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Cost-Effective Use of the Protein S Algorithm in
Thrombophilia Testing

Marian A. Rollins-Ravala,*, John V. Mitsiosb, and Richard A. Marlara

Background: One of the most complex risk factors for the laboratory assessment of thrombophilia is Protein S

(PS). The testing algorithm for PS employs the plasma-based assays of free PS antigen, total PS antigen, and PS ac-

tivity creating a complex diagnostic scheme that can lead to misdiagnosis if incorrectly used, and a potential waste

of resources and money.

Content: This paper compares the recently published evidence-based algorithm from the International Society

for Hemostasis and Thrombosis (ISTH) with several commonly performed nonevidence-based testing schemes, to

demonstrate the efficiency of the evidence-based algorithm for diagnostic efficiency with improved patient care

and increased cost savings for the laboratory.

Summary: Significant savings (31%–60%) can be realized when the evidence-based algorithm is used in place of

other testing modalities of initial PS activity testing (31%) or testing with all 3 assays simultaneously (60%). This

study utilizing the PS testing evidence-based algorithm as part of a thrombophilia evaluation demonstrates that

the appropriate testing methods can be used to limit wasteful practices while achieving the maximum level of in-

formation in this time of limited resources and need for increase monetary savings.

IMPACT STATEMENT

The laboratory assessment of thrombophilia can be a challenging due to several factors ranging from

preanalytical variables to complex diagnostic schemes. Testing for Protein S (PS) deficiency employs the

plasma-based assays of free PS antigen, total PS antigen, and PS activity creating a complex diagnostic

scheme that can lead to misdiagnosis if incorrectly used and a potential waste of resources and money.

This review shows that using an evidence-based algorithm as part of a thrombophilia evaluation demon-

strates that the appropriate testing methods can be used to limit wasteful practices in this time of limited

resources while ensuring patient care.
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BACKGROUND

Thrombophilia is a complex disease usually

resulting in venous thromboembolism (VTE) (1). As

a complex disease, the cause has been associated

with a combination of both genetic and acquired

and/or environmental risk factors (1, 2). The cur-

rent standard of practice for the laboratory as-

sessment of the primary genetic risk factors

associated with thrombophilia is the 5 major ge-

netic abnormalities that cause significant disease

expression (1, 2). Two common but lower risk fac-

tors are specific point mutations (Factor V Leiden

and Prothrombin UT-20210), while the remaining

3 factors are genetic abnormalities associated

with plasma regulatory components: Antithrom-

bin (AT), Protein C (PC), and Protein S (PS) (2–5).

Criteria, methods, and testing algorithms for the

evaluation of these plasma thrombophilic factors

have been developed and presented for optimal

risk assessment (3–5). One of the most complex

risk factors evaluated in the assessment of throm-

bophilia is PS (5, 6). PS plays a prominent role in

the regulation of clot formation, and as such,

decreases in levels of plasma PS are associated

with an increased risk of VTE (5, 6). To assess the

role of PS in increased thrombotic risk, plasma PS

levels are determined during the laboratory evalu-

ation of thrombophilia (5).
Recently, evidence-based recommendations for

laboratory testing algorithms for these specific

plasma genetic risk factors have been published

for the assessment of thrombophilic abnormali-

ties, most recently from the International Society

of Hemostasis and Thrombosis (ISTH) (3–5). These

algorithms were developed to increase the likeli-

hood of obtaining accurate plasma levels while

minimizing delays in patient care to correct diag-

nosis and increasing cost efficiency. Because of

the complex nature of PS in plasma, the PS testing

algorithm is multifaceted, resulting in misdiagnosis

and monetary and resource loss if incorrectly

used (5). This paper evaluates cost efficiency of us-

ing the published evidence-based algorithm com-

pared to other commonly used nonevidence-

based testing paradigms.

