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ABSTRACT

Introduction: Fibrin degradation product b-
dimer can be a valuable indicator for venous
thromboembolism (VTE). The use of p-dimer
testing in primary care settings can be limited
by restricted access to laboratory services. This
performance evaluation compares a quantita-
tive, point-of-care (POC) p-dimer assay (Lumi-
raDx p-Dimer Test) with a reference laboratory-
based p-dimer assay.

Methods: Plasma samples from patients pre-
senting to secondary care in the UK, USA, and
Germany were analyzed centrally using the
LumiraDx p-Dimer Test and the reference test
(bioMérieux VIDAS bp-Dimer Exclusion II
immunoassay). Method comparison used Pass-
ing-Bablok regression analysis with pre-speci-
fied equivalence criteria of r > 0.9 and slope of
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0.9-1.1. The NOVEL-3 study (NCT04375982)
compared equivalency of fingerstick, venous
blood (VB), and plasma samples from the same
patient, tested at US primary care clinics next to
the patient using the POC LumiraDx p-Dimer
device. Measurements obtained from fingerstick
and VB samples were compared with results
from plasma samples, using Deming regression.
The healthy reference range was determined
using plasma samples of healthy volunteers,
collected by commercial suppliers in Germany
and the USA, which were analyzed centrally
using the LumiraDx p-Dimer Test and the ref-
erence test.

Results: The LumiraDx p-Dimer Test demon-
strated agreement with the bioMérieux VIDAS
p-Dimer Exclusion II immunoassay for plasma
samples (r=0.923, slope of 1.016, n=1767).
There was good agreement between fingerstick/
VB samples and plasma samples
(r =0.980-0.986, n =93) measured using the
LumiraDx p-Dimer Test. Overall error rates were
1.8%. The healthy reference range 90% per-
centile for p-dimer was calculated as 533 pg/l
fibrinogen equivalent units (FEU).
Conclusions: The quantitative LumiraDx b-
Dimer Test is easy to use and can accurately
measure D-dimer levels in a range of blood
sample types, including fingerstick samples,
which could improve assessment of VTE cases in
community and hospital near-patient settings.
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Key Summary Points

A quantitative, point-of-care (POC)
D-dimer test could improve the
effectiveness of the established diagnosis
pathway of venous thromboembolism
(VTE), thereby reducing the current rate of
unnecessary referrals to secondary care
along with associated cost and improve
patient experience.

The primary aim of this study was to assess
the performance of the new quantitative
point of care LumiraDx p-Dimer Test for
accuracy, precision, and measurement
repeatability across several sample types,
including fingerstick capillary blood,
compared to established, laboratory-based
analysis.

The quantitative LumiraDx p-Dimer Test
was able to accurately measure p-dimer
levels using samples across the range 60
pg/l and 4515 pg/l fibrinogen equivalent
units (FEU), with a low error rate across a
range of blood sample types.

The p-dimer test was shown to be easy to
use by users in POC settings.

The study results show that this novel
quantitative POC test provides accurate
results at the point of care when patients
are presenting with symptoms of VIE and
a quantitative p-dimer test is quickly
needed. When utilized in line with the
diagnostic guidance, this could facilitate
more accurate referrals for imaging
diagnostics of VIE in settings such as
primary care, where most patients initially
present.

INTRODUCTION

Venous thromboembolism (VTE) is a collective
term for deep vein thrombosis (DVT) and pul-
monary embolism (PE), which represents a sig-
nificant cause of mortality and disability,
affecting 1-2 per 1000 people of European
ancestry annually [1]. The high level of VTE-
associated morbidity is at least partly due to
symptoms of VTE being diverse, making its
diagnosis challenging.

