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BT 4 AR—FT NI ¥ I OBERYIH T ) ¥ VR THREREAN

RIES OB

wWH WY SRR R, fEe e
Y EEHE 7 S R T
? M SRR

(PR 29 4£ 9 H 22 H24)

BE V) Y URY T IIME - BB EE D S AN ARG EEDSIER I8 <, R HB R ETIE R R
Wi ETIRHEMICHEE SN TS, BiGEEL 7z [T 4 AR—=F T2 v I OIS
AFEFEEIZ AT T B OMEE T, TERUMO 8 ) VIR T LT 4 AR—FT V) ¥
VEMHL7GE, MEEY) VUKL TRER YY) v DV THEHEIROMEZ K& {20, §
VAR B G- TR G- BG I O AR ICEB L TV L AW L kol LAL, HiEY
VU IVBPER L DT A AR—F TN U ITIE, A= —I2X o THBERIURE L R0,
P GBI O BRI B2 K L Cw AR H 5. A, #4714 AR—F TV
VY OREHRGIAS Y ) Y VR Y THEAREAN AT T B O W THGEEZ 1T - 72, M 134
#) vVE Y 7 (TERUMO #H# TE-351%, JMS #L# SP-520°, TOP #L:# TOP-5530%, NIPRO
#1:8 SP-80s®), #4741 AR—YF TN ¥ 10mL, 50mL #fEH L7z, Mg TiEIE & T 1+ 2
R—=FTN Y U IIkEREL, BTFREICTEYY ¥ I3 A4 292 ImL/h #%5-8#, 5mL/h
B GHEH T 120 M oFEAR 2 E Lz, $5-B46 60 KB 1) 2 MiE A EBRARIE, £
YN YIVHA XBIORFREEE 12 IMS 4, NIPRO #: THEICHERIIKT L. A7 — b
T v T — T TSR ERG CHAAFEROT S AT 2R L7, KRS Tl &AL
BB B2 R L, BRNVER D) Y VI L TRAER Y Y v UV TEIIZRE S FEN. 72,
BEBMB 60 0D N T Xy b A—TIZBWTH 4 TR ZREEEZ RO O Ep
LHLEATT 4 AKR—F TN ) VHBIRGUEEE R 2 2 EBHO N L otz Y VUK
VT TREER AT BIIMHT A A —h—D ) ¥ DB SN ETH 5.
(HSEPERE, 66 : 181—189, 2018)

—%—7—F—
YUY YR T, AR, T

FC®IC

) VR TIIE - BRI PEA © FEHN ARG BE A
IR HEBP G AT L JEH TR BT R e pa
TH 5. FRICEFHEBRFUE RS2 & TR HEIC
R S NEE R EREEI TR TWwE, Y)Y IRy
TR TOMERE X, 1.0mL/h Y EOE THEA
PG 1 BRI DA 1 BRI O & OREEEDS, PR E 1%
DN, YV I E0REIXE3% UNE RSN T
BV Fl, V)V VRY TRENEARTAS—NT v
TH =7 TRERERS I L TR RRS iR R
T TN 2SR H Y, Wk Y ORY
TREEEZEST NS v Ry b =TT ERBEHREC

U TR ER G CTIREZSKRE VW LML TV 5.
FIEARGE L 72 [ 54 AR=F TN ) ¥ Y OFBHEIL)
HEAR I RITT ZEOMGETiX, TERUMO fH#)
VIURVTERMT A AR TN IO MEHL:
Wit MNEEYV) YV LTRER YY) v D THIHK
PORE L RE 2, FRICER RS TS5 Ria b
DFEAKEICHBLTVWAE I ERHLNE o722 20
FAAR=F TN U IIIBIT A EEERD U,
VY IH Ay MR EAMRNMIOW D %25 S EET B B
BOBE SN, B2V Y IURBBEICEA Sz a
YEFANHHEEEICKRE (G L TV LEEZLNS.
BAD) VUBHERLE LT A AR—F TN VYT
&, A—H =X o THEHRPUEED B2 ), FRcHks
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£1 BWIEARRE ImL/h# (n=10)

