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Background: There has been a significant concern that total automation can decrease the need for laboratory personnel at all levels.
The objective of this study was to investigate the impact of total laboratory automation on the clinical laboratory workforce.
Methods: A one-year data including the demographical features of laboratory workforce and technical productivity of laboratory tests
were provided by two medical laboratory departments of similar profile and different equipment setup; one adopting a total automation
system and the other utilizing discrete analysis system. The technical productivities of the two laboratories were compared and
statistically tested.

Results: A similar technical productivity per single laboratory worker was noted in the hematology section in each of the two sites
with no significant difference (average odd radio = 0.9, p = 0.79). However, with total automation, the number of tests performed per
single worker has increased to an average of 1.4 and 3.7 times with total automation in the clinical chemistry and serology sections,
respectively (p < 0.001).

Conclusion: Total laboratory automation improves the productivity of the laboratory, leading to a decreased laboratory workforce.
The laboratory workload has increased steadily therefore, the existing laboratory workforce, in the absence of automation, could not
have been able to maintain the current volume of service. Adoption of automation reduces repetitive manual labor, thereby allowing
the redefinition of the job roles of the laboratory workforce. TLA is ideal for laboratories that suffer from workforce shortages or
managing high volume testing with less staff.
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Introduction

The introduction of electronics, robotics, and highly advanced technical methodologies has led to the expansion of
clinical laboratory automation. Automation is one of the greatest breakthrough in the recent history of the diagnostics
laboratory sciences. Laboratory automation began in the 1950s and has progressed throughout the decades to reduce the
turnaround times in laboratory testing and eliminate the human errors.' By replacing the repetitive and laborious manual
processes involved in laboratory testing, automation has reduced the overall errors and allowed laboratory technicians to
focus more time and energy on quality assurance.”

Laboratory automation has been achieved using many types of instruments and equipment. Each automation system is
chosen for individual laboratories based on their workflow and demand. One type of machine that improves laboratory
automation is the automated analyzer. These machines generally measure various chemical and biological characteristics with
minimal human assistance. Automated analyzers are classified into continuous flow, which function by analyzing
a continuously flowing stream of the sample through processes such as filtration and the introduction of reagents. They
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may also measure characteristics sequentially.® Another form of laboratory automation is the discrete analyzer, which allows
for the rapid analysis of liquid samples kept in discrete cells throughout the analytic process.”*

Automation can also be applied to all the steps used to perform through manual assays, including specimen
procurement, reagent delivery, reaction step, measurement phase, and data analysis.” A total laboratory automation
(TLA) means that a track system connects all aspects of the laboratory process, including the preanalytic, analytic, and
postanalytic phases. The major steps designed by manufacturers to mimic the manual techniques are specimen proces-
sing, reagent measurement and delivery, chemical reaction phase, measurement phase, signal processing, and data
handling.® TLA may be variably effective at reducing turnaround time while simultaneously increasing laboratory
productivity.”'? The evolution of automated core facilities has been delivered successfully in both clinical chemistry
and hematology.'®'*"'* Although TLA has gained widespread traction in several diagnostic lines, especially clinical
chemistry, immunochemistry, and hematology, its application in diagnostic microbiology and histology has proceeded
much more slowly, with several activities requiring a considerable manual burden.

Although TLA has resulted in an expanded profitability, enhanced workflow, reduced time cycle, and improved
quality and safety, it is not without potential concerns. These include higher initial costs, higher risk of downtime,
psychological dependence of laboratory technologists, and disruption of staff trained in specific technologies.'”> The TLA
market is growing at a compound annual growth rate of 6.6% over the next 5 years.'® Despite the expansion of TLA, the
clinical laboratory workforce continues to play a vital role in the health care system. Members of this workforce provide
essential information concerning the prevention, diagnosis, and management of health and disease. However, there is
great concern, following the adoption of TLA, regarding the quality and quantity of laboratory professionals entering the
workforce.

