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1 | INTRODUCTION

Laboratory detection of lupus anticoagulant (LA), which has important
clinical implications,>? is based on two clotting test systems: diluted

Russell Viper venom time (DRVVT) based tests and sensitive activated
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Abstract

Introduction: Lupus anticoagulant (LA) testing requires normal pooled plasma (NPP) in
performing mixing studies and can be used for normalized ratios of clotting times (CTs).
The aims were to demonstrate whether significant differences in clotting times
between two batches of a same commercial NPP (CRYOcheck™) directly affect NPP-
based cut-off values.

Methods: Diluted Russell Viper venom time (DRVVT) and activated partial thrombo-
plastin time (aPTT) were used for LA testing. Screening, mixing and confirm tests
were performed with Stago® instruments and reagents. Two batches of commercial
NPP (A1291 and A1301 from CRYOcheck™; frozen) were compared in the determi-
nation of cut-off values. Cut-off values were defined as 99th percentile values of
60 healthy donors and compared with Mann-Whitney U test.

Results: Cut-off values obtained with the two NPP batches were significantly differ-
ent for DRVVT (screen normalized ratio: 1.09 vs. 1.24, screen mix: 41.9 s vs. 38.9 s;
index of circulating anticoagulant: 5.0 vs. 8.4; all had p-value <.001). On the contrary,
no significant differences were observed for aPTT (screen normalized ratio: 1.32
vs. 1.34; p-value = .4068, screen mix: 37.8 s vs. 38.1 s; p-value = .1153) except for
index of circulating anticoagulant: 9.6 versus 10.4 (p-value <.05).

Conclusion: This study demonstrates that differences between two commercial NPP
batches produced by a same manufacturer influenced LA cut-off values used for mix-
ing studies and normalized ratios. Adequate cut-off setting, taking into account NPP
CTs, is important to provide accurate conclusion about the presence or absence of a

LA and avoid potential clinical impact.

KEYWORDS
cut-off values, laboratory diagnosis, lupus anticoagulant, mixing study, normal pooled plasma

partial thromboplastin time (aPTT) based tests. LA testing is conducted
through three different steps: screening, mixing and confirmation. LA is
deemed positive when both screening and mixing steps yield a result
above the cut-off values while the confirmation step evidences a phos-

pholipid dependence.® According to the last International Society on
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Thrombosis and Haemostasis (ISTH) guidelines, these cut-off values
should be derived from 99th percentile obtained from 120 healthy
donors.® Alternatively, cut-off values of LA testing reagents manufac-
turers can be adopted locally via a validation exercise, if they fit with
the internal laboratory cut-off values derived from at least local
20 healthy donors, with no more than 2/20 outside the manufacturer's
range.* The second step, which is the mixing test, consists of mixing a
normal pooled plasma (NPP) with patient's plasma in a 1:1 ratio. This
aids discrimination between coagulation inhibitors and coagulation fac-
tor deficiencies.>*~? Furthermore, to reduce interlaboratory and intrala-
boratory variability, the guidelines recommend to compute normalized
ratio with CTs of NPP.>710 As presented in an international survey con-
ducted in 2019 by the ISTH, most laboratories apply normalized ratios
in LA testing by dividing patient's plasma CT by NPP CT.*? In short, the
implementation of normalized CT ratios reduces laboratory variability
and mixing studies with NPP increases LA diagnosis specificity.1?-1¢
However, the problems surrounding NPPs are substantial. Most of labo-
ratories use commercial lyophilized or frozen plasmas while in-house
production of NPPs is recommended as stated in the latest updated
ISTH guidelines.® Indeed, the use of commercial plasmas is not encour-
aged because of the lack of specifications in manufacturer's product
inserts and alterations due to the preparation process and unavoidable
use of additives, which are undisclosed. The use of commercial lyophi-
lized or frozen plasmas is nevertheless allowed provided they meet the
specifications for clotting factors levels and number of residual plate-
lets.? It is not described whether one or several NPP batches should
be used for the determination of cut-off values; the only mention is that
NPPs should be produced from at least 40 normal donors.® It is
assumed that NPPs prepared from 40 healthy donors would result in a
homogeneous plasma mixture with consistently close to 100% clotting
factor contents.>” Nevertheless, Moore et al. demonstrated that NPPs
prepared by diverse manufacturers gave different CTs and were not
interchangeable.r” They however did not study the impact of different
batches of a same commercial NPP source on cut-off values. Our
hypothesis is thus that different batches of a same commercial NPP
(we used CRYOcheck™ Pooled Normal Plasma) may show significant
variability in CTs and therefore influence mixing study cut-offs and nor-
malized ratios of CTs with potential clinical impact.1”18

The objectives of this study are to investigate whether batches of
commercial frozen NPP produced by the same manufacturer
(CRYOcheck™) may show significant differences in the CTs of the two
test systems used for LA testing. Another objective is to investigate
whether these differences may directly affect the mixing study as well
as normalized ratio cut-off values. In addition, we compared CTs

obtained from two sources of NPP (commercial and in-house NPPs).

