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			Abstract

			Background: To observe the reliability of blood glucose Point-of-Care Testing (POCT) system in teaching hospital in China.

			Methods: This was a single center, sectional study. Between Jun and Aug 2015, a total of 353 inpatients were recruited from Nanjing First Hospital, China. After 10-hr fasting, the finger point blood glucose concentrations were measured with POCT system. Venous blood specimens were collected by investigators within 5 min after the finger point blood glucose concentrations were measured. The venous blood samples were then divided into two parts, with one part for blood glucose concentration measurement in central laboratory, the other one part was for hematocrit measurement. The precision of POCT results was evaluated by the International Organization for Standardization (ISO) revised ISO15197:2013. The clinical accuracy of POCT results were assessed by Parkes Error Grid. 

			Results: A total of 372 blood glucose concentrations delivered from POCT were compared with venous serum blood glucose levels measured by central laboratory system. The precision of the POCT was 76.3 %, with the 81.8 % in patients with blood glucose concentrations > 5.55 mmol/L and 75.6 % in subjects with blood glucose concentrations ≤ 5.55 mmol/L. In addition, the precision of results of POCT in patients with lower (male 40 L/L and female 37 L/L) and normal (male 40-50 L/L and female 37-45 L/L) hematocrit concentrations were 73.4 % and 79.4 %, respectively. The Parkes Error Grid data showed that the results from POCT, being 89.58 % values in Zone A, 10.4 1% values in Zone B, and 100 % values in Zone A+B.

			Conclusions: In this study, our data provided the real world of the reliability of results delivered from POCT was unfulfilled the standard of ISO15197:2013 of accuracy limits criteria in one hospital setting in China.
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			Introduction

				Technical developments with the advantage of easy operation, the less volumes of blood specimen needed[1], the shorten turn-around time[2-5], and fulfill the accuracy limits criteria[6], make the utility of blood glucose Point-of-Care Testing (POCT) in hospital settings has the amazing increase in worldwide for years[7-9].

				However, the POCT system running in hospital settings need more closer to adherence to a quality management framework. A survey uncovers that the staff directly associated to POCT with or without specific training and certification. In addition, the question of quality control and the reporting results of POCT were also raised even in Western Country[9].

				POCT system in the hospital settings had numerous opportunities for errors, with the performance of POCT, the different kinds of blood-glucose meters, the patient, and environmental circumstances could be error sources of preanalytic, analytic and postanalytic[10,11]. However, studies highlight that the analytical phase of testing is the mainly error source POCT comparison with central laboratory blood-glucose testing[12,13].

				Little information is available regarding the clinical accuracy and precision of results delivered from POCT in the real world in hospital settings. For patients with hypoglycemia or hyperglycemia tested by POCT system might mislead the decision-making and clinical outcome[14]. The aim of this study was to investigate the reliability of results delivered from POCT performed by nursing staff in hospital setting in China. To achieve this aim, a comparison of POCT results with central laboratory testing of blood glucose concentrations was conducted in one general hospital in China.

			 

			Materials and Methods

				This was a pilot single center study. Between Jun and Aug 2015, a total of 353 inpatients were recruited from Emergency Intensive Care Unit (EICU), Department of Orthopedics, Department of General Surgery, Department of Neuropathy, Department of Cardiology, and Department of Endocrinology in Nanjing First Hospital, China. All study subjects provided written informed consent and the study was approved by the Ethics Committee of Nanjing First Hospital, Nanjing Medical University.

				After 10-hr fasting, the finger point blood glucose concentrations were then measured by nursing staff with POCT (One Touch UltraVue, Johnson & Johnson Medical (China) Ltd) system. Venous blood specimens were collected by investigators within 5 min after the finger point blood glucose concentrations were measured. The venous blood samples were then divided into two parts, one was centrifuged (4000 rpm, 15 min) at 4°C and stored at -20°C for 30 min to 1.5-hr for blood glucose concentration measurement in central laboratory of Nanjing First Hospital with a Hitachi 7600 - 120 analyzer (Hitachi Corp, Tokyo, Japan). The other one was stored at NaF anticoagulation tubes (3.1 mlDraw; Sarstedt AG & Co., N€ umbrecht, Germany), for which hematocrit values were analyzed. The precision of POCT results was evaluated by the International Organization for Standardization (ISO) revised ISO15197:2013, which requires the minimum error range of the results delivered from POCT within 15% at blood concentrations ≥ 5.55 mmol/L and less than 0.83 mmol/L at glucose concentrations ≤ 5.55 mmol/L. The clinical accuracy of POCT results were assessed by Parkes Error Grid, which was recommended by the International Organization for Standardization (ISO) 15197:2013.