Typically, the workforce of a clinical laboratory includes pathologists, laboratory scientists, phlebotomists, and laboratory
technologists and technicians. Laboratory technologists and technicians represent the two largest groups of within this
workforce. Laboratory technologists have completed a bachelor’s degree in an accredited education program specific to
clinical laboratory sciences. They have also fulfilled the required laboratory experience specified by a certifying agency.'’
They are trained to perform a wide range of complex chemical and biological laboratory assays on tissues, blood, and other
body fluids. Laboratory technicians have completed a diploma degree or equivalent. These members of the laboratory
workforce usually perform less complex tasks under the supervision of a technologist/scientist.

There has been a significant concern that total automation can decrease the need for personnel in the laboratory and
alter the skill sets required for laboratory personnel at all levels.'> However, another concern within the laboratory
medicine sector is the growing shortage of clinical laboratory workers, which is expected to worsen over the next decade.
Among the factors contributing to this shortage are the growing demand for laboratorians, the decline in the number of
fresh graduates as a result of the decreasing number of clinical laboratory sciences programs, and the retirement of the
aging laboratory workforce.'®'?

The Saudi Ministry of Health has reported 13,152 employed laboratorians who have performed 174,225,388 different
laboratory tests in 2019.%° The Saudi Commission for health Specialties estimated the number of medical laboratory
specialists in 2017 was 14,487. It has been estimated that 28,200 medical laboratory specialists will be needed in the year
2027. According to the same report, the total number of students expected to graduate between 2018 and 2022 is 1306
enrolled in the Bachelor of Medical Laboratory programs.*'

TLA is a new trend for improving the management of high clinical laboratory workloads, but there is scant literature
to support its wide adoption in Saudi Arabia. Most previous reports on TLA have dealt with the reduction of cost and
turnaround time.>*2* Although its effect on productivity, cost reduction and enhanced quality of service has been
studied,” very little data is available regarding its impact on the laboratory workforce. Such data is greatly required to
evaluate the return on investment of total laboratory automation. Thus, the primary objective of this study is to
investigate the impact of TLA on the clinical laboratory workforce in Saudi Arabia.

Methods
The Ethics Review Board of Prince Sultan Military College of Health Sciences, Dhahran approved this study (IRB

Number IRB-2021-CLS-50). Two medical laboratory departments participated in this study. The first one is the Medical
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Laboratory Department of King Salman Armed Forces Hospital (KSAFH), Tabuk. This department has recently adopted
a total automation system in three sections, clinical chemistry, hematology, and serology. These consisted of continuous
flow analysis using Atellica® Solution for clinical chemistry, Sysmex XN-1000™ for hematology, and Abbott Alinity
i for serology. The other department is the Medical Laboratory Department of King Fahad Military Medical Complex
(KFMMC), Dhahran. This department uses discrete analysis, an automated methodology in which samples are held in
separate containers to be assayed. Both laboratories belong to a tertiary care military hospital with similar case mix of
patients with a total of 400 beds each.

Data provided by both centers included the number of laboratory employees in each section, as well as their ages,
genders, nationalities, education, and years of experience. Data also include the total number of laboratory tests
performed in each section between September 2020 and August 2021. Both centers were instructed to unbundle the
various test profiles when counting the tests in the clinical chemistry, hematology and serology sections. Technical
productivity was calculated by dividing the number of tests performed by the total number of paid full-time employees or
equivalents.”® We calculated the productivity ratios, defined as testing volumes per full-time equivalent. The number of
tests per employee per month in each of the three sections of the two laboratories was calculated.

Data Analysis

Data were analyzed using t-test by using the SPSS version 20 (SPSS Inc., Chicago, IL, USA). We also calculated the
odds ratios (OR) and the respective 95% confidence interval and the P values for the comparison of the productivities
between the two sites. The odds ratios were calculated by comparing the number of laboratory tests performed by
a single worker in each section in both sites. We used KFMMC site, without total automation, as the reference and
calculated odds ratios and p-values compared to this one. We used 5% (p < 0.05) as a level of significance.