p-dimer is a fibrin degradation product
resulting from the degradation of thrombi by
fibrinolysis. During coagulation, fibrinogen is
converted by thrombin to fibrin monomers,
which are subsequently cross-linked by factor
XlIla. When fibrin is degraded, the final step,
consisting of plasmin cleavage, results in the
formation of b-dimer and factor E [2]. Low levels
of p-dimer can be found in the whole blood and
plasma of healthy individuals, but are elevated
in patients with thrombosis, making it a valu-
able indicator for VTE [2]. The initial diagnosis
pathway for DVT generally begins in the pri-
mary care setting, whereas the diagnosis path-
way for PE most often starts in the emergency
department with patients presenting with chest
pain. Patients with suspected VTE are subse-
quently referred to hospital departments with
appropriate blood analysis and imaging capa-
bilities. However, many of the patients assessed
in the hospital do not have VTE [2]. In fact, the
typical ratio of imaging-confirmed VTE versus a
negative diagnosis is 1:6 [3]. Conversely, there
are patients who require further diagnostic tests
but are not referred because they present with
non-specific symptoms; such patients are at risk
of receiving a delayed diagnosis, which could
consequently lead to adverse outcomes [4, 5].

Excessive referrals for imaging tests carry
concomitant cost. The associated cost reduction
of successfully implementing a VTE diagnostic
strategy involving initial clinical assessment
versus imaging alone was found to be 38% for
patients with suspected PE and 24% for sus-
pected DVT. Assuming the proportion of sus-
pected PE and DVT patients to be 30% and 70%,
respectively, the weighted average cost reduc-
tion per suspected VTE patient was 32% [6].
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Efforts to reduce the rate of unnecessary
imaging referrals have led to the implementa-
tion of the Wells’ clinical scoring criteria for
DVT and PE in settings where patients with VTE
commonly present [7]. If the resulting score
indicates that VTE is likely, the patient is refer-
red for a diagnostic imaging test and p-dimer
assay confirmation [7]. Recent UK National
Institute for Health and Care Excellence (NICE)
guidelines also recommend performing a con-
firmatory p-dimer test in patients whose clinical
assessment score indicates that VTE is unlikely.
Point-of-care (POC) tests for p-dimer, preferably
those able to give a quantitative result, are rec-
ommended if laboratory facilities are not
immediately available. Quantitative tests are
preferred owing to the recognition that an age-
adjusted p-dimer threshold may be advisable for
patients over 50 years of age [8]. Generally, used
in combination with a risk assessment, a D-
dimer concentration of < 500 pg/l is used to
exclude VTE, whereas assay results of > 500 ng/1
indicate the need for a diagnostic imaging test,
even if clinical assessment alone suggests that
VTE is unlikely [9]. However, it must be noted
that commercially available p-dimer assays use
different antibodies and have different clinical
cut-offs, which must be established from clini-
cal studies. Therefore, cut-off thresholds are
assay-specific and not always 500 pg/l [10]. To
date, the established method for the detection
of p-dimer is the enzyme-linked immunosor-
bent assay, which is generally performed in a
central clinical laboratory [11]. A number of
qualitative and quantitative POC tests have
been developed for the evaluation of p-dimer
concentrations, which utilize a variety of
methodologies [11]. The LumiraDx device is a
microfluidic immunoassay using fluorescence
detection. A small sample of blood (15 pl) is
applied to the test strip by way of direct appli-
cation (DA) in the case of fingerstick DA, or use
of a lithium heparin anticoagulated transfer
tube (TT) for fingerstick blood. Plasma and
venous whole blood (citrated) are applied to the
strip by pipette (20 pl). The test strip contains
magnetic particles as well as fluorescent latex
particles in the pre-applied reagent. When b-
dimer is present, the different antibody-bound
particles form a fluorescent, magnetic p-dimer

complex. This complex is kept in place by a
magnet below the optical block, which allows
the fluorescence, which is proportional to the
captured p-dimer, to be measured.

The NICE recommendation for POC testing
for p-dimer in the primary care setting has the
potential to reduce the number of unnecessary
hospital referrals, thereby improving patient
experience on the diagnosis pathway and
relieving pressure on healthcare resources
[12, 13]. Indeed, prospective management
studies have shown that even qualitative POC p-
dimer tests can rule out a large proportion of
patients who do not need a referral (up to 49%)
[12, 14, 15], with low false-negative rates
(1.4-2%) [12]. Moreover, the sensitivity and
specificity of a combined clinical score and
qualitative POC p-dimer test were comparable
to the laboratory-based quantitative test [15].
An assessment of POC testing for p-dimer in the
diagnosis of DVT found it to be cost-effective
[16]. Moreover, the convenience of having the
results available at POC when the patient is
present allows for more efficient use of resources
overall [16]. The limited evidence available to
date suggests that POC p-dimer assays can
improve the effectiveness of the diagnosis
pathway of VTE. An advantage of a quantitative
POC assay over laboratory testing is that age-
adjusted cut-off values can be implemented
[12].

