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revi ews showed that none of the interventions such as colloids, ephedrine,
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[0003] Perioperative fluctuations of arterial blood pressure (BP) are common and

15 may be associated with adverse outcomes. Despite many years of research, fluctuations
in blood pressure (BP), particularly hypotension due to spinal anaesthesia remains a very
significant clinical problem for obstetric patients undergoing Caesarean section. This has
been reported to be as high as 90% in otherwise healthy women and may be associated
with serious morbidity to mother and fetus (Roofthooft & Van 2008, Smiley et al. 2006).

20 Maternal arterial hypotension decreases uterine perfusion pressure, leading to
intrapartum fetal asphyxia and fetal acidosis (Roberts et al. 1995). Severe maternal
hypotension also causes maternal cerebral hypoperfusion, resulting in nausea and
vomiting. Cases of intractable hypotension and cardiac arrest during spinal anaesthesia
for elective caesaraen section have been described (Hawthrone & Lyons 1997, Parker et

25  al 1996).

[0004] Various techniques have been used to prevent and manage hypotension. The
results from Cochrane database of systematic reviews showed that none of the
interventions such as colloids, ephedrine, phenylephrine or lower leg compression, are
effective in eliminating this condition (Cyna er al 2006). Vasopressors are drugs

30 commonly used to maintain BP but could lead to significant side effects. One of the
difficulties is the large inter-individual variability in the severity of BP changes and their

response to treatment. The use of untitrated but necessarily high doses of intravenous
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anaesthesia, these changes could be very drastic and sudden — if left untreated could
result in negative repercussions to the mother and fetus. The use of an invasive catheter
25  which is inserted into the artery (arterial line) is impractical and not without risk.
[0007] There remains a need to provide an alternative approach that can prevent or

ameliorate the adverse clinical outcomes associated with fluctuations of BP.

SUMMARY OF THE INVENTION
30 [0008] In one aspect, the invention provides a method of controlling the blood
pressure of a subject. The method includes generating blood pressure data indicating the
blood pressure of the subject; controlling a plurality of pumps to infuse, in dependence

on the blood pressure data, drugs into the subject, wherein each of the plurality of pumps
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20 controll'ing the blood pressure (BP) of a subject, according to vari ous

enbodi nent s. [0012] Figure 2 represents a schematic flow di agram 200
illustrating a method i I (BP) of a subject,
accofséli ng to various g%gm%ﬁg]b&wgﬁéﬁi&ms rate of the

subj ect. [QO(lﬁl]] THed Uivenflod Bpillebe Bedter idBRITRMI With! e3ferdh@gt@ the Oetailed

il ustratl ng a nmethod of 25 controlling the blood pressure (BP) of a

subj ect , desedptian Mien ccopsidrisd sinesaspncHent Yith Abe mapdinfiag Fxpmelesand thep) | s
arlthrreté&g.{nkxn%ﬁgégw‘ﬁh np@,ﬁﬁﬁ on the last three readings of systolic BP
at regul ar S. 0 [

terva 014] Figure 4 represents a system 400 for
cont rol I i ngo@l1j dRigwrect sepresents @ schelnjatict flova déagrain i@Otitusteating usmethoddbifnrent s.
20  controlling the blood pressure (BP) of a subject, according to various embodiments.
[0012] Figure 2 represents a schematic flow diagram 200 illustrating a method of
controlling the blood pressure (BP) of a subject, according to various embodiments.
“HR” represents heart rate of the subject.
[0013] Figure 3 represents a schematic flow diagram 300 illustrating a method of
25  controlling the blood pressure (BP) of a subject, according to various embodiments.
Average blood pressure (BP) is arithmetically calculated based on the last three readings
of systolic BP at regular time intervals.
[0014] Figure 4 represents a system 400 for controlling blood pressure of a subject,
according to various embodiments.
30 [0015] Figure 5 shows an image displaying the components of a closed-loop’ dual-
pump automated system (CLDPAS) for controlling the blood pressure of a subject,

according to various embodiments. “CNAP” stands for Continuous Noninvasive Arterial

Pressure.
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whi ch the invention may be practiced. These enbodi nents are described in
sufficient detail to enable those skilled in the art to practice the
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conpared to those who receive the standard techniques in the art. [ 0020]
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bl oarh prassilifyehaddern Fburid@hidsdahjpeélent or ameliorate the adverse clinical outcomes
associated with fluctuations of blood pressure. Without wishing to be bound by theory,
the systolic blood pressure can be maintained within about 10% of the baseline value.
Therefore, the neonatal outcomes (APGAR scores, umbilical cord pH) and the profile of
maternal éide effects (hypotension, hypertension, nausea, vomiting, bradycardia and
25 maternal satisfaction) will favour patients utilizing the methods and systems of the
invention compared to those who receive the standard techniques in the art.

