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Abstract

Objectives: Quantitative human chorionic gonadotropin
(hCG) measurements are used to manage women classified
with a pregnancy of unknown location (PUL). Two point of
care testing (POCT) devices that quantify hCG are commer-
cially available. We verified the i-STAT 1 (Abbott) and the
AQT 90 FLEX (Radiometer) prior to use in PUL triage.

Methods: Tests for precision, external quality assurance
(EQA), correlation, hook effect and recovery were
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undertaken alongside a POCT usability assessment during
this prospective multi-center verification.

Results: Coefficients of variation ranged between 4.0 and
5.1% for the three i-STAT 1 internal quality control (IQC)
solutions and between 6.8 and 7.3 % for the two AQT IQC
solutions. Symmetric differences in POCT EQA results when
compared with laboratory and EQA stock values ranged
between 3.2 and 24.5 % for the i-STAT 1 and between 3.3 and
36.9 % for the AQT. Correlation coefficients (i-STAT 1: 0.96,
AQT: 0.99) and goodness of fit curves (i-STAT 1: 0.92, AQT:
0.99) were excellent when using suitable whole blood sam-
ples. An hCG hook effect was noted with the i-STAT 1 between
572,194 and 799,089 IU/L, lower than the hook effect noted
with the AQT, which was between 799,089 and 1,619,309 IU/L.
When hematocrit concentration was considered in sample
types validated for use with each device, hCG recovery was
108 % with the i-STAT 1 and 98 % with the AQT. The i-STAT 1
scored lower on usability overall (90/130) than the AQT (121/
130, p<0.001, Mann-Whitney).

Conclusions: Both hCG POCT devices were verified for use
in clinical practice. Practical factors must also be considered
when choosing which device to use in each unit.

Keywords: point of care; hCG; pregnancy of unknown loca-
tion (PUL)

Introduction

Transvaginal ultrasonography is used to assess pregnancy
location and viability in women during the first trimester of
pregnancy [1]. However, in up to 42 % of cases, a pregnancy is
not visualized [2, 3]. These women are classified as having a
pregnancy of unknown location (PUL) pending a confirmed
outcome of either [1]: intrauterine pregnancy (IUP: pregnancy
correctly located within the endometrial cavity) [2]; ectopic
pregnancy (EP: pregnancy incorrectly located external to the
endometrial cavity) [3]; persistent PUL (PPUL: PUL with 23
serial hCG values that vary by <15 %); or [4] failed PUL (FPUL:
PUL with a negative urine pregnancy test two weeks from
initial review) [3]. Serial quantitative human chorionic

8 Open Access. © 2023 the author(s), published by De Gruyter. [(c<) 2N This work is licensed under the Creative Commons Attribution 4.0 International License.


https://doi.org/10.1515/cclm-2023-0703
mailto:t.bourne@imperial.ac.uk
https://orcid.org/0000-0003-1421-6059
https://orcid.org/0000-0001-9001-5545
https://orcid.org/0000-0003-2538-5851
https://orcid.org/0000-0003-2538-5851
https://orcid.org/0000-0002-7962-4451
https://orcid.org/0000-0002-7962-4451
https://orcid.org/0000-0001-5258-312X
https://orcid.org/0000-0003-0540-2191
https://orcid.org/0000-0003-1166-6281
https://orcid.org/0000-0001-5873-3432
https://orcid.org/0000-0001-5873-3432
https://orcid.org/0000-0002-2910-7050
https://orcid.org/0000-0002-9486-7734

DE GRUYTER

gonadotropin (hCG) levels are measured and used to triage
women with a PUL classification as being at a low (IUP/FPUL)
or high risk (EP/PPUL) of clinical complications [4].

HCG is a glycoprotein hormone secreted from pregnancy
trophoblast and is quantifiable in maternal circulation shortly
after conception via the immunologically specific beta-hCG
subunit [5]. HCG plays many roles, including maintenance of
corpus luteum progesterone production and angiogenesis [6].
Differences between longitudinal serial hCG levels observed
with different pregnancy outcomes has allowed the develop-
ment of PUL management protocols [4]. Whilst UK National
Institute for Health and Care Excellence guidance currently
advises use of an hCG ratio (hCG at 48 h divided by hCG at 0 h),
other methods of biochemical PUL triage also incorporate
progesterone into their algorithm, and/or provide accurate
statistical prediction via logistic regression modeling (e.g., the
clinically implemented and validated M6) [1, 4, 7-12].