The primary aim of this performance evalu-
ation was to assess the performance of the new
quantitative LumiraDx bp-Dimer Test (Lumi-
raDx, Stirling, UK) for accuracy, precision, and
measurement repeatability across several sam-
ple types (fingerstick blood, venous blood [VB],
and plasma), and to determine usability and
error rates of the assay.

METHODS

Studies

The LumiraDx p-Dimer Test was evaluated in
three separate studies. The first was a method
comparison study of the LumiraDx device and
the established bioMérieux VIDAS bp-Dimer
Exclusion II immunoassay (bioMérieux, Marcy
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I’Etoile, France), which used venous and capil-
lary blood samples collected as part of the
NOVEL study conducted in UK hospitals [17],
and plasma samples from commercial suppliers
from the USA and Germany.

The second was the NOVEL-3 matrix com-
parison study (NCT04375982), which assessed
the equivalence of different testing modalities
and was conducted across multiple POC testing
sites in the USA.

The third study aimed to determine the
healthy reference range for the LumiraDx b-
Dimer Test. Samples were collected from heal-
thy subjects by commercial suppliers who
recruited participants in the USA (Logical Bio-
logical, Sandwich, UK, and Innovative Research
Inc., Minneapolis, MN, USA) and Germany (TCS
Biosciences Ltd, Buckingham, UK).

Study Participants

Participants for all sub-studies were at least
18 years of age and willing to provide written
informed consent for laboratory testing. Partic-
ipants in the NOVEL study were invited to take
part when presenting at a participating hospital
with symptoms indicative of heart failure, acute
coronary syndrome, kidney failure, throm-
boembolic events, or inflammatory disorders.
However, vulnerable populations deemed
inappropriate for the study by the principal
investigators of the participating sites were
excluded.

Participants for the NOVEL-3 study were
invited to take part when presenting to a
healthcare provider for any reason, though the
following conditions were of particular interest:
VTE, patients seeking medical attention with
symptoms of non-COVID-19 respiratory tract
infection (upper or lower), acute myocardial
infarction/unstable angina, patients on anti-in-
flammatory medication (current) or any regular
medication for a chronic condition (other than
simple painkillers or an inhaler), atrial fibrilla-
tion, diabetes mellitus (all types except "pre-di-
abetes’), heart failure, hypertension (> 150/
90 mmHg), infection (significant, current, or
within 3 months), peripheral arterial disease,
surgery (within 6 weeks), childbirth (within

8 weeks), significant trauma, burns (within
4 weeks), pregnancy (confirmed or suspected),
acute upper gastrointestinal hemorrhage or
other significant recent hemorrhage. Patients
were excluded from the NOVEL-3 study if they
were currently receiving or had received an
experimental biologic or drug, including treat-
ment or therapy within the 30 days prior to the
study visit, if they had skin lesions or conditions
that would preclude a fingerstick and/or a VB
draw, end-stage renal failure on hemodialysis,
or life expectancy documented as less than
30 days, if they were classified as hemodynam-
ically unstable (e.g., cardiogenic shock) and if
they had been taking anticoagulant therapy
(direct oral anticoagulants, warfarin, heparins,
etc.) within the last 30 days.

