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Direct cost analysis for 32,783 samples with
preanalytical phase errors
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ABSTRACT

OBJECTIVE: Errors in the laboratory process often occur in the preanalytical phase (PA). The study aims to calculate the
direct cost elements of PA errors, including material, logistics, transfer, personnel workforce, and medical waste.

METHODS: Medical laboratory PA phase errors were retrospectively reviewed using the Laboratory Information Management
System. We evaluated the whole 2019 laboratory data of the 836-bed Health Sciences University Umraniye Training and Research
Hospital (UTRH). We assessed the direct cost elements of PA errors, such as those related to material, logistics, transfer, human re-
sources, and waste. We performed the procedure for both samples analyzed in the hospital and transferred to the central laboratory.

RESULTS: We analyzed 1,939,650 patient samples and 46,534,532 parameters studied in 2019 for UTRH. The rates for
rejected tests and rejected samples (tube) for UTRH were noted as 0.32% and 1.7%, respectively. The total direct cost for
PA errors was TRY 438,284.51 (68,918.07 euros) for 32,783 patient samples and 147,893 tests. We calculated the total cost
for PA test errors detected in the hospital as TRY 390,238.06, while the total cost for PA test errors detected in the central
laboratory was TRY 48,046.45. 89% of the total cost was for PA errors detected in the hospital, and 11% was for the errors
detected in the central laboratory. The 2019 direct PA error cost we calculated based on our hospital’s data was 0.153% of
the 2019 hospital operating cost. We calculated the direct cost per rejected sample as TRY 13.37 (2.1 Euro).
CONCLUSION: Providing reliable laboratory service with the least possible financial loss is one of the main goals in terms
of laboratory medicine. In achieving this goal, the prevention of error costs is a priority. The direct cost elements for the
PA phase, where laboratory errors are concentrated, can be easily identified. The amount of PA phase error direct cost will
attract the attention of health policy decision-makers and field professionals and inspire further research. Therefore, we tried
to determine a threshold cost regarding interventions and practices required to prevent PA phase errors.
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Evaluating all approaches to managing many diseases
reveals that clinical laboratory medicine plays a cen-
tral role [1]. As an essential part of qualified healthcare
services, in vitro diagnostic (IVD) tests have been numer-
ically increasing in the past 10 years. It appears that this
trend of increase will continue in the future [2]. It has
been reported that IVD based expenditures constitute
1.4-2.3% (3], while hospital operating costs constitute
less than 5% of total healthcare expenditures [4]. Despite
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their seemingly low cost, laboratory tests have a significant
share in terms of their effects on medical decisions [5].
Unfortunately, the increase in health-care expenditures
cannot be directly associated with benefit production.
Evidence shows that expenditures arising from excessive
use, errors, unnecessary or inappropriate testing requests,
and unnecessary re-testing requests exceed the fair direct
costs of lab tests [6]. All of these determinations assign
us, laboratory professionals, the duty of providing cost-ef-
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fective laboratory services in addition to offering accurate
and reliable laboratory services. The cost-effectiveness
calculation is essential in improving error costs and op-
timizing the total cost. Considering the high amplitude
of preanalytical phase (PA) errors within the laboratory
process, cost becomes significant, and we decided to start.

Despite the predominant emphasis in recent years on the
risks and importance of the PA process in the medical labo-
ratory, it is stated that it is rather challenging to bring PA er-
rors under control, standardize the process, and succeed [7].

Although studies are detecting the PA causes of un-
qualified samples [7—10], only few studies examine the
economic effect of erroneous samples on the laboratory
[11, 12]. PA errors cause additional costs such as those
arising from re-sampling, re-testing, additional time allo-
cation by the personnel for testing, and making the root-
cause analyses of the errors and the disposal of the gen-
erated medical waste [12]. Studies have shown that the
PA phase is the riskiest period within the overall medical
laboratory process [13]. According to the data analysis,
there is no national or international study evaluating all
together with the elements such as materials, workforce,
repeated tests, and waste concerning the direct costs of
the PA process errors. Therefore, the main starting point
of our study is to draw the attention of system founders
in this direction through specific cost amounts that will
create awareness of this subject.