Measuring serial hCG levels with a recognized laboratory
method can take hours. This delay, particularly at the 48-h
clinical assessment, compromises the ability to effectively
triage women and promptly direct resources to those at high-
risk of complications, as well as impacting management
planning, postponing senior clinical input if after hours, and
forcing women to anxiously wait at home for advice
throughout the day or overnight. However, there are now
commercially available point of care testing (POCT), quanti-
tative hCG devices that may improve PUL workflow [13].

Devices such as the i-STAT 1 (Abbott), AQT 90 FLEX
(Radiometer), i-CHROMA II (Boditech), CS (Stratus®) and Easy
Reader (VEDA.LAB) can provide hCG measurements in an
outpatient setting [13-21]. Whilst hCG data on the i-CHROMAII,
CS and Easy Reader are limited, data from both i-STAT 1 and
AQT 90 FLEX suggest wider use of both systems, with accept-
able levels of accuracy, precision, and linearity [13, 16, 17, 19, 20].

Our aim was to verify the i-STAT 1 and the AQT devices
as POCT systems that safely measure hCG levels in the early
pregnancy setting.

Materials and methods
Study design, setting and participants

This prospective multi-center hCG POCT verification was performed as
an audit at four London hospitals between January and December 2021
following review and support from the North-West London POCT
committee. Samples were either collected by the biochemistry team, or
prospectively collected under the remit of two ethically approved
studies, references 14/NS/1078 (ClinicalTrials.gov ID: NCT04738370) and
20/LO/0477 (ClinicalTrials.gov ID: NCT04739956) between September
2018 and November 2021. Informed consent for these studies was
confirmed in writing.
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The i-STAT 1 (Abbott, Chicago, USA) and the AQT 90 FLEX (Radi-
ometer, Copenhagen, Denmark) POCT devices were verified by 22
healthcare professionals alongside POCT device usability question-
naires. Quality control (QC), plasma, serum, and whole blood samples
were stored and/or processed in accordance with local operating and
safety protocols. HCG levels obtained by the i-STAT 1 and the AQT ana-
lyzers were verified against the Architect or Alinity (Abbott, Chicago,
USA) and the Beckman Access (Beckman, Brea, USA) hCG assays, run by
laboratory technicians. Tests for precision, external quality assurance
(EQA), correlation, hook effect and recovery were undertaken.

Data collection

Point of care testing hCG verification: The i-STAT 1 is validated to
process untreated or lithium-heparin (LH)-stabilized whole blood and
plasma samples for total beta-hCG (total: measures both intact hCG
(joined alpha and beta-hCG subunits) and free beta-hCG subunits).
Samples were applied to single-use cassettes, which functioned via a
two-site enzyme-linked immunosorbent assay (ELISA) method in 10—
12 min, with a quantitative hCG range of 5-2,000 IU/L. Calibrators and
controls for the device are traceable to target hCG concentrations
defined using the World Health Organization (WHO) 5th International
Standard [22]. The AQT 90 FLEX is validated to process EDTA or
LH-stabilized whole blood and plasma samples for total beta-hCG. These
were inserted into the device in original (stabilized whole blood) or
custom manufacturer (plasma) tubes, where an all-in-one dry chemistry
system delivered ELISA driven results in 18-20 min, with a quantitative
hCG range of 2-5,000 IU/L. Calibrators for the device are traceable to
target hCG concentrations defined using WHO 4th International Stan-
dard [17]. Please see Supplementary Table S1 for a summary of the assay
characteristics, storage, calibration, and QC.

Laboratory hCG reference standard: The Architect and Alinity total
beta-hCG chemiluminescent microparticle immunoassays can process
LH, sodium-heparin or EDTA-stabilized plasma, or serum specimens.
Each assay requires 20 min but can take longer when dilution is
required (>15,000 IU/L). Within run and within laboratory/total co-
efficients of variation (CV) for pooled serum samples ranged from 1.2 %
(hCG concentration: 5,052.1IU/L) to 4.9 % (hCG concentration: 21.1IU/L)
when using the Architect [23]. CV when using the Alinity ranged from
21% (hCG concentration: 9,421.11IU/L) to 7.6 % (hCG concentration:
5.31U/L) [24]. The Beckman total beta-hCG chemiluminescent immuno-
assay can process LH-stabilized plasma or serum samples in 20 min,
unless dilution is required (>1,350 IU/L). CV when using the Beckman
ranged from 1.8 % (hCG concentration: 106.7 IU/L) to 21.7 % (hCG con-
centration: 0.6 IU/L) [25]. Six calibrators run every 28-30 days, with QC
performed daily. Please see Supplementary Table S2 for a summary of
the assay characteristics, storage, calibration, and QC.