R—H—/ . .
Flow rate syring size 10mL syring 50mL syring
TERUMO 0.91+0.02 (-880) 0.83+0.03 (—16.80)
2t (B35 0) Iml/h TOP 0.94+0.04 (-5.60) 0.88+0.05 (—12.50)
0 ~ 60min MS 096+001 (-410)*  095+0.04 (—510)%**
NIPRO 097002 (—-260)* 095002 (—4.60)%**
TERUMO 0.97+0.01 (-270) 097003 (—280)
anse i T (355R0) L /h TOP 099001 (-1.00)*  1.00+003 (040)*
60 ~ 120min ™MS 0.98+001 (-2.10) 098002 (-230)
NIPRO 0.98+0.02 (-2.10) 0.99+0.01 (-0.70)*

VS TERUMO syring (P<0.0001)

£2 BIEARMESmL/h B (n=10)

VS TERUMO syring (P<0.05) “FI39fill = BEHE(R

R—H—/ . .
Flow rate syring size 10mL syring 50mL syring

TERUMO 485+0.05 (—-296) 473+0.07 (-540)

s ] (55K 0) —_ TOP 494%006 (-1.18)* 474%013 (-5.30)
0 ~ 60min MS 493+002 (-142)* 491+003 (-1.82)*
NIPRO 497+0.04 (-060)* 498+003 (-0.36)*

TERUMO 501+0.02 (0.12) 495+003 (-092)

Az T (353 0) — TOP 502+0.02 (0.36) 497+009 (-052)

60 ~ 120min MS 494001 (-112)%%  500=0.02 (0.08)*
NIPRO 4.98+0.03 (—-046)* 499+002 (-0.20)*

#EYS TERUMO syring (P<0.0001)

BAAAFIIH O EAF IS Z R L TV AL H 5.
Lol BT 4 AR—F TN D) VI ORBERGIA )
VIRV TIHEAREEANRATTHEIZOWTHRIEZ 1T 5
7z.

h&

TR B O RN KA ) VR Y 7 (TERUMO
#L% TE-351%, JMS #1:%! SP-520%, TOP 442 TOP-5530",
NIPRO ## SP-80s*), %&tL7 4 AR—F TN ) ¥
10mL, 50mL & JMSHBE I F 257> avFa—T%
L7z, WETBEREET 4 AR—F T I
HKBAKEAWL, BT R A&D H# EK200i 12 T4 ¥
) ¥ V%4 PN ImL/h $e5-8F, 5mL/h #5812 500
T 120 o Am 2 Lz, RN A&D #H3y
7 b WinCT 2 L, 1 BHREOEARE A8k L
72, F72 120 55 T OB 5-WE R 2 B2 5- B 60 73 Al & %
L.BhG 60 53 DARERED 2 BEWC /0T TR L 7=, Feat s
Frid t UEICTITWV P<005 2 HEEH Y & L7z

Bw R

10mL >V ¥ ¥ ImL/h £e5-8 T O 5-Filhs 60 2R
2B HARE AR EESIE, TERUMO +: —880%, TOP
1 -5.60%, JMS#*:—-410%, NIPRO #:-260% T& -
7z. 50mL ¥V ¥ ¥ 1mL/h#% 5 % T &, TERUMO
1 —16.80%, TOP #—1250%, JMS 1 -5.10%, NIPRO