Results

Table 1 shows the characteristics of the laboratory workforce of the two sites in the selected sections of the laboratory.
There were 36 laboratory workers at the three sections of the KSAFH. The mean age of laboratory workers was 33.5
years, mean total experience of 7 years, and 69.4% have completed a bachelor’s degree. The other site of KFMMC
consisted of 64 laboratory workers of a more or less similar age, qualifications, and length of experience. There was

a notable difference in the ratio of male to female laboratory workers between the two sites. Males constituted 80.6% of

Table 1 Demographical Data of the Workforce of the Two Sites

KSAFH KFMMC

Age (Years) 33.51 + 5.45 (Median = 32) Minimum = 25, Maximum =53 | 38.31 + 8.55 (Median = 36, Minimum = 26, Maximum = 60)
Gender Male = 29 (80.6%) Male = 24 (42.9%)

Female = 7 (19.4%) Female = 32 (57.1%)
Nationality Saudi = 29 (80.6%) Saudi = 34 (60.7%)

Non-Saudi = 7 (19.4%) Non-Saudi = 22 (39.3%)
Experience (Years) Mean = 7.03 +3.84 Median = 6 (Min 0.4-21) 10.19 + 7.71 (Median = 10,Minimum = 0.4, Maximum = 30)
Sections Serology = 5 Serology = 13

Clinical chemistry = 17 Clinical chemistry = 20

Hematology = 14 Hematology = 13
Qualification Diploma = 8 (22.2%) Diploma = 17 (30.4%)

"B.Sc. =25 (69.4%) B.Sc. = 33 (58.9%)

M.Sc. = 3 (8.3%) M.Sc. = 6 (10.7%)
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all laboratory workers at the KSAFH site, while constituting only 42.9% of the total laboratory workforce at the KFMMC
site. More Saudi citizens were represented in the KSAFH site (80.6%) compared to that of KFMMC (60.7%).

Table 2 represents the total number of laboratory tests performed at each of the three sections in both sites along with
the number of laboratory workers. The odds ratios, 95% confidence intervals, and p values are shown. The results
indicated a similar work productivity by a single laboratory worker in the hematology section in each of the two sites
with no significant difference (average odd radio = 0.9, p = 0.79). However, the number of tests performed by a single
worker has increased to an average of 1.4 and 3.7 times at the KSAFH site compared to KFMMC site in the clinical
chemistry and serology sections respectively.

Table 3 shows a comparison between the average laboratory tests performed in the three sections of the two sites.
Large difference in the average productivity of a single worker in the serology and clinical chemistry sections of KSAFH
laboratory compared to those of KFMMC (p < 0.001).

Discussion

We compared the productivity of two laboratories of similar workforce characteristics and laboratory test profiles while
utilizing different testing systems. KSAFH laboratory has adopted a total automation system in three sections consisting
of continuous flow analysis while the KFMMC laboratory utilizes discrete analysis. Both laboratories belong to the
Armed Forces Medical Services of the Ministry of Defense for the Kingdom of Saudi Arabia. The laboratory workforce
at both sites consisted of various individuals with similar qualifications and years of experience.

We calculated the productivity ratios, defined as testing volumes per full-time worker.”*’ The total number of
laboratory tests performed at each of the three sections in both sites were used in this study. The number of laboratory
tests performed by a single worker in each section were compared and statistically analyzed. The results indicated similar
productivity by a single laboratory worker in the hematology section in each of the two sites with no significant
difference (average odd radio = 0.9, P = 0.79). However, the number of tests performed by a single worker has increased
to an average of 1.4 and 3.7 times at the KSAFH site as compared to the KFMMC site in the clinical chemistry and
serology sections, respectively. In other study, the productivity increased by 58.2% as measured by tests/employee, and
82% as measured by specimens per employee.?

