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Research advances in VAMS and LC-MS/MS technological combination and its clinical application”
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Abstract; Volumetric absorptive microsampling (VAMS) method has the unique advantages of less blood collec-
tion, less trauma,easy transportation in clinical sampling. Liquid chromatography-tandem mass spectrometry (LC-MS/
MS) method has the advantages such as strong specificity, high sensitivity, high throughput and less sample consump-
tion. The combination of the two technologies can promote home sampling,realize the remote diagnosis and conform to
the development requirements of precision medicine and personalized therapy. This paper mainly introduces the VAMS

technology and VAMS method comparison with the dried blood spots (DBS) method, the application situation of

VAMS and LC-MS/MS technological combination and the treatment of VAMS samples.

Key words: microsampling technique;
method;

Fl R SR A AR R — A T (<S50 pl) AR
TR B AR, BB AR 28 W 4 b /0N B Ak A B AR,
ST ot 8 e B A G, 32 B OR A 4E Tl BE (DBS) %
PRBR W I i SR RE (VAMS) ¥ 240 48 i SR RE
(CMS) ¥ I [E A AR I (SPME) 145, Hirt DBS 3 5
VAMS 8 FF ik, 835 vl R X PR 7k 78 K b
WO LR AR A L FF AR AR T 08 2 )5 B Az i A il AR
SAMrIEFEAET Y, DBS M VAMS 855 E I 4 1
BT R S o HL 8 B0 = A R S A VORI
T (LC-MS/MS) gkl . HAT, B N4k DBS 5 LC-
MS/MS (8% 4+ A (DBS-LC-MS/MS) 7£ # 4= L
B JRIT Y I CTDMD 9 8 )1 2 M 25 4% 8 )y 2
FO I PR B FH RIVBF 58 85 225 L 1 VAMS A Sy — il 5
M E A 78 B 5T 38/ AR Sl i A 41 VAMS 11
¥, UL VAMS 5 LC-MS/MS B4 H AR (VAMS-
LC-MS/MS) #1220 A L 430 B VAMS 78 [H N
T R B3 1 FRT ATk
1 Wi AR

1.1 VAMS ¥ 2014 4¢, DENNIFF 24 % 3 T 4

volumetric absorptive microsampling method;

dried blood spots

liquid chromatography-tandem mass spectrometry method

2 VAMS A K18 3, VAMS FE S — Fl 558 357 14 90
SRAEFEAR B T AR BUE 50 i s H A R A
A EEE P TRERTED B, AX
VAMS [RF5E H % F Mitra %% 5 % FE, Mitra 3% & 1
Z AL A W R v A B A AR R AT 0 i [ RE A R
(10,20 pL 58 30 L) A AR YR, 242 1 I 36 L PR 1 el
WA I SR AR A TR R EAR R
VAMS %8 2 Neoteryx 2 8l A 721 Mitra® 3 &,
KA I RE I 5 9 L 45°, R B A0 i A AR A E
YRR T AR . JLRD (5 0 R A A AR FRURE O, 3
Hh2~6 ) JF e B AR S B AL, B HORFE, E
T 1 5 R 27 45 52 ue =AM B AT VAMS (3
Mz T RELGY PR &R TR %l &
A= W 7 S ARG I G A PR

1.2 DBS K484 mi i B 45 Ab 28 il 45 21 (1) 7 40 i
BB A BEAC b TR S B BEH T
I3 AT B SRAE I BN DBS 35, 1% 05 ¥ 2 — R iy
T RAEBA I R b 2 FH 08 A L st 1% PR AR i) s 1
YA 11 T 5 R I

» BETH.sMEA RS EET H (2022S5CP002) ; B W BE B K 22 W58 A= A1 37 24 T H (20238392)

A B151E#H .E-mail: ylmbj@163. com.,

M&BE %X http://kns. cnki. net/kems/detail/50. 1167, R. 20230823, 1153. 002. html(2023-08-23)



BIES¥5 K 2023 #F 10 A% 20%% 19  Lab Med Clin, October 2023, Vol. 20,No. 19 e 2903 -

