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Abstract
Glial fibrillary acidic protein (GFAP) and ubiquitin carboxyl-terminal hydrolase L1 (UCH-L1) may aid in the
evaluation of traumatic brain injury (TBI). The objective of this analysis was to compare GFAP and UCH-L1 values
measured using a handheld device compared with a core laboratory platform. We analyzed plasma samples from
patients with TBI and healthy controls enrolled in the Transforming Research and Clinical Knowledge in TBI
(TRACK-TBI) cohort study. GFAP and UCH-L1 were measured twice in each subject using prototype assays,
first with the Abbott i-STATTM handheld device, and second with the Abbott ARCHITECT� platform. We then
quantified the agreement in biomarker values obtained using these two methods. GFAP and UCH-L1 were mea-
sured twice in 570 and 572 samples, respectively. GFAP values measured by the ARCHITECT platform (median
143.3 [interquartile range (IQR): 19.8–925.8] pg/mL) were higher than values measured by the i-STAT (median
116.0 [IQR: 9.2–856.5] pg/mL). GFAP values from the two platforms were strongly correlated ( p = 0.985). Similarly,
UCH-L1 values measured by the ARCHITECT platform (median 163.9 [IQR: 82.5–412.4] pg/mL) were higher than
values measured by the i-STAT (median 122.5 [IQR: 63.0–297.3] pg/mL). UCH-L1 values from the two platforms
were strongly correlated ( p = 0.933). Passing-Bablok regression equations were developed to estimate the rela-
tionship between the two platforms, specifically to predict i-STAT values from the ARCHITECT platform. GFAP and
UCH-L1 values measured using the prototype assays on the Abbott i-STAT and ARCHITECT platforms are strongly
correlated and values from either platform may be converted to the other.
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Introduction
Glial fibrillary acidic protein (GFAP) and ubiquitin
carboxyl-terminal hydrolase L1 (UCH-L1) were re-
cently cleared by the U.S. Food and Drug Adminis-
tration (FDA) to aid in the evaluation of traumatic
brain injury (TBI). A number of well-powered observa-
tional studies have demonstrated that these biomarkers
have excellent diagnostic accuracy for identifying TBI
with TBI who are likely to have traumatic intracranial
abnormalities on head computed tomography (CT)
scan.1–4 Abbott Laboratories has produced two proto-
type assays for measuring GFAP and UCH-L1; one a
point-of-care i-STAT� handheld device, and the
other a core laboratory ARCHITECT� platform. The
prototype i-STAT handheld device can measure
GFAP and UCH-L1 in whole blood, serum, and plasma
with a turnaround time of 15 min.

The FDA recently provided 510(k) clearance for
plasma GFAP and UCH-L1 measurement on the
Abbott i-STAT. Similarly, the prototype ARCHITECT
assay can measure GFAP and UCH-L1 in serum and
plasma with a turnaround time of 18 min. However, it
is not yet known whether GFAP and UCH-L1 values
measured using these different platforms are commut-
able. This knowledge is important for informing the
interpretation of literature reporting GFAP and UCH-
L1 values using these platforms as well as for decisions
regarding combining data from studies that used the
two platforms. Accordingly, the objective of this study
was to compare prototype GFAP and UCH-L1 values
measured by the i-STAT and ARCHITECT platforms
and to determine their degree of agreement.

Methods
Study population and data collection
We performed an analysis of plasma samples collected
from patients enrolled in the Transforming Research
and Clinical Knowledge in TBI (TRACK-TBI) cohort
study. TRACK-TBI, the largest natural history of TBI
in the United States, is a prospective observational
study of persons evaluated for blunt TBI in emergency
departments (EDs) of eight Level 1 trauma centers
from February 26, 2014 to July 27, 2018.5 TRACK-
TBI enrolled both patients with TBI and healthy
control. TBI participants met the following criteria: 1)
0–100 years of age; 2) evaluated in the enrolling ED
within 24 h of injury; 3) received a head CT scan as
part of routine clinical care; 4) had adequate visual
acuity/hearing pre-injury; 5) were fluent in English or
Spanish. Healthy controls were non-injured persons

who were either an existing family or friend of the
TBI participant or were recruited through public adver-
tisement within TRACK-TBI enrolling institutions.
Healthy controls were excluded if they had a history of
TBI, concussion, or any traumatic injury causing poly-
trauma in the 12 months before enrollment in the study.

