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Abstract
Objectives: The glycated haemoglobin fraction A1c (HbA1c) is widely used in the diagnosis and monitoringmanagement of diabetes mellitus. The, and the Siemens DCA VantageTM point-of-care testing (POCT) instrument offers rapid HbA1c results within a few minutes even far from a clinical laboratory. Several studies have examined itsHowever, the analytical performance, but great variation in reported performance is evident. Unfortunately, has been questioned, and not much is known about effects of changing reagent LOT, different instrumentslot, instrument and operator. We therefore compared the analytical performance of the DCA VantageTM with established routine methods (Tosoh G8/G11 ion exchange HPLC) in a true clinical setting at two Danish hospitals. 
Methods: We extracted all routine clinical HbA1c results incidentally drawn from the same patient within 48 hours (n=960 pairs) and evaluated the effect of POCT reagent LOTlot, operator and instrument. We also performed a prospective method comparison in our diabetes out-patient clinic (n=97).
We found aResults: The critical difference of DCA VantageTMbetween two POCT results of >was 5.14–6.61 mmol/mol, (0.47–0.55%), and the analytical imprecision of the DCA VantageTM (CVA) was >3%. A relative bias of -2% was found relative to Tosoh G8, but not to Tosoh G11. Furthermore, the difference between laboratory and POCT results varied significantly between the POCT Significant effect of reagent LOTs and instruments usedlot and inter-instrument differences were found, whereas no effect of operator was observedseen.
In conclusion, theConclusions: The DCA VantageTM HbA1c analysis does not fulfil the prevailing analytical performance specifications. Considerable effect of reagent LOT and inter-instrument differences were observed. Importantly, clinicians , but rigorous validation of new reagent lots and continuous recalibration of instruments may potentially improve the precision substantially. Our findings, therefore, clearly emphasize the necessity of a close collaboration between clinicians and laboratory professionals in the POCT field. Finally, POCT HbA1c results should always be aware of the limitationsinterpreted together with other measures of the test, if used,glycaemic control to avoid revaluation of patient treatments based on measurement uncertainty.
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Introduction

The glycated hemoglobin fraction A1c (HbA1c) is a pivotal blood test in the diagnosis and monitoring of patients with diabetes mellitus. A diagnosis of diabetes can be made when HbA1c exceeds 48 mmol/mol (Diabetes Control and Complications Trial (DCCT) units: 6.5%)[1], and adjustment of anti-diabetic treatment based on regular assessment of HbA1c reduces the risk of diabetic complications [2]. Today, the HbA1c analysis is highly standardised owing to the International Federation of Clinical Chemistry (IFCC) [3], and excellent routine laboratory methods with high analytical performance are widely available at most clinical chemistry departments [4]. Commonly, a blood sample for the HbA1c analysis has to be drawn before the medical appointment. Consequently, patients often have to attend their health care centre twice, and this circumstance may be particularly troublesome for patients with socioeconomic challenges or for patients residing in rural areas with large distances to the blood sampling facility [5, 6]. Point-of-care testing (POCT) is an alternative to analyses performed at a central laboratory. Several POCT devices for the measurement of HbA1c exist [7], and typically, a HbA1c test result is available within a few minutes from a small capillary blood sample. Hence, the test may be carried out locally immediately before or during the medical appointment. Unfortunately, concerns have been raised as to the analytical performance of the POCT devices. In fact, it has been reported that several instruments do not fulfil the required analytical specifications [8, 9]. Importantly, imprecise measurements may cause undue changes in anti-diabetic therapy with the risk of over- or undertreatment as well as misclassification of disease [10].

The DCA VantageTM (Siemens Healthineers, Erlangen, Germany) instrument is a frequently used POCT device for HbA1c measurements. According to a recent meta-analysis by Hirst et al. [11][11], more than 30 studies have previously evaluated the analytical performance of the instrument since 1993. Interestingly, the authors noted a great variation in reported mean bias between the included studies of -10–3.1 mmol/mol (DCCT -(-0.96–0.28%), and within individual studies, single POCT measurements could deviate as much as +/-16.4 mmol/mol (DCCT 1.5%) fromthe differences between DCA VantageTM and the comparator method. typically extended over a range of 10.9–16.4 mmol/mol (1.0–1.5%). Such unexplained variation may represent a high analytical imprecision, but unfortunately, no studies have examined and identified the most important contributing factors, including different instrument operators, inter-instrument differences or reagent LOTlot variation. Also, the majority of studies on POCT devices were performed in a laboratory setting by laboratory personnel and not in a true clinical setting with clinical end-users [11][11].

