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IMPORTANCE Blood phosphorylated tau (p-tau) and amyloid-3 peptides (AB) are promising
peripheral biomarkers of Alzheimer disease (AD) pathology. However, their potential
alterations due to alternative mechanisms, such as hypoxia in patients resuscitated from
cardiac arrest, are not known.

OBJECTIVE To evaluate whether the levels and trajectories of blood p-tau, AB42, and AB40
following cardiac arrest, in comparison with neural injury markers neurofilament light (NfL)
and total tau (t-tau), can be used for neurological prognostication following cardiac arrest.

DESIGN, SETTING, AND PARTICIPANTS This prospective clinical biobank study used data from
the randomized Target Temperature Management After Out-of-Hospital Cardiac Arrest (TTM)
trial. Unconscious patients with cardiac arrest of presumed cardiac origin were included
between November 11, 2010, and January 10, 2013, from 29 international sites. Serum
analysis for serum NfL and t-tau were performed between August 1and August 23, 2017.
Serum p-tau, AB42, and AB40 were analyzed between July 1and July 15, 2021, and between
June 13 and June 25, 2022. A total of 717 participants from the TTM cohort were examined:
an initial discovery subset (n = 80) and a validation subset. Both subsets were evenly
distributed for good and poor neurological outcome after cardiac arrest.

EXPOSURES Serum p-tau, AB42, and AB40 concentrations using single molecule array
technology. Serum levels of NfL and t-tau were included as comparators.

MAIN OUTCOMES AND MEASURES Blood biomarker levels at 24 hours, 48 hours, and 72 hours
after cardiac arrest. Poor neurologic outcome at 6-month follow-up, defined according to the
cerebral performance category scale as category 3 (severe cerebral disability), 4 (coma), or 5
(brain death).

RESULTS This study included 717 participants (137 [19.1%] female and 580 male [80.9%];
mean [SD] age, 63.9 [13.5] years) who experienced out-of-hospital cardiac arrest.
Significantly elevated serum p-tau levels were observed at 24 hours, 48 hours, and 72 hours
in cardiac arrest patients with poor neurological outcome. The magnitude and
prognostication of the change was greater at 24 hours (area under the receiver operating
characteristic curve [AUC], 0.96; 95% Cl, 0.95-0.97), which was similar to NfL (AUC, 0.94;
95% Cl, 0.92-0.96). However, at later time points, p-tau levels decreased and were weakly
associated with neurological outcome. In contrast, NfL and t-tau maintained high diagnostic
accuracies, even 72 hours after cardiac arrest. Serum AB42 and AB40 concentrations
increased over time in most patients but were only weakly associated with neurological
outcome.

CONCLUSIONS AND RELEVANCE In this case-control study, blood biomarkers indicative of AD
pathology demonstrated different dynamics of change after cardiac arrest. The increase of
p-tau at 24 hours after cardiac arrest suggests a rapid secretion from the interstitial fluid
following hypoxic-ischemic brain injury rather than ongoing neuronal injury like NfL or t-tau.
In contrast, delayed increases of AB peptides after cardiac arrest indicate activation of
amyloidogenic processing in response to ischemia.
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xtracellular amyloid-f (AB) plaques and neurofibril-