Study participants for the healthy reference
range analysis were required to be in good
health and were excluded if they had any cur-
rent or prior incidence of: acute myocardial
infarction/unstable angina, peripheral arterial
disease, superficial thrombophlebitis, atrial fib-
rillation, arterial or venous thromboembolism
(under active treatment), heart failure, aortic
dissection/aneurysm, hypertension (> 150/
90 mmHg), disseminated intravascular coagu-
lation, sickle cell disease/hemolysis, infection
(significant, current or within 3 months), acute
upper gastrointestinal hemorrhage, other sig-
nificant recent hemorrhage, diabetes mellitus
(all types except ‘pre-diabetes’), connective tis-
sue disease (systemic lupus erythematosus, sys-
temic sclerosis), rheumatoid arthritis,
malignancy (active or currently treated),
chronic kidney disease (estimated glomerular
filtration rate < 60 ml/min), severe liver disease
(cirrhosis/ascites), pregnancy (confirmed or
suspected), childbirth (within 8 weeks), stroke
(ever), significant trauma, burns (within
4 weeks), surgery (within 6 weeks), immobiliza-
tion (prolonged), syncope (recent, hospitalized
or admitted to the accidents and emergency
department), hyperlipidemia/hypertriglyc-
eridemia, or hyperbilirubinemia. Patients who
were receiving the following treatments were
also excluded: anticoagulant therapy, fibri-
nolytic therapy, hemodialysis, anti-inflamma-
tory medication, combined oral contraceptive
(medium- or high-dose) or any regular
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medication for a chronic condition (other than
simple painkillers or an inhaler).

Study Design

The primary objective of this performance
evaluation was to show equivalence between
the quantitative LumiraDx p-Dimer Test using
different sample types and the established,
quantitative  laboratory-based  bioMérieux
VIDAS p-Dimer Exclusion Il immunoassay using
plasma samples. Samples for the NOVEL study,
an ongoing prospective blood collection study,
were collected at multiple hospital sites in
Scotland, UK. Samples of whole sodium-citrated
VB were collected from eligible patients using
standard venepuncture technique performed by
trained staff and processed to plasma, before
being sent to LumiraDx (LumiraDx UK Ltd,
Stirling, UK) for analysis. Plasma samples were
stored at — 70 °C for up to 2 years. Additional
plasma samples were provided by commercial
suppliers  (Logical Biological, Innovative
Research, Inc., TCS Biosciences Ltd). Plasma
samples were analyzed at the sponsor site using
three LumiraDx p-Dimer Test strip lots and the
bioMérieux VIDAS p-Dimer Exclusion 1I
immunoassay. Plasma samples were tested in
replicates of two for each sample and test strip
lot, and in accordance with the manufacturer’s
instructions [18, 19]. The NOVEL study com-
plied with the Declaration of Helsinki (2013)
and was approved by West of Scotland REC 3
(REC  number 15/WS/0176 and IRAS
ID: 179093). Commercial samples  were
obtained under local protocol and ethical
approval.

For the NOVEL-3 study, samples were used to
perform matrix comparisons and precision at
POC in subjects recruited in four primary
healthcare centers in the USA. Patients were
recruited and staff collected from each partici-
pant two sample tubes, containing sodium
citrate, of VB using standard venepuncture
technique, and four fingerstick samples of cap-
illary blood using a fingerstick lancet. Samples
were taken in duplicate to allow for replicate
testing of each sample method. Fingerstick
samples were applied to the LumiraDx test strips

as whole blood DA or using a TT. The fingerstick
samples were analyzed at POC using the Lumi-
raDx p-Dimer Test following the manufacturer’s
instructions for use [19]. The test procedure,
from inserting the test strip into the device to
collecting and applying the sample to the test
strip, took approximately 1 min, with a further
6 min required for running the test and
obtaining results. During the study, one of the
VB tubes was used immediately with the POC
LumiraDx p-Dimer Test, and the remainder of
this tube and the second tube were processed to
plasma and transferred to the sponsor site for
reference testing using the bioMérieux VIDAS p-
Dimer Exclusion II immunoassay. Unused
samples were stored at — 70°C and tested
within 1 month, if required. The number and
type of error codes observed were recorded, and
usability was assessed using a questionnaire.
The study protocol for NOVEL-3 complied with
the Declaration of Helsinki (2013) and IRB
approval was obtained from WCG ASPIRE IRB
(ID: 14-1290899-1).

For the healthy reference range, VB samples
in sodium citrate were obtained from a healthy
population by standard venepuncture tech-
nique performed by trained staff. Suppliers
processed the blood to plasma, froze aliquots,
and shipped the samples to LumiraDx, Stirling,
UK, for testing. Samples were stored at — 70 °C
for up to 6 months before testing. The bioMér-
ieux VIDAS p-Dimer Exclusion II immunoassay
was used as the reference method, consisting of
two replicates of each sample. Samples were
tested using three LumiraDx p-Dimer Test strip
lots in two replicates, resulting in six measure-
ments for each sample. Assays were performed
in accordance with the manufacturers’ instruc-
tions [18, 19]. Local ethics committee approval
was obtained as required by commercial sample
providers.

