Description Title of Invention |INFUSION PUVWP Technical Field

[ 0001] The present invention relates to an infusion punp for
delivering a drug or the like to a patient. Background Art [0002] An
infusion punp is used in, for exaypl&;@ndtensive-care unit (1QU)
to accurately carry out a drug dettvery treatnent for a patient for a

relatively long time. The inf¥§'9 BEU?nO tﬁogain body and an
openi ng and cl osi ng door. A pfeéegefﬁ%ﬂedégfug~contaln|ng bag
(infusion bag) is placed above tEﬁ i [ unp, and an infusion
tube hanging fromthe infusion gﬁﬁiéﬁﬁﬁfcheq between the main
body and the opening and closing door. The infusion tube is placed in

the main body, and the openi ng HBabeIGed dg-edébr is closed to hold the

i nfusi on tube.
[0001] The present invention relates to an infusion pump for

delivering a drug or the like to a patient.

Background Art

[0002] An infusion pump is used in, for example, an
intensive-care unit (ICU), to accurately carry out a drug delivery
treatment for a patient for a relatively long time. The infusion
pump has a main body and an opening and closing door. A
predetermined drug containing bag (infusion bag) is placed above
the infusion pump, and an infusion tube hanging from the infusion
pump is sandwiched between the main body and the opening and closing
dcor. The infusion tube is placed in the main body, and the opening
and closing door is closed to hold the infusion tube.

In the main body of the infusion pump, an outer peripheral
surface of the infusion tube set in place is sandwiched between
an inner surface of the opening and closing door and a plurality
of peristaltic fingers. The infusion pump is a peristaltic
infusion pump that delivers a drug by individually driving a
plurality of peristaltic fingers of a delivery driving unit so that
the peristaltic fingers sequentially press an outer peripheral
surface of an infusion tube along a length direction (see Patent
Document 1).

[0003] In the infusion pump described in Patent Document 1, the
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In the main body of the infusion punp, an outer peripheral surface of
the infusion tube set in place is sandw ched between an inner surface
of the opening and closing door and a plurality of peristaltic
1 NG Sin (TS dN S ON PUAR e 3rRSLH! Bhb! oL BN YS! P PHIP, DBy of the
delivers a drug by individually driving a plurality of peristaltic
f1nger S:‘LlrlorlI saioq'16| iire) yfrdorI te s b totstocir& hoaé tthhee ety SrgoaA ! & falt NACTS; ca1
sequenti a1y Pt és8™an out er *perd pheral  sur face of an i nf ust on tube
along a |length direction (see Patent Docunent 1). [0003]In the
i nfusi Hescribed in Patent Docunment 1, the infusion tube is
passed through and held in the nain body of the infusion punp from
top to bottdm eontésivai AnboAYUEROA MERR el ogiereeticegsed in whjpch the
contrast, an infusion punp has been proposed in which the infusion
t ube i srfassieth tthubeugls aadskel dhiroughe amdi hebddynotf hé heaimnflusidp ot
in a horizontal direction. A reason for this attenpt to adopt a
st ruct urgudioMpahpt e ai MdHSEENt & URE e tpags.edat he oagh fandr ek it tdempt
the main body of the infusion punp in the horizontal direction is as
fol I owg.o TR@Ltl 8 stPuEORFEASE H1fi d& H i UFHAA cRUERLEN W L0 4 B8 hrough
i nfusion tube is passed through the main body of the infusion punp
fromt . f i.n. body. | i dj I the
proposgﬁméﬁ$hgihggkgg Q ggggggéoﬁg Fh t%ﬁfu¥ éﬁiﬁgﬁgi%ﬁgﬁﬁég&gﬁééﬁyal
no obstr.uctian even a plurality, of .infusjon pu are held on
o of e igrhes &b 20 1ehe ThACKED i GRThRSaBE GhRcoRFGRLOT bump
Citation List Patent Literature .

in which the infusion tube is passed through the main body of the

infusion pump from top to bottom of the main body in the vertical
direction, the proposed structure is advantageous in that the
infusion tube causes no obstruction even when a plurality of
infusion pumps are held on top of one another so as to be stacked
in an up-down direction.

Citation List

Patent Literature

[0004] Patent Document 1: Japanese Patent Application Laid-open
No. 2010-200775

Summary ©of Invention

Technical Problem

[0005] In the infusion pump in Patent Dcoccument 1, the infusion
tube is set in the up-down direction, thus preventing an upstream
side and a downstream side of the tube from being mixed up during
setting.

However, in the infusion pump in which the infusion tube is
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[ 0009] Pat ent Docunment 1: Japanese Patent Application Laid-open No.
2010- 200775 Summary of Invention Technical Problem[0005]In the
I nfusi on punp in Patent Docunment 1, the infusion tube is set in the

up- do‘(’)";ﬁa@ée%ﬁtti}%ugtm%cprk%\i%tiirpg:}?@ Upsidieamsinge #nd i dpwnsideanm

si de the tube from being m xed up during setting. However, 1n the

01 Ust o0 B . WO L% T USIAN S0 S 2 < RRSSe JESHON AN o

hel d i n"the i nfusion orizontal "direction, usi on

tube is s in the hoyizaontal direction in the in body of the

nfus! S i MRS Rl Cl S 0T S al (easeR) hay CRESS t he
upstream si de and the downstream side of the infusion tube and set

t he i nPFSIIGS S 1eBE i AUBRE) dPd FiteURli F e PPBRT 8RB dAhe ok g shtvglstream

direction with respect to the main body of the infusion punp.
side of the infusion tube and set the infusion tube in the opposite

direction along the horizontal direction with respect to the main
body of the infusion pump.

For example, if the infusion tube is predetermined to be
arranged such that the upstream side of the infusion tube is placed
on a right side portion of themain bedy ¢f the infusion pump, whereas
the downstream side of the infusion tube is placed on a left side
portion of the main body of the infusion pump, as viewed from the
health-care professional, when the upstream side of the infusion
tube is placed on the right side portion of the main body of the
infusion pump, whereas the downstream side of the infusion tube
is placed on the left side portion of the main body of the infusion
pump, the delivery driving unit is driven to allow a drug to be
delivered from upstream side to downstream side along a
predetermined delivery direction. As & result, the drug can be
correctly delivered to the patient.

[0006] However, when the health-care professional incorrectly
places the infusion tube in the opposite direction with respect
to the main body, that is, when the health-care professional places
the upstream side of the infusion tube on the left side portion
of the main body of the infusion pump, while placing the downstream
side of the infusion tube on the right side portion of the main
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For exanple, if the infusion tube is predeterm ned to be arranged
such that the upstream side of the infusion tube is placed on a right
side portion of the main body of the infusion punp, whereas the
dommstq&ggp ' t i : ' t [ ; t: si - P
of the mai n%bfgazyr@:)flt eéjir?j;lryéiy n F)tglerrep,osra]'gEJ \?ﬁi\?ﬁ%ﬁ’f‘%oﬂrﬁﬁt hler§ha{ejgc?lth'“%{(J”E:Jdal?l[e?1
pr of essi_gnal., en.the upstream.si .0f the infusion tube.is place

on°t he HEEOR S G0 S FoRBr R RALACBof) 0P Eher T ht Lot ok Bt LeCt Ly
wher eas, t he downstream si de of the infusion tube is placed on the

left sidfd P& DIt th@aRisi thody of the infusion punp, the delivery
driving unit is driven to allow a drug to be delivered from upstream
side to dow¥stuseardrside efttorif & hsr edetssm i newaddliiorerys dia eotdwirde As
a result, the drug can be correctly delivered to the patient.

[ 0006] Houvierseiron whep thethedlbhschhe hpealelsscanalprotossbotdy b acesily
the infusion tube in the opposite direction with respect to the main
body, thHatudlS.y wWieri iehdiealt Rearie firafes ugnali Pliagas kel upstaream
side of the infusion tube on the left side portion of the nain body

of the jipsiQn RUMRCtWiH Bupliagl Rsthe dewnst seaphsi derof; dheupe, to
i nfusion tube on the right side portion of the main body of the

i nf us) on nt “si de-portion”of the m of “the
|t ust D RUTD.c e dia d 9,614 umred 0 ARG TARPIRORIIE QLN o

correct rection a correct I vere
atient. Thus, , an ject, of the present. invention is to_provide
D I B SR e e st i Brste drieo e o Gl iy

visual ly check whether the infusion tube is installed in an incorrect
di rect iGFSFHi9g i nstallati on of the infusion tube, to enable the
drug to be correctly delivered fromupstream side to downstream si de
of the infusion tube al ong t e lptdsat tdelHnpdrlerdi rection. Sol ution to
Probl em [ 0007] The present invention provides an infusion punp

i ncl udi[g07d t ub&hengtraldeaty dmwamiti dm pruvaliean dmfiusiuen drulpemp
allowing a drug in a drug containing bag to be infused into a patient
is instgldie@diing :a d at@yealidida0tdann and 2 :deljniety 8f MG IWH ttube
that, with the infusion tube installed in the lateral direction,
applie P 1 i [ 4 i t t iyer

(Ve agreayer ciad En ARk D R B B e G R R
i nstal l.ati.on. uni.t including; a,buybble detecting. s or that detects .
bubbl ¢ ‘Gertbrstad S Thé AP dntABEE- & GoMMOL? cim ocE st o SEheBrt
that detects a blocked state of the. infusjon tube; and a control unit
that dét@tm iesht RAE LREUPAPISFORSt BREFLI8Rt T iE didettd ot idppdsive
to the delivery direction based on a bubble detection signal, which

i ndi cat@Pltilest PeResbabblé Het it trgt BedsdruHian gebeciedethecsubbt albuy
the infusion tube, and a downstream occl usi on signal, which indicates
t hat ann rt éeddlveprvessureetdfort Ipereset along the lateral direction, the

tube installation unit including: a bubble detecting sensor that
detects a bubble generated in the infusion tube; a downstream

occlusion sensor that detects a blocked state of the infusion tube;
and a control unit that determines that the infusion tube is set
in a direction opposite to the delivery direction based on a bubble
detection signal, which indicates that the bubble detecting sensor
has detected the bubbkle in the infusion tube, and a downstream
ccclusion signal, which indicates that an internal pressure of the
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i nfusi on tube has increased fromthe downstream occl usi on sensor,
obtai ned when, with the infusion tube installed in the direction
opposite to the delivery direction, the delivery driving unit is

driven it £ardyy Qe REM AGr&fsediddd@Heh8ofnYgrERROENELE NENS S o1,
t ube. According to this configuration, when the delivery

drivin Pt ] riven . Lr AL P {lLing t ug. i.nt
the i n%l?gyolnnéﬁsjt‘fg{er}'hg%%ng?lgl Xﬂ%?%lgét glrlﬁ‘lgn%g%%yfé? hlgni n eugcir%%%t{}bog}
is set in the direction opposite.to the de|jvery. direction based on
e buBHIRS Terec oriesPgnaroe: §15RaLERE. dbUASts bl EE ST ShE Stfpralis
(S3). Thus, the drug can be prevented from bei ng subsequently .
del i vergd- el tReCapphstite RAiFedtd 6Ar [DDOBPTHE DS L NEAVEERE i g1 Wl i
provi des an infusion punp including: a tube installation unit in

whi ch dmbenf usi on tube allowing a drug in a drug containing bag to be
infused into a patient is installed in a lateral direction; and a
delivery drinddwdinid tdathiamddn ik dadiusi omnwHdbea Hensiedl vt diRging
| ateral direction, applies peristaltic notion to the infusion tube to
del i venyd:he idr ugivBnacdetd ¥ey Yot raGtd oy Blogset 1aliendrhBestadef@lo the
direction, the tube installation unit including: a bubble detecting
sensor . - a b t i i o) ST

donnst FoRAon] Garoh Sanser ERar ot ool T HT Se e 5t Are D yhion tube
i nfusi an, tube;. a@g a.control _unit th?t Eettrnnﬂgg.that he i.nfusion q
tube i $%ECY Ala R 8eEFGh8BpBRPPE D The el F VRS Y EetT It Baddre
on a downstream occl usion signal fromthe downstream occl usi on sensor
obt ai néF WENPURPHLE FRESFREGE] BndPabe (St 374 tHee ATEEIH AP SPSHIHE On
to the delivery direction, a clanp for the infusion tube between the
drug ceitdiadi ngPag Ahdst h&hgelirver gadr Pei pgeuanteds fopenbding carry
out primng for filling the drug fromthe drug containing bag into

t he i nfsusiseautanid vt aadelvarerd time Wraugpdre gite phitrdearitiort.hi s downst r eam
occl usion sensor indicating that an internal pressure of the infusion
tube hgpaowreasethe preserACCUVEMA dro d1WES RVidHEE ald amfudieth thienp
clanp is opened to carry out primng, the control unit determ nes

that thedifisiPn & UG d Sirs8la ik diks ddiectipn,RPESIH & Q. dik8) tube
delivery direction based on the downstream occlusion signal (S3).

Thus, ta*i‘io%‘% ggd&@gﬁgra%%ﬂge@o&aom% 09 SUPSRINERL LY A9l § il ddhe

t he opposite

is installed in a lateral direction; and a delivery driving unit
that, with the infusion tube installed in the lateral direction,
applies peristaltic motion to the infusion tube to deliver the drug
in a delivery direction preset along the lateral direction, the
tube installation unit including: a bubble detecting sensor that
detects a bubble generated in the infusion tube; a downstream
occlusion sensor that detects a blocked state of the infusion tube;
and a control unit that determines that the infusion tube is set
in a direction opposite to the delivery direction based on a
downstream occlusion signal from the downstream occlusion sensor

obtained when, with the infusion tube set in the direction opposite
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[ 0009] The present invention also provides an infusion punp including:
a tube installation unit in which an infusion tube allowing a drug in
a drug containing bag to be infused to a patient is installed in a

| at er aly JigiRCHANv AR A Aeldiver Y 2deh ¥hBIrHRi Ehthat ruM bR L 08 petween
infusion tube install’ed in the l'ateral direction, applies peristaltic

not i on tthoe téﬁsdé?éoa -aoi%%rﬁngq?é adr?c}l 'Lﬁ'% é%hel‘?g%é&\?lrg ll.ill’}}/ier Yis orpened

direction pre ong at era I Tection, ereln an i'nfusio

tube set direction displa nit_.that displays upstream side and a
downst T PerdeC0t KHENT oY di o Lidae b Br G dd h Choeat FaCEo A HH P
opening and cl osing cover corresponding to the tube installation _
uni t. ag 1pEQoFHE ng T s 1211 $1UEENEP R BtV thehdr el kheapatient, this
prof essional, by viewi ng the infusion tube set direction display unit
i n set dowpgtheedamfarsilors tarbeensanr vinsldakltynghebktt e upstreahmidesure
and the downstream side of the infusion tube. Thus, the infusion

t ube caf bevgrievRidieth fiude bedndindisdadded in the incorrect
direction, enabling the drug to be correctly delivered from upstream

si de to downsidgamry 4@ aheRocbheipheset odel el el 8GO0 s opened to
[ 0010] Preferably, the infusion punp has warning nmeans for issuing a

R e A e R T e

unit rmnes e Infusion IS i ns
the direction opposite.to the delivery direction.., [0011] Accordi ng to
s i a0 fore ity Fb R I P Ting Ferl (o0 T on
set the infusion tube in the direction opposite to the deliver

di rect FRFSA PR FBSABINTGrIHR ARSI S 178t 8FFRELoRS Thi t ,Thise waﬁn%ﬁ@g can

means issues a warning to allow the health-care professional to be

i nf or Mg Gfraventiatt oyt tbsiata | supfquand infdsshiorenasbeln THee opposite

heal t h-care professional can thus take appropriate neasures.

[ 0012] EHereuarteisent i nvention al so provides an infusion punp in
[0009)] The present invention also provides an infusion pump
including: a tube installation unit in which an infusion tube
allowing a drug in a drug containing bag to be infused to a patient
is installed in a lateral direction; and a delivery driving unit
that, with the infusion tube installed in the lateral direction,
applies peristaltic motion to the infusion tube to deliver the drug
in a delivery direction preset along the lateral direction, wherein
an infusion tube set direction display unit that displays an
upstream side and a downstream side of the infusion tube is provided
on a surface of an opening and closing cover corresponding to the
tube installation unit.

According to this configuration, the health-care professional,

by viewing the infusion tube set direction display unit in setting

the infusion tube, can visually check the upstream side and the
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whi ch an infusion tube froman infusion bag is accomobdat ed and
supported and which delivers a fluid nmedicine in the infusion bag
toward a | eading end of the infusion tube,the infusion punp

i ncl udige@in Jteedinng 10RaPs {1 1¢HgiRG auBkur atily, @hdPehirakabhi €ube can
fingers provided al ong a housing path provided in the infusion punp

q . . . . ; : Wit Che i nfusi
Flbe hoCoaT T i Hotaf 0 e FHSay M oh] S & e
i nfusi he | di t.i on; heat . i ded the h

pat -t & PRk T TREACTBWaD T 1T e @ oh TFRE. PRT BEFOR T Uie: 2
at least two tenperature sensors provided on the _housing path and
posi t i G sdFead 159 arth@tch thie Ré&e s SRl et gt T HE enper at ur e

sensors; determ nation neans for, during feeding of the fluid

medi ci N&ALdugh threfiaralkslion thebe rjusimn frowd Ag srewETS 1Ny opsrys iy
heat fromthe heat source to the fluid nedicine, detecting

t enper dtsuEsidoy wiare itngp i henper@tdite seénkarsinandudet ennirumgheheirtarcl
the infusion tube is housed in the housing path in a correct

di r ect i@ tOfyhah GRROSIdra: I @611 t0Me Y rAGEY danae tMd e dBReralty & s
difference detected by the two tenperature sensors; and notification

means fofs aNqWiing %&%ﬂﬁé%&lrg]rb osaitreﬁlsc;ﬁ t ec{]él%\%eﬁaﬁrcfﬁf@éﬂi%.

by the determ nation neans. efera t eat source 1S an

el ectrical.l.y driven heater, and when a .tenperature detected the
t enper a[t%gjrlé)ﬁs ens\cf)%rccp%fs?? N%néd r]ngpls rceoa{fnf lc?fur?ahéL Heatt fggcﬁlrec SR care
respect to a feeding%difection of the feeding neans is denoted by Ta,

a t enpEFAESS P&t RT BFTHE HenpErat the 18eNSdPpbdrt ilgnkhe dirdctio

downstream of the heat source with respect to the feeding direction

i s denGPEPHFETHC did &Priesaty thresHolan ivsl dedGiseE By tFh,thehgube

determ nation neans determnes that the infusion tube is correctly

housed iinstald atdusi ngipat bhahernrrai ropndianisonssTbs -a Wakmiingy et alhod the

determ nes that the infusion tube is housed in an opposite direction

i n theheeUIHGapat braofferstikeaqond beoNnEsrnell #Btthe incorrect setting
of the infusion tube. The health-care professional can thus take
appropriate measures.
[0012] The present invention also provides an infusion pump in
which an infusion tube from an infusion bag is accommodated and
supported and which delivers a fluid medicine in the infusion bag
toward a leading end of the infusion tube, the infusion pump
including: feeding means for driving a plurality of peristaltic
fingers provided along a housing path provided in the infusion pump
and extending in a horizontal direction, with respect to the
infusion tube hcoused in the housing path, to feed the fluid medicine
in the infusion tube in one direction; a heat source provided on
the housing path to radiate heat toward the fluid medicine in the

infusion tube; at least two temperature sensors provided on the
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[0014] Preferably, the threshold Th is determ ned depending on a flow
rate at which the fluid nedicine is fed per unit tinme and which is
set by neans of the infusion punp. 8 [0015]An infusion punp is

provi dedhddt nehb&hn and PEYSE PEntaRe £ 0@ Shdif 45HAR AL E8urce hetween
accomodat ed "and supported and which delivers a fluid nedicine in the

o US I . _ e i . ¢ 1 i s

B e R T B S
di cati is..fed unit ti i i;-feedi f dr.i vi

pl ur al (A% P8P TRHISHERE FENP HITE? pPEVHHEE ST0AG0R ROGTGepAtHo Teans,

provided in the infusion punp and extending in a horizaontal

di r ect PERPAREH NRedpeadt from Ad S Ayl Gwwistse Modded Gl ich&stbusing

path, in accordance with the flow rate set by an operation via the
oper at idert aptiitng tterfreeth ture S Iy dheedivs rfenipe taiaienfaggismr s,ulsend n
one direction; a heat source provided on the housing path to radiate
heat t ewaredntid rfd whdthedidisgdnifmstibe tubssisohotibbe;ima thenpenai ngeath
sensor provided on the housing path and positioned at a predeterm ned

di stange hrupidier ek cseBhCEridh apdevnstrearaefidde iheatcSPHERBE with
determ nation nmeans for, during feeding of the fluid nedicine through

the infaua*:%%g? gryd£9§e£sﬁ LNge4BaNSy Wl k¥iengyt maé@yéf%rfsfbdfy 57

det er mi ni ng or not the tenperature sensor has success
detected a t rature change .caused hy .the drivi.ng, w.thin an

2l | ovaBTS GSay e el Bl ad oy ANE Sy 418 A “6i'b (nce Tesult
bet ween the heat source .and the tenmperature sensor; and notification
means ©4r S GSTG ARG &Y di oSt SEERNAT I f15&€ et er mi nati on by
the determ nation neans. [0016] Preferably, the heat source is an

el ect ril@&U3 dri verfieeatdry, ahe Weat GRIERclie ¢ Brlesdss a3l laefdnigen
as a process of bringing the heat source into a non-heating state
aft er thieetlkeat and when a temperature detected by the temperature sensor

positioned upstream of the heat source with respect to a feeding
direction of the feeding means is denoted by Ta, a temperature
detected by the temperature sensor positioned downstream cf the
heat source with respect to the feeding direction is denoted by
Tb, and a preset threshold is denoted by Th, the determination means
determines that the infusion tube is correctly housed in the housing
path when

a condition: Tb - Ta = Th
is met, and determines that the infusion tube is housed in an
opposite direction in the housing path when the condition is not
met.
[0014] Preferably, the threshold Th is determined depending on
a flow rate at which the fluid medicine is fed per unit time and

which is set by means ©of the infusion pump.
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9 source carries out heating for a predetermned tinme, each tinme one
cycle of process is carried out, the determ nati on nmeans determ nes
that the infusion tube is correctly housed in the housing path when

the termpgpajure %q,lngqlrfu(}%toﬁlgtro%mgv“'igtho%tﬂSe8' }\19"‘@11?1&%{ ai%ff]dée‘ig‘chnol be

i ncrease in terrperat ure reater than a preset t

withr ect_ta ast asured te rur d determ

ot st arerisg ottty T e AstRB R A  @at GHHE RS oS Rg ot
when t he terrperature sensor does not detect, even after the all ovvabl e
del ay Aetd WeES 8l Bb‘ééﬁ Mt e e s BS ﬁn?‘é?ﬁp%? atasg éoé’&ﬁéil atfeafing end
greater than the preset threshold with respect to the | ast neasured

t enper &furtdie irgouwszjapr éfudreablghe ting Usdan souncdnqleldidas a&rPelngmation
el enent, and while the heat source is in the non-heating state, the

t enper atnirte biys wheduced fyws uppeyiatg wiower =@ madieaReldn drs degimgrdr unit
[0018] The present invention can provide an infusion punp that

preventsnehe sheat t hr eas enprid assifnalfikamg aspahti ng § her it tic
tube in the incorrect direction durlng i nstallation of the infusion

tube, alilow.ngrthe; dEHG EhPs KOhE L¥6E adyf 1 PMHEPSE FGam

to doms%tn(re’?e@am SI delof t he ﬁ?us?%n %ng t he preset de)Fllgverypql‘%np
directi _on, e@cerﬁ or.esent in %r}_,tllz%n cgn Gal SO pI’OVI de i nfsuselc ourglgle

t hat prevents She Wealt K- care prgtaesm SAlT Y omi st &1 |png

Infusian e 11 (fe,t neory eot lirgction during | tallation o4

flow rate set by an operation via the operation unit, to feed the
fluid medicine in the infusion tube in cone direction; a heat scurce
provided on the housing path to radiate heat toward the fluid
medicine in the infusion tube; a temperature sensor provided on
the housing path and positioned at a predetermined distance from
the heat source in a downstream cf the heat source; determination
means for, during feeding of the fluid medicine through the infusion
tube by the feeding means, driving the heat source and determining
whether or not the temperature sensor has successfully detected
a temperature change caused by the driving, within an allowable
delay time determined by the flow rate and a distance between the
heat source and the temperature sensor; and notification means for
issuing a notification of a result of the determination by the
determination means.