lary tangles composed of phosphorylated tau (p-tau) are

the key protein signatures of a brain with Alzheimer dis-
ease (AD). AB peptides (AB42 and AB40) and p-tau can be quan-
tified in cerebrospinal fluid (CSF) and, more recently, in blood,
where both biomarkers show high accuracy in determining un-
derlying AD brain pathology' in both symptomatic®3 and
asymptomatic disease.**> When using these biomarkers in stud-
ies focusing on disease mechanisms or treatment effects, it is
important to understand the differences between biomarker
changes observed in CSF and blood relating to the proposed
underlying pathophysiology. In this context, it should be ac-
knowledged that findings in biomarker studies, such as in-
creases of p-tau with AP position emission tomography li-
gand retention,® are only associations and do not necessarily
imply causal relationships. The study of candidate biomark-
ersin disorders unrelated to the primary disease pathology may
give important and novel insights into mechanisms for their
change and associations with brain pathophysiology. For ex-
ample, across the AD continuum, in both cognitively unim-
paired and impaired elderly adults, high associations be-
tween CSF levels of p-tau and total tau (t-tau) are observed,
suggesting these biomarkers reflect AD- and aging-related
changes in tau homeostasis. However, in poststroke patients,
CSF t-tau increases in association with stroke severity, while
p-tau does not.” This strengthens the view that p-tau is amarker
for AD-type tau pathology, while t-tau reflects neuronal in-
jury, a notion later supported by associations between p-tau
and tau positron emission tomography signal.®

In addition to AD and other neurodegenerative disor-
ders, blood biomarkers are also warranted in prognostication
in unconscious patients experiencing hypoxic-ischemic brain
injury following cardiac arrest. Current guidelines recom-
mend a multimodal approach in the prediction of outcome af-
ter cardiac arrest,® and using blood biomarkers has shown
promise as a simple and rapid assessment of brain injury.!®
There is overlap between putative blood biomarkers for neu-
rological outcome after cardiac arrest and neurodegenerative
processes in aging disorders,!! namely neurofilament light
(NfL),10-12 t-tau,'>* and glial fibrillary acidic protein.'>'® In-
terestingly, except for widely reported increases in AD,! blood
levels of p-tau also show a marked increase acutely following
mild traumatic brain injury.'” However, blood biomarkers most
reflective of AD pathophysiology, p-tau and AP peptides, have
not, to our knowledge, been investigated in the initial stages
in patients who have experienced out-of-hospital cardiac ar-
rest.

In the present study, we evaluated whether serum p-tau,
AB42, AB40, and AB42/40 ratio, the most specific biomarkers
for AD pathophysiology in blood, had altered levels after car-
diac arrest. Furthermore, we examined if these biomarkers
were associated with the severity of neurological outcome and
compared their longitudinal trajectories (24 to 72 hours after
cardiac arrest) to biomarkers of brain injury after cardiac ar-
rest, namely NfL and t-tau.
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Key Points

Question Are Alzheimer disease blood biomarkers altered in
patients with hypoxic-ischemic injury after cardiac arrest?

Findings In this case-control study, blood phosphorylated tau
(p-tau) levels were significantly elevated 24 hours after cardiac
arrest and were associated with poorer neurologic outcome.
Unlike neurofilament light (NfL) and total tau (t-tau), p-tau levels
decreased after 24 hours and were no longer associated with
neurological outcome; amyloid- (AB) peptides demonstrated
moderate increases and were only weakly associated with
neurological outcome.

Meaning These findings of the increase and dynamics of p-tau in
blood following cardiac arrest, which differ from those of t-tau and
NfL, suggest alternative mechanisms of p-tau origin and release
from the increases observed due to AB deposition and neuronal
tau phosphorylation in Alzheimer disease.

Methods

Study Cohort, Design, and Outcome

This study is a targeted analysis of serum p-taul81, AB42, and
AB40 concentrations in participants from the international
multicenter Target Temperature Management After Out-of-
Hospital Cardiac Arrest (TTM) trial. The trial recruited uncon-
scious (Glasgow Coma Scale score less than 8) adult patients
(18 years and older) with out-of-hospital cardiac arrest of pre-
sumed cardiac origin from November 11, 2010, to January 10,
2013.'® Blood samples were collected prospectively at 24, 48,
and 72 hours after cardiac arrest. Serum analysis for the blood
biomarkers t-tau and NfL. were analyzed between August 1and
August 23, 2017, as previously published.!*!® Written in-
formed consent was waived or obtained from all patients or
relatives in line with the Declaration of Helsinki?° and accord-
ing to the national legislation relevant to each participating site.
The trial protocols were approved by ethical committees in each
participating country. The Standards for Reporting of Diag-
nostic Accuracy Studies guidelines were followed.?!

