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Performance characteristics of the LA Reagent DRVVT and the effects of
DOAC adsorbents on DOAC interference

PRHEAGE Y, HRF? T, Ho My, EINESY, 553

Abstract The dilute Russell's viper venom time (dRVVT) is a primary test for lupus anticoagulant
(LA) but is often outsourced because its specialized use results in low testing volumes, necessitating long-
term stability of reconstituted reagents. Another major challenge in dRVVT testing is interference from
direct oral anticoagulants (DOACs), requiring alternative procedures to avoid false-positive/false-negative
results. This study evaluated the performance of the recently launched LA Reagent DRVVT (Sysmex),
focusing on these clinical issues. Onboard stability of the reconstituted reagent on an automated
coagulation analyzer (CN-6000, Sysmex) was up to 4 days, while frozen-storage stability was maintained
for 90 days. Acceptable freeze-thaw cycles of the reconstituted reagent were limited to one. Lot-to-lot
differences in the reagent were observed but were small and did not affect positive or negative
interpretation. Comparison with another dRVVT reagent (HemosIL dRVVT, IL Japan) in 71 samples
showed 95.8% agreement; three discrepant results were likely false negatives of the comparator reagent,
as indicated by non-correction in mixing tests. Using clinical samples from DOAC-treated patients, three
anti-Xa DOACs—rivaroxaban, edoxaban, and apixaban—caused false-positive results, with false-positive
rates of 73%, 69%, and 5%, respectively; this interference was removed by treatment with a commercially
available activated carbon product (DOAC-Remove, 5-Diagnostics).

Key words dilute Russell's viper venom time, direct oral anticoagulant, interference, lupus
anticoagulant, reagent stability.
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1. FUBHIC

HW T v Ve EEH (dilute Russell's viper
venom time: dRVVT) AL, V—T AT »F 2
7275~ b (lupus anticoagulant: LA) % i~ 5 #
Al U CHEBICHER I N TS, LA, [H4
OEBEIN TR HEST L 2 e 2L, V) VIREKE
o Mg e UG % S A 0% a7y v ] LiE
FZENY, PUY YIREPUSERTE (antiphospholipid
syndrome: APS) O4-fEEHEZ BT D AT oo —
DIZBEFEN TV B Y, APSOERKRAT RO —2 1 1M
BIETH 0, HECIEPEREEEI TN D9,
APSitifidE ) A 7 & i) A 7 23065 L A dp T4
Wb BEETHLIENLY, ZOREDBWIC
EEWIEHEASRD 5559,

RIECT— MY 7% ARVVT ORAFNEIL, G
X v MIZEM E LT W b screening it # & con-
firmatory &3 Z U2 40 T[] B |2 [ R 1 230052 L
FoOEHH LG/ BEEZHET 29, M3k
X7 v eViEEREENTBY, TIUdseRE%E XK
T (factor X: FX) {2 (FXallZH5 %)%,
MFEOENIT) VIREEE TH Y, screening il
TITEEHIE <, confirmatory 33 TlIE W,
Bt - T, LABGMEM{E Cld screening 33 T D &
B SIER 9% @12t L, confirmatory il 38 Tl
screening AT LEERT, Folbidl L h K&
W, T, LA BRIl E e o % R R
FME&ThH), FOHIT1ICE, RIETIE, MEt3E
DH 5 EER LTl R <, KREOBFE R %
FNENIEE MAEOEEFEREM T L7 21Iclkx & %
normalized ratio (NR) 2SR TH 07 £
DAy M TERI2EENEY,

dRVVT M TIE 2D ORIRIREN LT 50 1
D%, dRVVTHREFLAMBICELL 72 ETH
DA HBIDBRE SN TWA 20, Wit HAEIR
Wb oA GEEEALES b a Y KT T AT R
[APTT] 7%z &) L3200, MEKERH,»D %
W, BEREENER EOEME D S N L L
TORHNEEL <, %< sk CldybEma s LC
FEENTWEWY, 207z, AFRoHEHATH
HT&E5MRARVVTRIEIZ D v b9 121,
dRVVT KA 1L FX L 0 S S & & B BT H
%720 FXallESE 7 OB~ OPiEEE (direct
oral anticoagulant: DOAC) AR A A 1% IEHf 722 A A°
KEETH Y B BEEITRZ 5 L g Sz,
FEERIZBIECIRELE L7ERITHE SN TWnb 12,
COE)BRBIRER T 2B, MEKERD AL
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THEMM%ZE LT TE 2 REDIH LB
HEBOWESHPILAY, F7/72DOACOEE %
FTIHMETEIUIHEBEICKRE CHEHT 5,