VS TERUMO syring (P<0.05) P35l = B (R A

-460% L0, £33 YA XL HIZ IMS 4L, NI-
PRO #t CHBIRRAFIIME T L7z, 5Bk 60 25 LAR
TIZAME T Y VIV 4 X TEAERIILET 3% K~
T L72(3£1). 10mL ¥ ~ ¥ 5mL/h %58 T35
B 46604 & i T, TERUMO #:—296%, TOP #
-1.18%, JMS 4t —142%, NIPRO #£ - 0.60% & 7% 1), %
HALREERE O £3% KiiTH o7 50mL ¥V V5
mL/h #% 5- # T X, TERUMO #:—-540%, TOP #k—
5.30%, JMS 4t —1.82%, NIPRO 4 —0.36% & 7% 1), JMS
#h & NIPRO #CTRERIZABIINT L. H5-B4 60
SUBTIZAE LY VA X THEERIT 1Y Atk
KT L7 (£2). ikein®EaERRM T, 10mL 2
¥ ¥ 1mL/h $5-# < TERUMO % 104 %3, TOP #k 3.2
4, JMS 41 1.9 43, NIPRO #t 1.2 47 & 7% > 7. 50mL > 1)
¥ ¥ 1mL/h #4548 T3, TERUMO #k 286 4, TOP #k
12545, JMS #t: 55 47, NIPRO #t 1.9 47 CTd - 72. 10mL
¥ vV 5mL/h #%5-#Tid, TERUMO 4 1.9 %+, TOP
#2148, JMS#: 084>, NIPRO#: 154 Td - 72. 50
mL > V) ¥ ¥ 5mL/h #% 5-# T & TERUMO # 6.2 47,
TOP # 2.9 43, JMS %t 0.7 43, NIPRO #k 1.0 %5 CT& - 7.
FRTORET JMS 4t & NIPRO #4350 12 3% 5 it =~
FEL (M1).

£z =B
V)V IVRYTIOBERIELEA N Y )
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00 - 400
10mL syring  Flow rate imL/h S0mL syring  Flow rate imL/h
300 300
VSTERUMO %%P<0, 0001 VSTERUMO %%P<0. 0001
#P<0, 05
200 - 200
]
100 - 100
3
=
— bl o I e
0.0 + T T r T 0.0 -+ . r . .
TERUMO TOP IMS NIPRO TERUMO TOP IMs NIPRO
10.0 100 -
10mL syring  Flow rate SmL/h 50mL syring  Flow rate SmL/h
8.0 8.0
VSTERUMO #P<0. D6 VSTERUMO ##P<0. 0001
%P<0. 05
6.0 6.0 -
4.0 a0 -
#
20 _E # N 20 1 P L
— — =
0.0 00 -+ T T T
TERUMO TOP ms NIPRO TERUMO Top IMS NIPRO
1 BRI i ) R R
xK3 HKikv) r UMK
oy . . T i Imm &»720) OFEH: ImL 720 kX
A—=N—=% Syring Size (o) (cm?) (mL) (tm)
TERUMO 10mL/50mL 15.8/29.1 1.96/6.65 0.20/0.67 5.10/1.50
TOP 10mL/50mL 15.3/29.2 1.84/6.69 0.18/0.67 544/149
JMS 10mL/50mL 14.25/28.8 1.59/6.49 0.16/0.65 6.27/1.54
NIPRO 10mL/50mL 15.8/29.1 1.96/6.71 0.20/0.67 5.10/1.49

KA L, MRS £1% KiiE SNTWwh. ZOE R
o) FHERUIEREIE— 7 — 1226 D R UDMEAS -
TEMET 5 72O MREN D FE4EH A 7 KT R IR T D it
WENZEL TWDEEINTWSY. T, iRy 7T
wHENE 74 v —FAXu -7k, ATV
U—F—R TSN TF =725 7%
L U CTIRBIE R S R WERE L ST w5,
LL, ¥ ¥ IRy 7RISR S Sl AN
BEE, — &M ToRG-FR 60 7 DR EZ R L T
B, BGBE60 0K ORER KSR L HAGDYE D
T A AR=F TN ) VI 4 AHRERFEICRIZ %
BV TR AL ST w R, JiiEAT - 72 7«
AR=F TN ) ¥ Y OFEEIITATE ARG EN AT T 5
BOMGE] TIX, IMNEEV) YV LTRERY Y ¥
D THBIKIOEE Y K& {2, FITEARBEEZD
MR EZ MIZTLTWAZ ERHLNE o7, L
L, BiFOMGEE TERUMO A2y ¥ IRy T & 54
AR=FTNI) Y DR LR THY, KR

