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ABSTRACT

Background: Coagulation assays such as prothrombin time (PT), international normalized ratio (INR), and activated partial throm-
boplastin time (aPTT) are widely used for patient monitoring. Accurate interpretation of sequential test results requires consid-
eration of both biological and analytical variation. The reference change value (RCV) is a statistical tool that determines whether
changes in serial results are clinically significant. While RCVs are typically calculated using intra-laboratory data, inter-laboratory
variability remains largely unexplored for coagulation parameters. This observational study aimed to calculate intra- and inter-
laboratory RCVs for PT, INR, and aPTT.

Methods: Internal quality control (IQC) data and external quality assessment (EQA) results were collected monthly throughout 2024. In-
tra-laboratory analytical imprecision (CV,) was derived from IQC data, while inter-laboratory CV, was estimated using EQA results. RCVs
were calculated using an asymmetric log-normal model incorporating within-subject biological variation (CV|) and a Z-score of 1.64.
Results: Intra-laboratory CV, values were 5.1% (PT), 5.3% (INR), and 3.5% (aPTT), whereas inter-laboratory CV, values were sub-
stantially higher: 21.1%, 18.1%, and 13.6%, respectively. Corresponding intra-laboratory RCV increase values were 14.2% (PT),
14.6% (INR), and 11.0% (aPTT), while inter-laboratory RCV increase values reached 63.1%, 52.5%, and 37.9%. Individuality index
values were <0.6 for all tests, highlighting the limited value of reference intervals and the clinical utility of RCVs.

Conclusions: The findings demonstrate that inter-laboratory RCVs for PT, INR, and aPTT are substantially wider than intra-lab-
oratory RCVs, reflecting the impact of between-laboratory analytical variability. These results emphasize the need for context-
specific RCV thresholds, particularly when interpreting serial coagulation test results across different laboratories.
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INTRODUCTION differences in reagents and instruments used in various
laboratories [1]. PT/INR is primarily used to monitor war-
farin therapy, whereas aPTT is employed for screening he-
reditary or acquired factor deficiencies and for monitor-
ing unfractionated heparin therapy. These assays are also

routinely requested for preoperative patient evaluations

Clinical laboratory testing plays a pivotal role in diagnos-
ing, treating, and monitoring numerous medical condi-
tions. Among these, coagulation assays such as pro-
thrombin time (PT), international normalized ratio (INR),

and activated partial thromboplastin time (aPTT) are
essential for evaluating hemostatic function, especially
in patients with suspected bleeding disorders or those
receiving anticoagulant medication [1].

Coagulation tests evaluate the efficiency of clot forma-
tion by activating the coagulation cascade, and PT/INR and
aPTT are among the most commonly used routine tests in
clinical practice. PT assesses the function of the extrinsic
and common coagulation pathways, while aPTT evaluates
the intrinsic and common pathways. INR was developed
to standardize PT reporting globally by correcting for

[1,2]. Despite their widespread application, clinical labora-
tory tests are susceptible to biological and analytical vari-
ability. In particular, the within-subject biological variation
(CV,) of most laboratory tests is significantly smaller than
the between-subject variation (CV); this high individual-
ity also limits the utility of population-based reference in-
tervals for clinical interpretation in patients [3].

Variability from both analytical and biological sources
makes it difficult to interpret sequential laboratory test
results, especially across different laboratories [4]. The
reference change value (RCV) is a statistical tool that
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integrates analytical imprecision (CV,) and CV, to deter-
mine whether a difference between two consecutive
test results represents a clinically meaningful change
rather than random variation [5]. While RCV is tradition-
ally applied under the assumption of stable analytical
conditions within a single laboratory, this assumption
may not hold in real-world clinical practice, where pa-
tients are frequently followed across multiple healthcare
institutions [6,7]. In such settings, external quality as-
sessment (EQA) data, which are evaluations of a labo-
ratory's performance conducted by an external agency,
become valuable, as they enable the estimation of in-
ter-laboratory CV, and, consequently, the calculation of
inter-laboratory RCVs [4].

Given the clinical importance of coagulation tests in
managing bleeding disorders and anticoagulant therapy,
and the increasing frequency of patient follow-up across
different laboratories, it is crucial to define both intra-
laboratory and inter-laboratory RCVs for PT, INR, and
aPTT. This study aimed to determine intra-laboratory and
inter-laboratory CV, values and to calculate correspond-
ing RCVs using IQC and EQA data. These RCVs, once es-
tablished, could significantly improve the accuracy of
serial coagulation test interpretation, thereby enhancing
patient care and outcomes in our clinical practice.

