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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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Introduction

Technical developments with the advantage of easy op-
eration, the less volumes of blood specimen needed', the short-
en turn-around time>>!, and fulfill the accuracy limits criteria®,
make the utility of blood glucose Point-of-Care Testing (POCT)
in hospital settings has the amazing increase in worldwide for
years!”,

However, the POCT system running in hospital set-
tings 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®.

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 envi-
ronmental circumstances could be error sources of preanalytic,
analytic and postanalytic!!®!!l, However, studies highlight that
the analytical phase of testing is the mainly error source POCT
comparison with central laboratory blood-glucose testing!'%!31.

Little information is available regarding the clinical ac-
curacy 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 deci-
sion-making and clinical outcome!'*. The aim of this study was
to investigate the reliability of results delivered from POCT per-
formed 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 Emer-
gency Intensive Care Unit (EICU), Department of Orthopedics,
Department of General Surgery, Department of Neuropathy, De-
partment of Cardiology, and Department of Endocrinology in
Nanjing First Hospital, China. All study subjects provided writ-
ten informed consent and the study was approved by the Ethics
Committee of Nanjing First Hospital, Nanjing Medical Univer-
sity.

After 10-hr fasting, the finger point blood glucose con-
centrations 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 con-
centration measurement in central laboratory of Nanjing First
Hospital with a Hitachi 7600 - 120 analyzer (Hitachi Corp, To-
kyo, Japan). The other one was stored at NaF anticoagulation
tubes (3.1 mlDraw; Sarstedt AG & Co., N€ umbrecht, Germa-
ny), for which hematocrit values were analyzed. The precision
of POCT results was evaluated by the International Organiza-
tion 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 Orga-
nization 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 lev-
els delivered from central laboratory were collected from 353
patients. The precision of POCT results was evaluated by the
International Organization for Standardization (ISO) revised
1SO15197:2013, 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 concentra-
tions < 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 Test-
ing (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.

Glucose levels (mmol/L) Hematocrit concentrations (L/L)
Items Total
>5.55 <5.55 F<37,M<40 F37-45,M 40 - 50
Total samples 372 44 328 192 180
Accuracy samples 284 36 248 141 143
Precision (%) 76.3 81.8 75.6 73.4 79.4

F: Female, M: male

We conducted this study in six department departments in Nanjing First Hospital, China. The samples blood glucose con-
centrations 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).
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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,

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% val-
ues 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 re-
sults of POCT in this study did not meet the requirements of ISO
15197:2013 standard.

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 ful-
fill 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 glu-
cose 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 physiologi-
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cal parameters (hematocrit) and creatinine (Cr)!'>1”). Secondly,
the environmental conditions, and hematocrit may affect the
results'®2%, Thirdly, the performance of POCT might be po-
tential error sources in the hospital settings!'®!!l. 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 dysfunc-
tion and abnormal hematocrit levels (80.5%, 116 out of 144, and
30.8%, 4 out of 13, respectively, P=10.01).

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!?!l. However,
the more types of blood-glucose meters used in one hospital
might offset to some degree the reliability of the results deliv-
ered by the POCT system. According to the stringent ISO stan-
dard of 15197:2013, two out of three POCT systems failed to
meet the requirements in a China hospital performed very re-
cently?. Furthermore, patients with hypoglycemia or hypergly-
cemia tested by POCT system might mislead the decision-mak-
ing and clinical outcome!'¥. The accuracy and precision of one
blood-glucose testing meter is not necessarily equivalent to that
of another glucose test, because the different methodology, en-
vironmental and operator effects!!!!. 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-glu-
cose 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 regard-
ing the POCT system running are the importance elements in
the total testing process'?. Hospital staff directly performance
of POCT think that the POCT system is an easy work, rather
than more complex. Moreover, there is ample opportunity for
errors with POCT devices in hospital settings. Even under suit-
able situations, device can experience malfunction®®. In addi-
tion, the liquid control, the validate and maintain the glucose
meters good function to prevent errors from occurring®*. Also,
operators should pay attention to some extremely circumstances,
such as extremely high and low temperatures, humidity and high
altitudel®!.

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.

Int J Hematol Ther | volume 3: issue 2



Reliability, POCT, Hospital

Conflict of Interest
All authors declare that there is no conflict of interest.

References

1. Wisser, D., van Ackern, K., Knoll, E., et al. Blood loss from labora-
tory tests. (2003) Clin Chem 49(10): 1651-1655.

Pubmed | Crossref | Others

2. Schimke, I. Quality and timeliness in medical laboratory testing.
(2009) Anal Bioanal Chem 393(5): 1499-1504.

Pubmed | Crossref | Others

3. Howanitz, P.J., Jones, B.A. Comparative analytical costs of central
laboratory glucose and bedside glucose testing: a College of American
Pathologists Q-Probes study. (2004) Arch Pathol Lab Med 128(7): 739-
745.

Pubmed | Crossref | Others

4. Hawkins, R.C. Laboratory turnaround time. (2007) Clin Biochem
Rev 28(4): 179-194.

Pubmed | Crossref | Others

5. Blick, K.E. The essential role of information management in point-
of-care/critical care testing. (2001) Clinica Chimica Acta 307(1-2):
159-168.