Written informed consent was obtained from partic-
ipants or a legally authorized representative. The study
was approved by the institutional review boards (IRBs)
of enrolling sites.

Blood samples were processed, aliquoted, and stored
in a �80�C freezer within 2 h of draw until the time of
biomarker measurement. Sample acquisition, process-
ing, and storage were performed in accordance with
the TBI-Common Data Elements (CDE) Biospecimens
and Biomarkers Working Group Guidelines.6 Sample
analysis occurred in a single laboratory (Abbott Labo-
ratories, Abbott Park, IL, USA) and was conducted
by personnel blinded to clinical information regarding
participants.

To compare GFAP and UCH-L1 measurements
across a wide range of values, we examined ethylene-
diamine tetraacetic acid (EDTA) plasma samples
collected from both TBI and healthy control partici-
pants. A total of 375 samples from 344 TBI participants
were selected from TRACK-TBI for inclusion in the
study. We also studied a total of 197 samples from
181 healthy controls from TRACK-TBI.

GFAP and UCH-L1 measurements
For each plasma sample, GFAP and UCH-L1 concen-
trations were measured twice, first on the i-STAT
handheld device, and second on the ARCHITECT plat-
form. Measurements on the i-STAT handheld device
were performed between January 2017 and May 2018
and measurements on the ARCHITECT platform
were performed between November 2019 and February
2020. Although GFAP and UCH-L1 may be measured
in either serum or plasma, we selected plasma because
processing plasma is faster than processing serum
(no requirement to wait until samples clot). It is there-
fore the preferred medium for measuring biomarkers
of acute injury. Assays utilized different aliquots of
plasma obtained from the same subject. Samples were
subjected to only one freeze-thaw cycle. Samples were
centrifuged at 10,000 RCF for 10 min prior to testing.

The prototype i-STAT handheld device GFAP and
UCH-L1 tests used the sandwich enzyme-linked im-
munosorbent assay (ELISA) method with electrochem-
ical detection of the resulting enzyme signal. The test
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time for each assay was approximately 15 min. The
prototype GFAP assay calibration range was 0–
50,000 pg/mL. The limit of detection (LoD) and limit
of quantitation (LoQ) were 15 pg/mL and 25 pg/mL, re-
spectively, resulting in a reportable range of 15–
50,000 pg/mL. Within-laboratory precision, measured
by the co-efficient of variation (CV) was 2.8–14.2%.
The prototype UCH-L1 assay calibration range was
0–20,000 pg/mL. The LoD and LoQ were 10 pg/mL
and 20 pg/mL, respectively, resulting in a reportable
range of 10–20,000 pg/mL. The assay had a CV of
5.0–10.0%. Samples were tested in duplicate in the
i-STAT GFAP and UCH-L1 assays. Within-laboratory
CV values are based on the results of 20-day precision
studies following Clinical and Laboratory Standards
Institute (CLSI) EP05-A3 guidance.7 i-STAT GFAP
within-laboratory precision of 2.8–14.2% CV was dem-
onstrated over a concentration range of 15,000–
40 pg/mL. Higher CVs are observed as the concentra-
tion approaches the lower LoQ. The i-STAT UCH-L1
within-laboratory precision of 5.0–10.0% CV was dem-
onstrated over a concentration range of 10,000–
100 pg/mL.

The prototype ARCHITECT GFAP and UCH-L1
assays are two-step sandwich assays using chemi-
luminescent microparticle immunoassay (CMIA)
technology. The prototype GFAP assay calibration
range was 0–50,000 pg/mL. The LoD and LoQ were
2 pg/mL and 5 pg/mL, respectively, for a reportable
range of 2–50,000 pg/mL. The within-laboratory CV
was 2.0–5.6%. Samples with values >50,000 pg/mL
were retested with a 10-fold automated dilution proto-
col. The prototype UCH-L1 assay calibration range was
0–25,000 pg/mL. The LoD and LoQ were 10 pg/mL
and 20 pg/mL, respectively, for a reportable range of
10–25,000 pg/mL. The assay had a CV of 2.0–5.7%.
Samples were tested in singlicate for the ARCHITECT
GFAP and UCH-L1 assays.