Mechanism of Action of Protein S

PS is a vitamin K-dependent glycoprotein, but in

contrast to most of the other vitamin K-depen-

dent plasma proteins, it is not a serine protease

enzyme, rather functioning as a cofactor in the

protein C regulatory system and the Tissue Factor

Pathway Inhibitor (TFPI) mechanism [for a brief re-

view see ref. (6)]. Hepatocytes and endothelial

cells are the major synthetic sources of plasma PS

but it is also stored in the endothelial cell and the

alpha granules of platelets (5, 6). Plasma PS circu-

lates as an unbound fraction (in normal individu-

als at approximately 40% and termed free PS) and

a bound fraction (approximately 60% is com-

plexed to complement protein, C4b binding pro-

tein) (5–7). PS has 2 main antithrombotic

mechanisms: its apparent main mechanism is a

cofactor for Activated Protein C (APC)-dependent

anticoagulant activity (inactivation of factors Va

and VIIIa) (5–7). The other important function is to

serve as a cofactor for enhancing factor VIIa and

factor Xa inhibition by TFPI (6). Both of these

mechanisms require free PS.

Laboratory Tests for Protein S

To assess plasma levels of PS, 3 assay types

have been developed (2, 5, 7). Each assay has indi-

vidual drawbacks that can potentially cause erro-

neous results. Therefore, PS levels must be

interpreted carefully to allow for an accurate diag-

nosis of a true PS deficiency (5, 7). Analytical and

mainly preanalytical variables can have detrimen-

tal effects on each type of PS assay (5, 7–10).
Free PS antigen assay (free PS Ag) is an immu-

nologic measure of the unbound PS fraction us-

ing a monoclonal antibody based-test method

[the most common ones are automated Latex

Cost Analysis of Protein S Testing REVIEW
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Immunologic Assays (LIA)] (5, 7, 11, 12). This test

is used as a surrogate marker for PS function (ac-

tivity). PS activity assay is a clotting-based assay

that relies on the ability of PS to function as a co-

factor for APC (5, 7, 11–14). This assay has been

reported to be difficult to perform properly and

fraught with the numerous technical problems

(11–13). Total PS antigen assay is an immunologi-

cal assay (usually by LIA or ELISA methodologies)

to determine both the free and bound fractions

(total) of PS in plasma (5, 7, 11, 14, 15).

Clinical Aspects of Protein S Deficiency

PS plays a role in many physiological conditions

where altered states of plasma PS levels are

found (5, 7). In addition, improper preparation of

plasma specimens for testing can also generate

lower, erroneous results (5, 7, 13). Therefore, as-

sessment of the patient’s status and the sample

itself requires awareness during the testing pro-

cess, as well as interpretation of results (5, 7, 13).

Acquired clinical conditions can lead to abnormal

or erroneous PS results, making diagnosis of a

genetic deficiency more difficult [see reference

(5) for a list]. In addition, some PS assays can

have interference from plasma-based substan-

ces, drugs, or certain physiological or pathologi-

cal conditions (5, 7, 13). All of these clinical

conditions and issues must be resolved before

completing testing and/or interpretation.
The classification of the types of PS deficiencies

is based only on PS ability to regulate the APC-

dependent anticoagulant properties (5–7, 13).

Type I deficiency is the classical quantitative defi-

ciency due to a significant gene defect resulting in

decreased synthesis and low PS levels in plasma.

The levels of PS activity, as well as free and total PS

antigen, are all decreased by approximately 50%

in these heterozygous individuals (5, 7). The Type I

deficiency of PS accounts for about 85% all PS de-

ficiencies. Type II deficiency is the classical qualita-

tive deficiency associated with a loss of function

mutation (5, 7). In individuals with a Type II PS defi-

ciency, the gene mutation is usually a point muta-

tion resulting in a circulating dysfunctional protein,

bringing about a decrease in PS activity with nor-

mal free and total PS antigen levels. These individ-

uals account for about 1%–2% of all PS

deficiencies (1, 7, 16). Type III deficiency is also a

quantitative deficiency uniquely caused by an al-

tered distribution in binding between free PS and

C4BP-bound PS (5, 7). The cause of this type of de-

ficiency and differentiation between Types I and III

remains uncertain (5). However, it has been

shown that in some families and patients, they

can change from Type III to Type I (5). The percent-

age of patients with Type III PS deficiency consti-

tute about 15% of all patients with a PS deficiency.
The final diagnosis of PS deficiency is a plasma

PS antigen and/or activity level below the appro-

priate reference interval (RI) on 2 or more occa-

sions at least 4weeks apart (5, 7). The type of PS

deficiency is determined after the relevant PS

assays have been performed and repeated. (5).

