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Abstract

The TCO - total cost of ownership - methodology, which is also the subject of research,
provides the laboratory in vitro manager with a structured approach to analyzing all direct
and indirect costs associated with selection of in vitro biomedical equipment, allowing
comparative, documented acquisition of decisions based on laboratory costs, while ensuring
high quality test results and competitive advantage to a rapidly changing economic and health
environment. Reference is made to literature review research studies aimed at highlighting
the benefits arising from the adoption of philosophy of the evidence-based Total Cost of
Ownership (TCO) approach. Additionally, personal specialized research was conducted
regarding the selection of an in vitro diagnostic analytical platform and the total cost it
produces throughout its lifetime. A questionnaire in electronic format was used in order to
detect the preferences of healthcare professionals working in either public biopathology
laboratories or private health care organizations or pharmaceutical diagnostic companies
towards the total cost of ownership. The results of the research are particularly encouraging
for TCO since the managements of the laboratories consider that is the strategic approach to
the selection of biomedical equipment and an important factor for the sustainability of in vitro
laboratories.
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1. Introduction

The process of evaluating and acquiring technology must be carried out with clear,
fair and comprehensive criteria. The following elements are part of the criteria: compliance
with technical characteristics, compliance with after-sales agreements or conditions, analysis
and compliance with economic conditions throughout the life cycle of the technology, and
analysis related to economic and financial forecasts regarding the technology to be acquired
(Hernédndez, A. et. al , 2010). The total cost of ownership methodology approach is proven to
be more effective compared to the conventional analytical platform procurement approach as
it enables the practice of evidence-based strategic management and technology procurement
decisions and enables laboratories to create financial dashboards, facilitating future resource
allocation exercises and laboratory budget.

Factors that contribute to the definition of TCO concern the process, the product, the
productivity (Figure 1). These factors are related to the direct and indirect costs in each phase
of the life cycle of the biomedical equipment. Thinking in these TCO terms should contribute
to a better understanding of all costs associated with the acquisition, operation, maintenance
and disposal of analytical systems (Martinko,2010).

Figure 1.

Factors contributing to TCO

C Total Cost = Process Factor + Asset Factor + Productivity Factor )
> Process Factor > > Asset Factor >
® Administrative & Management ® Product Cost ® Throughput Improvement Factor
Cost Change Over Baseline -Acquisition Price Over Baseline Performance
-Operating Cost
® Personnel Cost -Service Cost ® Personnel Cost

® Personnel Cost

Source: Martinko-Thermo fischer scientific, 2010
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11 Process Factor

The additional costs associated with insufficient processes are extremely difficult to
be measured resulting in a complete lack of visibility into lost revenue. In this case, projects
take longer to complete, additional resources are allocated to support them, a non-merit
distribution of workload among staff is observed, and initiatives and activities are re-
prioritized with a negative effect on the total cost of ownership (Table 1).

A careful look at the acquisition process is required, including acquisition costs,
payment terms, inventory holding and unit price (Martinko,2010). It is a necessity to
implement a process to manage the life cycle of laboratory equipment.

Table 1.

Costs related to the management of biomedical equipment ownership processes

Process Factor (Costs related to managing and administering equipment & instrument
ownership processes)

Acquisition Operation Maintenance Disposition

Needs Assessment | Continuing Education Service Request | Redeployment
Management

Planning & | Inventory / Information | Service Event (PM)| Liquidation

Budgeting Management Management

Vendor  Selection | Compliance Documentation Disposal

(RFP) Management

Financing Consumables Data Management Waste Management

Management

Implementation /| Asset Tracking /| Retirement Management | Donation

Training Utilization

Strategic Sourcing | Department Management | Engineering / IT /| Facilities
Facilities

Enterprise Asset & Service Management System Costs - Software, Hardware, Implementation and
Support

Source: Martinko-Thermo fischer scientific, 2010
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1.2 Product Factor

The product factor is mainly related to direct costs and becomes easier to quantify
because it is usually included in the budget. It concerns the pricing of the analytical platform,
the reagents and consumables necessary for its operation, the practical working time
consumed by the laboratory staff and the costing of services. The secondary indirect cost is
the cost of the laboratory staff, who manage the equipment (Table 2).

Table 2. Costs related to owning instruments and equipment

Product Factor (Costs related to owning

instruments & equipment)
Acquisition | Operation Maintenance Disposition
Equipment Education / Training | Cost of Repairs Cost of Disposal
Purchase Costs
Price
Financing Accessories Cost of Preventative | Storage Costs
Costs Maintenance
Installation Consumables Service Contract Costs | Revenue from Sale /
Costs Auction
Qualification | Upgrades / Software | On-Demand (Pay-Per- | Write-Offs
Costs Costs Use) Costs

Supplies Parts Costs Taxes

Operator Costs In-House Engineer

Labor Costs
Enterprise Resource Planning (ERP) System

Source: Martinko-Thermo fischer scientific, 2010

A wrong choice of equipment quickly becomes expensive in terms of its operation
due to lost revenue, potential loss of customer-patients, lost productivity, idle worker costs,
administrative labor costs to coordinate repair services, and communication with suppliers,
the possible payment of overtime to make up for lost revenue and the possible purchase of
new equipment (Martinko,2010).

1.3 Productivity Factor

The coefficient of productivity is critical for determining TCO, rational equipment
management, and making strategic decisions regarding the selection of biomedical
equipment. The aim is to improve the efficiency and performance of administrative, clinical
and technical staff and the performance of laboratory equipment.
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Table 3.
Productivity Factor (Costs related to benchmarking and measuring Key Performance
Metrics)
Acquisition |Operation Maintenance Disposition
Cost per Uptime /  Downtime
Purchase Clinical Operator{(Elapsed Time To
Order Utilization Repair ETTR) # of Idle / Surplus Assets
Cost perl# of DRG's Response Time # of Assets Redeployed
Invoice
# of Assets|# Of Samples per Lab|Mean Time To Repair # of Assets Sold
by Technician
Manufacturer
# Of AssetgAsset Utilization Same Day Fix Rate
by
Equipment
Modality
Training Time PM Completion Rate
Mean Time Between|In-House Labor
Failure Utilization
Enterprise Asset & Service Management System Functionality - Capture Data and Generate
Reports

Costs related to benchmarking and measuring key performance metrics

Source: Martinko-Thermo fischer scientific, 2010

The main indirect costs related to the factor of productivity include factors such as
longevity of the product or service, energy consumption, installation costs, regular
maintenance, repairs, upgrades, staff training, efficiency of the analytical platform, the TAT
turnaround time and delivery of results, the menu of biomarkers available to the analyst, the
reliability of the results produced by the analytical platform, the safety criteria, the ease of
use, the capacity for technological modernization, and the personnel costs that must be
evaluated for new installation_(Hocket et.al., 2011 and Dabbs, 2017).
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Figure 2.