2 | MATERIALS AND METHODS
21 | Methods

The study was conducted at the hematology laboratory of the CHU
UCL Namur. First, CTs of commercial NPP batches used during the

last five years (2017-2021) were extracted from the laboratory infor-
mation system (LIS) for screen step in aPTT and DRVVT system and
for screen and confirm steps in DRVVT system, to study the variation
of CTs. Second, CTs and characteristics of two commercial NPP
batches from the same source were compared to assess the potential
differences. The third part of this study was thus to determine NPP-
based cut-off values with 60 healthy donors, by calculating the 99th
percentile value with both NPP batches. The following part of the
study was the comparison of, NPP CTs from two sources, including
four batches of commercial frozen NPP and two batches of in-house
NPP. Last, mixing studies were performed with patient's plasmas with
two commercial NPPs. Depending on the plasma volume collected
from routine samples, DRVVT screen, DRVVT confirm and/or aPTT

screen mixing tests were performed.

2.1.1 | Retrospective analysis and data extraction
of commercial NPP CTs

CTs of NPPs have been extracted for the last five years at Mont-
Godinne hospital, CHU UCL Namur. The extraction was carried out
from the LIS Glims version 8 (MIPS, Gent, Belgium).

2.1.2 | Lupus anticoagulant testing
LA testing was carried out according to a three-step procedure used
in medical laboratory at Mont-Godinne hospital, CHU UCL Namur
(Figure 1): screening, mixing and confirm with two test systems.
Assays used for screening step were: diluted Russell viper venom time
(DRVVT—STA®—Staclot® DRVV Screen kit, Stago Diagnostica,
Asniéres-sur-Seine, France) and activated partial thromboplastin time
(aPTT—PTT-LA® reagent from Stago). For confirm step, Staclot® LA
(Stago) was used for aPTT system and STA-Staclot® DRVV confirm
(Stago) for DRVVT system. According to our routine diagnostic testing
protocol, only patients with at least one screen CT above the cut-off
value were investigated further, with the calculation of normalized
ratio (by dividing CT of patient's plasma by CT of NPP) and perfor-
mance of mixing and confirmatory studies (Figure 1). Mixing studies
were carried out with a patient's plasma diluted 1:1 with commercial
frozen NPP (CRYOcheck™ Pooled Normal Plasma, Precision BiolLogic).
Mixing studies in DRVVT pathway were performed with the same
assays (DRVVT screen and confirm) using patient's plasma diluted 1:1
with NPP (CRYOcheck™). In our laboratory, mixing test with CRYO-
check™ NPP is not performed for aPTT confirm but only for aPTT
screen (PTT-LA). Performing mixing test with Staclot® confirm reagent
would be redundant. Indeed, in Staclot® confirm test, patient's plasma
is already mixed with normal plasma containing hexagonal phase
phosphatidylethanolamine reagent. Shortening of prolonged CT with
high phospholipids in confirmation step is indicative of a LA.

DRVVT screen, DRVVT confirm and aPTT screen tests were all
performed with STA R Max2 instrument (Stago). aPTT confirm was
performed with STart Max instrument (Stago). aPTT confirm was
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Lupus anticoagulant testing in medical laboratory. aPTT, activated partial thromboplastin time; CT, clotting time; DRVVT, diluted

Russell Viper venom time; LA, lupus anticoagulant; ICA, index of circulating anticoagulant; NPP, normal pooled plasma; PP, patient's plasma

performed with another instrument because dead volume on STA R
Max2 is substantial (200 pl) and consumes too much reagent volume
compared to STart Max instrument (25 pl with no dead volume). The
operators who carried out the tests were proficient for test methods
and use of instruments (>10-year experience in hemostasis

laboratory).

2.1.3 | Determination of cut-off values
involving NPPs

The determination of cut-off values in this study was fully aligned
with the recommendations of last ISTH guidelines except for the num-
ber of healthy donors.®*? The cut-off values were defined as the 99th
percentile of normal CTs, obtained from 60 healthy donors. A non-
parametric approach was used as CTs or ratios were not all normally
distributed and because it improves specificity arising from the poten-
tial reduction in false positives, tempered by the statistically inevitable
reduction in sensitivity. The deviation from the normal distribution
was assessed by Kolmogorov-Smirnov test. Outliers were analyzed
with Reed method.>? Cut-off values were computed by taking the
99th percentile value using the “robust method,” after exclusion of

outliers.*

The patient's plasma refers to healthy donor in the equations
below. Screening cut-off values were expressed as CTs in seconds
and as normalized ratios. Normalized ratios were computed by divid-
ing the CT of the patient's plasma (PP) by the CT of the NPP for
screening steps. CT and normalized ratios were also determined for

confirm step in DRVVT system:

CTep
NPP

Normalized ratio =

Mixing study cut-off values were expressed as CTs on 1:1 mix PP:
NPP and as normalized ratios. For mixing study, index of circulating
anticoagulant (ICA), also referred as Rosner index was obtained by the

following calculation:

(CTmix — CTnpp)

ICA= CTor

* 100,

CTmix

Mixing test normalized ratio = .
CTnep

In DRVVT system, overall interpretation was possible by computing

interrelated step cut-off values:
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Mann-Whitney U nonparametric statistic test was used to assess the
differences between cut-off values derived from the two commercial
NPP batches. p-Value <.05 was considered to be statistically

significant.

2.14 | Statistics software
Statistics, including 99th percentile cut-off determination and graphic

elements were obtained using MedCalc® software.

2.2 | Materials

2.2.1 | Normal pooled plasmas

The commercial NPPs compared in this study were frozen platelet-poor
plasmas constituted from a minimum of 20 healthy donors mixed in HEPES
(4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid) buffer (CRYOcheck™
Pooled Normal Plasma, Precision BiolLogic, Dartmouth, Canada). The
batches were released if acceptance criteria were met: they must comply
for the levels of factors Il, V, VII, VIII, IX, X, XI and XIl (>85%) and the
donors must be negative for LA screening. The CRYOcheck™ NPPs were
stored at —80°C and used before the expiration date indicated on the
packaging. Each vial of NPP was thawed at 37°C in a water-bath for 5 min
and was gently inverted for homogenization before LA testing. After thaw-
ing, NPP vials were used within 1 h and were not allowed to be refrozen.
CTs of NPPs were measured under the same conditions as CTs of healthy
donor's plasmas, by the same operator, with the same reagents and instru-
ments and on the same day, to reduce operational variation.

CTs of four commercial frozen NPP batches (A1278, A1291,
A1301 and A1313) were measured for DRVVT screen, confirm and
aPTT screen and were included in the comparison of NPP characteris-
tics. Two of these NPP batches were used for the determination of
NPP-based cut-off values (A1291 and A1301). Results of certificates
of analysis for these two batches are available in supporting informa-
tion, Table A.1. Comparison between the CTs of the two NPP batches
was performed using Mann-Whitney U test (nonparametric), to assess
if they were statistically significantly different.

Two in-house NPPs were also included in the comparison of NPP
characteristics. They were provided by Namur Biobank-eXchange
(NAB-X). The first one was constituted of 48 healthy individuals

(17 men and 31 women) and the second one was constituted of
53 healthy individuals (17 men and 36 women). Details regarding the
characteristics of healthy volunteers and the collection method of

plasmas are available in supporting information.

2.2.2 | Individual plasmas of healthy donors

Sixty samples from healthy individuals (13 men and 47 women) were
analyzed for the determination of cut-off values. All samples were
stored and managed by the NAB-X. Details regarding the characteris-
tics of healthy individuals and the collection method of plasmas are
available in supporting information.

3 | RESULTS

3.1 | Changes over time of DRVVT and aPTT CTs
obtained with commercial NPPs

From 2017 to 2021, a total of 395 CT measurements were recorded
in the LIS for DRVVT screening step with an average number of tests
of 79 per year. For aPTT system, 294 CT measurements were
recorded and the average number of tests per year was 59. DRVVT
confirm test with NPPs was started in our laboratory from September
2018 with a total of 284 CT measurements until end of December
2021.

Changes over the five last years were discernible (Figure 2). The
maintenance of instruments was carried out and no significant event
was recorded in the logbooks. Changes of reagent batches were
recorded in logbooks and are indicated by a yellow arrow on Figure 2.
We did not find consistent associations with those changes. DRVVT
screen CT varied at a greater degree compared to aPTT screen CT with
clear-cut CT shifts at specific time points. However, aPTT system was
also subject to variability even if it has been very stable since 2019.
DRVVT confirm CTs also showed some fluctuations, in a lesser extent.

Concomitant variation of CTs for DRVVT screen and aPTT screen
were also retrospectively analyzed (Figure 2C). DRVVT-based screen-
ing CTs were more subject to variations while aPTT-derived tests
were more stable at equivalent time points.

Following this observation, it was assumed that commercial NPP
CTs might fluctuate based on batch changes. Unfortunately, we were
not able to prove that the changes of commercial NPP CTs were sig-
nificantly attributed to NPP variability alone, as the change of NPP

batches was not tracked and recorded in the quality system.

