J Med Tech Assoc Thailand, Vol. 47 No. 2, August 2019 Original Article

Autoverification in Clinical Chemistry Laboratory
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Abstract

Clinicians need accurate and fast laboratory test results. Post-analytic process affects the
turnaround time of laboratory testing due to the need to verify the accuracy and to confirm all
test results. It also makes errors seen. The objective of this study was to apply an autoverification
system for clinical chemistry laboratory. Clinical laboratory of Faculty of Medicine Ramathibodi
Hospital, had developed the autoverification system for 35 chemistry and immunology tests. The
design procedures according to the CLSI guidelines: Autoverification of Clinical Laboratory
Test Results, were used to validate and implement autoverification protocols. Computer-based
rules to verify and release clinical laboratory test results were developed at Middleware (Abbott
Laboratories). Autoverification rules cover 3 major areas: the limit check, the delta check and
the consistence check. If test results are not within the criteria, the system will keep the results
for the laboratorian inspection. The study found that 84.5% of test results were auto-released.
There was a significant reduction of turnaround time on the post-analytic process, from 9
minutes to 4 minutes. Furthermore, the system also enhanced the detection of the errors from
specimen collection. A total of 770 specimens were rejected, resulting from samples with
hemolysis, icterus or lipemia (n = 592), contaminations of anticoagulant or intravenous solution
(n = 132) and wrong patient sampling (n = 46). In conclusion, the autoverification system can
actually be applied in a clinical chemistry laboratory. The benefit of its implementation is to
improve the post analytical turnaround time performance. It can greatly reduce manual review
time and effort of laboratory staff by focusing manual review on only a small portion of
potentially problematic specimens and test results. Moreover, properly designed autoverification

can lead to increased detection of errors caused by incorrect specimen sampling.
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Test Result Auto verify
Input Limit Check

AV = Auto verification
MV = Manual verification

Previous

Data

Delta Check

Mol winuyy uasnne

Consistence
Check

Fig. 2 Diagram of verification of laboratory test results

Table 1 Criteria for autoverification of clinical laboratory test results

-

Limit check Delta check
Tests Biological | Analytical Reference
Low High variation, variation, | change value
CV. (%) CV_ (%) (RCV, %)
Sodium (mmol/L) 130 150 0.7 1.3 5.39
Potassium (mmol/L) 2.8 5.0 4.8 2.1 19.12
Chloride (mmol/L) 80 120 1.2 1.2 6.19
Carbon dioxide (mmol/L) 10.0 40.0 4.8 7.4 32.18
Alkaline phosphatase (U/L) 5 600 6.4 3.9 27.35
Aspartate aminotransferase (U/L) 5 243 11.9 2.1 44.09
Alanine aminotransferase (U/L) 5 300 18 3.2 66.71
G-Glutamy! transferase (U/L) M=4 M = 426 13.8 2 50.88
=4 F =276
Lactate dehydrogenase (U/L) 10 475 8.6 3.2 33.48
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Table 1 Criteria for autoverification of clinical laboratory test results (Cont.)

Limit check Delta check
Tests Biological | Analytical Reference
Low High variation, variation, | change value
CV. (%) CV_ (%) (RCV, %)
Creatine kinase (U/L) M=7 M = 1000 22.8 1.7 83.42
F=7 F =840

CK-MB (U/L) 3 100 19.7 3.5 73
Total protein (g/L) 46.1 90.0 2.7 1.5 11.27
Albumin (g/L) 20.0 60.0 3.1 1.7 12.9
Calcium (mg/dL) 6.0 13.0 1.9 1 7.83
Inorganic phosphate (mg/dL) 1.0 6.0 8.5 3.8 33.97
Glucose (mg/dL) 50 450 4.5 1.5 17.31
Blood urea nitrogen (mg/dL) 2.0 57.0 12.3 3.1 46.28
Creatinine (mg/dL) 0.1 5.3 6 0.8 22.09
Uric acid (mg/dL) 1.0 12.8 9 1.3 33.18
Triglycerides (mg/dL) 15 500 20.9 2 76.61
Cholesterol (mg/dL) 70 320 5.4 1.4 20.35
HDL-cholesterol (mg/dL) 20 100 71 2.5 27.46
LDL-cholesterol (mg/dL) 50 300 8.3 1.2 30.6
Total bilirubin (mg/dL) 0.1 16.5 23.8 13.8 100.38
Direct bilirubin (mg/dL) 0 5.0 36.8 7.3 136.89
Magnesium (mg/dL) 0.8 5.0 3.6 2.9 16.87
B-HCG (mIU/mL) - - 16.7 10 71.02
Luteinizing hormone (mIU/mL) 0 125 14.5 3.8 54.69
Prolactin (ng/mL) 0.60 100 23 2.8 84.54
FSH (mIU/mL) 0.05 75 7.9 3.5 31.53
TSH (uIU/mL) 0.0038 50.0 19.3 5.5 73.22
Free T3 (pg/mL) 1.0 15.0 7.9 7.3 39.25
Free T4 (ng/mL) 0.4 3.0 5.7 5.2 28.15
Total T3 (ng/dL) 25 400 8.7 6.6 39.84
Total T4 (ug/mL) 1.0 12.0 4.9 2.7 20.41
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Table 2 Evaluation of autoverification rule sets by using simulated results

Released by rules setting
After revised rules set
Metrics at beginning
(n = 9,831)
(n = 7,676)
Auto-released sample (%) 6,248 (81.4) 8,387 (85.3)
Manual-released sample (%) 1,428 (18.6) 1,444 (14.7)
Released result correctly (%) 7,259 (94.6) 9,821 (99.9)
False auto-released (%) 196 (2.6) 0 (0)
False hold for manual-released (%)b 221 (2.9) 10 (0.1)

®False auto-released: autoverification system should hold results but release

“False hold for manual-released: autoverification system should release results but hold
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Table 3 Autoverification rate by using routine patient results

Test Volume/Month | Autoverification rate | Manual verification rate
Metrics/Tests
n n (%) n (%)
Total samples 36,394 30,771 (84.5) 5,623 (15.5)
Total tests (n = 35 tests) 601,711 584,298 (97.1) 17,413 (2.9)
Chemistry assay (n = 26 tests) 583,395 566,560 (97.1) 16,835 (2.9)
Immunology assay (n = 9 tests) 18,316 17,738 (96.8) 578 (3.2)
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Table 4 Turnaround time of each laboratory process before and after implementation of autoverification

Turnaround time (TAT)

Metrics
Before implementation After implementation

Number of samples 28,158 33,512
Number of tests 285,995 275,554
Average turnaround time (minutes) 79 72
Average time for pre-analytic process 23 24
(minutes)
Average time for analytic process (minutes) 47 45
Average time for post-analytic process 9 4
(minutes)
% of achieved TAT goal (within 1.30 hours) 84.5 97.8
% of achieved TAT goal (within 2 hours) 97.2 99.7

Table 5 Number of problematic specimens detected by implementing autoverification system

Number
Cause of Rejection
n (%)
Total samples rejection 770
Number of tests rejection 10,408

Specimens with hemolysis, icteric, turbid

592 (76.88%)

Contaminated by anticoagulants / intravenous fluid

132 (17.14%)

Specimens misidentification

46 (5.97%)
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