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Abstract:

Background and objective:

Autoverification (AV) of test results in laboratory forms most important transformative step in
enhancing efficiency, accuracy, workflow of the laboratory. Autoverification plays a critical role by
providing framework for adapting emerging technologies like artificial intelligence, machine
learning. The key milestones in this journey included development of customisable rule based
systems, integration with LIS and alignment with quality standards for patient safety. Creating
and validating these rules are most demanding steps for setting up an Autoverification system.
This article traces journey of Autoverification from its inception to its current integration in daily
operations in division of clinical biochemistry to enhance the reliability, efficiency of laboratory

services, ultimately contributing to better patient outcomes.

Methods:

The current study was carried out based on analysing previous study results and
national/international guidelines. Auto verification was enabled through a software (IM) which was
obtained from Data Innovations and was customised based on our request to formulate rules
according based on need. The simulation results obtained indicated that that the framework

designed worked as expected. The Auto verification was performed using actual patient results.
Results:

Number of rules were created for validation. Our results showed that there was a gross reduction
of manual verification and review rates after introduction of AV and number of inpatient results
were evaluated based on delta check algorithms set. There was a gross reduction in the
turnaround time of routine tests with improved accuracy contributing to the efficiency of the

laboratory and improved customer satisfaction.
Interpretation and conclusion:

Designing rule based system is critical for successful AV. The AV system can halt the samples
with abnormal results for manual verification aiding in enhanced patient safety and improved
efficiency.

Key words: Autoverification, chemistry, rule-based systems, efficiency, productivity, manual

verification
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Introduction:

The clinical laboratory serves a key role in healthcare, bridging the gap between patients and
clinicians. However, laboratories worldwide face the challenges of increased workloads and
the accompanying pressure to deliver timely, accurate, and consistent reports. Over the past
decade, laboratory medicine has undergone substantial evolution, with advanced analytical
instrumentation taking centre stage in technological progress. However, global statistics
indicate that over 65% of laboratory errors occur outside the analytical stage, predominantly
in the pre- and post-examination phases. Thus, automating these phases is instrumental in

reducing errors and enhancing patient safety.

Autoverification in clinical laboratories refers to the automated process of validating and
releasing test results directly to healthcare providers, minimizing manual review and allowing
staff to prioritize high-impact tasks. This post-analytical process represents the final quality
assurance step before results are archived in the patient data repository (1). By applying
predetermined criteria to all test results, it enhances error detection, reduces turnaround
time, and increases work efficiency by allowing laboratory staff to focus on cases that truly

require manual intervention (2)

At MIOT Hospitals, a 1,000-bed tertiary care center, we embarked on a three-month project
to standardize the pre- and post-examination phases through total laboratory automation.
Our goal was to design and validate an Autoverification algorithm for routine biochemistry,
immunoassays, and serology testing. This transition has markedly streamlined laboratory
workflows, reduced errors, and improved turnaround times—ultimately contributing to

enhanced patient safety."
Materials and Methods:

In the planning phase, we audited our laboratory workflow. The study progressed through
two phases: the pre-automation phase, involving manual report release and verification, and
the automation phase, implementing Autoverification. The laboratory caters to a wide range
of mixed populations 24x7 and conducts around 90,000 tests per month. All chemistry,
immunoassay, and serology assays were performed on VITROS 5600 and VITROS XT 7600
analyzers from QuidelOrtho using micro-slide, micro-tip, and micro-well technologies. Auto
verified results were transferred to our middleware, Instrument Manager by Data Innovations,
interfaced with the LIS (IQVIA) and VITROS analyzers.

Auto verification Algorithm Setup:

The Auto verification setup involved a two-phase approach. First, the software phase, where
live clinical specimens were allowed for rule simulation and algorithm refinement (single and
combination rules), followed by hardware implementation. The algorithm development was
done based on CLSI Auto 10A guidelines (3) and accreditation requirements based on ISO
15189:2022 standards (4). Criteria included maintenance and calibration status, internal
quality control, analytical measurement ranges, critical value alerts, delta checks, and
consistency checks (see Table 1 for specific cross-check criteria). Quality checks for
haemolysis, icterus, and turbidity indices ensured that all results maintained analytical

integrity.
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Specimen Selection:

To thoroughly test the Autoverification algorithm, a wide variety of clinical specimens were
selected. This included specimens with low or high concentrations of specific measurands,
those affected by haemolysis, icterus, or lipemia (HIT) interferences, and samples that fell
outside the analytical measurement range. Additionally, specimens showing mild variations
from previous results (delta checks), those with critical alert values, and samples requiring
dilution due to high concentrations were included. Internal quality control (IQC) failures and

the status of results processed within the defined period were also analysed.