In the present study, we therefore evaluated the “real life” analytical performance of the DCA VantageTM POCT HbA1c analysis in comparison with well-established laboratory ion exchange HPLC methods 1) by use of a data extract of routine clinical chemistry data and 2) by a prospective method comparison. Furthermore, we evaluated the effect of changing reagent LOTslots, POCT instruments and operators. The POCT analyses were performed in a true clinical setting at the diabetes out-patient clinic at two different Danish hospitals.







Materials and methods

Laboratory data extract
Pairs of routine HbA1c analyses performed on blood samples from the same patients drawn within 48 hours from January 2019 to February 2021 were extracted from the laboratory information system. It was assumed that within-pair differences mainly represented measurement uncertainty with no intra-individual biological variation (CVI ≈ 0), and a data extract confirmed stability of HbA1c during 48 hours (Supplemental Figure 1). The laboratory information system of the Central Denmark Region contains laboratory tests requested by all hospitals and general practitioners in the region, which has a population of approx. 1.3 million. Data from two hospitals, Aarhus University Hospital (AUH) and Regional Hospital Central Jutland (RHCJ), were utilised. Specifically, two extracts were made; one extract contained pairs of HbA1c samples both analysed at the central laboratory within 48 hours, whereas in the second extract, HbA1c measurements performed with a local POCT device were paired with a HbA1c result from the central laboratory within 48 hours, if available. Paired HbA1c from the same patient with a relative difference >20% were excluded due to a high risk of analytical interference caused by e.g. haemoglobin variants (n=12).
Prospective method comparison
Diabetes patients having an appointment with the diabetes out-patient clinic at the Steno Diabetes Center Aarhus, AUH, were prospectively recruited in the period March 1st–April 23rd 2021 if they had a blood sample drawn for a laboratory HbA1c measurement within 24 hours prior to their appointment. In such cases, a supplementary POCT HbA1c measurement was performed immediately before the appointment. The study was approved as a quality assurance project by the hospital management, and no ethical approval was needed according to relevant national regulations and institutional policies.
Biochemical analyses
Laboratory HbA1c analyses were performed with one random out of three Tosoh G8 ion exchange HPLC Analysersanalysers (Tosoh Bioscience, Tokyo, Japan) at the Department of Clinical Biochemistry, AUH, or with one random out of two Tosoh G11 ion exchange HPLC Analysersanalysers (Tosoh Bioscience, Tokyo, Japan) at the Department of Clinical Biochemistry, RHCJ. Only EDTA-anticoagulated whole blood was used. Both laboratories were accredited according to ISO15189 and participated in an external quality assurance scheme for HbA1c (2 samples/round, 6 rounds/year).
POCT HbA1c analyses were performed with a random out of four DCA VantageTM instruments (Siemens Healthineers, Erlangen, Germany) located at the diabetes out-patient clinics (Steno Diabetes Center and Department of Paediatrics) at AUH. At the RHCJ, ten similar POCT devices were used, and the instruments were placed locally in the out-patient clinics. Capillary blood samples for the POCT analysis were collected and analysed by trained clinical personal. The POCT analyses were monitored by participation in an external quality assurance scheme (2 samples/round, 6 rounds/year).personnel. POCT results were automatically transferred to the laboratory information system. Reagent LOTlot number, instrument and operator were registered for each test. 
The laboratory and POCT methods were traceable to the IFCC Reference Method. Both laboratories were accredited according to ISO15189:2013 and ISO22870:2016 and participated in an external quality assurance scheme for HbA1c for the laboratory as well as for the POCT method (2 samples/round, 6 rounds/year).
Statistical analyses
All HbA1c values are reported on the IFCC scale (mmol/mol). Within-par differences in HbA1c is reported as the relative difference, and median, 2.5th and 97.5th percentiles of the differences were calculated. Pairs) with a relative difference >20% were excluded due to a high risk of analytical interference caused by e.g. haemoglobin variants (n=12).DCCT units in brackets. The critical difference (CD), also known as the reference change value, is the smallest difference between sequential laboratory results which is associated with a true change in the patient with a probability of 95% [12]. In the present study, the CD between two laboratory results (CDLAB) and the CD between a laboratory and a POCT result (CDLAB-POCT) were derived from the 2.5th and 97.5th percentiles of within-pair differences as “(97.5th - 2.5th percentile) x 0.5” at a HbA1c level of 48 mmol/mol (including lab results >43–53 mmol/mol) and 58 mmol/mol (including lab results >53–63 mmol/mol). 
The analytical coefficient of variation for the laboratory analysis (CVA(LAB)) was estimated based on CDLAB as “CVA(LAB)= (CDLAB/1.96/SQRT(2))” (derived from [12], CVI=0%). Similarly, the analytical coefficient of variation for the POCT analysis (CVA(POCT)) was estimated as “CVA(POCT)= SQRT((CDLAB-POCT/1.96)2 - CVA(LAB)2)”. The critical difference between two POCT results (CDPOCT) was calculated as “CDPOCT= 1.96 x SQRT(2) x CVA(POCT)”. As an alternative approach, CVA was calculated based on the within-pair difference by use of the Dahlberg formula [13] as “CVA= SQRT((i=1, N within-pair difference2)/2/N)/mean HbA1c x 100%”. CVA(POCT) was then calculated as “CVA(POCT)= SQRT(2 x CVA(LAB-POCT)2 - CVA(LAB)2)”
POCT LOTlot-correction was performed by subtraction of the median relative difference observed for the respective LOTlot from the within-pair relative difference of all pairs analysed with the similar LOTlot. A similar procedure was used in analysis of operator and instrument effects. Differences between LOTlot numbers, operators and instruments were statistically tested with Kruskal-Wallis test. Only groups with at least 10 observations were included in the tests.
Since POCT reagent LOTslots are used in a limited time period, the observed LOTlot effect could be partly confounded by a changing bias of the laboratory method over time. Therefore, we also adjusted the monthly relative difference between POCT and laboratory measurements for the bias of AUH relative to the four other hospitals of the Central Denmark Region.