For GFAP, a total of 187 samples (156 control and
31 TBI) had values below the LOD of the i-STAT
and a total of 24 samples (17 control and 7 TBI) had
values between the LOD and the LOQ of the i-STAT.
No GFAP values were below the LOQ of the ARCHI-
TECT. For UCH-L1, a total of 5 samples (3 control
and 2 TBI) had values below the LOD of the i-STAT
and a total of 6 samples (3 control, 3 TBI) had values
between the LOD and the LOQ of the i-STAT. No
UCH-L1 values were below the LOQ of the ARCHI-
TECT. The raw values of these samples were utilized
to minimize bias in our comparisons. Two observations

in which GFAP >50,000 pg/mL were removed as they
exceeded the upper limit of quantitation and were out-
side the reportable range.

Statistical analysis
Medians and their corresponding interquartile ranges
(IQRs) were used to summarize biomarker data, be-
cause they did not follow the normal distribution. We
visualized the agreement between biomarker values
obtained from the two platforms via scatter and Bland-
Altman plots8 and quantified the correlation between
the two assays using Spearman’s correlation coefficient.
Passing-Bablok regression9 was fit to determine the
function to convert ARCHITECT to i-STAT handheld
device values for GFAP and UCH-L1 separately. The
95% confidence intervals of the regression parameters
were estimated using the bootstrap method. For com-
parison, we also modeled the conversion of ARCHI-
TECT to i-STAT values using simple linear
regression. Statistical analyses were conducted in R,
version 3.6.1. We used the ‘‘mcr’’ package in R to con-
duct the Passing-Bablok regression.

Results
The median age of the TBI subjects was 39 years (IQR:
26–57); the median age of healthy controls was 32 years
(IQR: 25–50). Among TBI subjects, 76.7% (280) had a
presenting Glasgow Coma Scale (GCS) score of 13–15
and 55.8% had a positive head CT scan. Additional de-
tails regarding the demographic and clinical character-
istics of the study population are presented in Table 1.

GFAP and UCH-L1 values were measured in 570
and 572 samples, respectively (Table 2). In the com-
bined cohort of both TBI and healthy control

Table 1. Characteristics of the Study Population

TBI participants
(n = 374)

Healthy controls
(n = 197)

Median age in years (IQR) 39 (26–57) 32 (25–50)
Females (%) 94 (25.1) 95 (48.2)
Glasgow Coma Scale score

3–8 59 (16.2)
9–12 26 (7.1)
13–15 280 (76.7)

Positive head CT scan 206 (55.8)
Disposition

ED discharge 15 (4.0)
Non-ICU admission 147 (39.3)
ICU admission 212 (56.7)

CT, computed tomography; ED, emergency department; ICU, intensive
care unit; IQR, interquartile range; TBI, traumatic brain injury.

Korley et al.; Neurotrauma Reports 2021, 2.1
http://online.liebertpub.com/doi/10.1089/neur.2020.0037

195



participants, GFAP values measured by the ARCHI-
TECT platform (median 143.3 [IQR: 19.8–925.8]
pg/mL) were higher than values measured by the
i-STAT handheld device (median 116.0 [IQR: 9.2–
856.5] pg/mL); see Table 2 for median values for TBI
participants only and healthy controls only. However,
at higher GFAP values (e.g.: GFAP >5000 pg/mL)
i-STAT handheld device values were higher than
ARCHITECT values; see Figure 1A. GFAP values from
the two platforms were strongly correlated ( p = 0.985).
Based on a Passing-Bablok regression model, i-STAT

handheld device values may be estimated from
ARCHITECT values using the equation i-STAT
GFAP =�12.36 + (1.02 * ARCHITECT GFAP); see
Figure 2A. The 95% confidence interval for the inter-
cept was (�13.31 to �11.57) and (1.00 to 1.04) for
the slope. The line fitted by the Passing-Bablok method
was different from the line fitted by the simple linear
regression because the non-parametric Passing-Bablok
approach is more resistant to the effect of outliers.