REFFECTIE, et Bl & 72 dRVVT Il 52 3 38
[LASIEDRVVT] (¥ 2 A v 7 24t) # HEHE
23R S L IERE & ) TR L 720 RS
B ARVVT il I LB SRS IR F T B &L S
W, FOREME IR S5 SRR I 5
MTHRV, F72, ARVVTHAIIHERZ v 91
5L SR F IR G OSBRI 2 AR & 3 5 E
FHELL R¥ouy MEEOEEE IR TV,
FHMAHENE R S Tw v, Mo dRVVTHES
& L7 BEE T IMAE A 2 iR R LB 5 5 2 &
TDOACIZ LB MET Wz 2T TICMAETE D L
SNBPRE KRAFET L FEFRONRE TSNS D0
PAEHPTRV, 22T, INSOMKEREIC T
L EH R oM % BRI, RREOHENERE
IR,

2. MEBLVHE

1) o
(1) %

X, B R B A A AR AT C R A
A& 2T 72 BB OWER AEARAE 32% 7 =
BENahnifsE) B I OHHREAETH L. DN CTHH
FTHMEOR Y o &, RIFFRIHiE R ES
WM EESOKR B TiThbh: REES
2023-0304) . 72k, WFZEHEE, HPETIXARVVTHE
TARIMNEREE LTEBLTBY, ML TIImE
AILEE D AAHY LT/,

(2) WERIES L OFs

PG EEE TLASSEDRVVT] TH Y, &HH
L 77 6 13 52 3 18 CN-6000 (3 A A v 7 2fL) 1244
LT L7zo DU TRTINIRA & OAHBIPER
BT ALEHAEI [ —FAT 4 Z)ILARVVT,
PR I St AT 2 8 ACL TOP 750 (Wi d
TA TV VrSvf) ThHDH,

2) Hik

DTo8:iEY) OMEt £l L7z FWETL D,
screening it (RFR##E+ v P CIXLALEEE) &
confirmatory X #E (LA2 3 E) % H v 72 BRE R ()
EENLEHWTHEB SN S NR ZBITRIEE L7,
NREWICHEE L, LABRMEASHER ST 5 HIRIE
A O M SRR RS 2 >~ M o — VIMAEN (& A
Ay 7 AFE) #ZKRECTIEMEL, FOFYHEE
7o NRIZEEIRICHEVY, >12% Bk & L 729,
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HIEARS RAIFATA RN L, ZEBEIE TIZZE0F
Bl % Lo CTEE L 720
(1) BEATHEEE

LABEME# L & L CCRYOcheck Pooled Normal
Plasma (Precision BioLogic Inc., Canada), LA
MMk & LCLAZ > b —)LLow & High (3 &
Ay 7 Att) ERHV, &RETEEE T 20 [01E
g L, ZER% (coefficient of variation: CV) (%)
ROz,
(2) REEMBEOF R — FeEr

LAL, LA2BEEZ AL, FIRIRE TR ICKE
L, (D THWwWASHHZ&HETHREERB LD
Wrie 12 96 REfi 2 £ TMIE L 720 LA > b —)b
Low & High l&F##%, /IN3iF LT - 80T THUfG R
L, SaUBHE AR L CEF L2 BREEZO
e E % 100% & L CREMFZ L2 5~ 100
5% VAN D28 % e PE O FF A HI & L7z,
(3) RAIEHEMBZOHEZEE N

29 OMETEFEM L 720 101, BAERFLE
M %5720, LAL L LA2ERIE 2 1R, /D
ST LC-80°CTHUEIRATE L, BfFE%EB X UH
PRl L CWrbiAvi2 90 H# % T (1) THW 72 350k
2B L7z HAEHEEORIESMILEI T30
SEEE L, TORBEREMLCOALHEH L. b