The consolidated medical laboratory model com-
menced as part of the Istanbul Anatolian North Public
Hospitals Association Central Laboratory, which was
introduced in 2014 in our country, has been becoming
widespread gradually. The prerequisite for consolidated
laboratories is collecting samples to be delivered to a cen-
tet, thereby processing many samples. Managing risky
processes in such massive laboratory systems can be even

more challenging [14].

Istanbul Anatolian North Public Hospitals Associa-
tion Central Laboratory was the first and the most ex-
tensive consolidated laboratory in Turkey, providing the
highest testing volume. Therefore, we can foresee that
errors in the PA process are difficult to monitor and cor-
rect in laboratories where samples are collected for test-
ing. Laboratory systems require a budget to correct these
errors, and we want to draw attention to the amount.
Therefore, we chose the Health Sciences University Um-
raniye Training and Research Hospital (UTRH). This
hospital had the highest number of tests in 2019, and

we aimed to calculate the direct cost elements related

Highlight key points

e The study aims to calculate the direct cost elements of
32,783 patient samples with PA errors in 2019 in an 836-
bed hospital, including material, logistics, transfer, personnel
workforce, and medical waste.

e This PA cost study is the first to associate the total annual
PA errors with all direct costs as part of a consolidated labo-
ratory system.

e The total direct cost for PA errors was TRY 438,284.51
(68,918.07 euros) for 32,783 patient samples and 147,893
tests.

e The 2019 direct PA error cost we calculated based on our
hospital’s data was 0.153% of the 2019 hospital operating
cost. We calculated the direct cost per rejected sample as
TRY 13.37 (2.1 Euro).

to PA errors based on public tender prices based on the
hospital’s data. Therefore, in this study, we will calculate
the amount of the direct financial aspects of 147,893
tests and 32,783 PA period errors conducted in 2019 for
Health Sciences University Umraniye Training and Re-
search Hospital.

MATERIALS AND METHODS

The 2019 data of the 836-bed Health Sciences Universi-
ty Umraniye Training and Research Hospital (UTRH)
were analyzed in this study through the Laboratory In-
formation Management System (LIMS).

For statistical methods, we used descriptive statistical

analysis. All analyses were made with Microsoft 365 Ex-
cel Version 2201.

Our agency is included in the Istanbul Anatolian
North Public Hospitals Association, where a total of
13 hospitals on North Anatolian side are also afhliated
to. According to 2019 data, Health Sciences University
Umraniye is an 836-bed hospital providing services with
its general multi-purpose unit while also operating as a
maternity and children’s hospital. Based on 2019 capaci-
ty indicator data, the hospital incorporates 23 operating
rooms and a 63-bed newborn, 46-bed adult, and 15-bed
children’s intensive care units. An average of 6500 pa-
tients was examined daily in 2019. In addition, an average
of 4000 operations was performed monthly, including
robotic surgeries. Health Sciences University Umrani-
ye provides services to a population of 2.9 million. The
hospital’s fixed costs for 2019 total Turkish Liras (TRY)
286,670,545.05, corresponding to 45,077,528.90 euros
based on a yeatly official euro average of TRY 6.3595.



Eker P., Preanalytical error direct cost analysis

393

Sile State Hospital

HSU Erenkoy Physical Therapy TRH
HSU Sultan Abdulhamit Han TRH
HSU Erenkoy Psychiatric TRH
Uskudar State Hospital

HSU Zeynep Kamil TRH

HSU Dr. Siyami Ersek TRH

HSU Sancaktepe TRH

Beykoz TRH

HSU Fatih Sultan Mehmet TRH
HSU Haydarpasa TRH

Medeniyet University Goztepe TRH
HSU Umraniye TRH

0

2 4

Ratio within total laboratory expenditure

6 8 10 12 14 16 18 20

FIGURE 1. Total expenditure and hospital-based ratio distributions for Istanbul Provincial Presidency-2 central laboratory practice for 2019.