There does not appear to be a difference in the

clinical phenotype (clinical presentation) between

the different PS types (5, 6), nor a difference in the

treatment method and duration for the 3 different

types of PS deficiency (5, 6).

ISTH Proposed Algorithm for PS Evaluation (5)

The current ISTH recommended algorithm for

PS evaluation is based on evidence from studies

published over the last 10 years using epidemio-

logical studies and clinical laboratory testing re-

search to develop the algorithm presented by the

subcommittee on Plasma Coagulation Inhibitors

of the ISTH (Fig. 1). The algorithm is a multistep

process and summarized as follows:
Prior to all testing, the ordering provider and

laboratory technical personnel must assess the

patient and the sample for causes of acquired de-

ficiencies, interfering substances, and preanalyti-

cal integrity. In this algorithm, the first PS assay to

REVIEW Cost Analysis of Protein S Testing

....................................................................................................

796 JALM | 794–802 | 07:03 | May 2022

D
ow

nloaded from
 https://academ

ic.oup.com
/jalm

/article/7/3/794/6513390 by U
niversity of N

ew
 M

exico user on 23 June 2023



be performed is free PS antigen assay (FPS Ag),

the surrogate marker of PS activity. If the result is

within the RI, then both Types I and III have been

excluded; if there is a strong suspicion of a qualita-

tive defect (Type II), then a PS activity (PS Act) as-

say is performed. If the PS Act is normal, then all 3

types of PS deficiency are excluded. If the PS Act is

abnormal, then a Type II is present. If the FPS Ag

assay is abnormal, a total PS antigen assay (TPS

Ag) could be performed to distinguish between

Type I (decreased total PS antigen) and Type III

(normal total PS antigen). All tentative deficiencies

must be confirmed by repeating with a new sam-

ple after a minimum of 4 weeks to confirm a PS

deficiency.

CONTENT

Cost–Benefit Analysis of the ISTH
Algorithmic Protocol

This new testing algorithm should reduce delays

in correct diagnosis and/or misclassification of PS

deficiency leading to potential adverse patient

outcomes. In addition, this algorithm has the po-

tential to improve laboratory efficiency and de-

crease costs associated with PS testing, including

a significant cost savings by employing less reflex

and repeat testing (13).
For these model comparisons, we chose 10 000

patients as a starting number. While FPS Ag will

not detect the rare Type II defect, the incidence of

these types of defects has been reported to be

from 5% to <1% of all genetic mutations of PS de-

ficiencies (16, 17). For the purpose of our model

comparison, we assumed 2% of all cases would

be Type II PS deficiencies and require further test-

ing for PS activity based on the clinical suspicion.

As PS deficiency has been reported in 1%–15% of

patients with VTE (18), we assumed that 10% of

patients tested would be abnormal, leading to ad-

ditional testing. Since PS Act assay have a false

positive rate of 10%–15%, which, when added to

the true positives (assumed 12%), would result in

at least a 20% abnormal rate for PS Act.

Fig. 1. Approaches to testing Protein S (PS).
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The assumptions for test cost are based on re-
agent cost, cost of full time equivalent technical
staff, and other costs associated with laboratory
testing (e.g., quality control, proficiency testing, ad-
ministrative cost, overhead costs, etc.), we queried
several laboratories for the “research” cost for
these assays. Although costs varied among labo-
ratories, we estimated the cost to perform either
PSAct or FPS Ag assays to be $20/test each and
TPS Ag to be $15/test.
We evaluated several different nonevidence-

based testing algorithms, either “advertised” or
performed by different laboratories, as the
method for PS comparison with the proposed
ISTH algorithmic method (Fig. 1). Table 1 shows
the cost breakdown of the ISTH evidence-based
algorithmic approach. Using the ISTH algorithm
approach, each patient would receive the initial
FPS Ag assay (total cost of $200 000) with 1000 of
those patients having an abnormal result, which
would be followed up with a TPS Ag assay (cost
$15 000) to differentiate between Types I and III.