Productivity varied widely among the various laboratory departments within both site and among different sections
participating in this study. Many other studies have used the testing volume as a measurement of the productivity ratio.?’”
Despite standardization of testing profiles in both study sites, there was wide variation in the average productivity in the
serology and clinical chemistry sections. This variation has been noted before and indicates opportunities to improve staff
productivity in many facilities.*®

Without TLA, more staff is needed to conduct the increasing number of tests. However, with TLA, the productivity of
the laboratory is enhanced, leading to a reduction in staff. In another study, the assumed productivity increased by 16.2%
in the presence of TLA, resulting in decreased laboratory workforce.*

A previous study in Saudi Arabia indicated that staffing cost was reduced and less staff was required with the
adoption of TLA.? Tt has been clearly demonstrated that implementing TLA results in less staff, reduced operating costs,
and more rapid testing.*’

A previous findings showed that core lab and computerization have almost the same impact on the workforce
reduction by 35% and 30% respectively, and modular robotics the least impact with 17%.%*

Over the last ten years, laboratory workload has increased steadily against a fairly constant headcount, estimated as
a compound annual growth rate of 5%.% Therefore, the existing laboratory workforce, in the absence of automation, could
not have been able to maintain current standards of service. Automation aims to contain the ever-increasing workload
challenge, reduce errors, and enhance laboratory performance while managing a limited labor force. Total automation
also reduces the possibility of human errors that arise from repetitive and laborious procedures undertaken by the
laboratory personnel. While TLA has resulted in less full-time staff, it has also uncovered the need for changes in staff
skills. Adoption of automation reduces the mundane and repetitive manual labor, thereby minimizing human error and

allowing the redefinition of the job roles of the laboratory workforce. With greater automation, laboratory employees can
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Table 2 Total Number of Laboratory Test Performed at Each of the Three Sections in Both Sites with the Odds Ratios, The 95% Confidence Intervals, and p values. The Number of
Laboratory Workers in Each Section of the Two Sites in Parenthesis

Hematology Chem & Endo Serology
KSAFH KFMMC OR 95% CI P KSAFH KFMMC OR 95% ClI P KSAFH KFMMC OR 95% ClI P

Workers (14) (13) (17) (20) (5) (13)

Sep 34,525 32,357 0.99 0.47-2.11 0.98 205,150 148,213 1.63 0.85-3.11 0.140 18,850 10,976 4.47 1.59-12.53 0.004
Oct 34,767 36,735 0.87 0.4 —1.87 0.73 187,600 154,499 1.43 0.69-2.52 0.280 23,104 10,547 5.70 2.03-15.98 0.001
Nov 35428 37,090 0.89 0.42-1.89 0.76 165,380 147,271 1.32 0.69-2.52 0.399 17,680 11,383 4.04 1.44-11.33 0.008
Dec 38,468 37,543 0.70 0.33-1.50 0.36 196,217 150,107 1.54 0.81-2.94 0.192 23,519 10,581 5.78 2.06-16.21 0.001
Jan 31,766 35,775 0.82 0.39-1.75 0.62 191,608 145,395 1.55 0.81-2.96 0.184 15,509 11,725 3.44 1.23-9.65 0.019
Feb 28,719 33,655 0.79 0.37-1.69 0.55 171,612 133,702 1.51 0.79-2.88 0.212 11,505 6793 4.40 1.57-12.36 0.005
Mar 36,639 39,380 0.86 0.41-1.84 0.70 173,350 154,630 1.32 0.69-2.52 0.400 12,317 11,062 2.90 1.03-8.02 0.034
Apr 29,886 33,649 0.82 0.39-0.75 0.62 158,454 136,585 1.36 0.71-2.61 0.346 9470 9337 2.64 0.94-7.40 0.065
May 31,357 34,024 0.86 0.40-1.82 0.69 154,228 144,245 1.36 0.71-2.61 0.346 11,432 11,579 257 0.91-7.20 0.073
Jun 37,301 42,224 0.82 0.39-1.75 0.61 201,336 181,281 1.30 0.64-2.49 0.420 16,447 13,139 3.25 1.16-9.13 0.025
Jul 26,335 23,465 1.04 0.49-2.22 091 164,927 140,241 1.38 0.73-2.64 0.324 14,065 9970 3.67 1.31-10.29 0.014
Aug 38,272 28,526 1.25 0.59-2.65 0.57 189,809 177,217 1.26 0.67-2.40 0.490 15,418 16,587 242 0.86-6.78 0.094
Average 33,622 34,535 0.90 0.42-1.92 0.79 179,973 151,116 1.40 0.74-2.67 0.307 15,776 11,140 3.68 1.31-10.33 0.013
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Table 3 Average Monthly Number of Tests Performed by a Single Worker in Each Section of the Two Sites