Total Cost of Ovvnership: In-House Maintenance VModel vs.
Outsource Asset & Service Management VMiodel

Typical In-House

Process Factor
/[:roductivity Factor
Indirect Costs Bernneatl

thhe Surface

Direct cost is only the tip of the iceberg

Source: Martinko-Thermo fischer scientific, 2010

The coefficient of productivity depends on effective benchmarking with past
performance, productivity and comparison with other laboratories and organizations. The
organization must identify critical success factors that must be put in place to achieve any
specific performance metric goals.

The total cost of ownership of medical equipment often significantly exceeds the
acquisition price, and therefore TCO appears to be the appropriate method for evaluating
analytical platforms intended for in vitro laboratories. It has been pointed out that the
purchase price can amount to only 20-25% of the total cost of ownership (Hospodkova et.al.,
2018).

2. literature review

2.1 Morphonios-Nierseen research study/outcomes

The studies (Morphonios et.al.,2014) and (Nierseen et.al.,2015) used a questionnaire
survey on TCO as a total cost calculation process in the selection of an analytical platform. In
completing the questionnaire (Table 4), 155 health care facilities and 21 hospitals took part
(In total, 13 questions were asked in the survey). The acquisition cost in this study, includes
the cost of the equipment, supply, the cost of auxiliary equipment, inspections, sales
contracts, technical documentation and information from existing medical facilities were used
as data sources. The_operating costs include manufacturing costs, testing costs, training and
technical support.

The energy cost was calculated based on device parameters (duration of active device
operation, maximum electrical power of the device and the average price of electrical energy
over the last 5 years). Personnel costs were calculated based on the standard number of
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personnel and assays. Personal costs include mandatory employer contributions. The
operating cost was calculated as the sum of all the above elements.

Maintenance costs were calculated based on technical service documentation for the
last 5 years while the cost of medical examinations required according to equipment logs. No

Question Response  Count Percent
Do you assess the operating cost of the medical yes 17 81.0 %
device before purchasing it? 1o 4 19.0 %
Do you assess the operating cost of a given medical yes 13 61.9%

device 1n a retrospective review after a certain

. no 8 38.1%
period of use?
Do you know what Total Cost of Ownership (TCO) yes 7 33.3%
method consists mn? no 14 66.7 %
Do you have an overview of the operating cost of yes 15 71.4%
individual devices in your healtheare facility? no 6 28 6 %
Do you have any idea how much 1t will cost to yes 10 47.6 %
dispose of individual devices at the end of their life
cyele? no 11 52.4%

production costs identified, which usually include production losses, quality costs,
environmental costs.

Table 4.
Survey questionnaire

Source: Hospodkova, 2018, p.5

The first place in table 4 is occupied by the price of the device, second in line was the
one related to the technical specifications, followed by: supplier service, the quality of the
services provided and last but not least, the brand of the device.

Eight health care organizations suggested full service. The contract must be subject to
serious negotiation to ensure a guarantee of technical service and the trouble-free operation of
the equipment as well as the choice of the equipment supplier. The results of the study show
that these items were in the third place in the order of importance for the TCO calculation of
the equipment, which are usually included in the operating costs (Heilala,2006).

The conclusion of this study showed that the TCO calculation method of the medical
equipment was unknown to most of the respondents and that the decisions were made based
on the purchase price of the medical equipment. The operating costs over five years for the
devices selected for the case study are comparable to their purchase price.
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2.2 Gontard & Cie Group research study/outcomes

In the study by the consulting company Gontard&Cie Group, a total cost of ownership
(TCO) analysis was carried out, comparing Abbott's Alinity ci automated analytical platform,
with other analytical platforms from healthcare diagnostic companies Beckman, Coulter,
Roche and Siemens.

Four independent laboratories were selected to participate in this study based on their
size, the available assays on their menu, the installed analyzers and the annual assays
consumption volumes.

Laboratories performed clinical chemistry and immunoassay testing for 30 analytes,
160 samples, developed a STAT emergency sample testing protocol, using a number of
quality control and patient samples (134 tubes as routine samples/1,270 tests, 32 STAT
tubes/180 tests). The urgent samples were processed to the analyzers at the same time in all
laboratories with similar standardized protocols on five different analytical platforms from
Abbott, Beckman Coulter, Roche and Siemens. Four main parameters of the TCO were
examined:

» analyzer maintenance time
* sample processing time
* electricity consumption

» assays linearity interval

2.2.1 Gontard & Cie Group study results

Maintenance Time: The Alinity ci analyzer performed better than the other analytical
platforms (Chart 1) in terms of both analyzer downtime and the number of staff hours
required to perform maintenance. The Alinity ci series required 41%, 50%, 56% and 37%
less annual maintenance time respectively compared to the other analytical platforms.
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Chart 1.

Annual maintenance time on all analytical platforms (hours/time)

Source: P.C.G.Gontard, L.I. Stankevich, B.G. Gorodetsky, 2018

Processing time: The Alinity ci series processed 172 tubes in 107 minutes, which
was 4.5%, 14%, 39%, and 18% faster than Beckman Coulter, Roche, Siemens, and Abbott
Architect analyzers, respectively (Chart 2) .

ANNUALIZED MAINTENANCE (hours per year)

Alinity ci-series
ARCHITECT ¢i8200
Beckman Coulter AU2700/Dx| 800

321

Roche cobas 8000

Siemens ADVIA 1800/Centaur XP 309

366

o] 50 100 150 200 250 300 350 400

M Human time (hours) Instrument time (hours) Total time (hours)

Chart 2.

Processing speed (throughput) of analytical units (Peak period)

Source: P.C.G. Gontard, L.I. Stankevich, B.G. Gorodetsky, 2018
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Processing dynamics: The Alinity ci series achieved the fastest peak performance
time (Peak Performance - dotted lines) while the Roche Cobas 8000 platform had the fastest
processing speed, up to the first 130 samples, which then reached a "saturation™ effect system
(Chart 3).

Chart 3.

Dynamic sample processing on all analytical platforms

DYNAMICS OF RESULTS
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Source: P.C.G. Gontard, L.I. Stankevich, B.G. Gorodetsky, 2018

STAT processing: Assays were used with emergency profile tests such as Troponin-
T and B-hCG. For all STAT assays, Alinity ci-series and ARCHITECT ci 8200 platforms had
lower processing times compared to Beckman Coulter Platform AU2700 / DxI1800 and Roche
cobas 8000, while similar times were found for STAT processing of Creatinine, AST and
ALT on the four analytical platforms (Chart 4).

Chart 4. Average STAT time per test comparison for each platform

AVERAGE STAT TEST PROCESSING TIME
25:35

22:43
19:50
16:57

14:04

1m:1

8:19

5:26

ll | I ] I ] I
Urea Na

Creat K Cl GLU AST AlkP ALB ALT BiliT TotProt TROP B-hCG

Ml Alinity ci-series ARCHITECT ¢i8200 M Beckman Coulter AU2700/Dxl 800 M Roche cobas 8000

Source: P.C.G. Gontard, L.I. Stankevich, B.G. Gorodetsky, 2018
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Power consumption: The Abbott Alinity ci-series platform consumed 75%, 76%, 79%, and
53% less power, respectively, than the Roche, Beckman Coulter, Siemens, and Abbott
ARCHITECT platforms (chart 5).