[0020] The method of controlling the blood pressure of a subject according to
various embodiments of the invention is based on the independent control of a plurality
of pumps supplying drugs into subject, in dependence on the blood pressure data of the

30 subject. '

[0021] Various embodiments thus provide a method of controlling the blood pressure

of a subject. The method includes generating blood pressure data indicating the blood

pressure of the subject; controlling a plurality of pumps to infuse, in dependence on the



[ 0021] Various enbodi nents thus provide a nethod of controlling the blood
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[0026] A plurality of punps may for exanple be two, three, four, five six
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[0027] In various embodiments, the drugs can be injected into the subject
30 continuously in regular time intervals until the blood pressure exceeds the blood pressure
threshold value. The regular time intervals can be in the range of between about 10 to 40

seconds, between about 10 to 30 seconds, between about 10 to 20 seconds, between
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appreci ated that any of the conponents or sub-conponents di scussed 20
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conmuni ca wi t.h, one.anather. wi th_dat . signal transfer, via a.variety of
communt ca poTere, rApS iR e Shot RhEYR L pRuHg of APREE anies BHER, 1y
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the like. [0036] Figure 1 represents a schematic flow di agram 100
i |1 uakraexample beetthbemodynaome modditomggt Aevids. olod spme seubalitaBiRy, dfe dloodbj ect ,

according to various enbodi.jrent.s., The BP, readi of .a subject can be taken
by a bl oﬂf&“&%@% ggneyating g&gcgarndplege %tfc[al ¢ St's Phe optlcaISsen of can, 1n someé
embodiments, be integrated in a cuff wherein the cuff is adapted to apply mechanical
pressure onto the subject. Blood pressure can thus be measured by way of an infrared
light optical sensor measuring pulse pressure in the subject’s fingertip for example. The
30 blood pressure data generating unit can also include a display unit adapted to display the

blood pressure data.

[0032] In various embodiments, the controlling unit may comprise means for

receiving information from the blood pressure data generating unit, and means for
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for exanpWe 2brR/@6¢3at i ent undergoi ng a perioperative pro®€dEGa11PNS1$ubj ect
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criteri Ogysﬂeﬁ?s.i s nmet, in which BP exceeds the predeterm ned BP threshold
val ue, the plurality of punps 170 wll be deactivated and no infusion of

dr ugss occurf0033)[Ia08atjousi gmbedithenBprtks esyttema forles maicludes | a0 \Weakit agteamata00
illustrating a methaod of control]|ing the blood pressure (BP) of a _subject,
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t he inventi on, P Is onitore an average BP I's determ ned at step
140. Whehedobotdte ordaniter,ia mse axithe?dr0 salengres thenhesinti cite BP thef suthect kan debj ect
falls below a predeterm ned BP threshold value and heart rate (HR) exceeds
a predet‘é‘?‘tFﬁ"HB%{'HR threshold value, a first punp 220 of a plurality of
punpRy i S CquH3M | THRAcdnfroliHeUait RohtrdIS ithé pHBalit WS R NinC idjeRléite 1R0nRNd 230
are nmet in which BP of the subject falls bel ow a predeterm ned BP threshol d
val ue anbeadRafeaddts Ibelavpnsnembediatestsptheayntslingnaithis ladapted toegontrobedistd punp

240 of a_plurality of. pupps is, controlled,to.ipnfuse Q.second dru When
riteri oot e dufin? i RFmbs SRl A 08E g nf, B8 SuBefiin B BN R0l o
val ue, tine sabjécabide¥dsPh phed¥RSminEd Nattl raRethe@BEIdl Wi On &Mcbr nbodiH&itgn Of
drugs occur. [0038] Figure 3 represents a schematic fl ow di agram 30

i 11 ust r athergniroleghisdt t5fadapiedriel qonirg! e ecandopimp oé sheiphirality T awsinsce,

accoydi n v S [ - a i i.ous
embod ol 4 MBS BTHAS' AR WiblectHolhemhn (ES BPROGRILE (I bOOKAEC
pr essur epre@&Edmiatd Rt rate thecskbldnvaluel ood pressure. The subj ect under goes
regi onal anesthesia 318%and BP is taken and nonitored 320. When the SBP of
t he subj ectl093518 | Bderothes ghe Hysahion &ay) wadily rpdersioad 20d BHJINHLRFACFR e i s
bel ow 60 t j : if HSi p