Operator Usability Assessment

During the prospective fingerstick study
(NOVEL 3), the LumiraDx p-Dimer Test was
assessed for the ease of use for operators without
any prior training at the POC settings. The
usability was assessed with nine untrained users
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across four test sites in the USA, testing a total of
120 subjects in total, resulting in 1101 tests.
Usability was determined by analysis of errors
obtained during the study, ease of recovery
from errors, and study questionnaire responses.
The Intended Use Operator Questionnaire
evaluated various metrics of test usability and
safety. Each question was completed using a
five-point  Likert scale, ranging from
1 = strongly disagree to 5 =strongly agree
(Fig. 3).

Statistical Analysis

Sample size was determined in line with Clini-
cal and Laboratory Standards Institute (CLSI)
guidelines (CLSI EPO9C ED3:2018 [20] and CLSI
EP28 A3C:2010 [21]). For the method compazr-
ison using samples from the NOVEL study, the
average of the two replicates measured using the
bioMérieux VIDAS bp-Dimer Exclusion II
immunoassay was used in the analysis. A Pass-
ing-Bablok regression analysis was used, with
pre-specified criteria for equivalence of r > 0.9,
a slope of 0.9-1.1 and an intercept between —
200 and 200.

Deming regression was used to assess equiv-
alence of sample types analyzed with the
LumiraDx p-Dimer Test for the NOVEL-3 study
samples.

Within the healthy reference range analysis,
the average of the two replicates assessed using
the bioMérieux VIDAS bp-Dimer Exclusion II
immunoassay was used as the reference. A non-
parametric approach was used to determine the
healthy reference range of the LumiraDx b-
Dimer Test. Analyses were performed separately
for each LumiraDx test strip lot tested and for
the overall dataset to assess lot-to-lot strip
variability.

A precision study was carried out in citrated
venous plasma on a protocol based on CLSI EP5-
A3 [22]. For this, three p-dimer concentrations
were each tested in two runs of two replicates
per day, for 20 days. Intra-run, intra-day, inter-
day, and total precision were assessed for a total
of 80 samples (Table 1). The coefficient of vari-
ation (% CV) was calculated for each analysis for
each p-dimer concentration. A test with an

analytical variability of < 10% was considered
to have high precision.

RESULTS

Participant and Sample Characteristics

Samples from a total of 327 participants enrol-
led in the NOVEL study from seven sites in
Scotland, UK (Edinburgh Royal Infirmary,
Edinburgh; University Hospital Wishaw,
Wishaw; University Hospital Monkland, Air-
drie; University Hospital Hairmyres, Glasgow;
Queen Elizabeth University Hospital, Glasgow;
Glasgow Royal Infirmary, Glasgow; Golden
Jubilee National Hospital, Clydebank), together
with samples from external suppliers sourced
from Germany and the USA (Logical Biological;
TCS Biosciences; Innovative Research) were
used for the method comparison of the Lumi-
raDx p-Dimer Test with the bioMérieux VIDAS
p-Dimer Exclusion II immunoassay. The mean
age of participants was 51 years (SD 20.5, range
18-98), and 41% were female. Most participants
were presenting in hospital with suspected VTE,
chest pain, or heart failure. Samples were col-
lected between July 2019 and August 2020.

A total of 100 participants were enrolled at
four test sites in the USA (Rancho Paseo Medical
Group, Banning, CA, USA; Centura Health
Physician Group, Northglenn, CO, USA; New
Medical Health Care, Wichita, KS, USA; Diag-
nostic Clinic of Longview, Longview, TX, USA)
for the NOVEL-3 study, from April 2020 to June
2020. The mean age of enrolled participants was
50 years (SD 17; range 18-79), and 64% were
female. The most common diagnoses in the
participant population were hypertension and
diabetes.