Chart 5.

ELECTRICITY CONSUMPTION

20,000 17,078
BTU 15,013
14,299
BTU BTU
15,000
w
w 5
= -£ 10,000 7,680
— E ’ BTU
= 3,639
s,000 —————— BFY——
o J
[ | Alinity ARCHITECT I Beckman B Roche M Siemens
ci-series ci8200 Coulter cobas 8000 ADVIA 1800/
AU2700/ Centaur XP

Dxl 800

Electricity consumption by each analytical platform

Source: P.C.G. Gontard, L.I. Stankevich, B.G. Gorodetsky, 2018

Assay Linearity: In addition, the linearity range on each analytical platform was evaluated as
a key factor in operational performance (Charts 6-9). The reduced linear scale of the tests
creates additional replicates and dilutions that have a negative impact on the expected time to
deliver a result to patients while doubling the cost of analyzing samples for the laboratory.

Table 5. Linearity of control sample measurements

Analyte Platform c1 = c3 c4 =1 ce
ALT Abbott Alinity ci-series 9.2 220 433 644 852 3,271
Abbott ARCHITECT ¢i8200 9.5 221 430 644 854 3,561
Beckman Coulter AU2700/Dxl 800 8.5 205 404 637 859 3,677
Roche cobas 8000 7.0 198 350 578 788 3,345
Siemens ADVIA 1800/Centaur XP 9.5 223 434 639 849 3,270
AST Abbott Alinity ci-series 6.4 213 416 618 818 3,634
Abbott ARCHITECT ¢i8200 6.8 209 411 613 813 3613
Beckman Coulter AU2700/Dxl 800 7.0 216 422 621 844 4,017
Roche cobas 8000 4.5 210 4an 606 814 3,642
Siemens ADVIA 1800/Centaur XP 9.0 217 425 628 838 3,551
AlkP Abbott Alinity ci-series 5.9 s18 1,014 1,506 1,978 3,972
Abbott ARCHITECT ¢i8200 5.8 542 1.060 1,573 2,066 4,188
Beckman Coulter AUZ700/Dxl 800 <s 582 1,141 1,781 2,375 4,808
Roche cobas 8000 4.0 410 792 1,161 1,564 2,091
Siemens ADVIA 1800/Centaur XP 3.0 429 803 1,167 1,555 3,130
Ayl Abbott Alinity ci-series 6.3 746 1,478 2,197 2,904 6,119
Abbott ARCHITECT ¢i8200 6.5 762 1,505 2,251 2,967 6,258
Beckman Coulter AU2700/Dxl 800 6.0 647 1,305 2,019 2,688 5,571
Roche cobas 8000 5.0 600 1,167 1,767 2,413 4,983
Siemens ADVIA 1800/Centaur XP 6.0 637 1,193 1,722 2,310 N.R.
C = con tion of the control samples in U/L, with increasing conc ion of analytes from C1 through C6

esphatase; Amyl = amylase: N.R. = ne result

Source: P.C.G. Gontard, L.I. Stankevich, B.G. Gorodetsky, 2018
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Chart 6. Measurement of the linearity of the quality control samples at various concentrations of ALT
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Source: P.C.G.Gontard1, L.I. Stankevichl, B.G. Gorodetsky, 2018

Chart 7.
Measurement of the linearity of the quality control samples at various concentrations of the AMYL
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Chart 8.

Measurement of the linearity of the quality control samples at various concentrations of the AST

Source: P.C.G.Gontard1, L.I. Stankevichl, B.G. Gorodetsky, 2018

ALT
4,000

3,500
3,000
2,500
2,000

1,500
1,000

500

Level 1 Level 2 Level 3 Level 4 Level S Level &

— AlINTY ARCHITECT Beckman Roche Siemens
ci-series ci8200 Coulter AU2700/Dxl 800 cobas 8000 ADVIA 1800/Centaur XP

info@icrbmf.org www.icrbmf.org




6thInternational Conference on Research in s —
BUSINESS, MANAGEMENT, and FINANCE

22 - 24 September, 2023 Barcelona, Spain

Chart 9. Measurement of the linearity of the quality control samples at various concentrations of the ALKP

Source: P.C.G.Gontard1, L.I. Stankevichl, B.G. Gorodetsky, 2018
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Overall, the results of the Gontard & Cie Group study regarding the operational
performance indicators of the analysts are presented in table 6 below, while tables 7-10 of the
study, is illustrated a holistic presentation of the factors affecting the final cost in the
biopathology laboratory.

Architect Beckman Coulter | Roche Siemens
Alinity ci Platform €8200 AU2700/Dx800 cobas ADVIA
8000 1800/

Centaur

XP
Alinity ci xpévog cuvtipnong -37% -50% -41% -56%
Alinity ci ypovog emelepyaciog -18% -4.5% -14% -39%
Alinity ci nkektpikn KoTavaAwmon -53% -719% -716% -75%

Table 6.

Summary of superiority of TCO factors for the Alinity ci analytics platform (The negative sign indicates
superiority)
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Source: P.C.G. Gontard, L.I. Stankevich, B.G. Gorodetsky, 2018

In the same study by Gontard & CIE Group, a comparison of the traditional
calculation of the costs of the in vitro laboratory with the modern approach of TCO was
attempted (Table 7).

Comparison Traditional cost Total cost (TCO)
Supply costs of consumables
and reagents v v
Calibrators and quality control
samples v v
Equipment cost analysis
v v
v v
Operating Costs
Maintenance equipment time &
employment of staff for the
purpose v
Cash flows v v
Staff training to improve
operational performance v
Calibration, QC, Reagent
loading v

Table 7.

Laboratory functions affecting the final cost

Source: P.C.G. Gontardl, L.I. Stankevichl, B.G. Gorodetsky, 2018
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Comparison Traditional Cost Total Cost (TCO)
Assay linearity limits on
analytical  platforms  will
play an important role in
avoiding repeat-dilutions for
patient samples that exceed v
assay linearity scale limits
Ease use of the equipment

Real-time data analysis and
elevates the laboratory as a
decision support center 4
KPI improvements

Job satisfaction v

Table 8.

Laboratory functions affecting the final cost (continued)

Source: P.C.G. Gontardl, L.I. Stankevichl, B.G. Gorodetsky, 201)

Comparison Traditional Cost Total Cost (TCO)
Necessary CDC
standardization protocols
that optimize workflow
and ensure indirect
revenue for the laboratory 4
Space saving benefits. The
use of the space translates
into an increased volume
of  examinations  and
utilization ~ for  others. 4
Laboratory activities,
which increase the
incomes
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Optimal inventory
management, e.g. priority
in the use of reagents and v
consumables with a close
expiration date

Table 9.