A ENEZOLNSL HAEWTIEEIC4EHE
(TERUMO 4, TOP 4, JMS#t, NIPRO #) #4575
SN TBY, Zo4itotfEERREIcd 2R
RHEMRE X CEReTH B, T2, T4 AR=F T
)YV OEGEIIB VT H EAL JIS BRI O W g
ENTWS. LaL, JISHMITE S & U TR 3
HIENLEREATH DY, W ENTVWDE T 1 AKR—
PFTN DY U DIEEAL TR E SR 5 T A HUR
Thb (F£3). HIMOKEETH A% v MABYE 55
P OTMEIEZEICKRELSEEL WA RS, TR
7y PIZIRRREIE AT 2 B 5L TR 2 S i % AR
CCWAUREEN D 5. 5B O HEEE E TOH
B2 RI ATy TH—7TTHEET A &, 10mL
¥ ¥V ImL/h #58Tld, TERUMO #hidfibtt & b L
THEIERER RS LA SFEZ R L7z TOPfh &
IMS AT ED VB EAT Y 1Z I G- BGREE» S+ —
N—3 a2 — Mg %E M L7 NIPRO#EIE 4 — /3 —
Ta— MR ERER CREE T IS EE L SR L
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TERUMO 10mL syring Flow rate 1mL/h TOP 10mL syring Flow rate 1mL/h

20 2.0

1.8 1.8

16 1.6

14 1.4

12 1.2 A AN

0.8 N—W o8 1

0.6 AV 0.6 W

0.4 ’ 0.4 ’

0.2 ,‘ 0.2 l',

0.0 +“+-r-rrrrrrrr-r-+-+YTOTTTTTTTTTTTTTTITTTTTTTT L B I e e e B B B e I i B B ]
0 5 10 15 20 25 30 0 5 10 15 20 25 30

JMS 10mL syring Flow rate 1ImL/h NIPRO 10mL syring Flow rate 1mL/h

2.0 20

1.8 18

16 16

1.4 1.4

1.2 1.2

10 T A o=t || 10 AP,VAV&_V%@WW

0.8 0.8

0.6 0.6 f

0.4 0.4 ’

0.2 0.2 ,f

0.0 A 0.0 Herrrr e e
] 5 10 15 20 25 30 0 5 10 15 20 25 30

K2 A%—17v7%—7 10mL IlmL/h (n=10)

otz (M2).

50mL ¥V ¥ ¥ 1mL/h ¥ 58 CliE, TERUMO #1310
mL ¥V ¥V EFBRICHED B EASD 1355 2 R i
L, B idELE F TR 30 02 E L7z TOP 4Tl
HEABRE RO HEITEME TR L, #5845 5 5aitk
Mo BMITHHEAD EAT 28R R L7z, IMS AT
FRAYZ R T E F CELE Lt Al e LRI
5E L7z, NIPRO #E TR BIAEE N S 4+ — "= 2 — MK
R T A4tk %2R L7 (K 3). 10mL ¥V ¥ ¥ 5mL/
h#EGHEDOA Y — T v T Hh—7Tld, %4250k T
POETAIZEL, VB LS TH 572 (K 4).
50mL > ¥ ¥ 5mL/h ¢ 5-# T3 TERUMO #: A fih £t
WL TR RHRED S L) HmZ R L7z (K
5). W SOWIETIET) v I AL AhKEVWIE,
7oRERS 72 ) OFEARDS AR VIT EIEAREDS X ONRE)
DOEALICKRE B L2, $72, B A— D —CTikTiiE
FCENET DGR AEDIKE o2 EFHEL T 5,
GRDAY = T v Th—7THETLERERS TIE&
FEFEED B LS ) Fiik 2R L7278, iR E STl
A R R E R L, IR YY) VLT
HEI) VT RESENL., ZoZEnHT A
AR=FTINTY Y IDH A4 v MREEZRED S
EADGREICEEY L TR, IR T v
VA ZANRKREL 53 EFOMEMIZML 7D EHIR
BEN CORMRLDIAY— T v Th—THMED
JERNE A A v MO ENTZT T2 BN EBA S