Laboratory Information System (LIS):

Our hospital utilizes the IQVIA software for LIS which is equipped with foundational rules for
manual result verification and this served as the baseline for algorithm development.
Essential components of the verification protocol included simulation testing on clinical
specimens, algorithm approval, thorough documentation, and subsequent implementation
and maintenance of the auto verification rules. Middleware was interfaced with the LIS
software, enabling the documentation of common auto verification challenges—such as
specimen rejections, instrument error flags, and decimal transcription errors—throughout

the verification process.
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Autoverification Algorithm Criteria: All the algorithms designed for Autoverification in
middleware are colour coded aprropriately for the user to be made aware of the results failing

the AV criteria. Some of the algorithms that are programmed in the middleware include:
A1l: Maintenance and Calibration Compliance

The Autoverification (AV) system is programmed to track routine equipment maintenance and
analyte calibration requirements within the middleware. Testing is restricted if maintenance is
overdue, or calibration frequency has been exceeded and since the instruments are connected
on track, the tests are automatically forwarded to the next equipment where the quality criteria

were met as per the predefined standards.
A2: Internal Quality Control (IQC) and Calibration

Our laboratory follows NABL 112:2019 guidelines for performing IQC across all analytes under
AV. The number of levels of IQC and time intervals are also mapped in the middleware based
on accreditation requirements. IQC results are automatically relayed to the Bio-Rad Unity real-
time software through the middleware, and SQC rejection rules are embedded in the
middleware. If an QC outlier is detected, samples are redirected to another instrument to
prevent result recalls. Alerts are generated in the middleware for outliers and also when 1QC
is pending based on preset frequency, preventing sample analysis until IQC completion or

corrective action is initiated.
A3: Analytical Measurement Range (AMR)

The AMR, specifying the concentration range that can be directly measured without further
treatment, is pre-set in the middleware. Results outside this range are held for manual
verification, and any results requiring dilution are held in the middleware for further dilution

or review.
A4: Critical Values

Critical results flagged by the middleware for immediate attention are held and communicated
promptly to healthcare providers, as required for patient safety and as per accreditation
standards. The middleware records the communication details, including time of reporting
and a confirmation read-back to ensure information accuracy, aligning with CLSI GP 47(5)

requirements.
A5: Delta Check

Delta checks are evaluations which compare consecutive results for the same patient. They
also help to detect sample misidentification, contamination, or significant clinical changes.
Each analyte has programmed delta limits (percentage or absolute) in the middleware based
on CLSI EP 33 guidelines (6) and BV criteria (7) and any results exceeding these limits are held

for manual review.
AG6: Consistency Check

Consistency checks are programmed to cross-verify related test results for accuracy, ensuring
coherent, reliable results across correlated tests, as specified in the verification protocol’s
Table 1.
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Table: 1 Specimen Consistency check:

Ethylenediaminetetraacetic acid
(EDTA) contamination

Potassium > 7 mmol/L, perform reflex testing for
calcium and ALP (calcium < 3.0 mg/dL, or ALP <
50 U/L) indicating contamination

Discrepant test results

ALT/AST ratio < 1.0 for normal patients Albumin /
globulin ratio < 1.0, indicating AG ratio reversal and
instructs staff to proceed to serum protein
electrophoresis

Glomerular filtration rate

It is correlated together with the creatinine test and
the stage of CKD based on KDIGO guideline [8] is
evaluated and provided as an advisory service to
patients also

Indirect bilirubin

Indirect bilirubin is a direct measure in VITROS system
and is evaluated together with direct bilirubin and
total bilirubin

Glucose

Post prandial value less than the fasting value

Calculated parameters with ratio
like microalbumin, kappa lambda
etc.,

When single parameter alone is reported, results are
held in middleware till another parameter is completed
for ratio calculation

Triglyceride value > 400 mg/dL

VLDL will not be calculated based on Friedwald
equation

A7: ADVISORY SERVICES

table 2:

Table:2 Advisory services

These are consultative services aimed at optimising and implementing Autoverification
process. The services are programmed as comments in the middleware aiding the staff in
reporting. Some of the advisory services programmed in the middleware are given below in

Iron profile
Iron low, transferrin high, TIBC
high, Ferritin low

Probably suggestive of iron deficiency anemia,
correlate with smear study and CBC

Iron high, transferrin low, TIBC
low, Ferritin high

Probably suggestive of iron overload/haemolytic
anaemia, correlate with smear study and CBC

Iron low, transferrin low, TIBC low,
Ferritin high

Probably suggestive of anaemia of chronic disease,
correlate with smear study and CBC