Similarly, in the combined cohort of both TBI and
healthy control participants, UCH-L1 values measured

Table 2. Summary of GFAP and UCH-L1 Values Measured by the Prototype ARCHITECT Platform and i-STAT
Handheld Device

Combined Healthy controls TBI participants

GFAP in pg/mL
Median (IQR) ARCHITECT� 143.3 (19.8–925.8) 18.2 (14.0–25.5) 524.8 (153.5–2089.6)
Median (IQR) i-STATTM handheld device 116.0 (9.2–856.5) 6.2 (2.1–13.4) 506.0 (128.5–2175.0)
Correlation co-efficient 0.985 0.854 0.993

UCH-L1 in pg/mL
Median (IQR) ARCHITECT� 163.9 (82.5–412.4) 73.5 (56.2–104.8) 323.4 (146.7–751.7)
Median (IQR) i-STATTM handheld device 122.5 (63.0–297.3) 62.0 (45.0–92.7) 206.0 (102.5–506.0)
Correlation co-efficient 0.933 0.795 0.947

GFAP, glial fibrillary acidic protein; IQR, interquartile range; UCH-L1, ubiquitin carboxyl-terminal hydrolase L1; TBI, traumatic brain injury.

FIG. 1. A Bland-Altman plot of GFAP and UCH-L1 levels. (A) Demonstrating that at higher GFAP values
some outlier i-STATTM handheld device values are much higher than ARCHITECT� values. (B) Demonstrating
that UCH-L1 values measured by the ARCHITECT� are higher than values measured by the i-STATTM

handheld device throughout the range of quantifiable values. The dotted horizontal lines are the mean of
the differences and corresponding 95% confidence intervals. GFAP, glial fibrillary acidic protein; UCH-L1,
ubiquitin carboxyl-terminal hydrolase L1.
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by the ARCHITECT platform (median 163.9 [IQR:
82.5–412.4] pg/mL) were higher than values measured
by the i-STAT handheld device (median 122.5 [IQR:
63.0–297.3] pg/mL); see Table 2 for UCH-L1 values
in TBI participants only and healthy controls only.
This finding held true whether UCH-L1 was high or
low (Fig. 1B). UCH-L1 values from the two platforms
were strongly correlated ( p = 0.933). Based on a
Passing-Bablok regression model, i-STAT device values
may be estimated from ARCHITECT values using the
equation i-STAT UCH-L1 = 3.29 + (0.72 * ARCHI-
TECT UCH-L1); see Figure 2B. The 95% confidence
interval for the intercept was (�0.34 to 7.66) and
(0.69 to 0.75) for the slope. The line fitted by the
Passing-Bablok method was similar to the line fitted
by simple linear regression because there were few out-
lier UCH-L1 values.

Discussion
Our analyses demonstrate that both GFAP and UCH-
L1 values measured using the prototype i-STAT hand-
held device assays are strongly correlated with GFAP
and UCH-L1 values measured by the prototype
ARCHITECT assays. The absolute differences in
assay values between the two platforms become greater
with increasing biomarker concentration. However, in

general, values derived from the prototype ARCHI-
TECT assay are higher than those derived from the
prototype i-STAT handheld device assay. Nonetheless,
given the strong correlation of the GFAP and UCH-L1
values measured by the two platforms, prototype
ARCHITECT values may be converted to prototype
i-STAT handheld device values using equations de-
rived from Passing-Bablok regression.

Until recently, there were no blood-based biomark-
ers for diagnosing or monitoring acute brain injuries.
In 2018, the FDA cleared the use of GFAP and UCH-
L1 for aiding the evaluation of acute mild TBI. Their
approval means that for the first time, clinicians may
be able to use blood-based biomarkers to aid in diag-
nosing and risk-stratifying TBI. Given the time-
sensitive nature of evaluating TBI and identifying
patients with intracranial traumatic hemorrhage prior
to clinical deterioration, point-of-care measurement
of GFAP and UCH-L1 is attractive. An additional
advantage of point-of-care assays is that they may be
performed by trained clinical personnel and not nec-
essarily by trained laboratory scientists. In addition,
whole blood can be assayed directly, without centri-
fugation to obtain plasma or serum. However, core
laboratory assays typically produce more analytically
robust values, have a wider dynamic range, and have