NTWLY)IAVFANORELRENVEEZ 5.0,
FAAR=FTNT Y I DH Ay MR IEEAILT |
RO Z BT 2 HIWTY ) 3 v A4 VA JIS Bk
HEOVWTEAEIN TS, KRF AT v MEBOB) X 131
BRE»S —EOBEEEREINDD, ZoTYart
AN OB — R EEEZ ET LR T & 2 ) K40
WHEDD EADIHENKELTVWEEERZL. T A
Ty MESEEE LS RS TR K, R
&I NBBG-BG 60 4 DT D i o I A B % TE
UK GAEEE RITLTwh EENE,. ZojiHk
DI ZEENE— B IIRE) & X, mitEd S5k
LTRSS TREVWZ ERFORTWE. YY) v Y
R 7OWMEFEERT T Xy M —TUE, R
BU™Y 4 ¥ B QA TIER Y 7R OIRE) O IRFEAEE
flicx, BT 1 ¥ FoRREROBA IR DL E
BOEKREATROREEZMAL Z LN TELLEENSY. b
Xy M= THET A&, 10mL >V ¥ ¥ 1mL/
h #5582 508l Y 1 >~ K TiRzEE TERUMO 4
272%, TOP £t 27.2%, JMS #: 33.3%, NIPRO #I: 21.2%
Th-72(6). 44 TIZ IMS #TIREIA K& L, NI-
PRO L CTHREI AN S WA R & 7 o 7248, $#5-B45 60 5
VIR D#IFE AR FRAE TIEFRAESRICEIZRED 2 h o 72, 50
mL ¥V ¥ Y ImL/h 580 2 58l 4 >~ K7 T,
TERUMO #k 242%, TOP #: 27.2%, JMS #k 27.2%, NI-
PRO #: 242% TH 57225, 10mL > ¥ ¥ & FABRIZHEIE
HE e OMBEIED o7 (K7). 10mL ¥V >~



FHHS : FHF 4 AR—F TN v IOWEPIBA L) ¥ VR Y FREREEANIT T B OWGEE 185

TERUMO 50mL syring Flow rate 1mL/h TOP 50mL syring Flow rate 1mL/h
20 o
18 18
16 16
14 1.4
1.2 1.2
1.0 ~ 1.0 WA'V'W
0.8 ‘VAV—VA M / ~ 0.8 fv
06 r-..\\/!\f‘w/ 0.6 |
0.4 ’f VAW
02 " 00 HrrrrrreT T e
0.0 e 0 5 10 15 20 25 30
0 5 10 15 20 25 30
JMS 50mL syring Flow rate 1mL/h NIPRO 50mL syring Flow rate 1ImL/h
20 20
18 18
1.6 16
14 1.4 l
1.2 1.2 \
w S ANA ANV i AWM M
o !AV VAWAATN/Y 0z -\~
0.6 U6
0.4 / 0.4
0.2 / 0.7
0.0 [ 0.0 Herrrrrmmree e ———
0 5 10 15 20 25 30 0 5 10 15 20 25 30
K3 A%—bF7v7%—750mL ImL/h (n=10)
TERUMO 10mL syring Flow rate 5mL/h TOP 10mL syring Flow rate 5mL/h
10.00 10.00
9.00 9.00
8.00 8.00
7.00 7.00
6.00 6.00
5.00 -Wﬂwv 5.00 -—NWWWM%
4.00 4.00
3.00 [ 3.00 [
2.00 | 2.00 /
1.00 / 1.00 /
0 5 10 15 20 25 30 0 5 10 15 20 25 30
JMS 10mL syring Flow rate 5mL/h NIPRO 10mL syring Flow rate 5mL/h
10.00 10,00
9.00 9.00
8.00 8.00
7.00 7.00
6.00 6.00
5.00 Y e AT e e 5.00
4.00 4.00
3.00 3.00
2.00 2.00
1.00 1.00
0 5 10 15 20 25 30 0 5 10 15 20 25 30
B4 2A%—17v7H—7 10mL 5mL/h (n=10)
VmL/hBEGHETO T Ry b — 7 Tl& 2 45l WL TR A I T L2 (K8). 50mL ¥ ~
7 4 ¥ F7C TERUMO £ 7.26%, TOP £t 6.65%, JMS ¥ 5mL/h #2580 2 53-8~ 14 » F7 Tk, TERUMO