Laboratory functions affecting the final cost (continued)

Source: P.C.G. Gontardl, L.I. Stankevichl, B.G. Gorodetsky, 2018

Comparison Traditional Cost Total Cost (TCO)
Turnaround time (TAT-
Peak Performance type)
leading to resource
utilization and laboratory v
efficiency and ultimately
improving  the  service
provided by clinicians
Time (Startup time) required
to start processing the v
analyzer
Cost of consumables, waste
management. Waste
management is estimated to
account for 30% of total v
healthcare costs
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Quality six sigma results
through the selection of
appropriate diagnostic
instruments &  assays v
specifications

Table 10.

Laboratory functions affecting the final cost (continued)

Source: P.C.G. Gontardl, L.I. Stankevichl, B.G. Gorodetsky, 2018

2.3 Francis et. al. study/outcomes

A parallel reference to the study (Francis et. al., 2009; Li, L. et. al., 2015), conducted
in 4 Australian hospitals over a period of 2 months (August and September) and 4 years
(2008-2011) aimed to investigate the relationship between laboratory tests (including test, test
volume), time to completion (TAT) and length of staying (LOS) in the emergency department
(ED). The study was presented at the Australian Conference of Applied Statistics,
Queenstown, New Zealand, December 2012 and sponsored by the Australian Government
Department of Health entitled: Quality use of the Pathology program. In this particular study,
the ED (Emergency Department) strategy was to reduce patient length of stay and hospital
occupancy by encouraging physicians to use assays selection boards to order tests based on
patient symptoms.

Conclusions: As the number of tests requested increased, so did patients' ED LOS
(Length of staying).

-For every five additional tests ordered, average ED LOS increased by 10 minutes
(2.9%)

-A 30-minute increase in TAT time was associated, on average, with a 5.1% (17
minute) increase in ED LOS.

Consequently, laboratory TAT, patient numbers, and test volume affect ED LOS.
Targeted increases in ED resources and staffing may also help reduce ED LOS. Patient
crowding in EDs causes saturation and has been shown to lead to medical errors that lead to
increased mortality and decreased health care organization reputation and potential financial
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impact. The results of this study are crucial for diagnostic work-up and patient management
decisions, and therefore potentially have a significant impact on patient flow in the ED.

Complementary research: The issue of the association of TAT with average patient
ED LOS is also discussed in the simulation study conducted by Storrow et. al. (2008). This
particular study used a sophisticated simulation model for ED involving 55,000 patients.

Data were generated using an analytical system modeling and simulation approach
over 90 separate days from December 2, 2007, to February 29, 2008. The model was a
continuous simulation of ED flow, based on real-time patient data. A comparison of
laboratory results was attempted at 120, 100, 80, 60, 40, 20 and 10 minutes.

1st Outcome: Reducing TAT could improve performance in emergency departments
and subsequently reduce patient waits in specific hospital departments. An average 30-minute
increase in TAT time resulted in a 17-minute increase in patient attendance ED LOS (Chart
10-11).

2nd Outcome: As laboratory turnaround time decreased from 120 to 10 minutes, the
total number of diversion days (maximum 57 at 120 minutes, minimum 29 at 10 minutes),
average diversion hours per day (10.8 hours vs. 6, 0 hours), percentage of days with diversion
(63% vs. 32%), and mean ED LOS (2.77 hours vs. 2.17 hours)

gradually decreased, while mean daily throughput (104 patients vs. 120 patients) increased
(Table 11). Calculations were made with at least 85% accuracy. This simulation model
suggests an exciting improvement in the efficiency of EDs by reducing the time to complete
laboratory results.

The Effact of Decreasing Lab Turnaround Time on ED Efficizncy Measures
Simulated TAT Total Diversion Average Diversion Average Patients Seen./ | EDLOS
{Minutes) Days {Hours) Diwersion Days (%] Day {Hours)
120 57 10.8 53 103.51 217
100 56 11.0 52 106.7 16
] 43 oo 34 110.02 2.43
&0 i2 BES 47 113.52 .27
40 33 6.8 37 116.98 217
20 30 6.2 33 119.88 217
10 24 6.0 32 120.08 .17

Table 11. The effect of reducing TAT from 120 to 10 minutes on ED performance

Source: Storrow et. al., 2008
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Chart 10.
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Source: Storrow et. al., 2008

The National Academy of Clinical Biochemistry further recommends that the turnaround
time for cardiac stat testing should be 1 hour or less. Institutions that cannot provide this
consistently should implement point-of-care devices.

Unfortunately, there is a lack of well-designed assays that have addressed clinical and
patient-oriented outcomes. This disadvantage, namely the generally higher cost of point-of-
service testing, administrative implementation hurdles, and the difficulty in performing the
required size testing support the initial use of a robust simulation model (Storrow et. al.,
2008).

Chart 11. The effect of TAT processing time on ED LOS rate

ED LOS

120 100 2 &0 40 20 10
Source: Storrow et. al., 2008
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According to the article Li, L. et. al. (2015) several strategies have taken place, such as
improving pre-analytical procedures in specimen management and automation resulting in
improved test turnaround time and a significant reduction in LOS in the ED (Chart 12). TAT
for any hospital service is related to hospital time and resources.

Chart 12.

Mean LOS (x-axis values are the 25th, 50th, 75th, 90th, 95th, and 99th percentiles of TAT) for patients aged 31
to 50 years in EDs between 1-7 AM.
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Source: Li, L. et. al., 2015

3. RESEARCH OBJECTIVE, METHODOLOGY AND DATA ANALYSIS

3.1 Research Strategy

A targeted survey was conducted in order to find out the beliefs of healthcare
professionals about the acceptance or not of applying the philosophy of total cost of
ownership TCO in the selection of in vitro analytical system. Executives and staff from
public and private in vitro Greek laboratories as well as health professionals from diagnostic
companies participated in the specific research. The study was carried out using a
questionnaire, which included the demographic characteristics of the population that took part
in the research as well as questions that make up the standard model of the total cost of
ownership.

3.2 Sample Characteristics and Applied approach

109 responses were given, while the survey participants had the following
characteristics: 38.5% were employed in the private sector, 33% in public in vitro
laboratories, while 28.4% were experienced executives of diagnostic companies with
particular activity in the field of in vitro laboratories (Chart 13).
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Chart 13.

Sector of employment of the respondents

m Private lab
m Public lab

® Diagnostic
company

Regarding their level of education, the vast majority of the public at 96.3% have a
higher level of education (Chart 14) with 70.6% being between 41-60 years old, 21.1%
between 26-40 years old , 6.4% over 61 and just 1.8% under 25. A percentage of 72.5% was
a member of an organization with more than 100 employees, 14.7% were employed in an
organization of 30-100 employees, 10.1% in smaller organizations of 10-30 employees, while
only 1, 8% corresponds to a laboratory with a staff of less than 10 people.

Chart 14.