External quality assurance schemes: Each hospital laboratory is sub-
scribed to a national EQA scheme to ensure a high standard for
obtaining reproducible results and confirm compliance with interna-
tional standards (ISO15189:2012). All devices were subject to EQA: Na-
tional External Quality Assurance Scheme (NEQAS, Sheffield, UK) is the
EQA provider for the AQT 90 FLEX, Architect and Beckman, and Wales
External Quality Assurance Scheme (WEQAS, Cardiff, UK) is the EQA
provider for the i-STAT 1.
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Outcome and statistical analysis

Precision: Internal QC solutions were provided by the POCT device
manufacturers. For the i-STAT 1, QC processing was performed five
times per day over five days at one unit by one user, and five times per
day over one day at a second unit by a different user. The data was
combined (n=30). Three i-STAT 1 internal QCs were used with LOT
A20261 cassettes: QC1 (LOT 351126), QC2 (LOT 361129); and QC3 (LOT
371134). For the AQT, two internal QCs were performed five times per
day for five days at one unit by one user (n=25): QC1 (LOT 18456) and QC2
(LOT 18457). Mean with standard deviation (SD) were calculated. CV
were compared to assigned targets, and results were compared to
Westgard hCG target values (TV) of +18 % [26].

External quality assurance: 14 (distribution 384) NEQAS and six (dis-
tributions 77 and 78) WEQAS EQA materials were processed once on
both the i-STAT 1 and the AQT at one unit. POCT results were compared
with the findings of laboratory processing of NEQAS and WEQAS sam-
ples. When possible, they were also compared against the NEQAS
grouped laboratory trimmed mean (GLTM) and the NEQAS AQT average
values. The group means of logarithm transformed data (natural log
units) were presented alongside symmetric percentage (%) differences
between the groups of interest.

Correlating POCT hCG values with laboratory hCG values using serum
and EDTA-stabilized plasma samples: Although the i-STAT 1 and AQT
devices are validated for LH-stabilized plasma, they are not for serum.
The i-STAT 1 is also not validated for EDTA-stabilized plasma. None-
theless, 80 paired serum samples and 30 paired EDTA-stabilized plasma
samples were processed by both POCT devices at one unit. Comparison
data were presented as group means of logarithm transformed data
alongside symmetric percentage (%) differences between the groups of
interest. In addition, for the serum samples, coefficients of correlation
(R) were identified following Pearson correlation analyses and pre-
sented with 95 % confidence intervals (95 % CI). Coefficients of deter-
mination/goodness of fit (R?), regression coefficients (95 % CI) and linear
equations were identified following simple linear regression. Bland-
Altman plots of differences in hCG levels between methodologies
described device bias with SD and 95 % limits of agreement (95 % LOA —
defined as the mean of the paired differences in hCG levels + 1.96
standard deviations).

Correlating whole blood sample POCT hCG values with serum sample
laboratory hCG values: The majority of the available 742 fresh whole
blood samples (untreated or LH-stabilized) were processed using the
i-STAT 1 at two units. Ninety-four EDTA-stabilized whole blood samples
were processed using the AQT at two different units. Each of the paired
units used the same laboratory methods. The sample types selected were
validated for use on each POCT device. R (95 % CI) were again obtained
following Pearson correlation analyses, with R% regression coefficients
(95% CI) and linear equations identified following simple linear
regression. Bland-Altman plots of differences in hCG levels between
methodologies were again used to describe device bias with SD and 95 %
LOA.

Hook effect: One serum sample with known high hCG concentration
(>1,000,000 IU/L) following laboratory processing was tested in duplicate
on thei-STAT 1and AQT at one unit. Serial dilutions were prepared using
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hCG radioimmunoassay dilution buffer by the laboratory, and each of
these samples were tested until the hook effect was no longer apparent,
confirmed when the devices presented qualitative high hCG results
(i-STAT 1: >2,000 IU/L, AQT: >5,000 IU/L). POCT results were compared
with the findings of the laboratory to determine hook effect thresholds.
The details of the hCG radioimmunoassay dilution buffer are as follows:
50 mM phosphate (di-sodium hydrogen phosphate dodecahydrate —
Na,HPO412H,0 and potassium di-hydrogen phosphate — KH,PO,) con-
taining 50 mM EDTA, 0.075 % bovine serum albumin, 0.05 % polysorbate
20 and 0.01 % sodium azide.