[0016] Preferably, the heat source is an electrically driven
heater, and when one cycle of process is defined as a process of
bringing the heat source into a non-heating state after the heat
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Brief Description of Drawings [O0019]Fig. 1 is a perspective view
showi ng a first enbodi ment of an infusion punp according to the
present invention. Fig. 2 is a perspective view of the

i nfusi o AW cakOWR sl BuElreatli @p rWrewger-dde fe MO L&) cach tlrh:é ®ne
3 is a perspective view showing a tube installation unit in which an

| nfusi Qi dubge L}id&ﬁésaﬁ' e@axgé’ &P%ﬂlt R a%‘&%’ynﬂ%aacQ%EcﬁnQéhQ%e%%"rﬁJ Oe{

t he i nfusion

f .t f h ' t
Flon 8 et AP sTOmRG S ?@%%O&ﬁe& éﬁt%%ﬁpué&ﬁlﬁ. B Tauy
of the infusion punp. Fig. 6 is a diagram show ng the infusion
punp, éErqu HEOSIETH thd§, S&RE CanIPREGEPon " hBENdF B osklrwd a4 lof rtdste

delivery direction with respect to the infusion punp.
an increase in temperature equal to or greater than a preset

threshecld with respect to a last measured temperature, and
determines that the infusion tube is housed in the opposite
direction in the housing path when the temperature sensor does not
detect, even after the allowable delay time has elapsed, the
increase in temperature equal to or greater than the preset
threshold with respect to the iast measured temperature.

[0017] Preferably, the heat source includes a Peltier element,
and while the heat source is in the non-heating state, the
temperature is reduced by supplying power to the Peltier element.
[0018] The present invention can provide an infusion pump that
prevents the health-care professicnal from installing the infusion
tube in the incorrect direction during installation of the infusion
tube, allowing the drug to be correctly delivered from upstream
side to downstream side of the infusion tube along the preset
delivery direction. The present invention can also provide a
infusion pump that prevents the health-care professiconal from
installing the infusion tube in the incorrect direction during
installation of the infusion tube.

Brief Description of Drawings

[0019] Fig. 1 is a perspective view showing a first embodiment
of an infusion pump according to the present invention.
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Fig. 7(A) is a diagramshowi ng that the infusion tube is set along a
T direction, the correct direction with respect to the infusion punp,
and Fig. 7(B) is a diagram show ng that the infusion tube is set

al ong an N diyrecti any é”béﬂ%g&éﬁ%ﬁe(Hﬂé%“df”tﬂgtﬁhﬂdgﬂBﬁ“ oun® tdwn in
i nfusi on punp. Is a diagram showing a primng state

bef or e ptthe inf s skggﬁ}qp%j{%iQpQﬂggQgglﬁp a patient, and Fig. 8(B) is

a dlagran1shomﬁn a drug I's "being delivered to the patient

th h th f t ub bat .
e o e e 2 S e S s Lo B g e PhRk S B By

with respect to a tube installation unit, Fig. 9(A) shows a

occl usiléh gty gnof nAK SilRAUSHER Fﬁnénaﬁﬂléﬁﬁn%ye%P%ﬂlQﬁnﬁQﬂﬂﬁﬁﬂﬁng and
detection by an upstream occl usi on sensor and a downstream occl usi on
sensor ,cltdse nge clavsirom s ttdteu st rengs itdye pudist edidwan dyeibnig .obsemded gher? -
the infusion tube is set along the T direction (forward direction),

t he correct ”Hig.edt iiena @soshowieivnoFi ghe 7{fusaod firge HBY)n shrovisid.he
occlusion status of the infusion |line and exanples of contents of

det ect izgn B\eudie 4Pt reameeadusi on sensor and t he downstream
occl usi on sensor, the occlusion status and the detection bei ng

observed whes é;[ h% ; '?sf usipn, ;thét?r? é}%ﬁg-}gr a],ong. a‘?ﬂélgkgtrlfﬁé)

(opp03|te dir ctlo the incorrect ection as shomm

ig. a_di ran1 Iom1|IIustrat|ng an exanpl e of
operatf’ﬁﬁ%ﬁgﬁﬁ?e fﬁ?ﬁ%lgl pgﬂé¥USl° PH¥1%. 11 is a diagram showi ng

exanpl es of warning nessages displayed on a display unit in Fig. b.
Fig. 12 is &'@-adt am shéWdwg dh Sahpi% SNF Wil HF & pIRE i 13 dfnfuswn
i nfusi on punps shown in Fig. land Fig. 2 are nmounted on an infusion
stand. bag, ard @n 1fusiprditagreardichoasnsl @pedr &nc@efean dedfigisitonh
punp according to a second enbodi nent.

direction with respect to the infusion pump.

Fig. 7(A) 1s & diagram showing that the infusion tube is set
along a T direction, the correct direction with respect to the
infusion pump, and Fig. 7(B) is a diagram showing that the infusion
tube is set along an Ndirection, an incorrect direction with respect
to the infusion pump.

Fig. 8(A) 1is a diagram showing a priming state before the
infusion tube is connected to a patient, and Fig. 8(B) is a diagram
showing that a drug is being delivered to the patient through the
infusion tube, wherein, inboth Fig. 8(A) and Fig. 8 (B), the infusion
tube is set in the N direction, the incorrect direction with respect
to a tube installation unit.

Fig. 9(A) shows a occlusion status of an infusion line and
examples of contents of detection by an upstream occlusion sensor
and a downstream occlusion sensor, the occlusicn status and the

11



Fig. 14 is a diagramshow ng that a door unit of the infusion punp is
open. Fig. 15 is a block diagramof an electric systemin the

I nfusi on punp. Fig. 16 is a diagramillustrating the principle
of det%ﬁéﬂé&kfﬁn(ﬂﬁ%ﬁﬂ1&%§é¥$€3|wﬁén0Qh%f1ﬁ@ubBBHStQBetHQes@§C£T&Héﬂkhe
to the second enbodi nment. Fig. 17 is a flowhart show ng a

process, pf; %%%geligz% C{ffo%w%%t rcﬁ're‘é@'ﬁm EHS &gi%‘&?%ﬁ‘%ﬁ&ﬁor% ’E?fhé&l

t he secon agramli rat

pr|n0|ple t|o po e |nstal ation of an f si on
D cor it B a 1 fira b duaren 15 SHoveg® 65 Risfh itk %‘m}
a process procedure of a control section of an infusion pu

accor dilfd 4o athé 10k #70 emsatlieenel FREesH it Péndetfe%@al%h § upstream

cocclusion sensor and the downstream occlusion sensor, the occlusion
status and the detection being cbserved when the infusion tube is
set along the N direction (opposite direction), the incorrect
direction as shown in Fig. 7(B).

Fig. 10 is a diagram showing a flow illustrating an example
of operation of the infusion pump.

Fig. 11 is a diagram showing examples of warning messages
displayed on a display unit in Fig. 5.

Fig. 12 is a diagram showing an example in which a plurality
of infusion pumps shown in Fig. 1 and Fig. 2 aremounted on an infusion
stand.

Fig. 13 is a diagram of the appearance of an infusion pump
according to a second embodiment.

Fig. 14 is a diagram showing that a door unit of the infusion
pump is open.

Fig. 15 is ablockdiagramof an electric system in the infusion
pump.

Fig. 16 is a diagram illustrating fhe principle of detection
of opposite installation of an infusion tube according to the second
embodiment.

Fig. 17 is a flowchart showing a process procedure of a control
unit of the infusion pump according to the second embodiment.

12



[ 0020] An first enbodi nent of the present invention will be described
below with reference to the draw ngs. Enbodi ments descri bed
bel ow are preferred specific exanples of the present invention. Thus,

various technigahlgy;pref@rd@ha iimitaid QRS ey %hlenp%ﬁel@net@f detection
enbodi ments, but the scope of the preset invention is not limted to

these %Sfp%gb%s‘i%' e%ﬁsfcgﬁl%%b' BEi %ﬁ‘ l%eﬂlfg’icf eiels 58c8rhhmgt é‘&'é”%h‘i’}d
t he present "invent per spective Vview

first egi%oq%nent of an infusion purrp accordl ng to the present

i nvent i ' 2is a perspective view of the infusion purrp shown in
Fig. 1 as vi ewed in a Wdirection. [0021] An infusion punp 1 shown in
Fig. land Fifg.9-21Psiaa §fHIUEiant shey luged AOPCess PERGRPHES Ofna control
i ntensive-care unit (ICU, CCU, or NICU) to infuse a drug, for

exanpl &g can cantafc ame ém fdraign avmnestdetding & achéd ddlind eatmshiment .
drug, blood, or a nutrient at a rate of about 1 to 999 nL/h (the
amount of drug infused pebebouiptt bat cfsEmbadiménsson speed) to
within 2% fora relatively longtinme so that about 1 to 9,999 nL (the

schedul gedoamount 2of fdrug iddfdésaletf O uthd ordHdised dvdm itdie will be
patient. In sone cases, a drug for use is selected froma drug

[ brar_|36h s%gqbte'ﬁelﬁe'lfdﬂﬁ'm&'%rpme]r réjsaecg tHP cﬂ%]u!%f?d' t he sel ected

drug braryls drug info |on|nacemcal library

dat abase (D(?ﬂ)mbod menltsS i I’édlccra |ve %tnL a dry ni st rat| on scetetxlan les
group i ncl uding plrere | SEeréd &rua grreg. g%ﬁ% Fary
elimnates _the need for a health-care ) .

of the present invention. Thus, various technically preferred

limitations are imposed on the embodiments, but the scope of the
preset invention is not limited to these aspects unless the
description below refers to a limitation on the present invention.
Fig. 1 is a perspective view showing a first embodiment of
an infusion pump according to the present invention. Fig. 2 1is a
perspective view of the infusion pump shown in Fig. 1 as viewed
in a W direction.
[0021] An infusion pump 1 shown in Fig. 1 and Fig. 2 is an infusion
pump used in, for example, an intensive-care unit (ICU, CCU, or
NICU} to infuse a drug, for example, an anticancer drug, an
anesthetic, a chemical treatment drug, blood, or a nutrient at a
rate of about 1 to 999 mL/h (the amount of drug infused per hour,
that is, an infusion speed) to within 2% for a relatively long time
so that about 1 to 9,999 mL (the scheduled amount of drug infused)
of drug is infused into the patient. In some cases, a drug for use

is selected from a drug library, and the infusion pump 1 is used
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professional to carry out conplicated adm nistration setting every
time, and allows a drug to be selected and set. [0022] As shown in
Fig. 2, the infusion punp 1 can carry out accurate delivery froman

infusi e Bagi¥d0 frid ked Wikl ardgug Tl diagal Patd epti sPa¥h@ iM¥ormation
i nfusi on tube 200 and an indwellTng needl e 172. The drug is al so

referrgd to ﬁémﬁeaFniyﬁkQnyééﬁék 2dbe 5gylyﬁﬁ%% H%b nh§c§£§9erﬁ£§§Qﬁ9MJ

to as an infusion nfu5|on as a main

d h Th tegrally f d
SR L FCT R RO SRR et SR Pgs%%i%%ﬂss%gﬂa%wﬁ S
pr oof structure t hat, even when the infusion pu 1 is splashed with
a drug %inhehs Ié’é‘ugpr]dtké%ﬂrsy t%ﬂ%ﬁﬁrﬁ%ﬁ%rﬁ?e?f%aeﬁ{ S aatE

drug or the like into the infusion punp 1. The main body cover 2 thus
has t h@raflessiiqiradot ostatny gué batalibes t ¢ agimig iBTraitd onheet hingivorery
bag 170 di sposed above may drop out or an antiseptic solution used

ar ound ttilres i rfnds iz0d gpuenma yud 1o ard satltcacted artdesdtnf usi on punp.
[0023]Elenents di sposed on the main body cover 2 of the infusion punp

1 will emodgscribed.shown irAFiSNOWn ithdiithfuls i ding 12,cah dHaihayut
unit 3 and an operation panel unit 4 are disposed in an upper portion

2A of the.maln la%qﬁv%@ﬁeErgm% 1 HFSBLAY A 7% [es 384l RO A SRl 71

devi ce, for exanpl e, a co qul t al |splay evice Is

used as. Uhe dipl oV, YR oF s TBSCUbEPLaNC Ulbh Fod ol ShRRE Alo ey

upper 16 B6sition in per portlon 2 A i B ver

and ab%%%.anThgeg 8 ?gda ggskg e%gggrto'as an infusion fluid. The

infusion tube is also referred to as an infusion line.

The infusion pump 1 has a main body cover 2 and a handle 2T.
The main body cover 2 is integrally formed of a molding resin
material with chemical resistance and has a splash proof structure
that, even when the infusion pump 1 is splashed with a drug or the
like, protects the infusion pump 1 from entry of the drug or the
like into the infusion pump 1. The main body cover 2 thus has the
splash proof structure because the drug 171 in the infusion bag
170 disposed above may drop out or an antiseptic sclution used arcund
the infusion pump may fly and attach to the infusion pump.
[0023] Elements disposed on the main body cover 2 of the infusion
pump 1 will be described.

As shown in Fig. 1 and Fig. 2, a display unit 3 and an operation
panel unit 4 are disposed in an upper portion 2A of the main body
cover 2. The display unit 3 is an image display device, and for
example, acolor liquid crystal display device is used as thedisplay

14



In Fig. 2, the display unit 3 displays, by way of exanple, a display
section 3B for the schedul ed anmobunt of drug infused (nL), a display
section 30 for the accunul ated anobunt of drug adm nistered (nL), a

di spl ay, sectd onp30 &%pga?in@%_h fs aﬁ%&gis Q% a%rlgnauﬁ&éP'féff%ﬁgei%on

3E for an i1nfusion spee weve or sinplification,

illustratign of contents of. t sectipons is omtted fromthe ,

i 5ot ay LATE PRToRRE R ¢ o LSk BPay SHTE 3 Fa ARehs 8 BRI R
marnin%ﬁgfssages 300, 301, and 302 as shown in Fig. 11. The operation
panel A9 §565d 9 n the upper portion 2A of the main body
cover 2 and in the right side of the display unit 3. The operation
panel unit 4rhds Dpéer-atifon darles uitidr exdmilayd.n hevay |asezamed e,
exanpl e, a power supply switch button 4A, a fast feeding switch

butt on a48jisplsyas¢cisivwn B buttidre 4@heaudeapaswitt o bdirigni 4D seddrd.) ,
menu sel ection button 4E arranged thereon. [0024] As shown in Fig. 1,

t he maiandbegdya¢asast idr Belikdesnt e ARENIAIGE BBMloGh oS MEr 6§ \RIm it WHGted
is provided in a |lower portion 2B of the main body cover 2 and which

i s openaghle Q”@'i§ﬂ>9§§7‘|téle%ﬂirbrﬁ@DREQ'%ra_eﬁEisQBr?r6"5”@1%1%,5 afh £ saldion,

5A. The opening and ¢l osing cover Is a cover fornmed to be elongate

al ong i r i d.confi.qgured to |.om .t he .i_nfusion_tube 200
VAU o 00 0 S b o,

f or med a _ ermopl resin, tor 'exgrcr)gfeg,eréoffjrvi nyl

Bl aci ng A G 1 GBS 2067 8hTah - Piirier SOKGS 6 FRESBRur TEPHhd-S

closing cover 5 in a sandwi ched manner.
omitted from the display unit 3 shown in Fig. 1. The display unit
3 may display such warning messages 300, 301, and 302 as shown in
Fig. 11.

The operation panel unit 4 is disposed in the upper portion

Z2A of the main body cover 2 and in the right side of the display
unit 3. The operaticn panel unit 4 has operation buttons, for
example, in the illustrated example, a power supply switch button
4A, a fast feeding switch button 4B, a start switch button 4C, a
stop switch button 4D, and a menu selection button 4E arranged
thereon.
[0024] As shown in Fig. 1, the main boedy cover 2 includes the
opening and closing cover 5 which is provided in a lower portion
2B of the main body cover 2 and which is openable and closable in
an R direction around an axis of rotation 5A. The opening and
closing cover 5 is a cover formed to be elongate along an X direction
and configured to allow the infusion tube 200 formed of a flexible

thermoplastic resin, for example, soft vinyl chloride to be
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As shown in Fig. 2, a surface of the opening and closing cover 5 is
provided with an infusion tube set direction display unit 150 for
definitely displaying a T direction, the correct delivery direction,
set the igHuSiRMhbEbecR0911§ S&ing THE X df Msd ok BRe 50t 1l £B6LiIFsion
di splay unit 150 has a drug contal ning bag display unit 151 that

di spl a ont ai:nj j de, i S | spl.ay: yhi

that oyt o E e AR A o ML P PR S B i e s
153 t hat defink%ﬁl %ﬂoms the delivery direction of the drug.

[ 0025] The %dridd &#%ﬁ i"Hg'"Bay di splay unit 151, the patient side

di splay unit 152, and the delivery direction display unit 153 are,

for exanpl e ApPPRVEI B & seal & materacs ofThee R IdBhEArNThgS bag cover
display unit 151, the patient side display unit 152, and the deIive&y
di rect iSohsdPspyagedrii 1t 53 andustooktvloe t9rt slimfeadd oof di helagenihly 10
and closing cover 5 at a position corresponding to a tube

i nst al Ifatd e fiimitteBQ. dNpdawemg e Shadilreditsiplirgy tthe tcor tdrtc aldlentesy
simlar to those of the drug containing bag display unit 151 and the
pati entyisi<de idirspkay tik i nkd iRy thpestaEk st cn apy aprugtienpt ase ddt
the tube installation unit 50. This allows i medi ate determ nation of
uhet nery;Gle dilo AR 185l LALE0DS Hi ALCL A 0f chReahREUST 0Bqtahg, 2AP it ¢
the tube installation dnit 50 Is correct during I nstal aglon 0 he

i nf usi t 200, sho in Fig.. 2, the drug contai.ni .

i spi oy int 1o 5an Sr e Sobud Bel ol S i et S s B ey
drug cont,ai ni ag 170 side of the infusion tube 200 is | ocated an
the ri Q’thtsﬂé’ggﬁ}gﬁgﬁ Sh S e SR 1 et A oy T Sfer Bk ‘{ﬂire%etdwn
fromthe heal th-care professional. The patient side display unit 152

i s di spdsed ao valiltowSvi shalt eréérihglyf ses hekre tdrl batemirea)n ¢t
the infusion tube 200 is |located on the left side portion of the

openi ngha&ndireigosi ng cover 5 as viewed fromthe health-care

prof essional. The delivery direction display unit 153 is disposed to
def i ni ti@log sshow tIhe eueciordedindery klg etitdpdra  Tardit €31 ,0mheoofpdthent
drug 171 through the infusion tube 200 set inside the opening and

cl osi ng iGRVEL splathendeliver vndi £aetdon ¢h splay detiitonl 83 sbs agMudd £ 083
extending along the T direction and indicating a direction fromthe
drug c ai npng LS ; {1 pat ient S| j.Sspl
unit 1 .'Tﬁg?d?%%ﬁ%g%f3#%¥H§ﬂ%gg'g%?% ay%%ﬁﬁxg thﬁﬁi%ﬁﬁgﬁgghg§gﬂ%g
t he dr cont ai-ni ng_bag.side, ,and_t he patient .side_ display. it 152,
which GPSpPay o EHe SBALT Ant o rHB, PAFCBY: h-GRpT bEStel alht Gabioq fre The
characters and preferably jin characters and graphics. Thus, the

heal t h9&did FofBLE Tt e privient'etf FEmStGhd A WStk aqe of
the setting direction of the infusion tube. An X direction, a Y
di r ect itd¢, omediadzadidr edrisdRdi AOFEF. S1ahnd TPt Domreonie frjohians tle 2
one another, and the Z direction is an up-down direction. The X

di r ect itmipal g ryEaradllleglicro whiee B r dotreomeandai smallatiésallagi nedti enth
of the infusion punp 1. The Y direction is a front-back direction of
thg i pfdmtﬁmtw@nml.la[roea%%ge Sf ithed dReISPeathYAivigeMaghopgad Rehit
tube installation

151 and the patient side display unit 152 may be stuck to an
appropriate place in the tube installation unit 50. This allows
immediate determination of whether or not an installation direction
of the infusion tube 200 in the tube installation unit 50 is correct
during installation of the infusion tube 200.