#16.05%, NIPRO #1:544% & 71, %4k lmL/h ¥ 5-# 1 544%, TOP #t 545%, JMS #t 544%, NIPRO #t
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TERUMO 50mL syring Flow rate 5mL/h TOP 50mL syring Flow rate 5mL/h
10.0 10.0
9.0 an
8.0 80
7.0 7.0
6.0 6.0
5.0 5.0 'W‘W\W‘w
; ; 4.0
4.0
4 a0 Y
3.0 |
r 2.0 /
2.0 ’ 10 I
1.0 | 0.0 A ———————
L o o o o b o o o o o e R R R EE R EEER ] 0 5 10 15 20 25 30
4] 5 10 15 20 25 30
IMS 50mL syring Flow rate SmL/h NIPRO 50mL syring Flow rate SmL/h
100 10.0
a0 9.0
8.0 50
/.0 1.0
6.0 6.0
5.0 -W——v—v‘ﬁw 50 —~— —Thr - - PN
:-ﬁ 40
20 }' 30
1.0 2.0
0.0 _m 1-0
0 5 10 15 20 25 30 0.0 T T
4] 5 10 15 20 25 30
B5 A%—+7v7H—750mL 5mL/h (n=10)
1 56045 LARRY TERUMO 10mL syring 1 56045 LLHeBE TOP 10mL syring
Flow Rate 1mL/h Flow Rate 1mL/h
20 20
. 15 1193
B8.91 10
10
3.55
c 2.34 5 \ubl 019
b 0.58 - - -0.08
o -1.39 2.0 0
N 3.92 :1? N -3.85 3.28 221
10 -4.40 B 10 % 29
- 78.19 .
20 -20-15:29
1832 o 1 19 1 2 s 11 19 31
= ].: 3 T 1
1% 4604 LIRS :+ JMS 10mL syring #5005 }ﬁ“ . t"':RcL’ ;lhom"s“'"“g
Flow Rate 1mL/h ow Rate im
201496 20
15 15
8.91
10 10
5 2.34
s \L 20.58 0.44 124 052 044 -1.24
1] 0
= 23,60 -2.79 - -3.28 -2.79
10 -4.40 . 10 6.09 -4.95
49 15
15 71227
20 20
-18.32 11 19 31 2 5 11 19 31

6 5Bk 60 5L 10mL >V ~ ¥ Flow Rate ImL/h b5 ¥ Xy F =7 (n=10)

545% & 72 0 ZALFSE O R L R o7 (K9). 5mL/h
BESIIBWTY 10mL ¥ v Y RU50mL Y v Pk

bITHIEA RS E OB

RO %oz

DT EM

SH Ay MEBPEISERT2IRENE Y » VR Y T

ARFGENOREP VR0 EDRRENT.