Recovery: 186 IU purified WHO 5th International hCG standard was
prepared in 10 mL hCG radioimmunoassay dilution buffer (as described
above) for a stock concentration of 18,600 IU/L. This was used to produce
reducing concentrations: 9,300 IU/L; 4,650 IU/L; 2,325IU/L; 1,162.5IU/L;
581.31IU/L; 290.6IU/L; and OIU/L. EDTA-stabilized whole blood,
LH-stabilized whole blood, and serum was collected at one unit from
hCG negative participants. The samples were divided, and serial hCG
standard dilutions were spiked with a 1:10 dilution factor: one part
standard to nine parts negative pool. The whole blood and serum
samples were thus spiked to the following hCG concentrations: 1,860 U/
L, 930 IU/L, 465 IU/L, 232.5 IU/L, 116.3 IU/L, 58.1 IU/L, 29.1 IU/L and 0 IU/L.
All samples were processed in duplicate or quadruplicate depending on
sample and consumable availability, to confirm the findings of both
POCT devices. Recovery was calculated in percent (%).

Usability: Twenty-six questions were developed to assess POCT device
usability. Each question was designed to be answered using a Likert
scale, from zero (strongly disagree) to five (strongly agree) and were
filled in by healthcare professionals 35 times across three units. Please
see Supplementary Table S3 for a copy of this questionnaire. Average
scores for each POCT device were compared by device, by unit and by
usability assessment subgroup (usefulness, ease of use, ease of learning
and satisfaction). Shapiro-Wilk testing was used prior to deciding on the
most appropriate parametric or non-parametric statistical test: un-
paired t test for normal population distribution, or the Mann-Whitney
test for non-normal population distribution. Statistical significance was
defined as a p<0.05.

Statistical analysis was performed using Excel (Microsoft, Red-
mond, USA) and PRISM (GraphPad, San Diego, USA).

Results
Precision

CV across the three i-STAT 1 internal quality control solu-
tions ranged between 4.0 and 5.1 %, with all 30 values within
their assigned ranges and meeting manufacturer CV targets
(Table 1). When i-STAT 1 internal quality control levels were
compared to Westgard TV (+18 %), one of 30 was beyond TV
[26]. The CV of the two AQT internal quality control solutions
ranged between 6.8 and 7.3 %, with two of the 25 values
reported out of the assigned range at each level. There was
no manufacturer assigned CV for the AQT. When AQT
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Table 1: Point of care testing device precision assessment when compared to internal quality control solutions.

IQC levels Assigned Assigned Values Mean, IU/L SD, IU/L Assigned Cv, % Westgard Values >TV, n
range, IU/L mean, IU/L OOR, n CV, % TV, %

i-STAT 1 (n=30)

1 19.3-35.8 27.5 0 26.5 1.4 <10 5.1 + 0
2 779.6-1,447.8 1,113.7 0 1,184.7 51.3 <10 43 +18 1
3 982.2-1,824 1,403.1 0 1,511.2 60.5 <10 4.0 + 0
AQT 90 FLEX (n=25)

1 14.3-22.2 17.3 2 15.7 1.1 NA 6.8 + 2
2 267-354 310 2 300.5 221 NA 7.3 +18 1

IQG, internal quality control; OOR, out of range; SD, standard deviation; CV, coefficient of variation; TV, target value; NA, not applicable.

internal quality control levels were compared to Westgard
TV (+18 %), three of 25 were beyond TV [26].

External quality assurance

For thei-STAT 1, five of the 14 NEQAS samples were below the
quantitative limits of detection (<5 IU/L) and excluded from
analysis. This was correctly detected in four cases. In one
case, the device measured <5 IU/L, whilst the laboratory and
GLTM values were 5.6 and 6.1 IU/L respectively. Analysis of
the remaining nine NEQAS samples identified a symmetric
difference of 3.2 % (POCT vs. laboratory) and 4.0 % (POCT vs.
GLTM) (Table 2). There were no NEQAS i-STAT 1 average
values provided for comparison. One of six WEQAS samples
was within quantitative detection limits, with a symmetric
difference of 24.5 % when i-STAT 1 results were compared
with laboratory processing.