Results

Retrospective laboratory data
At AUH, 1,495 pairs of HbA1c samples drawn from the same patient within 48 hours were identified from 1,357 unique patients (Supplemental Figure 2A). For POCT HbA1c, 652 measurements could be paired with a laboratory analysis performed within 48 hours (Supplemental Figure 1A3A). At RHCJ, 1,080 HbA1c paired laboratory measurements from 1,039 patients were identified (Supplemental Figure 2B), and 308 pairs of POCT and laboratory HbA1c results were found (Supplemental Figure 1B3B). At both hospitals, the median time difference between laboratory and POCT samples was 1 hour. The median time between paired laboratory samples was 24 hours at AUH and 22 hours at RHCJ. The 2.5th and 97.5th percentiles of the within-pair relative differences, theThe estimated CD and CVA as well as the calculated CVA are presented in Table 1.
POCT measurements had a negative relative bias of -2.00% at 48 mmol/mol (6.5%) and -1.79% at 58 mmol/mol (7.5%) compared with the central laboratory at AUH. Conversely, at RHCJ, no bias was seen (Table 1).

Prospective data
Over-all, 97 patients with a laboratory HbA1c measurement performed <24 hours before their appointment at the Steno Diabetes Center Aarhus were recruited, and an additional POCT HbA1c value was obtained (Figure 21). Ninety-six of the samples were obtained within 3 hours from the laboratory samples. The laboratory HbA1c range was 35–105 mmol/mol, (5.4–11.8%), and the median relative difference between POCT and laboratory was -2.44%. The 2.5th and 97.5th percentiles were -9.18% and 4.08%, respectively. In the clinically most relevant range from 43–63 mmol/mol (6.1–7.9%) (n=58), a CVA of the POCT analysis was estimated to be 3.22% based on the observed CD and calculated to be 4.27%.