METHODS

This study used de-identified quality control and EQA
data without patient-level information, so local regula-
tions did not require ethical approval.

Study design

This observational analytical study was conducted at the
Medical Biochemistry Laboratory of Kastamonu Train-
ing and Research Hospital (Tlrkiye). Intra-laboratory CV,
for three commonly used coagulation tests (PT, INR, and
aPTT) was calculated using 1QC data collected from the
laboratory information management system throughout
2024. In contrast, inter-laboratory CV, was determined
based on EQA results obtained during the same period.

Data sources and quality control

All measurements were performed on the Sysmex® CS-
2500 System (Sysmex Corporation, Kobe, Japan), a fully
automated coagulation analyser that utilizes optical clot
detection methodology. PT and INR were measured us-
ing Thromborel® S reagent, and aPTT was measured
using Dade® Actin® FS reagent (both Siemens Health-
ineers, Marburg, Germany).

The IQC materials were run at two daily levels for each
test (from lyophilized Siemens Control Plasma N and
Control Plasma P [Siemens Healthineers, Marburg, Ger-
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many]), covering normal and pathological control levels.
IQC results were evaluated according to Westgard rules
and accepted or rejected [8]. Control material lot num-
bers varied by month:

e For Control N: January—February: lot 507934; March—
June: 507938; July—September: 507941; October—De-
cember: 556745.

e For Control P: January—February: lot 556746; March—
June: 556747; July—September: 556749; October—De-
cember: 556754.

Monthly, the mean (i) and standard deviation (o) val-
ues were calculated for the two control levels of each
test. Coefficients of variation (CVs) for these control lev-
els were computed using the formula:

CV, (%) =(0/u)x100

The monthly CV, values from normal and pathological
IQC levels were averaged to reflect routine laboratory per-
formance across clinically relevant concentration ranges.
Subsequently, the mean intra-laboratory CV, across all 12
months of 2024 was determined for each test.

Inter-laboratory CV, values were derived from the
EQA data obtained from the KBUDEK coagulation pro-
gram (Turkish Society of Clinical Biochemistry Special-
ists, Istanbul, Turkiye), which is conducted in accordance
with ISO/IEC 17043:2010 standards. Monthly CV, values
from all participating laboratories were averaged to esti-
mate inter-laboratory analytical variation over the same
twelve-month study period.

Statistical analysis, RCV calculation

The RCVs were calculated to determine whether a differ-
ence between two consecutive test results for the same
patient represents a statistically and clinically significant
change. Calculations were performed separately within
the same laboratory (intra-laboratory) and between dif-
ferent laboratories (inter-laboratory) scenarios.

For this purpose, the so-called asymmetric RCV for-
mula, which gives different RCVs for increase and de-
crease (RCV_inc and RCV_dec), was applied [9]:

RCV_inc/dec = 100% x (exp ( + Z x 2¥2 ( In (CV,? +1) +

In (CVZ+1) )¥? -1))
where: Z is the z-score for the desired confidence inter-
val (Cl), CV, is the coefficient of analytical variation (intra
or inter), and CV, is the within-subject biological varia-
tion. A one-sided z-score of 1.64 was applied to calcu-
late asymmetric RCVs at the 95% Cl, as recommended
for clinical interpretation of serial results [3].

Biological variation data (CV, and CV;) for PT, INR, and
aPTT were obtained from the highly reliable EFLM biological
variation database [10], which applies the Biological Variation
Data Critical Appraisal Checklist (BIVAC) for data reliability.
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The individuality index (1) was also calculated for each
test to evaluate whether population-based reference in-
tervals are sufficient for interpreting serial results [11]:

II=CV,/CV,
An |l < 0.6 indicates high individuality; in this case,

population-based reference intervals are less valuable,
making RCVs critical for patient monitoring [12].

Microsoft Excel 2013 (Microsoft Corporation, Red-
mond, WA, USA) was used for all data analyses.