HSU: Health Sciences University; TRH: Training and Research Hospital.
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FIGURE 2. Distribution of the elements where direct costs of preanalytical (PA) period errors originate according to the processes

they take part in the laboratory work flow.

Within the scope of the laboratory tender for this re-
gion, 22% of the patient samples collected at UTRH were
transferred to and analyzed at the central laboratory located
within the campus of the Health Sciences University Fa-
tih Sultan Mehmet Training and Research Hospital, which

provides laboratory services corresponding to a total of
6400 hospital beds and where samples from 13 hospitals
included in the Presidency-2 are also studied. Furthermore,
urgent tests comprising a rate of 78% were analyzed at the

laboratory located in the hospitals local building. As of
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TABLE 1. Health Sciences University Umraniye Training and Research Hospital (UTRH) detailed indicators based on Preanalytical

(PA) error causes without reimbursement

The reason  Rejection specifications in detail Location Total
of rejection
Hospital Central
laboratory
All factors Worked test amount 32,512,507 14,022,025 46,534,532
Rejected test amount 135,332 12,561 147,893
Worked tube amount 1,516,923 422,727 1,939,650
Rejected tube amount 26,270 6,513 32,783
The ratio of rejected test 0.42 0.09 0.32
The ratio of rejected tube 1.73 1.54 1.69
Hemolysis  The tube count rejected because of hemolysis 7,820 1,441 9,261
The test count rejected because of hemolysis 17,402 2,575 19,977
The ratio of hemolyzed tests/ rejected tests 13 20.50 13.51
The ratio of hemolyzed tests /total worked tests 0.05 0.02 0.04
The ratio of hemolyzed tubes/rejected tubes 30 22 28.25
The ratio of hemolyzed tubes/total worked tubes 0.52 0.34 0.48
Fibrin The tube count rejected because of fibrin 8,642 1,624 10,266
The test count rejected because of fibrin 87,547 2,404 89,951
The ratio of rejected tests because of fibrin/rejected tests 65 19.14 60.82
The ratio of rejected tests because of fibrin/total worked tests 0.2693 0.0171 0.19
The ratio of rejected tubes because of fibrin/rejected tubes 33 25 31.32
The ratio of rejected tubes because of fibrin/total worked tubes 0.57 0.38 0.53
Insufficient  The tube count rejected because of insufficient volume 7,126 949 8,075
volume The test count rejected because of insufficient volume 21,482 4,083 25,565
The ratio of rejected tests because of insufficient volume /rejected tests 16 32.51 17.29
The ratio of rejected tests because of insufficient volume /total worked tests 0.07 0.03 0.05
The ratio of rejected tubes because of insufficient volume /rejected tubes 27 15 24.63
The ratio of rejected tubes because of insufficient volume /total worked tubes 0.47 0.22 0.42
Other Rejected tube amount because of other reasons 2,672 2,499 5171
reasons Rejected test amount because of other reasons 8,901 3,499 12,400
The ratio of rejected tests because of other reasons/rejected tests 7 27.86 8.38
The ratio of rejected tests because of other reasons/total worked tests 0.03 0.02 0.03
The ratio of rejected tubes because of other reasons/rejected tubes 10 38 15.77
The ratio of rejected tubes because of other reasons/total worked tubes 0.18 0.59 0.27

2013, laboratory services were provided for all tests deliv-
ered to hospitals and centers (ten training and research and
three state hospitals) listed in Figure 1 with a single general
price tendered per Republic of Turkey Healthcare Practices
Communication (SUT) point to the service procurement
tender. However, in 2019, a different practice was started, in
which the laboratory services tender was divided into parts
and implemented. Considering the volume of samples re-
ceived by the central laboratory, UTRH ranks 1* with a rate

of 17% in terms of services produced for all hospitals (Fig.
1). We decided to investigate the PA period error costs with
the direct cost elements due to the emerging opportunity
of obtaining more accurate net prices in terms of the distri-
butions of PA errors by their sources, thanks to the avail-
ability of the prices sub-processes for the 1* time. As the
direct cost elements, the calculations were based on sample
tube/container and test evaluations for all error elements
rejected due to PA errors in 2019 and not reimbursed by
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TABLE 2. The cause distributions of tests rejected due to Preanalytical (PA) errors in 2019 at the hospital and the central labo-
ratory and retesting costs