To allow for optimal assessment of possible changes in
blood levels of p-tau and AP, we initially selected 80 partici-
pants (discovery cohort) from the TTM trial evenly distrib-
uted between good neurological outcome (Cerebral Perfor-
mance Category scale score 2 or less) and poor neurological
outcome (Cerebral Performance Category scale score 3 or
greater). Good and poor outcome groups were further di-
vided by low and high levels of serum NfL as stipulated in
eTable 1in Supplement 1.

The validation cohort was an unselected sample encom-
passing the full TTM trial, consisting of 717 participants. In the
validation cohort, 357 participants had a good neurological out-
come and 360 had a poor neurological outcome (Table).

Blood Collection and Biomarker Analysis

All serum biomarker analyses were performed after comple-
tion of the TTM-trial.!® Serum NfL and t-tau concentration had
been measured previously using an in-house NfL. assay on the
Simoa HD-1 platform'#!° and a commercially available Simoa
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Table. Demographic Characteristics and Prognostic Accuracy of Blood Biomarkers at 24, 48, and 72 hours After

Cardiac Arrest to Predict Neurologic Outcome at 6 Months

Outcome, median (IQR), pg/mL

Total AUC (95% CI) Good? Poor® Pvalue

No. NA 357 360

Age, mean (SD), y NA 59.9 (12.3) 68.0 (14.0) <.001

Female, No. (%) NA 56 (15.7) 81(22.5) .02

Male, No. (%) NA 301 (84.3) 279 (77.5) .02

24 h after cardiac arrest

p-Tau 181 0.96 (0.95-0.97) 6.10 (3.50) 24.30(36.10) <.001

AB40 0.50 (0.45-0.55) 108 (114) 105 (147) .10

AB42 0.49 (0.44-0.54) 5.56 (4.29) 5.39(5.73) .60

AB42/40 0.54 (0.49-0.59) 0.053 (0.027) 0.058 (0.049) .20

NfL 0.94 (0.93-0.96) 37.1(50.0) 1430.0(3280.0) <.001

t-Tau 0.80 (0.77-0.84) 2.40 (3.85) 11.90 (39.50) <.001

Creatinine NA 0.780 (0.360) 1.12(0.963) <.001

48 h after cardiac arrest

p-Taul8l 0.68 (0.63-0.73) 5.83(3.83) 8.54 (7.11) <.001

Ap40 0.56 (0.51-0.61) 142 (130) 169 (164) .40

AB42 0.56 (0.50-0.61) 7.56 (5.85) 8.46 (6.85) .01

AB42/40 0.51 (0.46-0.56) 0.056 (0.023) 0.054 (0.026) .06

NfL 0.93(0.91-0.95) 46.0 (75.3) 3240.0(7650.0) <.001

t-Tau 0.89(0.86-0.92) 1.86 (2.26) 45.70(330.00) <.001

Creatinine NA 0.880 (0.450) 1.330 (1.080) <001  Abbreviations: AB40, amyloid-B 40;
AB42, amyloid-B 42; AUC, area under

72 hafter cardiac arrest the receiver operating characteristic

p-Taul81l 0.60 (0.55-0.65) 6.22 (4.32) 7.16 (5.31) <.001 curve; NfL, neurofilament light chain;

AB40 0.59 (0.54-0.64) 167 (135) 207 (203) 01 p-tau18l, tau phosphorylated at
threonine 181; t-tau, total tau.