3.2 | Differences between two commercial
batches of NPP

The two commercial frozen NPPs batches A1291 and A1301
(CRYOcheck™) have been compared with our testing instruments to
evaluate the batch-to-batch variability of CTs (Table 1).
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FIGURE 2 Changes over time of clotting times of NPPs. aPTT, activated partial thromboplastin time; DRVVT, diluted Russell Viper venom

time; NPP, normal pooled plasma

Characteristics of both batches are presented in Table A.1, supporting
information. Fourteen separate runs were performed for DRVVT
screen, DRVVT confirm and aPTT screen for each batch to assess
between-run precision. All tests were performed by one trained oper-
ator on the same instrument and with the same reagents to limit the
influence of other variability factors. Precision between replicates was
good with a maximum coefficient of variation of 1.6% for batch
A1291, on DRVVT confirm analysis. Batch A1301 gave different
values in DRVVT CTs compared to batches A1291. The main differ-
ence was observed for DRVVT screen CT with a mean calculated at
35.8 s for batch A1301 while the mean DRVVT screen CT for the
batch A1291 was 40.7 s. The difference between both batches is
nearly 5 s for DRVVT screen CT. In aPTT system, the difference in the
CTs was less marked but significant (p = .0015 for aPTT system
against p < .0001 for DRVVT system).

Based on the low levels of imprecision indicating minimal
between-run variation, reagent change logs and analyzer logs indicat-
ing no equipment failures, we considered that the CT fluctuations
shown in Figure 2 could be at least partly due to variability of NPP
batches. To study the impact of NPP CTs, it was decided to compare

cut-off values determined from these two NPP batches (A1291 and
A1301) with samples obtained from 60 healthy donors.

3.3 | Determination of cut-off values with two
different commercial NPPs batches

The complete testing panel for LA was carried out for all 60 individual
plasmas of healthy donors, with both commercial NPP batches
(A1291 and A1301). Kolmogorov-Smirnoff values are available in sup-
porting information. No outlier was detected. Comparison between
NPP-dependent cut-off values is presented in Table 1.

Every cut-off value of DRVVT system was statistically signifi-
cantly different when derived from one NPP batch compared to the
other. This reflects the large difference observed in the CTs between
NPPs presented in Table 1. Cut-off values derived from NPPs in the
aPTT system were in contrast more consistent, again demonstrating
the influence of NPP CT which is more stable for aPTT on the studied
batches. aPTT screen normalized ratios and screen mixing CT cut-offs

did not show statistically significant difference while ICA did.
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TABLE 1 Comparison of CTs (DRVVT screen, DRVVT confirm, and aPTT screen) and NPP-based cut-off values of two NPP batches (A1291

and A1301)

Comparison of CTs (DRVVT screen, DRVVT confirm and aPTT screen)

NPP A1291 NPP A1301
aPTT screen CT (s)  aPTT screen CT (s)

Run 1 34.4 34.3

Run 2 34.6 34.2

Run 3 34.9 34.4

Run 4 34.4 34.2

Run 5 34.8 34.2

Run 6 34.9 34.1

Run 7 34.6 341

Run 8 34.6 34.1

Run 9 34.0 34.1

Run 10  34.8 333

Run11 347 344

Run12 343 34.0

Run 13 34.5 34.0

Run 14 33.7 34.0

Mean 34.5 34.1

SD 0.3 0.3

CV (%) 10 0.8

p-Value .0015

NPP-based cut-off values

DRVVT screen normalized ratio

DRVVT screen mix CT (s)

Index of circulating anticoagulant (DRVVT)
DRVVT screen mix normalized ratio
DRVVT confirm normalized ratio
Normalized screen/confirm ratio (DRVVT)
Percentage correction of normalized ratios (%)
DRVVT confirm mix CT (s)

DRVVT confirm mix normalized ratio
DRVTT screen/confirm mix

aPTT screen normalized ratio

aPTT screen mix CT (s)

Index of circulating anticoagulant (aPTT)

aPTT screen mix normalized ratio

NPP A1291 DRVVT
screen CT (s)

40.5
40.3
40.7
40.4
40.5
40.7
411
411
40.4
39.6
40.7
41.0
411
41.0
40.7
0.4
1.0
<.0001

NPP A1301 DRVVT  NPP A1291 DRVVT  NPP A1301 DRVVT

screen CT (s) confirm CT (s) confirm CT (s)

35.9 41.7 40.8

36.0 41.7 41.0

36.3 41.7 40.6

35.8 42.6 40.7

358 43.1 40.7

354 42.5 40.6

35.9 42.3 40.2

35.5 424 40.7

357 427 40.9

35.0 434 40.8

35.9 42.6 39.9

358 434 40.1

358 41.9 41.1

36.5 411 40.4

35.8 42.4 40.6

0.4 0.7 0.3

1.0 1.6 0.9

<.0001

NPP A1291 (NPP1) NPP A1301 (NPP2) p-Value
1.09 1.24 <.0001
41.9 38.9 <.0001
5.0 8.4 <.0001
1.03 1.09 <.0001
0.98 1.02 <.0001
1.21 1.32 <.0001
20.0 26.5 <.0001
427 41.1 <.0001
1.01 1.02 .0446
1.04 1.01 .0021
1.32 1.34 4068
37.8 38.1 1153
9.6 10.4 .0026
1.10 1.12 .0033