Reason of rejection Total amount The ratio of The ratio of The cost of retesting
(test) rejected tests rejected tests/ (TRY)
total amount of total worked
rejected tests % tests %

HL CL HL CL HL CL HL CL
Hemolysed sample 17,402 2,575 12.86 20.50 0.0535 0.0184  10,940.27 4,328.73
Clotted sample (with fibrin) 87,547 2,404 64.69 19.14 0.2693 0.0171 228,038.84  3,611.62
Insufficient volume 21,482 4,083 15.87 32.50 0.0661 0.0291  59,068.75  15,335.67
Wrong sample container* 2,255 1,153 1.67 9.18 0.0069 0.0082 - -
Unsuitable sample (macroscopic hematuria) 1,058 833 0.78 6.62 0.0033 0.0059 1,649.42 2,281.02
Overfilled tube* 1,063 - 0.79 - 0.0033 - - -
Wrong test request* 510 296 0.38 2.36 0.0033 0.0021 - -
Unsuitable transfer conditions 566 310 0.42 2.47 0.0016  0.0022 2,558.28 1,604.61
Empty sample cup* 515 752 0.38 5.99 0.0017 0.0054 - -
Incorrect identification/sample collection
from the wrong patient 734 21 0.54 0.17 0.0016  0.0001 2,411.96 215.69
Spilling in the pneumatic system* 602 - 0.44 - 0.0023 - - -
Sample evacuated from the hemogram tube 408 - 0.31 - 0.0019 - 989.29 -
Taking sample from the serum line 244 - 0,18 - 0.0013 - 947.67 -
Erroneous recording* 56 11 0.04 0.09 0.0008 0.0001 - -
Not recorded sample collection time 19 16 0.01 0.13 0.0002 0.0001 79.96 267.31
Insufficient data on request/ wrong data on
request* 15 5 0.01 0.04 0.0001  0.0000 - -
Unsuitable stored sample - 37 - 0.29 - 0.0003 - 206.24
Other 856 65 0.63 0.52 0.0026  0.0005 4,032.59 1,222.95
Total 135,332 12,561 100 100 0.0042 0.0009 310,717.03 29,073.84

HL: Hospital laboratory; CL: Central laboratory; TRY: Turkish Liras; *: Error types causing sample container cost but not retesting cost.

Preanalytical error cost for hospital and central laboratory

Rejected tube cost

Personnel work-time cost because of sample rejection > 4(3)6'601'10

[

Preanalytical material cost 7460-954,93

Retesting cost 310.717,03

29.073,84

B Hospital laboratory 89% B Central laboratory 11% 0, 50.000, 100.000, 150.000, 200.000, 250.000, 300.000, 350.000,

FIGURE 3. Preanalytical (PA) error direct cost elements without reimbursement.

the Social Security Institution (urine culture rejected due + Amount of rejected but studied tests,
to contamination is reimbursed in our country as part of
the health system and therefore not included in this study
to be assessed in a different study) considering the below: +  Costs of all expenditures, including transfers and logistics,

Materials used as part of the PA process,
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TABLE 3. The type distribution of the tubes rejected in the hospital and the central laboratory in 2019 due to preanalytical (PA)
errors and their evaluation in terms of cost elements

Blood tube/cup type Total number PA process cost (TRY) Unit weight Waste cost (TRY) [Number of

(tube/container container/tube x weight] x
filled at the [waste cost/kg (TRY 5)] (medical
vacuum rate in waste price TRY 5 per kg)
grams)
HL CL HL CL HL CL HL CL

