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MLk, SRR EEFMNTARE - F it —-(2- 2 A A)E(DEHP) A% . FARMEALMKE, R DEHP &% T
LC-MS/MS | % 7 i % % F FR(0.072 pgmL™), FAKT # HoAr M 3k R & i R4 A(70 kg)DEHP #) % B R4 H14
(0.005 mg-kg "-d™"); 48 h W& F 24— RMAE RS E R P HEFAA 0 h #>96.0%, ZRMIERS BA 4 E 48 h
PAILA BRI R PERAEL,0hE | mLATF A2 =10 pm 4&-F 2 (n=30)(35.13+14.4)% ;4 | mLE-F A2 =25 um
A F #(n=30)(0.6120.49)k, & ¥ E gk 2010 AFE, Fie HRAVR—REERAMEREZAT 3 F% ARG H
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Safety Assessment of Disposable Infusion Pump Made up of PVC Used for Anesthesia Drugs

GENG Hongl, ZHANG Meihuaz, ZHONG Haiping3(].Zhejiang Institute of Medical Device, Hangzhou 310009, China;
2.The First Affiliated Hospital of Zhejiang University Medical College, Hangzhou 310009, China, 3.Special Education of
Zhejiang College, Hangzhou 310023, China)

ABSTRACT: OBJECTIVE To investigate the compatibility of the disposable infusion pump with the local anesthesia drugs
and provide reference for its safety. METHODS DEHP, insoluble particle and drug concentration at different time when three
anesthesia drugs(bupivacaine hydrochloride injection/ropivacaine mesylate injection/tramadol hydrochloride injection) dissolves
in NS and lactated ringer’s solution were tested by LC-MS/MS, light obscuration particle count test, HPLC. RESULTS The
dissolving amount of DEHP was lower than the quantitation limit of LC-MS/MS and also far beyond assessment standard
intravenous infusion of adults. The drug content in the disposable infusion pump was greater than 96.0% at 48 h compared with
0 h. All kinds of drugs had no obvious adsorption within 48 h. For the insoluble particle, diameter greater than 10 micron was
35.13+14.4 within 1 mL solution; diameter greater than 25 micron was 0.61+0.49 within ImL solution. CONCLUSION It is
safety for disposable infusion pump used in clinical with anesthesia drugs.

KEY WORDS: the disposable infusion pump; local anesthesia drugs; di(2-ethylhexyl)phthalate(DEHP); insoluble particle; drug
adsorption; LC-MS/MS
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S5 EACEN I, ik 2 Ld T R, (R
JF 70 kg)HE A DEHP [11H: 4 0.005 mg-kg™'-d ™,
i 52 $6 N\ (tolerable intake, TT)5 5k A = ) EL{E A
120, ¥4 )L E 4 kg)$t N DEHP (&N
0.03 mg-kg -d”', TI HEEARMELME R 20, KA
FOB A LA e — B, N DEHP (218
N, fEFEARE . EARIEL T LS A
FI 25 S WP AZBERT, ¥ EE AR DEHP %
RNEEBWEATE, Shiscmmn £, @il —xE
(¥ DEHP HAG) A KRN, 580 R IR I
JERIE PN A

HAT, I PR o — P i 2885 A% S 1 1l
JULE B R PR B 25 A, AT 2 A
B 272 —, (HlRT kT R 2y
T T2 e, 1 R o2 7547 4F DEHP % i1,
SXof i A (RS 24 TR R B A g, R A
A3t 22 PN IR O S AN SR AR B A, X 4 PR 3R
R, - E X R 25 R
T2 R e O N AR ) 2 A AR AR B h
ARSI X PVC M T — i 28 N 1 R
3 B FHRR 2, 5P ) DEHP ¥ H . AN
TORE e 250 B PE 2 EAT T AR AIF 5T
1 #H
1.1 s

AG204 1K F-(Ffi -k Mettler Toledo); Sorvall
Legend RT IR 5 D ALCGE E ZEER ©); GWI-5 ks
R KR KB A R A T]); LC-MS/MS R4::
Shimadzu LC System(DGU-20A3 fii{#l, LC-20AD
TJGE, CTO-20AC HHAH, SIL-20ACHT [ 3t
FE2E, HA SHIMADZU /A #); API4000 = U 4%
FE 5o A [ 56 [ N ) A=) &R S (AB) A 7] 15 Agilent
1100 AH % (L E Agilent A ]).