Note: Screen normalized ratio: screen CTpp/screen CTypp; screen mix: screen CT on 1:1 mix PP:NPP; index of circulating anticoagulant: (CTscreen

mix — screen CTypp)/screen CTpp x 100; screen mix normalized ratio: CTscreen mix/Screen CTypp; confirm normalized ratio: confirm CTpp/confirm CTypp;
normalized screen/confirm ratio: screen normalized ratio/confirm normalized ratio; percentage correction of normalized ratios: (screen normalized

ratio — confirm normalized ratio)/screen normalized ratio x 100. Confirm mix: confirm CT on 1:1 mix PP:NPP; confirm mix normalized ratio: CTconfirm mix/
confirm CTypp; screen/confirm mix: screen CT/confirm CT on 1:1 mix PP:NPP; PP, patient plasma; NPP, normal pooled plasma.

Abbreviations: aPTT, activated partial thromboplastin time; CT, clotting time; CV, coefficient of variation; DRVVT, diluted Russell Viper venom time; NPP,

normal pooled plasma; SD, standard deviation.

3.4 | Extended comparison of two sources

of NPPs

DRVVT screen, confirm and aPTT screen CTs of NPPs produced from
two sources were compared. Four commercial frozen NPP batches

(CRYOcheck™: A1278, A1291, A1301 and A1313) and two in-house
NPPs produced locally were included in the comparison. It was
decided to analyze each batch once in the same conditions as these
tests have good repeatability with small coefficients of variation

(Table 1). The results are summarized in Table 2.
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TABLE 2 Comparison of CTs of two

sources of NPPs
NPP A1278

NPP A1291
NPP A1301
NPP A1313
In-house NPP 1
In-house NPP 2

Laboratory Hematology

WILEY_L_?

APTT screen CT (s) DRVVT screen CT (s) DRVVT confirm CT (s)
34.4 40.2 422
34.5 40.7 424
34.1 35.8 40.6
37.8 40.1 43.6
34.9 36.0 37.6
37.5 38.7 36.6

Abbreviations: aPTT, activated partial thromboplastin time; DRVVT, diluted Russell Viper venom time;
CT, clotting time; NPP, normal pooled plasma.

In either sources of NPPs, we observed variability from one batch
to another. The aPTT screen CT seemed less prone to variability
(Figure 2). Nevertheless, aPTT screen CTs may also be subject to vari-
ability as demonstrated with the commercial frozen batch NPP
A1313. Variability is also observed for in-house NPPs collected during
two different campaigns with local healthy donors. DRVVT confirm
CT was always longer than DRVVT screen CT for commercial frozen

NPPs while it was not always verified for in-house NPPs.

3.5 | Patient's LA testing with two commercial
NPP batches

Mixing studies were performed with five nonanticoagulated patient's
plasmas that had aPTT or DRVVT screen CT above the cut-off value,
using two commercial NPP batches (A1301 and A1313). Of note,
three of the five patients were found LA-positive. Each result has
been compared to the cut-off values obtained with NPP A1291 and
NPP A1301 (namely NPP1 and NPP2 in Table 1). For DRVVT screen
mix CT of patient 2, although no discordance was obtained when the
patient's plasma was mixed with NPP A1301, a discrepancy was
observed for the results of the mix with NPP A1313 (Table 3). In com-
parison with the cut-off value obtained with NPP1 (41.9 s), the result
was negative while with cut-off value obtained with NPP2 (38.9 s),
the result was positive. The same conclusion was reached in DRVVT
screen mix test with plasmas of patients 3 and 5. When aPTT screen
mix test was performed with both different batches, no discordance
was observed. This has to be correlated to the closeness of cut-off

values that directly depend on NPP batch characteristics (Table 1).

4 | DISCUSSION

In this study, we found substantial variability of CTs among commer-
cial (same provider) and in-house NPP batches (Tables 1 and 2). Such
variability might well have a clinical impact. To the best of our knowl-
edge, statistically significant differences between reference cut-off
values derived from different NPP batches produced by a same manu-
facturer (Table 1) had not been reported yet. Figure 2 shows the vari-
ability of NPP CTs over 5 years. DRVVT screen CT of NPPs fluctuated
to a greater extent than aPTT screen CT (Figure 2C). This lower

between-batch NPP variation in aPTT may be due to compensation
by the additional steps of the intrinsic pathway. It is however not
excluded that more variability could appear in the future, justifying a
continuous monitoring, as illustrated with aPTT CT of NPP batch
A1313 in Table 2. The variation in DRVVT confirm appeared slightly
less marked than for DRVVT screen (Figure 2A, D). Phospholipid con-
centration and composition may be a contributing factor by reducing
NPP CT variability in the confirm test. The phospholipid concentration
does have an impact in some batches, for example NPP A1301 where
DRVVT confirm CT is 4.8 s longer than DRVVT screen CT. We
observed that the phospholipids had the properties to lengthen
DRVVT CT for all commercial frozen NPP batches (see Table 2).