Thyroid profile
F T3 low, F T4 low, TSH Low

Hypopituitarism

F T3 low, F T4 low, TSH High

Primary hypothyroidism, suggested correlation with
anti TPO, anti Tg

F T3 High, F T4 High, TSH Low

Primary hyperthyroidism

F T3 High, F T4 High, TSH High

Hyperpituitarism/Pituitary macroadenoma

F T3 Normal, F T4 Normal, TSH
High

Subclinical Hypopituitarism

F T3 Normal, F T4 Normal, TSH
Low

Subclinical Hypopituitarism
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A8: Reference Range Verification

Reference intervals, or ranges, are used by physicians to interpret patient test results,
representing values that fall within the range observed in 95% of a healthy population. Values
within this range are considered within normal limits (WNL). Limits exceeding WNL are
designated as the upper reference limit (URL) or upper limit of normal (ULN), while values below
WNL are the lower reference limit (LRL) or lower limit of normal (LLN). All test results falling

outside these reference ranges are flagged in the middleware for manual verification.
A9: Interference (HIT Index) Verification

Every sample processed on the VITROS analyzers undergoes automatic assessment for
haemolysis, icterus, and turbidity (HIT) indices using VITROS’ Intellicheck technology. Samples
with interference levels exceeding manufacturer-defined thresholds are held in the middleware,

requiring manual verification to ensure accuracy before release.

A10: SEROLOGY TESTING

Qualitative assay results reported as reactive will be held by the system and will require manual
intervention for authentication, in accordance with the criteria specified in the Autoverification
Algorithm. Results that are non-reactive will be automatically authenticated if they fall within
the AV rules.

RESULTS AND DISCUSSION

During the study period, the Clinical Biochemistry division received a total of 2500 samples and
performed [2,70,000] tests. The efficacy of automation in Autoverification was evaluated
through several factors, including the rate of Autoverification, rate of manual verification,
reasons for manual verification, any report amendments, manpower requirements, and the

overall improvement in turnaround time (TAT) in the laboratory.

Auto verification Success Rate: AV success rate was determined as a percentage of total
number of tests auto verified against total number of tests performed in the division per day.
The rate of auto verification were studied for routine chemistry assays, routine immunoassay

tests and serology assays and the rates are depicted in table 3.

Table: 3 Auto verification Success rate Vs Manual verification

Test Type Auto verification (%) Manual Verification (%)
Routine Chemistry Assays 78% 22%
Routine Immunoassays 94% 06%

Routine Serology Assays 88% 12%
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Reasons for Manual Verification

The most prevalent causes for holding test results in the middleware for manual verification are

outlined in figure: 1
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Figure: 1 Cause analysis for manual verification of test results

Cross-verification of patient results by authorized signatories indicated a 98% agreement rate
between manual and auto verified results. Notably, discrepancies primarily arose in serology
assays and TSH tests, largely due to insufficient patient history and reactive results, with delta

check failures being the most common reason for results being held as depicted in table 4.

| Reason for Delta Check I % of Test Results Held |
Specin‘_len Related Issues 2%
(diluted/wrong)
| Misidentified Samples H 1% |
| Analytical Issues H 2% |
| Clinically Significant Changes H 20% |
| Total | 25% |

Improvement in Turnaround Time

The implementation of Auto verification resulted in significant improvements in TAT, as

illustrated in Fig. 2:
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Figure: 2 TAT improvement pre and post AV implementation
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Discussion:

Auto verification uses complex rule-based systems to validate test results that do not require
a manual verification. Currently, laboratories use AV in different groups of tests, including
routine tests which are biochemistry, immunoassays, haematology, coagulation, blood gas,
and urinalysis (9). All the algorithms developed were validated and approved by the medical
director before use and were also regularly reviewed and verified as per ISO 15189:2022[4]

requirements.

AV has shown improved benefits with respect to test quality, error rates reduction, decreased
TAT thereby improvement in lab efficiency. Our study focussed primarily in developing an
algorithm to reduce pre analytical errors such as sample mix-up, anticoagulant
contaminations, diluted and lysed samples as was evident in the consistency check algorithm
developed in Table:1 apart from IQC outliers, delta check limits, AMR, reference ranges, critical
alerts, sample indices etc. Many previous studies have also explained algorithms based on
analytical measurement range, critical values, error codes encountered, delta check, sample
indices etc.(10,11)

Auto verification Success rate:

Our results show a 78% AV rate for routine chemistry tests followed by 94% for immunoassays and 88%
for serology assays as depicted in Table 3. Similar AV rates were obtained in studies done by Rashmi
and Anurag (1) who reported AV rate of 53.7-85.4%. Another study by Dr.Subhosmito Chakraborty (12)
shows an AV rate of 78% for all metabolic tests studied in his setup. The AV success rate reported
in different studies have shown wide differences (13-15) probably due to using different result
limit checks and delta check limits and developments in AV rules. Similar to this study, Shih et
al (16) reported the AV rate to be as high as 95% for all the test results, which is higher than the
findings of this study. This difference could be because in their laboratory, acceptable range for the

delta check and limit check for each test item might be different from ours.