Ap42 0.60 (0.55-0.65) 8.18 (4.85) 9.48 (8.02) <.001 3 Defined as Cerebral Performance

AB42/40 0.49 (0.44-0.55) 0.050 (0.018) 0.050 (0.018) 50 Category scale score 2 o lower at 6

NfL 0.94 (0.92-0.95) 53.6 (91.4) 3410.0(6970.0) <.001 months after cardiac arrest.

t-Tau 0.89 (0.86-0.92) 1.50 (1.63) 38.4(239.0) <.001 ® Defined as Cerebral Performance

Creatinine NA 1.01 (0.56) 1.57 (1.11) <.001 Category scale score 3 or higher at 6

months after cardiac arrest.

assay (Quanterix), respectively. Serum A340 and AB42 con-
centrations were measured by the commercially available Neu-
rology 3-Plex A Advantage Kit (Quanterix). Serum p-taul81 con-
centrations were measured using the in-house method from
the University of Gothenburg.?? For the discovery cohort, se-
rum p-tau and AP were analyzed between July 1 and July 15,
2021. For the validation cohort, serum p-tau and AP were ana-
lyzed between May 13 and May 25, 2022.

Statistical Analysis

All statistical tests were performed using R version 3.6.3 (R
Foundation). For demographic comparisons of categorical vari-
ables, x? tests were used while t tests were used for continu-
ous variables. Spearman rank tests evaluated the correlation
between biomarkers at specific time points. Fold changes were
calculated using biomarker concentrations of the good out-
come group at 24 hours as reference and the data was plotted
using locally estimated scatterplot smoothing. Between each
outcome group, t test was used to compare biomarker levels
and fold changes. Receiver operating characteristic curve analy-
sis assessed the accuracy of neurological outcome (good vs
poor) based on biomarkers concentrations at each time point.
Receiver operating characteristic curve 95% ClIs of sensitivi-
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ties and specificities were also computed (Youden index), and
asmoothing parameter was applied in the graphic output. Lon-
gitudinal biomarker trajectories were compared between
groups using linear mixed-effect models, where the biomark-
ers were set as continuous dependent variables and the inter-
action between neurological outcome groups (good and poor)
and time (hours after event) was the independent variable. The
models considered random intercepts. Biomarkers with non-
normal distribution (based on visual inspection of histo-
grams) were logl0 transformed prior to parametric analyses.
As a sensitivity analysis, the procedures described above were
repeated including only participants and visits with no miss-
ing biofluid data. All tests were 2-sided, and Pless than .05 was
considered statistically significant.

. |
Results

Participant Characteristics

Of 80 patients in the discovery cohort, 11 (13.75%) were fe-
male and 69 (86.25%) were male. The mean (SD) age was 60.8
(12) years. Patients were significantly older in the poor neuro-
logic outcome group (mean [SD] age, 62.8 [12.9] years) com-
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Figure 1. Biomarker Discriminative Accuracy Over Time
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Receiver operating characteristic curve (ROC) analysis was performed to test
the accuracy of serum biomarkers to discriminate between outcome groups at
24 hours, 48 hours, and 72 hours. AB40 indicates amyloid- 40; AB42,

amyloid-f3 42; NfL, neurofilament light; p-taul81, tau phosphorylated at
threonine 181; t-tau, total tau.

pared with the good neurological outcome group (mean [SD]
age, 58.8[11.1] years) (P = .04). The discovery cohort was fur-
ther characterized by retrospective measurements of NfL at 72
hours, indicating the degree of ongoing neural injury. In the
good neurologic outcome group, the high NfL group was sig-
nificantly older than the low NfL group. In the poor neuro-
logic outcome group, there was no significant difference in age
observed between the high NfL group and the low NfL group.

The validation cohort consisted of 717 patients with car-
diac arrest (137 [19.1%] female and 580 [80.9%] male; mean
[SD] age, 63.9 [13.5] years; 357 [49.8%] with good neurologic
outcome and 360 [50.2%] with poor neurologic outcome)
(Table). This cohort was not preselected by previous serum bio-
marker results to allow for the comparison of other biomark-
ers and NfL. Once more, the poor neurologic outcome group
was significantly older than the good neurologic outcome group
(mean [SD] age, 68.0 [14.0] years vs 59.9 [12.3] years, respec-
tively; P < .001), and participants were predominantly male.