Yellow/red-top serum tube 10,071 3,636  15,700.69 5,668.52 13.35 13.35 134.45x5=672  48.5x5=242.5

Lavender-top EDTA tube (3 mL) 5,987 2236 9,333.73 3,485.92 9.43 9.43 56.4x5= 282 21x5=105

Lavender-top EDTA tube (9 mL) - 40 - 62.36 - 20.04 - 0.8x5=4.0

Coagulation tube (3 mL) 8,530 84 13,298.27 130.96 9.43 9.43 80.4x5=402 0.8x5=4.0

Urine tube and container

(2/3 full 100 mL cup) 1,513 19 2,358.77 29.62 80.0 80.0 121x5=605 1.5x5=7.5

Stool container and other

microbiologic culture containers 133 400 207.35 632.6 6.82 6.82 0.9x5=4.5 2.7x5=13.5

Grey-top tube 3 m 36 3 56.12 4.68 9.43 9.43 0.3x5=1.5 0.02x5=0.1

24-h urine container (2/3 full) - 10 - 15.59 - 2133 - 21.3x5=106.5

Green-top heparin tube 5 mL - 34 - 53.0 - 8.11 - 0.27x5=1.35

Other sample container types

(CSF tube, hirudin tube etc.) - 51 - 79.51 - 9.34 - 0.5x5=2.5

Total sum 26,270 6,513  40,954.93 10,162.76 - - 1,965 486.45

HL: Hospital laboratory; CL: Central laboratory; TRY: Turkish Liras; kg: Kilogram; CSF: Cerebro spinal fluid; EDTA: Ethylenediamine tetra-acetic acid; PA: Preanalytical.

+ Personnel work-time cost for repeated phlebotomy
procedures,

+  Work-time cost for specialist and non-specialist pet-
sonnel who work for the processing of the rejected
samples,

+ Waste disposal costs for rejected samples.

Figure 2 shows the distribution of the main elements
where direct costs of PA period errors originate accord-
ing to the processes they take part in the laboratory
workflow.

For calculating personnel work-time costs, the corre-
sponding fees for the time spent per each rejected tube
were detected by the projection of the rates of reject-
ed samples and total studied samples. Salary data for
non-specialist public employees were calculated based on
the minimum value for employees of equivalent positions
considering the payrolls of the UTRH employees. Spe-
cialist doctors are publicly funded, and the salary data
for grades 1 level 4 were used for calculations. Official
payments reflected on the tender were considered for the
employees of the non-public contractor company.

The ethics committee approval of the study was ob-
tained from the University of Health Sciences Umrani-
ye Training and Research Hospital Clinical Research
Ethics Committee with the number 73.

While calculating the material costs, prices list-
ed in the 2019 central laboratory tender were used,
in which UTRH (Umraniye Training and Research
Hospital) also participated. 2019 official average of
exchange for Euro was used for all euro-based trades.
The unit price for PA materials was TRY 1.5590
(0.245 euros) for each sample. Comprising all expen-
diture elements that may take part in the PA process,
such as tubes, needles, holders, tourniquets, gloves,
transfer, medical waste bags, cotton, sharp object
waste containers, sorter, centrifuge, and staff were
included in the study. The tender’s SUT point unit
price for the most extensive laboratory section (bio-
chemistry, microbiology, culture, molecular testing,
serology, immunology, electrophoresis, metabolism,
and esoteric tests) was TRY 0.3393 (0.053 euros).
SUT point unit price for blood count (hemogram)
and Sedimentation rate tests were TRY 0.2489
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TRBLE 4. Distributions of specialist and non-specialist personnel working at the central and hospital laboratories and the work-

time costs corresponding to the rejected tests

Type of personnel

Central laboratory Hospital laboratory

Tender firm Public Tender firm Public
employee employee employee employee
Specialist - 27 - 7
2019 salary amount (TRY)* - 7,300x12= - 7,300x12=
87,600 87,600
Total amount (TRY) - 2,365,200 - 613.2
Non-specialist 48 32 3 17
2019 total salary amount per person (TRY) 3,005.65x12= 4,500x12= 3,005.65x12= 4,500x12=
36,067.8 54,000 36,067.8 54,000
Total amount (TRY) 1,731,254.40 1,728,000 108,203.40 918
Total number of worked samples 6,032,472 1,516,923
Number of samples rejected for UTRH 6,513 26,27
Workforce cost per sample (TRY) 0.965517 1,080.742
Workforce corresponding to rejected samples (TRY) 6,288.4 28,391.1
Total work-time cost spent for UTRH rejections (TRY) 34,679.5