1.2 R 22 A R R i)

A AL P )Ll BT AR
FRAW], CBI+PCA &, FrfR7EE: 100 mL, 2.0X
0.5mL-h™", PVC#J%, #it5: 20090830,

JRRRZIH): EhIRAT LR BRI g R 1 25 B
AT, Bk 5mL-(25 mg) '] FHRER PR R R
SR R e A ], kS : 75 mg-(10 mL) '] %k
P ih o 22 3 R (B A 2 R AR AR, Ak
100 mg:(2 mL)™'].

1.3 k5

DEHP X M 4 (4% [E Dr. Ehrenstorfer, GMBH

AN, BIRE: 98.5%); IR DR PR 6 B (H
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[ 2 s Al s e pr, SR IE ), ShigAn
Eb AR PRDGT F i (T 28 5 A= 0l R T, 4l
98.5%~101%); 5 2 %] H &l (Griinenthal GmbhD-
52220 Stolberg ~ ], #it'5: 5d741). HIEE(HEE
Merck A A, thifal); LNE(GEE Merck A#], {4
W4y, WER(ERE Fluka A 7w, G4,
1.4 Sl ik

KH SPSS 16.0 A4 #7, tH =B RFEIES
ST RS EOOT, NG IESS A HAES
Ok tFEEER K.
2 HE
2.1 Z9TCH

ER R AT LU AR DR S5 R B R 2 Wk IR 9 S
ERTR M1 23 BT S 0.9% SF AL BE ST L
PR Al AR YA S AT AR, R I I AR A
WRESL 100 mL, FAES SR S fnE R i 2
W, BEFRA TCPAT RG] 5 00 4% 5 A0
2.2 AU PETIORLAS

FIH GWI-5 fckiks i, 2 [ 25t 2010
SERR B P 3% IXC(EE — 2GR . e btk r
THEHAAZ10 pm K740 & 1 mL ANES 25 K, ki
THA=25 pm P4, B 1 mL A 3 R
PEFh 245 S S0 bR UEERAVE RS 2010 AR AN
PERORIAS A B RV E R o MR PR TIORLIN & (X 2 Ab PH
FRATEN AR £, TR S P AR 1 mL
B 10 pm BAE % 25 pm BLE ARV Sok: 2
23 A EE

IS ey 2550 B A 8 T 2 0 % I () R 2 R
B, HSHEHBREEME . A& A
WAt : Symmetry Cig(4.6 mm X250 mm, 5 pm). i
M. BEER AN M(25 pmol-LT', pH 4.0)A1
FEE . B FEVEE(0~6 min, HEE 40%—60%; 6~
7.5 min, HEE 60%; 7.5~8 min, FE 60%—>40%),
Wi 1.0 mLe-min™', AEUE MW, BERER 2 ulo
2.4 DEHP % H i

S 2 SCRRAH AR IE ™, R IBAR €33 o 16 it
(LC-MS/MS)Jj ik tilZ&tt: Wahl: WEE-&
0.05% H R K V(95 & 5); ¥ii#: 0.6 mL-min',
FEJG 6 04 73, 60% T A (il fl: Agilent
SB-C3(4.6 mm X 100 mm, 1.8 um); A:IRAHIR
40 'C; HEFEZIRIE: 4°C, #G; JEFERE: 2ul.
R KA LW 55 25 YR (EST), 2 1 NIk PRy
THIMMRM)IE S A S 6 psi, AT
2 10 psi, BETWIZH: 5500 Vs T4 AL :
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300 °C; & 744 1:50 psi, B 744 2: 40 psis
DEHP R} 1 B 14 m/z 413.3—301.4(% 1%
RHEE(DP): 120 V, fiffigE: 43 V, b=
HE: 18 V; W EAAI RS X351 miz
325.4—597.2; EFEBHIE: 110V, filfEfE: 60V,
M= H O E: 12V,
240 WIRECH] R A A RS RS BRI
DEHP XJ i 36.2 mg, & 10 mL &, I
VIRITRRB B2, A 3.62 mgmL ™ WKL
SXoF L i 2% Y

