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ABSTRACT

Background: The aim of this study was to evaluate the creatinine assay on the ABL800 FLEX© blood gas analyzer
for the screening of pre-existing renal impairment before radiographic contrast administration in the emergency
department (ED), by comparing it with standard practice using central laboratory blood testing.

Methods: The evaluation comprised two elements. The first, conducted in the central laboratory, focused on the
analytical performance of the ABL800 creatinine assay. This included assessment of imprecision and accuracy by
comparison with central laboratory standard creatinine assay. We also compared ABL 800 estimated glomerular
filtration rate (eGFR) and °°™Tc-DTPA measured GFR (mGFR). The second part, conducted in ED sought to
determine the impact that implementation of the creatinine at the point-of-care (POC) has on the timeframe in
which ED patients are submitted for computed tomography scan (CT).

Results: The ABL800 enzymatic creatinine assay met the National Kidney Disease Education Program acceptance
criteria for imprecision and showed good agreement with the isotope dilution mass spectrometry-traceable
Roche enzymatic assay used in the central laboratory. Furthermore, ABL800 eGFR was in total agreement with
mGFR by a reference method. The implementation of POC testing creatinine in the ED significantly reduced
patient waiting times for contrast enhanced CT (1.73[0.75-3.01] vs 2.57 [1.53-3.48] hours, for period with and
without ABL800 respectively, p = 0.04).

Conclusion: The ABL800 assay is comparable with central laboratory reference method in terms of analytical
performance and superior in terms of turnaround time. Implementation of creatinine at POC reduces delay
results, potentially allowing ED clinical staff to make more rapid clinical decisions and reduce patient waiting
time.

1. Introduction

function before contrast enhanced computed tomography scan is es-
sential for patient safety. Exposure of patients with reduced renal

Improving emergency department (ED) patient flow is of particular
importance to reduce overcrowding. Point-of-care testing (POCT) in ED
reduces turnaround time (TAT) for results compared with central la-
boratory testing [1-3]. Reduced TAT could reduce time to disposition
decision [4-6] and patient journey time [7]. POCT allows creatinine
results to be available in 30 s to 5 min [8] and thereby, assessment of
renal function by emergency room clinical staff immediately prior to
scheduled procedures such as contrast enhanced computed tomography
(CT) examination. This is highly relevant because assessment of renal

function to contrast media increases the risk of an acute kidney injury
(AKI) known as contrast-induced nephropathy (CIN) [9,10].

The aim of this study was to evaluate the ABL800 FLEX© blood gas
analyzer (ABL800) (Radiometer Medical ApS, Copenhagen, Denmark)
for creatinine determination at the POC. We assessed imprecision,
comparison of the ABL800 to a laboratory standard, comparison of ABL
800 eGFR to *°™Tc¢-DTPA measured GFR (mGFR) and the patient pro-
cessing time after implementation of the ABL800 at the POC in the
Head and Neck ED.
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2. Materials and methods
2.1. Study design

Analytical evaluation of creatinine on the ABL800 was performed in
the central laboratory. Creatinine on the ABL800 is determined by an
isotope dilution mass spectrometry (IDMS)-traceable enzymatic method
based on the amperometric measurement of oxygen [8,11]. After ED
nurse training and certification, ABL800 creatinine testing by nurses
was implemented in the Head and Neck ED to investigate how the
creatinine at the POC impacts on waiting time of ED patients. The study
was conducted according to the principles of the Declaration of Hel-
sinki.

2.2. Verification of the ABL80O creatinine analytical performance in the
central lab

Samples to estimate imprecision were prepared using 6 heparinized
whole blood and 6 plasma pools. Within-day imprecision was de-
termined by 15 replicated analyses. Between-day imprecision on whole
blood samples was assessed on 5 consecutive days, with 3 determina-
tions per day (n = 15 replicates) by repeat analysis of the same pools
stored at 4 °C. Between-days imprecision on plasma pools was assessed
on 10 consecutive days, with 3 determinations per day (n = 30 re-
plicates) by repeat analysis of the same pools divided into aliquots
stored at — 20 °C.