1.3 VAMS 5 DBS K XN TEmERELEY
FEA B B VAMS 24t 7 — R0 05kt
VAMS ¥:A4E 8 DBS k) —Fh RO ik, B 58, A
F AL R AL IR R /D R R E T AR K a2
iy RS G s SRR HOR L VAMS B4 6 i i 6 % 5
A 3. (1) VAMS 32 BE v A W2 0 17 52 A BRI B o G
Hh Mitra® 2 B 5% 45 1M 360 2L A Al Pk AR B 1 L bl 9
B2 A F R (FDA) A 26 R 1 2678 . VAMS
2B T IH bR DBS 7 R AE B A2 21 A9 1l 240 A bk 25 (HC'T)
fIsZm, HCT $§ I 40 M 7 4 i b B7 5 1 &5 BUE 43
FE o 52 IV 285 3 5 AT 5 M) T AR R A S o A
YCH 1 B I BE A /N S A FT FL R A5 B4 i S [ S A
B A L X DBS ¥R E L 2Y Wk R 0 T
JEET (O BRABRRIR, WA B ESEE I VAMS %%
BT FE AR A 5 AR AN B R 2%, I A A o AR g
BEFARE S AR B . B, VAMS 3 H1 8 F DBS
BHEAE—EL (DB ANBRIEFEEER . VAMS &
) R M T 25, FE I PRS2 B b i A 42 560 1 SR i U A
107 01 R A R 3 b 345 130 Y VL BC A VAMS, DBS
TR I I ik 4 i AR A L 22 0 Rk AR AL 32, 3%
) VAMS KE§F1 6. 2% 1 DBS KE & B A E L E
J& ZIMMERMANN %50 £ 5 (31 fifoRs & T 5 e
HATRFEM) 24y VAMS FEARZRR AL, 7T fE &t
T— ANHRE 1 VAMS FEA 2 b — & i iy oy —
NREE 3 FICACAE AT A G ML, Wik, BRFEAC
s R 2 5T 2 > R KR I Gk T DR R SR R ) R
(2)—/> Mitra® 2 8 iy A & F DBS - ok # bk 2 5
T HAY . DBS 5 VAMS 33t 6] (4 % £ {5t
S R VAMS 2E I8 v] DL B I A R
B o TG T 245 1L O UE A . VAMS 354 4 DBS 3% /Y
BRI A &R & TS
2 VAMS#1 LC-MS/MSHARBKEHWEENH

LC-MS/MS 148 th 5 15 A 5 % 7 AR B 1
— ARG e L AU T B AR A I 7 A T A
ZOR A3 B RNV 4, B v TR A A — 1k RN R A
B R F Y BT B, FES WA
65 AERI AR ARG E TR RSN A
28 FNEHE 2 M 2R 58 . LC-MS/MS # A Y fiE [\ it
R 1000 Z2 Fob gy o T L SR 0 R A A B L MO N AR
FRAA S 2t v /N0 0 SRS 00 %) 4 s o 0 S 28 0 46 51
HALA IR F IS W & FE I K T T TDM &
Wb 25 W R 0 T AR L0 A

LC-MS/MS i F 2 20 F1 5 83 v 09 4 45 v] 3l
T VAMS AR BRI E LS &2 H T ah e .
TEFE R AE L L EE SR i AN H A AS B K R B N 2k
FIMEHEN . LLF EEAG VAMS £ A 7E LC-MS/
MS £ FfoA I e 4 157 FH A 100
2.1 ZHYSEm gyl VAMS B34 R i & 20 B
PN BRAE B RGPS5 3R JE I (reduction , Ik
/b replacement, 3% 4 ; refinement, ff4t), THIRY
AU R R ST I JF & B E Bl B e (1TZ) 7

VAMS 2 FUHE 5 %08 A 6 3 -5 B % 1% (UPLC-MS/
MS)VESE A I & 7 . 25 W I 52 56 25 7F K R 1Y
FF ] 857 4 B0 VA A L 3R AF 25 4% Bl 1 43 AR 1TZ
il FE R AR R R . SER R VAMS #%
B B KRB RS AI 10 pL (F5 48 07 ¥ 75 R 1l
0.2~0.5 mL), A RN 1 min, X 3P4 F
NGRS T 2 OCRFE BRAE T R, B ML, B
IR B Wy 92 36 BOHEIE A A VAMS 36 i 48 /0 B 1ff g TT
DA D %ot sh 4 00 4 L T T 25 0 Wk B L AR W bR R R
4 A U 3 S W B R AT L (R S 80 v o A AR A
A WA TR I B IR B R A R 2% TR B E
WFFEAAL I7 R % VAMS e

2.2 WK VAMS EARTREH T TDM. %Y
Bl S 2B Sy 2SS T 1 2 R R B AR i, AR
FENH LC-MS/MS 5 VAMS £ A 45 & % 4 1 %)
FEARTEAT I 24 ¥R B W 0 1) 187 3 R A S B O
TDM Ky E i T % .