R A P T o B e N D G
2.5mg, & 5mL 8T, /KA 22,
VRA) s BUZWO 200 pL, ‘& 100 mL (&, n
90% H B AR R B %1 1%, VRAIRIAS 1.00 ng-mL™ [ A
PRI o
242 FEARRIALEE  ECSEIAEARW 1 mL E
1.5mL B0, BN RS % (1.00 pgrmL ™)
10 uL, 400 pL HIEEACT JEME, #3530, 4 C,
13 000 rrmin~" B0 1 min, K5 E35 TS 2 R,
2 uL HEFEHT
2.4.3  WEITERHUE
2431 JiiERe Rt N AW S Ao
DEHP/ P b5 FIE S 2 CE 30 min J5 %0010 €235 1K
LG, G B R R E Y A T8 DEHP
TP B 0 s, T 58 B 220 3R A5 1 € 0 P LA
FEM L JE .
2.4.3.2 ¥ DEHP brdfE th £ il 4 A 1) 77 FE (1)
WiE K BI 3.62 mg'mL ™ WKL) DEHP X B
v i 2 VRO B, N R I 77U AR B 1 DEHP 0.724,
2.896, 3.62, 10.86, 28.96, 724 pgmL™" IR,
I3 ARG BB 100 pL, IIAAS RN S ek
25 FLR A MM VA 900 pL, VEJE 30 s, BCHHIR
DEHP #4524 0.072, 0.29, 0.36, 1.09, 2.90,
7.24 pg-mL™" R0 IR ARV R VRV RE . TRFRUE
T 2% v R A % i, FCER(1.09 pgemL ™).
H1(7.24 pgmL™"). #65(36.20 pgrmL ™3 FhAS [k i
ff] DEHP FxEW, 14504 0.11 pgmL™), f
(0.72 pg'mL ™) 1(3.62 pgrmL™")3 T AN [ 4 2 (1 )5
PEFES . 43 HILL DEHP [T 3 7 ik g AR 5 iy
B B 1 R 0 1T AR 1R EEARL (V) 5 RF 9 B (X0 1E
ITERMERNIE, 18 T/EJ7FE. DEHP KEEAE 0.072~
7.24 pgml ™ W, SRATIIAL(x)H /s = kAT 4k
PEENE, bR AE i 4 8] 5 J7 B2 . ¥=(0.002 2 =
0.000 37)X+(0.24 + 0.035)(n=3), £k Tk H1 K & %

rhE BLACR 2% 2014 4 5 H 55 31 55 5 41

r=0.998 2.
2.4.3.3  ZAHREMCRSZE RS 3.62 mgrmL ™!
WL TY) DEHP 0] Gl 2 W0E &, FFIn B 16
B, ARS8 0.11, 0.72, 3.62 ngrmL™,
FH JE R i 25 0 TR R 55 P 23 A A S 97 4% 11
TR FEA T 52 (1) LA T 53 4 5 IR
2434 RSEJESCR bR AE 2 vk ) A
DEHP & /% 2 & [ (lower limit of quantification,
LLOQ)(0.072 pgmL™"). 1% (0.11 pgmL™).
(0.72 pg'mLYFIE(3.62 pgrmL™")4 FhAS [/ vk i 1)
X HORFEAR S 5 4, & DEHP.
2.4.3.5  AN[R]A UG 1 0T 45 A o A R O 2
Fobr v 28 A SV, 20 i LS B e S R
FURAN RIS E SR 452 DEHP [(0.11 pgrmL ™).
H1(0.72 pgrmL ™) E(3.62 pgrmL ™) 3 FhAS [m) ke i
(R0 R I VAR AR 25 2 43 JEAT AE XS B HE A 22 (RSD)
17 5
2.4.3.6 FREMESER  HUCFE B OO, bRk
fih £ W ik 77 vk 4 & DEHP fi%(0.11 pg'mL ™).
(0.72 pgrmL ™ YR EH(3.62 pgmL™") 3 FAS AR 1
JREREARS 3 48, T2 FCE 24 h 5B T
WME RSD,  LABA AT b i (1) 8 e 7k
3 %R
3.1 AR

3P 3T 2 P e S5 (0, 24,
48 h)10 pm. 25 pm ANFEPEROR &5 R IR 1,

FHEEEL 0 h 4 1 mL R HA2 =10 pm K14
35.13+14.4 N EHA#A=25 pm R 1%L 0.61£0.49,
24, 48 h W P AN PEROR A 7 A [ 25 2010
FERR bRUE, BB EAR =10 um R 14<25, H
=25 um K FH<3, RWIE TR iR e .
32 #YEE