The analysis about the impact on cut-off values has been con-
ducted with two NPP batches. We observed a more significant differ-
ence in DRVVT system compared to aPTT system, as logically inferred
from changes in Figure 2. The smaller difference in the cut-off values
was observed for the DRVTT screen/confirm mix ratio (1.01 vs. 1.04).
It is worth noting this is a small difference relative to the 5 s differ-
ence in the NPP CTs. The use of this ratio as a main cut-off value
might minimize the influence of NPP CTs. The sole parameter that
showed significant difference in aPTT system was ICA, which is not
surprising as the NPP operates in two different parameters of the
equation (i.e., CT screen mix and CT NPP).

Results of DRVVT screen mix test of three patient's plasmas with
two different commercial NPP batches (A1301 and A1313) were dis-
cordant when compared with both generated cut-off values (Table 3).
This illustrates again the variability inherent to the characteristics of
NPP batches used in this comparison (Tables 1 and 2). On the con-
trary, no discrepancies were observed for aPTT screen mix test with
patient's plasmas emphasizing all involved NPPs had close characteris-
tics in this coagulation pathway and therefore near cut-off values. Dis-
crepancies regarding LA diagnostic efficiency with mixing studies may
result from the use of NPPs with extreme CTs.

The use of NPP in LA assessment has always been of importance
as recommended in several guidelines>®~?: required for mixing studies
and possible option for normalized ratios of CTs. Mixing study is inter-
preted either from mixing test specific cut-offs or ICA. Based on
recent publications, the current ISTH guideline recommends the use
of a cut-off specific for mixing test ratio and against the use of ICA,
because the latter has been shown to be less sensitive to LA inhibi-
tion. 31162021 Although ICA tends to be abandoned in favor of
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TABLE 3

Patient 1
NPP A1301
NPP A1313

Patient's plasma
undiluted

Patient's plasma 1 mix
1:1 with NPP A1301

Patient's plasma 1 mix
1:1 with NPP A1313

Patient 2
NPP A1301
NPP A1313

Patient's plasma
undiluted

Patient's plasma 2 mix
1:1- with NPP A1301

Patient's plasma 2 mix
1:1 with NPP A1313

Patient 3
NPP A1301
NPP A1313

Patient's plasma
undiluted

Patient's plasma 3 mix
1:1- with NPP A1301

Patient's plasma 3 mix
1:1 with NPP A1313

Patient 4
NPP A1301
NPP A1313

Patient's plasma
undiluted

Patient's plasma 4 mix
1:1- with NPP A1301

Patient's plasma 4 mix
1:1 with NPP A1313

Patient 5
NPP A1301
NPP A1313

Patient's plasma
undiluted

Patient's plasma 5 mix
1:1- with NPP A1301

Patient's plasma 5 mix
1:1 with NPP A1313

International Journal of

Laboratory Hematology

aPTT
screen CT (s)

35.0
38.5
53.0

39.2

41.8

35.0
38.5
65.2

41.0

42.8

35.6
37.8
45.6

INS

INS

36.0
37.5
63.2

54.5

56.4

35.8
38.2
55.6

45.7

47.5

CABO ET AL

DRVVT
screen CT (s)

35.7
404
416

INS

INS

35.7
404
53.5

40.9

357
40.1
49.3

40.7

43.5

35.7
39.9
40.1

INS

INS

34.7
39.1
46.1

40.9

Patient's LA testing with two commercial NPP batches

DRVVT

confirm CT (s) Interpretation

38.7
424
NA

INS

INS

38.7
42.4
71.7

INS

INS

405
43.6
444

INS

INS

39.0
424
NA

INS

INS

39
42.3
46.7

INS

INS

aPTT screen mix CT

Cut-off value NPP1 (37.8 s)

Pos

Pos

aPTT screen mix CT
Cut-off value NPP1 Cut-off value

(37.8 s) NPP2 (38.1 s)
Pos Pos
Pos Pos
DRVVT screen mix CT

Cut-off value NPP1 (41.9 s)

Neg

Pos

aPTT screen mix CT

Cut-off value NPP1 (37.8 s)

Pos

Pos

aPTT screen mix CT

Cut-off value NPP1 Cut-off value

(37.8 ) NPP2 (38.1 s)
Pos Pos
Pos Pos

Cut-off value NPP2 (38.1 s)

Pos

Pos

DRVVT screen mix CT
Cut-off value NPP1 Cut-off value

(41.9 s) NPP2 (38.9 s)
Neg Neg
Neg Pos

Cut-off value NPP2 (38.9 s)

Pos

Pos

Cut-off value NPP2 (38.1 s)

Pos

Pos

DRVVT screen mix CT
Cut-off value NPP1 Cut-off value

(41.95s) NPP2 (38.9 s)
Neg Neg
Neg Pos

Note: The significance of color values in red indicates potential desagreement of final conclusion when the result is compared to the different cut-

off values.