LaL,

ik BEPEBREE) R AE ORI G- TIRIREN I £ 2 Wi D
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#5605 LIS : TERUMO 50mL syring #5604 LIEEEE : TOP 50mL syring
Flow Rate 1mL/h ) Flow Rate 1mL/h
20
14.96
20
15
15
. 91 10 Oy 170
. \14‘ 5 o 2.1 2.05
) . 003 .70 221 0
5 -5 167 -1.07 0.46
10 5.49 -4.55 3501 0 -6.09
. 8.49 .
o PRy
-20-15.29 -20
2 5 11 19 31 2 5 11 19 31
#5605 LIEESE . IMS 50mL syring #5604 LIEEE : NIPRO 50mL syring
Flow Rate 1mL/h Flow Rate 1mL/h
20 20
11.93 5
15 15 o1
10 4.75 10 )
? 052 -0.76 1.24 ° X 106 0.44 -0.85
0 0
5 i . -5 -2.40
-10 -4.95 -3.60 -3.17 0 495 3.28 -
“8.49 7.29
-15 15
20-15.29 20-15.29
2 5 n 19 £l 2 5 11 19 31
7 5B 60 40U 50mL ) ¥ Flow Rate ImL/h b5 >¥Xv b #—7 (n=10)
¥ 5604 LABF2E : TERUMO 10mL syring ¥ 5604 LARERE : TOP 10mL syring
Flow Rate 5mL/h Flow Rate 5mL/h
20 20
15 15
Waer YT
5 ___‘?_._.:_a 1.94 1.39 a8s 5 1.62 1.06 083 0.70
0 4] ___———-__
. . 5 058 -0.19 011
5 g 151 0.80 -0.69 0.58 3190 103
-10 -10
15 -15
-20 -20
2 5 11 19 31 2 5 11 19 31
. 6057 L : NIPRO 10mL syri
® 5605 LIEEEE ©  JMS 10mL syring B5 605 LR WL syring
Flow Rate 5mL/h
20 Flow Rate 5SmL/h
20
15
15
10
5 218 " 2.25
. -0.20 -0.58 0.76 0.89 5 & 041 0.N8 0.06 027
0 \-____
g 207 1e7 A0 e P 549 199 -1.45 -0.94 -0.69
10 -
10
-15 15
-20 -20
2 5 1 19 31 2 5 11 19 31

8 5Bk 60 4L 10mL ) ~ ¥ Flow Rate 5mL/h b5 ¥ Xy F 7 —7 (n=10)

W ZEB PRI E I EZ RFT I LPEZION,
T2 B9 2 A TIETE 2 ) IREPZHLAD 72 Wi
BIEAEI LW EZZONDL. T AR=—FT L)
YV ORGP JISBBITHES N TV EH, wih

DEHE L TOM—HETIE R, SROBGERE R S
FAAR=YF TN ¥ VIR G-HIBERDO T 2 v b
WTHELZIEIDSTELRIADRL, PT Ry Mh—
T IR R R R RIE Y 1 2 N TR
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B 5605 IR : TERUMO S0mL syring BE5605 LIEE : TOPSOmL syring
Flow Rate 5mL/h Flow Rate 5mL/h
20 20
15 15
10 10
5 449 0.41 » 0. 5 5 443 0.66 0.52 0n.07 011
0 %Md ol 0 = —_——
5 1.45 -1.20 0.97 5 _——:;5 -1.23 -1.07 -0.85
o 319 193 319
-15 -15
-20 -20
2 5 11 19 31 2 5 11 19 31
B 5605 LIEEEE ©  IMS50mL syring B 5604 LIBEEE ¢ NIPRO 50mL syring
Flow Rate 5mL/h Flow Rate 5mL/h
20 20
15 15
10 10
5 286 4 44 0.73 0.38 0.23 5 286 66 0.19 0.12 -0.04
-‘\-_*_
L — —_— 0 >
5 559 079 -0.47 0.19 -0.04 5 5eg 103 0.58 -0.44 0.27
10 -10
15 -15
20 =20
2 5 11 19 31 2 5 11 19 31