3.7%

m Higher Education

= Professsional
education

Level of education of the respondents
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The majority of respondents held important positions, which allows them to make
strategic decisions on the selection of biomedical equipment for their in vitro laboratories or,
in the case of commercial diagnostic companies, to make sells of biomedical equipment using
the Total cost of ownership criteria.

The aim of the research is to investigate if there is a potential of the selection of an in
vitro laboratory equipment and specifically a biochemical/immunological analytical platform,
using the criteria of the total cost of ownership seriously considered not only the direct
financial costs arising from the pricing of the reagents, the consumables, and the equipment
but also the indirect operating costs of the analytical platform throughout its lifetime.

4. Findings

The basic question, which concerns exclusively the visible economic cost concerning
the pricing of reagents (Chart 15), consumables, purchase or loan of the equipment as the
main factor, which will determine the choice of equipment of the in vitro laboratory is
positively addressed - the 53, 2% state 'fairly’, 20.2% 'A lot' and 7.3% 'Too much' - as the
percentage appears particularly high and indicates a passive attitude towards the adoption of
TCO and a short-term perspective direction of the equipment and of the laboratory budget. Of
course, it should be emphasized that this question only includes financial cost as a selection
factor.

Chart 15.

The financial cost as an exclusive factor for selecting equipment

1.8%

= Not at all

m Alittle

= Fairly

= Alot

= Too much

It would be of particular value to illustrate the difference in philosophy that dominates
the public laboratory, private laboratory and also among professionals of diagnostic
companies in the sector. In the diagram below, the vertical axis shows the number of
participants in absolute percentages, while the horizontal axis shows their score regarding
pricing as the main decision factor.
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Chart 16.

Financial cost as a main factor in equipment selection
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Participants Percentages

In the private sector, 61.90% answered 'Fairly' and seems to take pricing seriously as they
seek short-term immediate profits that will support the costs of the lab and potentially provide
additional financial benefits to their management. Despite this, only 11.9% rated it from 'A
lot' to 'Too much'. The corresponding percentages in the public laboratory are: 47.22% 'fairly’
and 36.11% from A lot' to 'Too much’, while in the diagnostic companies they are: 48.39%
fairly' and 38.71% from 'A lot' ' to "'Too much'.

The encouraging fact for the TCO philosophy, is that when the indirect costs resulting from
the choice of an analytical examination platform throughout its life are clearly stated (Chart
17), the majority of respondents seem to answer positively, and indeed with an overwhelming
percentage of the order of 86.2% on the grading scale from ‘fairly’ to "Too much'.
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Chart 17.

The indirect costs in the choice of analytical platform

2.8%

= Not at all
m A little

= Fairly

= Alot

= Too much

As shown in Chart 18 below, particular importance is attached to the indirect costs of
operating the analytical platform throughout its lifetime in both the public and private sectors
with corporate healthcare professionals to follow. 83.34% of the public sector, 88.11% of the
private sector and 87.11% of diagnostic companies are classified in the category from 'fairly’
to 'Too much'. The percentages with a rating from 'A lot' to "Too much' are of particular
importance. The corresponding percentages are 30.56% for the public sector, 45.24% for the
private sector and 45.16% for companies in the health diagnostic sector.

Chart 18.

The importance of indirect costs
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In addition, questions were asked that refer to the quality characteristics of the tests
and the reliability of patient results, and whether these are related to the indirect costs
generated by the operation of the analytical platform (Charts 19-22). The public participating
in the survey considers that the quality of the tests as well as the reliability of the clinical
results to be parameters for determining the total cost of the laboratory burden. The quality
specifications of the tests remove the risk of increasing tests, their repetitions and dilutions
due either to their limited linearity or to the sensitivity of the analytical instrument.

Chart 19.

The quality of assays as one of the TCO selection criteria

0.9% ,2.8%
s
= Not at all
m A little
m Fairly
= Aot
= Too much
Chart 20.
The linearity of assays as one of the TCO selection criteria
m Not at all
= A fittle
m Fairly
= A ot

m Too much
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Chart 21.

The reliability of patient results

= A lot

= Too much

39.4%

Chart 22.

The effect of assays quality on the budget of the health care organization

é

The clear question of whether to choose new equipment for the laboratory based on the TCO
could optimize the laboratory budget, receives a clear response from respondents in favor of
applying TCO and indicates a clear attitude towards effective analyzer selection. From the
97.2% who move on the grading scale from ‘fairly' to 'Too much’, a particularly significant
percentage of 59.6% categorically believes that in the long term the application of TCO in the
selection of laboratory analytical equipment contributes decisively to the reduction of
expenses of the in vitro laboratory and broadly in the budget of the health organization.

= Not at all
= Alittle

= Fairly

m Alot

® Too much
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Chart 23.

The TCO in relation to the budget of the in vitro laboratory

= Not atall
= A fittle

m Fairly

= Aot

=m Too much

They do not focus on the cost of procurement of reagents, consumables, equipment but carry
out a full investigation of the capabilities of the equipment while looking in depth at factors
that determine the total cost of ownership TCO, which could provide qualitative as well as
quantitative added value to the laboratory. In chart 24 below, is attempted a comparison
between the views prevailing in the different health sectors on the effect of the total cost of
ownership.

Chart 24.

Impact on the laboratory budget
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97.22% of the public sector, 97.61% of the private sector and 96.78% of diagnostic
companies are classified in the category from ‘fairly' to 'Too much'. The percentages with a
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score from 'A lot' to "Too much' are 52.78% for the public sector, 69.04% for the private
sector and 54.84% for companies in the health diagnostic sector.

In the corresponding question (diagram 25), as indicated by the percentages of 75.2%
with a rating from "fairly’ to "'Too much’, the effect of the total cost of ownership TCO on the
stay of patients in outpatient clinics or inpatient clinics is considered critical. The research
method of Francis et. al. (2009), by Li, L et al. (2015) and Storrow et. al.(2008), in which the
significant effect of results processing time on reducing waiting, emergency department
decongestion and patient hospitalization was determined.

Chart 25.

Effect of TCO on patient stays in emergency department and inpatient clinics

= Mot at all
= A little

u Fairly

= A lot

u Too much

Despite this, a percentage of 42.2% considers the effect of TCO on the stay of patients in
outpatient clinics or clinics to be critical, while a significant percentage of 24.8% does not
believe that the total cost theory could have an important role in decongesting nursing
institutions.

In the question of whether the total cost of ownership could contribute to the budget
of the wider health organization, an overwhelming percentage of 96.4% with a rating from
fairly' to "Too much', respond positively (Chart 26).
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Chart 26.

Contribution of TCO to the budget of the wider health organization
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The previous question is specialized, and we are looking for the approximate percentage of
participation of the TCO in the budget of the health organization. Specifically, from the
analysis of the relevant responses depending on the health agencies participating in the
research, the following Charts 27 and 28 emerge:

Chart 27.

Percentage of TCO participation in the total budget of the health organization
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Chart 28.