FIG. 2. Scatter plot of GFAP and UCH-L1 values measured by the i-STATTM handheld device and
ARCHITECT� assays. Shown are a scatter plot of GFAP (A) and UCH-L1 (B) values from the prototype Abbott
i-STATTM handheld device and prototype ARCHITECT� assays. Shown are regression lines based on: 1)
Passing-Bablok regression and 2) linear regression. GFAP, glial fibrillary acidic protein; UCH-L1, ubiquitin
carboxyl-terminal hydrolase L1.
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a higher overall throughput.10 As the literature on
GFAP and UCH-L1 matures, it would be helpful to
have a clear understanding on how values of these bio-
markers differ when measured using different plat-
forms. Conversion of ARCHITECT to i-STAT values
will enable direct comparison of assay results derived
from the two platforms. When converting ARCHI-
TECT values to i-STAT values, derived i-STAT values
that are below the LoD of the assay (15 pg/mL for
GFAP and 10 pg/mL for UCH-L1) should be reported
as undetectable.

Differences in values between the two assay plat-
forms may be due to the different assay formats, cali-
bration method, and technologies used by the i-STAT
and ARCHITECT systems. For example, the i-STAT
uses a one-step assay format where the sample is in
contact with the detection and capture antibodies at
the same time. The ARCHITECT uses a two-step for-
mat whereby the sample can bind to the capture anti-
body, and the mixture is then washed and followed
by addition of the detection antibody. The differences
in GFAP values for the control subjects (Table 2)
may be due to differences in analytical sensitivity be-
tween the methods, where the ARCHITECT GFAP
assay shows an improved LoD and LoQ compared
with i-STAT. The i-STAT GFAP and UCH-L1 assays
use approximately 20 lL of sample per test. The
ARCHITECT GFAP assay uses 150 lL of sample per
test and the ARCHITECT UCH-L1 assay uses 100 lL
of sample per test.

Our findings have important implications with reg-
ards to interpreting the literature on these biomarkers.
First, measured values of the same biomarker per-
formed on the same blood sample using different plat-
forms manufactured by the same company may not be
numerically the same—although the assays in the pres-
ent study demonstrated a strong correlation. Therefore,
reference intervals and decision-making thresholds de-
rived using different assays may be different, and as
such, it would be helpful if articles reporting brain in-
jury biomarker values also detail the analytic character-
istics of assays. This will inform the interpretation of
biomarker values across different studies.

The second is that there is sufficient scientific basis
for combining GFAP and UCH-L1 values derived
from the i-STAT handheld device and ARCHITECT
platform. Individual biomarker studies with small sam-
ple sizes are often susceptible to the effects of chance,
bias, and confounding factors. Meta-analyses of indi-
vidual biomarker studies provide enhanced statistical

power by combining all available results from similar
studies that address a particular question, thereby re-
ducing random error and increasing the precision in
estimating the extent of the effect. They also enable
the completion of subgroup analyses that may not be
feasible in individual studies with small sample sizes.
Findings from this study suggests that prototype
ARCHITECT GFAP and UCH-L1 values may be esti-
mated using prototype i-STAT handheld device values,
enabling the combination of measurements derived
from the two different platforms.

Limitations
Our study has a number of limitations. First, the results
of this analysis are applicable only to values obtained
from the prototype i-STAT handheld device and
ARCHITECT platform. Second, i-STAT values were
generated using plasma samples. It is not known
whether the correlation between i-STAT and ARCHI-
TECT values will hold if whole blood is used for
i-STAT measurements.

Conclusion
GFAP and UCH-L1 values measured using the prototype
Abbott i-STAT handheld device and prototype ARCHI-
TECT assays are strongly correlated and values from ei-
ther platform may be converted to the other.
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LoD ¼ limit of detection
LoQ ¼ limit of quantitation

TBI ¼ traumatic brain injury
TRACK-TBI ¼ Transforming Research and Clinical Knowledge in TBI

UCH-L1 ¼ ubiquitin carboxyl-terminal hydrolase L1
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