HL: Hospital laboratory; CL: Central laboratory; TRY: Turkish Liras; UTRH: Umraniye Training and Research Hospital; *: Salary and fixed payments were considered for
the specialist salary while payments from the revolving capital were excluded due to varying amounts.

(0.039 euros). SUT point unit price for coagulation
tests was TRY 0.2730 (0.043 euros). Each unit price
also included all reagents, analyzers, auxiliary labora-
tory devices (vortex, centrifuge, incubator, etc.), kits,
control and calibrator materials, other consumables,
and technical personnel per device.

Elements not included in the SUT unit price are
work-time costs for specialists and public employees,
time spent repairing extra breakdowns such as PA er-
ror-based probe blockages that are not included in the
devices' routine care costs, and material and personnel
expenditure costs for part replacement. PA error-caused
extra device care and probe replacement were not consid-
ered. These parts were not reflected in the calculations
in the study because of the difficulty in separating them
from other reasons.

RESULTS

PA phase error codes required for our study were exam-
ined over the LIMS, separated as hospital and central
laboratory data, and presented in Table 1. Afterward,
detailed analyses were performed regarding these error
codes, and cost items were created one by one in line with
the below-mentioned steps:

The cause distributions of tests rejected due to PA er-
rors in 2019 at the hospital and the Central laboratory
and test study costs are shown in Table 2. The numbers
and types of restudied tests of which their causes of rejec-
tion were indicated on a test basis in our LIMS records
were multiplied by tender unit prices to obtain the costs.

The distribution of rejected tubes and the causes are
shown in Table 3. PA errors that occur both in the hospi-
tal and central laboratory in 2019 and cost elements are
shown in Table 3. Calculations were based on tube types
and sample containers that we should reuse. Table 3 also
includes medical waste costs over the kg price amount
after detecting the unit weight (tube/container filled at
the vacuum rate in grams) of each tube and container.

Distributions of specialist and non-specialist per-
sonnel working at the central laboratory and the hos-
pital and the work-time costs corresponding to the re-
jected tests were calculated and shown in Table 4. Costs
were calculated separately for the company and public
employees working at the hospital and the central labo-
ratory based on official salary data. The total salary was
considered for the studied samples, and the amount
corresponding to the number of rejected samples was
calculated proportionally.
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TABLE 5. Personnel work-time cost for repeated phlebotomy

Hospital-based Central-based Total
Total number of resampling tubes 26,270 6,513 32,783
Time to repeat phlebotomy average 45 seconds/tube 328.4 h 81.4h 409.8 h
Phlebotomy work-time cost TRY 25 per hour personnel expenditure 8,210 2,035 10,245

TRY: Turkish Liras.

TABLE B. Association of the direct cost of rejected unreimbursed preanalytical (PA) erroneous samples to total costs

UTRH 2019 operating cost (TRY)

Euro for 2019 /1 TRY

UTRH 2019 operating cost (Euro)

UTRH cost of rejected tests for PA error (TRY)
UTRH cost of rejected tests (EURO)

Ratio of cost of rejected tests/total operating cost
UTRH 2019 laboratory expenditures (TRY)

UTRH 2019 laboratory expenditures (EURO)

Proportion of the cost of rejected tests to UTRH annual laboratory expenditures

Cost per PA erroneous tube (TRY)
Cost per PA erroneous tube (Euro)

Presidency 2 predicted (calculated based on UTRH) PA error cost sum (TRY)
Presidency 2 predicted (calculated based on UTRH) PA error cost sum (Euro)

286,670,545.05
6.3595
45,077,528.90
438,284.51
68,918.07
0.153
11,936,596.07
1,876,970.84
3.67
13.37
2.1
2,554,361.96
401,660.82

PA: Preanalytical; TRY: Turkish Liras; UTRH: Umraniye Training and Research Hospital.