I 1213, FFESNDLHFEMBEOE B 25720,

BRESRB L OZFoREOHKERB AR L, (1)
THW23E 2 K 2EME Lz, 2d, WMk
AT LTITVy, REEOEMR, S0, g, e
ULy A 32 7T o7z WEREZONEE % 100%
L, (QRFEIZ100 = 5% LN O EE) % 42 EMED
FEAEIPN L L7z
(4) v »Hz=

3uy hOREE AT, (1) THW33E 2%
3EME L 720
(5) HHFWEDEE

HEWEE LT, THFzvr - ATTA (VA
Ay 7 At) EHWTAEINEZ DY V) LT, i
B ) v ey BIOMEEHIE) LV Y OB R
N7zo KWE A SCEICHE W (1) TH W72 3508
TR L, ek 2 3EBlE L7z, T
Axo T ik ptoflEM%100% & L, 100 *
10% AN OZEBh % 25 il & L 72,
(6) AHBE

dRVVT MAAKIED B o 72 i O FRAINSE 71 Witk
ERFIC, BARBRICESSRM S 2 (2l
DONY)F = a YEEH YT 7 F A Validation-
Support/Excel Ver 64| % T, xF5al# & xR

I D screening i B L O confirmatory :03E T D
T 12D O J2 i M =X & AHBIARE % Sk 72,
F72, WMAEDONRIZOWTHE—FEERKD, H
TEDTEHE L 7ok ClI oAk R BT 1 % 4
VT THNRTz. B, NREM T, YHEEIVINK
RN 20 EIFCHET 2ETH o 72720,
AR GRIETORME L7,

(7) DOAC ®32%: = DOAC WA HI D% R

BEH % 21219, DOAC & L C3HE o FXa bl 33
(Rivaroxaban, Riv; Edoxaban, Edo; Apixaban, Api)
DR, TR K LT AR DOACH,
% # (DOAC Remove; 5-Diagnostics, Switzerland)
x FHW 7R LB o %h 3R % <72, DOAC Remove
DOAE 3R SCE & B2 12hE v, R T o
% FXa B &5 o B 52 LIt Xa i P 2 il 52 J5 i
& ¥ % # # (BIOPHEN Heparin LRT; HYPHEN
BioMed, France) & [WttDZHF DX v 1) 7L —
5 & 7212,

AN T KAk B 7oRET UL, IREEDSEEAI O,
FIHHNOHW > ¥ 1) 71 —% (BIOPHEN Rivarox-
aban Calibrator, BIOPHEN Edoxaban Calibrator,
BIOPHEN Apixaban Calibrator, \»§ 413 HYPHEN
BioMed) %, DOAC Remove /L Fi#%C, LAlB
JOLA2HEETHZE L CNRZEH L, F oMtk
DHEEHKNELE %2 5% L 720

BERIRAR % FI 72005t T, SRS ER Clt s
REML7ZBED D L, AR VTS FXa
FRESEDSE EN LA L EEL, A3 ZHETO
MET & FARIZINGE L7z MR NFRIE, RivaT114,
Edo28161F, ApinS191FTdH %,

3. ®R

(1) BHTHEEE

gLy, FoRHIBWTE CVIE 1L0% Al
TH Y, NRIZB T HCVH10% K TdH - 72
(Table 1),
(2) AFEBRMHEOF » R— FeElk

LALSIETIZ 24 B3R, LA2BIETIZ 720/, NR
TIX96 A E T, MBEHEED, S OLBZEIL5% L.
NTHh-7 (Fig. 1)
(3) IEHEM RO ML ENE

HE AR 222 IC D Wi, 90 H % OB 1 C,
LALE#, LA23# NR& b, ZOLHIIHFAH
N TdH o7 (Fig. 2)o F72, %5 SN 58Uk
fOEBIZOWTIE, LABRE CEB 2o
(Fig. 3), LA1#ZIZ 1M, LA2:ZE 60 F T*
DEFIFAEHMPNTDH - 7275%, NRTIZ1[EHH»
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Table 1 Within-run reproducibility
A (Clotting time in LA1 reagent, s)