As shown in Fig. 2, the drug containing bag display unit 151

le



unit 50 in which the infusion tube 200 is installed by opening the 17
openi ng and cl osing cover S of the infusion punp 1 showmn in Fig. 1
and Fig. 2. Fig. 4 is a front view of the infusion punp 1 shown in

Fig. 3iasqvibpweddito 1Yol (86450 Ehecking A% whowed R 8rud &Y Hithn
4, the tube 1nstallation unit 50 is provided on the main body unit 1

si de of. ¢ inNEYUSLO 1. t i t ] i i S ;
providgﬁ' gﬁ8m%?ﬁé gfsp aﬁkﬁﬁﬁgﬁglgﬁget%26g%%?é#%gﬁgggheﬁgﬁn?%gat side
along the X direction. The tube installation unit SO can b over.ed
Wi th ot RESOS 17 A GRS cover B SHE THE oper ha LHiF &1 g e
cover 5 is closed as shown in Fig. 2. , As shown in Fig. 3 and
Fig. 4RaHe @5 mifgstis uni £h50PR%4 SRthEBBEe ddePdédi Hgisedser 18
51, an upstream occl usi on sensor 52, a downstream occl usi on sensor

53, a fdisgodad il el tavberiguiade ariakiByy of sdwdrited rifhesipat tarde Ry idie
unit 55, and the opening and cl.osing cover 5. An infusion tube

pr essero fireditzeri riFQ sdirch engeeg ANt sreidrertse S ranthSH efte irdeviggettion of
i nsi de the opening and cl osi ng cover 5. The infusion tube

presser e idg ish@rdianget; dand the X Hidrd iabms i Rl ondatdre
rectangul ar, and planar projecting portion and positioned opposite a

del i ve@fo@és\@&%a‘mi t Tﬁ@-dé&‘f@eﬁlcﬁ\ﬁ%rct%%d HES%%%E *1%3939%% dled

menbers 5D and SE I s operated, e engagenent ers 5D an

fitted, int NN portians 10 and .1E, respectively,. of e.min.
body ur11_‘|ot ,l "a H‘%ﬁﬁ nsglot gcrhc():‘pecncfrnrgecétndj < loVS|rrYg clorvee%/mé) g OH(;Idolsreect leon)

L BT BT LS TR

side portion of the main bod¥ unit 1B as _ . _ _
and closing cover 5. he delivery direction display unit 153 is
an arrow extending along the T direction and indicating a direction
from the drug containing bag display unit 151 toward the patient
side display unit 152. The drug containing bag display unit 151,
which displays the drug containing bag side, and the patient side
display unit 152, which displays the patient side, are both
expressed at least in characters and preferably in characters and
graphics. Thus, the health-care professicnal can be prevented from
making a mistake in the setting direction of the infusion tube.

An X direction, a Y direction, and a Z direction in Fig. 1

and Fig. 2 are orthogcnal to one another, and the Z direction is
an up-down direction. The)(directianisparalleltotheTcﬁlection
and 1s a lateral direction of the infusion pump 1. The Y direction
is a front-back direction of the infusion pump 1.
[0026] Fig. 3 is a perspective view showing the tube installation

unit 50 in which the infusion tube 200 is installed by opening the
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viewed fromthe health-care professional. A second infusion tube
guide unit 55 is provided on the left side portion of the main body
unit 1B as viewed fromthe health-care professional. The first

i nfusi QJ e, HHLAE 1R 0 u Sj 290 t .
 nfusi oF tuggg 200 byl‘b][éi Eltg?%é)%t%%e@u%gt ?ggmﬁé?fggilg}éo%gﬁtg ﬁ‘g’t?i{fthg
i nfusign be.qui de uni + rhe nd. | nf usi_on i.d ni )
can hoﬁdaégdgﬁﬁét?éaﬁ?@%dgﬁ§50§ %igﬁﬁégvﬁ¥ﬁ%$5%etEﬁggiggnb§uﬁPtiiéhfwn
t he dowms%Leanlside 200B jnto the second infusion tube guide unit 55.
The i nfdsifa? 1 ubE200-5"€heit 3 v tHeE Hdri%bntal direction al ong the X
direction. The infusion tube 200 thus installed (set) in the correct
direction i A% §&oMer Lokt el dideetiich ids s8gueRPRallytal bpbsed unit 50
opposite the bubble detecting sensor 51, the upstream occl usion
sensor i52 priolve dgel bvekiedna vin ngeodniun 60,1 Easd dehe fdblaast n fasi o ghursp dn
sensor 53 fromthe right side in Fig. 4. In the main body unit
1B, thaHabhhble detseellilngisensantSt) ibepupsiaeanbOTEl Ush®d SSsof bt
the delivery driving unit 60, and the downstream occl usi on sensor 53

are arrpanRgedihd bPbsaeLgaTphetveen; t he fid}f chif USHOReEHREN Ui fige Unide
54 and the second infusion tube guide unit 55 along the T direction

(para”#ﬁﬁyéifé%i%ﬁ;ﬁnﬁ%C%bogén Egecgggkggrxigﬂi%%Qgﬂ%g%%gfo1L§(%losing

di sSpose et ween e upstream occl usi on"sensor ownstream

occl usi on _sensor, 53. .]0028] The bubbl e det ecti ng sensor Sl.sho in Fi
aTs B TR S TR (S5 ForProd (o CHEPRS G4 o
tube 200. For exanple, the bubble detecting sensor 51 is an

ul traséfi ¢i¥engor that nonitors bubbles contained in a drug flow ng

t hrough the infusion tube 200 fornmed of soft vinyl chloride or the

li ke, from tAfe sbowsi da Fhe- i dfad dgid.ude 206. taheulnsbazbhitiomvenit 50
generated by a transm ssion unit of the ultrasonic sensor is applied

t o t he hdrsug Hllowi agdtdwcughy ke sionf 63} cam tatee r266h otheéutianssettance,
of the ultrasonic wave through the drug is different fromthe

t ransniat tianee tkamhecdl & $ 260 MH h Y & 3t, hi ofhs b URF RS oraBdrbhitsi d@ unit
reception unit of the ultrasonic sensor detects a difference in

t ransmSQt,aQ%%écﬁlcpblgﬁﬁs%ﬁtthﬁfe Qﬁiagturﬁbpgli,esarﬁf @hQrcﬁ'%Er'ﬁtng and closing
cover 5. An infusion tube presser member 5C and engagement members
5D and 5E are provided inside the opening and closing cover 5.

The infusion tube presser member 5C is arranged along the X
direction as an elongate, rectangular, and planar projecting
portion and positioned opposite a delivery driving unit 60. When
a lever 5F interlocked the engagement members 5D and 5E is operated,
the engagement members 5D and 5E are fitted into fitting portions
1D and 1E, respectively, of the main body unit 1B, allowing the
cpening and closing cover 5 to close the tube installation unit
50 of the main body unit 1B.

[0027] As shown in Fig. 4, a first infusion tube guide unit 54
is provided on the right side portion of the main body unit 1B as
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The upstream occl usi on sensor 52 shown in Fig. 4 is a sensor that
detects whether the infusion tube 200 is bl ocked on the upstream side
200A thereof. The downstream occl usion sensor 53 is a sensor that

det ect s, jwheidet-dhenknhasi on-E4Pe ZA90rd $s Rhipcked AOBeEBﬁddPM’f'@éI@ﬁrﬂube
si de 200B thereof. As each of the upstream occlusion sensor 52 and

t he dom&ee%Wl%C§5}es%Q0% | naﬁl‘?‘%}hé g;ef%?%hepogtp&qt %%Hgl rﬁzgl aody

be use Ich inc a co t~ em ssion un|t

l'ight reception unit, e | i S nunit illum nate .

| fusi SR o 260 IR T G P R HAP S e SARE e ﬁ“ihgmflrst
reception unit. This alloms t he_sensor to detect mhether t he infusion
tube 20@5USUATHEEE IPOGSILRIL. 06 SHoWC Jh & amplrecam ahde| €80RiRIthe
configuration of the infusion punp 1. As shown in Fig. 5, the
del i veriynIdyshamgulpei 20800hast td idvd ihegupetveaBlsice CAPAstnbot the Bixrst
with a plurality of cans rotationally driven by the driving notor 61,
and a perfistialrt itede npgedestniict 94 e @hevsilroadplitfakiby ofibpedwsdal it
fingers noved by the respective cans of the camstructure 62, as

descri rgdchedNd a downs RTINS LIDWEE M Qh@%r‘i"ﬁ%?or@'t‘db@udo/b?ffl@c?enﬁﬁg
for exanple, six cans 62A to 62F. The peristaltic finger structure 63

has si % peil-ghaltdeGnd 593@@0@%5%6&%f‘s%rcfo%%ipgﬁ%eqohot& sf@egd%()m

62A to 62F. The six cams 62A to 62F are arrayed so as to

orS AT B NS T SO S LR S SF B SASTLET 8ol B

driVin%hEP%QélEgb{fggle%Hma1nfu51on tube 200 thus installed (set) in the
correct directicn in the horizontal direction is sequentially
disposed opposite the bubble detecting sensor 51, the upstream
occlusion sensor 52, the delivery driving unit 60, and the
downstream occlusion sensor 53 from the right side in Fig. 4.

In the main body unit 1B, the bubble detecting sensor 51, the

upstream occlusion senscr 52, the delivery driving unit 60, and
the downstream occlusion sensor 53 are arranged in this order
between the first infusion tube guide unit 54 and the second infusion
tube guide unit 55 along the T direction (parallel to the X
direction). The delivery driving unit 60 is disposed between the
upstream occlusicn sensor 52 and the downstream occlusion sensor
53.
[0028] The bubble detecting sensor 51 shown in Fig. 4 is a sensor
that detects bubbles (air) generated in the infusion tube 200. For
example, the bubble detecting senscr 51 is an ultrasonic sensox

that monitors bubbles contained in a drug flowing through the
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in accordance with an instruction froma control unit 100 shown in
Fig. 5 the six peristaltic fingers 63A to 63F noves forward or
backward in order in the Y direction by a predeterm ned stroke. Thus,

the 'nfﬂ?ﬂxﬁélcidl%b%oﬁobsf%ﬁéée@faél?f@%h&ﬁe c'hrlfolf%'d%“ &»Upﬁ‘epif]%éerfrom
menber 5C of the opening and cl osing cover 5 along t he T dlrectlon to

[ f I h
o Tow g dug i Uhg Lolckshon, LUBe 208 1 opBe, el aar ol LB e

are |n?%,|duall driven to allow.the pIurallt of perlstalti fin ers
63A t o B3F F65‘§ BadRtPE PYLprof edte &ldg SHWe-°T SGiPect L8n2 B! press dif?
outer peripheral surface of the infusion tube 200, thus dellverlng
the dr & Ydh fike ingf GBFerRghubRE 200t uFen stk 280t Toa branspeittance of
plurality of peristaltic fingers 63A to 63F is controlled to
sequenttital Iul traertine wrard sttatduigh fihgetub 3k tdl BT &ror viarah drhe
backward so that a bl ocked point on the infusion tube 200 is noved in

the T dir=etiridtdrtes ueh whamainess dditic wame ity amEsss | ridie-hlus,
direction. Thus, the infusion tube 200 is squeezed to transfer the

drug. bQQ%%E@%l%HOEﬁltnoE'ﬁhefhlﬂﬂE%ddﬁdﬂﬂéwéo&uHﬁtécﬂésat&EEfé¥%ﬁé% in
unit (conputer) 100 that controls general operation of the infusion

m or boOUET A et O AERT B y ey ;%”b%&fas PR RS

Access Menor, 102, _a nonvolatil e neno ry %? ock 104. The
Crock 104 I Rud PR Al PERLCELRE TERBRY ST el 15\/ & %r 8dbt &t MTP™
operation and enabl es acquisition of the current tinme, neasurenent of
el apsedNAMECBEC RS phedred: Hidd [gaionet Yoo pOrat § B OCKEER BhemPiraam
reference time for delivery velocity control, and the |ike. [0032] The
cont r olsigisi £0980tkdvemti n Hig doynsemeest gcebualpnvmnm;ﬂ%levw tggmsor
button 4A and a switch 111. The switch 111 switches between a power
suppl y theny ertterc timnivh etz ranthea irettmirgeadles BQ ary Hlkd;kddron the
exanple, a lithiumion battery to supply power to the control unit

100 t hrogls thrhenpirle 0P ¥ heerwer.t efsUdhth 142 e dhe Fembaygealieon
battery 113. The power supply converter unit 112 is connected to a

comrer %'e‘ﬂsd%CS@O%'a ehudr 88w&é§rtébﬁ QECQHELSB ddftsor 53, for example, a

photocoupler may be used which includes a combination of a light
emission unit and a light reception unit. The light emission unit
illuminates the infusion tube 200 with 1ight, which is then received
by the light reception unit. This allcws the sensor fto detect
whether the infusion tube 200 is blocked.

[0029] Fig. 5 shows an example of an electrical configuration
of the infusion pump 1.

As shown in Fig. 5, the delivery driving unit 60 has a driving
motor 61, a cam structure 62 with a plurality of cams rotationally
driven by the driving motor 61, and a peristaltic finger structure
63 with a plurality of peristaltic fingers moved by the respective
cams of the cam structure 62, as described below.
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[ 0033] The out put shaft 61A of the driving notor 61 in the delivery
driving unit 60 showmn in Fig. 5 is rotated in accordance with an
instruction fromthe control unit 100 to allow the plurality of

peri stal tic fhingers £3A4 Q8R4 amke, Ran:shialdy GpldA, THs.ldile,

i nfusi on tube 200 is squeezed to transfer the ug inthe T

di recti_qn i ho t i.nf usi.Qn ,.th r .
cont ai r?ﬁﬁ(gcgéns f?g Q%nnghewf}eq !ﬂ)\%grl%t;ééﬁgczgggggi 3F6ﬁ89%1ﬁ§ Eis has six
direction, the correct delivery direction with respect to the

| nf Usi 6 TR LELS £1hGSAS Sidwhoi iSFi GOTBSSBRECLRA PortRor bt G 623
i nfusion tube 200 is connected to the infusion bag 170 via a clanp

(cl amp “RefBér) I79.sThecHheh2Zernd Partt pér erreNed AP uss okre tdiblef D jam
connected to the indwelling needle 172 on the patient P side. The
drug 1%he andheer nfughase bagitley 0ainsstdruaeirdhp2tiecdehevery ™r auingput
unit 60 and delivered in the T direction, the correct direction,

t hr oughHate iglfausifon Hauke 20 amtbtddie dindwel | i ng needl e 172. The drug
171 is thus admnistered to the patient P. [0034] Referring back to
Fig. 5,1003@1Sp! aynéd te il IM&pul3Q A &5 thiee dSRiay Widor3 41 rotates
accordance with an instruction fromthe control unit® 100 to displ ay

the conte i.nf.or mat | i Hgi[ - i | Q. ni
300 toqglo%tcé%ﬁ%fv?ﬁ?nl%% IE{ISCLI#I’ gamlf,A an ﬁlgoq] i%eogd % sc'f)denatkerl ig’%%rglﬁﬁﬁ%%sown
provi de an,.audi.o tifi.cation of .the contents of vari al arnms_in
hocor daficd Mt 1 /ar 1St PSS Tort g He HERT SRt 180 "R o sdare
132 can provide an audio naotification of various alarns in accordance
with afti ReEKUBTFoh? AR T HE EBAt ¥ SI1uRfitirpdY Fher eprakeringd steoke-
exanpl e of warning nmeans for issuing an audio warning to the
heal t hTtawse phef ésdhengn ithbeha0Pniaspoassedea@ns’s Heg jrmfudieorNtube
direction (opposite direction). A buzzer 132 is an exanple of the
war ni ngpreesrs fnembess Bicng fanhaudpenwagneang tboshegheav¢h-faalkong the T
professional if the infusion tube 200 is set in the N direction
(opposidie cditriest oML 1dhehenghd a6t tBeractiDinn 1883540 ki bk e 13, vdhey
control unit 100 is provided with a bubble detectionsignal Si _ from
the bubbl epdet Ghidg ;S§NSOKal, 8N URSTNEAMIQC] HSi oD 51 ONB 1 5% P
t he upstream occl usion sensor 52 which'indicatés that the upstream
side ofhed ntasion tubs 200,15 plocked, and a dewnst ream.aedlyision
si gnal fromthe 'downstream occl usion sensor I CH i hdi cates
t hat the downstr.eam.side of _the infusjion tube 200 js bl ocked. The
Upot  cAB IOt on LETGANS €371 EOnbEhet CUBSHTan DT ST OfF Serbis S he
is a signal indicative of the nmagnitude of the internal pressure of
t he i nflusitgfctdpve 2EOPERSEhANUPY ?éaﬂ?%i@éei?@bﬁéuq‘ﬁ@c%dmgs@‘r%a}rﬁfUSlOH
occlusion signal S3 fromthe downstream occl usi on sensor 53 is a
si gnal tiubrdi ¢at0i,vehofs tded imegriinqudereofduge imttdrandln fprsssgureitef 2Hb
i nfusi on tube 200 on the downstream si de 200B.

Peristaltic motion of the plurality of peristaltic fingers 634 to

63F is contrelled to sequentially move the peristaltic fingers 63A
to 63F forward or backward so that a blocked point on the infusion
tube 200 is moved in the T direction in such a manner that wave
motion progress in the T direction. Thus, the infusion tube 200
is squeezed to transfer the drug.

[0031] As shown in Fig. 5, the infusion pump 1 has the control
unit (computer) 100 that controls general operation of the infusion
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The upstream occl usi on sensor 52 and the downstream occl usi on sensor
53 can detect a state in which the internal pressure of the infusion
circuit exceeds a pressure set in the infusion punp 1 to preclude

del i veryon@f it.herdeUgonthelahans 106t put t ifdg than g@tee%e@n%t@m o the
control unlt 100. Possi bl e causes of the interna pressure of the

A u5| on g t el i thR@Me?ﬁdgfg& OQheltyhe fnrr???sl it Wﬁ%ﬁdom

are occ e |ndme | rng needle or t ion fu

i nf I k of th t 200, th

very viessid HRREEYtS ne RPRESTrbosE M THoH g0, St caferof hni (e
100 can connunlcate with a conputer 141, for exa deskt op

conput &LoGk 404 Tk tEa: F R Pk £ 1Tgote #%Cﬁraﬁgg%@.%ammﬁf&mrﬂﬁd

conputer 141 is connected to a drug database (DB) 160, and drug

i nf or m@Pies® INPTs ofeehn &l ¢ hi@ afruig idatcabasd et s G ugarniyet pnew intksh U endt
control unit 100 and stored in the nonvolatile nmenory 103 of the

cont r olofuaiLlbp16d, t ima dfhe prospatermilddd JEld veayt sptrabni dn 10camrement
di splay the drug information M- and the |like, for exanple, on the

di spl apfuRi tred 5RO iAmEl Gor2abasedronvenecst or e6n€ryY, | A QI ired | Oike .
IVF. In Fig. 5, the fast feeding switch button 4B, the start

swi t ch gfatgn 40’Tﬁé1%o§1ttifgls%£€hl(§)(§‘ dstr%rflgn ﬂgt w%ofml&tsse'tscg'&%er

button 4E are electrica Iy connected to t unit 100

ngBJ}P?MI]gpgscr|§688£té ?%Fadg%% Egeplipf%%k swE%gH %1 swfg%hes
between a power supply converter unit 112 and a rechargeable battery
113, for example, a lithium ion battery to supply power to the
control unit 100 through the power supply converter unit 112 and
the rechargeable battery 113. The power supply ccnverter unit 112
is connected to a commercial AC power source 115 via an outlet 114.
[0033] The output shaft 61A of the driving motor 61 in the
delivery driving unit 60 shown in Fig. 5 is rotated in accordance
with an instruction from the control unit 100 to allow the plurality
of peristaltic fingers 63A to 63F tomake peristalticmotion. Thus,
the infusion tubke 200 is squeezed to transfer the drug in the T
direction.

Fig. 6 shows the infusion pump 1, the drug containing bag 170,
and the delivery tube 200 set along the T direction, the correct
delivery direction with respect to the infusion pump 1.

As shown in Fig. 6, one end porticon of the infusion tube 200
is connected to the infusion bag 170 via a clamp (clamp member)

179. The other end portion of the infusion tube 200 is connected
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Fig. 7(A) shows that the infusion tube 200 is installed (set) along
the T direction (forward direction), the correct direction with
respect to the tube installation unit 50 of the infusion punp 1. Fig.

7(B) Sf’c@/\@hfeh%dm@1&&%%_@81&@@22&9 115 $8ft @AN® thacN dbfectian 171

(opposite direction), e incorrect direction with respect to the

tube install.ati it t | .nf ysi - j
Fig. 3?§%%éeh%g?9ﬁ?§grgé rg?%§§$6%a‘%ﬁtggbgggggé%%ﬁaryh%ég%zﬁgﬂ%tggém
cl osing cpver. .5 and, setting._the infusion_tube 200 in, the tube

ot I SRt S 2R FBROTL RErFRFHE ot bibRe Sete b ARG wiPTtn dgisgron
unit 150 di sposed above the opening and cl osing cover 5 shown in Fi

2 to vitdifalhyushesktvhe s adid s6ei spdvelihegitgediod ubeTRo0drasus/1
the infusion tube 200 can be correctly installed along the T

di r ect ilen,thuse agliindgrte id dot itdre rEtistith t he drug 171 to be
correctly delivered fromthe upstream side 200A to the downstream

si de 200B3df] t he Raffarstiony babe 2001 gl dhgatdiespll 0t nectidmi,vdhe3priasietes
delivery direction of the delivery driving unit 60. As shown in
Fig. 7(Ne anbgnalheiithd Usi &P N 200 iich SetinkRriBe i Tndir@cthanordtl
correct direction, the upstream side 200A of the infusion tube 200 is
di sposed :an (e i-nf sl Juhg gyi-d i 4. Sl I .

si de pgg?ﬁb%bgﬁx%ﬁé%#éﬁﬁ E%%?ﬂbnlt f%ggsﬂﬁﬁ2§%ﬁ§F?§&g?ﬁgkﬁgéffﬁ?%é?éy
prof essj onal . .The downstre si_de OB, of the jnfusion tube 0 i.s

di spos%d S e S ECOTE S 3@%}%% ﬁég s ﬁfqaelﬂnffﬂ%g%%em 'e,ar%%gt frke:
side paortion of the main body unit 1B as viewed fromthe health-care
prof esdi FREAKI hie &t Rt IEDRT KRG Qo t9Rd Do @ s Hdvh GRS
6 and Figs. 1 to 4, the infusion tube 200 is also correctly set to

al | ow V¥ bgus ¢ lve e L N\AsTqsy ENsIRgWE BB an @npeEvnrbhon[fooeBEha control
contrast, as shown in Fig. 7(B), when the infusion tube 200 is set in
t he N dirrigctiD0n, A bezizecol32ctndprecidermmatdi e espedti dag itdreo £ nfausicors
punp 1, the upstream side 200A of the infusion tube 200 is disposed

at the asecanrdi hr{dsd ofadddeig de iudrhftiohereastidectewast team100.
side 200B of the infusion tube 200 is disposed at the first infusion
tube guirdespBhies413Thal ahSexdhs & st gblat honmet Ak e Af 1EBa haf MsiAkio
tube 200 is such that the heal th-care professional has m staken the

| at er al r: pasi.tign ; i 0] d

downst Poan L o SRtk B AP ks PoatHaReo0R0 Bhath et i argpgrube 200
i nfusian tube .200.in the N direction, the incorrect direction w.t :
respect'® 8ett%hé“i %P&sﬁoﬁlﬁﬁ P fRBE?S&/ﬁSndﬁﬁ8C%ﬁf’Béi-on’*t %01{55 1S
incorrectly installed, the drug is delivered in the N direction,,

whi ch 28 §FFddltte o thife WRINTBL Mise s thRE prssEiindan et Qivaedtingh to
of the delivery driving unit 60. [0039] Thus, as shown in Fig. 7(A)

and Fi ghe2 heed tdorqaaet Igrofessional if the infusion tube 200 is set in

the N direction (oppecsite direction), the incorrect direction.