Four NEQAS samples were below the quantitative limits
of the AQT device (<2IU/L) and were excluded, the device

correctly detecting each one. Analysis of the remaining 10
NEQAS samples identified a symmetric difference of 3.3 %
(POCT vs. laboratory), 3.9% (POCT vs. GLTM) and 7.0 %
(POCT vs. EQA AQT average values). Two of the six WEQAS
samples were within quantitative detection limits, with a
symmetric difference of 36.9 % when compared with labo-
ratory processing.

Correlating POCT hCG values with laboratory
hCG values using serum and EDTA-stabilized
plasma samples

54 of the 80 serum samples were above (>2,000IU/L) or
below (<5 IU/L) the quantitative detection limits of the i-STAT
1 and correctly detected in all cases other than one, which
had succumbed to the hook effect (1,215.4 IU/L i-STAT 1 vs.
1,516,158 IU/L. laboratory). Analysis of the remaining 26
samples identified a 1.0 % symmetric difference between
POCT and laboratory hCG processing (Supplementary

Table 2: Point of care testing (POCT) device performance using external quality assurance (EQA) materials when compared with laboratory processing of
EQA materials, EQA grouped laboratory trimmed mean, and EQA grouped point of care testing results.

EQA service NEQAS® WEQAS®
Processing of EQA materials POCT Local lab GLTM EQA POCT av POCT Local lab
i-STAT 1, n 9 1

Group means of log transformed data, natural log units 5.4° 5.4 5.5 NA® 5.7 6.0
Symmetric difference with POCT, % 3.2° 4.0 NAP 245
AQT, n 10 2

Group means of log transformed data, natural log units 5.1 5.0 5.1 5.1 6.8° 7.2
Symmetric difference with POCT, % 33 39 7.0 36.9°

NEQAS, National External Quality Assurance Scheme; WEQAS, Wales External Quality Assurance Scheme; GLTM, grouped laboratory trimmed mean; lab,
laboratory; av, average; log, logarithm; NA, not applicable. *The AQT device is validated against NEQAS. °The i-STAT 1 device is validated against WEQAS. No

NEQAS EQA POCT av values provided for comparison with i-STAT 1 device.
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Table S4). Following correlation analysis and simple linear
regression, R was 0.99 (95 % CI 0.98->0.99) and R® was 0.98
(Supplementary Figure S1).

Thirty of the 80 serum samples were above (>5,000 IU/L)
the quantitative AQT detection limit and correctly detected
in all cases other than one (>5,000 IU/L AQT vs. 4,723.2 IU/L
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laboratory). Analysis of the remaining 50 samples identified
a 9.0 % symmetric difference between POCT and laboratory
hCG processing (Supplementary Table S4). Following corre-
lation analysis and simple linear regression, R was >0.99
(95% CI 0.99->0.99) and R? was 0.99 (Supplementary
Figure S1).

A i-STAT 1: Correlation curve and summary data (N=588)*
5000
Summary data
o
S 4000 Symmetric difference, % 7.3
8 3000 Correlation coefficient - R (95% CI)  0.96 (0.95-0.97)
<
Sl 0.8 (0.8-0.8
D 2000 . ope 0.8 )
g ) . ¢ y =0.7799x + 47.65 Regression coefficients (95% Cl) Y-intercept 47.7 (33.9-61.4)
g 1000 RZ=0.9199 X-intercept -61.1 (-80.0--42.8)
0 T T 1 Goodness of fit - R? 0.92
(1] 2000 4000 6000 8000
Laboratory based BhCG (IU/L)
B AQT 90 FLEX: Correlation curve and summary data (N=82)*
5000
° Summary data
g 4000 Symmetric difference, % 25.2
3 3000 Correlation coefficient - R (95% CI)  0.99 (0.99->0.99)
(8]
ﬁ 2000 Slope 0.6 (0.6-0.7)
§ 1000 y = 0.6466x + 40.93 Regression coefficients (95% Cl) Y-intercept 40.9 (14.1-67.8)
RZ = 0.9867 X-intercept -63.3 (-106--21.5)
0 T T T 1 Goodness of fit - R? 0.99
0 2000 4000 6000 8000
Laboratory based BhCG (IU/L)
C Bland-Altman Bias
i. i-STAT 1 (N=588)* ii. AQT 90 FLEX (N=82)*
1000
3 S .
2 2 by,
) 9 g
R - °
3! =L SO 20— ..
m p °®
g g -2000 b
5 3
g -1500 - o % -3000 -
o [a]
-2000 I I T | -4000 T T T T 1
0 500 1000 1500 2000 0 1000 2000 3000 4000 5000