Each of those 1000 patients would be repeated
after 4 weeks with both tests to confirm PS defi-
ciency and type (total cost for initial and repeat
testing is $250000). For those patients with sus-
pected of Type II PS deficiency (2% or 200
patients), a PS Act assay would be performed at a
cost of $4000 and both the FPS Ag and PS Act
assays would be repeated after 4 weeks for a total
cost of $12 000 for the evaluation of Type II PS de-
ficiency. The total cost for testing for PS using the
ISTH evidence-based algorithm is $262 000 (or
$26.20/patient).
Tables 2–4 show the cost breakdown of 3 other

testing algorithms currently being performed by
clinical laboratories (testing modalities I, II, and III).
In testing modality I (Table 2), the PS Act assay is
the initial test performed on the 10 000 patients.
With the high rate of falsely abnormal test results
with the PS Act assay, the initial number of
“confirmation” tests (FPS Ag and TPS Ag) would be
2000 patients for an additional $70 000. The re-
quired 4weeks confirmation of PS deficiency

Table 1. Cost breakdown of the ISTH evidence-based algorithmic approach to Protein S (PS) testinga.

Outpatients (n) Cost/test Cost ($)

Type I/III PS deficiency Initial workup

FPS 10000 $20.00 200000

TPS 1000 $15.00 15000

Repeated testing

FPS 1000 $20.00 20000

TPS 1000 $15.00 15000

Type II PS deficiency Initial workup

PSAct 200 $20.00 4000

Repeated testing

FPS 200 $20.00 4000

PSAct 200 $20.00 4000

Total cost ($) 262000

($26.20/patient)

Abbreviations: Free PS antigen (FPS), Total PS antigen (TPS), and PS activity (PSAct).
aAssume that 10% of the FPS would be abnormal and 2% of the normal FPS would require additional testing based on clinical suspicion of Type II
PS deficiency.

REVIEW Cost Analysis of Protein S Testing
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would be an additional $110 000 for all 3 PS

assays (PS Act, FPS Ag, and TPS Ag). The total test-

ing cost with this testing modality would be

$380 000 for 10 000 patients (or $38/patient).
In testing modality II (Table 3), both PS Act and

FPS Ag are initially performed to determine all 3 of

the deficiency types (Types I, II, and III). Those 2000

patients with abnormal results would then be

tested for TPS Ag to differentiate between Types I

and III. The total cost for this initial screening algo-

rithm would come to $430000. Confirmation of PS

deficiency at 4 weeks would require all 3 tests (PS

Act, FPS Ag, and TPS Ag) to be repeated for an addi-

tional cost of $110000. The total testing cost with

testing modality II would be $540000 for the

10000 patients (or $54/patient).

Table 2. Cost breakdown of testing modality I for Protein S.

Outpatients (n) Cost/test Cost ($) Cost savingsb/10000 patients (%)

Testing modality (I)a

Initial workup

PSAct 10000 $20.00 200000

FPS 2000 $20.00 40000

TPS 2000 $15.00 30000

Repeated testing

PSAct 2000 $20.00 40000

FPS 2000 $20.00 40000

TPS 2000 $15.00 30000

Total cost 380000 ($38.00/patient) $118000 (�31%)

Abbreviations: Free PS antigen (FPS), Total PS antigen (TPS), and PS activity (PSAct).
aPSAct testing initially and assume that 20% of the PS would be abnormal and require additional workup.
bCost savings compared to the cost breakdown of the ISTH evidence-based algorithmic approach.

Table 3. Cost breakdown of testing modality II for Protein S (PS).