[0035] In Fig. 5, the control unit 100 is provided with a bubble
detection signal S1 from the bubble detecting sensor 51, an upstream
occlusion signal S2 from the upstream occlusion sensor 52 which
indicates that the upstream side of the infusion tube 200 is blocked,
and a downstream occlusion signal S3 from the downstream occlusion
sensor 53 which indicates that the downstream side of the infusion
tube 200 is blocked. The upstream occlusion signal 32 from the

23



install the infusion tube 200 along the T direction with respect to
the infusion punp 1, the health-care professional first visually
checks the drug containing bag display unit 151, which displays the

drug copali Ad-bagushde sd&Pabient Sige i aRkaY% 4okl eRe it ude
di spl ays the patient side, and the delivery direction display

sectio , ' f L0 S t del i ve dire
shown ?ﬁQEgé.%gkggﬁgﬁdégégggﬁ a?ﬁﬁ%ga%%ﬁﬁ%#gg1g&bgn?polgéjﬁ%%g&mf%%am
patient sjd Lspl unit 152, and the . deliyery_ direction displa

Pact tormits 2408 0 Plo inmic eatt Phe a6 BHOTHbe b or o Fae o St rean
di splay unit 150 on the_opening and _closing cover 5. Thus, the

heal t h-XS4T81 PrBY €§8i56%aP 3 coh PEIPNRSNI PRAECEPSY ¢ caimisicdBagDOALER ehdhe
i nfusi on tube 200 on the drug contai ning bag display unit 151 side,
posi ti amttehmadowrstsseamm sifdeh@ 0B wf i dohe:ube uilopnt the QM onrede side
patient side display unit 152, and visually check the set direction

of the JownRusi on tube 200 by means of the arrow of the delivery
direction display section 153, which shows that the drug delivery

direction i sHNBpTFebRCEEONs{ OPARIAILLE VA RMRG &8N IF HEak YHAI Y ith
bag display unit 151, which displays the drug containing bag side,

the patdgnic,stdecdl sl ayeun] 192 1wy ehedlspl av3 he PaFLER 81 g e

and the delivery direction display section Inite
shows t.he dr.ug delivery direction, to check whether the infusion tuhe
200 is lé‘gusilr?%t freé TF Uit BEEFGRS £ HRE ot e ST H&Fﬁsn}nigsaagcwmdf %
above, the health-care praofessional operates the | ever 5F to open the
openi n§LETd U9 srdd VeaVePIst e Eishs & thé LBaBSI euBRPEEL A Re e ed
t he upstream occl usion sensor 52, the downstream occl usi on sensor 53,
the fi rsdtatenfigsitdre tade Ui diini k00654, Peke ibdeoravisabusifoineubatgyingd
unit 55, and the delivery driving unit 60, as shown in Fig. 3 and
Fi 9. 4preAlieTbénthé hienhealdh-cdacaipr ekessdongl thaigtraddssirtcheet in the
infusion tube 200 in the T direction along the first infusion tube
guide ZAfusion pump 1 are occlusion of the indwelling needle or the
infusion tube 200 for infusion, collapse or kink of the infusion
tube 200, the use of a very viscous drug, and the like.
[0036] In Fig. 5, the control unit 100 can communicate with a
computer 141, for example, a desktop computer, via a communication
port 140 in a bidirectional manner. The computer 141 is connected
to a drug database (DB) 160, and drug information MF stored in the
drug database 160 can be provided to the control unit 100 and stored
in the nonvolatiie memory 103 of the control unit 100, wvia the
computer 141. The control unit 100 can display the drug information
MF and the like, for example, on the display unit 3 shown in Fig.
2 based on the stored drug information MF.
In Fig. 5, the fast feeding switch button 4B, the start switch

button 4C, the stop switch button 4D, and the menu selection button
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unit 54, the bubble detecting sensor 51, the upstream occl usion
sensor 52, the delivery driving unit 60, the downstream occl usion
sensor 53, and the second infusion tube guide unit 55. Subsequently,
as show iy ek AN A chnd & LRENI Mk andhCl OSifg Cavry, 5 1S

cl osed to cover the bubbl’'e detecting sensor 51, the upstream

occl usi nsor t tr occlysj on, . sensqr. 53, e first

i nfusi o[(rgﬂ)t ube guil\?é"’u ncﬂjteer%?,%t%heOE%er@choend—’l ki%rs]‘%‘eug eosn&tslg)beeqsgld]l & uni tpl‘g[?, L
and the, delivery dr,ivi unit 60. Thus, the infusion tube 200 can be

i nst al I 41 t“r’?ife 'f’”dilrg%idt}rﬁc J19Fl§dcorrect direction, and the drug can
be delivered through the infusion tube 200 along the T direction by
driving the i oé?\y rPYE igramitheednfpedar] Fike 280a) sshavika Bl i (figig
state before the infusion tube 200 is connected to the patient. Fig.
8(B) skdwsa ltate Thdideoyidnl (Farvhedi diustohohubet2O0dsrdisi mhirection
delivered in an incorrect manner. In either Fig. 8(A) or Fig. 8(B),

t he i nfusiroretpbet200 tise ivisdcalhedailnathenNafi t €33 iodnt hehen FBED6K @Gimp
direction with respect to the tube installation unit 50. The primng
refersito pegfon IEFBPg_s@oxpé epRd @ty OPRIAdOR U PoePaLatienafOkg the N
starting and to filling a drug into the infusion tube 200 to prepare
for i i on i 1 i s |1, : ; i :
vessel Tt AR S bR G P RS TR S
connected to.the tient as_sho in Fig..8(A);, the infusion tube 2Q0
o neCRaRSEY o REeNE AP eatrron  ehaornEBHPord " oF r Rt o He ot gme 1
shown in Fi %@ %{%) In this case, during the prim ntg before the

i nfusion tu W Idorfnéet et t19'q HEFIaT &Rt e iRt asS 10 Y e Refore
fast feeding switch button 4B shown in Fig. 2 and Fig. 5 is being
depr esSE¢Tdmg LR P@eniadcentr slogany ¢0VekrsS dendi Frit &t ey ddig vigrfjusion
driving unit 60 to fill the drug 171 into the infusion tube 200, the
bubbl e tdétee20Doin siigmalubs ihsomlibeibubilnh 2t del ectiiemg skasaifbdion haibe
upstream occl usi on signal 32 fromthe upstream occl usion sensor 52,
and t heedowistyeamro el sisign (§iighals (S fepBdde o HL AP QGG JISHrQD
sensor 53 have values different from val ues obtai ned when the

i nfusi on Jsybg 200ekSs idtghal kRdri g, the Ty i 8fi Mhe diN@nEOEE €L i rect ion
direction as shown in Fig. 7(A). Utilizing this, the control unit 100
determ th i nfusi o be I $.L.N I i e

direct iogﬁ,%ht gtqfﬁ]%grorneé#l%cﬁ Irbeotzo'tj'i oﬁggg'sﬁgﬁnibghﬁﬁgp gtlé% ZHPOSﬁl&] lFﬁat
is, when the primngi arried out_if, the infusion tube 200 .is .

| nst al (88 707 (e REGAHLEE| DHETE 109 AU Tet il r S06| Bl BEe SRGT §5FLon/
Fig. 8(A)., the bubbles 199 flowin toward the_drug containing bag 170
t hr ouglf thee' 1&9d the €KBI; hf Listds G9é r20G 1 YOSRSHEERE §X o N & (i teream
detecting sensor 51 detects the bubbles 199 in the infusion tube 200.
Thus, thelcbdbbheashecddwigsseasorrsisie 2PARsM thet hef bubbh ¢ ulbet 280 iadreng
signal Si to the control unit 100. At this point, when the

cont r oltheniTt diG@ adriiorgs thee apemkerdeldlveand dihednizzerofl3hd ald 1SSty
to the health-care professional, a warning indicating that the

i nfusi gitubgy 20Q d so.nstalled in the N direction, the incorrect
direction as shown in Fig. 7(B), the health-care professional can

take appropratf ARAIY 85 4L O7KEFP LREnPELLEDAr8816n tube 200 is set in

the T directiocn, the correct direction, the upstream side Z200A of
the infusion tube 200 is disposed on the first infusion tube guide
unit 54 side, the right side portion of the main body unit 1B as
viewed from the health-care professional. The downstream side 200B
of the infusion tube 200 is disposed on the second infusion tube
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[ 0044] Furthernore , in Fig. 8(B), when the primng before the
i nfusion tube 200 is connected to the patient is carried out by 29
cancelling the closed state of the clanp nenber 179, that is, when

the confifiQle upitc 10 Jidd s dle tipg Jdifde igW o fd1e dnfusd Qi 1108 2P0ins t
t hrough the drug containing bag 170 by cancelling the closed state of

t he cl 79. he_jnf usi ' f.drivin h

del i ve?‘{/gjgr%i \%ﬁ%gegn?%b‘goﬁ%%ge%%ﬁfr%%@%rﬁ#%e%%ﬁ%ya]f'océgi gagoﬁe% hsetate
downstr occl.usi.on sign 53 fromthe downstream occl usi sensor,
55" Gur Kl B Ry O EHERGOS S s ot oF The Fadtuet 6P Thabe HERSzon
downstream occl usi on signal 53 that the infusion tube 200 is

i nst al %89 # &hé sNadisce £OTERC e Seitc 6Pr 8ét OHi FRRt WY alk dhovie i hvered
Fig. 7(B). If the infusion tube 200 is installed in the N

di rect iadiena Hérd caliresttidirecti on as shown in Fig. 7(B), when the
drug 171 is delivered fromthe drug containing bag 170 to the patient

P t hroyglo38ie i nflusicam eyt 20 ashahowm iFidh g7 (B)(,B)whdrl ogte Bln fdowsn
fromthe patient P toward the drug contai ning bag 170 t hrough the

i nfusi emddube2Q@ isetail dheeqtifheclhys, the hubble-detertd Mg $ensh
51 fails to detect bubbles and to transmt the bubble detection

signal .S f he rQ] £ i 4 :gq? [-00 1TQF% fol i tendgney
i's exp!rgstpteegz: if the ilﬁﬂ‘ u&sg!lonnt_u ep2]go4$]sei _sttallt%g‘a %nd%)#ed% St

P VR R R A e R N R A T
200, the upstream occlusion signal S2 fromthe upstream oc¢l usion

sensor 53 tand - t HRSHEARst Mo LR Ra™ 5 16rgALP B 3 fhemiPhEsdeRnkPe R0

occl usi on sensor 53 have values different fromthe val ues obtai ned
when t Hé PAPOSFEA dubd1ddriss insvalpedulie tHéd® dhiecid onThilkeis, the
correct direction.

installation state of the infusion tube 200 is such that the

health-care professional has mistaken the lateral arrangement
positions of the upstream side 200A and downstream side 200B of
the infusion tube 200 and installs the infusion tube 200 in the
N direction, the incorrect direction with respect to the infusion
pump 1. Thus, when the infusion tube 200 is incorrectly installed,
the drug is delivered in the N direction, which is opposite to the
T direction, the preset delivery direction of the delivery driving
unit 60.

[0039] Thus, as shown in Fig. 7(A) and Fig. 2, to correctly
install the infusion tube 200 along the T direction with respect
to the infusion pump 1, the health-care professional first visually
checks the drug containing bag display unit 151, which displays
the drug containing bag side, the patient side display unit 152,
which displays the patient side, and the delivery direction display
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And, one of the value of the upstream occlusion signal S2 fromthe
upstream occl usi on sensor 52 and the val ue of the downstream
occlusion signal S3 fromthe downstream occl usi on sensor 53, that is,

the valdue Qforf he 3downstheamrenaskesi,08nslgnahe SPrud Sid OOHSAY HNdd on,
utilized. By focusing on a tendency toward an increase inthe

i nt erna| ut the, i Sj t . e r ' t
check t Segg%\?\ﬁsékﬁeg%?bc% ug‘l{é(;r%irm r%:?&é?&( ebégnfl?%ﬁ@%%i?g%éi%g’n the
determ ne that the infusion tube 200 is installed in the N directian,
Che’ | nBHEEE GBS P OBaeT Bt StR) DRous  EHEr Bt TRt brb ki £y
of the infusion tube 200 and exanpl es of the contents of detection by
t he upSECEdMiodausizeh aendvrowZethdt Hed &l oviisiTicamtodd v torflis@isoron
53, the status and the contents bei ng obtai ned when the infusion tube
200 i s dipgtlalyl edhiitn 1tHe OR dilrectdeoninasand |aisigiateeddveFily. ThAp., The
contents of the detection are the sanme both during primng and during
del i vethypalth-card prikifiesS(oNal when gdE 4 idfrusiten dosier 200 Jidddlandeed
on the upstream side 200A as in case 1, the upstream occl usion sensor

52 det @gfes ih@@rsibhethﬂbemalorprmw&?ﬁkoﬁa@m@%f sa &l 861 200A0f 157
t he i nfusion tube 200 has decreased. e downstr éam Occl usi on sensor

53 det %fitd% t %%%ittﬁ%g%ﬁ%r B3 nREFRAHT E%BE bhEpAQWNS L é!sﬂ%% ch.gr% ;500

the infusidn tube as shown no substantial change (‘exce

very snmall_.change) or has decreased sli ly. The, upsiream occl uysi on
sendor o B EERe Ao MAARPe T FBEAT ST on Sohso NS THTHY RS Chritibicet
unit 100 in Fig. 5 of the contents of the detection. 0047] In Fi
9(A), WHERAHET Mudien I 1560 G a1 dtk &Y diranhed ez Sigehe

200B as in case 2, the upstream occlusion sensor 52 detects that the

i nt er ndlelgvesyurarettike dpsSPiesnsesdeor0 ofwhtilsd shbusi ohat ublee 20019
has shown no substantial change (except for a very small change), and
t he dowedtiveamn cdolassiiam sengdre 33 ddetesdtiort.hat the i nternal pressure
of the downstream side 200B of the infusion tube 200 has i ncreased.

The upstonaam occlafsicanvsensay bRe afehd e rdnSiHEaRG08EEPSA 9NSENSINT ,
53 notify the control unit 100 in Fig. 5 of the contents of the

detect i@Nch displayk FiHE EHA cohen Meid ity theydpsifeansids 2004

nor the downstream si de 200B of the i1 nfusion tube 200 i s bl ocked and
nor mal .nfysion. | q§£n% rj ?p i 3,: the S .
occl usidé%fpséﬁslg?igzl et e(}:lgg%tlj}ilg f%ésﬁfﬂee ﬁgﬁlé%rces'sls(%Jgr1'eao%gl {.lﬁ%%@llvery
upstream si de 203@ of. t he i nf.usi t ube 2 0&p . sho n subg%%?t'm
change CEFEERETT 61 SR AR SR driagd)h i Gh @ He st it
sensor 53 detects that the internal pressure of the downstream side
200B oflelfesinyf ddrertighe POOChHRSK sHmim o WHfbdndnesian EKRAgEOP ek asit
for a very small change). The upstream occl usion sensor 52 and the
downst riearheck|disiemt isansghes8onvect yditectom r gls dastribedi ab&ieg, the
of the contents of the detection. [0048]1n contrast, Fig. 9(B) shows
t he occeleaditor calrat pgodtsthienal operates the lever 5F to open the opening
and closing cover 5 to expose the bubble detecting sensor 51, the
upstream ccclusion sensor 52, the downstream occlusion sensor 53,
the first infusion tube guide unit 54, the second infusion tube
guide unit 55, and the delivery driving unit 60, as shown in Fig.
3 and Fig. 4.
[0041] Then, the health-care professional installs the infusion

tube 200 in the T direction aleng the first infusion tube guide

27



i nfusi on tube 200 and exanpl es of the contents of detection by the
upstream occl usi on sensor 52 and the downstream occl usi on sensor 53,
the status and the contents being obtai ned when the infusion tube 200
is instalitedd,n die N reddtbe e Jder eft, diHeGidbeA$ occlusion
illustrated in Fig. 7(B). In Fig. 9(8), when the infusion tube 200 is

bl OCke%e%otrh%Z,ugﬁér§@ﬂ§é9fhc§x?lt ﬁf_d-rﬂtc%%e éhet@&ﬂ%@%‘%éﬁe@cclusion

occl usi on sensor 52 detects e internal pressur

downst ream si 200 f the infusion tuybe 200, has_sho n

Subst art RO ohan g Bt sl LAEGERph b e AR Y "B seauent Ly,
downstream occl ysi on sensor 53 detects that the internal pressure of,

t he upsty SENVE; 4B BOBA of 2 RR T Hf foi FhS GBET200 ARY FhePbAdefOVIhe 15
upstream occl usi on sensor 52 and t he downstream occl usi on sensor 53

not i f y alifsesbritar slovigdi ttheorubb i@ gle®@finhesaisneritls dfhe ppostream
detection. [0049]In Fig. 9(B), when the infusion tube 200 is bl ocked
on t he cominstircearessde 2D0B has dornecageah, otheusipsh reeamaocéBystion first
sensor 52 detects that the internal pressure of the downstream side

200B ofirtfhesiioH wsiben gube 200thag, deseeasednd Ther @ovems tigsin Acicddision
sensor 53 detects that the internal pressure of the upstream side

200A ofs gt hgnnf Wsi g 4 200 -hag; Lperegged wlighthy if[?ﬁsyeﬁt{@@é“%oeo

occl usion sensor 52 and t'he downstream occl usion sensor 53 notify t

control ni.t. 1 i Fig.. 5 .of e,.cont.ents af_ the detectj.qn. .. In
0. (8 Hmah aieet ihe e PERIT 008 o R il iopn <

Fi g. en nel nor ownst ream

side 20Q0B of the infusion tube 2Q0 is blocked and nor mal ration is
boi g Do Ornodcan bh Al ErSy i 3R SotaerBnUBRs N0 salong the
detects that the internal pressure of the downstream side 200B of the
i nf usi 3n FHFEIOM Rys FHIM G hsusstlama sl BHangw (exédet0-for a very

smal | change), and the downstream occl usi on sensor 53 detects that

the i ntl&0d&] pr edSugr-e8df) t fleowp st peamisgdet 200 Adaffotchehienfubiohon uhdbe

200 has increased. The upstream occl usion sensor 52 and the

downst re&dm ecchuse ored ansahe53andént y trhiey.canen oshows tehE0the Frgg 1571

of the contents of the detection.
in the infusion tube 200 is being delivered in an incorrect manner.
In either Fig. 8(A) or Fig. 8(B), the infusion tube 200 is installed
in the N direction, the incorrect direction with respect to the
tube installation unit 50. The priming refers to performing a
preparatory operation in preparation for starting and to filling
a drug into the infusion tube 200 to prepare for immediate connection
to the indwelling needle placed in the vessel.