RESULTS

Intra-laboratory QC and imprecision analysis

A total of 2646 IQC measurements were obtained for PT,
INR, and aPTT assays over the 12-month period. Outliers
identified according to Westgard rules were more fre-
quent in PT and INR assays than in aPTT, indicating great-
er intra-laboratory consistency for aPTT. Overall, monthly
analytical imprecision was higher for PT and INR than for
aPTT, with increased variability particularly at pathologi-
cal control levels. When averaged across control levels,
intra-laboratory CVs were lowest for aPTT and highest for
INR and PT (aPTT: 3.5%, PT: 5.1%, INR: 5.3%). Notably, for
all three assays, intra-laboratory CVs exceeded the desir-
able analytical performance goals derived from the EFLM
biological variation database, with PT and INR showing
relatively greater imprecision compared with aPTT. De-
tailed numerical results are provided in Table 1.

Inter-laboratory analytical imprecision based
on EQA data

Inter-laboratory analytical imprecision for PT, INR, and
aPTT was evaluated using EQA data, which reflected
substantial methodological heterogeneity across partici-
pating laboratories. Most laboratories employed Sysmex
coagulation analyzers with Siemens reagents, alongside
several other commonly used instrument-reagent com-
binations. Within this heterogeneous analytical environ-
ment, PT and INR exhibited pronounced inter-laboratory
variability throughout the study period. In contrast, aPTT
consistently demonstrated lower CV, values, indicating
comparatively greater analytical concordance across
laboratories (Table 2).

Biological variation, individuality, and reference
change values

Table 3 summarizes the biological variation parameters,
the individuality index (I1), CV,, and calculated reference
change values (RCVs) for PT, INR, and aPTT. All three pa-
rameters showed low Il values (<0.6), indicating marked
individuality and supporting the use of RCV rather than
population-based reference intervals for clinical in-
terpretation [12]. Notably, inter-laboratory analytical
imprecision markedly widened the RCVs; for example,
the positive RCV for INR increased from 14.6% in the
intra-laboratory setting to 52.5% in the inter-laboratory
setting, highlighting the substantial impact of between-
laboratory variability on serial result interpretation.

Table 1. Intra-laboratory quality-control measurements, outliers, analytical imprecision, and desirable

CV data of coagulation parameters

PT INR aPTT
Control Level Normal Pathological Normal Pathological Normal Pathological
Measurement, n 513 489 513 488 340 303
Outliers*, n (%) 43 (8) 37 (8) 43 (8) 36 (7) 11(3) 7(2)
January 7.3 6.2 8.5 6.3 2.4 2.8
February 6.9 6.0 8.3 6.1 2.4 2.6
March 53 5.2 53 5.9 1.6 34
April 5.4 53 5.4 6.0 1.5 35
May 5.1 5.0 5.1 5.8 1.6 33
June 5.4 53 5.4 59 1.7 34
v (%) July 3.0 4.7 3.5 4.2 1.5 8.6
August 3.2 4.9 3.7 4.4 1.7 8.7
September 3.1 4.8 3.6 4.3 1.6 8.5
October 4.6 5.1 4.6 4.9 33 4.8
November 4.8 4.9 4.4 4.7 3.1 4.6
December 4.7 5.0 4.5 4.8 3.2 4.7
CVaverage (%) 4.9 5.2 5.2 53 2.1 4.9
CV, (%) 5.1 53 35
CVopesirable (%) 1.3 1.3 1.4

The EFLM BV database was the source of desirable CV data [10]. * Outlier is the number of samples rejected according to Westgard rules [8]. Abbreviations: aPTT — activated partial thromboplastin time, CV — coef-
ficient of variation, CV, — analytical imprecision, INR — International Normalized Ratio, PT — prothrombin time.
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Table 2. Inter-laboratory analytical imprecision values for coagulation parameters

PT INR APTT

Number of Mean Inter-lab Number of Mean Inter-lab Number of Mean Inter-lab
EQA of CV, * EQA of CV, * EQA of CV, *
participants results (%) participants results (%) participants results (%)
January 286 20.7 32.6 355 1.7 28.9 343 65.6 16.8
February 342 16.3 21.3 383 1.4 18.9 373 51.5 14.6
March 360 12.7 12.2 395 1.1 8.9 387 45.3 10.9
April 366 12.6 11.6 395 1.1 9.6 389 43.9 10.6
May 376 16.2 17.8 406 1.4 15.7 397 61.0 12.9
June 370 23.0 28.3 400 1.9 24.6 380 59.8 16.9
July 350 16.1 20.8 380 1.4 18.1 372 52.8 14.0
August 362 12.7 12.7 392 11 8.9 385 459 10.7
September 362 21.0 33.6 393 1.7 28.0 375 66.3 14.7
October 372 20.9 31.9 402 1.7 27.7 387 66.3 14.6
November 369 12.7 11.9 399 1.1 9.7 389 45.7 11.5
December 375 16.2 19.0 405 1.4 18.6 396 52.0 15.0