2.2.1 fpyEmEEEm BRI EREZIAS
B8 HE ST 2N A 5 T B R S 98 0 46 570 9% A HE R
F R A 2 B A A5 o PR Ok A A ) 2 W AR i 22
SR HARREM G R B IR T o A, B DL R W B
913 = g R 46 % ik il 4T TDM., 38 516 IR 24 LA
AN R B e KT AT L E R R R B S e
HFFA VR A w5 w KR S MEE A
A, HOR R Ik 4 it PRSI 4 b A 8 4 R 2 I R
N AEJEST A VAMS %R 4 B 404 i b T I
PRI B KRR ST M i, KOSTER " B IR &
IEB R VAMS 5257 oy HURE 2% B R, LC-MS/
MS 3 [F] B 5 o A A o fth 5 25 ] | P B 5L ] R 4 2
Al LA R A FNE YR L AG I 45 L B o B R A 2
EAF GBSk BT M vl 18 25 CRE 2D fRE 14
d, UEHH VAMS fifi £ FF B2 . o8 BB 78 K P R AR I
B BE BEAG I B2 T AR R Ik . WRAE N B HLER T O AR
B R E B EE VAMS (1) 6 40 145 1M Fn B 2S 45
SR A 1 K 4 ot RS )RR 3 4 DY 18 At 5 B D I 24 vk
), T 20 I A5 I R K 4 i 45 SR B AT R M R — R
P, VAMS 2 R i 8 AR §% kR i BLAg nf A7
VAMS 5 LC-MS/MS 5 AR B A K I 5 5 30 il 57 45
HE L 5 B0 X RS AR AR 10 T /DN LT S B G SR R IR A
LRIl

2.2.2 PUMOEZGWIREIN g AE S N RBE T 32 B R
R, 9 8 nT a3 6 I IR B P g 24 4 o) vk
Y SO AL AR TR B IR 25 9 B O R 3 1
253097 SR T 251080 01 2 B B 2k R A 1R 25 R b
(NN =E Iy NI e o N [E 8 1 2 N = e A
P, 75 2 TDM 5 i 45 25 21 & AR 30 97 e g,
VERHEIJEN £ F H1 € # 37 9 LC-MS/MS # &
A0 1t A% H K A 55 E) CRT R T PR R g 5 4D e
B HERREE (11, 1 %0) FURS % B (<14, 6 V) fF A EE K,
TERBRE T, M7 VAMS & FiaE &7 362
d. [HIZUWCEER 10 AN R 25 3 VAMS (1) 41 1l



e 2904 - BIEF5IEK 2023410 A% 20%% 19#  Lab Med Clin, October 2023, Vol. 20, No. 19

A5 ML P A U 235 TR R e bk 4l R A SR
G rP O I 2 R R L R T 3 A ) 7R 2 e e 2
HETRR I DB e RV e V3 R e Mk dr kA e
85 W 5E & A AR L T8 T v A5 30 a2 4 o B Tt
22 [0 ) i 24 % ARG I 285 SR AR R L R AE VAMS IR
A 1 T 005 4 0l R Il 3 LC-MS/MS #6425 B 44
S A — B R IR MR 25 1) TDM
() K R 36 1) B S Sl i R AR R 5 LC-MS/
MS Fo 0 F2 A R g S SE R B oR A

2.2.3  HAWAGIN RS2 25 W ALE I DR TR T ORE R R
LT TDM, & 76K 1 24 Vi JE 45 61 78 16 R A i
T A5 TR N A T RS Ao 2E CRUAR
S AR AE (il AR L WA 2 PE TR VE BK 22 R
(PLIE VD Wi Br 55 =W FI A2 2 4 P 4D 225407 ) B
T TDM,VAMS 5 LC-MS/MS # R Ik & N FH i 1] LA
R A AR AR L 24 R A B A