Contribution rate of TCO to the overall budget of the healthcare organization
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The contribution rate of TCO to the health organization's budget prevails by 60-80%
with the designation 'A lot' and also the designation ‘fairly’ with a percentage of 40-60%,
while there is also a public that declares 20-40% to the effect of TCO in the budget of the
health organization's budget, which is in line with the 24.8% who in a previous question
considered the impact of the total cost of in vitro laboratory equipment on the effective
management of patients in outpatient clinics and inpatient clinics as not critical. In the public
laboratory, 30.56% consider that TCO contributes 40-60% to the health organization's
budget, while only 11.11% contribute 60-80%. In the private sector, 30.95% answer 60-80%
while there is also a calculable percentage of 19.05% that appears true to the TCO philosophy
as it chooses the effect of 80-100% on the overall budget of the health organization. Health
professionals, who work in diagnostic companies in the sector rated 60-80% in 41.94% and
80-100% in 3.23%.

The total cost of ownership as a decision mindset for the selection of analytical
equipment could positively affect the laboratory budget and the overall budget of the health
organization as well as qualitatively upgrade laboratory practices.

Regarding the deactivation of the analyzers (Downtime) either due to a mechanical
problem or due to preventive maintenance, we find the universal acceptance of the public,
which clearly considers that the deactivation time of the analyzers is an obstacle to the proper
operation and efficiency of the laboratory (Chart 29). The operational reliability of the
analyzer and the effective intervention and response of the clinical engineering team are
essential elements of the TCO and are decisive for the normal operation of the laboratory.
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Chart 29.

The efficiency of the laboratory depending on the deactivation time of the analyzers
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The opinion that the training of the operators is a crucial factor in the proper operation and
promotion of the laboratory work is also received by very large percentages. Training should
be provided in an organized manner to new staff and be a dynamic and methodical process
for all laboratory workers as equipment changes, software upgrades are made, resulting in
new capabilities being created (Chart 30).

Chart 30.

The role of operator training in the efficient operation of the laboratory
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In the research study, there are two questions about the waste generation of the analyzers
(Charts 31-32). It is investigated whether the production of waste come from
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the analytical platform - an element mentioned in the specifications of the analytical platform
- creates costs for the laboratory but also affects the environmental footprint and the
reputation of the laboratory. It is a fact that the procedures required for the collection and
subsequent inactivation and deactivation of waste is a costly process. In addition, in an era of
environmental awareness and the promotion of sustainable business development, the effort
to reduce the environmental footprint is viewed very positively by the community.

Chart 31.

Environmental footprint and reputation of the laboratory

= Not at all
m A little

m Fairly

= A lot

= Too much

Despite suggesting an agreement that the amount of waste generated by the analyst could
influence the decision to choose an analytical platform looking for the details we can
distinguish a respectable percentage of 30.3% that does not take into account in the selection
decisions, the waste factor generated by the analytical platform.
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Chart 32.

The waste generation from the analytical platform as a selection criterion
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As illustrated in Chart 33 below, agreement is found on the general question of whether total
cost of ownership is an evidence-based approach to calculating total cost.

Chart 33.

According to survey participants, TCO is a documented approach to calculating total cost
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The vast majority of respondents (91.7%) indicate as significant the difference resulting from
the analysis of the direct economic costs related to the pricing from the corresponding
analysis of the total cost of ownership TCO, which also contains the indirect costs (Chart 34).
The total cost of ownership TCO is accepted as an evidence-

info@icromf.org www.icrbmf.org




6™ International Conference on Research in - S
BUSINESS, MANAGEMENT, and FINANCE

22 - 24 September, 2023 Barcelona, Spain

based approach to calculating total costs and as an indicator of the development of the
laboratory's reputation in the hospital and in the wider healthcare field.

Chart 34.

The difference between the economic cost analysis and the analysis containing the indirect costs of the
biomedical equipment was judged

-

83.4% from ‘fairly' to 'Too much' in the following poll state that the total cost of ownership is
an indicator of the development of the reputation of the laboratory in the hospital and more
broadly in the field of health (Chart 35).

Chart 35.
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TCO as an indicator of the development of the reputation of the laboratory
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Saving space receives a positive response of 86.2% on a scale from 'fairly' to "Too much’
(Chart 36).

Chart 36.

Saving space improves the KPI of the laboratory
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The response of the public proves that saving space is an important advantage of the
laboratory as it creates the conditions for its utilization and exploitation, for further laboratory
activities. In addition, it can be used to install additional analytical systems resulting in
reduced sample processing and result delivery time while enabling the laboratory to develop
a full test menu that processes new biomarkers and test methodologies.

Especially the public of private laboratories is characterized by its warm response
regarding the saving of space as an important criterion for choosing an analytical unit
(diagram 37). 80.55% of the public sector, 92.86% of the private sector and 92.86% of
diagnostic companies are classified in the category from ‘fairly’ to 'Too much'. The
percentages with a score from 'A lot' to "'Too much' are 33.33% for the public sector, 50% for
the private sector and 41.93% for companies in the health diagnostic sector.
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The size of the analytical unit as a decision criterion
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The total cost of ownership is an added value for the laboratory as stated by 94.5% of
the respondents on a scale from ‘fairly’' to "Too much' (Chart 38).

Chart 38.

The adoption of TCO in the selection criteria is an added value for the laboratory
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Chart 39.

TCO as additional value in different health sectors
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The total cost of ownership is recognized as an added value as shown in Chart 39 with
a rating from ‘fairly' to 'Too much' with percentages of 88.89%, 100%, 93.54% in public,
private and diagnostic health sector respectively. With a rating from 'A lot' to 'Too much' they
answered with percentages of 71.93%, 74.19%, 44.45% in private, diagnostic and public
sector respectively.

In addition, the terms included in the contracts for maintenance, repair of the
equipment, additionally participate in the total cost of ownership TCO as highlighted by the
audience with their answers (Chart 40).
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Chart 40.

The terms in the maintenance contracts
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The arrangement and organizational flexibility offered by TCO can ensure the job
satisfaction of the employees in the laboratory based on the responses of the public. However,
there is also a significant percentage of 29.4% who do not agree and have their own criteria
regarding job satisfaction (Chart 41).

Chart 41.

Work satisfaction and TCO
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The Total Cost of Ownership model invests heavily in improving TAT (Turnaround
time). Reduced results processing times allow for shorter hospital stays and the selection of
appropriate treatment protocols (Chart 42).
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Chart 42.

The effect of TCO on the processing time of the results
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The following Chart 43 shows the differences in the answers to public, private and
health sector professionals. In the public laboratory, 66.67% of respondents rate from ‘fairly’
to 'Too much' that the effect of TCO on results processing time is critical. Accordingly, in the
private sector the percentage is 88.09% while in the diagnostic companies of the sector it is
87.1%. It should be noted that in the question regarding the turnaround time a particularly
positive attitude is recorded by the private sector respondents as 64.28 % answers from ‘A lot'
to 'Too much'. 'A lot' to 'Too much' is chosen by approximately half of the health
professionals of diagnostic companies (54.84%), while the corresponding percentage in
public laboratories is smaller compared to the rest of the sectors and approaches 33.34%.
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Chart 43.

