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F£1 H5HEM 0~ 60min (2B 2 BiE AR~
Terumo Syringe (n=10)
Syringe
SIZE
FLO 5mL 10mL 20mL 30mL 50mL
RATE
ImL/h | 094=002 (—650) %% | 092002 (—850)** |089+0.03 (—11.50)%* | 086002 (—13.80)** |084+0.03 (—1640)%**
M A 2mL/h  [1.90+003 (-500)% [1.88+0.04 (—-595) 1.85=0.02 (—7.40) 1.83+0.03 (—840) 1.79=0.02 (—10.35)
(h;,?]}g o) | SmL/h 291001 (=307)% |286+003 (—457) 284+003 (—523) 285005 (—5.17) 279+003 (—7.03)
0~ 60min | 4mL/h |389%002 (—275)% |384+003 (—392) 381003 (—4.80) 381£003 (—4.78) 376=005 (—6.08)
5mL/h | 489+003 (—216)* |485+005 (—296) 480+0.04 (—4.08) 476 =006 (—4.90) 473+007 (—-542)
SEEA + BEEAR 2

##yS FLOW RATE 5mL/h (P<0.05)

*#VS 50mLsyringe (P<0.05)

£ 2 PHWEH 60 ~ 120min (2B A RBIEA RiRAE
Terumo Syringe (n=10)
Syringe
SIZE
FLOW 5mL 10mL 20mL 30mL 50mL
RATE
1mL/h 0.98+0.02 (-2.30) [0.97+0.01 (-2.60)** 098001 (—250)%%|097=001 (-2.80)*%*|097=001 (-3.30)**
A 2mL/h 1.98+0.01 (—=1.20) [ 1.96%0.02 (—1.85) 1.95+0.02 (-240) 1.95+0.01 (-230) 1.97+0.01 (-1.65)
(Eg;,_:n% %) 3mL/h — 296+003 (—143) 297+002 (-1.03) 295+0.02 (—1.63) 296+0.02 (—1.20)
60 ~ 120min 4mL/h — 396=0.02 (—098) 397+0.02 (-0.88) 394+001 (-153) 396+001 (—1.00)
5mL/h — 501+0.02 (0.14) 497+0.02 (-056) 494+001 (-1.26) 496+0.03 (—0.86)
S fifi + R

HHYS FLOW RATE 5mL/h (P<0.05)

h&

i FI B 2% B OF #HiE TERUMO #EBL Y ) VRV 7
TE-351%, TERUMO #L# 5 4 AR =TV ) ¥ T 5
mL, 10mL, 20mL, 30mL, 50mL, JMS#:# =% X 5
vvarvFa—T7ERMALZ WEHBEET 4 AR—YF
TNy VICKEKRETEL, BFRFA&D H##
EK200i 12T ¥ ¥ V% A4 WIS ImL/h &% 5-#, 2
mL/h #% 5-%, 3mL/h 5%, 4mL/h #%5-%, 5mL/h
PG T 120 i oEAm 2 e Lz, il
A&DAHHE Y 7 b WinCT %2 L, 1 BHEOE:AR
* HEh RSk L7z, 72120 o 5 %2, %5 60
G RGHE & P G- 60 3 DABERE D 2 BRI CTREI L 72, %
SR AT I t EIC THT W P<0.05 2 A E 2D Y & L
7z.

S

560 0 RMEETO ImL/h 58T, Wi AR
AFb5mL ¥V ¥ Y -65%, 10mL ¥V ¥ —-85%, 20
mL ¥ ¥ —-115%, 30mL ¥V ¥ ¥ —-138%, 50mL
NI -164% LY, KRERT) VY TRIEARR
FERIIFEICBIM L7, £ /2, 2mL/h % 5-#, 3mL/h
58, 4mL/h ¥ 5-%#, SmL/h 58128 WTH 1ImL/
h#EGBEEFBRIC ) ¥ DA ADKE L B 21T ERE
ARSARIAFICHN L. 2 £ I A X

THEMEREICIL LT, e e CRIEARBAITAH
iz (&

560 73 LR T o ImL/h #2558 Tid, 5mL ¥V ~
¥ =23%,10mL ¥V ¥ -26%, 20mL ¥ ¥ T —25%,
30mL ¥V ¥¥-28%, 50mL ¥V Y -33% &%, &%
560 gAML FRIZT ) Y VA ABRKREL R DT
ERTEA R IRAERIIWINT 2 WIC D o 7225, HEHFEN
HEAZED Lo 72 2mL/h 5 HUBEOHERETD
FAELS, ) v I A A TORITEARBARICHEEA
RO Loz, (K2)