2.3 VAMS H R 1 LC-MS/MS 3 Ifi R K i i 1
AhEE T LC-MS/MS 401 2 7 VAMS %6 &
(AR i T L8 T R R T 3 i L A A R B TR
AR IR B AN BE L OR A LB B R R AL L R DR
Zead OE AR DN B3, AR AR B VR AR M, X R 2l
AL VAMS 3 5 {820 152 25, 7 Fp e R 56
R G I 445 SR TN E B AT L (1) SRR R A AN B
I o A R S S I o S T N
VAMS 2% 8 9 4 ik 31 H Ath 97 & 2 T RE A 2 Bk —
B3 o IR 559 Y T 48 45 5% M B2 il VAMS 36 &
I vty | A5 VAR IR N B R R A i A e 22
AEC X SEERAE b B 45 3R AT L i X R 1R R e
FNEE VAl /D, dn e 199 B8 10 B 11 3% o) 2802 A0 0 2
AT HEMEERFEEFIE, (O TR EENN
B bl 5 B R N A2 L AR AR R 4 5 W S LR
PRI, M 1 Bsf [] 2 AR 4 R i 288 780 I A AN [F)
MR 5 Bkt S AN 2 TR AR S5 g . (3) iz iy Fi
A7 8 ok B2 TP T 0 i A R A B R P —
R B A TR W% &R
gt TR R KA ) G 1 0 A s T A 2 A%
XA BARTES SRR . (OB &N T B
T Ak B R B A 56 ) S B 2B TR L B W) S S AN
FE R DU P H AR ) B B I R VRO AR LR
UL E | AR A OS2 A HLR ) ok B A
CNE . YE 25 %6k 32 0 9% O FbK A e 25 HLA B K
P BB 25 ) AV AMS {4 8 i B Hh A 42 B 1R
HEATPEAL A5 2 5 B K A G i B4l Bl R 2
i 1 AR BRI [l i 2 s F H I K T B 4G K
TR BT 0 4598 . 3k 2 PR O K 2 A A AL A
PR 00 5 88 T S i) [l e e S B 4 AR v i Ad B A% 1R
A 5EENE, HCT 23 % VAMS By 42 5 i 2 77 4= 5%
M, HCT 542 B Inl i 8 5 ) b, A fig /& i T HCT
() 2T 40 M 5 3% 5 VAMS %6 8 1 22 s FL B, 40 Br
Yy 4R IO B S SO IR R R RS, L S
I8 4 O ) B FE LA 5 5 kL il VAMS AR AR

5T 42 U JI VRS T AR I 40, B R R ERL Tl SR kT 4 T
FF ot ARG ) 455 SR %) v A B ) ER B

3 VAMS#l LCMS/MSH#EARBEEMEAMNMKES
29514

3.1 FEMRHE VAMS EE N LC-MS/MS K 1
H R R R R T H ., S G REE T EM L.
VAMS ]38/ TDM 3 4) 8l J) 2% 250 80 07 4 S5 40
Gt B 22 YRR T B 0 407 T 5 o G I AR L K R
MY BT AR L R HA A B R R M AR A R
7 5 A AN B M 1T Can i Y g R e R Y S I
[] ) L S 46 2% AR 2 A AS JiE A 3 IS e SR R A A I 1)
T — T 5 (8 5) 2 (1 R A% 7 ¥ % . SCUDERI %1
A AL AR R e KR I AT T R R SR LA TR
FERWEIR 85X WS 5 H T E W TR0, 957 /Y
Z 5 HE MR T TIR MRS, 0] LUE B K5 B
A B 2 B T A S SR SR LA 0 DK SR L s A A R i
B VAMS LA 8 & i it A LM el 174k, LC-
MS/MS LB T HAT w38 i | S 508 R ot B v L il
IR ) R AT R RN A 3 BT s BRSO O DN
AR ZE LB, 3 HL A R S 1 R 480 e o 10 4R L B
O 0 B P 2 O AR AR T A2 B 28 SR N A T
VAMS-LC-MS/MS 7545 I 52 2% A A 1L 9 o £ 4 b
HoA & SR .