Serum p-tau, AB40, and AB42 Changes in Cardiac Arrest:
Discovery Cohort

In the discovery cohort, 24 hours after cardiac arrest, serum
p-tau was significantly elevated only in patients with poor neu-
rological outcome (eTable 2 in Supplement 1) with a good di-
agnostic accuracy of neurological outcome (area under the re-
ceiver operating characteristic curve [AUC], 0.75; 95% CI, 0.64-
0.88) (eFigure 1 and eTable 2 in Supplement 1). At later time
points, significant elevations in the poor outcome group were
also observed (eFigure 1and eTable 2 in Supplement 1) but with
significantly lower prognostic accuracy of neurological out-
come. The serum levels of AB40 and AB42 increased in most
patients over time but did not differ significantly between neu-
rological outcome groups at 24 hours, despite being higher in
the poor neurologic outcome group (eFigure 1and eTable 2 in
Supplement 1). At 48 hours and 72 hours, both A peptides were
significantly higher in the poor neurologic outcome group
(eTable 2 in Supplement 1). Serum AB40 and AB42 were cor-
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related (p, 0.79; P < .001) and the AB42/AB40 ratio did not sig-
nificantly change between outcome groups at any time point,
despite being lower in the poor neurologic outcome group. The
longitudinal trajectories of p-tau, AB40, AB42, and AB42/40
ratio from 24 hours to 72 hours in the discovery cohort are
shown in eFigure 2 in Supplement 1.

A Replication of Serum p-tau Changes After Cardiac Arrest:
Trajectories Over Time in Comparison to NfL and t-tau

In the larger and unselected validation cohort, we again ob-
served significantly increased p-tau levels in patients with poor
neurologic outcome at 24 hours, 48 hours, and 72 hours (Table;
eFigure 3in Supplement 1). No significant change in p-tau lev-
els were observed in the good neurological outcome group be-
tween 24-72 hours (eFigure 3 in Supplement 1). At 24 hours,
serum p-tau demonstrated high prognostic value to deter-
mine neurologic outcome at 6 months (AUC, 0.96; 95% CI,
0.95-0.97) (Figure 1A), which was not significantly different
from serum NfL (AUC, 0.94; 95% CI, 0.92-0.96) but signifi-
cantly better than t-tau (AUC, 0.80; 95% CI, 0.77-0.84;
P <.001). Yet the prognostic capabilities of p-tau were signifi-
cantly lower than NfL and t-tau at 48 hours (AUC for p-tau,
0.68; 95% CI, 0.63-0.73 vs AUC for NfL, 0.94; 95% CI, 0.91-
0.95 and AUC for t-tau, 0.89; 95% CI, 0.86-0.92) (Table;
Figure 1B) and 72 hours (AUC for p-tau, 0.60; 95% CI, 0.55-
0.65 vs AUC for NfL, 0.94; 95% CI, 0.92-0.95 and AUC for t-
tau, 0.89; 95% CI, 0.86-0.92) (Table; Figure 1C).

AB40, AB42, and the AB42/40 ratio did not significantly
change between groups at 24 hours; however, a significant dif-
ference was observed at 48 hours for AB42 and both A pep-
tides at 72 hours. Thus, the diagnostic accuracy of A re-
mained to low at all time points (Table; Figure 1).