Personnel work-time cost for to-be-repeated phlebot-
omy is shown in Table 5 UTRH has high daily numbers
for outpatients and hospitalized patients. According to
the observational study data performed within the scope
of quality system improvement efforts, the average du-
ration of phlebotomy per patient was (average time of
the procedure was considered by monitoring the 3-h
morning shift) 45 s. Therefore, we calculated the fee cor-
responding to the duration.

The total amount of PA error direct cost elements
without reimbursement are being shown on Figure 3.
The total cost for hospital-related PA test errors was
calculated as TRY 390,238.06, while the total cost for
central laboratory-related PA test errors was calculated
as TRY 48,046.45. A total of 1,939,650 patient samples
and 46,534,532 tests were studied for UTRH in 2019,
and the total direct cost for PA errors was calculated as

TRY 438,284.51 (68,918.07 euros) for 32,783 samples

and 147,893 tests rejected because of a PA error. As a re-
sult, 89% of the total cost originated from the hospital,
and 11% originated from the central laboratory. The rates
for rejected tests and rejected samples (tubes) for UTRH
were noted as 0.32% and 1.69%, respectively. In the Cen-
tral laboratory, the most frequent causes of rejection were
‘other” causes (38%), clotted sample (25%), hemolysis
(22%), and insufhicient sample (15%). At the hospital lab-
oratory, we had found clotted sample (33%), hemolysis
(30%), insufficient sample (27%), and other causes (10%);
the cost per rejected sample was TRY 13.37 (2.1 euros).
In proportion to UTRH's 2019 operating cost, 0.153%
of TRY 286,670,545.05 (45,077,528.90 euros) consist
of the direct cost for PA errors. This proportion corre-
sponds to 3.67% of the annual laboratory expenditures

of TRY 11,936,596.07 (1,876,970.84 euros) (Table 6).

For all hospitals taking service from Istanbul Anato-
lian North Public Hospitals Association central laborato-
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ry predicted (calculated based on UTRH) PA error cost
sum (TRY) was 2,554,361.96 and 401,660.82 in euros.

DISCUSSION

This PA cost study is the first to associate the total annu-
al PA errors with all direct costs as part of a consolidat-
ed laboratory system. Indirect elements, their impact on
clinical outcomes, and indirect cost calculations were ex-
cluded in this study. It was reported that this impact may
be 10-fold more compared to the direct elements [11].

Evaluating all approaches related to managing many
diseases reveal that clinical laboratory medicine plays
a central role [1]. We are not fully aware of this signif-
icant role and effect of laboratory medicine on patient
care since the impact of medical treatment is more ob-
servable on the patient. When the diagnosis is incor-
rect, the treatment will not be appropriate either. With
proper treatment as a result of an accurate diagnosis
established utilizing biomarkers and other medical lab-
oratory tests, the clinical benefit can be provided for the
patient in addition to economic benefits for the entire

health system [15].

Opverall Europe, access to in vitro diagnosis opportu-
nities varies between countries due to different usage of
resources for these tests [1].

According to the 2018 European IVD market report,
annual IVD expenditure varies between 4.6 euros (Bul-
garia) and 54.5 euros (Switzerland) for each person [16].
The same report indicates a value of 7.99 for 2018 for
Turkey [16]. In the 2019 report, no data could be calcu-
lated for Turkey, shown as“N/A” [17]. We can make such
a rough comparison of the IVD expenditure per person
for 2018: The direct cost of 4 rejected samples with PA
errors can cover one persons annual IVD expenditure.

