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Abstract

Background: The increasing need to reduce the costs of
providing diagnostic laboratory services has prompted
initiatives based on the centralization and consolidation
of laboratory facilities. However, the majority of papers
and experiences reported in literature focus on “cost
per test” thus overlooking the real value of a laboratory
service, which requires more complex economic evalua-
tions, such as cost-benefit, cost-effectiveness, and cost-
utility analysis. It is important to perform cost analysis,
which is no mean feat, by taking into consideration all
variables affecting the final and true cost per test.
Methods: The present study was conducted in order to
evaluate the costs of delivering laboratory services in 20
Italian clinical laboratories using a widely accepted meth-
odology, the so-called “activity-based costing analysis”.
Results: The finding of a trend towards a decrease in
total costs — due to an increase in test volumes — attained
statistical significance only for quantities of up to about
1,100,00 tests per year. For 1,800,00 tests and more, the
cost per test appeared to range from 1.5 to 2.0 € irrespec-
tive of the different volumes. Regarding the relationship
between volumes and number of staff, there is an evident
linear relationship between the number of senior staff and
volumes, whereas this trend is not observed in the case of
medical technologists, the degree and type of automation
strongly affecting this variable.

Conclusions: The findings made in the present study
confirm that the relationship between volumes and costs
is not linear; since it is complex, numerous variables
should be taken into account.
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Introduction

The sustainability of healthcare systems is a controversial
issue, worldwide, as the annual increases in healthcare
costs are unsustainable [1] and the debate on strategies for
reducing costs involves all branches of modern medicine,
in which laboratory medicine plays a key role: 70%-80%
of healthcare decisions call for one or more laboratory
investigations. However, increasing economic pressure has
impacted on the organization of laboratory activities and
workflows, through the consolidation, merger and down-
sizing of existing institutions, the basic aim being to reduce
the “cost per test” [2]. Within this narrow perspective, only
one of the variables influencing the final value of the service
has been identified. All studies on health economics stress
the importance of identifying the context of the analysis by
using more than one criterion. According to Frybach and
Thornury [3], efficiency, namely economic analysis, plays a
relevant role in the hierarchy of criteria used to evaluate a
diagnostic procedure. The economic analysis, as conceived
for laboratory medicine should: 1) provide valuable cost
control and monitoring over time; 2) identify the mecha-
nisms underlying the final costs with a view to obviating
redundancy and waste; 3) provide information allowing a
comparative evaluation and serving as a benchmark among
clinical laboratories; 4) understand current trends in order
to address a rational reorganization process for clinical
laboratories; and 5) provide evidence of the benefit of diag-
nostic testing in improving outcomes [4-7]. Regarding the
last issue, it should be underlined that an important point
is to understand the context in which the laboratory service
is employed and the costs of those services. In fact, while
the costs (efficiency) of the services must be transparent,
the value (effectiveness) is to be evaluated in a broader
context. The aim of this paper was to report the results of
our study on cost evaluation using activity-based costing
[8-10] performed in several Italian laboratories in order to
throw light on: 1) the relationships between costs and test
volumes; 2) the contribution of different variables (human
and technological resources) to the final costs, particularly
in relation to different test volumes; and 3) any differences
between laboratory medicine subspecialties (e.g., clinical
chemistry, hematology and coagulation).
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Materials and methods

Clinical laboratories involved in the study

The 20 Italian clinical laboratories included in the study had vol-
untarily responded to a request to participate. The only selection
criterion for enrolment was that the participating laboratories
should vary with respect to test volumes and organization, have a
STAT (station =emergent) section, and some were to have a microbi-
ology section/unit. Table 1 describes the main characteristics of the
clinical laboratories involved in the study.

Activity-based costing

The activity-based costing analysis was performed according to the
principles described by Cooper and Kaplan [8, 9] and Cao et al. [10].

Process analysis and items classification

The whole laboratory organization was divided into “workstations”,
each of which is defined as “the sum of instruments, materials and
activities used to make an homogeneous part of the process, able to
produce an output that adds value to the input” [8]. For each work-
station both inputs (incoming materials to be worked) and outputs
(worked materials that become the inputs of another workstation)
have been defined. Basic resources (materials, instruments and staff
time) were assigned to a specific workstation and related outputs ac-
cording to the utilization of real resources.