LOTLot number, operator and instrument effects
Our data extract included POCT measurements analysed with 25 different reagent LOTslots at AUH and 3 different reagent LOTslots at RHCJ. At AUH, 19 LOTslots were utilised at least 10 times in the data set. The median relative difference between pairedPOCT and laboratory and POCT HbA1c measurements were found to varyvalues varied significantly with the reagent LOTlot at AUH (p<0.0001) and at RHCJ (p=0.0007)() (Figure 32). At AUH, the median LOT effect was -7.95–2.90%, and adjustment for LOTlot resulted in a substantial reduction in CVA and CD (Table 2). At RHCJ, 86% of the measurements were made with two LOTslots that showed no median relative difference relative to the laboratory results. Consequently, CVA and CD remained largely unaffected after LOTlot adjustment at RHCJ (Table 2).
We also adjusted the relative difference between POCT and LAB measurements for the bias of the laboratory at AUH relative to the four other hospitals of the Central Denmark Region calculated for each month. In total, 341 measurements from AUH could be paired with another HbA1c sample from the same patient analysed at another hospital within 48 hours. On average, AUH had a small positive bias of 2.13%. However, the LOTlot effect remained unaltered after correction, although it was slightly positively shifted (adjusted range -6.65–4.64%)..
We identified 16 different operators who had performed at least ten POCT measurements each. The median relative difference between POCT and laboratory values differed from -3.57% to 0.00% between operators, but the difference was not statistically significant (p=0.23). After LOTLot-adjustment, did not affect the range was slightly positively shifted (adjusted range -1.52–1.70%).size of the operator effect.
At RHCJ, the median difference between laboratory and POCT results varied from -3.32% to 3.45% between seven instruments with at least ten measurements each, and the significant inter-instrument effect reached statistical significancewas found (p<0.0001)(Figure 4). Correction3), and correction for instrument reduced the estimated CVA from 4.31% to 3.52% at 48 mmol/mol and from 4.11% to 3.64% at 58 mmol/mol at RHCJand CD substantially (Table 2). No difference between three instruments at AUH was evident (p=0.47).

Discussion
In the present study, we evaluated the analytical performance of the HbA1c analysis on the Siemens DCA VantageTM HbA1c POCT instrumentanalysis in a true clinical setting in comparison with well-established clinical laboratory methods (Tosoh G8/G11 ion exchange HPLC) by use of routine patient data extracts from our routine laboratory information system as well as by a prospective method comparison. WeOver-all, we found that the POCT analysis had substantially higher CVA and CD compared with the laboratory methods. Furthermore, the difference between laboratory, and POCT results varied significantly between thesignificant POCT reagent LOTslot effect and POCT instruments usedinter-instrument differences were seen, whereas no effect of operator was observedevident.

A CD larger than 5as high as 6.61 mmol/mol (0.6%) was seen for the POCT analysis at both hospitals at the clinically relevant HbA1c levels of 48 and 58 mmol/mol.. In clinical practice, a change in HbA1c of at least 5 mmol/mol (0.46%) between two consecutive samples from the same patient should lead to revaluation of treatment [14]. Such, and such change may, consequently, be considered a clinical decision limit. Furthermore, a difference of 5-6 mmol/mol (0.46–0.55%) separates principally healthy persons with high diabetes risk from the diagnostic cut-off for diabetes (48 mmol/mol) (6.5%))[15]. In comparison, the laboratory methods showed a CD as low as approx. 2 mmol/mol (0.18%) at 48 mmol/mol. Furthermore, our CD may be underestimated since (6.5%). Similarly, we only included blood samples drawn within 48 hours of each other. Hence, the biological variation was limited. In clinical practice, consecutive samples are typically drawn every 3rd month, and an intraindividual biological variation (CVI) of 1.6% may appropriately be added [16]. The observed CD for the DCA VantageTM instrument >5 mmol/mol is, therefore, below an acceptable clinical standard when used for diagnostics as well as for monitoring of diabetes, particularly if no other assessment of the glycaemic control is available, such as blood glucose measurements or continuous/flash glucose monitor data. 