In 2019, Kulkarni et al. [12] published that 13.1% of
a total of 557,411 INR tests were performed between
September 2009 and 2013 with a total annual cost of
USD 379,222.50 had a PA error code, and the cost of er-
rors comprised 10.5% (USD 39,939.00) of annual INR
test budgets. In this study, the cost was calculated based
on work-time cost and materials for each INR test. The
waste cost was not considered. Since being a PA error
cost study focusing on a single test can explain the differ-
ence from the error cost rate obtained in our study, corre-
sponding to 3.67% of the total laboratory expenditure. It
can be foreseen that the rate based only on INR would be
higher compared to that in our study due to the diversity

of the number of tests evaluated in our study and their
differing manners and rates of impact from PA errors.

In a study by Green published in 2013 in Clinical
Biochemistry, cost effects were analyzed in a total of 7
hospitals in four countries, including the USA, Canada,
Germany, and Ireland, based on error scenarios originat-
ing from erroneous samples within the preanalytical pro-
cess [11]. In this study, each PA period error cost was cal-
culated as an average of 208 US dollars/error for North
America and Canada and an average of 157 euros/error
for European hospitals.

PA erroneous sample cost was calculated an average
of 0.23-1.2% of total hospital operating expenditures,
while this value was reported as USD 1,199,122 /year for
a 650-bed hospital in the USA. The 2019 PA error cost
we calculated based on our hospital’s data was 0.153%
of the 2019 hospital operating cost. On the other hand,
while comparing the rate indicated in the mentioned
study, it should be noticed that indirect cost elements
based on patient scenarios were also considered in that
study in addition to direct costs. Indirect cost elements
such as prolonged duration of hospitalization, treatment
delays, and the related additional further testing costs
were not regarded in our study. However, considering
that this rate can increase tenfold with the contribution
of indirect cost elements [11] a rate of 1.53% (0.153 x
10) can be regarded as consistent with the study of Green
et al. in terms of closeness to the upper limit.

According to the Turkish Statistical Institute
(TUIK) data, the total health expenditure for 2019 is
201,031 million Turkish Liras [18]. A total of 96,883
million Turkish Liras (48.2%) of this amount is related
to hospitals. Based on a rough projection, we can esti-
mate that 0.153% of the UTRH's operating cost can be
proportional to the amount lost due to PA error direct
cost elements within overall Turkey’s hospital health ex-
penditures, which correspond to TRY 148,230,990. The
TUIK data state TRY 2,434 for health expenditures per
person for 2019. This number can be estimated to reach
the annual health expenditure of 60,900 people. As a
striking example, it can be stated that the 2019 health
expenditure of the entire population of “Safranbolu” dis-
trict, where 68,440 people were living 2019 [19], which
is one of Turkey’s touristic attractions, was spent due to
PA errors. A more striking analysis is that this amount
corresponds to an average 3.7-month part of the entire
2019 laboratory services budget of Istanbul’s all state
hospitals and family health center.
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The elimination or reduction of errors within the
entire laboratory process which is a sub-process of the
leading health system and in the riskiest part of the
whole laboratory process PA phase requires coherent
efforts from health organizations, material/device pro-
ducers, and policymakers as well as laboratory profes-
sionals. The affecting parameters should be identified
and analyzed correctly. We have a single goal that drives
us toward the need for a cure, producing a more reliable
patient outcome,

Conclusion

The goal is to realize reliable laboratory testing services
by generating the most negligible fiscal output possible.
Preventing PA error costs is of priority in achieving this
goal. Direct cost elements were studied as the first step
since they could be detected easily, thereby attracting the
attention of the decision-makers and area professionals.

In recent years, laboratory services have been un-
dergoing significant changes in operating models and
cost solutions, among other healthcare services. In this
change process, having a good understanding of financial
data elements, especially PA phase laboratory errors, will
enhance the strength of laboratory specialists and man-
agers in operating hospitals and related units where cost
has become an essential parameter. In addition, the PA
error cost analysis result will have a threshold cost re-
garding interventions and practices required to prevent
PA phase errors.
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