Data collection

Production data (e.g., tests performed, numbers of tubes and num-
bers of patients) were collected from the Laboratory Information
System (LIS) and assigned to their outputs. A laboratory “test” was
defined according to the way it was produced. Results from the same
process and the same reagents (i.e., CBC) were considered to be the
same test. Results from different processes and/or from the same pro-
cess but using different reagents were considered different tests. All
laboratory cost items (reagents, disposables, rental and maintenance
contracts, service contracts and general ledgers) were collected from
the Hospital Information System (HIS) if available, or from other of-
ficial sources. Each item was assigned to an output, a workstation, an
instrument, a section, a laboratory site or a laboratory itself, accord-
ing to the way it was effectively consumed. Revenues were collected
for each test, according to the national reimbursement value. A re-
turn on investment (ROI) index was calculated as the ratio between
revenues and costs. Values higher than 1 are representative of a gain.

Data processing

Data were analyzed using ProcessQC software supplied by Gene.sys
of G. Barletta, which utilizes a simplified version of the activity-based
costing methodology to assign costs and to define the quantity of
time spent by the operators for any laboratory product. This program
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Lab Lab type Test/year Size Area STAT Microbiology
ID
36 Private lab 455,776 S N No Yes
8 Pediatric 754,715 S C PS  No
23 General lab 1,113,985 S N S Yes
6 General lab 1,852,622 M C R Yes
111 Centrallabwith 1,981,329 M S S No
many specialties
32 Generallab 2,090,366 M N R Yes
104 Private cliniclab 2,092,949 M N R Yes
27 General lab 2,135,040 M N S Yes
22 General lab 2,316,292 M N R Yes
38 Generallab 2,333,317 M C PS  No
18 General lab 2,580,235 M N R Yes
41 Generallab 3,070,468 M N S No
109 General lab 3,100,573 M N PS  Yes
11 Generallab 3,229,619 M N R Yes
107 General lab 3,680,159 M N R Yes
21 Generallab 4,300,346 M N R No
20 Generallab 4,786,903 M N R No
25 Central lab with 7,686,350 L N S Yes

many specialties
14 Core lab with

few specialties
19 Central lab with

many specialties

7,795,197 L C R No

8,000,471 L N S No

Table1 Main characteristics of the clinical laboratories.

Area: N, north, C, central, S, south Italy. Microbiology: Yes,
performed; No, not performed; lab ID, laboratory identification
number; lab type, short description of each laboratory type. Size: S,
small <1,000,000 t/year; M, medium 1,000,000-3,000,000 t/year;
L, large >3,000,000 t/year; STAT: (R) with routine, S, separate section;
PS, partially separated; No, no STAT; test/year: annual workload.

enables a quantitative analysis of laboratory production processes
to be made and produces periodic reports on costs, staff allocation
and personnel productivity. Numeric data, assigned to a workstation,
flow to the next level, the internal driver distributing the correct por-
tion of cost to each workstation that receives inputs from it. The op-
eration, which begins at the “Start” workstation, is repeated for each
step of the process. When the flow meets a final output (called “prod-
uct”) the costs are definitely assigned to it. The costs not directly re-
lated with production (e.g., management and quality) are assigned
to products using specific drivers. The final cost for each product
(total cost and unit cost) can be exploded to investigate the differ-
ent portions of it, with the related sources and times spent on those
activities. Data on phlebotomy, information technologies and sample
transportation have been collected and included in the cost analysis,
while other overhead costs (spaces, common functions, cleaning, re-
fectory, laundry, etc) were collected but not included as the results
were very different among the several institutions.

Staff allocation

Basic data (hours worked and cost per professional) were collected
using a top-down approach, which was also used to define work-
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groups within each staff type. The total number of hours worked by a
staff member, according to the category, were proportionally assign-
ed to the different workgroups. One or more workers within each
workgroup were interviewed to collect the activity time (bottom-up
approach). Interviewees were asked to quantify the time needed for
each activity using the more suitable driver (i.e., minutes per day or
per sample). The ratio (sum of times collected during the interviews/
total time for the workgroup), called the “activity index”, was used
to validate the reliability of interviews. If the activity was outside a
range of 0.6-1.2, data were reviewed, a repeat interview being given
to the same worker or a different worker in the same workgroup. If
the index was constantly outside the range, work sampling tech-
niques [9] were used for a more indepth evaluation of the problem.
Staff data were expressed in full time equivalents (FTE), where
the number of FTE represented the ratio number of hours worked
weekly/number of weekly hours defined in the contract for the staff
category. FTE was used to normalize part-time workers and excess
hours worked.

Results

Table 2 shows the results obtained for total costs, the
costs for materials, and staff. All costs are expressed in
Euros. In the far right column, cost per test is specified,
while the revenue and ROI are shown in columns 5 and
6, respectively. Figure 1 shows the relationship between
the overall number of tests performed yearly and the
mean cost per test. Figures 2 and 3 show the relationship
between test volume and cost per test in clinical chemistry
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and hematology, respectively. Figures 5 and 6 on the same
relationships regarding coagulation and urinalysis are
reported in the supplemental material. The data obtained
on the relationships between test volumes and FTE of
all medical technologists are shown in Figure 4. A very
similar relationship has been observed for the senior staff
(Figure 7 in supplemental material).