3RS HEET 2 PR EESCE 0, 1.0, 2.0,
5.0, 12.0, 24.0, 36.0, 48.0 h, &% I Ja) s
T 0h Y& EoR, ERIRAT R K(0.9% NaCl
VO FLIRMR M S0 . F R R K 1R (0.9%
NaCl % FLIRMAE S 3D 2£(0.9%
NaCl ¥ FLERARKE V)48 h P25 AN i 1)
R 0 h N I4>96.0%, 24 W B
b, R 2.
3.3 DEHP %!
331 prikdad 2 VA (multi reaction
monitoring, MRM). DEHP F1 P A s A4 1 — 25
ZRAHRTOE R LE 1.
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Tab 1 Insoluble particles at various time for 3 drugs dissovled in 2 solvents
NV ok BB -mL ™!
| 0h 24h 48 h
10 pm 25 pm 10 pm 25 pm 10 pm 25 pm
ERTE A L AR R (0.9% AL B 3D 32.96+9.83 1.20+0.50 16.82+11.48 1.70+2.00 24.88+12.7 0.98+1.14
R AT L B (LR MRS 1 ) 25.38+12.23 0.50+0.29 23.88+10.37 1.28+1.31 13.2049.57 0.58+0.69
IR 2 R -R IR (0.9% 5 AL 54)  33.42+18.03 0.28+0.13 4.36+1.94 0.14+0.22 5.56+2.40 0.30+0.35
PR TTR 2 R PR (LR MR S ¥ 37.8849.17 0.34+0.21 8.80+5.11 1.04+1.00 4.82+0.73 0.04+0.05
SRR 1 2 (0.9% S AL B 58 42.10+21.10 0.72+0.53 15.08+13.03 0.52+0.67 25.26+25.48 0.80:1.10
R I B 22 (FLIERMRAR VR S 39.02+13.55 0.64+0.57 16.54+6.94 0.28+0.18 3.76+1.50 0.04+0.05
F2 3MAYET2HERESHE AGYE
Tab 2 Contents of 3 drugs dissolved in 2 solvents at various time
ESLY s
I 8]/ hER A E RN P R B R < TR EN A
S S FLIR B MR R AR U LIRS SR S FLER B MRS
0 1000 100+0 100+0 100+0 1000 100+0
1 100.41+0.81 99.95+4.30 99.58+0.82 100.19+1.65 100.39+1.57 100.53+2.87
2 99.83+1.24 100.44+4.01 99.68+0.94 99.04+1.58 100.12+2.33 99.5542.52
5 100.091.01 98.38+6.07 100.28+1.48 100.00+2.61 99.89+2.59 99.36+2.08
12 100.33+1.71 96.86+5.86 100.27+1.64 98.17+1.65 100.64+2.46 98.67+2.30
24 102.59+1.77 98.61+3.68 101.43+0.65 102.84+2.04 100.04+1.23 98.72+2.20
36 102.63+1.51 98.84+3.30 103.1142.03 104.59+7.31 100.69+1.31 98.3342.97
48 101.42+1.15 97.61+3.52 101.23+0.61 101.60+3.86 99.77+1.03 97.19+3.09
- s Max. 5.866 cps. S0 3154 Max. 5.1e6 cps.
1.20e6- 4.5e6-
1.10e6. DEHP - 2824 #fﬁimﬁj
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40065 1508
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10065 ! 011041 w2 122 203 38035333665 3874
s 350 385 3% 295 400 405 410 415 420 5 &0 lJS “G 4“5 050 M"“ 470 b 1 L 1% " o % » = «
m/z A
250k 3011 Max. 7.5e4 cps. 2 972 Max. 2365 cps.
700k 22e5-
6504 DEHP 2. 1092 ST
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5.5e4. 4133 1.6e5
172] L 172]
g_ - 8 1.4e5-
'EIK 4.0e4. ,‘:.\x 1.2¢5.
e &
3.5ed- T 1065
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2504
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2084 3154
1504 . 1029, 1374/‘4“ 297.0 :
.~ ‘ ot o) * ) k 1594 1 2033 239.0 255.3 27135 I
| mﬁ | II ] Iu“\ || + m ”l J ||
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m/z W
E 1 DEHP Fu Jy 47 3R ty 4 3 4% )7 1
— AL B- e
Flg 1 Full scan Mass spectrogram for DEHP and internal standard progesterone

A—full scan MS spectrogram; B—full scan MS? spectrogram
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I§l 2 DEHP K W 47 # 1R B ) MRM & i &
AW B4 EVA N DEHP(0.072 4 ng-mL™)F1 A F£(1.00 pgrmL™); C—v: S S 5 h 5 IV FEA

Flg 2 MRM chromatogram for DEHP and internal standard progesterone
A-blank solution; B-blank solution that added DEHP(0.072 4 pg'mL™") and internal standard(1.00 pg-mL™"); C—the solution which put in injection pump 5 h

3.3.3  4a%f[nlfcZ  DEHP K. ", 7 3 Bk L
S A B R A8 [RISE 1 B 4E 43 0 Dk 142.69%,
141.82%, 140.07%#1 104.96%.