A% E T EEER B T, 1mL/h #% 58 C5mL ¥ ¥
Y 73545, 10mL ¥V >~ ¥ 1004 47, 20mL ¥V ¥ 134
47, 30mL ¥V ¥ ¥ 184 45, 50mL ¥1) ¥ ¥ 2855 45 & 7%
D, YV rIH A ADNKEL KB EFETETENRL
R L7, 2mL/h #5658, 3mL/h $%5-#, 4mL/h 5
if, 5SmL/h # G- OB mEERRIC BT 2 »
VWA ZADKEL B I EELERMIIARICERE L7
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3 Akw iR EREH
Terumo Syringe (n=10)
Syringe
SIZE
FLOW 5mL 10mL 20mL 30mL 50mL
RATE
ImL/h 7.35+3.09% 10.04 =3.38 1340+1.84 1840+ 3.31 2855+ 3.00
o 2mL/h 3.35+1.10% 6.80+3.16 8.30=x217 9.95+242 16.60 +=1.95
iﬂéﬂ? 4] 3mL/h 2.95+0.61% 325093 6.95+0.69 585+1.18 11.30+2.20
(min) 4mL/h 200+104% | 295088 | 500+128 | 555+093 | 815+119
5mL/h 245+0.91% 1.90+0.44 470121 520+1.14 6.75+1.86
Sl + B
*#VS 50mLsyringe (P<0.05)
FiSE] _
/
= = = % =2 7 -
| 3
SINGLE USE ONLY MTERUMO
[EEH

|-
/

TR b

X 1

AEGAEARIC I T EOMGE] T, ¥ I%
A X HTGMEIEARERAIGE L LITT LS
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TERUMO 74 AR =¥ 7NV Y ¥ 50mL f#iEX

WS G CTRSEEDR E VR & %o 72 %5 60 557D
BT IRToORGHER CRELEM 2, M
HIAEEICRP L EZOND. AF—= T v ThH—
THEOPE G R X B2 0D TUEHER S #4512
L& N T3, [HUEGIHETY ) v I A4 Ih8
oz aOEAIO>VTIRMSR TV ARV, 4%
A=N =) IR TRHHEFTIE, PV IEE
R EIE 3% & ST W 5250 60 7 DL Ok
JEE SNTE Y, FZ5-5IE 60 75Kl Ot BRI DWW T
B ERTwaw. L L, EBROBK TGRS
i EORHNL, BGRBEEY» SEAEH ETE LM
DB RGN EEN, 2 v VRS THRGBIG 60 55k
WOFRIFEZ NS Z L IZBBEEIICB W CIFEFICHEN
&, AlEl, Y 5BA%G 60 2 UREE C LIRS SRR
KRR L CHhAMEHEL RO LHPTE, F28&5
WMEHETY) Y I A AL BB EICHEETRD
Ldrolz. LaL, #4560 5 RKm# o B Cid, £&%5
WEHTY) Y IO A XADPKEL D EA BRI
MLZ. SRR Z =17y ZHECmzTy) v oh
Ay M BT A BB S R E (S LTw
LEFEZONDL., V) YIRYTITEGERY) BT 720
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%4 TERUMO ¥V ¥ VH 4 XIigsk

Terumo Syringe

Syringe Size | P (mm) MR (cm?) Imm $»7: ) ®% & (mL) ImL %720 ®E % (mm)
5mL 13 1.32732 0.133 7.246
10mL 158 1.96067 0.196 5102
20mL 20.15 3.18889 0.319 3.135
30mL 231 4.19096 0419 2.387
50mL 29.1 6.65083 0.665 1.504

1.20
mi/h
1.10 -

1.00

(8] 5 10

] SomLsyringe

flow rate : Iml/h

15 20 25 30
min

2 Startup curve (n=10) flow rate : ImL/h

WCOELILFoBBESIE, ) UL IHhKREL
53 EMEL RS, (F4) 50mL ¥ ¥ VT, ImL
LD T 2O LELM LB HEEL 1.5mm 12
LT, 5mL ) YTk 72mm &% 0, HAFLTO
BOEHCHEORELZREY)HNTRERES ) Y IDITH
MERAER DY) DI LT, BGHBER?SHT AT v
NS> & AME NN A U 2 FEEhikbto 82 L ) K& <
ZHAHIENEZLNL, WML OFETIE, ) vV
PA ZXBKEVITE, T2, BARID LV EEAN
FEROREOZIIKELSEELLHEL TS, &
HooHETIE, VI YIRIAEBREIETY Y
R TEROBETIEIRL, TAAR=FTVIY) Y
DOWEHPREVELTWS, ImL/hHE5HEAS— T >
THh—=7 (W2) &L omL/hixG5HAY - T v THh—7
(M3) %I s 5L, MERERZEE TCORMIL ImL/
h #GHZH L CTomL/h B 5B CRERHEL, EHELHD
WEHICBWTS 50mL ¥ ¥ Vid, 5mL ¥V ¥ VIl
LCRECKMEZE L. 72, A= T v TH—7
*AETmENERE T£ T &, ImL/h # 58 Tl 5mL
) VY ORBGETR R ERE AT 7.35 512x LT, 50mL
YY) YUTIE2855 7L DK 39 ORI 2B L7z 5
mL/h $5-#ETIE, 5mL ¥ ¥ VO ET BT ERF A
245 32k LT, 50mL ) YV TIE 675 e R R 27
Rick ot (E3) ZoZELHbH Ay y MEFIC