In the priming state before the infusion tube 200 is connected
to the patient as shown in Fig. B8 (A), the infusion tube 200 is
installed in the N direction, the incorrect direction as also shown
in Fig. 7(B). 1In this case, during the priming before the infusion
tube 200 is connected to the patient, that 1s, while the fast feeding

switch button 4B shown in Fig. 2 and Fig. 5 is being depressed and
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[ 0050] Thus, unlike in the case where the infusion tube 200 is
installed in the T direction, the correct direction as shown in Fig.
9(A) and Fig. 7(A), in the case where the infusion tube 200 is

i nstal lgd 10 drhe N rection tde {herieslg diHedd onas, oW dd unit
Fig. 9(3) and Fig. 7(B), the control unit 1900 can recogni ze that” the

downstr ocel usi senser; p3 dstechs a tﬁgg.e cy. 1,0 an.in e
in the 6:%(rilgeeorC%]lq[prtg{s.ésure fl—tﬁhelqﬁ] Sctsr}eo?]&I}u e thbnéﬂgcfb’o&hceagéu%}slo%
t he upstream.occl usion, case 5 of the dawnstream occl usion, and case
6 of TS TR 1T ort o Shoit (A Mt T i St B g e
9(B). In contrast, in a dashed frame 179 shown in Fig. 9(A),

t he i nt'@sidiean el 1o rdedesl o Ham ddse W freaie dowistirdamensor

occl usion but does not increase in case 1 of the upstream occl usion
or casel3 ¢md Heenatawlstindarsior:l 0051 |FHigqnall®3 sfzonf |thw dagrssmean
showi ng an exanple of operation of the infusion punp 1. In
step SEbdlnusHiah sdAsorhEes pankred ] wes Wi ¥Fe rehewnrbh W lgie Sodek ehBHRAEN
whet her the infusion punp 1 is in a primng node or in a nornmal

i nfusi emadeys\VBanttine healihieara1neaf egsinal gkeepsibhe fRStcorrect
feeding switch button, shown in Figure 5, depressed, the control unit

100 Ca'&iﬂ%tc%rj{gtrﬁgfst ?ﬁ%w%r'ﬁa iE’lfg“.SH?ﬂ)P!”‘EPcilliéiﬁ@ﬁ; & PLLA ?&E‘Pﬁf-unit

When the resu eterm™nati on indicates t’he T'nfusion punp

1is inthe primn.n e, the process shifts step. ST2 in Fig. .10
where t11e gc?%terr&lr%rﬁ”?&ﬁfot 9 dvvsfc%%o%qu?/eer%ﬁdrjisvilﬁbsﬁﬁﬁjtecgoﬂl ot]hé N
performa fast feeding delivery operation. Thus, the drug is fed into
the i nfdsst it e B60 WCHifrts sEe®cHion M shpimhtin ikig-s Ukmown
whet her the infusion tube 200 is correctly set as showm in Fig. 7(A
or incdOl&ctll y séthads ishownen ki grimiBp. 1s[oos2ied puwt éf ST Jinf U ign
10, the control unit 100 checks whether the bubble detecting sensor

51 is comte BG0usbyinetetiedgin hencbtibbliesct96ni nthbheinadiise on diees 2060
as shown in Fig. 8(A). In step ST3, if the bubble detecting sensor 51

i s contasnoiesiry idetreict. g Ahe die e 1190 1igp thiew nfrusd G ddiben2bug
the infusion tube 200 may be installed in the N direction, the

it neorr %t?&rrﬁﬁ?eq{z&goa% e g0 thel JiY Je dloving Pagkvwand yeugh
Consequently, the bubble detecting sensor 51 detects the bubbles
199 in the infusion tube 200. Thus, the bubble detecting sensor
51 transmits the bubble detection signal S1 to the control unit
1CO0.
At this point, when the control unit 100 drives the speaker
131 and the buzzer 132 to issue, tc the health-care professional,
a warning indicating that the infusion tube 200 is installed in
the N direction, the incorrect direction as shown in Fig. 7 (B),
the health-care professional can take appropriate measures to keep
the patient safe.
[C044] Furthermore , in Fig. (B}, when the priming before the

infusion tube 200 is connected to the patient is carried out by
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Thus, in step ST4 in Fig. 10, by driving at |east one of the speaker
131 and the buzzer 132, the control unit 100 in Fig. 5 can issue a
warning to the health-care professional to notify, by at |east one of

VOi Ce anfQUNCERNt hand1 8 War H e SHURGe &mgmger@érwelcam JPrebessionglen
that the infusion tube 200 is installed in the N direction, the

incorr%ﬁ&agbk%% ﬁoﬂn§§ ?@@gﬂﬁh%s%%%'dzgg)l fhﬁﬂ%@ﬁﬁkﬁgn hg?“ﬁ %Q@e 200

/ o]
heal t h-car € proféssiona ake appropri ate neasures: ring

war ni ng,,. the ni message. 300 sho in Fig. 11(A) is_ displayed on
the di 351%%}1%“? S BN B g 239 [7'833%] S5 REF RoRRSdiFrate
step ST3 in Fig. 10, _if the bubble detecting sensor 51 fails to

cont i nfsushy géeset LY Reohublht el oDl qth e 28CusiibAtEadeo Podr bising dlke
in Figure 8(A), the process shifts to step ST5 in Fig. 10. In step
ST5, t e ldommoldraminglo0itné®i g.hes conéckd whet heb0 t ey ifntesnaly on the
pressure of the infusion tube 200 detected by the downstream

occl usidawnrsanseim 53clastontd igidiIsky ek easidigndtresdnepcSIasi BnHdhsor
10, if the control unit 100 determ nes whether the internal pressure

of the gNidsiiony (e wOL,, daledad by ddg Lo a8 arel Usion {Rsor

53 is continuously increasing, the followng two cases are possible.

| ¢ "1 N4 i | int .
i oot {5 TS S ot o PadEl SE gt O iy plhd a0t des
4, 5, d.6 .i i.d. . . d . _the.infusi t ub
200" s SRRl P PRt A P St b Eha RO PSEE GFEEEA6R, Sass SHGAA
in Fig. 7(A). but downstream occlusion is occurring in the infusion
tube 2669-sed®ase 2 in Fig. 9(A)). [0054]In this case, the process

shifts to st%p ST4 in Fig. 10,
If the infusion tube 200 is installed in the N direction, the

incorrect direction as shown in Fig. 7(B), when the drug 171 is
delivered from the drug containing bag 170 to the patient P through
the infusion tube 200 as shown in Fig. 8(B), blood BL flows from
the patient P toward the drug containing bag 170 through the infusion
tube 200 in a G direction. Thus, the bubble detecting sensor 51
fails to detect bubbles and to transmit the bubble detection signal
S1 to the control unit 100.

(0045] Thus, the following tendency is exploited: if the
infusion tube 200 is installed in the N direction, the incorrect
direction as shown in Fig. 8(B), while the drug 171 is being
delivered to the patient through the infusion tube 200, the upstream
occlusion signal S2 frem the upstream occlusion sensor 52 and the
downstream occlusion signal S3 from the downstream occlusion sensor
53 have values different from the values obtained when the infusion
tube 200 is installed in the T direction, the correct direction.
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where a warning is issued which indicates that the infusion tube 200
is installed along the N direction, the incorrect direction, as shown
in Fig. 7(B) or that the infusion tube 200 is installed in the T

directimmn, the seréestvHideeld eReaspSPPMN I dtdibi o AigrRUt s2 from the
downst ream occl usi on phenonenon may be occurring in thé infusion tube
200. F I i gggs in Flg. ( '
di spl aﬁ%ﬁ%?cﬁs‘%@a@{ lr}ﬂel t ﬁflfﬁgdl @{E%aeld(;bon(%go H%m Wlli%%ream
drives at .| east one of e_speaker 131 and the byzzer 132. The
eal ¢ h Rt GG BTar oAROB L e T Sy S PEAdESonE SFnee b3t et
announcenent and the warning sound as well_as the warni ng nessage 301
on t he Xfi-spiig iite I /e VR TEAT RECHHE Hedd tdnalare3 1s focused
prof essional to take appropriate neasures. [0055] Referring back to
step SPh iamdriugiligedwhedyt hechelny prear depdeheysionakrdhas hotrease in
depressed the fast feeding switch button 43 shown in Fig. Sand the
heal t h-wtar dnpreafredsiparalsudepoEssas theustant taket 200 both t e 40 whoean
in Fig. 5 the control unit 100 determ nes that the infusion punp 1
is in tdineenghetRfusd %w@i@@%e@aﬂdo&ﬁhﬁbioﬁrQf@fﬁéEFSﬁTQhTeocéﬁgPoJﬁTx}nit
In step ST7, the control unit 100 in Fig. 5 alTows the delivery
drivin it -6 f.0 Lye p tjon i t
arug. e R o e 100 EnGake. ahat her- 1he® Fhedrim Tt
pressur, f the infusion tube 200 detected by the downstream
occl usiNgrﬁsréer?solro%S%ﬁise con Olrnrueocgtsch;/lriencgtrleoar%'i ng. Instep ST5 in Fig.
10, if the contral unit 100 determ nes_that the internal pressure of
the i nflifi%h t ubed 20028t ThUHF By St PeC HoWheR Pedmuscer ddionnsBAdeR BPe
i's continuously increasing, the followng two cases are possi bl e.
In a fid0 agesexammd 9miaisidie tabe 200 & idpiedtian iy thhe Npstrean
direction, the incorrect direction, as shown in Fig. 7(B). In a
second ccaseysitdre sarfagsi a1¥ tarse 1200 dewnmgistedn et dlnidien Batigactidn,the
the correct direction, as showmn in Fig. 7(A) but downstream occl usi on
i S occwtdtnG andt bRei 0dNSE00s tibdEn@ UMbt {36 Whet hhe €ASEsibhetube 200
process shifts to step ST4 in Fig. 10, where a warning is issued
whi ch iindigatas1thal ntiree imbusken itbuhea 200 1 gsd Mgt ah liedrabong (Ahe Mpe
direction, the incorrect direction, as shown in Fig. 7(B) "or that the
i nfusi S, i [ [ 1400, ;
i T oot TOR S s e RSP FA Y T shylC SO0 W p AR SIS Sha during
phenonggﬁp gsy be occurring in the infusion tube 200. The control
unit 160 driSes at | east one of the speaker 131 and the buzzer 132.
Furt hernore,_ a warni ng nessage 302 shown in Fig. 11(C) is displayed
on the displlay fdd-t %(%I)n MRED SLherpd Henl am-tdli%e Poriess et an vde
war ned by at | east one of the

upstream side 200A as in case 1, the upstream ccclusion sensor 52

detects that the internal pressure of the upstream side 200A of
the infusion tube 200 has decreased. The downstream occlusion

sensor 53 detects that the internal pressure of the downstream side
200B of the infusion tube 200 has shown no substantial change {except
for a very small change) or has decreased slightly. The upstream
occlusion sensor 52 and the downstream occlusion sensor 53 notify
the control unit 100 in Fig. 5 of the contents of the detection.
[0047] In Fig. 9{(A), when the infusion tube 200 is blccked on
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voi ce announcenent and the warning sound as well as the warning
message 302 on the display unit 3. The warning allows the health-care
prof essional to take appropriate neasures. [0057]1In step ST6 in Fig.

10, if theqabeakthesareidy 0bessi 90l c4969 ,nohe dBINESSN Béc%@ﬂ&n%@ﬁwr
button 4C shown in Fig. 5, no subsequent operatlon is perforned

After tfie warnidg ﬂl‘?‘a&fe:cz%e ridt’?sa]%{a%p prks | ng h= tﬁgﬁ tcif%u r@tél% 'foolA

per f or med. ove, accor si on punp
f the fi di. f t th | th-c
o1 of os&iloridle, 5By iGN K§SPne PnfaS: SROYDDES Set Tt PELT br 1S oy LARE®

in setting the i nfusi on tube, can visually check the u strean15|de
and t hé Yorn¥Erdafmsilde CHENERE | APGsFBA FAWRSTTRAR OFRIHeRN 13RI E 53
prof essional is prevented frominstalling the i nfusion tube in the

i ncor r gistt editrechiagntaar ingernst adresswre off ttihe detositomamupéde 2008 of
allowing the drug to be correctly delivered fromupstreamside to
downst rgamisfdeioh tuie PADUSE DdntwkesadongTheigarteseim detivet yn sensor
direction. [0058]Fig. 11 shows exanples of the warning nmessages 300,

301, ane 302 dhsphayedt e8ahhecdli $9lay d8Hdo8 53NnbikdfySehdheosht 861 ahit
unit 3 in Fig. 5 is an exanple of warning neans for displaying the

cont ent;g0f; .2 RS NigNG, £ G %@H%t}/@rﬁt% giﬁ‘?ié -G8 € professional

when the infusion tube 200 i s set ectlion (opp05|te

direction) , t?@ rect di rect.i.qn e warni.n qh
shown in Figd I a(n Wehxea eeltgloerrr etshpeonu Shcr a5n f’nl%};%orsﬁ 'Qcce,

in the é@ﬁgtrr gﬁpgt%ﬁ%fg}éb LB 951 EL1 09 5805965, S9ntintously
infusion is being carried ocut as in case 3, the upstream occlusion
sensor 52 detects that the internal pressure of the upstream side
200A of the infusion tube 200 has shown no substantial change (except
for a very small change), and the downstream occlusion sensor 53
detects that the internal pressure of the downstream side 200B of
the infusion tube 200 has shown no substantial change (except for
a very small change}). The upstream ccclusion sensor 52 and the
downstream occlusion sensor 53 notify the control unit 100 in Fig.
5 of the contents of the detection.
[0048] In contrast, Fig. 9(B) shows the occlusion status of the
infusion tube 200 and examples of the contents of detection by the
upstream occlusion sensor 52 and the downstream occlusion sensor
53, the status and the contents being obtained when the infusion
tuke 200 is installed in the N direction, the incorrect directiocn,
as illustrated in Fig. 7(B).
In Fig. 9(B), when the infusion tube 200 is blocked on the
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The warni ng nmessage 300 is displayed on the display unit 3 when step
ST3 in Fig. 10 shifts to step ST4. The di spl ayed warni ng nmessage 300
is "primng error: check whether the infusion tube (infusion |ine)

200 i s jhst-aldediidge bReaoRRosk tes LU rectkingny) FSE9@§%13951M§{8hr§bnsor 52
message 301 shown in Fig. 11(B) is an exanpfe correspondlng

error g whi ?tha@ EFS ?B‘c%%ﬂgl S s 10e dovmat gg%{iﬁ%%(él S5 Pde P00 o

53 continuously reac tr'eam occl usi on e | ntust on

200. Th ness i S Iaye n the . display unit 3 whe
step SPPS ARG LoTotaRRr 2L0Vies ST POSEaptaTe, CAALo: Lirceh tor
war ni ng message 301 is "primng error check whet her the infusion
tube (ienFasy&alinehange r@ﬂ@@baﬂQﬁﬁﬁWFQ$%O§§bB§FPé&ﬁﬁ%@%ﬁé@%ﬁﬁ?ts
whet her downstream occl usion is occurring” The war ni ng nessage
302 shawat hhéEiigitdd(ad) prssanrexanphe nmtzeemrs;didaath)@Awf ehedmiusion
whi ch, during normal delivery, the downstream occl usion sensor 53

cont i nuatisd ponenaksihordewnst r eaa ag@itisi=on cek-1uke onnbEfEeR $RbenRChhe
The warning nmessage 302 is displayed on the display unit 3 when step

ST7 i N Jelubhs th@ bbbk ukiidnSsERs SFS 3 QottieR SH4. cdherdi spliay edowes niing

nmessage 301 is "delivery error: check whether the infusion tube

(i nf u5|5og) t'?;[ee) c%Quocénsclé N aldedidin dihg,opposite direction and
ownstr

whet he eam occlusion'is occurrlng" [ 0060] Fig. 12 shoms an

and F 300% 5 ot & on e aAESF0t06 LRASECLRE BRor ot 11y: ot L ot

punps can be S|nultaneouslg used as necessary. The infusion punp 1
aIIomstﬁﬁ%dPﬂ?ﬁEF%ﬂmtqﬁﬁ? 200B as in case 5, the upstream occlusion sensor

52 detects that the internal pressure of the downstream side 200B
of the infusion tube 200 has decreased. The downstream occlusiocon
sensor 53 detects that the internal pressure of the upstream side
2002 of the infusion tube 200 has increased slightly. The upstream
occlusion sensor 52 and the downstream occlusion sensor 53 notify
the control unit 100 in Fig. 5 of the contents of the detection.
In Fig. 9(B), when neither the upstream side 200A nor the
downstream side 200B of the infusion tube 200 is blocked and normal
operation is being performed as in case 6, the upstream occlusion
sensor 52 detects that the internal pressure of the downstream side
200B of the infusion tube 200 has shown no substantial change (except
for a very small change), and the downstream occlusion sensor 53
detects that the internal pressure of the upstream side 200A of
the infusion tube 200 has increased. The upstream occlusion sensor
52 and the downstream occlusion sensor 53 notify the control unit
100 in Fig. 5 of the contents of the detection.
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200 to be horizontally installed along the X direction. Thus, the
plurality of infusion punps | can be nore easily laid on top of one
another in the up-down direction and is thus nore conveni ent than

i nfusi am GBOJPS OfrHa CORYANLIOR A tﬁérét%é”uﬁtéﬂe \t!rttecttntsttelbﬂfeebenzwqes
is install froman upper side to a lower side in the vertical

di rection, atlg%gdll @ecgfgeﬁetréatv Jand s eée | BLEAAOI NS shoyn in

above- descri can ‘be 'various ange

and ca be Vi r| sSco f the i vent| n set_forth i t
i o T8 SR E el GdRan oRsRe Gatertiege: o airioie Libe ho
enbodi nent  of the present invention, a surface of the infusion tube
set di reciehadilesl ap tREtN THoraris Ahe theudnEBKESEHI AgTBEG AR PP Arown
unit 151, disposed on one end portion side of the opening and cl osing
cover 5;1Ehe-p&t$eﬁﬂxtﬁde.d?$@}ayﬂthDnL52; dnspodEt cen rhecgnhze tErad
portion side of the opening and closing cover 5, and the delivery

di r ect itore dicsplsayresectdarndhihn werdvrdefi nidiad ot showserdency toward an
direction, as shown in Fig. 2. However, the present invention

i s not jlrid¥ided i@ thiSi6OREhEUNaEs o0 rd her iHeushon stiwher et oo est ion
di splay unit 150 maybe di sposed on the main body cover 2 side except

for theonenjng and ﬁt@%lﬁycr%%he Vero R ALer than en e

arrangenent posi tion o %e In USI on

openi ng a 0si ng cove
t ube set |rect|on 3P u 150 ma tlonall el ected
Furt hor i8S PRALEPOR € e TR TAP TR T DAL St &7 GRCLTab0 Srded
an "arrow' on, faor exanpl any of the inner surfaces exposed when

the opdhdf§ akd dModiLty SOV i s opened, for exanple, at a position

above the bubble detecting sensor 51 in Fig. 4.
In contrast, in a dashed frame 179 shown in Fig. 9(A), the

internal pressure increases only in case 2 of the downstream
occlusion but does not increase in case 1 ¢f the upstream occlusion
cr case 3 of the normal infusion.
[0051] Fig. 10 is a flow diagram showing an example of operation
of the infusion pump 1.

In step ST1 in Fig. 10, the control unit 100 shown in Fig.
5 determines whether the infusion pump 1 1s in a priming mode or
in a normal infusion mode. When the health-care professional keeps
the fast feeding switch button, shown in Figure 5, depressed, the
control unit 100 can determine that the infusion pump 1 is in the
priming mode. When the result of the determination indicates that
the infusion pump 1 is in the priming mode, the process shifts to
step STZ in Fig. 10, where the control unit 100 ailows the delivery
driving unit 60 to performa fast feeding delivery operation. Thus,
the drug is fed into the infusion tube 200 at high speed. At this
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In the exanple illustrated in Fig. 1 and Fig. 2, the infusion tube
200 is installed in the tube installation unit 50 along the T
direction, which is the horizontal direction. However, the present

i nvent i A4S nat 1d Mdiehd0 it th CONfHIUatiLbn RAlbexaPl & ddierddibe,
install'ation unit 50 may adopt a structure in which the infusion tube

200 is i | Ny L di . o i . q

200 I SAdeLelLaduh v e g B SRR o AERLAN. 5 a8l 0oL AEhlS dpYGHT )
det i ned .. [0 Nowy,. d enbodi t,

fescr i BOD 24 DeacriDEF R 0 ¢ e Sopid AtE SOnHt Gurdtior0 checkegpthoy

is a diagram show ng an exanple of an external configuration of an

i nf usi GHSHRRPC Y0 dedCSTdintyS oS AL Secbh GOBMBOYPMSAY L SH: EM ARe bubbles

i nfusion tube 72 froman infusion bag 71 is fixed in the correct
directil®® iThahei snfhmichetdesc?Pptavmimsiown &1gi.gbt{Asi-delnfserd roht,
surface of the infusion punp 70 according to the second enbodi nent
corr espdndshd b psiateamisigesdr gsfnsilon dagrsi ide)ousA  efdtsitdienpfthe
the front surface of the infusion punp 70 according to the second

enbodi MRIMLIGY respands o i doynst neain sicle, (Rt i etuside)cue®00 may
delivery direction is fromright to left. As shown in Fig. 13,

an infysi qn bag 12k g,jjtphg tprcﬁgeéce{ifg eqd Hd uidoredigl H?réggﬁ’gg‘,)?%g&dthe

therein I1s connected to a de Ivery-direction upstream si

infusion tu 72, Furthernmore, .an ., nfusiqn cl (cla menber) 77
and a \figfiurrfI |ct;lﬁ7nlctmtj51 rye%r?eﬁoé” 7 & ]%woanrnec%erdD L{ggm:}tdbeellin\r;‘;‘;(;urs’yl-o | rece“gﬁel atC
downstream side of the infusion tube 72. The vein puncture needle 78
is stuck intd%e JFaticERt °LAveR nf Bhd M raded RIS et l §PFEWPRRELE the
fluid nmedicine_in the infusion bag 71 to be infused into the patient.
As shovpsakes ¢3118ndj phe Ha13 3w g GhRpcaeebedi Wel & d GhdnpFégen? can
enbodi nent, the infusion tube 72 is accommobdated in the horizontal

di rect iigruwnd thusipgevented heehtbernagef prdédsevenabhen mothefy, by at
medi cal apparatuses are installed above and bel ow the infusion punp

i n proXiddstyohberfetvoickCRhdantmit anafaneraf nghesund ushemaquh-are

i ncl udes a door
professional that the infusion tube 200 is installed in the N
direction, the incorrect direction as shown in Fig. 7(B). The
warning allows the health-care professional to take appropriate
measures. During the warning, the warning message 300 shown in Fig.
11 (A) is displayed on the display unit 3 shown in Fig. 2.
[0053] On the other hand, in step ST3 in Fig. 10, if the bubble
detecting sensor 51 fails to continuously detect the bubbles 199
in the infusicn tube 200 as shown in Figure 8 (A), the process shifts
to step ST5 in Fig. 10. 1In step ST5, the control unit 100 in Fig.
S checks whether the internal pressure of the infusion tube 200
detected by the downstream occlusion sensor 53 is continuously
increasing. In step ST5 in Fig. 10, if the control unit 100

determines whether the internal pressure cf the infusion tube 200
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unit 75 that covers a delivery unit 73 in which the infusion tube 72
can be installed in the horizontal direction, and a user interface
unit 80 di sposed above the delivery unit 73 and the door unit 75.

[ 0064] The. HoQtq Wy t S dSusonnest eshd Dud igh deliver s inid I3h@tndously

hi nge 74 and configured to be openable and closable in the direction

of 1 A IAenmecandel naed ) nbe sedom, deseiion)  [005e] The

user it s an operation u A and a display

unit BOB. The operati.on unitdggA includes operation swtches via used

Lo i nput varibis e AiA (ot By HHE Ridt TRy Onts T ForL el T er

and to give instructions to start and end delivery and to_carr¥ out

prim ng' &1 B Iqike Eignd NEOFERET SUFFICE 1Rt 88 Bbeunt sngF¥e- ah(B) (see

instruction to power the infusion punp 70 on and off.

[ 0066] Aaadterdore, arhk digplBygun? tBIBOB di spl ays the various set

val ues input via the operation unit 80A and the delivery status of

t he deliveryrruni tseEdnd @664, | RhkhenifnsishooupenpofOist hestiSETed in the

interface unit 80 is
T direction, the correct direction, as shown in Fig. 7(A) but
downstream occlusion is occurring in the infusion tube 200 (see
case 2 in Fig. 9(A)).
[0054] In this case, the process shifts to step ST4 in Fig. 10,
where a warning is issued which indicates that the infusion tube
200 is instelled along the N direction, the incorrect direction,
as shown in Fig. 7(B) or that the infusion tube 200 is installed
in the T direction, the correct direction as shown in Fig. 7 (A7),
but a downstream occlusion phenomenon may be occurring in the
infusion tube 200. Furthermore, a warningmessage 301 shown in Fig.
11(B) is displayed on the display unit 3 in Fig. 5. The control
unit 100 drives at least one of the speaker 131 and the buzzer 132.
The health-care professional can be warned by at least cne of the
voice announcement and the warning sound as well as the warning
message 301 on the display unit 3. The warning allows the
health-care professicnal to take appropriate measures.
[0055] Referring back to step STL in Fig. 10, when the
health-care professional has not depressed the fast feeding switch
button 4B shown in Fig. 5 and the health-care professional depresses

the start switch button 4C shown in Fig. 5, the control unit 100
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di sposed i ndependently of the door unit 75. Thus, regardl ess of
whet her the door unit 75 is open or closed, the user can view the
di splay unit BOB and performvarious operations via the operation

uni t 8%t41@&@&]m\ﬂatatﬁen{ﬁﬂ%f5ﬁ W 1t e ﬂ@leh\éemsrhaautl@ugioﬁ Weode

i nfusion punp wi be descrlbed Fi'g. 14 is a diagram show ng an
extern o] usj.o 70, with the door unit 75
open a%dmc S{}h % u5| of éencioerfgotv eref rom [0069] In the door
unit 75 in

: : e reference, nuner 8.7 denot oor  base
ot at { onal |\ geEH %ﬁ?oﬁﬁi@c‘f@atlf% 13T R 080k TS 58 Toh s haSa vy
unit 73 via the hinge unit 74. Hence, the door unit 75 is freel .
openabldélaﬁ@%W@ééEb%Q wWptpeY R nogMEHe dgelivesyyonarat¥sn o I
reference nuneral 85 is a buffer plate nmechanismthat supports a rear
surfacehsf drha . nflosiserpt §6e, Mier thetireflusinan fle checpseshedhley the
peristaltic fingers described below while the door unit 75 is closed.