3.2 EEHkE BEARWRE AR BA MR MA
TN A N 2 08 2 1R £ Pk 5% iR £ i ok
B ). VAMS 7R R PR B &R 2% . LC-MS/MS L 1
H bR EEAR AN A 2 A, 2Lk iy 55 I 03 454
MAEy A F B AE N BRI &S — 2 A 2
PESLIRA I 25 RA TR N E R 2%, NI 2
T J5 e s o) R AS DB P ARG I 9 . T L LC-MS/MS
LA RS 3 v K 22 B S 06 %5 5 2 B AT o7 7 iR A
HEAT 7 RS IR AH OC 1Y S5 5 & 4R M IR AR AR
o o Ak PR 25, 3 4 [ 0 0 BEL 1 7 7 R B R 7E i IR
S E B R R

4 B =]

VAMS i (1% i Ak $3XF B f 4G I 25 S 14 RS 2 8 AN
WERR 52 A, 1T DLl 2 I R VAMS B A MR b
FLE| LC-MS/MS ¥ ke I 1 4 [ 30 4k K fif v, I8 Br
FEAEAS TR A O 1 15 2=, T L AT B R e A AR A A
PRI AR FAERG R . VAMS ¥E7E 112 Fik 72 2%
R AT DAl R ) P 22 O K R i A A7 2 Y
1 5 AR Ay D L T2 AR A5 T i A L RS
i, VAMS-LC-MS/MS A 1) & J& 2 AR ARG 97 F
WHEEEE RN EZN . M R D BEE
ZREEFIE WO E RN VAMS #i R 58 R HEM LC-
MS/MS 5 A 45 & I B AF 58 FE T, X AL BE M3
Iy BFE IR S A S L B2 0T L 38 fE A et 3
DX SBURE R 3 4 S 3 A B

2% ik

[1] LONDHE V.RAJADHYAKSHA M. Opportunities and



HIEF SR 2023 F 10 A% 20 %% 19H

Lab Med Clin, October 2023, Vol. 20, No. 19

+ 2905 -

(2]

[3]

[4]

(5]

(6]

7]

[8]

[9]

[10]

[11]

obstacles for microsampling techniques in bioanalysis:
special focus on DBS and VAMS[J]. ] Pharm Biomed A-
nal,2020,182:113102.

SHITOLE V,BHAMARE K,KUMAR P,et al. Techno-
logical advancement in dry blood matrix microsampling
and its clinical relevance in quantitative drug analysis[]].
Bioanalysis,2020,12(20) :1483-1501.

ZAKARIA R, ALLEN K J,KOPLIN J J,et al. Advanta-
ges and challenges of dried blood spot analysis by mass
spectrometry across the total testing process[]]. EJIFCC,
2016,27(4) .288-317.

DENNIFF P, SPOONER N. Volumetric absorptive mic-
rosampling:a dried sample collection technique for quan-
titative bioanalysis[ J]. Anal chem. 2014, 86 (16): 8489-
8495.

PROTTI M, MANDRIOLI R, MERCOLINT L. Tutorial:
volumetric absorptive microsampling (VAMS) [J]. Anal
chim acta,2019,1046:32-47.

SPOONER N, DENNIFF P, MICHIELSEN L, et al. A
device for dried blood microsampling in quantitative bio-
analysis:overcoming the issues associated blood hemato-
crit[J]. Bioanalysis,2015,7(6) :653-659.

LEI B U W,PROW T W. A review of microsampling
techniques and their social impact[]]. Biomed Microde-
vices,2019,21(4) .81,

KOCUR A,PAWINSKI T. Volumetric absorptive micro-
sampling in therapeutic drug monitoring of immunosup-
pressive drugs: from sampling and analytical issues to
clinical application[J]. Int J Mol Sci,2022,24(1) :681.
VELGHE S,DELAHAYE L,STOVE C P. Is the hema-
tocrit still an issue in quantitative dried blood spot analy-
sis[J].J Pharm Biomed Anal,2019,163:188-196.
KOSTER R A, NIEMEIJER P, VEENHOF H.et al. A
volumetric absorptive microsampling LC-MS/MS method
for five immunosuppressants and their hematocrit effects
[J]. Bioanalysis,2019,11(6) :495-508.

VEENHOF H, KOSTER R A,JUNIER L A T,et al.
Volumetric absorptive microsampling and dried blood
spot microsampling vs. conventional venous sampling for
tacrolimus trough concentration monitoring [ J ]. Clin
Chem Lab Med,2020,58(10) :1687-1695.