Healthy reference range data were obtained
from 127 participants enrolled in Germany and
the USA from March to April 2020. The refer-
ence population consisted of 52 female and 75
male participants, with an age range of 18-
50 years old (average age of 31.5 and 33.1 years
for females and males, respectively).
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Method Comparison of the LumiraDx
and bioMérieux VIDAS Assays

The accuracy of the LumiraDx p-Dimer Test was
assessed by comparing results for plasma sam-
ples from 327 patients (range 60-4515 pg/1 FEU
[Fibrinogen Equivalent Units]) with those
obtained using the bioMérieux VIDAS p-Dimer
Exclusion Il immunoassay (n = 1767). Although
the Passing-Bablok analysis showed less agree-
ment for samples greater than 1000 pg/l, the
analysis met the stated performance criteria (r
> 0.9, a slope of 0.9-1.1 and an intercept
between - 200 and 200) with r = 0.923, a slope
of 1.016 and an intercept of 21 (Fig. 1).

Agreement Between Sample Types

pD-dimer values from the 100 plasma samples
included in the analysis ranged from 55 to
3335 pg/l as assessed by the bioMérieux VIDAS
p-Dimer Exclusion II immunoassay. Deming
regression showed good agreement between the
fingerstick and plasma results measured using
the LumiraDx p-Dimer Test, with r wvalues
ranging from 0.980 to 0.982 (Fig. 2). The VB
results also showed a good correlation with the
plasma results (r = 0.986). There was a noted
under-recovery in VB results relative to the
plasma results at higher p-dimer concentrations
(Fig. 2).

The precision analysis of three different p-
dimer concentrations showed a %CV of
10.3 £ 0.7 for within-run and within-day pre-
cision as well as total precision for all samples.
Between-day precision ranged between O and
2.5 %CV (Table 1). The mid-range sample of
552 ng/l FEU showed a %CV of 9.4 %CV for

within-run and within-day precision and 2.5
%CV for between-day precision.

Healthy Reference Range

Of the 762 replicates included in the health
reference range study, 754 were valid samples.
There was good agreement between test strip
lots tested, and the overall healthy reference
range threshold for the LumiraDx p-Dimer Test
was calculated at a p-dimer value of 533 pg/l
FEU, with 90% of results observed during this
study being below this threshold (Table 2).

5000 9 patients n=327

Samples n=1767

4500 o Passing-Bablok regression r=0.923
Intercept =21

Slope =1.016
4000

3500

3000

00 ooo

2500 -

2000 -

1500

D-dimer concentration, LumiraDX (ug/L)

1000

500

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
D-dimer concentration, VIDAS (ug/L)

Fig. 1 Passing—Bablok regression scatter plot of D-dimer
measurements from plasma samples obtained using the
LumiraDx D-Dimer Test (LumiraDx) versus the bioMér-
ieux VIDAS D-Dimer exclusion II immunoassay (VIDAS).
The solid line represents the regression line and the dozzed
line the perfect fic with a slope of 1.0

Table 1 Precision levels of D-dimer concentrations in citrated venous plasma following a protocol based on CLSI EP5-A3

D-Dimer concentration ~ Within-run Within-day Between-day Total precision #
(ng/1 FEU) precision (% CV) precision (% CV) precision (% CV) (% CV)

291 9.8 11.1 0.0 11.1 80
552 9.4 9.4 2.5 9.7 80
1790 10.1 10.1 0.7 10.2 80

Three levels of D-dimer were tested in two runs of two replicates per day, for 20 days
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Fig. 2 Scatter plots for D-dimer levels analyzed using
LumiraDx D-Dimer Test for alternative sample types
compared to plasma samples from the same patient.

Operator Usability at the POC

Out of the 1101 total patient tests performed
using the LumiraDx Diagnostic Platform, a use
error by an operator resulting in a failed test
occurred 51 times, a test alert occurred 14 times
(hematocrit out of the 25-55% range), and an
instrument error occurred one time (Table 3).
These were error rates of 4.6, 1.3, and 0.09%,
respectively. The majority (31/51) of the use
errors were coded as 042 (insufficient sample)
and this was corrected through a software
update, taking the overall user error rate to 1.8%
(Table 2).