86 i s aroeeiisi prqyasserodlatie idmisisandwimhes) d hieedaddisd oy tathe
bet ween the occl usion presser plate and a occl usion sensor descri bed

bel ow \er%ttﬁ%nd@e&lughbﬂs%ds%rcbQa%dcoﬁgw%ﬁglm%%ds\ﬁfgv URhtstfd

in Fig. 14, the reference nuneral
STS5 in Fig. 10, if the control unit 100 determines that the internal

pressure of the infusicon tube 200 detected by the downstream
occlusion sensor 53 is continuously increasing, the following two
cases are possible.

In a first case, the infusion tube 200 is installed in the
N direction, the incorrect direction, as shown in Fig. 7(B).

In a second case, the infusion tube 200 is installed in the
T direction, the correct direction, as shown in Fig. 7(A) but
downstream occlusion is occurring in the infusion tube 200.
[0056] In this case, the process shifts to step 3T4 in Fig. 10,
where a warning is issued which indicates that the infusion tube
200 is installed along the N direction, the incorrect direction,
as shown in Fig. 7(B) or that the infusion tube 200 is installed
in the T direction, the correct direction as shown in Fig. 7(A),
but a downstream occlusion phenomenon may be occurring in the
infusion tube 200. The control unit 100 drives at least one of the
speaker 131 and the buzzer 132. Furthermore, a warning message 302
shown in Fig. 11(C) is displayed on the display unit 3 in Fig. 5.
The health-care professional can be warned by at least one of the
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otes a housing path in which the infusion tube is accomobdat ed
ich has a channel structure in which the infusion tube is
and kept horizontal fromright end to left end thereof as

i il arnkfbud Q21T d &fify 8NEe IMYTY Al 96, Sy 1SeNs A Chaelng

ncl udi ng a bubbl e detecting sensor” (not shown in the draw ngs)

' I it ' ; I it 96, th
%1§%%' |z%ﬂ§2%L3¥H%g%é%g%ﬂgQ%Hggﬁ%:e?§%:Héqﬁggﬁsﬁﬁgbkﬁbghﬁsiﬁg
[ the |ike. [.0073]T f : | 93
PR R g F ARl o T SRR TSR B 10 835
d in the delivery direction and se uentiallgtpressing t he

dY Gde. [ JO7ALTReSTEf bR e A¥eddl the hea bt lyeed 1R ik esfdgmal

ing a pernmanent nmagnet and a pickup for detecting the anmobunt of
oesf ncie dearmeste ritharegreatt igvidiwhadaltogpmettherhowrhelrodtlausifon no
91 detects a bl ocked state by detecting the anmount of novenent
suersEnenit opgrationhl €lparfasidd r agpemnseht ararrcihande ifsued in
al pressure associated with the bl ocked state of the infusion
step ST4, no subsequent operation is performed.

As described above, according to the infusicn pump 1 of the

first embodiment of the present inventiocn, the health-care
professional, by viewing the infusion tube set direction display
unit in setting the infusion tube, can visually check the upstream
side and the downstream side of the infusion tube. Thus, the
health-care professional is prevented from installing the infusion
tube in the incorrect direction during installation of the infusion
tube, allowing the drug to be correctly delivered from upstream
side to downstream side of the infusion tube along the preset
delivery direction.
[0058] Fig. 11 shows examples of the warning messages 300, 301,
and 302 displayed on the display unit 3 in Fig. 5. The display unit
3in Fig. 5is an example of warning means for displaying the contents
of a warning to visually warn the health-care professional when
the infusion tube 200 is set in the Ndirection (opposite direction),
the incorrect direction.

The warning message 300 shown in Fig. 11(A) is an example
corresponding to an error in which, in the priming mode, the bubble

detecting sensor 51 continuously detects and reacts to bubbles.
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[ 0075] The reference nuneral 82 is a tube clanp holding unit that
hol ds a clanp attached to the infusion tube and which applies a
pressing force for tenporarily closing the infusion tube under

Pressurgye tQ e £ g ARes e Joprs diiled Brl S HPEMEG 144 ARi&] H&ihen
tube clanp holding unit 82 is configured to be able to detect that

e S AL £6, 11 st o R been ek TR LTS

Qeterninagion of e ion tubeis

| over PEAEAE 68 diod Ao ad B eslig RS i A e

i nfusion tube by the tube clanp holding unit 82 and to rel ease the

addi t i oA YWressilig lord® (thatngt@llathddl thie gRRaSSrS Adedtdaii’e of

the infusion tube by the clanp). [0078] The tube clanp holding unit 82

may be [E&HI]gur edhcowbeniablrecs paget3@dt shben irh€igl ahb(R tisched:tample

t he i nfusion tube has been held. This may all ow determ nation of

\;\get hercoarr axdioridieng MfausHrore inde dirs whisthgl lied the tde minfdisicae ,puwne

| downstream occlusion sensor 53 continuously reacts to downst;eam

occlusion of the infusion tube 200. The warning message 301 is
displayed on the display unit 3 when step ST3 in Fig. 10 shifts
via step STS to step ST4. The displayed warning message 301 is
"priming error: check whether the infusion tube {infusion line)
200 is installed in the opposite direction and whether downstream
occlusion is occurring®.

The warning message 302 shown in Fig. 11(C) is an example
corresponding to an error in which, during normal delivery, the
downstream occlusion sensor 53 continuously reacts to downstream
occlusion of the infusion tube 200. The warning message 302 is
displayed on the display unit 3 when step ST7 in Fig. 10 shifts
via step ST5 to step ST4. The displayed warning message 301 is
"delivery error: check whether the infusion tube {(infusion line)
200 is installed in the opposite direction and whether downstream
occlusion is occurring™.

[0060] Fig. 12 shows an example in which a plurality of the
infusion pumps 1 shown in Fig. 1 and Fig. 2 is mounted on a stand
70 so that the plurality of infusion pumps 1 can be simultaneously

used as necessary. The infusion pump 1 allows the infusion tube
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[0079] The reference nuneral 92 is an infusion tube
opposite-installation detection unit (described belowin detail). 98
is a lock/unlock lever that holds and rel eases the infusion tube in

and fromd H_% ﬁ@fﬂ@ﬁﬁbrﬁﬂvﬁ)ﬂy@%@éﬁ‘édﬁ&%baﬁﬁ@& Q@E%%‘tﬁ%ﬂ.unﬁuén the
order to maintain a state in which the infasion tube is held in the

i nf usi it e-jnstal i i i .2 t ennyv.
the in us%%gr?e"ttﬁggj%[leg@r%%nlng%ef%és%n%%%g%laﬁ & nPOF? of
attraction unit such a magnet and an.attracgted unit, respective.ley,
whi ch &Y 400 tBEdh 10t HOF PB-KEEB CREAOOPPURRE 75 TFosdierqinvenient
attraction unit 88 and the attracted unit 97 are configured to allow
det ect iTGRTO A IRET BIRROIOR He GRTTHREE I G urit T EHd thel at't gt ddhe
unit are attracting each other. This all ows determ nation of whether

t he dodmiysitor7g udfe titve iinsftuediled guwpm 20 bpprepenide tbozebowsd8 wEde bien
a hook and 97 may be shaped to engage with the hook. [0081]Fig. 15 is
a bl ockH# agrramaefl ati red@citari.c systemin the infusion punp according
to the second enbodinent. [0082]In Fig. 15, reference nuneral 600 is

a contrglogani t Whirgh dridl Sirha il & ApRar atius: @i whigde i ncl udes

a mcroprocessor, a storing prograns that are process procedures

oo e B RIS e el e oMLK B B B0 0,
83-5. Vhen Lheperlghalt LS ehinoghs 83u0c 0r83n8 ALSa¥ el call Ve Sy e,
the claims.

In the infusion pump 1 according to the first embodiment of
the present invention, a surface of the infusion tubke set direction
display unit 150 has the drug containing bag display unit 151,
disposed on cone end porticn side of the opening and closing cover
5, the patient side display unit 152, disposed on the other end
portion side of the opening and closing cover 5, and the delivery
directicn display section 153, which definitely shows the T
direction, as shown in Fig. 2.

However, the present invention is not limited to this
configuration. The infusion tube set direction display unit 150
may be disposed on the main body cover 2 side except for the opening
and closing cover 5 rather than on the surface of the opening and
closing cover 5. The arrangement position of the infusion tube set
direction display unit 150 may be optionally selected.

Furthermore, the infusion tube set direction display unit 150

may be an "arrow" on, for example, any of the inner surfaces exposed
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to press the infusion tube in turn, the fluid nedicine in the
i nfusi on tube can be delivered fromright side to left side of Fig.
14. Reference nuneral 602 is a bubble detecting sensor disposed near

the sengRm WHd Hedihdia eilds iy dedeet mheidisled herd nflsignd ubg
accommpdated in the sensor channel  unit 96 is filled with the fluid

medi ci re.m | i ﬁﬁﬁy eq [4 - ner al
oper at {b;%nsq&rlo@c%%g}ay% (r}rrpétrjﬁg’l a o%tsaqeg%z%ﬁlﬁgggs con lc:ag5ulr ajtq?gﬁﬁﬂ@ Ig’f be
descri bed bel o [0084] Firs t he door. unj.t 75 of e infusjon, .
7015 openod™ SHEORRRAPEEn: bHHF ST hé 1Pabk Tibiiche r nfbe G B
in housing paths 84a, 84bh, and 84c is perfornmed, and the door unit 75
i s cl oded® SWsdGudRreItylleRe 1poBr SupPpl ynNShRt LAT ANt Weluse? along the
interface 80 is operated to power the infusion punp 70 on. Then, the
cl anp 77 digregpermed, winidh hes prhianhmy isasgntehl ptiovdaiedron Hheegper atthen
unit 80A is operated. As a result, the control unit 600 controllably
dri ves gresadrt vimgenitnidn 60 reotd dimivesd tthe tpeird stalftiiquddtnigars 83+l
to 83-5to fill the fluid nedicine fromthe infusion bag 71 into the

tube 72xdn}085] SuRsaquantinst M€ oH ewing ShenBpeididion WituBWe in
the operator operates the operation unit 80A to set the flow rate of

i nfusi gﬂi&% tZ%%ie&n%hgﬁoEfﬂ:gBé 200 itéﬂ%%g%;igtreofgnfwédlé@%ﬁ irection

i nfuse termne a driving perio e peristaltic fingers

83-1 tq 83-5). Then,. the, operator.sticks the vein punct edle 78
into the ﬁast iSht Ve déjﬁp woaprecgr)a et l%ee i UGG At LHSCFV&)PF gtho otﬁnef he
operation unit 80A”C1008§JD%§ing this infusion process, when the
bubbleqﬁﬂQ§RQQﬂT side Z200B by & predetermined angle.

[0062] Now, a second embodiment will be described.

[Description of the apparatus configuration]

Fig. 13 is & diagram showing an example of an external
configuration cf an infusion pump 70 according to a second
embodiment in which an infusion tube 72 from an infusion bag 71
is fixed in the correct direction. That is, inthe descriptionbelow,
a right side of a front surface of the infusion pump 70 according
to the second emboediment corresponds to an upstream side (infusion
bag side). A left side of the front surface of the infusion pump
70 according to the second embodiment corresponds to a downstream
side (patient side). The delivery direction is from right to left.

As shown in Fig. 13, an infusion bag 71 with a predetermined
fluid medicine accommodated therein is connected to a
delivery-direction upstream side of the infusion tube 72.
Furthermore, an infusion clamp (clamp member) 77 and a vein puncture
needle 78 are connected to a delivery-direction downstream side
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sensor 602 detects bubbles or the occlusion sensor 91 detects
occl usion, the warning nessage is blinked on the display unit 80A and
t he speaker 603 generates an alarmsound to notify the operator of

the bubiH 50{nthe:0aCUsd 9n.. [ BR8AMIY eawnekwrackeedi 897d @ st beusgcand,
enbodi nent, when an instruction to start infusion is given, if the

| nfusiqn,d cﬁ)&%%tiu eo%izn’g_im%?;[{)%%&?n t r:é:if)r%% Hﬂilbggghgefflﬁétr{%}ﬁtcine

t he infusi 'S ins posite "direction,

war ni n sage is .al so blinked on the display upjt 80A and the
ko TBO St st Db n i SPnr BOHAC fOBPABPEL BAhbERFy e shown
surroundi ng personnel of the bubbles or the occlusion. [0088] The

det ect ii8hF8¥ - difbbt BNy p Fies bom FUEPRE et ¢ Hep senss? PEoserAERAiment,
detection of occlusion by the occlusion sensor 91 are wel | -known and
will tHies dotfuse cedgebiebdd ila decairodTnedsin uicherkeo mmppra hal jptectofon
the infusion tube opposite-installation detection unit 92 wll be
descri hed bhedww.p {8088 dd & rdhd ()1 rehainsl ddie evedratwrom etheee mddiecal

i nfusi on tube opposite-installation detection unit 92 according to

t he secid erdiodidrente ant e ddfdsded dibae e di Usd Qi 13 ump in
opposite-installation detection unit 92 according to the second

enbodigﬁQ;- i8¢l ose contact with a heater 400 and a
t enper tufg'sgﬁzors (thermistors) 410a and 410b when the infusion

tube 72 j | aced, i _the housing t.hs .84a, .84b, and-84c S ,shown,in
H o 1e0TE e e oo P e B A S QB
bet ween the _heater 400 and the tenmperature _sensor .410a i s the sane as
a di st &fde et Woéh FRECREaR 1 YDt Bhd e CedpPelatGRethe elidldrs yapy-ube

Furthernore, the heater 400 incorporates a thernostat, and once a
preset Hargetos epper bl eddn she bachegntadi Mt Be 76l ehe 2REpEFaE U erface

unit 80 disposed above the delivery unit 73 and the dooxr unit 75.
[0064] The door unit 75 is connected to the delivery unit 73
at a hinge 74 and configured to be openable and closable in the
direction of arrow 76 {opened and closed in the up-down direction}).
[0065] The user interface unit 80 includes an operation unit
80A and a display unit 80B. The cperation unit 80A includes
operation switches via used to input various set values used by
the delivery unit 73 for delivery and to give instructions to start
and end delivery and to carry out priming or the like, and a power
supply switch used to give an instruction to power the infusion
pump 70 on and off.

[0066] Furthermore, the display unit 80B displays the various
set values input via the operation unit 80A and the delivery status
of the delivery unit 73.

[0067] In the infusion pump 70, the user interface unit 80 is
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[ 0090] The i nfusion punp 70 according to the second enbodi nent feeds
the fluid nedicine in the tube 72 fromright side to |left side of
Fig. 16(a). Thus, when it is assuned that the tube 72 fromthe

i nfusi on KRGl iiricsRinddhttiRe Jkusl aBoRUNRIE076N theuLorF@fdrdless of
direction as shown in Fig. 13 and the peristaltic fingers 83-1to

83-5 arf kk%?%h%pdgbﬁrhn%€e¢5nﬂs {yéﬁldf %l%%% CIE?S Eggrf+é%cblew(}he

medi ci ne fl ows snooth rough th |nfu5|ontu as IlTustrate
by arrow 450 shown eater

> SR I, BB me%ﬁpév%a@gf&t%ss SRR R e

circular arc, and the tenperature sensor 410b positioned downstream
of the‘Wéét@\'OAAtOO can detect an increase in tenperature. However, the
tenperature sensor 410a positioned upstream of the heater 400 fails
to det d&X0&3He i ndlarase iqenifdpuradiiipre cforthey gle lifvamnpsyidt vk oferddey
410a can detect the rise, the degree of the increase is | ow. Hence,
when t enyfersdtaur esinge7écwedll biye tdves ¢ eitpat at drie .s@Asos sa A 0ay md Ahing
are denoted by Ta and Tb, respectively, Fornula (1) holds true for a

thresheld ekterh21- chabiGllraftQ@21b@nthbeipEhei ohapempi 10] Svass WM door
t hat feeding of a fluid nedicine is started with the infusion tube 72

connectgd «t g he, acItH PhPaHFBA I dfie MU RN dHER £40q N the

opposite |rect|on inthe lateral direction as shown In Fl gure 16( C)
or that stream.qccel Y S|onhs curr t hi.s

i nf usi o[n 03’%3“71 ?% ftu % he' atI u7|%g lﬁrlegeﬁ nelrha{n(:tk?l )%}gﬁeétrené:e 051 e|roanl
hi gher t he i nfusion 10. Thus,. .even V\/n n feedl t he

flui d %%%nﬁete&yau%%%r%ﬁ%%w e&%%t&ﬁ jain
achi eved by the infusion punp 70 is | ower than a flow velocity in

Fig. 16@sY BRsEhed faowhRayest Bpry THUSE Pnvifihatdinge Whéh The Heacs,
400 is driven to generate heat, the heat propagates as shown by a

ci r cul aheadooim uFilg. 726(6) frEalyhbgenalsée andi ¢ Yes@Enbe Wwith emraetturte

bet ween the tenperature sensors 410a and 410b is snmaller than a

di f f er emee del ikegy 16(ih) .73Thus, the following relation in Fornula (2)

is established. Tb - Ta < Th(2)
[0070] The reference numeral 85 is a buffer plate mechanism that
supports a rear surface of the infusion tube when the infusion tube
is pressed by peristaltic fingers described below while the door
unit 75 is closed. 86 is a occlusion presser plate that sandwiches
the infusion tube between the occlusion presser plate and a
occlusion sensor described below while the door unit 75 is closed.
[0071] In the delivery unit 73 in Fig. 14, the reference numeral
84 denotes a housing path in which the infusion tube is accommodated
and which has a channel structure in which the infusion tube is
housed and kept horizontal from right end to left end thereof as
shown in Fig. 14.
[0072] The reference numeral 96 is a senscr channel unit

including a bubble detecting sensor (not shown in the drawings)
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[0092] Thus, it is understood that the opposite installation of the
i nfusi on tube or the downstream occl usion can be detected by driving
the heater 400 to generate heat and detecting the tenperature both on

t he Upsﬁrs%ﬂﬁséd 4 ands e downgtireamn siidey afhd hes st efhadR093]nkhe 96,

heater 400 and the tenperature sensors 410a and 410b are fixed and

ar rangeq, at, ,aayal oL pLEef vAa tsseolf&{]ll E%E%E?ng?"@@ﬂbﬂééVj%ﬂthtehfr&ﬁgé‘%& AR

generates a constant anobu eat per unit tine. € Vo

heat ed fl.ui d di ci ne increases consistently with the flow rate.

Thus, 45 Gibit & BEHBed THatc 1 HE'S HrdSHol d Th depends on a flow rate
set by the operator (the amount of fluid nedicine fed per unit tineg;
al so réff&rHd t o T tFe FISBW S SVBCIERY PR tAe? i PR iTFCtabeIn fdtudidg
the threshold Th nmay be arithnmetically determned fromthe flow rate
set by & e wpdrddtvorof areattar i ired hweans &encitiy 8B pr extagrest Jrodkp
table. [0094][ Description of the process procedure] Now, a

pr ocessigirioeadurd efcttiven cont radqueritti 800y frore ddieng nfhesiionf ysuingm Aibe.
according to the second enbodi nent will be described with reference

to a flgwh@grt i mid geféfenbetnuddr $hows i BroeesuRd o#as&hedr duic MEhg
a delivery start switch on the operation unit 80A is operated. Not

only t epgfﬁ$§5891ﬁéﬁﬁéﬁ7égﬂ%§pﬁhmﬁiﬂfop%@Qe%quﬁptﬁ@ﬁ%@ﬁ?ﬂgﬁ?H&%ﬁﬁﬁgﬁk

84 in the 1nfusion punp 70 acCording to the second e

a1 50 @ B LTLG DEOSESs Atk e DRUL, S AN IO ale (Lhe, arount ol

fluid medicl e imej an € have nrshe

pati entls SERRESFar PhFRBe L7 1= 1 SEnmred Noh PoSHBSEE | BE OV EHERE ©F

the threshold Th has been determ ned in accordance with the set flow

rate. F@@BTW%E@F@%M‘QMS?%WV% IEKFeERONRE %ér%i”tﬁftﬁ‘? dRiintgomal
pressure associated with the blocked state of the infusion tube.
[0075] The reference numeral 82 is a tube clamp holding unit
that holds a clamp attached to the infusion tube and which applies
a pressing force for temporarily closing the infusion tube under
pressure, to the clamp when the dcor unit 75 1s opened.
[0076] The tube clamp holding unit 82 is configured to be able
to detect that the clamp attached to the infusion tube has been
held. This allows determination of whether or not the infusion tube
is installed in the infusion pump 70.
[0077] The reference numeral 81 is a lock/unlock lever that is
operated to add the pressing force to the clamp of the infusion
tube by the tube clamp holding unit 82 and to release the additicnal
pressing force (that is, cancel the pressurized closure of the
infusion tube by the clamp).