Effect on Turnaround time
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A percentage of 66.1% from 'fairly' to 'Too much' believe that quality management,
including internal and external quality control as well as accreditation of tests with ISO
15189 standards could ultimately in practice reduce the overall cost for laboratory (Chart 44).
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Chart 44.

Management based on standards and quality control
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It is considered necessary to implement standardization protocols of laboratory and
non-procedures within the framework of TCO in order to optimize the workflow. It is
necessary to develop and adhere to staff guidance standards (Chart 45). Respondents who
have the opposite opinion are expressed with zero percentages.

Chart 45.

Standardization protocols within TCO

<

In the context of the questionnaire, it was requested to give the value - with values
from 1-5 corresponding to a scale from 'Not at all' to 'Too much' - corresponding to the
parameters in table 12. Some of the most important criteria of the total cost of ownership are
set to be evaluated in the table below, regarding the rating of the TCO parameters.
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Table 12.

Rating of the value of the parameters that determine the total cost

Value of TCO | Notatall=1 Alittle=2 | Fairly=3 Alot=4 Too
parameter much=5
Cost of purchase of |1 7 38 33 30
analyzer

Price of reagents and | 1 2 21 50 35
consumables

Power consumption 3 16 42 30 18
Possible deionized water | 0 20 44 29 16

production systems and
the relative water
consumption

The quality of assays | 1 5 13 34 56
(dilutions,  repetitions,

reliability)

Waste production 1 26 42 26 14
Optimal Inventory | O 15 31 41 22
Management

Standardization of | 2 11 22 43 31
procedures

Turnaround time 5 8 16 30 50
Analytical unit | 3 11 14 36 45

processing speed

The numerical values of table 12 represent the number of respondents in absolute
value and their scores in the variables of the table.

The purchase cost of the analyzer as well as the pricing remain traditionally calculable
parameters. With a score of 3 ('Fairly’) the cost of possible water production systems and its
consumption, the electricity consumed by the analyzer, the generation of waste and the
purchase cost of the analyzer are selected by the public. With a score of 4 ('A lot') in the value
of the parameter we distinguish the prices of reagents and consumables, the quality of the
tests, the optimal inventory management, the standardization of the procedures, the
processing speed of the analytical unit with most people choosing the pricing. With a score of
5 ('Too much') we can distinguish the quality of the exams, the expected time of receiving the
results, the processing speed of the analytical unit, the pricing with a significant majority of
the 56 respondents choosing as the first value the quality of the exams that offers the
analytical platform.

The specific responses are dominated by ratings of 3,4,5 in the TCO criteria, which
indicates that the public understands the benefits to a maximum extent and appears willing to
apply the logic of TCO in the formulation of strategic decisions related to the choice of an
analytical platform.
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The majority of the public 97.2% in the final question of the survey (chart 46) accept
that the total cost of ownership is the most effective approach in the process of selecting
analytical units in an in vitro laboratory.

Chart 46.

Agreement on the effectiveness of the TCO approach

5. Discussion

The overall evaluation in the questions of the personal research study is shown in the
form of percentages, in the following tables 13-16.

Table 13.

Overall question evaluation rates

Questions Not at all A little Fairly A lot Too much
Is the financial cost exclusively | 1,8% 17,4% 53,2% 20,2% 7,3%
(reagents, consumables,

equipment pricing) the main
factor that will determine the
choice of equipment for in vitro
laboratory?

What is the importance of the | 2,8% 11% 45,9% 22,9% 17,4%
indirect costs arising from the
choice of analytical platform?
Could the total TCO cost be | 0,9% 2,8 25,7% 45,9% 24,8%
affected by the quality of the
assays offered by the analyzer?
Do you think that the reliability | 0,9% 1,8% 21,1% 39,4% 36,7%
of patient results is a parameter
for determining the total cost by
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the laboratory?
Could choosing new lab | 0% 2,8% 37,6% 39,4% 20,2%
equipment based on total cost of
ownership (TCO) optimize the
lab's budget?

The linearity of the assays to | 0,9% 15,6% 42,2% 36,7% 4,6%
what extent do you think it
could affect the cost?

Table 14.

Overall question evaluation rates (continued)

Questions Not at all A little Fairly A lot Too much

What is the effect of total cost | 4,6% 20,2% 33% 28,4% 13,8%
of ownership TCO on
outpatient or inpatient hospital
stays?

Could the total cost of | 0% 3,7% 41,3% 34,9% 20,2%
ownership TCO contribute to
the hospital budget?

What percentage (%) of the | 18 individuals | 24 individuals | 28 30 9 individuals
total cost of ownership | answered 0- | answered 20- | individuals | individuals answered 80-
resulting from the choice of | 20% 60% answered answered 100%
analytical system  could 40-60% 60-80%

contribute to the overall
budget of the healthcare
organization you work for?

Is the efficiency of the | 1,8% 9,2% 26,6% 19,3% 43,1%
laboratory affected by the
downtime (either due to
mechanical problem or due to

maintenance) of the
analyzers?
Does operator training | 0% 0% 4,6% 31,2% 64,2%

contribute to the efficient
operation of the laboratory?

To what extent could the | 0% 5,5% 17,4% 42,2% 34,9%
quality  of  examinations
positively affect the budget of
the health care organization?

The production quantity of the | 0,9% 30,3% 39,4% 19,3% 10,1%
waste and consequently its
subsequent inactivation and
deactivation could influence
your decision in choosing the
analytical

Platform?
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Table 15.

Overall question evaluation rates (continued)

Questions Not at all A little Fairly A lot Too much
Do you think that the reduction | 1,8% 10,1% 39,4% 24,8% 23,9%
of waste to be processed
increases the environmental
footprint as well as the
reputation of the laboratory?

Do you consider total cost of | 0% 2,8% 33% 35,8% 28,4%
ownership TCO acceptable as
an informed approach to
calculating total cost?

Do you consider that the | 0% 8,3% 41,3% 37,6% 12,8%
difference coming from the
analysis of the direct economic
cost to be significant from the
corresponding analysis of the
total TCO cost, which also
contains the indirect costs?

Rate total TCO below as an | 0% 16,5% 26,6% 39,4% 17,4%
indicator of growing the
laboratory's reputation in the
hospital and in the wider
healthcare field

To what extent do you think | 0,9% 12,8% 44% 27,5% 14,7%
saving space could improve the
lab's performance KPI?

Please rate total cost of | 0% 5,5% 31,2% 39,4% 23,9%
ownership TCO as added value

to the lab

Are the terms included in the | 3,7% 14,7% 29,4% 33,9% 18,3%

maintenance, repair contracts
of the equipment also included
in the total cost of ownership
TCO?
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Table 16.