Abbreviations: aPTT, activated partial thromboplastin time; CT, clotting time; DRVVT, diluted Russell Viper venom time; INS, insufficient volume; NA, not
applicable; Neg, negative result; NPP, normal pooled plasma; NPP1, NPP batch A1291; NPP2, NPP batch A1301; Pos, positive result.
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mixing test ratio, ICA cut-off value was calculated in this study, as it is
particularly sensitive to NPP variability. Despite international recom-
mendations made by different groups of experts, the use of mixing
studies is a source of substantive disagreement. The use of NPP for
mixing studies is sometimes criticized because dilution effect may
weaken LAs and generate false negative results.68121316.22-30 pq
example, the mix of a weak-positive patient's plasma with a NPP
showing an extremely short CT might result in a complete correction
and therefore in a false-negative result. It was illustrated in our study
with the plasma of patients 2 and 5 when mixed with NPP A1301
(Table 3). Other authors, in contrast argue that mixing studies are a
powerful tool to differentiate factor deficiencies from coagulation
inhibitors and increase the specificity of LA testing.'23132 Mixing
studies also allow the detection of paradoxical LA cofactor effect.®®

Table 2 shows the comparison of CTs of two sources of NPPs.
Although limited data is available in this comparison, variability is
less important for in-house NPPs than for commercial frozen NPPs.
Whereas commercial NPPs are qualified according to strict accep-
tance criteria (clotting factor levels close to 100%, normal aPTT and
PT, low number of residual platelets [<10 000/pl], absence of LA),
they are not in all aspects similar to in-house NPPs, due to the
manufacturing and recruitment process. First, CRYOcheck™ com-
mercial frozen NPP batches are collected by plasmapheresis. Citrate
levels are “equivalent” to 109 mM, but there is a margin of tolerance
regarding this value, because numerous bags issued from different
donors are mixed together. Second, manufacturing process intro-
duces additives/stabilizing agents in the NPP composition, with
potential to alter the correction properties during mixing tests. The
freeze-drying process might influence the properties of lyophilized
NPPs. Thrombin generation was studied with different sources of
NPPs by Foulon-Pinto et al. and CRYOcheck™ frozen plasmas had
natural coagulation inhibitor levels 15%-30% higher than lyophilized
plasmas.®* Finally, commercial plasmas are manufactured from
remunerated donors recruited in North America. In Belgium, remu-
nerated donation is not allowed, and ethics committees' clearance is
mandatory to recruit healthy donors. Remunerated donors may alter
or dissimulate information about their medical history, their recent
travels and most importantly their ongoing treatment (such as anti-
coagulant or antiplatelet treatment) for getting the money compen-
sation of a donation. Donors in a volunteer-based system are less
susceptible to alter their medical history or the treatment they have.
All these elements could contribute to variability. For those reasons,
in-house NPPs are preferred in LA testing as recently suggested by
last ISTH guidelines.® It is likely that in-house NPPs use the same
individual donors more often than commercial NPPs, potentially
reducing between batch variations for in-house NPPs. Nevertheless,
the in-house NPPs we have studied were not perfectly identical
(Table 2), which warrants some consideration, that is, degree of
intraindividual variability, collection tube batch changes and other
less evident variability factors. The access to in-house NPPs is more
difficult and it has to be expected that NPP status will evolve with
the new regulation on in vitro diagnostic medical devices (IVDR)-
Regulation EU 2017/746.%°