ABL800 creatinine results were compared with those obtained using
the Roche enzymatic IDMS traceable creatinine assay (c701/cobas 8000
analyzer), which closely correlates with a gas chromatography IDMS
method [12,13]. Clinical concordance was assessed by comparison of
eGFR, as reported with the ABL80O creatinine result, with the mGFR by
a reference isotopic method. This involves measurement of urinary
clearance of technetium-labeled diethylene-triamino-pentaacetic
(°*™Tc-DTPA) using the constant infusion technique [14]. A total of 55
patients (33 men, 22 women, 54.0 *+ 14.1 years) from the outpatient
clinic of the Department of internal medicine who came for renal
monitoring entered this study.

2.3. Evaluation of POCT implementation in the emergency department

Patients, with acute symptoms suggestive of stroke admitted to ED
and needing contrast enhanced brain and/or neck angio-CT were en-
rolled in this study. In phase 1 (6.5 weeks, n = 51), POCT was not
implemented in the ED and patient management decisions were made
based on central laboratory creatinine results. In phase 2 (5.5 weeks,
n = 67), POCT was implemented in the ED and patient management
decisions were made on POCT creatinine results generated by certified
nurse analysis. The primary outcome measure was the interval from a
patient's arrival at the ED to CT examinations. We also recorded the
interval from a patient arrival at the ED to the reporting of central la-
boratory results in phase 1 and reporting of POCT results in phase 2.

2.4. Statistical analysis

Linear regression analysis was performed to compare data from the
two methods used for creatinine determination and the scatter of dif-
ferences was visualized according to the Bland-Altman representation
[15]. Mann-Whitney test was used to compare time before CT ex-
amination between the 2 periods. Values were considered statistically
significant at p < 0.05.
3. Results

3.1. Verification of the ABL80O0 creatinine performance

Imprecision profiles are shown in Table 1. Based on the National

Table 1
Summary of imprecision data of ABL800 creatinine assay on whole blood and plasma
pools samples.

Samples Whole blood pools Plasma pools
Mean Ccv Mean Ccv
(umol/L) (%) (umol/L) (%)

Within day imprecision

Pool 1 47.2 3.8 57.3 3.0
Pool 2 92.3 2.6 110.0 2.6
Pool 3 220.1 1.7 209.5 1.2
Between-days imprecision

Pool 1 51.3 3.7 49.5 2.6
Pool 2 102.3 3.6 93.3 2.0
Pool 3 232.6 3.5 222.4 1.9

Kidney Disease Education Program (NKDEP) criteria [16], the Radio-
meter ABL800 creatinine method reaches the desirable specifications
(2.2%) for creatinine values higher than 90 umol/L and the minimum
specification (3.2%) for creatinine values at 50 pmol/L. The slightly
higher coefficients of variation found on whole blood pools could be
explained by the deterioration over the five days at 4 °C. For the
comparison study, we analyzed 178 samples, concentration range, 23 to
1597 umol/L with Roche enzymatic assay. The following linear re-
gression equation was obtained: ABL80O creatinine = 1.0 Roche en-
zymatic creatinine - 1.2 (r = 0.94). The mean and limits of agreement
(mean * 1.96 standard deviation) of the difference according to
Bland-Altman's study between enzymatic creatinine on c701/Cobas
8000 and ABL800 was 0.4 * 26.7 umol/L (Fig. 1). The mean mGFR
using °°™TcDTPA was 81.7 + 36.2mL/min/1.73m> Since an eGFR
value < 60 mL/min/1.73 m? was traditionally used to define patients
at risk of developing contrast induced kidney dysfunction [3,16], we
analyzed the concordance according to this cut-off value. All patients
(n = 17) having a mGFR < 60 mL/min/1.73m? were classified as CKD
stage 3 using the ABL800 eGFR.