Based on the CD observed in our real-life data, we estimated a CVA for the POCT analysis. At AUH, a CVA of 3.86% at 48 mmol/mol and 3.98% at 58 mmol/mol was found, and at RHCJ, an even larger imprecision (>4%) was noted. In comparison, the laboratory CVA was <1.6%. We also  that both the estimated and calculated the CVA based on within-pair differences in HbA1c results from the same patient, and comparable findings were made. In our prospective study, a slightly lower CVA of 3.22% for the POCT method was estimated. Such difference in CVA between our historical data and our prospective study was most likely caused by the limited duration (8 weeks) of the prospective comparison, which reduced the number of different reagent LOTs and operators etc. Notwithstanding, the current Danish CVA exceeded the prevailing quality requirements include a maximal intra-laboratory CVA<2.8% (1.8% DCCT) recommended by the Danish Scientific Committee on Quality Assurance (VUK)[17]. Also, the ) (<2.8%) and by the Executive Committee of the American Diabetes Association (ADA) recommended a maximal intra-laboratory CVA of <3% (<2% DCCT) in 2011 [18]. Clearly, our POCT analysis did not fulfil these requirements. (<3%)[16, 17]. Our resultsestimates of CVA are in agreementcomparable with previous findings. A summary of Australian proficiency testing found a median within-lab imprecision of approx. 3.75% (DCCT 2.50%) for the DCA VantageTM [19], and in a meta-analysis by Hirst et al., a similar CVA of 3.75% (DCCT 2.50%) was reported [11]. As regards accuracy, a negative bias of the POCT method in comparison with the laboratory method was observed at AUH, whereas no bias was seen at RHCJ. When the five laboratories of the Central Denmark Region were compared, the Tosoh G8 analysis at AUH had a small positive bias of approx. 2%, and this finding may explain the bias observed at AUH only. Concurrently, a small positive bias of the Tosoh G8 method of 1-3% is evident from the College of American Pathologists (CAP) surveys and a previous method comparisonreports [20, 2111, 18]. It, therefore, appears that the POCT analysis did not show an unambiguous systematic bias. Obviously, any bias would lead to misclassification if used in the diagnosis of diabetes, but a study showed and confirm the conjecture that imprecision as a matter of fact had a higher impact on misclassification than bias [10]. This notion emphasises the importance of limiting analytical variation. Indeed, the quality requirements for HbA1c have been tightened within the recent years. For proficiency testing, CAP has reduced its acceptance limit (total error) from ±22% (DCCT ±15%) in 2007 to ±9% (DCCT ±6%) in 2013, and a further reduction to ±7.5% (DCCT ±5%) is planned, while the limit for certification by the National Glycohemoglobin Standardization Program (NGSP) is now also ±7.5% (±5% DCCT)[22]. In summary, the analytical requirements of the HbA1c analysis are tightening, and it appears that the POCT analysis does not meet the current quality requirements and clinical need for imprecision. most POCT analyses are analytically inferior to clinical laboratory methods. Uniquely, however, our estimates of imprecision and CD were not based on repeated measures of non-commutable QC material, but were derived directly from routine patient results in a true clinical setting. Consequently, they are more likely to resemble the true measurement uncertainty that should be expected by clinicians.

We also evaluated the effects of reagent LOT, instrument and operator on the difference between POCT and LAB results. A significant LOT effect was found, particularly at AUH. Indeed, the CVA at 48 mmol/mol was reduced to 2.65% at AUH after LOT adjustment, and such an imprecision is within the quality requirements. Previously, LOTlot-to-LOTlot variation of the DCA VantageTM instrument has been suggested [9, 2319], but no studies have examined the issue thoroughly. Definitely, our findings warrant further confirmatory studies from other laboratories and prospective evaluations. Next, data from seven different instruments at the RHCJ showed significant inter-instrument differences, and the CVA was reduced from 4.31% to 3.52% at 48 mmol/mol after correction. Conversely, only data from three different instruments were available at AUH, and this circumstance may explain that no instrument effect was found here. The observed LOT and instrument effects may partly explain the heterogeneity in results from the published studies evaluating the DCA VantageTM [11] and call for systematic QC procedures in connection with the use of new reagent LOTs. Also, continuous recalibration of the instruments should be considered. Reassuringly, no operator effect could be demonstrated. 