Average Abbott and Lab BhCG (IU/L)

Average AQT and Lab BhCG (IU/L)

Bias, IU/L (SD)
95% LOA, IU/L

-55.2 (181.5)
-410.9 to 300.5

Bias, IU/L (SD)
95% LOA, IU/L

-231.5 (513)
1237 to 774

Figure 1: Correlating point of care testing hCG values within quantitative device detection ranges following whole blood sample processing, with paired
serum sample laboratory hCG values. hCG, human chorionic gonadotrophin; SD, standard deviation; 95 % CI: 95 % confidence interval; 95 % LOA: 95 %
limits of agreement. *All point of care testing and laboratory devices measure total beta-hCG (i.e., both intact hCG and free beta-hCG subunits).
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Upon performing a Bland-Altman analysis, bias was
21.71U/L (SD 93.9) with 95 % LOA -162.2 to 205.7 IU/L using
the i-STAT 1, compared with 175.2 IU/L (SD 160.5) with 95 %
LOA -139.3 to 489.6 IU/L using the AQT. When comparing
both POCT devices with one another, bias was —56.2 IU/L (SD
106.6) with 95% LOA -265 to 152.7IU/L (Supplementary
Figure S1).

EDTA-stabilized plasma comparisons were highly inac-
curate with the i-STAT 1, secondary to this sample type not
being validated for use with this device (Supplementary
Table S4). With the AQT, one of the 30 plasma samples was
incorrectly above the quantitative detection limit (>5,000 IU/
L AQT vs. 4,768.5 IU/L laboratory). Analysis of the remaining
29 samples showed a 2.7 % symmetric difference between

Table 3: Point of care testing device hook effect. Samples were evaluated
in duplicate on the i-STAT 1 and the AQT (n=1, diluted).

Laboratory hCG, IU/L i-STAT 1 hCG, IU/L AQT hCG, IU/L
1,619,309 1,264.3 1,261.4 4,343 3,168
799,089 1,826.2 1,886.2 >5,000 >5,000
572,194 >2,000 >2,000 NA NA

NA, not applicable.
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POCT and laboratory hCG processing. When directly
comparing matched AQT serum and plasma hCG results, the
symmetric difference was 3.2 % (Supplementary Table S4).

Correlating whole blood sample POCT hCG
values with serum sample laboratory hCG
values

154 of the 742 whole blood samples for i-STAT 1 processing
were above or below the quantitative detection limit of the
device. Analysis of the remaining 588 samples identified a
7.3% symmetric difference between POCT and laboratory
hCG processing (Figure 1). R was 0.96 (95 % CI 0.95-0.97) and
R was 0.92.

Twelve of the 94 whole blood samples for AQT processing
were ahove or below the quantitative detection limit of the
device. Analysis of the remaining 82 samples identified a
25.2 % symmetric difference between POCT and the labora-
tory (Figure 1). R was 0.99 (95 % CI 0.99->0.99) and R* was 0.99.

On Bland-Altman analysis, bias was —55.2 IU/L (SD 181.5)
with 95% LOA -410.9 to 300.5IU/L using the i-STAT 1,

Table 4: Recovery of 5th international hCG standard from whole blood using laboratory and point of care testing methods once hematocrit concen-

tration (42 %) was considered within the analysis.

Diluted standard, Recovery Recovery rate Recovery Recovery Recovery Recovery rate
IU/L EDTA, IU/L EDTA, % LH, IU/L rate LH, % EDTA + LH, IU/L EDTA + LH, %
A) i-STAT 1 (n=2, diluted, duplicate/quadruplicate)

2,990.4 > NA > NA > NA
1,495.2 1,388.9 93 1,650.9 110 1,563.6 105
747.6 685.6 92 1,073.9 144 944.5 126
373.8 363.5 97 439.9 118 401.7 107
186.9 167.6 90 176.1 94 171.9 92
934 80.9 87 83.6 89 82.2 88
46.7 50.6 108 424 91 46.5 99
0 < NA < NA < NA
Average recovery rate, % 94° 108 103°
B) AQT 90 FLEX (n=2, diluted, duplicate/quadruplicate)