[0078] The tube clamp holding unit 82 may be configured to be
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is operated, the control unit 600 drives the driving unit 601 in
accordance with the set flowrate to drive the peristaltic fingers
83-1 to 83-5, thus starting to feed the fluid nedicine in the tube

(step SiP1d QAPGjIuhsequent |t>‘he Ay Mgy of; ey heatiele 4iQ’Qfl,Hch;rhe’cul’)e has

i nfusi on tube opposite-installation detection unit 92 is started

generaE% QF%}]&ﬁtEEh?%)ma a%lo%s EEErEEHB%E%h”r EeEB%eh%ﬁt% 49ge

I NCr eases a certal h anpunt trme 1s neede terrper at'ure

to reach t.arget tenper.atur F rthernore, _a time T c esponding to
the di STETSE SRt e TR HCUTE ath CHE FeRSeratst @ Gensor 410b
and the set flow rate needs to el apse before an anount of heat from

t he hedt%/ 2400 r@é@é@ﬁ%&@rﬂéﬁ@ﬁﬁb Ferisora 1oW v g igvattedpe
downstream via the fluid nmedicine in the fluid nmedicine tube. Thus,

t 0 pr evaptogile -tigrgierldiairieors drsecs 14h0an an d dEQh iftreghbde pect i ity itehidl )
tenperature until the above-described condition is sufficiently net,

the comsr 0k AINidc kR 1waik Setublithd hedlidseardd elelpsas: $hepi®B)sion tube
[ 0097] When the time T has el apsed since the start of heating by the

heat er 140Qnqthe-PrpeessrL 0686d5Hd 3pphber te4inthane athent e8Pl Yhainit
sensors 410a and 410b nmeasure the tenperatures Ta and Tb. [0098] As a

Lgﬁg: :I oneﬁ expr eSSI g_w tah%tca?ﬁ%t I S ‘J#E}Ié}t gct%te[e)r %%19%%% las held

deter it v e ottt ol xeselon. |5 L gorutel i
to remove the infusion tube.
[0080] Reference numerals 88 and 97 are an attraction unit such
as a magnet and an attracted unit, respectively, which attract each
other to keep the door unit 75 closed. The attraction unit 88 and
the attracted unit 97 are configured to allow detection of whether
or not the attraction unit and the attracted unit are attracting
each other. This allows determination of whether the door unit 75
of the infusion pump 70 is cpen or closed. 88 may be a hook and
97 may be shaped to engage with the hook.
[0081] Fig. 15 is a block diagram of an electric system in the
infusion pump according to the second embodiment.
[0082] In Fig. 15, reference numeral 60C is a control unit which
controls the whole apparatus and which includes a microprocessor,
a ROM storing prcocgrams that are prccess procedures for the
microprocessor, and a RAM used as work areas. Reference numeral
601 is a driving unit that drives peristaltic fingers 83-1 to 83-5.

When the peristaltic fingers 83-1 to 83-5 are cyclically driven
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[ 0099] On the ot her hand, upon determ ning that the conditional
expression "Tb - Ta Th" is not met, the control unit determ nes that
the infusion tube 77 is housed in the opposite lateral direction in
the hoyg pa-dind te i34 Qfr fdialn dawnstieam Q6Clusd o Jis QEGUrdig. i Anthe
thus stops driving of the peristaltic fingers 83-1 to 83-5 by the
drivin it 60 t L yer t 6). 1 the trol..
uni t aﬁf%ﬁgﬂf%%%3%§p¢%§eﬁ%?§lgg&r%§ %f§ﬁﬁggﬂaé%%9%3€ﬁég¥gbgggg &9 F1g-
i ndi cat.ing that the infusio e.is installed in the opposite,.

't ect i oReERaE aBWALEEam BHE) h: DrbTEE b i L b AL o G od
speaker 603 to generate an al arm sound, then the control unit thus
ends t BE3Pr 68Es3ELEPEPISH 2°The BkgHihd 4nbeidateat vheithest Bpe gnfusion
provi ded both on the screen and in sound, but may be provided

excl usitwdley arpognedet ethés et haws ey, chbneevernit {96 e Eafluston purpe
is connected to a network, the warning nessage nmay be communicated to
a serverluid Q] iAs rdesr inheddabove, acddral ng tdeddre et abve .

enbodi ment, the infusion punp internally has the heat source that
propagatees Neat  thrRuEr diheddiHsi N gra ANd tHe HeP R+ - SRNSH S
that detect the heat propagated to the fluid nedicine in the infusion

t ube, . %%hﬂ%rt %ndq}iq_clt h{)éqedégkﬁﬁr}:f etb(flwﬁl | ati on of the infusion

tube in the 1 nfusion punp based ont gree of the propagation of

t he heat. fr.amt he, .heat urce duri.n el very. Therefore e

oppost TGl I e WP e R LS Bt S sl B oPoS it 55 GRsmned.
install the infysion tube in the correct direction. [0101] Accordi ng

t o t he 3eLBREEARSIPERt 21 R V@ﬁrﬁQRfi@?qH§§G§dlBﬁP§lRﬁé? g hg housing
opposite installation of the infusion tube is detected. However,

until ttedheppdsi tdldnandld4a iienre sl eeiedt @gdorheviewrt wolgh x he closed.
infusion tube is determned to be correctly installed, a mark

i ndi catSueesegfuetrttilsy cahei ppwarmaypbey dsept @y exh aet heedi sptayfaoets8BOB
so as to notify the surroundi ng personnel of this condition.

Fur t hergpieteaceer goRert ehkhensesonfl eaedi e, trhenheghesoOUs®e 15 is
descri bed as a heater. However, a heat source that reduces the

te”per%tﬁérn%ﬁa)éngetHéggrixﬁﬂnﬁxm& Yrdeiheah saurssethal onediiceson

the tenperature is a Peltier element. The use of the heat source that

b L S S e R

cor scilus Dpused e Javeion BaLh B4 e e aLre, SeLeEteg P
83-5 to f£ill the fluid medicine from the infusion bag 71 intc the
tube 72.
[0085] Subsequently, while viewing the operation unit 80B, the
operator operates the operation unit 80A to set the flow rate of
infusion per unit time {mL/h) and the amount of fluid medicine
infused (mL) (determine adriving period for the peristaltic fingers
83-1 to 83-5). Then, the operator sticks the vein puncture needle
78 into the patient's vein and operates the infusion start switch
on the operation unit 80A.

[0086] During this infusion process, when the bubble detecting
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tenperature detected by the upstream side tenperature sensor (which
detects a tenperature close to roomtenperature). [0102][ Third
enbodi nent | In the above description, the tenperature sensors

410a angALb docaladAdj aG8IH1 40 NG IRCTARSS i D ealfo 400 MRASIHES

the tenperatures Ta and Th, and the opposite installation of the

'nfus'QQthgﬁx%g E%. PgrhgkgshgﬁagggpléSiﬂﬁ%&g}%% Qﬂ@eglg léng?lE)8OA

di fference I'n t€nperature écon ment, a ca

descri bed mhlch t he osite installation of ;the infusion tube

e det eSS HeAKtH (67 HERBFAY R o AL {hEoBF Sy BEL Vol N Iperaor
tenperature. [0103] The third enbodinent is different fromthe first
enbodi fEntthen AWk las (@t drle FfcaSiffiusi on t ube opposite-installation
detection unit 92 and a detection process carried out by the infusion
t ube oppdsiitle- i ndtcaddcatdon adetasstingn tmitthedZecing  enlrekianadit,f ethenrcem
wi |l be described, and the remaining part of the configuration wll
not be idesarudigchn [t GA]ditg. 1 dlB{sa)ors hiowsy iarsrgnfi fguwtat iiefuefi drheube

i nfusi on tube opposite-installation detection unit 92 according to

t he t higigbnhediimpital 1EE dribdsken ibuben 9PPes Idee-dtst ahhat49d infusion
detection unit 92 includes a heater 500 and a tenperature sensor 510

pr OV! dg%%o"?’gsitg ?L‘?l.@t%fl 1%'&919%% eBEEQQ \%ﬁgt%f&ﬁpf tt?ledﬁé#r\ff{ﬁfﬁnessa

carried out by an infusion punp ferent

in that, only a e te rature.sensor rovi d and t.hat

heat or 500 SR PAHE R Eeer 16 - SBhedr Sa1p PR PRt ettt Hesr It o

other so as to accurately neasure a delay tine_described bel ow.

[ 0105] ASTSHAMTS ﬁmFPéarTG%%‘)mdv%éﬁrtq‘?er Fﬁf Bl ohY t b NG NG RfEspnnel

of the bubbles or the occlusion.

[0088] The detection of bubbles by the bubble detecting sensor
602 and the detection of occlusion by the occlusicn sensor 981 are
well-knecwn and will thus not be described in detail. The structure
and principle of the infusion tube opposite-installation detection
unit 92 will be described below.

[0089] Fig. le{a) shows the relation between the infusion tube
opposite-installation detection unit 92 according to the second
embodiment and the infusion tube. The infusion tube
opposite-installation detection unit 92 accecrding to the second
embodiment comes into close contact with a heater 400 and a
temperature senscrs (thermistors) 410a and 410b when the infusion
tube 72 is placed in the housing paths 84a, 84b, and 84c, as shown
in Fig. 16{a). The second embodiment is designed such that a
distance between the heater 400 and the temperature sensor 410a
is the same as a distance between the heater 400 and the temperature
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in a housing path 84 in the correct direction and a driving unit 601
is driven to carry out delivery, a fluid nedicine flows snoothly as
shown by an illustrated arrow 550. Wen the cross sectional area of a

porti onseQfsdhe1bpf ushon Hdbeo 2, EREQUO Wil Bftd AP @k Bl idstat,
denoted by S and a flow rate (the anmount (volune) of fluid nedicine

fed per i i i i AP P s denpt :
flow v&noﬁgi%nyéévr%#lﬁ%e% ?{J%Lﬁdér#eg{éé@ne% s gi vlesg ﬂbe;a vV = %%é%a!\ﬂng he
[ 0106] \Wen thq:distance bet ween the heater 500 and the tenperature
sensor g%ﬁ?%%? denoted by L, a time tO needed for an anount of heat
fromthe heater 500 to propagate to the tenperature sensor 510 is
gi ven By O03Y = L/Ape-ipfusdom PERRvEY 2GRl ing tRet PR oW SIS GHRPdigent
zero, the tenperature propagates through the fluid nedicine. The heat
conductfieddsy tdfe tiHailshtwmgiging rhdhenfiudicon/ 2 Uy 2 isdddssitde feo left

taken into account. Thus, an adjustnment value a involving these
condi t isdnk bf BRilged d & }t.O, Tand,t heenesulits absthed @ddi tihentubedel | fivedn
as an allowable delay tinme T. The a nay be derived based on sanpling

under “add QuFuGARE beensiand fay e gicovndedioh puh@okopit atie st
to be determ ned according to the flow velocity. [0107] According to

the thigid Lmbed] mRNthokRe: fepl el POQHS the peristaltic fingers 83-1 to

83-5 are driven to start feeding the fluid medicine, the fluid
medicine flows smoothly through the infusion tube 72 as illustrated
by arrow 450 shown in Figure 16 (b).

Thus, when the heater 400 is driven under heat, the heat
propagates as shown by an illustrated circular arc, and the
temperature sensor 410b positioned downstream of the heater 400
can detect an increase in temperature. However, the temperature
sensor 410a positioned upstream of the heater 400 fails to detect
the increase in temperature, or even if temperature sensor 410a
can detect the rise, the degree of the increase is low. Hence, when
temperatures detected by the temperature sensors £10a and 410b are
dencted by Ta and Tb, respectively, Formula (1) holds true for a
threshold Th.

Tbh - Ta 2 Th (1)

[0091] On the other hand, it is assumed that feeding of a fluid
medicine is started with the infusion tube 72 connected to the
accommodation path 84 in the infusion pump 70 in the opposite

direction in the lateral direction as shown in Figure 16(C) or that
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intermttently driven to generate heat. That is, a process of
continuing heating for a predetermned tine and then stopping the
heating is repeated. Since delivery is being carried out, the

tenper e 15ensPbeellssan et eidcthed epehi 108 ofsdeahingn#ldion bag
non- heating as a variation in tenperature. Wen one cycle of heating
and the-s equent - t]s C i -iggg L .

heat i nS]/ln :)i %s heaell nogf'n 85?10{ ﬁ“sd, ﬂ? ﬁl{egclﬁncﬁﬁi% oaﬁlcfﬁ%le tlaci ai nsidered htlc%] hbeer
housed .in t hqusi n ath 84 in the correct direction, when_the :
Fenper SUE Denaot BT6T GEk A domRLE s Ci et SUE M Th g 4ie
tenperature greater than AC (preset threshold) wth resEect to the

| ast mERSHER S Brpdyeat b s WPk e He 16 Hied Nt e¢ o toipl et pehtyfadreved
heati ng/ heati ng process. Subsequently, the heating/ non-heating

pr oces®yi sheepedtedon [IQ8]/Onisheowt héhatmaadt 1 ewhere Itdwe tisnfiosTon- tlfé)
72 is housed in the housing path 84 in the opposite direction as
shown igr Eihg. £1d¢pay tdteod )] owhwel,0¢ht yhis Stowesr, tham ithet heatased®f is
the correct installation as shown an illustrated arrow 560. However,
an i nf usiieRrbag ddndmytd didatt,0che ndst lrlopd gakewes t hendwi b?! St ar
70. Furthernore, inmediately after the beginning of the delivery, the

0. B . er the & ) very,
i nf usi %’l(pfﬁiFéq;-%(@)ayefﬁoﬁﬁig%a%eﬁféjah@ge§§ﬁ%% rfggmgﬁggﬁggglﬂéween

that the f medi CI ne ws snoothly is undenia even
when the infusion tube is inst ed_in opposi.t.e install at.i an
ot enide ReHBe R R st R PR P Sorba L UF T Rl RBoE 1 B ke e
state iomedi ately after the Egginning of the delivery. Howeyer, when

a cert din fidre & @ses TPPRe £REWLPLBELDY gRiALAPRY 1BefPERELE, (ZAdLS
the tenperature sensor 510 fails to detect the increase in

t enper &SHed ldded-hough the time T has el apsed. In this case, the

i nfusion tube 72 may be determned to be installed in the opposite
direction, &hd-aTlsarnihg process{Ziay be carried out.

[ 0109] [ Descri ption of the process procedure] Now, a process
procedymn@®oof] a camusgl iwniits GGt dde dhafrusdren dqppas AR acear-ding itah
t he second enbodi nent will be described wth reference to a fl owhart

in Fi gorfl9neFiigruboshewpePbeCersi A9wsar FLEH Ot 1 WhED ac el @it ected
start switch on an operation unit 80A is operated. Not only the

7 f usi . | ot . 4
the | ndsi A aith 3 Sseard it o S HET TR dept e ot e

im he i t of the fl t t.h t of flujd
el ci BETFE Aot St Phes andPE G CRTicE HavE BEehE F LT i 11 oF
vein puncture needle 78 already introduced into the patient's vein.
Fur t he™®§r &23%%5.s assumed in the description that the allowabl e

delay tinme T has been determ ned in accordance with the set flow
rate. [0093] The heater 400 and the temperature senscrs 4102 and 410b

are fixed and arranged at equal intervals. Furthermore, when
driven, the heater 400 generates a constant amount of heat per unit
time. The volume of heated fiuid medicine increases consistently
with the flow rate. Thus, it should be noted that the threshold
Th depends on a flow rate set by the operator (the amount of fliuid
medicine fed per unit time; also referred to as the flow velocity
in the infusion tube). That is, the threshold Th may be
arithmetically determined from the flow rate set by the operator
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[0110] When a feeding start switch on the operation unit 80A is
operated, the control unit 600 drives the driving unit 601 in
accordance with the set flowrate to drive peristaltic fingers 83-1
to 83- % tus siiddd Ny e dsathdihe; fd yhd ediddea ddkddadpike, (step
S11). [0111] Subsequently, a process is carried out which involves
drivin heat in.the (Mfysi | {e-installation

G ddwa y g‘oefsocorl&l dfMTdind ﬁ%é@&m Sgﬁ%%%&d%é]

detection unit 92 tor a‘predeterm ne as to generate heat and

stoppi ng the heating when the predetermned ti as el ap ste
157 RS o e B S G h < Bt it ) o The
hi gh-tenperature portion, which fl ows downstream The control_unit

600 al PORIStRd tReRer/dt e FEhesr B Ithe sRGEH erdinadtpetiaturke and
determ nes whether a difference fromthe |ast nmeasured tenperature is
equal tdeseridgeshtréitht haheAO ¢step SI3pwechirthén difd erlénceFiig. nbl shows
equal to or greater than AC, the control unit 600 allows the heater

t 0 car pyrooitssa rheak kngédanitherthngdpil 0eess ettt hentdeteer oheeseration
whet her or not the allowable delay tine T has el apsed (step Sl14).

Upon defgrimgniang st bakrbhedal | puebbgl detry 1hfeslohasumots elapsed, rde,
control unit 600 returns to step S13. [0112]When, as a result of the

Comper SEor £ eaR bE QBCacvad: W Ehin PRI Gvidol & Hel Ay By ng 3 TS

conpl eti on, of heating/,non- heating  by.the heater 500, the result of
the deté HHETOR T i St oh B3 1 & VoS 1 nd 1t nd g Process afd the Anput

heatin%!non-heating Erocess is carried out. L _ ,
f the flow Fate (the amount of fluid medicine fed per unit time)

and the like have been finished, with the vein puncture needle 78

already introduced into the patient's vein. Furthermore, it is

assumed in the description that the threshold Th has been determined
in accordance with the set flow rate.

[0085] When the feeding start switch on the operation unit 80A
is operated, the control unit 600 drives the driving unit 601 in
accordance with the set flow rate to drive the peristaltic fingers
83-1 to 83-5, thus starting to feed the fluid medicine in the tube
{step S1).

[00%96] Subsequently, driving of the heater 40C in the infusion
tube opposite-installation detection unit 92 is started to generate
heat (step S2). As aresult, temperature of the heater 400 increases,
but a certain amount of time is needed for the temperature to reach
a target temperature. Furthermore, a time T corresponding to the

distance between the heater 400 and the temperature sensor 410b
and the set flow rate needs to elapse before an amount of heat from
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[0113]On the other hand, if no change in tenperature can be detected
even after the allowable delay tine T has el apsed, the delivery speed
is not equal to the set flowrate and the control unit 600 determ nes

that thed Hlsian 40Pe d2Hes hous addde Ahe housing patin84 idr ey

opposite | ateral dlrectlon The control unit 600 then stops dr|V|ng

of the d%%{;{tssélﬁétah Loy %%%r.%l‘??,’g %éo@fg%éll%ﬁht hﬁ]ﬂawg&q unit, | dhus,

order to s i ver contr uni al

di spl.ay unit 80A to bl i nk war ni n ness e |nd cating that the
Tt st O DY S (RS AR T iR g G0 o (e S ing

speaker 603 to generate an al arm sound. The control unit thus ends
the pr $EEsEENREEPT BB PN Tt i PRPHE ~AGEFEiBar N d - arepsgnfifsiciently
provi ded both on the screen and in sound, but may be provided

excl usimggl,ytha @wmirﬂlUhe@e6OQUWMeysAHNhﬂeahertiméﬁPEhepsaﬁus$bﬂpﬁﬂﬁp
is connected to a network, the warning nessage nmay be communicated to
a serveno9nll4] Ametestrd hathcalbores &beptbdr dieabotharediaal |Ovhddiging
incorrect installation of the infusion tube in the infusion punp to

be det ggt aghbagrd Lon ddig Q@ergﬁ:&fes%r RagRd LN Qf da.omrdhe heat
source to the fluid nedicine ring delivery. [0115] The third

enbodi %e'}%%lﬂ%e@,eﬁ%%‘i“ Q?@a' £‘n<§° ddﬁc‘%te'a%'&r‘é@ EHetpgm§§£§E&£QQ %Te MY

increase I'n tenperature. rease i n tenperature
detected. Alternatively, both an |ncrease and a decrease in
tenperature may be detected. In particular, when the tenperature IS
actively reduced the use of a Peltier elenment can nmake th

t enper 008 lequalst ¢ dEI e AP FEGRYSHSE At (e Cémttﬂqlngmlt

i nprovenent of the accuracy of detection of an increase and a
decr easletiarnierpewattiher Refenénceodinsxprstsion "Th - Ta 2 Th" is met

(step S5). Upon determining that the conditional expression is met,
the control unit considers the infusion tube 77 to be set in the
correct direction.

[0099] On the other hand, upcn determining that the conditional
expression "Tb - Ta 2 Th" is not met, the contrel unit determines
that the infusion tube 77 is housed in the opposite lateral direction
in the housing unit 84 or that downstream occlusicon is occurring,
and thus stops driving of the peristaltic fingers 83-1 to 83-5 by
the driving unit 601 to stop the delivery {step S6). Then, the
control unit allows the display unit 80A to blink a warning message
indicating that the infusion tube is installed in the opposite
direction or that downstream occlusion is occurring, and allows
the speaker 603 to generate an alarm sound, then the control unit
thus ends the process (step S7). The warning notification in step

S7 is provided both on the screen and in sound, but may be provided
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[0116] 1, 70l nfusion punp 2Main body cover 2A Upper portion of main
body cover 23 Lower portion of main body cover 3Display unit (an
exanpl e of warning neans) 4Qperation panel unit 5Qpeni ng and cl osi ng

cover 00 i NSLALLALHN Yniche6al 8Qor GEEET edud oSSR, 1M he infusion

installation
pump 1s connected to a network, the warning message may be
cocmmunicated to a server.
[0100] As described above, according to the second embodiment,
the infusion pump internally has the heat source that propagates
heat through the infusion tube and the temperature sensors that
detect the heat propagated to the fluid medicine in the infusion
tube, and can thus detect the incorrect installation of the infusion
tube in the infusion pump based on the degree of the propagation
of the heat from the heat source during delivery. Therefore, the
opposite-installation warning enables the operator to be urged to
install the infusion tube in the correct direction.
([0101] BAccording to the second embodiment, the warning is issued
only when the opposite installation of the infusion tube is detected.
However, until the cpposite installation is detected or even though
the infusion tube is determined to be correctly installed, a mark
indicative of this condition may be displayed on the display unit
80B so as to notify the surrounding personnel of this condition.
Furthermore, according to the second embodiment, the heat source
is described as a heater. However, a heat source that reduces the
temperature may be used. An example of the heat scurce that reduces
the temperature is a Peltier element. The use of the heat source
that reduces the temperature is different from the use of the
above-described heat source in that, when the infusion tube is
correctly housed in the housing path 84, the temperature detected

by the downstream side temperature sensor is lower than the
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unit) 51Bubbl e detecting sensor 52Upstream side occl usion sensor
53Downst r eam si de occl usi on sensor 60Delivery driving unit 80User
interface unit 80A Operation unit 80B Display unit

temperature detected by the upstream side temperature sensor (which

detects a temperature close to room temperature).

[0102] [Third embodiment]

In the above description, the temperature sensors 410a and
410b located adjacent to and across the heater 400 measure the
temperatures Ta and Tb, and the opposite installation of the
infusicon tube 72 in the infusion pump is detected based on the
difference in temperature. 1In the second embodiment, a case will
be described in which the opposite installation of the infusion
tube 72 is detected by measuring a delay time in the propagation
of the temperature.