In the present study, we estimated a “real life” CD based on within-pair differences in HbA1c results from the same patients, but traditionally, the CD is calculated from CVA and CVI. A major strength of our approach is the circumvention of CVA and CVI. Generally, studies on biological variation are characterised by great heterogeneity and methodological limitations [24], and CVA is often determined based on control material that is non-commutable with clinical patient samples , but no studies have examined the issue thoroughly and quantified its contribution to the over-all analytical error. We found that the CVA at 48 mmol/mol (6.5%) was reduced to 2.65% at AUH after lot adjustment. Intriguingly, such an imprecision is just within the quality requirements. POCT reagent lot variation is a well-known issue [19-22], and validation of new reagent lots is generally recommended by the Clinical & Laboratory Standards Institute (CLSI)[23]. Paradoxically, the intended end-users of POCT instruments commonly include clinical personnel with limited laboratory training, and this notion emphasizes the importance of strong collaborations between clinical end-users and laboratory professionals and the implementation of regional and institutional committees to ensure POCT quality assurance. Although being expensive and time consuming, meticulous lot validation apparently has the potential to improve the analytical performance of the DCA VantageTM substantially.

Lastly, we also evaluated differences between instruments and effects of the operator. As the analytical reaction essentially takes place in the test cartridge, it may come as a surprise that a substantial instrument effect was found at the RHCJ. Indeed, such findings call for continuous recalibration of instruments. Conversely, no effect of operator was seen. In fact, it has been reported that user competency may affect POCT results substantially [25, 2624]. In our present settings, the instruments could only be operated by trained clinical staff, and registration of operator ID was mandatory before each measurement. It is possible that such precautions served to minimise any potential operator effects in our settings.

Our present results should lead to considerations on the use of POCT HbA1c in the clinical management of diabetes. Since POCT HbA1c instruments often don’t comply with analytical requirements, such methods should not be the only way of monitoring diabetes, and treatment decisions should never be made entirely on the basis of POCT results. It may be argued that a POCT result should only be requested in situations where no laboratory HbA1c is attainable, including in the management of vulnerable patients frequently staying away from clinical and laboratory appointments. Indeed, a previous study reported the between-run CVAPOCT HbA1c is better than no HbA1c result. Alternatively, POCT HbA1c results may be combined with other ways of assessing glycaemic control, including frequent blood glucose measurements at home or data from increasingly utilised technologies such as continuous/flash glucose monitors. Unfortunately, no clinical studies have examined the usefulness of such combinations, and the exact role of POCT HbA1c evaluations is not considered in the current clinical guidelines[25]. Consequently, we encourage institutions to implement such recommendations in their local clinical guidelines. Definitely, clinicians should be aware that a laboratory and POCT HbA1c result cannot be interpreted in the same way.

Although we estimated the CD based on the DCA VantageTM control material to be lower than the within-run CVA based on a blood sample [27]. Our observed CDs likely included most relevant sources of variation and reflect the HbA1c results obtained in a true variation in results that should be expected by clinicians. Howeverclinical setting, certain limitations relate to our approach. Firstly, we assumed a biological variation of 0% within 48 hours, but not much is known about such short-term variation. According to the European Federation of Clinical Chemistry and Laboratory Medicine (EFLM) Biological Variation Database, a CVI of 1.6% should be expected when HbA1c is measured every two weeks over two months [16]. However, we estimated a CVA (including any CVI) for the Tosoh G11 as low as 0.75%, and any short-term biological variation must be somewhat lower than that. It may, consequently, fairly be considered negligeable. SecondlyFirstly, our estimated CVA was not obtained as described in established guidelines for within-laboratory precision experiments [28].[26]. It did include some sources of intermediate variation, including different instruments and operators, but all samples were run within 48 hours. Typically, within-laboratory precision (intermediate precision) is assessed over 20 days [28].[26]. Conversely, it included variation not typically represented in a precision evaluation experiment, including pre-analytical errors and random patient-specific interferences, and it was performed with fully commutable samples. Therefore, our estimated CVA more likely resembles the true measurement uncertainty. ThirdlySecondly, the estimated CVA of the POCT analysis included additional sources of variation compared with the laboratory CVA, such as recalibration uncertainty of the laboratory method and variation caused by different matrices (venous vs. capillary blood). However, adjustment for the bias of AUH relative to the remaining hospitals did shift the relative difference between the methods positively, but it was on a monthly basis did not reduced in magnitudereduce the imprecision, and nomatrix differences in results obtained from between venous vs.and capillary blood have been reported forshown not to affect HbA1c results from the DCA VantageTM [29].[27]. Finally, our study mainly relied on retrospective data. It cannot be ruled out that particularly spurious results were repeated by the clinicians and led to inflation of the observed CVA. Nevertheless, our prospective comparison confirmed the over-all conclusion that the DCA VantageTM HbA1c method does not comply with recommendations for analytical performance.