Lab Mean Std. Std. Error t-test P-value
Deviation Mean
Hematology KSAFH 2402 283 81.74 1.86 0.08
KFMMC 2656 38l 109.98
Chemical KSAFH 10643 1075 310.24 823 < 0.001
Pathology
KFMMC 7556 731 211.06
Serology KSAFH 3058 763 220.21 9.74 < 0.001
KFMMC 857 177 51.196

move towards value-added activities, such as quality control and quality assurance. TLA can also facilitate the expansion
of the laboratory repertoire to include tests performed via state-of-the-art but labor-intensive platforms.

Laboratory automation can be a resource that increases productivity and improves work scheduling while providing new
opportunities to re-skill, and develop all laboratory personnel.>® Automation results in increased efficiency, but requires
changes to laboratory infrastructure and a shift in workforce training requirements. TLA may reduce the laboratory manual
workforce needed for managing high volume testing and produce lower staff congestion within the laboratory. This is
especially true for auxiliary and technical staff.'*** The major benefits of laboratory automation are reduction of medical
errors, reduced specimen sample volume, increased accuracy and precision, improved safety for laboratory staff, faster
turnaround time of results, and partially alleviating the impending shortage of skilled laboratory staff.

It has been reported that retirement rates for the clinical laboratory workforce exceeded the number of graduates.’’
TLA may be ideal for laboratories that suffer from workforce shortages,>' > However, automation has increasingly
found a way into the good clinical, laboratory, and manufacturing practices (GxP) regulated laboratories following the
increasing demands on the throughput, traceability, and reproducibility.** The adoption of TLA model is currently
incorporating several diagnostic lines such as clinical chemistry, immunochemistry, hematology, and coagulation).
However, different settings might be encountered in other sections of the laboratory such as histology and microbiology
that requires more manual work.

Several challenges need to be addressed before lab automation can reach its full prospective. Automation will also
require changes to laboratory infrastructure and a shift in workforce training requirements. Retraining and continuing
medical laboratory education opportunities are required enable the workforce to acquire the necessary skills on artificial
intelligence and laboratory informatics. Systematically analyzing and reviewing the impact of TLA on the laboratory
workforce would be of great value.

Although the current study has made relatively simple adjustments for the differences between laboratories, such as
their testing volume and their type of workload, more other differences in the test mix or differences in human resource
policies were not considered. In spite of these limitations, we believe the data from this study provide a useful reference
point for the impact of total automatons on the clinical laboratory workforce.

Conclusion

Total laboratory automation improves the productivity of the laboratory, leading to a decreased laboratory workforce.
Adoption of automation reduces repetitive manual labor, thereby allowing the redefinition of the job roles of the
laboratory workforce. However, TLA also presents some potential problems pertaining to the laboratory workforce
such as decreased number of laboratorians, human psychological dependence, and reconsideration of training needs. The
laboratory workload has increased significantly therefore, the existing laboratory workforce, in the absence of automa-
tion, could not have been able to maintain the current volume of service. TLA is ideal for laboratories that suffer from
workforce shortages or managing high volume testing with less staff.
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