The operator questionnaire evaluated met-
rics relating to usability and safety. Steps from
setting up the machine to selecting the type of

7 calculated using Deming regression for A fingerstick DA,
B fingerstick TT and C VB DA, direct application; 77

transfer tube, VB venous blood

m 1) Strongly disagree = 2) Disagree = 3) Neutral m4) Agree m5) Strongly agree

Powering on and logging in were easy to
complete

Entering the patient information was easy
The on-screen test step instructions were
easy to follow

Installing the lot calibration file was easy

Inserting the Test Strip was easy
Selecting the type of blood sample was
easy
Applying the fingerstick (capillary) blood
was easy
Applying the fingerstick (capillary) blood
using the transfer tube was easy

Applying the venous blood, plasma, or
serum was easy

The on-screen results were easy to see,
read, and interpret

o
N
N
w
IS
[$]
o
~
©
©

Fig. 3 Questionnaire responses. Usability responses from
nine untrained test operators. Each question was com-
pleted using a five-point Likert scale, ranging from
1 = strongly disagree to 5 = strongly agree
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Table 2 Healthy reference range threshold by test strip lot

Strip lot Range (90% cut-off) (pg/1) Range (95% cut-off) (ng/1) Range (97.5% cut-off) (ng/1)
5000055 486 636 1082
5000056 547 712 1391
5000059 552 707 1174
Overall 533 678 1082

Table 3 Breakdown of the error codes observed in the precision study using the LumiraDx point-of-care device (1101 total
tests, of which 468 were fingerstick tests plus 46 retests and 576 were VB tests plus 11 retests)

Error code Type of error Description Errors (n)
002 Use error Door opened during test 3
004 Use error Sample applied too early 3*
016 Use error Time exceeded to perform user action 6
038 Use error Insufficient sample or test timeout error 8
042 Use error Insufficient sample 31
019 Test alert Hematocrit out of range 14
2411 Instrument error Thresh check failure (a significant difference 1
in the measurement across the 3 test channels)
Total 66

* Includes 3503 error, which is a subset code for 004

blood sample were rated as easy by most
respondents. One-third of operators (3/9) did
not agree that the direct application of the fin-
gerstick sample was easy. However, they did
successfully complete the tests and all operators
agreed that applying the fingerstick using the
transfer tube was straightforward. Similarly,
most operators agreed that application of
venous blood or plasma and the interpretation
of results was uncomplicated (Fig. 3).

DISCUSSION

Method comparison of plasma samples using
the LumiraDx p-Dimer Test versus the estab-
lished laboratory-based bioMérieux VIDAS b-
Dimer Exclusion II immunoassay demonstrated

good equivalence between these two methods
of analysis. Furthermore, the LumiraDx p-Dimer
Test results were consistent across capillary fin-
gerstick samples, venous whole blood, and
plasma.

The method comparison of the LumiraDx p-
Dimer Test versus the bioMérieux VIDAS b-
Dimer Exclusion II immunoassay by Pass-
ing-Bablok regression and Pearson correlation
met the performance criteria, with a regression
for plasma samples r=0.923, and slope of
1.016. There was good agreement between fin-
gerstick/VB  samples and plasma samples
(r = 0.980-0.986) measured using the LumiraDx
p-Dimer Test. This indicates that the LumiraDx
p-Dimer Test could replace current standard
laboratory p-dimer quantifying methods in set-
tings where laboratory facilities are not readily
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available, such as in primary care, without
compromising analytical accuracy. The latest
NICE guidance already recommends using
quantitative POC testing within such settings,
as part of a defined diagnostic pathway, which
limits unnecessary referrals [8]. Previous studies
using qualitative POC p-dimer assays have
demonstrated substantial benefits in terms of
reducing unnecessary referrals for imaging
without increasing the number of patients with
undiagnosed VTE [12]. A greater disparity
between p-dimer measurements at concentra-
tions > 1000 pg/l were observed between the
LumiraDx p-Dimer Test and the bioMérieux
VIDAS bp-Dimer Exclusion II immunoassay
(Fig. 1). Since the diagnostic pathway for VTE
generally recommends using a p-dimer con-
centration < 500 ug/l to exclude VTE, correla-
tion at the < 1000 pg/l is the most important
parameter. Patients with elevated p-dimer levels
require a diagnostic imaging test for definitive
diagnosis [2]. Therefore, the authors are of the
opinion that possible divergence between the
measuring methods at these p-dimer concen-
trations would not impact the clinical utility of
the p-dimer test. Moreover, p-dimer results vary
between tests owing to the heterogeneity
between p-dimer molecules and the difference
between antibody specificity towards them.
This is especially true concerning preference for
high or low molecular weight degradation
products and for cross-linked and non-cross-
linked degradation products. This becomes
more obvious at higher levels of p-dimer. It does
not mean the test is not accurately detecting p-
dimer, but that the correlation between the two
different methods is weaker [23].