Discussion

The data obtained in the present study confirm that several
variables can affect the costs per test of an individual
laboratory. In particular, while there is a trend towards
a decrease of total costs due to increased test volumes,
this attains statistical significance only for up to about
1,100,00 tests per year. Once the figure of 1,800,00 tests
or more is achieved, the cost per test tends to range from
1.5 to 2.0 € irrespective of the different volumes. A wide
dispersion of data for clinical laboratories with similar
activity volumes is clearly present. For example, for labo-
ratories with volumes of around 2 million tests/year, the
cost per test ranges from 1.54 to 2.41 €, with a mean of
1.90 € per test. At the detailed analysis of the main char-
acteristics of the individual laboratories (Table 1) it was
ruled out that differences were related to a specific vari-
able, such as the presence of a microbiology section,

Lab ID Total costs Materials Staff Revenues ROI Number tests Cost X test
36 1,214,776.00 742,648.59 472,127.41 2,231,096.91 1.84 455,780 2.67
8 2,206,705.49 1,355,794.59 850,910.90 2,696,869.79 1.22 754,720 2.92
23 2,888,816.08 1,367,954.11 1,520,861.97 3,898,333.33 1.35 1,113,985 2.59
6 3,397,538.48 1,852,724.85 1,544,813.63 9,555,857.84 2.81 1,852,622 1.83
111 3,8604,43.32 1,039,174.89 2,821,268.43 6,624,791.34 1.72 1,981,329 1.95
32 5,046,684.60 3,555,384.38 1,491,300.22 11,038,695.58 2.19 2,090,366 2.41
104 3,2182,88.77 1,860,962.14 1,357,326.63 7,226,172.86 2.25 2,092,949 1.54
27 4,226,638.97 2,060,024.82 2,166,614.15 9,555,268.68 2.26 2,135,040 1.98
22 4,555,445.29 2,722,073.01 1,833,372.28 10,195,123.66 2.24 2,316,292 1.97
38 4,200,679.33 1,756,250.75 2,444,428.58 10,063,854.10 2.40 2,333,317 1.8
18 4,417,244.35 2,256,019.13 2,161,225.22 11,154,742.41 2.53 2,580,235 1.71
41 7,858,677.93 3,704,633.11 4,154,044.82 12,623,278.57 1.61 3,070,468 2.56
109 5,9413,65.30 3,007,341.82 2,934,023.48 12,485,211.05 2.10 3,100,573 1.92
11 7,000,762.64 3,931,036.82 3,069,725.82 13,879,675.40 1.98 3,229,619 2.17
107 7,146,739.52 2,941,682.74 4,205,056.78 14,290,547.20 2.00 3,680,159 1.94
21 6,277,446.39 3,286,354.02 2,991,092.37 15,865,186.19 2.53 4,300,346 1.46
20 7,409,258.90 3,987,560.29 3,421,698.61 18,233,963.52 2.46 4,786,903 1.55
25 11,413,472.17 7,381,091.21 4,032,380.96 23,671,093.52 2.07 7,686,350 1.48
14 10,496,304.37 5,567,364.49 4,928,939.88 21,811,013.57 2.08 7,795,197 1.35
19 16,694,997.13 12,279,961.86 4,415,035.27 41,001,314.58 2.46 8,000,471 2.09

Table 2 Overall costs, costs of materials, staff, revenues, cost per test (in Euros), and ROI.
ROI, return on investment.
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Figure1 Relationship between the overall test volumes and costs.
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Figure 2 Relationship between costs and test volumes (clinical
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Figure 3 Relationship between costs and test volumes
(hematology).
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and/or a separate STAT laboratory. In fact, the final costs
of a specific laboratory are affected by several variables,
including the type of users (e.g., the complexity of the
main organization, the number and type of specialties
in the hospital, the number of production facilities of the
laboratory and the different case mix and ratio between
inpatients and outpatients).

Interestingly, the data obtained for the different labo-
ratory specialties confirm the relationship between the
test volumes and the cost per test for low activity volumes,
while the same trend is no longer evident for medium-
high volumes. It should be underlined that while for high
volumes laboratories there are minimal variations in the
cost per test, larger variations were found in small volume
facilities, thus stressing the need for further improve-
ments. On considering the relationships between volumes
and number of staff, the linear relationship between the
number of the senior staff and volumes is evident, whereas
no such trend exists for medical technologists, for whom
there seems to be a trend towards a plateau which, in turn,
may be explained by the degree and type of automation
used, in particular, in high volume clinical laboratories. A
more detailed analysis of the relationships between staff
number and the level of automation is in progress.