			Statistical Analysis

				The blood concentrations were presented as mean. The relationship between the POCT system and Hitachi 7600 - 120 was analyzed by Parkers Error Grid.

			Results

			The precision of POCT

				A total of 372 finger point blood glucose concentrations measured by POCT system and 372 venous blood glucose levels delivered from central laboratory were collected from 353 patients. The precision of POCT results was evaluated by the International Organization for Standardization (ISO) revised ISO15197:2013, which requires the minimum error range of the results delivered from POCT within 15% at blood concentrations ≥ 5.55 mmol/L and less than 0.83 mmol/L at glucose concentrations ≤ 5.55 mmol/L. Our data showed that only 76.3 % results of POCT were fulfilled the requirements. A stratified analysis comparing the results of POCT and Central Laboratory Testing (CLT) revealed that the precision of POCT in patients with blood glucose concentrations ≥ 5.55 mmol/L, ≤ 5.55 mmol/L were 81.8% and 75.6%, respectively (Table 1). In addition, the precision of results of POCT in patients with lower (male 40 L/L and female 37 L/L) and normal (male 40 - 50 L/L and female 37-45 L/L) hematocrit concentrations were 73.4% and 79.4%, respectively (Table 1).

			Table 1: The accuracy of samples collected from patients with different blood glucose and hematocrit concentrations.
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			F: Female, M: male

				We conducted this study in six department departments in Nanjing First Hospital, China. The samples blood glucose concentrations delivered by POCT/CLT collected from EICU, Department of Orthopedics, Department of General Surgery, Department of Neuropathy, Department of Cardiology, and Department of Endocrinology were 45, 6, 51, 63, 51, and 156, respectively. The precision of POCT in Department of Orthopedics, Department of Neuropathy, Department of Cardiology, EICU, and department of endocrinology was 51.5%, 66.7%, 82.4%, 85.7%, 78.4%, 77.6%, respectively (Table 2).

			Table 2: The accuracy of samples collected from different departments.

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							
							Total

						
							
							EICU

						
							
							Orth

						
							
							Surg

						
							
							Neur

						
							
							Card

						
							
							Endo

						
					

					
							
							Total samples

						
							
							372

						
							
							45

						
							
							6

						
							
							51

						
							
							63

						
							
							51

						
							
							156

						
					

					
							
							Accuracy samples

						
							
							284

						
							
							23

						
							
							4

						
							
							42

						
							
							54

						
							
							40

						
							
							121

						
					

					
							
							Precision (%)

						
							
							76.3

						
							
							51.5

						
							
							66.7

						
							
							82.4

						
							
							85.7

						
							
							78.4

						
							
							77.6

						
					

				
			

			EICU: Emergency Intensive Care Unit, Orth: Department of Orthopedics, Surg: Department of General Surgery, Neur: Department of Neuropathy, Card: Department of Cardiology, Endo: Department of Endocrinology.

			The accuracy of POCT

				To investigate the accuracy of POCT system, we utilized the results of the venous blood specimen measured by central laboratory with a Hitachi 7600 - 120 analyzer. The Parkes Error Grid data showed that the results from POCT, being 89.58% values were within Zone A (“no effect on clinical action”), 10.41% values were within Zone B (“altered clinical action with little or no effect on clinical outcome”), and 100% values in Zone A+B (Figure 1). The ISO15197:2013 standard requirement of POCT results should be that more than 95% values were within Zone A. Our date indicated that the clinical accuracy of the results of POCT in this study did not meet the requirements of ISO 15197:2013 standard.

			[image: ]

			Figure 1: The Parkes Error Grid of POCT in this study. 

			Discussion

				In this study, our data indicated that the real world of the reliability of results delivered from POCT was unfulfilled the standard of ISO15197:2013 of accuracy limits criteria in one hospital setting in China.

				Results of POCT for blood glucose testing must fulfill ISO15197 released more stringent standards, which require 95% of the measurement results must be within 0.83 mmol/L or 15%. In this study, a total of 372 results of POCT collected from 353 subjects in 6 departments under routine clinical conditions directly compared with results delivered by CLT using venous samples in this study. A key observation was that only 79.3% of the POCT measurements in the clinical settings were matched the results of CLT. The accuracy of POCT was much lower than the ISO 15197:2013 standard requirement.