Table 2 Lot-tolot differences among three reagent lots

A (Clotting time in LA1 reagent, s)

Samples LA negative LA positive Low LA positive High Samples LA negative LA positive Low LA positive High

Mean 36.9 60.7 85.7 Lot A 36.4 59.9 83.3

sD 0.1 0.4 0.6 LotB 325 51.0 71.6

CV (%) 0.3 0.6 0.7 LotC 36.8 60.9 86.1
Range 4.3 9.9 14.5

B (Clotting time in LA2 reagent, s)

Samples LA negative LA positive Low LA positive High o
B (Clotting time in LA2 reagent, s)
Mean 36.1 40.3 425
Samples LA negative LA positive Low LA positive High
SD 0.2 0.2 0.2
LotA 36.9 40.2 42.8
CV (%) 04 0.5 04
LotB 35.9 39.6 41.9
C (Normalized ratio) Lot C 36.2 40.4 42.6
Samples LA negative LA positive Low LA positive High Range 1.0 0.8 0.9
Mean 1.01 1.48 1.99
SD 0.01 0.01 0.01 C (Normalized ratio)
CV (%) 0.6 0.8 0.6 Samples LA negative LA positive Low LA positive High
LotA
Table 1 shows the results of statistical analyses of repeated 103 185 203
measurements using the LA1 reagent (A) and LA2 reagent (B) in LA LotB 1.01 1.43 1.90
negative, LA positive Low, and LA positive High samples. Statistical LotC 1.00 1.48 1.99
analysis of the calculated normalized ratio is also shown (C).
Range 0.03 0.12 0.13

Table 2 shows the lot-to-lot differences among three reagent lots.
The “Range” represents the difference between the maximum and
minimum values across the three lots.

Table 3 Agreement of positive/negative results between the test and comparator reagents.

Comparator reagent
(HemosIL dRVVT)

Positive Negative
Positi
Test reagent ostive v 3
LAR t DRVVT
( eagen ) Negative 0 51

5 +6% D IEFRZE % 720, Z ORI HE ElfF o [ %
RO ZALIZED Vb o0, —E L T+4%~
+R% DI Z DTz, 7B, LABMREHCBY
LA HGERA O H F CHAHPENTH - 72,
<4> Ty k FEﬁ;'J:E

oy FEOFEZ, LABRESE X ) LA
SECTRKELHNR, Ty M OEWIZRAT, LAl
I TIL145F, LA2RIETIX10F, NRTIX0.13
T&H -7 (Table 2),
(5) EfEWE O E

LALRAZE, LA2RIEL D, BIANEZ O U Vi
490 mg/dL, #EIE ) V¥ » 12192 mg/dL £ T,
FOEFIFEHMPFAANTH - 72 (Fig. 4) LT
IXLALEHE T, WHETI LY ) LY TIZLALS S L
LA CIl IR o BiR 2= % 80 72 (Fig. 4),
%3B, NRTHMT 5L, CoEYHEIIBNTY
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(Overall agreement: 95.8%)

ZOEEIFEHHNTH > 72,
(6) HHEAME:

MRRIEE yillh, HIERELxHE Lo,
screening AFEIC BT A FHOGENITy = 1.22 x
- 589, MERIKIZr =094 T, confirmatory it
HCldy = 1.24 x - 447, r =093, NRTCldy =105 x
+ 010, r = 091 TH - 72 (Fig. 5) Confirmatory
REICBWT, WAL HEHAE LS 5T HERE
RE RS BE L IE & L 7ok 2 72 72A% (Fig. 5D
), SNLOBRETIZT A7 7F V0t VK
L7 e b o v ¥ RS CH o 7. HE—
TN TH ) (Table 3), 31k (A, B, C;
Fig. 5MOFA) THEA—E 2RO/, 3MAEDNR
EENENIRIC, dFHRHFETL3, 17, 15, s
H#T10, 11, 1.1 TH Y, 3tk s b G chit,
IR CEMETH > 720 BIERAIZPI VI F Y
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Fig. 1 Onboard stability after reconstituting the LA1
and LAZ reagents on the CN-6000.

The “Change” is defined as the percentage of the measured/

calculated values at each time point compared with that at 0 h. The

dashed lines indicate the acceptable range of upper and lower limits.