[12] ZIMMERMANN S, AGHAI F, SCHILLING B, et al.

(13]

[14]

[15]

Volumetric absorptive microsampling (VAMS) for the
quantification of ten kinase inhibitors and determination
of their in vitro VAMS-to-plasma ratio[ J ]. J] Pharm Bi-
omed Anal.2022,211:114623.

ADAWAY ] E.KEEVIL B G,OWEN L J. Liquid chro-
matography tandem mass spectrometry in the clinical la-
boratory[ J]. Ann Clin Biochem,2015,52(Pt 1) :18-38.
THIRY J,EVRARD B,NYS G,et al. Sampling only ten
microliters of whole blood for the quantification of poorly
soluble drugs:itraconazole as case study[J]. ] chromatogr
A,2017,1479:161-168.

PROTTI M, CIRRINCIONE M, MANDRIOLI R, et al.
Volumetric absorptive microsampling (VAMS) for tar-
geted LC-MS/MS determination of tryptophan-related

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

biomarkers[ ] ]. Molecules,2022,27(17) :5652.

KITA K., NORITAKE K, MANO Y. Application of a
volumetric absorptive microsampling device to a pharma-
cokinetic study of tacrolimus in rats: comparison with
wet blood and plasmal]J]. Eur J Drug Metab Pharmaco-
kinet,2019,44(1) :91-102.

TRON C,FERRAND-SORRE M J,QUERZERHO-RA-
GUIDEAU J.et al. Volumetric absorptive microsampling
for the quantification of tacrolimus in capillary blood by
high performance liquid chromatography-tandem mass
spectrometry[ ] ]. ] Chromatogr B Analyt Technol Biomed
Life Sci,2021,1165:122521.

GRUZDYS V.MERRIGAN S D.,JOHNSON-DAVIS K
L. Feasibility of immunosuppressant drug monitoring by
a microsampling device[J].] Appl Lab Med,2019,4(2):
241-246.

KINDEM I A,BJERRE A,ASBERG A.,et al. Tacrolimus
measured in capillary volumetric microsamples in pediat-
ric patients: a cross-validation study [ J]. Ther Drug
Monit,2021,43(3) :371-375.

MUELLER-SCHOELL A, GROENLAND S L, SCHE
RF-CLAVEL O.et al. Therapeutic drug monitoring of o-
ral targeted antineoplastic drugs[J]. Eur J Clin Pharma-
col,2021,77(4) :441-464.

GROENLAND S L, MATHIJSSEN R H J,BEIJNEN ]
H.et al. Individualized dosing of oral targeted therapies in
oncology is crucial in the era of precision medicine[]].
Eur J Clin Pharmacol,2019,75(9):1309-1318.
VERHEIJEN R B, THIJSSEN B,ATRAFI F,et al. Vali-
dation and clinical application of an LC-MS/MS method
for the quantification of everolimus using volumetric ab-
sorptive microsampling[J]. J Chromatogr B Analyt Tech-
nol Biomed Life Sci,2019,1104:234-239.
VEROUGSTRAETE N, STOVE C P. Volumetric ab-
sorptive microsampling as a suitable tool to monitor
tyrosine kinase inhibitors [J]. J] Pharm Biomed Anal,
2022,207 :114418.

KRUTZMANN M E, MARTINI R R,DE SOUZA GU-
TERRES F,et al. Volumetric dried blood microsampling
for monitoring imatinib mesylate therapy: method devel-
opment and clinical application in patients with chronic
myeloid leukemial J]. J] Pharm Biomed Anal, 2023, 222:
115108.

HART X M, EICHENTOPF L,LENSE X, et al. Thera-
peutic reference ranges for psychotropic drugs:a protocol
for systematic reviews[ J]. Front Psychiatry, 2021, 12:
787043.

STERN M, GIEBELS M, FEY T, et al. Validation and
clinical application of a volumetric absorptive microsam-
pling method for 14 psychiatric drugs[]]. Bioanalysis,
2020,12(16):1129-1147.