				The much lower accuracy of results delivered by glucose POCT in this study raised several concerns under routine clinical conditions. Firstly, the accuracy might be the glucose POCT measurements may be affected by patient’s physiological parameters (hematocrit) and creatinine (Cr)[15-17]. Secondly, the environmental conditions, and hematocrit may affect the results[18-20]. Thirdly, the performance of POCT might be potential error sources in the hospital settings[10,11]. In this study, we collected specimens from six department, which including EICU. The data showed that the accuracy of POCT performed in patients without kidney dysfunction and abnormal hematocrit level was significantly higher than that of with kidney dysfunction and abnormal hematocrit levels (80.5%, 116 out of 144, and 30.8%, 4 out of 13, respectively, P = 0.01).

				Our data also showed that the accuracy of POCT was different in the six departments. The POCT system lacks strict quality control and operator preformation system[21]. However, the more types of blood-glucose meters used in one hospital might offset to some degree the reliability of the results delivered by the POCT system. According to the stringent ISO standard of 15197:2013, two out of three POCT systems failed to meet the requirements in a China hospital performed very recently[22]. Furthermore, patients with hypoglycemia or hyperglycemia tested by POCT system might mislead the decision-making and clinical outcome[14]. The accuracy and precision of one blood-glucose testing meter is not necessarily equivalent to that of another glucose test, because the different methodology, environmental and operator effects[10,11]. In this study, the glucose testing meters used in the hospital were qualified to be used in China hospital and only one type of testing meters were used in the whole hospital. With the advantages of one type blood-glucose meter delivering the same blood glucose concentration unit, the convenience of operator training and the same quality control system, hospital might be benefited from selection of one type of blood-glucose meters.

				Standard guidelines and the recommendations regarding the POCT system running are the importance elements in the total testing process[23]. Hospital staff directly performance of POCT think that the POCT system is an easy work, rather than more complex[9]. Moreover, there is ample opportunity for errors with POCT devices in hospital settings. Even under suitable situations, device can experience malfunction[24]. In addition, the liquid control, the validate and maintain the glucose meters good function to prevent errors from occurring[24]. Also, operators should pay attention to some extremely circumstances, such as extremely high and low temperatures, humidity and high altitude[25].

				This study had some limitations. Firstly, this study was only conducted in a single center, which might not be the same of other hospitals. Secondly, the sample sizes were too small. Further prospective evaluation of these results is warranted.

				In conclusion, our data provided the real world of the reliability of results delivered from POCT was unfulfilled the standard of ISO15197:2013 of accuracy limits criteria in one hospital setting in China.
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Abstract

Background: To observe the reliability of blood glucose Point-of-Care Testing (POCT)
system in teaching hospital in China.

Methods: This was a single center, sectional study. Between Jun and Aug 2015, a total
of 353 inpatients were recruited from Nanjing First Hospital, China. After 10-hr fast-
ing. the finger point blood glucose concentrations were measured with POCT system.
Venous blood specimens were collected by investigators within 5 min after the finger
point blood glucose concentrations were measured. The venous blood samples were
then divided into two parts, with one part for blood glucose concentration measurement
in central laboratory, the other one part was for hematocrit measurement. The precision
of POCT results was evaluated by the International Organization for Standardization
(ISO) revised ISO15197:2013. The clinical accuracy of POCT results were assessed by
Parkes Error Grid.

Results: A total of 372 blood glucose concentrations delivered from POCT were com-
pared with venous serum blood glucose levels measured by central laboratory system.
The precision of the POCT was 76.3 %, with the 81.8 % in patients with blood glucose
concentrations > 5.55 mmol/L and 75.6 % in subjects with blood glucose concentra-
tions < 5.55 mmol/L. In addition, the precision of results of POCT in patients with
lower (male 40 L/L and female 37 L/L) and normal (male 40-50 L/L and female 37-45
L/L) hematocrit concentrations were 73.4 % and 79.4 %, respectively. The Parkes Error
Grid data showed that the results from POCT, being 89.58 % values in Zone A, 10.4 1%
values in Zone B, and 100 % values in Zone A+B.

Conclusions: In this study. our data provided the real world of the reliability of results
delivered from POCT was unfulfilled the standard of ISO15197:2013 of accuracy limits
criteria in one hospital setting in China.
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