In conclusion, we found that the use of the DCA VantageTM HbA1c POCT analysis showed an imprecision greater than the upper limit recommended by the ADA and the current Danish quality requirements. Thein a true clinical setting revealed a CD between two POCT results that may exceed 6 mmol/mol in real life, and caution should be taken in the monitoring of diabetes if the instrument is used as the only tool to assess glycaemic control. Also, the method should not be used in the diagnosis of diabetes.(0.55%). However, the analytical error is likely to be reduced substantially through rigorous validation of new reagent lots and continuous recalibration of individual instruments. On the other hand, no unambiguous systematic bias was evident. Finally, considerable effect of reagent LOT and inter-instrument differences were observed, and this circumstance may be responsible for the great heterogeneity reported in the literature on the analytical performance of the instrument. Consequently, when the POCT method is used, it is important that effect of instrument operator was evident. Our findings clearly emphasize the necessity of a close collaboration between clinicians are aware of and understand the limitations of the testand laboratory professionals in the POCT field. Furthermore, we encourage all institutions to provide clinical guidelines that include clear indications for the use of POCT HbA1c. Indeed, a POCT HbA1c result should as a general rule be combined with other measures of glycaemic control to avoid revaluation of patient treatments based on measurement uncertainty.
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	Aarhus University Hospital

	
	LAB
	POCT

	
	48 mmol/mol (6.5%)
	58 mmol/mol (7.5%)
	48 mmol/mol (6.5%)
	58 mmol/mol (7.5%)

	Observations (n)
	276
	131
	181
	197

	CVA (estimated from CD)
	1.54%
	0.98%
	3.86%
	3.98%

	CVA (calculated)
	1.73%
	1.28%
	4.30%
	4.67%

	Bias rel. to LAB
	-
	-
	-2.00%
	-1.79%

	CDCD, mmol/mol IFCC (% DCCT)
	2.04 mmol/mol (0.19%)
	2.64 mmol/mol (0.24%)
	5.14 mmol/mol (0.47%)
	6.40 mmol/mol (0.59%)

	Difference rel. to LAB (2.5th and 97.5th percentile)
	-4.17–4.35%
	-3.57–1.85%
	-9.70–6.59%
	-10.6–5.45%

	Regional Hospital Central Jutland


	
	LAB
	POCT

	
	48 mmol/mol (6.5%)
	58 mmol/mol (7.5%)
	48 mmol/mol (6.5%)
	58 mmol/mol (7.5%)

	Observations (n)
	181
	114
	91
	118

	CVA (estimated from CD)
	1.22%
	0.75%
	4.31%
	4.11%

	CVA (calculated)
	1.83%
	1.56%
	4.35%
	4.17%

	Bias rel. to LAB
	-
	-
	0.00%
	0.00%

	CDCD, mmol/mol IFCC (% DCCT)
	1.62 mmol/mol (0.15%)
	1.20 mmol/mol (0.11%)
	5.74 mmol/mol (0.53%)
	6.61 mmol/mol (0.60%)

	Difference rel. to LAB (2.5th and 97.5th percentile)
	-2.75–3.99%
	-1.70–2.44%
	-9.93–7.63%
	-8.51–7.88% 



Table 1: Analytical performance based on data extract
Analytical performance based on data extracts of routine clinical chemistry results from the laboratory information system at two hospitals of the Central Denmark Region. Two laboratory HbA1c results or a laboratory and a POCT result from the same patient performed within 48 hours were paired, and the relative difference was calculated. CD and CVA (estimated from CD) were derived from the 2.5th and 97.5th percentiles of the relative differences. Additionally, the CVA (calculated) was calculated from the difference between each measure pair by use of the Dahlberg formula.
CVA: analytical coefficient of variation; CD: critical difference at a 95% confidence limit; LAB: laboratory.