Pubmed | Crossref | Others

6. Ottiger, C., Gygli, N., Huber, A.R., et al. Performance of a Blood
Glucose Monitoring System in a Point-of-Care Setting. (2016) J Diabe-
tes Sci Technol 10(4): 939-946.

Pubmed | Crossref | Others

7. Tonyushkina, K., Nichols, J.H. Glucose meters: a review of technical
challenges to obtaining accurate results. (2009) J Diabetes Sci Technol
3(4): 971-980.

Pubmed | Crossref | Others

8. Klonoff, D.C. Point-of-Care Blood Glucose Meter Accuracy in the
Hospital Setting. (2014) Diabetes Spectr 27(3): 174-179.

Pubmed | Crossref | Others

9. Sharp, L., Farrance, 1., Greaves, R.F. The application of glucose point
of care testing in three metropolitan hospitals. (2016) Pathology 48(1):
51-59.

Pubmed | Crossref | Others

10. Klonoff, D.C., Perz, J.F. Assisted monitoring of blood glucose: spe-
cial safety needs for a new paradigm in testing glucose. (2010) J Diabe-
tes Sci Technol 4(5): 1027-1031.

Pubmed | Crossref | Others

11. Ginsberg, B.H. We need tighter regulatory standards for blood glu-
cose monitoring, but they should be for accuracy disclosure. (2010) J
Diabetes Sci Technol 4(5): 1265-1268.

Pubmed | Crossref | Others

12. O’Kane, M.J. The accuracy of point-of-care glucose measurement.
(2012) Annals of clinical biochemistry 49(Pt 2): 108-109.

Pubmed | Crossref | Others

13. Freckmann, G., Schmid, C., Baumstark, A., et al. System accuracy
evaluation of 43 blood glucose monitoring systems for self-monitoring
of blood glucose according to DIN EN ISO 15197. (2012) J Diabetes
Sci Technol 6(5): 1060-1075.

Pubmed | Crossref | Others

Ommega Online Publisher
International Journal of Hematology & Therapy
Short Title : Int J Hematol Ther

www.ommegaonline.org 4

14. Voulgari, C., Tentolouris, N. Accuracy and precision of glucose
monitoring are relevant to treatment decision-making and clinical out-
come in hospitalized patients with diabetes. (2011) Diabetes Technol
Ther 13(7): 723-730.

Pubmed | Crossref | Others

15. Kanji, S., Buffie, J., Hutton, B., et al. Reliability of point-of-care
testing for glucose measurement in critically ill adults. (2005) Critic
Care Med 33(12): 2778-2785.

Pubmed | Crossref | Others

16. Shearer, A., Boechmer, M., Closs, M., et al. Comparison of glucose
point-of-care values with laboratory values in critically ill patients.
(2009) Am J Crit Care 18(3): 224-230.

Pubmed | Crossref | Others

17. Cook, A., Laughlin, D., Moore, M., et al. Differences in glucose val-
ues obtained from point-of-care glucose meters and laboratory analysis
in critically ill patients. (2009) Am J Crit Care 18(1): 65-71.

Pubmed | Crossref | Others

18. Heinemann, L. Quality of glucose measurement with blood glucose
meters at the point-of-care: relevance of interfering factors. (2010) Di-
abetes Technol Ther 12(11): 847-857.

Pubmed | Crossref | Others

19. Nerhus, K., Rustad, P., Sandberg, S. Effect of ambient temperature
on analytical performance of self-monitoring blood glucose systems.
(2011) Diabetes Technol Ther 13(9): 883-892.

Pubmed | Crossref | Others

20. Oberg, D., Ostenson, C.G. Performance of glucose dehydroge-
nase-and glucose oxidase-based blood glucose meters at high altitude
and low temperature. (2005) Diabetes care 28(5): 1261.

Pubmed | Crossref | Others

21. Dyhdalo, K.S., Howanitz, P.J., Wilkinson, D.S., et al. Documenta-
tion of quality control and operator training at point-of-care testing: a
College of American Pathologists Q-Probes study of 106 institutions.
(2014) Arch Pathol Lab Med 138(11): 1444-1448.

Pubmed | Crossref | Others

22. Wei, H., Lan, F., He, Q., et al. A Comparison Study between Point-
of-Care Testing Systems and Central Laboratory for Determining Blood
Glucose in Venous Blood. (2016) J Clin Lab Anal 31(3).

Pubmed | Crossref | Others

23. Tirimacco, R., Koumantakis, G., Erasmus, R., et al. Glucose meters
- fit for clinical purpose. (2013) Clin Chem Lab Med 51(5): 943-952.
Pubmed | Crossref | Others

24. Nichols, J.H. Blood glucose testing in the hospital: error sources
and risk management. (2011) J Diabetes Sci Technol 5(1): 173-177.
Pubmed | Crossref | Others

25. Clarke, S.F., Foster, J.R. A history of blood glucose meters and their
role in self-monitoring of diabetes mellitus. (2012) Br J Biomed Sci
69(2): 83-93.