As expected, different longitudinal trajectories of p-tau in
comparison to NfL and t-tau were observed in the poor neu-
rologic outcome group (Figure 2). While p-tau was highest at
24 hours, NfL and t-tau reached peak levels at 48 hours and
were largely maintained at 72 hours. In contrast, at 72 hours,
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Figure 2. Biomarker Changes Over Time After 24 Hours in the Validation Cohort
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Locally estimated scatterplot
smoothing plots showing the mean
change in biomarker levels over time:
linear mixed-effect models analysis
indicated that, except for AB42/40,
the trajectory of the biomarkers
differs between good and poor
outcome groups (P < .001). The solid
lines indicate the regression line; the
shaded area, 95% Cls. AB40
indicates amyloid- 40; AB42,
amyloid-f3 42; NfL, neurofilament
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p-tau levels in the poor neurologic outcome group were ap-
proaching levels of good neurologic outcome. Linear mixed-
effect models confirmed that the biomarkers’ mean rate of
change in the poor outcome group was different from the rate
of change of the good outcome group between 24 hours and
72 hours (summary statistics reported in eTable 3 in Supple-
ment 1).
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Magnitude Differences Between Biomarkers After Cardiac
Arrest

In comparing the fold changes of all biomarkers in the poor neu-
rologic outcome group to those in the good neurologic out-
come group (Figure 3; eTable 4 in Supplement 1), a substan-
tially larger mean (SD) fold change of NfL (30.8 [36.8]) and t-tau
(22.8[81.8]) was observed at 24 hours in comparison to p-tau

JAMA Neurology Published online March 6,2023

SESS: 16

Original Investigation Research

E5

OUTPUT: Feb 114:45 2023


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2023.0050?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.0050
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2023.0050?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.0050
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2023.0050?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.0050
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2023.0050

E6

jamanetwork/2023/neu/03_06_2023/n0i230003pap

Research Original Investigation

Figure 3. Fold Changes of Blood Levels of p-Tau, NfL, t-Tau, AB40, AR42,
and AB42/40
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Mean biomarker fold changes over time in the poor outcome group plotted
using the locally estimated scatterplot smoothing method. Fold changes were
calculated based on the mean biomarker levels of the good outcome group at
24 hours. The solid lines indicate the regression line; the shaded area, 95% Cls.
AB40 indicates amyloid-3 40; AB42, amyloid-f3 42; NfL, neurofilament light
chain; p-tau181, tau phosphorylated at threonine 181; t-tau, total tau.

(8.8[29.8]) despite similar prognostic performance. In line with
the prognostic characteristics, the mean (SD) fold changes of
NfL and t-tau increased substantially at 48 hours (86.2 [121.0]
and 67.7 [166.0], respectively) (Figure 3) and 72 hours (78.8
[110.0] and 57.6 [170.0], respectively) (Figure 3) after cardiac
arrest in the poor outcome group while mean (SD) p-tau fold
changes were lower (1.9 [2.6] at 48 hours and 1.3 [0.8] at 72
hours). Serum AB40 and AB42 fold changes were small in com-
parison (Figure 3; eTable 4 in Supplement 1). The fold change
of AB40 in the poor neurologic outcome group did not ex-
ceed 2 at any time point, whereas the fold change of AB42
peaked at 2.5 at 72 hours.

Correlation Between Blood Biomarkers in Cardiac Arrest
Serum p-tau and NfL were correlated at 24 hours (r = 0.67;
P < .001), and the correlations became gradually weaker at 48
hours (r = 0.33; P < .001) and 72 hours (r = 0.19 P < .001) (eFig-
ure 4C in Supplement 1). The correlations between p-tau and
t-tau followed a similar trajectory (24 hours, = 0.65; P < .001;
48 hours, r = 0.4; P < .001; 72 hours, r = 0.22; P < .001). The
correlation of NfL and t-tau strengthened between 24 and 72
hours. There was no significant correlation between Af pep-
tides and other biomarkers at 24 hours, with weak but signifi-
cant correlations between 48 and 72 hours. Creatinine was sig-
nificantly correlated with p-tau (r = 0.51; P < .001), t-tau
(r =0.41; P < .001), and NfL (r = 0.41; P < .001) at 24 hours,
which gradually weakened. In contrast, Ap and creatinine had
a strengthening of correlation, which was strongest at 72 hours
(AB42, r = 0.43; P < .001; AB40, r = 0.40; P < .001). The was
no correlation between the AP ratio and creatinine at any time
point.