B I OREL, KiKEHRETKERY) VY
X751 EREL, FICHRS B ORERFEICK S
CHHLTWwWAZ Lol 72, IREIDIE
BY2en bT Xy Mh—TI%, BEREIE TS5
1560 LD 1 s O F— % 2R L Tw5b. 4N, %5
60 7> A SR ORHK R TN T Y Ry M =T RAE
K9 AL, WREDEEAN 2 25 MR RN > « > B iR T
DFFENIE 5mL YY) v VI L T50mL ¥ YV TH
HICKEL Y, MNEEV) Y VICKLTRERY Y v
TTRE)DKENZ EAVREEI N (K4) ZOIRED
JERIZDOWTIE, 2 v YNEOFREENHKIL R L T
LEEZON, FRCH AT v b O T LEH/IEA ST
YVaAVFANE, FAT Y NO—ERBIXENETS
HWFERoTWAURENH L. BIRTI Y v VK
DU DS R E B RR I H & L Cid, SiRES 73
FIVHHOY) VIO H D, FWRENT AT IV
BRI DR RART CHRRBELZ RS EH ST L7
O, ZHEEOFRIK T 2 R/ANBRICT 5 X 9 ITK % T
Bex 3SR R L TWb. ZORTEESL L Dl
BRTHEEL TV HEDS, BB 30 siirn ) vy
Ry TIHEREZ Ly L, KEROT TR SE72H
W= MERET 520 VR END S, SROEE
MEFERHC A - Ty T hH—THEE»SE2 5
&, ImL/h YD E o5 TH ISR EEF O S T I
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flow rate : SmL/h

T T T T
15 20 25 . 30
min

3 Startup curve (n=10) flow rate : 5mL/h

20

% flow rate : imL/h
10

-10

20 mmmmotT

-30 -t

----- 5mL syringe

40 -
’I //
-50 ’

50mL syringe

60

-10

19 B ¢ > KI5 (min) 31

4 0~ 60min Trumpet curve (n=10) flow rate : ImL/h

S LTRERY ) VI TOIRFICAHN M 72 L%
25, L2, SHoGEE TERUMO ft#y )y v xR
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#w TAT7ry VO OMEEDECNED L5720,
TERUMO ## 7 4 AR =TV ) v VL3R e -7
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TN v Y OMBEIUIFESIKRE G- LTBY, H
BEMEET AT, YU YIRS TO—KLRH
EIEICNAZ T, 74 AR=H TNV v DBy
P2 B L CHEAIE AT S &8, AtldEETo R
FEMICIERTHDLLEEZS.
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Bex sl ehWohtrotz. RERY)YIVZEH
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5 Bilhfi 60 20 AR OV RFTEIITEBPLETH 5.
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Verification of the Effects of Disposable Syringe Sliding Friction on Syringe Pump Flow Rate Precision

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

In disposable syringe structure, the size and form of the gasket part varies depending on the syringe size,
and thus when administering medication with a syringe pump, even if the administration flow rate is the same,
there are differences in the sliding friction characteristic at the gasket part, and this may have an effect on pre-
cise management. This study verified the effect which sliding friction of a disposable syringe has on syringe
pump flow rate precision. The syringe pump TE-351" made by TERUMO was used as the equipment, and dis-
posal syringes made by TERUMO were used as the materials. In the measurement method, the disposable syr-
inges were filled with tap water, and the injection volume for 120 minutes was measured for each syringe size
using the EK200i electronic scale made by A &D. In terms of the error rate of total injection volume in each ad-
ministration flow rate group, error increased significantly with a large-capacity syringe compared to a small ca-
pacity syringe in the group with less than 60 minutes of administration. Also, error in the total injection volume
increased with a low flow rate setting compared to a high flow rate setting for all syringe sizes. In the group
with 60 minutes or more of administration, the error rate of total injection volume dropped significantly in all
administration flow rate groups compared to the group with less than 60 minutes of administration. Also, when
considered by administration flow rate, there was a significant increase in error with low flow rate administra-
tion, just like the group with less than 60 minutes of administration, but no significant difference in error values
was evident between syringe sizes. In terms of the set flow rate attainment time, the time lengthened with
larger syringe sizes. This showed that, with disposable syringes made by TERUMO, the effects of sliding fric-
tion increase with large-capacity syringes and low flow rate administration, and this plays a major role in flow
rate precision, particularly at the start of administration. When administering medication that requires precise
management, care must be taken regarding the sliding friction characteristics of the disposable syringe.

(JJOMT, 65: 96—101, 2017)
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