Laboratory Hematology

To normalize screen and confirm CTs with ratios, CLSI guidelines
advocate the use of reference interval (Rl) mean CT in the denomina-
tor while ISTH guidelines and BCSH guidelines recommend using NPP
CT measured in the same run of patient's plasma.>¢~® Normalized CT
ratios have been incorporated in LA testing to reduce interlabora-
tory and intralaboratory variability.*° Indeed, concomitant use of
NPP and patient's plasma CTs reduces influence of variability factors
such as operators, instruments or change of reagent batches by the
normalization of results.>®~1° Moore et al. compared the LA testing
of 1000 clinical samples by deriving normalized ratios from the RI
mean or from different NPPs. They first demonstrated that NPPs
prepared from different manufacturers gave different CTs and were
not interchangeable, even if all were prepared from healthy donors.
NPP-derived ratios had greater conclusion agreement with RI-mean
derived ratios when CTs of NPPs matched closely the RI-mean.}” As
changes in NPP commercial batches may result in significant
changes in NPP-based cut-off values (Table 1), solutions should be
implemented to mitigate impact on LA diagnosis. NPPs could be pre-
pared from more than 40 healthy donors to obtain a pool of plasma
representative of healthy donor's characteristics by reducing the
effects of donors with results at Rl extremes. However, generating
representative NPPs is more problematic than we give it credit for
and it might be not just a function of donor numbers. For instance,
ethnic differences have been described for DRVVT,*® so a NPP
batch of 100 donors from different ethnic backgrounds may be less
representative than a 20 donor NPP from local, more representative
donors. For the time being, solutions have to come from end-user
laboratories. When a new NPP batch is used in daily clinical practice,
it seems appropriate to release it with an in-house qualification
based on an overlap testing with the in-use batch. In case of relevant
difference demonstrated between two NPP batches, recalculation
of cut-off values should be performed, with updating in the LIS. The
impact of a new and different NPP batch on mixing cut-off values
can only be overcome with testing of healthy donors, again igniting
the debates about the relevance and feasibility of mixing studies.
Clinical laboratories could also order several batches of NPP to
choose the most suitable compared to their current batch, avoiding
the need of new reference ranges. It is also possible to forecast the
future amounts of NPP to last as long as possible with the same
NPP batch while still matching stability requirements.

The arrows in Figure 2 showing the changes of reagent batches
were not consistently associated with significant NPP CT shifts. Char-
acteristics of NPPs may be more variable than those of reagents as
they contain all the actors of the coagulation (intrinsic pathway for
aPTT and common pathway for DRVVT). NPP characteristics are sen-
sitive to biological interindividual variability while manufacturing of
chemical reagents is highly standardized with narrow specifications
and little space for variability. Analyzers are qualified for use and make
part of a global maintenance plan. Logbooks are recorded for any
undesirable event. In conclusion, for the reasons mentioned above
and in the light of all the results of this study, the variability of NPP
CTs was more likely due to the variability of NPP characteristics and

not to other factors.
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5 | STUDY LIMITATIONS

First, the change of NPP batches was not tracked and recorded in
our quality system. We were not able to prove that the commercial
NPP CT changes were significantly attributed to NPP variability. It is
essential to record and assess any NPP batch change as this may
result in significant CT and cut-off values changes. We were never-
theless able to demonstrate the variability of commercial NPPs with
the four batches tested and that most of NPP CT shifts did not
occur at the times of the changes of reagent batches (see Figure 2).
Second, our LA testing protocol was not entirely ISTH 2020 guide-
line compliant but data were retrospectively analyzed from 2017
onwards meaning that last ISTH guidelines (2020) had not been
released yet. Besides, DRVVT and aPTT screening tests were initially
interpreted from clotting times in seconds not ratios and only being
converted to ratios if the clotting time was elevated. Third, some of
the individual plasmas used in the determination of cut-off values
were sometimes collected more than two years ago. To our knowl-
edge, the stability of frozen individual plasmas at —80°C for LA test-
ing has not been validated with such a long storage time. However,
each individual plasma, whatever its storage time, has been com-
pared with both different NPP batches. One other limitation was
the number of healthy donors used for the comparison between
NPP-based cut-offs (60). Last guidelines recommend at least
120 healthy donors, or alternatively 40 healthy donors with demon-
strated matching with manufacturer's cut-off values of LA testing
reagents.® Our study laid in an in-between area as we had more than
40 healthy donors but importantly our cut-off values did not match
manufacturer's. It is not entirely unexpected that the local cut-offs
were different to the manufacturer's because different reagents and
analytical equipment were used, and the local donor population
could be different. Additionally, manufacturer's cut-off values were
only determined with a limited number of tests and with a limited
number of normal plasmas (e.g., 27 for DRVVT screen CT).%”
Although the robust method was used to calculate cut-offs because
there were <120 donors, it should be acknowledged that the CLSI
guideline recommends that no less than 80 donors are used with
this method (since 60 were used in the study), and that confidence
intervals tend to be wide with this method.* The impact of NPP
batch changes on cut-off values should be investigated with a larger
sample of healthy donors to comply with the requirements of the
last ISTH guidelines, with more NPP batches and with a wider range
of commercial NPPs to corroborate our conclusion. The impact of
NPP variability on LA testing and clinical outcome should be investi-

gated with more patients and with more NPPs too.

6 | CONCLUSION

Changes in NPP CTs can bias mixing CTs and normalized ratios and
therefore affect cut-off values. Given the importance of the NPP in
the work-up of LA testing, properties of any new commercial NPP

batch should be carefully assessed and scrutinized.
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