A. (LA1reagent)  -o-(Anegative
LA positive Low
~O-LA positive High

0 1 2 3 4 5 6 7 8 9
Number of freeze-thaw cycles

0 1 2 3 4 5 6 7 8 9
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C. (Normalized ratio)
115
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Number of freeze-thaw cycles

Fig. 3 Reagent stability during repeated freeze-thaw
cycles after reconstitution.

The “Change” is defined as the percentage of the measured/
calculated values at each time point compared with that at 0 day. The
dashed lines indicate the acceptable range of upper and lower limits.

A. (LA1reagent)  -o-LAnegative
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~O-LA positive High

oL
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B. (LA2 reagent)
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xX

2 “’0&Mg
g

@
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C. (Normalized ratio)
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Fig. 2 Frozen storage stability of the reconstituted
LAl and LAZ reagents at — 80°C.

The “Change” is defined as the percentage of the measured/
calculated values at each time point compared with that at O day. The
dashed lines indicate the acceptable range of upper and lower limits.

Y IgGhifkGETH ), BMIABIZAPTTIER &
APSOZWi A H ), BIKCIFAPTTIEEE %720 72,
F7-, Sk b ruxIFy o rEBTHIES R
T, LAZRIET R TH 72,

(7) DOAC D2 L DOACW AR DORhH:

AL I RRER G E S, 3O FXaliE
LD IEEIKAEIEICLAL B X LA2RIEIC BT S
R % I X 72h%, FORERIFFEAIZ LY
B, ZOE NRICBU 2 BHEEOHERE
OB E X% 572 (Fig. 6)o DOACHKAEFI R
MM XD, EOMKIZE T D IEHIEEE 3B EOH
EIRE (F3HE D30 ng/mL) K&z h, FH)
BERAEOBRERMILEELZED % { %), NRIZ
Btk & 22572,

BRRARR % V72 M5 2 5, O FXaflESE
BWTHNRDOBR A RS, & {IZRivE EdoT
B R AIT73%, 69% & Ao 72 (Api Tlid5%
THh-o72) (Fig. 7)o DOACHEHIRIIZL Y, &
ORAR b FHNEEE (LMERE R L 20, F7ob6
PERR LRIE T _CREE 72 - 72,
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Fig. 4 Effects of interfering substances.

The “Change” is defined as the percentage of the measured/calculated values in samples containing each interfering substance compared with
those in samples without the interfering substances. The dashed lines indicate the acceptable range of upper and lower limits.

4, EE

AEFZETld, HEMAICHIT SRS L CTHED
RKOLN TS S INFE TERWIZITE ALK
SHENTI Ah o 72 dRVVT JllE 33 0 sl 2 M
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7z, TAEERRBIY CRIE L 7t 5 TV A DOACIC &
5ilET#H2 % ) DOACH A BAL TARVVT 14
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Fig. 5 Correlations between test and comparator reagents for screening reagent, confirmatory reagent, and
normalized ratio.

The test and comparator reagents are the LA Reagent DRVVT and the HemosIL dRVVT, respectively. The green circles represent the samples
positive for anti-phosphatidylserine/prothrombin antibodies. The blue circles represent the samples showing discrepant results between the reagents.

Rivaroxaban
Concentration LA1 reagent LA2 reagent NR
700 ® High concentration 150 140 15
@ Moderate concentration
g 600 ® Zero concentration 120 120 ° :;
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2 b= = g 11
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Edoxaban
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g O 39 5} S 0.9
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Apixaban
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Fig. 6 DOAC interference in dRVVT assay and effect of DOAC adsorbent on its removal in spiked samples
The anticoagulants examined were rivaroxaban, edoxaban, and apixaban. The DOAC adsorbent used was DOAC Remove (5-diagnostics,
Switzerland). Green lines indicate samples without anticoagulants, whereas blue and orange lines represent samples with moderate or high
anticoagulant concentrations, respectively.
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Rivaroxaban
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Fig. 7 DOAC interference in dRVVT assay and effect of DOAC adsorbent on its removal in clinical samples
Blue circles indicate samples without DOAC Remove treatment, whereas orange circles represent samples treated with DOAC Remove.
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