Overall question evaluation rates (continued)

Questions Not at all A little Fairly A lot Too much
From the application of the | 2,8% 26,6% 41,3% 21,1% 8,3%
total cost of TCO could we
have work satisfaction of the
Lab employees?

To what extent could the total | 3,7% 15,6% 29,4% 33,9% 17,4%
cost of ownership (TCO)
improve the TAT (Turnaround
time) and consequently more
immediate diagnosis?

Could quality management that | 7,3% 26,6% 23,9% 26,6% 15,6%
includes internal and external
quality control as well as test
accreditation actually reduce

overall costs for the
laboratory?
Would adopting the philosophy | 3,7% 15,6% 38,5% 28,4% 13,8%

of total cost of ownership TCO
result in prompt and reliable
diagnosis leading to patient
satisfaction?

Does the implementation of | 0,9% 3,7% 39,4% 39,4% 16,5%
laboratory and non-process
standardization protocols
within TCO optimize
workflow?
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Deactivation of analyzers increases the turnaround time (TAT) and results delivery
and consequently creates deterioration in the clinical services and operations of the healthcare
organization. At the same time, the reputation and credibility of the laboratory as a provider
of patient test results within the health organization is degraded.

Terms contained in the contracts must be related to clauses, with a twenty-four-hour
support agreement, with time limitations regarding the repair of the analyzers. An important
role is also played by the renegotiation of the terms of the contract after a time-determined
frequency so that the age of the equipment is also taken into account. Optimizing clinical
engineering tasks can deliver high equipment utilization and support the organization's
financial goals (Hockel, D. et.al,2014). The total cost of ownership (TCO) in this case is used
to ensure that all costs derived from clinical engineering over the lifetime of the analyzers are
taken into account (Trimedx,2014).

The reliability of the patient results is directly related to the sensitivity and specificity
specifications of the assays, to their methodology, to the reduction of interference from
substances chemically related to the substance to be analyzed or from endogenous factors
related to the quality of the samples (effect factors: hemolysis, lipemia, jaundice) as well in
the functional reliability of the analysis instrument. The reliable assay results produced by the
in vitro laboratory determine the medical decisions resulting in reducing the costs of the
health organization in services, the administration of pharmaceutical material and the
hospitalization of the patients while highlighting the value of the laboratory. The quality of
assays, the use of appropriate biomarkers limits the hospitalization of patients and create the
conditions for effective treatments and the reduction of drugs provided to patients. Many of
the screening tests required for preventive care show that laboratory results are vital for
monitoring the progression of a disease and the effectiveness of its treatment (Futrell,2015).
Laboratories must create additional clinical value (Futrell,2015).

All the diagnostic companies that offer analytical in vitro systems use the space as an
additional element of marketing in order to influence the decisions of the managements of the
laboratory and more broadly of the health organization. They promote analytical systems that
have multiple built-in functions and define the processing speed of the analyzer per square
meter giving due importance to this critical TCO factor.

The representatives of the diagnostic companies play an important role when the
promotion of their products is inspired by the philosophy of adopting the total cost of
ownership, as a result of which they form a different framework of competitiveness and
‘'educate’ those to whom the equipment is addressed with more realistic selection criteria.
Hidden costs must be discovered and considered in strategic biomedical equipment
procurement decisions. Otherwise, unpredictable conditions are created for the laboratory.
Assuming that laboratories wish to obtain the greatest financial benefit, then this benefit will
be based on factors such as the credibility of the argument, the timing of their cash flows and
their alignment with the supply of total cost of ownership. Going forward, new product
pricing decisions will have to follow a value-creating model that strictly adheres to the TCO
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methodology. Total cost of ownership calculations will be about quantifying the total value
created for the laboratory. Laboratories value creation can take many forms: increased
revenue, increased price premium, reduced risk, reduced working capital or fixed capital
investment, or any other level that positively affects their profitability (Snelgrove,2011).

TCO creates additional value and benefits for the laboratory because it highlights the
qualitative and quantitative characteristics of the biomedical equipment that will affect the
efficiency of the in vitro laboratory.

6. Conclusions

The TCO methodology associated with improved financial targets, operational lab
productivity cost reduction, optimization quality and workflow, enhanced clinical value for
patients.

TCO can ensure that a laboratory achieves operational efficiency and creates greater
value not only for the laboratory but for the healthcare organization (Berwick et. al., 2008).

The financial analysis you perform with the analytic platform lifecycle model and
Total Cost of Ownership (TCO) theory, allows institutions to have more information and
therefore fundamentally change a decision that was previously made with less information. It
is important to note that hidden costs should also be taken into account by the health care
institution. This implies significant increases in investment in new technologies. It is
recommended that the TCO process evolves into a key award criterion when conducting
health technology assessment and procurement, thus aiding long-term strategic decision-
making.

Advanced companies in many industries support the investment they make in
developing new products and creating value for customers. Supporting value pricing and
sales with the right tools, processes and people enables a high value product to be presented
to customers so that they see, realize and understand the reasoning behind the premium price
and are willing to pay for it.

Incorporating the concept of TCO into daily work can be a significant change for
most healthcare organizations and laboratories, as it requires rethinking value beyond simple
cost. It is not just a methodology it is a mindset change and a catalyst in a rapidly changing
competitive environment.

Berwick et. al. (2008) state that improvement initiatives pursue a broader system of
linked goals that is called the “Triple Aim”. It includes improving the individual experience,
improving the health of populations through medical care, and reducing the per capital cost of
care for populations.

The elements of the Triple Aim are not independent of each other. Changes pursued
in either goal may affect the other two, sometimes negatively and sometimes positively. For
example, improving care for individuals may increase costs if the improvements are
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associated with new, effective, but expensive technologies or drugs. Conversely, eliminating
the overuse or misuse of treatments or diagnostic tests can lead to both reduced costs and
improved outcomes. The situation is further complicated by the time lags between the effects
of the changes.

From an economic point of view, the fact of acquiring technology with a certainty of
lower life cycle costs, confirms the importance of conducting a comprehensive analysis that
includes technical, after-sales aspects, patient safety, factors of vital importance in making a
decision to invest in biomedical technology.

The diagnostic company that will be able to document the greatest surplus value will
be the one that will have the lead in the offers that will be made for the laboratory equipment.
It is the total added profit, which refers to the total benefits, risks, costs and opportunities,
created by adopting the total cost of ownership philosophy.

The fact of acquiring technology with certainty of lower life-cycle costs, confirms the
importance of conducting a comprehensive analysis that includes technical, after-sales
aspects, patient safety, factors vital to making a decision to invest in biomedical technology
By applying the total cost of ownership TCO methodology, you investigate the total cost of
control processes and make key metrics that allow lab managers to identify operational
efficiency opportunities and use their findings and data for feedback and alignment in order
to think developmentally about the future of their labs.

TCO is a holistic measure of value that takes into account not only cost savings but
also laboratory performance improvements, risk reduction, increased revenue and patient-
customer satisfaction.
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