The healthy reference range determined a p-
dimer threshold value of 533 pg/1 FEU, which is
in agreement with the generally accepted
threshold of 500 pg/l [9, 24]. The fact that the
LumiraDx p-Dimer Test is quantitative allows
for its use at the point of care with fingerstick
samples and results during the patient visit.
Quantitation would also allow the straightfor-
ward implementation of age-adjusted p-dimer
thresholds, as recommended by the latest NICE
guidelines [8]. Although data are limited, the
available literature suggests that the use of age-
adjusted p-dimer thresholds is associated with

increased diagnostic specificity compared with
the use of unadjusted p-dimer thresholds (PE:
30% [95% confidence interval (CI): 19%, 43%)]
vs. 14% [95% CI 8%, 25%]; DVT: 44% [95% CI
31%, S57%] vs. 27% [95% CI 12%, 49%]), and
only a marginal decrease in sensitivity (PE: 96%
[95% CI 94%, 97%] vs. 98% [95% CI 98%, 99%];
DVT: 91% [95% CI 84%, 96%] vs. 96% [95% CI
89%, 99%]) [8].

While all results obtained at POC showed
agreement and therefore equivalence with
plasma results assessed in the laboratory, data
for the VB suggested an under-recovery in high
D-dimer results relative to the plasma results.
However, the sample number at the higher end
of the assay range was small, and the divergence
was predominantly outside the clinical range.
The assay showed consistent performance
between plasma and capillary blood. The pre-
cision analyses showed a %CV of under 10% CV
for the sample concentration of 552 pg/l FEU,
indicating highest precision for this concentra-
tion range.

Usability testing initially indicated a com-
mon error (042, sample not detected) was
reported most frequently. This error was
resolved using a software update, resulting in a
revised observed error rate of 1.8%. Previously
reported failure rates for qualitative and quan-
titative studies varied between 1 and 4%
[25-27]. The failure rate for the quantitative
POC test of 1.8% (corrected for the software
update) falls within this range. Occasional user
errors were noted, such as door closure too late,
time out for sample application. Overall, the
test was reported as easy to use by the operators.
For those finding the direct application of
sample difficult, the application of sample using
a transfer tube represents a good alternative, as
this was rated easy by most.

This performance evaluation has a number
of limitations. Owing to the COVID-19 pan-
demic, the method comparison study was not
able to prospectively recruit subjects and track
clinical outcomes. Data were generated using
plasma samples from a broad range of patients
in the UK, USA, and Germany, with a range of
clinical symptoms. In addition, a healthy ref-
erence population was studied to determine the
90th centile p-dimer level that would be
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considered elevated. Sufficient participant data
were collected from a broad population to
enable a statistically robust comparison of the
LumiraDx p-Dimer Test with the reference bio-
Meérieux  VIDAS bp-Dimer  Exclusion 1I
immunoassay. The prospective EMBOL-1 study
is now in progress to determine the threshold
for clinical rule out of VTE when used with the
Wells Score (NCT NCT04737954). Furthermore,
in order to compare sample matrices, venous,
plasma, and capillary blood samples were col-
lected and compared with the reference method
in a US intended-use population. This product
was evaluated under robust conditions to con-
firm its performance.

CONCLUSIONS

In conclusion, the quantitative LumiraDx b-
Dimer Test was able to accurately measure p-
dimer levels between 60 and 4515 pg/l FEU,
with a low error rate for a range of blood sample
types. When utilized in line with the latest
diagnostic guidance [8], this technology could
enable more accurate referrals for imaging
diagnostics of VTE in settings such as primary
care, where most patients initially present.
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