Pubmed | Crossref | Others

ISSN: 2381-1404
E-mail : hematology.therapy@ommegaonline.org
website: www.ommegaonline.org

Int J Hematol Ther | volume 3: issue 2


http://www.ommegaonline.com
mailto:hematology.therapy@ommegaonline.org
http://www.ommegaonline.org
https://www.ncbi.nlm.nih.gov/pubmed/14500590
https://doi.org/10.1373/49.10.1651
http://clinchem.aaccjnls.org/content/49/10/1651
https://www.ncbi.nlm.nih.gov/pubmed/18791707
https://doi.org/10.1007/s00216-008-2349-5
https://link.springer.com/article/10.1007/s00216-008-2349-5
https://www.ncbi.nlm.nih.gov/labs/articles/15214830/
https://doi.org/10.1043/1543-2165(2004)128%3c739:CACOCL%3e2.0.CO;2
http://www.archivesofpathology.org/doi/pdf/10.1043/1543-2165%282004%29128%3C739%3ACACOCL%3E2.0.CO%3B2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2282400/
https://www.ncbi.nlm.nih.gov/pubmed/11369352
http://www.sciencedirect.com/science/article/pii/S0009898101004600
https://www.ncbi.nlm.nih.gov/pubmed/26989068
https://doi.org/10.1177/1932296816638854
http://journals.sagepub.com/doi/abs/10.1177/1932296816638854
https://www.ncbi.nlm.nih.gov/pubmed/20144348
https://doi.org/10.1177/193229680900300446
http://journals.sagepub.com/doi/abs/10.1177/193229680900300446
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4523734/
https://doi.org/10.2337/diaspect.27.3.174
http://spectrum.diabetesjournals.org/content/diaspect/27/3/174.full.pdf
https://www.ncbi.nlm.nih.gov/pubmed/27020210
https://doi.org/10.1016/j.pathol.2015.11.014
https://www.aacb.asn.au/documents/item/3082
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2956804/
https://doi.org/10.1177/193229681000400501
http://journals.sagepub.com/doi/abs/10.1177/193229681000400501
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2956814/
https://doi.org/10.1177/193229681000400528
http://journals.sagepub.com/doi/abs/10.1177/193229681000400528
http://journals.sagepub.com/doi/full/10.1258/acb.2011.011283
https://www.ncbi.nlm.nih.gov/pubmed/23063032
https://doi.org/10.1177/193229681200600510
http://journals.sagepub.com/doi/abs/10.1177/193229681200600510
https://www.ncbi.nlm.nih.gov/pubmed/21699417
https://doi.org/10.1089/dia.2011.0035
https://www.researchgate.net/publication/51244277_Accuracy_and_Precision_of_Glucose_Monitoring_Are_Relevant_to_Treatment_Decision-Making_and_Clinical_Outcome_in_Hospitalized_Patients_with_Diabetes
https://www.ncbi.nlm.nih.gov/pubmed/16352960
https://www.researchgate.net/publication/7416987_Reliability_of_point-of-care_testing_for_glucose_measurement_in_critically_ill_adults
https://www.ncbi.nlm.nih.gov/pubmed/19411582
https://doi.org/10.4037/ajcc2009448
https://www.ncbi.nlm.nih.gov/pubmed/19116407
https://doi.org/10.4037/ajcc2009626
http://ajcc.aacnjournals.org/content/18/1/65.full
https://www.ncbi.nlm.nih.gov/pubmed/20879962
https://doi.org/10.1089/dia.2010.0076
http://online.liebertpub.com/doi/abs/10.1089/dia.2010.0076
https://www.ncbi.nlm.nih.gov/pubmed/21714677
https://doi.org/10.1089/dia.2010.0255
https://www.researchgate.net/publication/51453278_Effect_of_Ambient_Temperature_on_Analytical_Performance_of_Self-Monitoring_Blood_Glucose_Systems
https://www.ncbi.nlm.nih.gov/pubmed/15855608
https://doi.org/10.1080/03091900600861590
http://www.tandfonline.com/doi/abs/10.1080/03091900600861590?journalCode=ijmt20
https://www.ncbi.nlm.nih.gov/pubmed/25357106
https://doi.org/10.5858/arpa.2013-0552-CP.
https://www.ncbi.nlm.nih.gov/pubmed/27558572
https://doi.org/10.1002/jcla.22051
http://onlinelibrary.wiley.com/doi/10.1002/jcla.22051/abstract
https://www.ncbi.nlm.nih.gov/pubmed/23399591
https://doi.org/10.1515/cclm-2013-0011
https://www.degruyter.com/view/j/cclm.2013.51.issue-5/cclm-2013-0011/cclm-2013-0011.xml
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3045236/
https://doi.org/10.1177/193229681100500124
https://www.researchgate.net/publication/49819734_Blood_Glucose_Testing_in_the_Hospital_Error_Sources_and_Risk_Management
https://www.ncbi.nlm.nih.gov/pubmed/22872934
https://www.researchgate.net/publication/230636920_A_history_of_blood_glucose_meters_and_their_role_in_self-monitoring_of_diabetes_mellitus