phenyl epﬁéf‘ﬁﬁeﬁafg&n{:l%ﬂ%ﬁg&ggﬁggr‘ivﬁghgwng&vﬁ%%ﬂ%g ﬁgﬂ thé?‘%g? gg tﬁei??i gﬁﬁé Heart
rate i s stooldkalbo tegamirediated Ohdsemtysofpthe erninmanent3 4@, subrdoynpionénts i discugsedp 350
for enyl ephri.pe 25 wi || .be acti vat ed. t he ot her. hand, if the

systBl | CHBFBodf GSEHTE s vATBYe SUMBFBa Rl (e I5FE8h Brassl, Mysde

nei ther @mmbgicHedPHitH bhe Pfhother with data or signal transfer via a variety of

communication interfaces. For example, in the form of signals or data may be electronic,

electromagnetic, optical or other signals capable of being received by communications
interface and components and subcomponents of the present invention. The
25 communication may, for example be implemented using serial ports, wire or cable, fiber
optics, a phone line, a cellular phone link, or other communication channels (hard wire or
wireless included). Similarly, any material, fluid or medium transported between
components or subcomponents described herein with regard to the various embodiments
of the invention may include a variety of types, such as, but not limited to conduits,

30 tubes, lumen, channels, needles, catheters or the like.
[0036] Figure 1 represents a schematic flow diagram 100 illustrating a method of
controlling the blood pressure (BP) of a subject, according to various embodiments. The

BP reading of a subject can be taken by a blood pressure data generating unit 120
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subj ect, 25 according to various, enbodi ments. st an for Continuous
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two i nfusion punps for drugs to regul ate bl ood pressure, 1.e. vasopressors,
nanel y pbewmy. ephri ne and ephedri ne.

[0038] Figure 3 represents a schematic flow diagram 300 illustrating a method of
controlling the blood pressure of a subject, according to various embodiments. Such a

25 method according to various embodiments is carried out with the purpose to maintain the
systolic blood pressure (SBP) at 90% of baseline blood pressure. The subject undergoes
regional anesthesia 310 and BP is taken and monitored 320. When the SBP of the subject

is below 90% of baseline blood pressure 330 and heart rate is below 60 beats per minute

360, both infusion pumps 350 and 370 for phenylephrine 25mcg and ephedrine 2mg will

30  be activated. If the heart rate is above or equal to 60 beats per minute 340, only infusion
pump 350 for phenylephrine 25mcg will be activated. On the other hand, if the systolic
blood pressure is above 90% of baseline blood pressure 380, neither of the pumps will be

activated 390. Without wishing to be bound by theory, the method and system according



WD 2012/ 036636PCT/ SG2011/ 000314 Infinity(r) CNAPTM gives an instantaneous,
continuous neasure for arterial BP. The photopl et hysnograph sensors use an
i nfrared woght2/sesssce and a |ight detector neasure the lpkcosd2valovesrsi n t he
finger a i ! . f terial.real-tinme BP is derjved
From t he % HiesPedti otioe B6F oS R udls L Sty Ghadd s alt FEH bea
and a 5 hitghwitteel Uhvasivearlesd PrefRuRs Shibrtonagelior alse aprobrleobistamiatot® al | ow
a conprehensive view of the patient's status. The maternal systolic BP will
be cont i AYBIMSIAtOR O ¥atpressors frresiorpheraedynamigstability. i nf usi on punps and in

response, S o}t e L he i T .

conputer-c ((J‘)[r?tB ?@I ﬁgﬁ‘v"i Jﬁ? Eﬂs% Fg%'s \éraszlgt%gimﬁﬁg 203 c%{srl)l(ljl g’ g gl(ggpd;}?ir%g%lfen QPRAS%‘?JS%tof t

. Net 3. 5acuotidingt foe viiodo embs&intaney. aThe1Gystyrat edn bBY a Udesedseds’C duglpunighe 10
program can be switched between fixed rate npde and cl osed-1oop_feedback

nmode.  aplomated sstery (GLIPAY) infreratedyia mmethed agsprding o variguy embodimeatspasi ¢
o crep Bt palahe Tharinic SRl GirBaCirab ARy, MR ARIATRAR ol 50T

pr essur e opérBad einderca NBEY yatammdeaThdblabé presdire oflacobjepr 4HsisrmeeaSmA by'4-i nal
Mean CNAP Sé,rsé a subject.is cal CHI_at ed

o] y 15 averaging, the total of
mean bl o8TS i%uflée VeRsRfecany Bonintegrptsd inlo 3 ng?reﬁlfgsv?mﬁv( is\idaRtedNamPRYS | Cs")
and an c V, ] : NS rate
SSGOW?" Fi na Wagr??%%&;é%gfﬁ% lﬁgbjfgﬁtg;ﬁeﬂcg?féﬁc%ﬁaﬁr%@?gy aver%lg?ﬁg&f e total
of nean heasad. Tat bloodl pressfireodata sant be display¢d biethe Hibodipreddise JataigendrayngS570

