor Neuron Disease, and Movement Disorders. JAMA Neurol. 2019; 76(3): 
318–25.  
PubMed Abstract | Publisher Full Text | Free Full Text | 
Faculty Opinions Recommendation 

http://www.ncbi.nlm.nih.gov/pubmed/28373358
http://dx.doi.org/10.1101/cshperspect.a018309
http://www.ncbi.nlm.nih.gov/pmc/articles/5378049
http://www.ncbi.nlm.nih.gov/pubmed/xxx
http://dx.doi.org/10.3390/brainsci10010056
http://www.ncbi.nlm.nih.gov/pmc/articles/7016784
http://www.ncbi.nlm.nih.gov/pubmed/30171200
http://dx.doi.org/10.1038/s41582-018-0058-z
http://www.ncbi.nlm.nih.gov/pubmed/30967444
http://dx.doi.org/10.1136/jnnp-2018-320106
http://www.ncbi.nlm.nih.gov/pubmed/24073237
http://dx.doi.org/10.1371/journal.pone.0075091
http://www.ncbi.nlm.nih.gov/pmc/articles/3779219
http://www.ncbi.nlm.nih.gov/pubmed/31700989
http://dx.doi.org/ 10.1016/j.dadm.2019.08.008
http://www.ncbi.nlm.nih.gov/pmc/articles/6827361
http://www.ncbi.nlm.nih.gov/pubmed/30336844
http://dx.doi.org/10.1016/j.bja.2017.11.087
http://www.ncbi.nlm.nih.gov/pmc/articles/7069032
http://www.ncbi.nlm.nih.gov/pubmed/30214214
http://dx.doi.org/10.2147/NDT.S173280
http://www.ncbi.nlm.nih.gov/pmc/articles/6126505
https://facultyopinions.com/735057914
http://www.ncbi.nlm.nih.gov/pubmed/30737333
http://dx.doi.org/10.1212/WNL.0000000000007032
http://www.ncbi.nlm.nih.gov/pmc/articles/6442011
https://facultyopinions.com/735057914
http://www.ncbi.nlm.nih.gov/pubmed/30664784
http://dx.doi.org/10.1038/s41591-018-0304-3
http://www.ncbi.nlm.nih.gov/pmc/articles/6367005
http://www.ncbi.nlm.nih.gov/pubmed/30478269
http://dx.doi.org/10.1038/s41598-018-35766-w
http://www.ncbi.nlm.nih.gov/pmc/articles/6255914
https://facultyopinions.com/732715701
http://www.ncbi.nlm.nih.gov/pubmed/29459944
http://dx.doi.org/10.1001/jamaneurol.2017.4913
http://www.ncbi.nlm.nih.gov/pmc/articles/5885271
https://facultyopinions.com/732715701
http://www.ncbi.nlm.nih.gov/pubmed/31695301
http://www.ncbi.nlm.nih.gov/pmc/articles/6825421
http://www.ncbi.nlm.nih.gov/pubmed/21483389
http://www.ncbi.nlm.nih.gov/pmc/articles/3615670
https://facultyopinions.com/738622444
http://www.ncbi.nlm.nih.gov/pubmed/32881052
http://dx.doi.org/10.1002/ana.25889
http://www.ncbi.nlm.nih.gov/pmc/articles/7581557
https://facultyopinions.com/738622444
http://www.ncbi.nlm.nih.gov/pubmed/30139213
http://dx.doi.org/10.4097/kja.d.18.00073.1
http://www.ncbi.nlm.nih.gov/pmc/articles/6369344
http://www.ncbi.nlm.nih.gov/pubmed/21474660
http://dx.doi.org/10.1213/ANE.0b013e3182147f6d
http://www.ncbi.nlm.nih.gov/pmc/articles/3090222
https://facultyopinions.com/737038093
http://www.ncbi.nlm.nih.gov/pubmed/31802104
http://dx.doi.org/10.1093/brain/awz354
http://www.ncbi.nlm.nih.gov/pmc/articles/6935744
https://facultyopinions.com/737038093
https://facultyopinions.com/735118015
http://www.ncbi.nlm.nih.gov/pubmed/30778597
http://dx.doi.org/10.1001/jama.2019.0234
http://www.ncbi.nlm.nih.gov/pmc/articles/6439609
https://facultyopinions.com/735118015
http://www.ncbi.nlm.nih.gov/pubmed/31770149
http://dx.doi.org/10.1097/CCM.0000000000004139