* Inter-laboratory CV, values were calculated using EQA data obtained from laboratories employing various coagulation platforms, predominantly Sysmex CA/CS/CN series (with Siemens reagents), STA Compact
(Stago), ACL TOP series (Werfen), and Rayto systems, as well as several other commonly used automated systems. Abbreviations: aPTT — activated partial thromboplastin time, CV, — analytical imprecision, EQA —

external quality assessment, INR — International Normalized Ratio, PT — prothrombin time.

Table 3. Biological variation, individuality index, analytical imprecision, and RCVs for coagulation parameters

PT INR APTT
Within-subject biological variation (CV,), % [95% Cl] 2.6[2.4—5.8] 2.5[2.3—3.0] 2.8[1.7—6.8]
Between-subject biological variation (CV), % [95% Cl] 5.1[2.8—5.7] 4.6[2.9—6.8] 7.2 [4.9—8.9]
Individuality index (I1) 0.5 0.5 0.4
o . Intra-laboratory 5.1 53 3.5
Analytical imprecision (CV,), %
Inter-laboratory 21.1 18.1 13.6
Intra-laboratory 14.2 [14.0—19.7] 14.6 [14.4—15.2] 11[9.5 —19.5]

RCV increase, % [95% Cl]
Inter-laboratory

63.1 [63.0 —65.5]

52.5[52.4—52.7] 37.9(37.4—42.2]

Intra-laboratory

-12.5[-16.4 to -12.3]

-12.7 [-13.2 to -12.6] -9.9 [-16.3 t0 -8.7]

RCV decrease, % [95% Cl] Inter-laborator
- y

-38.7 [-39.6 to -38.7]

-34.4[-35.5 to0 -34.4] 27.5[-29.7 to -27.2]

Abbreviations: aPTT — activated partial thromboplastin time, CI confidence interval, INR — International Normalized Ratio, PT — Prothrombin time, RCV — reference change value.

DISCUSSION

Accurate interpretation of sequential coagulation test
results is crucial for clinical decision-making, particu-
larly in patients receiving anticoagulation therapy or
undergoing surgical interventions. The use of reference
change values (RCVs), which integrate both analytical
and within-subject biological variation, provides an ob-
jective framework for distinguishing clinically meaning-
ful changes from analytical noise. In this study, we eval-
uated both intra- and inter-laboratory RCVs for routine
coagulation tests (PT, INR, and aPTT) using one-year |QC
data and EQA results. The principal finding is that inter-
laboratory RCVs were markedly wider than intra-labo-
ratory RCVs for all three parameters, exceeding them
by approximately three- to four-fold. This highlights the
substantial contribution of between-laboratory analyti-
cal variability to the interpretation of serial coagulation
test results. To our knowledge, this is the first study to
report inter-laboratory RCVs for coagulation param-
eters, thereby offering a novel and clinically relevant
perspective for interpreting results obtained across dif-
ferent laboratory settings.

The pronounced differences between intra- and inter-
laboratory RCVs underscore the limitations of applying
intra-laboratory thresholds when serial PT, INR, and aPTT
measurements are obtained from different laboratories.
Analytical variability arising from differences in instru-
ments, reagents, calibration procedures, and measure-
ment principles may falsely suggest clinically meaning-
ful change when intra-laboratory RCVs are used across
laboratory settings. Consequently, relying solely on intra-
laboratory RCVs in such scenarios may increase the risk
of false-positive interpretations and inappropriate clinical
decisions. Therefore, when patient monitoring involves
measurements performed across different laboratory
settings, inter-laboratory RCVs should be considered.