d h froml|l Qs to 155.at step S580 (" HR.at , 15s").
Mot roPiEash. pll Bupad asBibuge s Sorieiligt it oo e ronbriDe el s
("Final M??rb%nﬁﬁ%'r?r)ﬁérahﬂﬁecﬁ wpifBplembad the xﬁi@ﬂh]?&él fh&ﬁ;lr&ag abitRe peéserd

pressure ("Baseline NBP'), and criterion 1.1 is fulfilled at stép S600 in
whi ch t hinviestien, promide ¢ Wy inferiadecand o certrol sgmaauicatipon thyoegh serial portsHRS

basel i ne r u S ill..be acti.wated tq i nfus hi ne
or bbe 2iDobhtih PlociiRshre AR thbrarinl pfiT4TER 2 tag BB CRMRRR O P e
bl ood pr esodyhafmi&EMulitoMDre g ediysl, Lilbdck] Germnys ahd &ed plilitysotbgingyy t he
basel i ne bl god pressurelpé‘".Basel ine NBP') and criteria 1.1 is not fulfilled

at step &Ebforisxamplecthe infasiqn system{Be Brayy Mglsungen &¢hjGemany). [Ropaatian t he
basel i ne f : . ' iwated to
ni use phabF sefib GetAE Bifd he or MRS Buaity D s 56 Heldhey 1Bl b YR
criteri omethods dfuthei inveticat Ad¢ ap iH63ative eshingile, t the drigo phardgsine dndFi nal
Mean, CNAP Sys") of th j ect ds. ' | to 30 the baseli bl ood
pr o2 ceqtichiind  ¥ifs' REPRFC e GURPERPI o d0fdHEE ST ol 0 G vi ||

St op  S64LspddfigeRRIEHARK0-DYISdPinbE HRP Wik | donf&tdiONk e adrebntn SoH bRy ﬂ-ogu ously

fed back to the conputer integrated infusion punps and in response,

preset vilepatiewis intravamons somulatiyi 4 thies-way stopebck without using a oneway valve.

2012/ 03663 011/ 000314 . 00p43] .The inventions .l lustrativel

descri bed ﬁg&{q]ﬁ'%érﬁ S qwgbﬂl%qéepq(}%pi%xl%ﬁq srmpnpRents Of 2 dossA-1908, Cﬁiag'rrent or
el ement Spuhp Mutérhated s9stel (CLBPASYFor BOMtrcIROLithd BRIoUYprdisard 0F @dsdbgecei n-
Thus, for exanple, the terns "cor‘T‘Eri Si n% "1ncluding", "containing", etc.
shal 25 beagcerding fqyvarisiug empogineenys. { GOUAP"] starids fer Gentinnaus Nooinxasive Artsalt er s
and exprpfé%uggs 5 enpl oyed herein have been used as ternms of description
and not o Imtation, and there is no intention in the use of such terns
and expr esJ004H Kifurexclepetisérgs a8shentitic \dédgeath $00 Shdwidg ftieabasicaspesdionrofand
described or, portions thereqf, but it is recognized that various

modi f i catiPdfslogp sopsrlier ferainiysian of Rhsaylsplspne asfepherrinerdeen dusmedagsanesd. Thus,

it shoul . t I Ji3 i

speci fi cgﬁcpgn gllﬂggllr %ggﬂ%g%%esg‘{r’ té? éeﬁpl?@& tgﬁ%aglgiﬁ%ﬂ%gm%%%gﬁ@o&ngﬁ%d?g%ur es,
nodi 30 catuakpusrpd autmaed aystefn t((CEDRASNsyden etindi dd tThBniei® GBAPAT™

di scl osed. . may be resorted to by those skilled.in the art, and th such
mod 11 o ol G OB AR ASteR PEOHIF LSBT S 2B E CRenerRBRekBib b1 (i s
| nvent i R 00 4¢h niBfopksbesink 1O BehifPreiafifl. the T RRS oPE&@ﬂqusi@ﬁlpuﬂE@gfr' cal | y
herein. Each of the 15 narrower species and subgeneric grouplng alling
wi t hi n t dmggtnesgilatabloed pmssure,dles yafopressqrarnanmly phenylaphane amhephietiise.

i ncl udes the generic description of the invention with a proviso or
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of whether or not the excised materi aIlOi s specifically recited herein.