Conclusions

Since health economics is concerned with both the cost
and consequences of any diagnostic and therapeutic
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Figure 4 Relationship between test volumes and medical technologists FTE.

procedure, it involves the identification, measurement,
and evaluation of both costs and consequences (out-
comes). Cost minimization, which can be considered
the simplest possible approach, provides the least pos-
sible information as it evaluates the costs of alternative
approaches that produce the same outcomes [10]. In lab-
oratory medicine, it is applicable only to the cost of alter-
native suppliers of the same test, device, or instrument.
Therefore, providing data on the cost per test, an all too
often quoted parameter, cannot be considered a truly
reliable tool in making an economic analysis because,
rather than identifying an outcome, it merely demon-
strates the provision of a test result. A more complex and

thorough economic evaluation should be performed in
order to gain a better understanding of the real value of
a laboratory service, and this evaluation should include
cost-benefit, cost-effectiveness, and cost-utility analysis
since the final aim of a laboratory test is an action on the
patient and the related analysis of the outcomes [11-13].
However, in laboratory medicine, not only have eco-
nomic analyses usually been made by focusing on cost
minimization: they have been made without taking into
consideration all the variables affecting the final and
true cost per test. In particular, it is taken for granted that
an increase in volumes automatically leads to a reduc-
tion in costs. This, however, is not necessarily the case,
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Figure 5 Relationship between costs and test volumes (coagulation).
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Figure 6 Relationship between costs and test volumes (urinalysis).

as shown in the present activity-based costing analysis
performed by us on different Italian clinical laborato-
ries; the findings clearly demonstrate that several vari-
ables influence the end cost per test. In particular, the
relationship between volumes and costs does not span
the entire pattern of laboratories investigated and high
costs are associated with low volumes up to a threshold
of one million tests per year. Over this threshold there is
no linear association between volumes and costs, labo-
ratory organization rather than test volume appears to
affect the final costs.

The present study, however, has several limitations.
First, although the activity-based costing analysis was per-
formed over a cycle of 3 years, the data reported are from
the year 2009 as we considered the data collected after 1
year of practice more reliable. In future, we should report
the data over a wider time frame, thus obtaining more
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information about the improvements achieved in the indi-
vidual laboratories on the basis of the data collected and
analyzed. Second, the data were collected in one country
(Italy), mainly in public institutions within the national
healthcare system (only two clinical laboratories were pri-
vately run). This means that the data are not automatically
transferable to other countries with different healthcare
system organizations, even if similar experiences have
been reported from other European countries, including
the UK. The strength of our study lies in the valuable meth-
odology used, the number of laboratory facilities involved
and its provision of sound data: all the information was col-
lected from the laboratory or hospital information systems
or, if not available electronically, from official sources.
In the current literature there is a shortage of studies on
the economic analysis of clinical laboratory services, and
this means that many regional, national and international
administrations have failed to achieve an evidence-based
reorganization of their laboratory service.

In conclusion, the findings made in the present study,
performed using a widely accepted method for economic
analysis, the so-called activity-based costing analysis,
confirm that the relationship between volumes and costs
is not linear and that numerous variables should be taken
into account. Laboratory organization as well as other
management issues should be taken into consideration
when planning projects for reorganizing the delivery of
laboratory services in the healthcare system. In addition,
as laboratory information plays an increasingly relevant
role in patient management, the search for efficiency
should always go hand in hand with the pursuit for
effectiveness [14, 15]. Parsimonious care should not only
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Figure 7 Relationship between test volumes and senior staff FTE.
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hinge upon the most efficient possible ways of delivering
laboratory services, but also on the best possible ways
of assuring effectiveness through a rational organiza-
tion that guarantees timeliness, and appropriateness in
requesting tests and interpreting results. These goals can
only be achieved through a closer cooperation between
laboratory professionals and clinicians. In this sense, the
updated Ethics Manual by the American College of Physi-
cians [16] is extremely welcome, as it states that parsimo-
nious care “... will help physicians to consider more care-
fully the tests and treatments they order and prescribe for
patients” and “Parsimonious care that utilizes the most
efficient means to effectively diagnose a condition and
treat a patient respects the need to use resources wisely
and to help ensure that resources are equitably available”
[16]. Any (economic) gain should, therefore, be achieved
by reorganizing laboratory services on the basis of the
creation of value for patients rather than simply on mere
consolidation based on volumes.
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