Outpatients (n) Cost/test Cost ($) Cost savingsb/10000 patients (%)

Testing modality (II)a

Initial workup

PSAct 10000 $20.00 200000

FPS 10000 $20.00 200000

TPS 2000 $15.00 30000

Repeated testing

PSAct 2000 $20.00 40000

FPS 2000 $20.00 40000

TPS 2000 $15.00 30000

Total cost 540000 ($54.00/patient) $278000 (�51%)

Abbreviations: Free PS antigen (FPS), Total PS antigen (TPS), and PS activity (PSAct).
aTesting both PSAct & FPS assume that 20% would be abnormal and require additional workup.
bCost savings as comparted to the cost breakdown of the ISTH evidence-based algorithmic approach.
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In testing modality III (Table 4), all 3 PS assays

(PS Act, FPS Ag, and TPS Ag) are performed at

the initial testing for an initial cost of $600 000,

followed by repeat testing of the 2000 initially

abnormal test results, increasing this test mo-

dality cost to a total of $660 000 for the 10 000

patients (or $66/patient).

Cost Comparison

The recommended evidence-based algorith-

mic approach for PS testing to determine PS de-

ficiency would cost the laboratory an estimated

31% less than testing with modality I (the PS ac-

tivity assay first protocol). The ISTH algorithm

would cost 51% less than testing with modality II

(the free PS antigen and PS activity assays proto-

col). Finally, a 60% savings in testing with the

ISTH algorithm compared to modality III (testing

all 3 tests initially). Overall, using the evidence-

based algorithm does lead to significant cost

savings for this initial, reflex, and repeat testing

scheme.

SUMMARY

Accurate diagnosis in PS deficiency has long been

a challenging field. While any of the algorithms dis-

cussed here may ultimately lead to the correct diag-

nosis, the new ISTH testing algorithm afford

diagnostic efficiency with both improved patient

care (shorter time to diagnosis) and decreased over-

all cost. The former is particularly relevant given the

substantial number of false positive results ob-

served with the PS activity assays (10%–15% of nor-

mal donors), which may persist even on

confirmation, potentially leading to misdiagnosis

and/or a delay in appropriate patient care. However,

the ISTH algorithm does acknowledge that some

Type II patients (<1%–5%) may be missed, if clinical

suspicion is low (7, 8). In addition to improved pa-

tient care for PS deficiency, this model of the

evidence-based ISTH algorithm supports significant

cost savings to laboratories performing this testing

scheme. The exact amount saved will vary depend-

ing on volume, ordering practices, cost per test, and

demographics of the population. As many laborato-

ries do not perform all 3 assays, additional savings

Table 4. Cost breakdown of testing modality III for Protein S (PS).

Outpatients (n) Cost/test Cost ($) Cost savingsb/10000 patients (%)

Testing modality (III)a

Initial workup

PSAct 10000 $20.00 200000

FPS 10000 $20.00 200000

TPS 10000 $15.00 200000

Repeat testing

PSAct 2000 $20.00 40000

FPS 2000 $20.00 40000

TPS 2000 $15.00 30000

Total cost 660000($66.00/patient) $398000 (�60%)

Abbreviations: Free PS antigen (FPS), Total PS antigen (TPS), and PS activity (PSAct).
aPSAct/FPS/TPS testing performed assume that 20% of the would be abnormal and require additional workup.
bCost savings comparted to the cost breakdown of the ISTH evidence-based algorithmic approach.
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could be seen with reduction in the number of re-

ferral tests. However, the challenging logistics of

specimen management and aliquoting of samples

should also be considered. Multiple tests may need

to be performed at different times on the same

sample, which is even more onerous for laborato-

ries performing some, but not all, of the assays and

sending out the remaining sample for referral test-

ing. Finally, another cost saving step, while not spe-

cifically recommended by the ISTH, their algorithm

does allow for laboratories and/or clinicians to

choose not to order a total PS antigen assay to dis-

tinguish between Types III and I as this information

will not significantly change therapy for the patient.
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