[0045] Ot her enbodinents are within the follow ng clains and non-limting
20 exanples as follows. In addition, where features or aspects of the

i nvent i onwenre1dssasi bed in terns of Markush groups, thoserskibéii@dosin t he
art will t thelnv |on|sasot ereb escrl ernms of
any | nai SIS, ESARD et TR0 s ot PRGSO . TESAVPLES
25[ 0046] photobrE8EmcgrPh [FeasorSusd aritifRiFed BehtSI6or@MddCd BB etédtbemedure

pressure control systemintegrated by a unique clinical algorithmto allow
a gr eat ethecblapd yplumg lr)eth@sﬁng@é#ﬁmaaﬁdca diregt useaguei quarmalemahgmeaBP ds

devel ope \ nf | ) uous

Noni nvas :a\%l;ﬂ% ?%I?H tg g Sg}s sﬂitfi)?gsga Itj 3?%8%'@@ ?fiv{’égoag EH‘(\/\? Il be
f ed- bfick high fesolufio®prtedsiSpREsut® “xawetbhhycahaﬂwbmﬁea he ailthCfi lc@ﬂﬂ%réhfanﬁ@e two

i nfusion punps for drugs to regul ate blood pressure, i.e. vasopressors,

nane } y, mrEnof isrpatisat’ s patuspRaelmatemal\systolic B willbesaetinuogsly fad deek ltm \O/lxo
2012/ 036636
%)é JD @é %Q%é{ Qézio ﬁ%{)ééoéltp%er | aﬁ%g@i\%e:}f glaelgnlstevoﬁlgng 8%45”%‘35%{9’ an

accurately ne t-to non-’i nvasi v pl us

aut omat e walitber ifiiseé. The computsi-oontasiled dafipiopspropnt Dsclughs aovadofedr using
i ntegrated infusjon purrpiPsr [ 0048] The prelim naé pr ospectl ve cohort
study waMictsalicNet 3touadacths WirdosvseKP; onsestings systian. BBPMAT s¢lecionathe

pressgpir e t ed spi nal
o my o PR 2on BU S R by A oM e dRa Skl SERAREREEC, CPL
approval we9042jt Refierthgf toothne&chgapiw diapgieat DA P‘E@rreri&;else basid bpérati@d of the

I nstitutional Review Board. eri ssure stem was 10
devel opeaysrs‘i}n PRIHBE Upder flosed P%P Redbas %0‘98‘]56 lfls tv%é"rpes e thsi basgling, ¢ hi s

prel i m nggat sdie!@Basditi HRY laHS! 'b@zﬂeh?xé Ibwdl Iﬁ'eés'ﬂFé @@%gien%%rép e 2ai{i9RA. and

term si ngl et om£regnan0| es schedul ed for an el ective caesarean section
under spilhealblegth@seshursi SS300GTHinal Wiehn &I‘éABxS}ﬂ’ ) o§ sulpeegisacadgulatad ged

Dy B Pap e BT eSO el

prenedi caNAm Systdy p e ﬂx@h&blobdtp@es@uraMamsfr(ﬁh\IQQtQOISSCHt stef S550] Vid heétkt t he
operating theatre. A baseline 1?s]q%st olic blood pressure was cal cul ated as the

nean of fai¢ 8860 é“cFemad iMeps BRO) efring sybipetds glsulated by-ayeraging: the ¢asal efymean i ¢
00 b B ORI RS, AR,

inserted I'n anaes ia and connec eh| s 20
to a SOOHﬂuEI&rOMMoSISSQit steh 358D {GMe s PiRatelds b dldritdricairt abfaflldd segper at i ng

t abl Bl ood. thd d Il ect ed t he EDTA tube f th
Gonedd oSSO0 1 WhiEE (bt Binpd (USHOEyOFG. Morn S AR 0 DgaRper s below ||
pol ynor pi{esHikeline bIBQcpglje]ssﬂ k“ﬁd&@lll’f‘é’NQP"‘?r d ’Egﬂa'rfoﬁrleij iOMlfilled at step, S600

el ectrocar di ogr aphy ul se oxinetry and pressure assessne wth the
| nfi ni t yirOMARRhdhe heart ravo(HR} oﬁmersob,gsctmxequd roatis equal o thasba@lmerhcaﬂ lnete WO mAIN

|d be pl tt t f t |
anaest hoatp TAatavillle ftiarerh B pranyiaHing 5 205 aE20GnaR W3R critsig n
needl e Wass ffiRéd Bcktéd S49Winlwhibl tﬂeﬂil@éd; pﬁeﬁlra(@l@m mancbm@hgp@? BP{HeC

bupi vacai ne with 15ntg fentanyl and g nor phi ne was adni'ni st ered
i nt r 2 heselies falﬁm‘eeltp‘atth@haseha% blquﬂumu@ (yBa@ﬂluc MNRP’Y @nd legiterial k. bds setpi ne