A detailed analysis of routine chemistry assays indicated that tests such as AST, ALTV, amylase,
lipase, HDL, PSA, anti HIV testing and LDL had the highest Auto verification rates. Conversely, tests
like urea, creatinine, sodium, potassium, chloride, HBsAg, Anti HCV, and others showed lower
validation rates, correlating with our institution’s focus on nephrology (45%) and hepatic (25%)

patients, alongside departments such as oncology, diabetes, and orthopedics.
Manual verification:

In design of an AV algorithm, one of the important issues is performing an in-depth root cause
analysis of manually verified test results. Manual verification is a time-consuming activity with built-
in subjectivity and cannot provide sufficiently accurate verification of test results (14) When a large
number of results especially in a large Mult speciality hospital are pending for review, fatigue can
develop, and this is considered to be a high risk factor for laboratory errors (17). In our study, the
most common reasons for non-validated results were delta check, IQC bracketing, reference range
check limits and serum indices respectively.

The less common reason for manually verified test result was critical alert (2%) among the tested
analytes (Figure 1). Similar results were also obtained in a study done by Rimac et al. who reported
that among 31 different biochemical tests, the least common reason for non-validated results was
the critical value (2%) (18).
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Delta check:

The laboratory had further attempted to identify the reason for the major junk of results held
due to establishment of delta check limits and the reason was identified to be clinically significant
changes within the individual as major cause (Table4). Several studies have recommendations

defined on use of delta checks in designing AV algorithms (19,20,21).

In our present study, the delta check limits were determined from the biological variation
database. The delta check limit used for the CREA test was + 15%, and the AV rates were between
60% and 79%. This was in comparison to previous study in which delta check limits were
evaluated as < 20% and AV success rates between 50% and 75% were obtained and also studies
by Onlu Gul B et al where the rates were between 65 and 79% with a delta check of + 13%. The
AV success rates reported in multiple studies have shown differences (22,23,18)primarily due to

using different delta check limits and developments in AV rules over time.
Agreement rate:

Cross-verification of patient results by authorized signatories indicated a 98% agreement rate
between manual and auto-verified results. Notably, discrepancies primarily arose in serology
assays and TSH tests, largely due to insufficient patient history and reactive results, with delta
check failures being the most common reason for results being held as depicted in table 3.
Similar studies of degree of agreement were done by seven different reviewers and the agreement
rate was found to be significant between 79% to 88% indicating a stable algorithm. Mohy-Sediq
et al. compared AV system results to results provided by 4 reviewers, and the agreement rates
were between 73% and 77%, which were lower than those in our study (24) .The validation of AV
rules is crucial in ensuring that the AV system operates as intended and requires high attention
to detail.

We evaluated the efficacy of AV by assessing the significant improvement in TAT for all routine
assays, and immunoassays which showed around 97% TAT improvement for chemistry assays
and 96% for immunoassays(Figure 2) when compared to the previous performance of the
laboratory. Similar studies post-AV implementation have depicted an 88.28- 97.32% for

immunoassays and 82.7-95.68% for routine chemistry parameters.

The result recall rates due to failed IQC results improved from 4.3 sigma to 6 sigma, attributable
to the introduction of IQC bracketing. Automated documentation of IQC outliers via transfer to
Bio-Rad Unity real-time software significantly reduced the manual workload associated with
transcription thereby minimizing errors and rate of recalls. The reduced error rates as evidenced
by the decreased number of amended reports reduced the need for manual verification. In this
study, we found that for verification of around 2500 tests per day, an average of 6-7 manhours
per signatory is being spent which has been reduced to around 3 hrs per day by AV. The extra
time generated was used for study purposes, staff training and competency-related activities,

verification protocol design for new tests etc.
Risk Management in Auto verification

Every algorithm within the auto verification process designed in the laboratory has an effective
risk management strategy, enabling the rapid suspension of automated selection, review, and
release of test results so that patient care is not at risk. This is also a mandatory requirement of

accreditation of laboratories as per ISO 15189:2022(4).
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Conclusion:

The implementation of auto verification (AV) in our clinical laboratory has significantly enhanced
operational efficiency, accuracy, and patient safety. The AV system successfully reduced manual
verification rates, with success rates of 78% for routine chemistry assays, 94% for immunoassays,
and 88% for serology assays, thereby allowing laboratory personnel to focus on critical tasks.
Notably, the turnaround time (TAT) for routine tests improved by 35%, directly contributing to
faster clinical decision-making. Delta check algorithms and consistency checks reduced pre-
analytical errors, with a 98% agreement rate between manual and auto-verified results,
underscoring the system's reliability. These advancements affirm that AV, when properly designed
and implemented, streamlines laboratory workflows and ensures consistent quality standards,

ultimately improving
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