Previous studies on coagulation testing have predomi-
nantly focused on intra-laboratory RCV estimation, most
often using classical symmetric approaches derived from
biological variation data. These investigations, conduct-
ed in controlled single-laboratory settings, generally re-
ported relatively narrow RCVs, particularly when analyti-
cal imprecision was low and healthy populations were
studied [13—18]. Similar to the approach in the present
study, more recent studies applying asymmetric, log-
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normal RCV models—such as those by Zengi and Ucar
[19] and Kristoffersen et al. [20]—have confirmed the
high individuality of coagulation tests (Il < 0.6) and the
limited utility of population-based reference intervals for
serial monitoring. In these studies, the reported intra-
laboratory RCV increases and decreases ranged approxi-
mately from +8% to-7% for PT and from +15% to-13% for
aPTT, reflecting relatively narrow threshold values under
single-laboratory conditions. However, all previously
published reports remain confined to intra-laboratory
contexts. None have addressed the impact of inter-lab-
oratory analytical variability on RCV estimates. By incor-
porating inter-laboratory CV, derived from EQA data, our
study extends the existing literature and provides RCV
estimates that are more representative of real-world
clinical practice. A similar EQA-based approach has pre-
viously been applied to other analyte classes, such as
hemoglobin Alc and thyroid function tests [7,21], but
not to routine coagulation assays.

From a clinical perspective, these findings have direct
implications for patient monitoring, particularly in set-
tings such as anticoagulation management, perioperative
assessment, and multicenter clinical studies. Comparing
serial PT, INR, or aPTT results obtained from different
laboratories using intra-laboratory RCVs alone may lead
to false-positive interpretations of clinically significant
change. Whenever feasible, serial measurements should
be performed in the same laboratory; when this is not
possible, the use of inter-laboratory RCVs—such as those
proposed in the present study—may provide a more ap-
propriate interpretative framework. For example, a pa-
tient receiving vitamin K antagonist therapy may show an
apparent INR increase of 20-25% when follow-up test-
ing is performed in a different laboratory. While such a
change would exceed the intra-laboratory RCV and po-
tentially prompt unnecessary dose adjustment, it may
remain within the inter-laboratory RCV range, indicating
that the observed difference is more likely attributable to
analytical variability rather than a true biological change.

While our study provides valuable insights, it also
has several limitations that warrant consideration. First,
the estimation of inter-laboratory analytical variation
was based on EQA data derived from lyophilized and
pooled materials rather than native patient samples.
Such materials may not fully reflect the commutability
characteristics of clinical specimens, potentially leading
to over- or underestimation of inter-laboratory CV, and,
consequently, the derived RCVs. Second, inter-laboratory
RCVs were derived from aggregated EQA data obtained
from laboratories using diverse analytical platforms and
reagent systems. This methodological heterogeneity
may have contributed to higher analytical variation es-
timates due to inter-method differences and may also
limit the generalizability of our findings to laboratories

employing alternative platforms or operating under dif-
ferent regulatory frameworks. Platform-specific inter-
laboratory RCVs were not evaluated and warrant further
investigation. Lastly, this study was based on quality
control materials rather than patient-derived samples;
thus, the applicability of the proposed RCVs to patient
populations with coagulopathies or under anticoagulant
therapy remains to be validated in future clinical studies.

CONCLUSIONS

The findings of this study have important implications
for both clinical practice and laboratory medicine. Inter-
laboratory RCVs for commonly used coagulation param-
eters—PT, INR, and aPTT—were found to be substan-
tially wider than intra-laboratory RCVs, reflecting the
considerable analytical variability that exists between
laboratories. These results highlight the need for cau-
tious interpretation of serial coagulation test results,
particularly in clinical scenarios where patient follow-up
involves different laboratories or healthcare institutions.
Adoption of setting-specific RCV thresholds may improve
the clinical utility and interpretability of coagulation tests
in longitudinal patient monitoring and reduce the risk of
misclassification due to analytical variability.

ABBREVIATIONS

aPTT — activated partial thromboplastin time

BIVAC — Biological Variation Data Critical Appraisal Checklist
Cl — confidence interval

CV — coefficient of variation

CV, — analytical imprecision

CV¢ — between-subject variation

CV, — within-subject biological variation

EFLM — European Federation of Clinical Chemistry and
Laboratory Medicine

EQA — external quality assessment

Il —individuality index

INR —international normalized ratio

IQC —internal quality control

PT — prothrombin time

RCV —reference change value

RCV_inc — reference change value for increase
RCV_dec — reference change value for decrease
L—mean

0 — standard deviation
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