positi Onﬁ.llﬁ]léda & sltéi) §$(hem vE'hlgh 'tﬁ’]etﬂeaahr}gt%a(hli)ryf?ﬁ e su Jéct %aITIes bCl‘ §1eabase 1rnleaI

heart rate, both pump 1 S610 and pump 2 S620 will be activated to infuse phenylephine

and ephedrine respectively for 20s at 200ml/hr. If criterion 2 is fulfilled at step S630 in
which the blood pressure (“Final Mean CNAP_Sys”) of the subject exceeds or is equal to
30 the baseline blood pressure (“Baseline NBP”), the pumps will be deactivated and
infusion will stop S640. The maternal systolic BP will be monitored S650 and
continuously fed back to the computer integrated infusion pumps and in response, a

preset volume of vasopressors will be infused.
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spinal a I equir er s ._anaest hesi a. The
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Two patients experienc nausea during t Caesarean section, but no
pat i ent salsatheacby deperimddn cdrmsafiany iglividina nadnotean o sgpgamgesfithemberts ofithd not
need to thter addi ti onal phenyl ephrine, ephedrine or atropine. [0057]

The clin HWhes of the patients are sumarized in Table 2.
EXAMPLES
25 [0046] A Closed Loop Dual Pump Automated System (CLDPAS) arterial pressure

control system integrated by a unique clinical algorithm to allow a greater control
patients’ hemodynamic status during anaesthesia is developed. This system utilizes the
Infinity® CNAP™ (Continuous Noninvasive Arterial Pressure) SmartPod whereby the
data generated will be fed-back to a microprocessor to tightly regulate the functions of
30 two infusion pumps for drugs to regulate blood pressure, i.e. vasopressors, namely,

phenylephrine and ephedrine, via a custom-made USB connection.
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year255 was given. The woman would be placed in the sitting position for induction of spinal
anaesthesia. After skin infiltration with lignocaine, a 27G pencilpoint needle was inserted

at the L3-L4 interspace and 2.2ml 0.5% hyperbaric bupivacaine with 15mcg fentanyl and

100mcg morphine was administered intrathecally. The patient was immediately returned

to the tilted supine position. Directly after the intrathecal injection, the CLPAS arterial

30 pressure system and rapid intravenous fluid infusion (coloading) was initiated.

[0052] The system integrates a unique clinical algorithm using the Infinity CNAP to

a microprocessor to regulate blood pressure by treating hypotension by activating

vasopressor infusion pumps. Phenylephrine bolus of 50mcg will be activated when the
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32.9 (5.0) Weight; kg 68.1 (10.4) Height; cm 159.0 (5.4) Baseline systolic
bl ood pressure; nmmHg 123 [104-140][116-131] Baseline heart rate; bpm 78
[ 65-97] [ Wo&b12/036abl e 2 Clinical outcones of patients urdesgaingoaesarean

Poct o0 Vi HFRSAAL leoMeBl o T AL 62 Bl o
supi ne ppressurewithouehradydardia |.é hédrt & 1e8d than 60 dkaty peymiriube Ephedtine bolus
of 4mg will be activated when the systolic blood pressure is reduced by more than 10%
of the baseline blood pressure associated with bradycardia. The attending anaesthetist
5 was allowed to give additional boluses of phenylephrine, ephedrine or atropine if there
was severe hypotension (systolic blood pressure less than 65mmHg) or severe
bradycardia (heart rate less than 45 bpm).

[0053] The dermatomal level of loss of cold sensation is taken at 5 minutes after
intrathecal injection. Adverse effects such as nausea and vomiting would also be

10  reported. Demographic data such as age, weight, height, baseline systolic blood pressure
and baseline heart rate were recorded. Clinical outcomes including time of intrathecal
injection, time of lying in supine position, time of skin incision, time of delivery, time of
end of surgery, dose of phenylephrine and ephedrine before delivery, total dose of
phenylephrine and ephedrine, total volume of intravenous fluid, maximum and minimum

15  systolic blood pressure, maximum and minimum heart rate, APGAR score at 1 and 5
minutes and birthweight were also recorded.

[0054] Statistical analyses in this study were performed using SPSS 16.0. The
demographic data and characteristics of the patients were analysed using median
[range][interquartile range] and mean (standard deviation). The clinical outcomes of the

20 patients were analysed using median [range][interquartile range]. The incidence of
phenylephrine and ephedrine requirement and side effects (nausea, vomiting) were
reported as number (percentage).

Results

[0055] Forty one patients completed the preliminary study with no drop-outs. There

25  were no failures from the spinal anaesthesia requiring conversion to general anaesthesia.
The characteristics of the patients were summarized in Table 1.