33.4 KBS LLOQ. K. . &4 Rk
[ H N KS % B RSD 4314 4.44%, 5.01%, 4.49%
M 6.92%.

3.3.5  ANRIEBERCH ) SRR AER R iR W
71 LGN SR VBN LR B MR T S 2 Bl
Fic ) DEHP % . & 3 BRI RSD 434l
M 5.38%. 3.51%- 2.50%. R 2 FlORFE K%
I b I ARORG 5 5 T <6% , DRI EAE IR Hp n] DA RL—Fh

P (2 11 U P A A S 90 oK P o o1 i 2 A i 47
FEABIEE .

3.3.6 DEHP % 294 0, 1, 2, 5, 12,

rhE BLACR 2% 2014 4 5 H 55 31 55 5 41

24, 36, 48 h &AW SHEE, LC-MS/MS &
gEL, P S 4] DEHP &A% T LC-MS/MS il &
J5 i B R BR(0.072 pgrmL ™.
4 Tt

DEHP 15— ¥ 54k 2 N H T PVC 7=
i S T BT S8 A i N PVC AR AR R 1 i
XL TR A AE e AR E T, BARE
PE[) DEHP ALUEHr 45 &1 PVC 70 1 1, S A
TRErR B, L HH R i B S T A AR ) R
JET AR AW TR S, T B B TR
B WA IR N Y K s PVC MRMERLE
fie 0 4 452 A ) 45

PSR, DEHP [ &vE s m®, Fr
HESL 50 A )l o 2 Mg AR (I 28 1 BE JR) v 9
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B2 WAk AW 10 2 BBt BNl 14~50 gkg
11 K ST 11 2 B e Bl 200 mgekg ™o TE
BUR, 4> DEHP &7 24 h PN Z8 i JR il B 2 4
HARSN, T DEHP (¥ 3 ZACH M40 K — H R
LFECBE(MEHP) U & /5 AR LU K&, A=
W& B KA 6 4~ H - DEHP 8 ok 1k F 22
I BT R G MR R G 1) 520 DL =5
V. #0035, DEHP X B A2 5 22 45 1) 56 0 3 52
RIS, TBEEALESE . BRSE. 2
BTG AT . AR B AR L ARG i TR
26lO91 B AN, BEYTiRfRTh DEHP RUGZE4%, EHL
TR SR RN S L A3 R0 ) ) AN (A B Rk

ATV 8 0T 24 400 1D R B A At AN T A1 i)
2 o — ARV B 3 kg T 30 A R R A T 3 R
Bb, ARSI, R RE R T AL T R
A, GBS S R, WA R, B
B RER T 1 2595y T AW 2, SRR A
[0 yk /D, 2440 R A AN ) 3 P MR 118358 3 WO o 3k P
VS, LR M S R A . Jennifert! SR H PVC
B AR PVC Bl v RS Ta ek . SRR S
e 18] VS B Y VRORE AT IR ARG, I DA A B R KA
xR, SE PRI, SAHTEPELE PVC Hiias )
PRI 50%, 1] 2 PR AEAE PVC LT AR
A ik RIS ST R PVC B R R
H G4 AEAE I B MER, BN EE A
FAURIE BB 2 B,y T A B
YER, i A= e O, B AT A 4
HH 11 2 900 P55 AAIG AT T 255 i T A8 D 24 00 1)
AR, T R MR BV FH ) T SR B A A R R
29V 2 S RIR VA

MASYAT IR A IR — P i 22 4E 3
T HRBR 2945 2 B g mc A S A i, 3 DEHP
W R E R R R(0.072 pgmL YA, 2547
B R I B AR D, 48 h 2R AT LA
IR BE4>96.0%, ANEFKm YRR . HH
AU PR BT AE FH (9 PVC MRS 7 b 24 %, A
) il = i T RORR YR . BC T AR T T
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