2,990.4 3,155.8 106 3,004.5 100 3,105.3 104
1,495.2 1,476.5 99 1,599 107 1,517.3 101
747.6 743.5 99 627 84 704.7 94
3738 3843 103 369 99 379.2 101
186.9 184.3 99 178.5 96 182.3 98
934 90.8 97 90.5 97 90.7 97
46.7 49.8 106 44 94 47.8 102
0 < NA < NA < NA
Average recovery rate, % 101 97 98

EDTA, EDTA-stabilized whole blood; LH, lithium-heparin-stabilized blood; NA, not applicable. *i-STAT 1 device not validated for use with EDTA whole blood

samples.



670 —— Kyriacou et al.: Verifying two hCG point of care testing devices

Table 5: Usability assessment of point of care testing devices, divided by
unit and question subgroups (n=35).

Usability assessment i-STAT 1 (n=19) AQT (n=16) p-Value®

Total average score (/130) 90 121 <0.001°
Unit 1 average (/130) 111 119 0.288
Unit 2 average (/130) 78 128  <0.001°
Unit 3 average (/130) 51 114 <0.001°
Usability assessment subgroups

Usefulness average (/35) 24 33 <0.001°
Ease of use average (/45) 29 40  <0.001°
Ease of learning average (/30) 22 28 0.005°
Satisfaction average (/20) 14 19 0.002°

?p-Value corresponds to Mann-Whitney (non-parametric test for
continuous, non-normal population distribution), or unpaired t (parametric
test for continuous, normal population distribution) for the difference
between outcome groups. °p<0.05 denotes significance.

compared with —231.5 IU/L (SD 513) and 95 % LOA -1,237 to
774 IU/L using the AQT (Figure 1).

Hook effect

An hCG hook effect was noted with the i-STAT 1 between
572,194 TU/L. and 799,089 IU/L, lower than the hook effect
noted with the AQT, which was between 799,089 IU/L and
1,619,309 IU/L (Table 3).

Recovery

The average recovery of international hCG standard from
serum samples for the laboratory was 91 %, compared with
82 and 84 % using the i-STAT 1 and AQT respectively (Sup-
plementary Table S5).

For whole blood samples, the average recovery of inter-
national hCG standard using the i-STAT 1 was 166 % (152 % with
EDTA-stabilized whole blood, 173 % with LH-stabilized whole
blood), and for the AQT was 160 % (163 % with EDTA-stabilized
whole blood and 155 % with LH-stabilized whole blood) (Sup-
plementary Table S6). After troubleshooting for the over-
estimated data, we then took into account the average
concentration of hematocrit in whole blood, estimated as 42 %
on review of the literature [27]. With calculations modified to
account for the 58 % plasma aspect of the samples, the average
recovery rate using the i-STAT 1 was 103% (94% with
EDTA-stabilized whole blood and 108 % with LH-stabilized
whole blood), and for the AQT was 98% (101% with
EDTA-stabilized whole blood and 97% with LH-stabilized
whole blood) (Table 4).
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Usability

The i-STAT 1 score lower on usability overall (90/130) than
the AQT (112/130, p<0.001, Mann-Whitney test) (Table 5).
When split by unit, scores for both devices were similar at
Unit 1 (111 vs. 119/130, p=0.288, unpaired t test), but lower for
i-STAT 1 at Units 2 and 3 (78 and 51/130 vs. 128 and 114/130,
p<0.001, unpaired t test). When split by usability assessment
subgroup, the i-STAT 1 had lower scores than the AQT for
usefulness (24 vs. 33/35, p<0.001, Mann-Whitney test), ease of
use (29 vs. 40/45, p=0.001, unpaired t test), ease of learning (22
vs. 28/30 p=0.005, Mann-Whitney test) and satisfaction (14 vs.
19/20, p=0.002, Mann-Whitney test).

Discussion

This study verified two POCT devices for clinical practice,
prior to using their hCG measurements in early pregnancy to
triage women classified with a PUL. Both performed with
acceptable precision and EQA, with excellent correlation co-
efficients and goodness of fit curves using appropriate sam-
ples validated for use on each device. Accuracy and recovery
percentages were comparable once considering hematocrit.
The AQT had a higher hook threshold than the i-STAT 1 and
scored higher in the usability assessment. Although serum is
not validated for use on either instrument, laboratory values
correlated well with both POCT devices.