3.2. Evaluation of POCT implementation in the emergency department

During phase 1, central lab creatinine results were available in 1.95
[1.68-2.48] hours (med [IQR]). During phase 2, the median time to
obtain creatinine result after patient arrival was found to be 0.52
[0.23-1.13] hours (med [IQR]) with POCT (p < 0.001, versus central
lab result). Transport from clinical department to central lab (1.12
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Fig. 1. Bland-Altman plot representation (n = 178 samples) for enzymatic creatinine on
¢701/Cobas 8000 (plasma) and ABL800 (whole blood). The difference between two va-
lues in the y axis is plotted against the average of the two measurements in the x axis. The
solid horizontal line represents the mean difference in measured creatinine concentration
between the methods, and the dashed lines represent 95% limits of agreement (mean of
difference *+ 1.96 standard deviation).



[0.75-1.84] hour), and centrifugation followed by analyzer turnaround
time after arrival in the laboratory (0.83 [0.74-0.97] hour), contributed
to the observed difference. The implementation of POCT creatinine in
the ED significantly reduced patient waiting times for contrast en-
hanced CT (1.73[0.75-3.01] vs 2.57 [1.53-3.48] hours, for period with
and without ABL800 respectively, p = 0.04).

4. Discussion

In this study, we first validated the ABL800 device for creatinine
measurement in our central laboratory. The performances and diag-
nostic accuracy of the assay were found acceptable at the clinical level.
The ABL800 enzymatic creatinine met the NKDEP acceptance criteria
for imprecision and presented good agreement with the IDMS- traceable
Roche enzymatic assay with a small bias < 2%. These results are in
total agreement with two previous studies [11,17]. In addition, the use
of ABL800 creatinine is appropriate for estimation of GFR and detection
of renal function deterioration at the critical value of 60 mL/min/
1.73m>

Secondly, we implemented the device in ED to assess the potential
improvement in waiting times for contrast-induced CT examination.
Previous studies addressing the impact of POCT on flow processing in
ED have given conflicting results [1,2]. A few of these studies have
addressed the particular use of POC creatinine devices for detecting
patients at risk of CIN [5,6,18]. In accord with all these studies, we
found POC creatinine measurement to be associated with a significant
reduction in the time to receipt of test results. This shorter response
time could potentially reduce patient waiting time. In their study, Ni-
chols et al. [5] found that use of POCT significantly decreased the mean
waiting times from arrival to elective invasive cardiac and radiologic
procedures for patients who needed renal testing (141 + 52 vs
188 + 52 min, for phase with and without POCT respectively,
p = 0.02). Similarly, we found that contrast induced CT examination
was performed about 50 min earlier with the implementation of
ABL800. These benefits could optimize patient management and out-
come.

We acknowledge some limitations of our study. First, this is a
monocentric study performed in the context of contrast induced CT-
scan, where creatinine is of particular importance to estimate GFR.
Therefore, it may not be generalizable to other hospitals with different
organization. Second, aspects of the ABL800 do not make it an ideal
point of care analyzer. It has a larger footprint than most POC analy-
zers, and requires substantial maintenance and trouble-shooting com-
pared to a typical POC device that employs disposable analytical
components. The ABL800 is better suited for the hospital or satellite
laboratory environment [8]. In our study, maintenance and trouble-
shooting were performed by a dedicated POCT team based in the cen-
tral laboratory. It should be noted however that creatinine is now
available (since 2017) on the ABL90 FLEX PLUS analyzer, a much more
compact blood gas analyzer, better suited for POCT. Third, precision
and accuracy studies were only performed by laboratory personnel at
the central laboratory and not by end users (nurses) in the ED, stressing
the importance of a rigorous training before ED staff empowerment.
Finally, design of the study did not allow us to investigate the medico-
economic aspect of POCT implementation. The cost effectiveness of
creatinine POCT is difficult to calculate because of the many factors
involved including not only reagent costs, but also the impact on
workflow and medical care of the patients [6].

In conclusion, we have demonstrated that a rapid kidney function
assessment at the POC improve waiting times before CT examination in
an ED. In addition, the ABL800 meets expectations of physicians and
nurses by: reducing delay of results in real time, low blood volume

requirement, and allowing the potential for more rapid clinical deci-
sion-making.
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