B9 5Bk 60 5L 50mL ) ~ ¥ Flow Rate 5mL/h b5 ¥ Xy F 7 —7 (n=10)

EOFRAMEARATELRY)/NEI N EPZELEDOE NI
YVEERDL. Ak, ENTHHENS T4 AR—FT
W) VOB —DET LD, SRRV v
DR TH T 2 IRWD AL L T B i Tl BAER—
BHEEE Bbn s, V) VRS S TEANEEE 21T
IBRIE, FEARERR OB R RN T, B
TWBA—H—DF 4 AR=FT NI v VBT
HICEESLETH 5.

B

L], BT A4 AR—F TN VY OFEEIGY
VY URY THRERBEANRITTHBEOMI 21T 7. W
AR S KA TT 4 AR=F TNV ¥ I TEEHEPUE
MR RLZEPHONhE T2, Y IR TTH
TEMEIT)BIIMHT A A= —0 ) ¥ IHEEHEEIT
HHICEESLETH L.

FUREAH L © FUARAH BOIEHE 123424 1 L

X ®

1) TERUMO : 7 VEZ72—Va "y ) v YKV 7 358,
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Verification of the Effects of the Sliding Friction in Disposable Syringes from Different Companies on the
Delivery Accuracy of Syringe Pumps

Koji Yoshida”, Yoshiaki Terao™ and Makoto Fukusaki”
"Division of Medical Engineering, Japan Organization of Occupational Health and Safety, Nagasaki Rosai Hospital
“Department of Anesthesia, Japan Organization of Occupational Health and Safety, Nagasaki Rosai Hospital

Syringe pumps are extremely accurate at delivering medication because of their construction and actua-
tion principle, and such pumps are routinely used in areas such as intensive care and anesthesiology. The cur-
rent authors previously conducted a study on “Verification of the effects of sliding friction in disposable syr-
inges on delivery accuracy” using a syringe pump from Terumo and disposable syringes from the same com-
pany. The study revealed that sliding friction had a greater effect in a large-volume syringe than in a small-
volume syringe. Administration at a low flow rate in particular affected delivery accuracy soon after the start
of administration. However, disposable syringes with different specifications from different companies also
have different sliding friction characteristics depending on the manufacturer. Sliding friction characteristics
can hamper flow rate accuracy soon after the start of administration. The current study sought to verify the ef-
fects of the sliding friction in disposable syringes from different companies on the delivery accuracy of syringe
pumps. The materials used were syringe pumps from different companies (the TE-351" from Terumo, the SP-
520" from JMS, the Top-5530" from Top, and the SP-80s® from Nipro) and 10-mL and 50-mL disposable syringes
from different companies. Disposable syringes from each company were filled with water, and an electronic
balance was used to measure the infusion volume of each syringe size for 120 min during administration at a
rate of 1 mL/h and administration at a rate of 5 mL/h. Within 60 min of the start of administration, the error
rate in the total infusion volume decreased significantly for both size syringes from JMS and Nipro and at both
flow rates. Startup curves during administration at a high flow rate indicated that syringes from each company
had similar startup characteristics. However, startup curves during administration at a low flow rate indicated
that syringes from each company had certain startup characteristics. Changes were particularly evident for
the large-volume syringes in comparison to the small-volume syringes. Over 60 min after the start of admini-
stration, trumpet curves indicated that syringes from the 4 companies had different pulsation characteristics.
These findings revealed that disposable syringes from different companies had different sliding friction charac-
teristics. When precisely managing the delivery of medication with a syringe pump, attention must be paid to
the sliding friction characteristics of syringes from the given manufacturer.

(JJOMT, 66: 181—189, 2018)
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