The correlations in delta change (A) of all biomarkers are
shown in eFigure 5 in Supplement 1. The inverse correlation
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between Ap-tau and ANfL was stronger (r = -0.57; P < .001)
than Ap-tau and At-tau (r = -0.20; P < .001). The Acreatinine
was not correlated with Ap-tau but was significantly corre-
lated with AAB42 (r = 0.35; P < .001), AAB40 (r = 0.32; P < .001),
ANfL (r = 0.22; P < .001), and At-tau (r = 0.16; P < .001).

|
Discussion

In this case-control study, we examined the central AD blood
biomarkers, p-tau and A, in patients with severe hypoxic-
ischemicbrain injury due to cardiac arrest. The key results dem-
onstrate a rapid increase of p-tau into the bloodstream within
24 hours following cardiac arrest. However, this increase was
highly specific to individuals exhibiting a poor neurologic out-
come; individuals with a good neurological outcome exhib-
ited minimal change. Results in the larger validation cohort
showed a prognostic value similar to NfL and higher than t-
tau at 24 hours; however, the direct magnitude changes of t-
tau and NfL were shown to be far larger than p-tau. At 48-72
hours after cardiac arrest, p-tau levels in patients with poor neu-
rological outcome largely decreased and approached the con-
centrations of patients with good neurological outcome, which
remained at a normal level during this acute period.

Blood p-tau is a meaningful and highly specific measure
of underlying AD neuropathology?® with imminent therapeu-
ticand diagnostic application.?* To our knowledge, this is the
first account of p-tau levels in patients with cardiac arrest. The
mechanisms that promote increased p-tau in the blood-
stream likely differ between these 2 conditions. In AD, p-tau
in blood is expected to be a continual secretion in response to
extracellular AB plaques and intracellular tau tangles, patholo-
gies that develop over many decades and are unlikely to be
ubiquitously present in the age group of patients included in
this study. In contrast, after cardiac arrest, a transient open-
ing of the blood-brain barrier,2* in more severe cases, likely
causes a direct efflux of central nervous system-specific pep-
tides from the interstitial space of the brain into the blood-
stream or via the glymphatic system.?® This is seemingly no
different for p-tau, and we found high levels at 24 hours, show-
ing high accuracy in the validation sample to predict neuro-
logical outcome. At this time point, the prognostic capabili-
ties of p-tau were comparable to those of NfL and t-tau.® It
must be noted that the magnitude of this change was notice-
ably lower for p-tau, likely demonstrating the lower availabil-
ity of p-tau in the interstitial fluid in comparison to NfL and
t-tau, which demonstrated much larger fold changes after car-
diac arrest. However, the high predictive accuracy of p-tau
quickly deteriorated, whereas t-tau and NfL maintained their
high predictive value even at 72 hours after cardiac arrest. Our
data supports the notion that, in the immediate response to
cardiac arrest, p-tau, NfL, and t-tau initially reflect a similar
mechanistic process that, in more severe cases, disrupts the
blood-brain barrier and allows for the leakage of central ner-
vous system proteins into the bloodstream. In addition to high
prognostic accuracy, this viewpoint is supported by the high
and similar correlations of p-tau, t-tau, and NfL at 24 hours,
which was substantially higher than what is reported in AD
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studies.?” At 48 hours and 72 hours, however, the association
of p-tau with NfL and t-tau was markedly reduced, p-tau lev-
els were lower, and the prognostic capabilities of neurologi-
cal outcome for p-tau were poor. At the same time, the NfL and
t-tau correlation was sustained, demonstrating that p-tau was
rapidly cleared from the bloodstream after the initial insult but
did not continue to secrete into the bloodstream at a high-
rate. Thus, in this context, p-tau does not appear to reflect on-
going neural injury but rather serves as an indicator of the se-
verity of the initial insult, while NfL and t-tau levels continued
to increase in concentration, maintaining prognostic accu-
racy and reflecting ongoing central nervous system damage.
We also found increasing blood levels of both AB40 and
AB42, which were significantly different in the poor neuro-
logic outcome group at 48 hours (AB42) and 72 hours (AB40
and AB42) but not at 24 hours. Visually, the temporal trajec-
tories of AB42 followed a similar pattern to NfL and t-tau, al-
beit on a substantially lower magnitude. The AB42/A340 ra-
tio did not change significantly. These results support our
previous pilot study showing a more than 3-fold increase in
serum AB42 acutely after cardiac arrest and correlating with
clinical outcome.?® The pathophysiological interpretation of
such changes in AB metabolism or release is also unclear. In-
creasing results support that brain hypoxia-ischemia may in-
crease amyloidogenic processing of amyloid precursor pro-
tein with activation of the B-secretase and y-secretase pathways
and production of AB peptides.?® This change in amyloid pre-
cursor protein metabolism can be detected within 24 hours,
is related to severity of the hypoxic-ischemic injury,3° and is
potentially amyloidogenic.®! Chronic hypoxia has been sug-
gested to contribute to AD pathogenesis by affecting differ-
ent pathophysiological aspects of the disease, including A me-
tabolism and tau phosphorylation state.? The increasing
associations of AB42 with NfL and t-tau at later time points
could simply suggest that AP follows a similar mechanistic
pathway as these injury markers but on a lower magnitude.
Itis unclear if increased concentrations of serum p-tau in
cardiac arrest patients might signify a higher long-term risk of
AD. Data from cognitively healthy older adults do demon-
strate an increased risk of cognitive decline in individuals with
higher levels of blood p-tau.>* Future studies should exam-
ine if patients with acute increases in p-tau after cardiac ar-
rest have a higher incidence of AD or earlier onset disposition
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of AB deposition. In addition, given the first time point mea-
sured in this study was 24 hours after cardiac arrest, when p-
tau has already reached its peak, further studies should ex-
amine p-tau as an ultra-early prognostic biomarker of
neurological outcome in cardiac arrest and other acute neu-
rological disorders.