	Aarhus University Hospital


	
	LOTLot-adjusted
	Operator-adjusted
	Instrument-adjusted

	
	48 mmol/mol (6.5%)
	58 mmol/mol (7.5%)
	48 mmol/mol (6.5%)
	58 mmol/mol (7.5%)
	48 mmol/mol (6.5%)
	58 mmol/mol (7.5%)

	CVA (est.)
	2.65%
	3.75%
	3.89%
	4.03%
	3.89%
	4.07%

	CVA (calc.)
	2.98%
	3.42%
	3.82%
	4.13%
	3.85%
	4.03%

	CDCD, mmol/mol IFCC (% DCCT)
	3.53 mmol/mol (0.32%)
	6.04 mmol/mol (0.55%)
	5.17 mmol/mol (0.47%)
	6.47 mmol/mol (0.59%)
	5.17 mmol/mol (0.47%)
	6.54 mmol/mol (0.60%)

	Regional Hospital Central Jutland


	
	LOTLot-adjusted
	Operator-adjusted
	Instrument-adjusted

	
	48 mmol/mol (6.5%)
	58 mmol/mol (7.5%)
	48 mmol/mol (6.5%)
	58 mmol/mol (7.5%)
	48 mmol/mol (6.5%)
	58 mmol/mol (7.5%)

	CVA (est.)
	4.05%
	4.10%
	NA
	NA
	3.52%
	3.64%

	CVA (calc.)
	4.28%
	4.06%
	NA
	NA
	3.93%
	3.76%

	CDCD, mmol/mol IFCC (% DCCT)
	5.38 mmol/mol (0.49%)
	6.60 mmol/mol (0.60%)
	NA
	NA
	4.68 mmol/mol (0.43%)
	5.85 mmol/mol (0.54%)




Table 2: Adjusted analytical performance.
Analytical performance based on routine clinical chemistry patient samples after adjustment for the POCT reagent LOT, POCT operator and lot, instrument number ofoperator or the POCT device. Adjustment was performed by subtraction of the median within-pair relative difference observedbetween POCT and laboratory results for the respective LOTeach lot/operator/instrument from the within-pair relative difference ofbetween each sample pair. Non-adjusted values are presented in Table 1. CVA was estimated from the observed CD (est.) and also calculated from the difference between each pair (calc.) by use of the Dahlberg formula. No data on operator were available from the RHCJ.
CVA: analytical coefficient of variation; CD: critical difference at a 95% confidence limit.
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Figure 1: POCT vs. laboratory HbA1c based on data extract
Relative difference (POCT vs. laboratory) between HbA1c sample pairs, each incidentally drawn from the same patient within 48 hours of each other. Panel A shows sample pairs analysed with DCA VantageTM POCT and Tosoh G8 HPLC Analyser at the Aarhus University Hospital (n=652), whereas sample pairs in panel B were analysed with DCA VantageTM POCT and Tosoh G11 HPLC Analyser at the Regional Hospital Central Jutland (n=308). The data extract included all routine clinical chemistry HbA1c samples from Jan. 2019 – Feb. 2021. The 2.5th and 97.5th percentiles may be interpreted as the critical difference (CD), also known as the reference change value, i.e. the smallest difference between sequential laboratory results which is associated with a true change in the patient with a probability of 95%.

[image: ]
Figure 2: POCT vs. laboratory HbA1c based on prospective method comparison
Method comparison between Siemens DCA VantageTM POCT and Tosoh G8 ion exchange HPLC. Diabetes patients (n=97) were prospectively recruited at the diabetes out-patient clinic at Aarhus University Hospital if they already had a laboratory HbA1c performed within the previous 24 hours. The difference ranged between -7–4 mmol/mol, (-0.64–0.37%), and a median bias of -2 mmol/mol (-0.18%) was observed relative to the laboratory results.



[image: ]
Figure 32: Reagent LOTlot effect
Relative difference (POCT vs. laboratory) between HbA1c sample pairs, each incidentally drawn from the same patient within 48 hours of each other. Measurement pairs are divided according to POCT reagent LOTlot number. The thick lines represent medians. Differences reached statistically significance at AUH (p<0.0001) and at RHCJ (p=0.0007). Only reagent LOTslots with at least 10 measurements are presented.



[image: ]

Figure 43: Instrument effect
Relative difference (POCT vs. laboratory) between HbA1c sample pairs, each incidentally drawn from the same patient within 48 hours of each other. Measurement pairs are divided according to POCT instrument used. The thick lines represent medians. Differences reached statistically significance at RHCJ (p<0.0001), but not at AUH (p=0.47). Only instruments with at least 10 measurements are presented.
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