[0056] Thirty eight patients (92.6%) required phenylephrine throughout the
caesarean delivery. Thirty seven (90.2%) required phenylephrine before the fetus
delivery. Ten patients (24.4%) required ephedrine during the Caesarean delivery. Eight

30 patients required ephedrine before delivery. Two patients experienced nausea during the
Caesarean section, but no patients had any episode of vomiting. The attending
anaesthetist did not need to administer additional phenylephrine, ephedrine or atropine.

[0057] The clinical outcomes of the patients are summarized in Table 2.
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17 [9-46] Spinal to end of surgery time;, mn 43 [28-107] Dose of
phenyl ephri ne before delivery; ntg 250 [0-1200] Dose of ephedrine before
del i ver y;wonof2/(36s384] Total dose of phenyl eprine; ntg 800T[s¢2@1m0)314 0t al

fove of SPUHEARE) 0ol kel o AR S0, RS e
polymorphism. The blood samples were collected during intravenous cannulation using
EDTA tubes.

Discussion

5 [0059] A Closed Loop Dual Pump Automated System (CLDPAS) arterial pressure
control system for maintaining maternal blood pressure during spinal anaesthesia for
caesarean section according to various embodiments of the invention is described herein.
The present system did not require any additional intervention from the anesthetist and
resulted in good clinical outcomes for the women and baby. A minority of women
10  (4.9%) experienced nausea during the caesarean section. There was no océurrence of

vomiting and all babies had APGAR 9 at 5 minutes. _

[0060] Most patients required the phenylephrine automated boluses from the
CLDPAS arterial pressure system during the Caesarean section. The CLDPAS arterial
pressure system has the unique ability to infuse automated ephedrine boluses. Eight out

15 of 41 patients (19.5%) had bradycardia associated with hypotension that required
ephedrine boluses. Without wishing to be bound by theory, this finding suggests that the
dual pump setup according to various embodiments of the invention is useful to
counteract the effects of hypotension and bradycardia that may coexist under these
circumstances. The ability of CLDPAS to rapidly and effectively respond to

20 hemodynamic changes is facilitated by the Infinity CNAP system that enables a near
continuous non-invasive monitoring of systolic blood pressure when compared to the
currently available systems that provide only intermittent blood pressure readings. As a
corollary, the concept CLDPAS would also be applicable to any system that enables
either invasive (achieved by transduction via an intraarterial catheter) or non-invasive

25  continuous blood pressure monitoring devices. On the other hand, the often used
intermittent non-invasive blood pressure monitoring (typically undertaken by using a
repeatedly inflating a cuff on the arm and commonly and based on the principle of
oscillometry) is unable to perform reliably if the frequency between two measurements is
shorter than 1-minute, even if the process can fully automated. It is also more prone to

30 artefacts such as shivering. The CLDPAS arterial pressure system would average the
systolic blood pressure readings over each 15 second epochs to allow an almost ‘real

time’ response to changes of blood pressure below the 10% of the baseline value.
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108 [ 82- 153]

WD 2012/ 036636PCT/ SG2011/ 000314 M ni mum systolic bl ood

pressure; nmmHg 84 [69-125] M ninum heart rate; bpm 59 [47-85] APGAR score

at 1 m n Wo[26129B6BPGAR score at 5 min 9 [9-9]
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Eff ects of

ephedr i nmimuies. Therefore the CLDPAS accordmg to the invention is found as a reliable arterial

10

pressure control system during spinal anaesthesia for caesarean section.

Table 1

Characteristics of patients undergoing Caesarean section with CLDPAS arterial pressure

system. Values are median [range] or mean (SD).

Age; years 32.9(5.0)
Weight; kg 68.1 (10.4)
Height; cm 159.0 (5.4)

Baseline systolic blood pressure; mmHg

123 [104-140][116-131]

Baseline heart rate; bpm

78 [65-97][70-85]

Table 2

Clinical outcomes of patients undergoing Caesarean section with CLDPAS arterial

pressure system. Values are median [range][IQR].