Limitations

This study has limitations. As highlighted above, we cannot
determine if high p-tau in patients with cardiac arrest pre-
dicts the onset of AD and the dynamic of p-tau less than 24
hours after the insult. Further, our validation cohort did have
a high number of missing values for p-tau and Ap. However, a
sensitivity analysis including only complete cases across all bio-
marker measurements determined that missing data did not
affect the interpretation of our findings (eFigure 6 and
eTables 5-7 in Supplement 1). A potential limiting factor re-
garding A is the choice of immunoassay. Several publica-
tions have highlighted that a mass spectrometry measure-
ment of AP peptides is more reflective of cerebral AB than
immunoassay methods.3-3* We also acknowledge that there is
arange of diagnostic performance in different p-tau measure-
ments in determining AD.>3°

. |
Conclusions

In this study, the dynamics and prognostication capabilities
of AD blood biomarkers (p-tau and Af3) and markers of neural
injury (NfL and t-tau) differed after cardiac arrest. In this case,
the early increase of blood p-tau was not determined by the
presence of cerebral AD pathology but dependent on the se-
verity of the initial insult. Yet p-tau did not reflect ongoing and
active neuronal injury, given the rapid clearance and dimin-
ished prognostic accuracy after 24 hours, which is better re-
flected by NfL. In contrast, delayed minor increases in A pep-
tides support activation of amyloidogenic processing in
response to acute hypoxia-ischemia. This study highlights the
importance of alternative disease mechanisms to understand
the origin of temporal change of AD biomarkers in blood, as
the manifestation and fluctuations of p-tau and AB in the blood-
stream were not solely associated with AP plaques and neu-
rofibrillary tau tangles.
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