http://www.ncbi.nlm.nih.gov/pmc/articles/7242000
http://www.ncbi.nlm.nih.gov/pubmed/26106326
http://dx.doi.org/10.3389/fnagi.2015.00112
http://www.ncbi.nlm.nih.gov/pmc/articles/4460425
https://facultyopinions.com/727691319
http://www.ncbi.nlm.nih.gov/pubmed/28585290
http://dx.doi.org/10.1002/gps.4720
https://facultyopinions.com/727691319
http://www.ncbi.nlm.nih.gov/pubmed/31073130
http://dx.doi.org/10.1038/s41598-019-42351-2
http://www.ncbi.nlm.nih.gov/pmc/articles/6509119
https://facultyopinions.com/736637193
http://www.ncbi.nlm.nih.gov/pubmed/31530945
http://dx.doi.org/10.5507/bp.2019.043
https://facultyopinions.com/736637193
https://facultyopinions.com/735972033
http://www.ncbi.nlm.nih.gov/pubmed/31182505
http://dx.doi.org/10.1212/WNL.0000000000007767
http://www.ncbi.nlm.nih.gov/pmc/articles/6656645
https://facultyopinions.com/735972033
http://www.ncbi.nlm.nih.gov/pubmed/31048667
http://dx.doi.org/10.12659/MSM.914435
http://www.ncbi.nlm.nih.gov/pmc/articles/6511113
http://www.ncbi.nlm.nih.gov/pubmed/30810678
http://dx.doi.org/10.21470/1678-9741-2018-0165
http://www.ncbi.nlm.nih.gov/pmc/articles/6385821
https://facultyopinions.com/737573320
http://www.ncbi.nlm.nih.gov/pubmed/32176641
http://dx.doi.org/10.3233/JAD-191165
https://facultyopinions.com/737573320
https://facultyopinions.com/732990920
http://www.ncbi.nlm.nih.gov/pubmed/29621031
http://dx.doi.org/10.1097/ALN.0000000000002194
http://www.ncbi.nlm.nih.gov/pmc/articles/6148379
https://facultyopinions.com/732990920
https://facultyopinions.com/734086673
http://www.ncbi.nlm.nih.gov/pubmed/30261896
http://dx.doi.org/10.1186/s12974-018-1318-y
http://www.ncbi.nlm.nih.gov/pmc/articles/6158839
https://facultyopinions.com/734086673
http://www.ncbi.nlm.nih.gov/pubmed/27071153
http://dx.doi.org/10.1515/cclm-2015-1195
https://facultyopinions.com/737584947
http://www.ncbi.nlm.nih.gov/pubmed/32183332
http://dx.doi.org/10.3390/ijms21061989
http://www.ncbi.nlm.nih.gov/pmc/articles/7139967
https://facultyopinions.com/737584947
https://facultyopinions.com/737633249
http://www.ncbi.nlm.nih.gov/pubmed/32211500
http://dx.doi.org/10.1002/dad2.12005
http://www.ncbi.nlm.nih.gov/pmc/articles/7085283
https://facultyopinions.com/737633249
http://www.ncbi.nlm.nih.gov/pubmed/31965889
http://dx.doi.org/10.1177/1352458519871818
http://www.ncbi.nlm.nih.gov/pubmed/31892365
http://dx.doi.org/10.1186/s13195-019-0562-4
http://www.ncbi.nlm.nih.gov/pmc/articles/6937795
https://facultyopinions.com/734913321
http://www.ncbi.nlm.nih.gov/pubmed/30677080
http://dx.doi.org/10.1371/journal.pone.0211184
http://www.ncbi.nlm.nih.gov/pmc/articles/6345472
https://facultyopinions.com/734913321
http://www.ncbi.nlm.nih.gov/pubmed/30522125
http://dx.doi.org/10.1159/000494754
https://facultyopinions.com/734570356
http://www.ncbi.nlm.nih.gov/pubmed/30508027
http://dx.doi.org/10.1001/jamaneurol.2018.3746
http://www.ncbi.nlm.nih.gov/pmc/articles/6440232
https://facultyopinions.com/734570356
http://www.ncbi.nlm.nih.gov/pubmed/31963750
http://dx.doi.org/10.1016/j.dadm.2019.08.008

	10-46_Subramaniam_Front.pdf
	10-46_Subramaniam.pdf