KLIMPEL D,HAGEMANN A, BIEN C G,et al. Thera-
peutic drug monitoring of lamotrigine, lacosamide,and le-
vetiracetam in dried capillary blood-determination of con-
version factors for serum based reference ranges[ ] ]. Ther
Drug Monit,2021,43(3) :394-400.



e 2906 - BIEF5IEK 2023410 A% 20%% 19#  Lab Med Clin, October 2023, Vol. 20, No. 19

[28] LIMA D A.SCHUCH R A,SALGUEIRO J S,et al. E- NIJSTAD A L.et al. A sensitive liquid chromatographic-
valuation of volumetric absorptive microsampling and mass spectrometry method for the quantification of vin-
mass spectrometry data independent acquisition of hemo- cristine in whole blood collected with volumetric absorp-
globin related clinical markers[J]. ] Proteome Res,2022, tive microsampling[J]. J Pharm Biomed Anal,2023,225;
21(8):1816-1828. 115232.

[29] PROTTI M, SBERNA P M, SBERNA A E,et al. En- [33] YE Z,GAO H. Evaluation of sample extraction methods
hanced urinary stability of peptide hormones and growth for minimizing hematocrit effect on whole blood analysis
factors by dried urine microsampling[ J]. ] Pharm Bi- with volumetric absorptive microsampling[]]. Bioanalys-
omed Anal,2021,204:114234. 18,2017,9(4) :349-357.

[30] MOORTHY G S,DOWNES K J, VEDAR C, et al. A [34] XIE I,XU Y, ANDERSON M, et al. Extractability-medi-
whole blood microsampling assay for vancomycin: devel- ated stability bias and hematocrit impact: high extraction
opment, validation and application for pediatric clinical recovery is critical to feasibility of volumetric adsorptive
study[J]. Bioanalysis,2020,12(18) :1295-1310. microsampling ( VAMS) in regulated bioanalysis[J]. ]

[31] PANIAGUA-GONZALEZ L, DIAZ-LOUZAO C, LEN- Pharm Biomed Anal,2018,156:58-66.
DOIRO E, et al. Volumetric absorptive microsampling [35] SCUDERI C E,PARKER S L,JACKS M, et al. Kidney
(VAMS) for assaying immunosuppressants from venous transplant recipient’ s perceptions of blood testing
whole blood by LLC-MS/MS using a novel atmospheric through microsampling and venepuncture[ ] ]. Bioanalys-
pressure ionization probe (UniSpray™)[J].J Pharm Bi- is,2020,12(13) :873-881.
omed Anal.2020,189:113422.

[32] VAN DER HEIUDEN L T, UITTENBOOGAARD A, O B .2022-12-26 &1 H #1.2023-05-01)

. 42 iR . DOI:10. 3969/j. issn. 1672-9455, 2023. 19. 030

fix B B 1 LT 240 5 = PR 14T B it 25 B E RO ST g

RmB L EHER R, E BOFR
1. TFEFERFIRAFERE R LATF 274000;2. FHRFAREFRRRAEAYMF A,
LAES 266021;3. LA B BRBEARERALA, LA FEF 274700,
4. FBHRXRFEWBERS LRREERA, LA FE 266035

W OE.F2 m'ri#m(GNBm'l*/ﬂiﬁv@Wﬁ BREG, LB REH R S REF R R AR
R A AR E R E T HERMEIRE N, REEH XD AR WTIER LS EM T 2 A0 N Bk X
wH B, Fﬁ%‘k%‘%é@%%&)ﬂi%iyJﬂL}tfﬁ'*ﬁé‘J GNB REf¥gm L ZHMNEZATEN S TahA, 8%
TRRRBREGDOAEBRERARLEEROERES — T K. TG REFEE, IRET. At T4AY
WHHARAEARRAEBR MEFRARABRTHAZF, ZXEZENRAMNERTEHR LT AN EZHENR
(CRO) AW F BN £ ot 25 LB 695 HF B AgB69 el k#4745, 4 CRO 89387 A A E R A
R oy 1R R ROE T,

KB . EZNRME; BEEHREAS; WHAR

FEED LS R146.5 XEARERD A XERS:1672-9455(2023)19-2906-06

Research progress in drug resistance genes of carbapenem resistant Gram-negative bacilli”
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Abstract: Gram-negative bacilli (GNB) has a high isolation rate among clinical pathogenic bacteria, which

may cause the occurrence of respiratory tract,urinary tract infection and septicemia,increase the patlent pain
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