[0103] The third embodiment is different from the first
embodiment in the structure of an infusion tube
cpposite-installation detection unit 92 and a detection process
carried out by the infusion tube opposite-installation detection
unit 9%2. Thus, these differences will be described, and the
remaining part of the configuration will not be described.
[0104] Fig. 18(a) shows a configuration of the infusion tube
opposite-installation detection unit 92 according to the third
embodiment. The infusion tube cpposite-installation detection
unit 92 includes a heater 500 and a temperature sensor 510 provided
downstream of the heater 500 with respect to delivery carried out
by an infusion pump. Fig. 18(a) is different from Fig. 16 in that
only & single temperature sensor is provided and that the heater
500 and the temperature sensor 510 are located away from each other

S0 as to accurately measure a delay time described below.
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721 nfusi on tube 711 nfusion bag 81Lock/unl ock | ever 82Tube cl anp
hol ding unit 83-1 to 83-5peristaltic Fingers 84Housi ng path
91Cccl usi on sensor 921 nfusion tube opposite-installation detection
uni t 9%EHQQH”ECh@Q§§wanjszig.16(a),whentheinfusiontube'Hzishoused
in a housing path 84 in the correct direction and a driving unit
601 is driven to carry out delivery, a fluid medicine flows smoothly
as shown by an illustrated arrow 550. When the cross sectional area
of a portion of the infusion tube 72 through which an infusion flows
is denoted by S anda flow rate (the amount (volume) of fluidmedicine
fed per unit time) set for an infusion pump 70 is denoted by M,
the flow velocity v of the fluid medicine is given by:
v = M/S.
[0106] When the distance between the heater 500 and the
temperature sensor 510 is denoted by L, a time t0 needed for an
amount of heat from the heater 500 to propagate to the temperature
sensor 510 is given by:
t0 = L/V =1L * §/M
However, even 1if the flow velocity is zero, the temperature

propagates through the fluid medicine. The heat conductivity of
the material of the infusion tube 72 needs to be taken into account.
Thus, an adjustment value o involving these conditions is added
to t0, and the result of this addition is defined as an allowable
delay time T. The o may be derived based on sampling under various
conditions and may be provided in a lookup table so as to be
determined accecrding to the flow velocity.

[0107] According to the third embodiment, the heater 500 is
intermittently driven to generate heat. That is, a process of
continuing heating for a predetermined time and then stopping the

heating Is repeated. Since delivery is being carried out, the
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100 Control wunit 131 Speaker (an exanple of warning neans) 132 Buzzer
(an exanpl e of warning neans) 150 Infusion tube set direction display
unit 151 Drug containing bag display unit 152 Patient side display

unit 153 Pelimare ddredd on dien] aywnid dQ0 Jafsion,t ube alsog and

referred to as a infusion line) 200A Upstream side of 1nfusion tube
non-heating as a variation in temperature. When one cycle of
heating and the subsequent non-heating process is defined as a
heating/non-heating process, the infusion tube 72 is considered

to be housed in the housing path 84 in the correct direction when
the temperature sensor 510, located downstream, can detect an
increase in temperature greater than AC {preset threshold) with
respect to the last measured temperature within the time T from
completion of one heating/heating process. Subsequently, the
heating/non-heating process is repeated.

[0108] On the other hand, when the infusion tube 72 is housed
in the housing path 84 in the opposite direction as shown in Fig.
17(b), the flow velocity is lower than in the case of the correct
installation as shown an illustrated arrow 560. However, an
infusicn bag 71 may fail to be installed above the infusion pump
70. Furthermore, immediately after the beginning of the delivery,
the infusion bag 71 may have a certain housing space, and a
possibility that the fluid medicine flows smoothly 1s undeniable.
That is, even when the infusion tube is installed in the opposite
installation, an increase in temperature may be detected within
the time T in the state immediately after the beginning of the
delivery. However, when a certain time elapses, the flow velocity
gradually decreases, and the temperature sensor 510 fails to detect
the increase in temperature even though the time T has elapsed.
In this case, the infusion tube 72 may be determined to be installed

in the opposite direction, and a warning process may be carried
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200B Downstream side of infusion tube Correct direction |Incorrect
direction XHorizontal direction (lateral direction) 400, 500 Heaters
410a, 410b, 510Tenperature sensors CLAIMS [Caim1] An infusion
punp CQRFE I si ng:

[0109] [Description of the process procedure]

Now, a process procedure of a contrel unit 600 for the infusion
pump 70 according tc the second embodiment will be described with
reference to a flowchart in Fig. 19. Fig. 19 shows processing
carried out when a delivery start switch on an operation unit 80A
is operated. Not only the infusion tube 71 has already been placed
in the housing path 84 in the infusion pump 70 according to the
third embodiment, but also a priming process and the input of the
flow rate (the amount of fluid medicine fed per unit time) and the
like have been finished, with a vein puncture needle 78 already
introduced inte the patient's vein. Furthermore, it is assumed in
the description that the allowable delay time T has been determined
in accordance with the set flow rate.

[0110] When a feeding start switch on the operation unit 80A
is operated, the control unit 600 drives the driving unit 601 in
accordance with the set flow rate to drive peristaltic fingers 83-1
To 83-5, thus starting to feed the fluid medicine in the tube (step
511).

(0111) Subseguently, a process is carried out which involves
driving the heater 500 in the infusion tube opposite-installation
detection unit 92 for a predetermined time so as to generate heat
and stopping the heating when the predetermined time has elapsed
(step S12). As a result, the fluid medicine is partly formed into
a high-temperature portion, which flows downstream. The control

unit 600 allows the temperature sensor 501 to measure the
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a tube installation unit in which an infusion tube allowing a drug in
a drug containing bag to be infused into a patient is installed in a
| ateral direction; and a delivery driving unit that, wth the

i nfusi Qréanlét%%t'd}%t AL hd tr 6 d ALRIAIn LG 130 r SRR 'ﬁ%rrpecrHeStl%Jstt' ¢

notion to the infusion tube to deliver the drug in a delivery
di rection preset an the l.ateral direction, the tuybe nstallatrolr]%

unit cOFFSN Sy tempe télrt?uﬂﬁ EWeledq A SEFSHET %é%ct S

bubbl e generat ed in the infusion t ube; a downstream occl usi on
sensor Itthaheddt é€esecachl bskedt st@iel afo bhregirahusironh&nbed, artte contrcd
control unit that determines that the infusion tube is set in a

di rect hon :ORReSINE dd i RIS Y AidHGY hbasedon AR ac
detection si gnaa whi ch i ndi cates thata t r%)e ﬁlubbl e det enggtr ng ser‘risolrn

has de c%%stg dq%ﬁ ekg Eggesnwﬁﬁfﬁgrcﬂpg tqgg %lqgwg%tre €1e¥{t1me

occl usi on Ssig |cat és t an |n érna pressure 0
t he. downst ream occl sen

i nf t b h f ,
Dbt o el e %ﬁ%g.%ﬁr?*as.r olPPUBIS HE Tt} ITGHE RRE (e a1 }eeeh o delay

opposite to the deIrvery direction, the delivery driving unit is
driventigecdr P§Sonet R iR f g |qqrrtr¥gilt K& idr ééou AebUThe taffsoPl3-
tube. [ aim2] An infusion punp conprising: a tube installation unit
in whi d@1d&li nf usihem,t wse aaldeewilrig of the above-described cperation, a

change in temperature (increase in temperature) can be detected
within the allowable delay time T from completicn of
heating/non-heating by the heater 500, the result of the
determination in step S13 is Yes, and the next heating/non-heating
process 1is carried out.

[C113] On the other hand, if no change in temperature can be
detected even after the allowable delay time T has elapsed, the
delivery speed is not equal to the set flow rate and the control
unit 600 determines that the infusion tube 72 is housed in the
housing path 84 in the opposite lateral direction. The control unit
600 then stops driving of the peristaltic fingers 83-1 to 83-5 by
the driving unit 601 in order to stop the delivery (step S15). Then,
the control unit allows a display unit 80A te blink a warning message
indicating that the infusion tube is installed in the opposite
direction, and allows a speaker 603 to generate an alarm sound.
The contrcl unit thus ends the process (step 516). The warning
notificatiocn in step 87 is provided both on the screen and in sound,

but may be provided exclusively in one of these two ways. Moreover,
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a drug in a drug containing bag to be infused into a patient is
installed in a lateral direction; and a delivery driving unit
that, with the infusion tube installed in the lateral direction,

appl i es Penkst@fbé CoMPun@ 1 E0cdhedtd @SI0R Hdhf 110, daki M@Enﬂt@ﬁ G ge

in a delivery direction preset along the |ateral di recti on, e tube
i nstal | at.J | e GO S NG bubbl e detecting sensor that
detectgéé}g%%g#% generated%ﬁ1%fﬁ$ﬁ$§%@ion t ube; a downst ream

occl usi sensor .t hat det.ect bl ocked state of the infusian tube;
and il 1f:fﬁcont a5 T* Jt%?a‘f E’g)eciveer’rri s YHa (P9 orf X ibtj‘e
set in a direction oppaosite to the delivery direction based on a
downst FEGAFET NG adilgtaion rdmtbRe I BEWASPReRHPBCER Ush D i kEHEHn Pump
obt ai ned when, with the infusion tube set in the direction opposite
to the tdebeveeyedieddrdond an dhanpgedoeet v nuvRegiadrianuipd beeetron Hee
drug containing bag and the delivery driving unit is opened to carry
out pritdaty faarrdd [dd rdhe L dirdugnefdiamriehedudriugy elritiaieriyng bag into
the infusion tube to deliver the drug to the patient, this downstream
occl usifgn 1ggnsor THditeatricngnbbal manti ALEr Bakn PALSSHI8=@f 1 4 hesd nfesd i
tube has increased. [Caim3] An infusion punp conprising: a

t ube i nstal latd I+ts i : i i éHﬂ% | Ng in a
drug Cgﬁ%ﬁ%ﬁ?ﬁgqﬁgﬁg?§‘%2<¥ﬂfﬁgg- f%ﬁgﬂiég?g%t |§§#%§%%Ilg§wgﬁgg’ 4
ateral, direation and a delivany goi Logovoh! Wale ML, botn an

increase and a decrease in temperature may be detected. In

particular, when the temperature is actively reduced, the use of
a Peltier element can make the temperature equal to or lower than
room temperature, enabling improvement of the accuracy of detection

of an increase and a decrease in temperature.

Reference Signs List

[0116]

1, 70 Infusion pump

2 Main body cover

2A Upper portion of main body cover

2B Lower portion of main body cover

3 Display unit ({(an example of warning means)
4 Operation panel unit
5 Opening and closing cover

50 Tube installation unit (also referredtoasaline installation
unit)
51 Bubble detecting sensor
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inthe lateral direction, applies peristaltic notion to the infusion
tube to deliver the drug in a delivery direction preset along the

| ateral direction, wherein an infusion tube set direction

di spl ayuni tydhate i Sy @ WS e i de and a downstream si de of
the infusion'tube is provided on a surface of an opening and cl osing
cover coyrespopding to the tube isnlstnalsleanti on unit. [Claim4] The

i nfusi on punp accordi ng 1o any of claims %o 3, conprising warning
means for issuing a rning in accordance with an instruction from

t he corﬂ%r ol m%v%ﬂye\gfﬁlhvel%ﬁmﬂ unit deternines that the infusion
tube is installed in the direction opposite to the delivery

di rect ih. [(Gsd mBleRInfWsiton punp in which an infusion tube from
an infusion bag is acconmpdated and supported and which delivers a
fluid B@d ciQperat itdre Umftusi on bag toward a | eading end of the

i nfusi on tube, the infusion punp conpri sing: f eedi ng neans for
drivingo® plodrsdlidy wefigperistaltic fingers provided al ong a housing
path provided in the infusion punp and extending in a horizontal

di rectijon, wdh Jie5pesid 0 the infusion tube housed in the housing
path, to feed the fluid nmedicine in the infusion tube in one

di rect i-gn; . t source provided on the housing path to

radi at e eatIrifélV\S/’éL?o ?%eg fluid nmedicine in the infusion tube; at

| east t rature sensors provided on the housing path and
posi ti ﬁgd 3392:}5,3 i EF the heat source between the

82 Tube clamp hclding unit
83-1 to 83-5 peristaltic Fingers

84 Housing path

91 Occlusion sensor
92 Infusion tube opposite-installation detection unit
93 Pump mechanism

100 Control unit

131 Speaker {an example of warning means)
132 Buzzer {an example of warning means)

150 Infusion tube set direction display unit
151 Drug containing bag display unit

152 Patient side display unit

153 Delivery direction display unit

200 Infusion tube (alsc referred to as a infusion line)
2008 Upstream side of infusion tube

200B Downstream side of infusion tube

T Correct direction
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t enmperature sensors; determ nation nmeans for, during feeding of
the fluid nedicine trough the infusion tube by the feeding neans,
propagating heat fromthe heat source to the fluid nedicine,

det ect inng t emesatdbesdediest wo t enperature sensors, and
det erm ni ng whet her the infusion tube is housed in the housing path

in a cerrectydirection of an Qppos1& My esfion ;4N accordance with a
tenperature difference detected by the two tenperature sensors; and
nOtifi(ilEbtdtO% ar]_f a1l‘toer $rovi ding a notification of a result of the
det er minat’i on by Fie-det er mi nati on means. [Claim6] The infusion punp
according to claim5, wherein the heat source is an electrically
driven rert 1&g 210 WHSTRERANDE A et ected by the
tenperature sensor positioned upstream of the heat source with
respect to a feeding direction of the feeding nmeans is denoted by Ta,
a tenperature detected by the tenperature sensor positioned
downstream of the heat source with respect to the feeding direction
is denoted by Th, and a preset threshold is denoted by Th, the
determ nation nmeans determ nes that the infusion tube is correctly
housed in the housing path when a condition: Tbh - TaTh is net, and
determ nes that the infusion tube is housed in an opposite direction
in the housing path when the condition is not net.
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[Claim7] The infusion punp according to claim5 or claim®6, wherein
the threshold Th is determ ned depending on a flow rate at which the
fluid nmedicine is fed per unit time and which is set by neans of the
infusion punp. [Caim8] An infusigenaapugp in which an infusion tube
froman infusion bag is acconnndated‘éﬁd‘supported and whi ch delivers

a flui q le ne A r{‘ﬁ“\él’gry?‘.ﬁﬁb 01 nrg;_a | eadi ng end of the

infusion tu t he i nfusion an Oper ation unit
by whi ch f| t, h i i i
VY st %@2@3&%&%&?'&%&? agiit ApoeRt fhusa) TebSr Snar e g il dving

flngers provi ded al ong a housjing path prOV|ded in the infusion punp
and exterfiHy ih % HoK Bttt dadro Wit iiekssttinte tqq@aitmeusﬁ oire
tube housed in the housing path, in accordance with the flow rate set
by an opetatliled Jvira & Hetoparlatdioreainian; tand eed the fluid nmedicine in
the infusion tube in one direction; a heat source provided on
t he housi ng spdthitveryatit atiendeat tt ovar d wikée €haiichfwedicsi pebenddealled
i nfusion tube;
in the lateral direction, applies peristalticmotion to the infusion
tube to deliver the drug in a delivery direction preset along the
lateral direction,
the tube installaticn unit comprising:
a bubble detecting sensor that detects a bubble generated in
the infusion tube;
a downstream occlusion sensor that detects a blocked state
of the infusion tube; and
a control unit that determines that the infusion tube is set
in a direction opposite to the delivery direction based on a bubble
detection signal, which indicates that the bubble detecting sensor
has detected the bubble in the infusicn tube, and a downstream
occlusion signal, which indicates that an internal pressure of the
infusion tube has increased from the downstream occlusion sensor,
obtained when, with the infusion tube installed in the direction
opposite to the delivery direction, the delivery driving unit is
driven to carry out priming for filling the drug into the infusion
tube.
[Claim 2] An infusion pump comprising:

a tube installation unit in which an infusion tube allowing
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a tenperature sensor provided on the housing path and positioned at a
predeterm ned di stance fromthe heat source in a downstream of the
heat source; determ nation neans for, during feeding of the

fluid rge@'ij%qri W ualy thahinfbsiPhdgie be therfeeding dmanatient is

driving the heat source and determ ning whether or not the

t enper r ssi: det e a tenperature change
caused\Eltgl)l/értt%hlzl riQLvnl %Sl W t hi n%altyézﬁxilg)%b%rﬁgel ay tine determ ned by
the flow rate and_a_di stance bet n_the .heat, saurce .and, the ,

L enper at ur o LRLOYEE kit 1oL Ui et ¢ GatBn RS RN LU ipapatled
notification of a result of the determ nation by the determnation
nmeans. YACFa® heSE e RETsi ohr BERD 186307 B Pef bl e Maltdr8, t kBRIt ushen
heat source is an electrically driven heater, and when one

cycl e dfubsr soedslivedethpedrag i pr deddyesty Biragtagntieehehtabkow daie
into a non-heating state after the heat source carries out heating
for a pPreadaetadr minedttiiarg, each tinme one cycle of process is carried
out, the determ nation nmeans determ nes that the infusion tube is

correctly haugedupe e hausitierpaili teshgies firgfwper at ure sensor
detects, within the allowable delay tine, an increase in tenperature

equal to or gLegket hBaa2iR e§@1§sépr*.?ﬁahplcfét‘@c;tt% %eﬁﬁﬁﬁiet&er?ehﬁi%%eiéq

measured tenperature, and deferm nes at the infusion tube is

in the i direction in the housing path when the tenperature
sensor tg%gg%r%%%l&& gcgltb,e’even after the allowable delay tinme has

el apsed, the increase in tenperature equal to or greater than the
preset threghdFFHFE USPN EN theds Tenferddrigd state

[ A aim 10] The infusion punp according to claim8 or claim9, wherein
t he he&f $& dé@fufdiaiddsePénd er el enent, and while the heat source
is in the non-heating state, the tenperature is reduced by supplying
power to the Pehtired shéehehhat determines that the infusion tube is set

in a direction opposite to the delivery direction based on a
downstream occlusiocn signal from the downstream occlusion sensor
obtained when, with the infusion tube set in the direction opposite
to the delivery direction, a clamp for the infusion tube between
the drug containing bag and the delivery driving unit is opened
to carry out priming for £illing the drug from the drug containing
bag into the infusion tube to deliver the drug to the patient, this
downstream occlusion sensor indicating that an internal pressure
of the infusicn tube has increased.

[Claim 3] An infusion pump comprising:

a tube installation unit in which an infusion tube allowing
adrug in a drug containing bag tobe infused to a patient is installed
in a lateral direction; and

a delivery driving unit that, with the infusion tube installed
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in the lateral direction, applies peristalticmotion to the infusion
tube to deliver the drug in a delivery direction preset along the
lateral direction, wherein

an infusion tube set direction display unit that displays an
upstream side and a downstream side of the infusion tube is provided
on a surface of an opening and closing cover corresponding to the
tube installation unit.
[Claim 4] The infusion pump according to any of claims 1 to 3,
comprising warning means for issuing a warning in accordance with
an instruction from the control unit when the control unit
determines that the infusion tube is installed in the direction
opposite to the delivery direction.
[Clzaim 5] An infusicn pump in which an infusion tube from an
infusion bag is accommodated and supported and which delivers a
fluid medicine in the infusicn bag toward a leading end of the
infusion tube,

the infusion pump comprising:

feeding means for driving a plurality of peristaltic fingers
provided along a housing path provided in the infusion pump and
extending in a horizontal direction, with respect to the infusion
tube housed in the housing path, to feed the fluid medicine in the
infusion tube in one direction;

a heat scurce provided on the housing path to radiate heat
toward the fluid medicine in the infusion tube;

at least two temperature sensors provided on the housing path
and positiocned so as to sandwich the heat source between the
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temperature senscrs;

determination means for, during feeding of the fluid medicine
trough the infusion tube by the feeding means, propagating heat
from the heat source to the fluid medicine, detecting temperatures
by the two temperature sensors, and determining whether the infusion
tube is housed in the housing path in a correct direction or an
opposite direction, in accordance with a temperature difference
detected by the two temperature sensors; and

notification means for providing a notification of a result
of the determination by the determination means.
[Claim 6] The infusion pump according to claim 5, wherein

the heat source is an electrically driven heater, and

when a temperature detected by the temperature sensor
positicned upstream of the heat source with respect to z feeding
direction of the feeding means is denoted by Ta, a temperature
detected by the temperature sensor positioned downstream of the
heat source with respect to the feeding direction is denoted by
Tb, and a preset threshold is denoted by Th, the determination means
determines that the infusion tube is correctly housed in the housing
path when

a condition: Th - Ta 2 Th
is met, and determines that the infusion tube is housed in an
opposite direction in the housing path when the condition is not
met.
[Claim 7] The infusion pump according to claim 5 or claim 6, wherein

the threshold Th is determined depending on a flow rate at which
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the fluid medicine is fed per unit time and which is set by means
of the infusion pump.

[Claim 8] An infusion pump in which an infusion tube from an
infusion bag is accommodated and supported and which delivers a
fluid medicine in the infusion bag toward a leading end of the
infusion tube,

the infusion pump comprising:

an operation unit by which a flow rate at which a fluid medicine
is fed per unit time is set;

feeding means for driving a plurality of peristaltic fingers
provided along a housing path provided in the infusion pump andg
extending in a horizontal direction, with respect to the infusion
tube housed in the housing path, in accordance with the flow rate
set by an operation via the operation unit, to feed the fluid
medicine in the infusion tube in one direction:

a heat source provided on the housing path to radiate heat
toward the fluid medicine in the infusion tube;

a temperature sensor provided on the housing path and
positioned at a predetermined distance from the heat source in a
downstream of the heat source;

determination means for, during feeding of the fluid medicine
through the infusion tube by the feeding means, driving the heat
source and determining whether or not the temperature sensor has
successfully detected a temperature change caused by the driving,
within an allowable delay time determined by the flow rate and a
distance between the heat source and the temperature sensor; and
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notification means for issuing a notification of a result of
the determination by the determination means.
[Claim 2] The infusion pump according to claim 8, wherein

the heat source is an electrically driven heater, and

when one cycle of process is defined as a process of bringing
the heat scurce into a non-heating state after the heat source
carries out heating for a predetermined time, each time cne cycle
of process is carried cut, the determination means determines that
the infusion tube is correctly housed in the housing path when the
temperature sensor detects, within the allowable delay time, an
increase in temperature equal to or greater than a preset threshold
with respect to a last measured temperature, and determines that
the infusion tube is housed in the opposite direction in the housing
path when the temperature sensor does not detect, even after the
allowable delay time has elapsed, the increase in temperature equal
to or greater than the preset threshold with respect to the last
measured temperature.
(Claim 10] The infusion pump according to claim 8 or claim 9,
wherein the heat source includes a Peltier element, and while the
heat source is in the non-heating state, the temperature is reduced

by supplying power to the Peltier element.
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