Strengths

The number of factors considered, the prospective sample
collection, the comparison of the two available POCT devices
for hCG measurement and the validated sample types eval-
uated makes this the largest quantitative hCG POCT verifi-
cation study published. Various issues were investigated,
involving clinical and laboratory-based specialists who
collaborated to comprehensively test the technology.

Limitations

The disproportionate sample size was secondary to longer
use of the i-STAT 1 at one of the units. Samples were collected
prospectively from multiple centers, and both devices were
compared with one another, adding some generalizability
for clinicians who may be considering the introduction of
this technology to their practice elsewhere. Whilst some of
the sample types investigated were not validated for use
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with one or both devices, their assessment was performed
for completeness.

Quality control

Both devices have QC limitations. Supplementing internal
QCwith EQA was advised by manufacturers as the AQT lacks
internal QC cover from 500 to 5,000 IU/L. There were no
i-STAT 1 NEQAS results published that allowed comparison
with data from other laboratories. The AQT is not validated
against WEQAS. Many of the EQA samples were beyond the
limits of detection for one or both devices. Better EQA ma-
terials are required for quantitative hCG POCT devices.

Bias

Correlation and bias findings were similar for both POCT
serum and whole blood sample processing when compared
to laboratory serum processing. Whilst serum samples are
not validated for use with either POCT device, this suggests
that POCT result variances were most likely due to matrix
differences, rather than differences in hCG isoforms the
methods were measuring.

Bland-Altman analyses of whole blood samples indi-
cated that POCT hCG values were consistently lower than
laboratory findings. This finding may be due to the differ-
ences in hCG isoforms the methods were measuring, as well
as differences in reagent antibodies and the material used
as calibrators. Whilst the equivalent recovery experiments
initially showed overestimation, this was corrected once
the average hematocrit proportion of whole blood was
considered. The excellent correlation findings suggest that
even if hCG values using POCT are lower, intra-technology
consistency is high so the pattern of hCG level change is the
same. Per patient, serial POCT hCG values could thus be
considered in clinical practice for PUL triage when not used
interchangeably with laboratory hCG measurements, as the
level of agreement when using only one technology (labo-
ratory vs.i-STAT 1vs. AQT) appears to be high, and the POCT
assays showed acceptable levels of imprecision across the
concentrations measured. Formal clinical study using PUL
triage protocols is already underway.

Usability

Unit 1 had used the i-STAT 1 for longer than the AQT and
deemed usability to be similar for the two devices. This was
not the case for Units 2 and 3 where both devices were used
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for same amount of time. Whilst the AQT may therefore be
easier to use in a shorter space of time, using either device
for long enough may increase overall usability as the unit
becomes accustomed to the equipment and protocols.

Other devices and population considerations

Data on hCG POCT using other devices is limited [13, 16, 17,
19-21]. The i-CHROMA II (Boditech) is portable and uses a
fluorescence immunoassay on whole blood samples, with a
range of 5-50,000 IU/L and an assay time of 15 min [15, 16].
The CS (Stratus®) has a range of 0-1,250 IU/L using whole
blood and plasma samples, with a run time of 14 min [14].
The Easy Reader (VEDA.LAB) can process blood and urine for
hCG levels up to 1,000 IU/L in 30 s [18].

These devices run similar samples at a similar rate for
hCG when compared to the i-STAT 1 and AQT. However, in the
context of early pregnancy and PUL triage, most hCG levels
will unlikely exceed 1,000-2,000 IU/L, within the quantitative
detection ranges for both the i-STAT 1 and the AQT [28]. Levels
measured that would be susceptible to the hook effect tend to
only apply to molar pregnancies, cases of which are extremely
rare and usually suspected following transvaginal ultraso-
nography. These women will therefore continue to utilize
laboratory hCG measurements as they do not require rapid
POCT hCG results for clinical assessment and management.

Other unit considerations

Running whole blood samples whilst the patient is in
attendance carries considerable advantages, allowing in-
formation and advice to be provided promptly and face-to-
face. Other considerations for units planning to introduce
hCG POCT should include patient throughput (if simulta-
neous testing is required), portability (handheld or bench-
top), setting (hospital or community), system (open or
closed), quantitative biochemical ranges, time to process
results, training, and cost.

Conclusions

Both devices described in this study were thoroughly verified
for use in clinical practice. The next step will be validating
their hCG values for use within published PUL triage protocols.
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