Block height at 5 minute; dermatome T3 [T1-T6]
Spinal to supine position time; min 2[1-6]
Spinal to delivery time; min 17 [9-46]
Spinal to end of surgery time; min 43 [28-107]

Dose of phenylephrine before delivery;

250 [0-1200]

mcg

Dose of ephedrine before delivery; mg 0 [0-24]
Total dose of phenyleprine; mcg 800 [0-2150]
Total dose of ephedrine; mg 0 [0-28]

Total fluids; mls

1500 [1000-2500]

Maximum systolic blood pressure;

mmHg

130 [109-157]

Maximum heart rate; bpm

108 [82-153]
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5generating bl ood pressure data indicating the blood pressure of the

subj ect, controlling a plurality of punps to infuse, in dependence on
t he bl oodwpnessssaedat a, drugs into the subject, wherei prceachoafooize
plurality of punps is adapted to infuse one out of a plurality of different
drugs into the subject, and wherein each of the plurality of different
drugs hagokerRasWi Qiévado KIf Kidane GEQMutdeMy| Refly IVIAS Fétag atideinteassobiaedt , 10
wherein the plurality of punps is controlied such that, in dependence on
the bl oowithregiensl anesihesia for eloctivy cematrgs delivaryi Qbtier Gmasob HEOBBS(BETOvhi ch
stabilizgi the bl ood pressure of the subject. 2. The nethod according to
claim1, “I5wherein the plurality of punps is controlled to infuse drugs
intosthe subject if the blood pressure falls bel ow a predeterm ned bl ood
pressure_threshold value. 3. The met hod according to claim 2, _Wherein

t he predReefthfoftel. bl andesYelde i nvednss winah aneesthesipdoipeamapseati®e nor mal
20 bl oo T i [ . f lains 1 to 3,
wher ei ndﬁggggfeﬁré;ﬁ%alﬁg %Jélﬁg 9@%‘%@% e%g% ?f’ Pg/é'% |eﬁggggoﬁg§9€' 2}2%3225%?632% he

subj ect, and wherein the plurality of punps is controlled in dependence on
the heart rate, The net hod according to any one of the clains 1 to 4,

25 5.
wher ei n 2miley BM BlnNegioniMe Landaud ; hejaZsadrgneesator ée%mer pifectyvasgpiesioise a
o AR o . : . . |
br ecid: o kbl WerPUSEN Wlosiofie MR Leshi B RAVENC BUBNEGLIENCSSES °

one of t1#(4)@4r%0.1 to 5, wherein a second punp of the plurality of punps
is controlled to infuse a second drug into the subject if the heart rate of

the subject falls below the predeterm ned heart rate threshold value. WO
2012/ 036636PCT/ SG2011/ 000314
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7. The nmet hod according to any one of the clains 4 to 6, wherein the
predeterm ned heart rate threshold value is bel ow 60 beats per m nute.

58. The mewbadi2asesssdi ng to any one of the clains 5 to 7pcwniseneiiwodshe first
drug is i@pﬁhgphrine. 9. The nethod according to any one of the clains 6
to 8, wh he second drug is Ephedrine. 10 10. The method according to
any one Gfhat Reclgihrdng 2 to 9, wherein the injection of drugs into the
subject is continued in regular tine intervals until the bl ood pressure
exceeds the bl ood pressure threshold value. 1511. The nethod according to

cl ai m 10, wherne] i 1L | .15 and 30
seconds. 1'12. ‘?hﬂé&rl%é{fﬁtf)%&g}églgﬂr%tﬁlﬁy ({ogrbé‘%‘\{%nog a%p 91[% Etég(%f]ﬁ]ﬁ %Eg'S to 11,

wher &5 n Pheny pefehdtingeblocd prejsed @da wididatiag dessiosd pleeduseenhabasiect0. 01 ng to
0.2 ng or 200.025 ng at regular tine intervals. 13. The method according to
any one of t heomirodlinga glyrality-of menscioninfuspeiar dapendesce gpdhe blpogirressiredose of

ot hod abigr et P ShefeeE it B 8 ule TRl of ST MR o e TH
pr essur eomdit of & phwrbliyaifaifférantrdrags intonhe subject, and wherein each of the plurality
of different drugs has a particular influence on the blood pressure of the subject,
10 - wherein the plurality of pumps is controlled such that, in dependehce on the
blood pressure data, a mix of drugs is infused into the subject which stabilizes the blood

pressure of the subject.

2. The method according to claim 1,
15  wherein the plurality of pumps is controlled to infuse drugs into the subject if the blood

pressure falls below a predetermined blood pressure threshold value.

3. The method according to claim 2,
wherein the predetermined blood pressure threshold value is below 90% of the normal

20  blood pressure.

4. The method according to any one of the claims 1 to 3,
wherein heart rate data is generated reflecting a heart rate of the subject, and wherein the

plurality of pumps is controlled in dependence on the heart rate.

25
5. The method according to any one of the claims 1 to 4,
wherein a first pump of the plurality of pumps is controlled to infuse a first drug into the
subject if the heart rate of the subject exceeds a predetermined heart rate threshold value.
30 6. The method according to any one of the claims 1 to 5,

wherein a second pump of the plurality of pumps is controlled to infuse a second drug
into the subject if the heart rate of the subject falls below the predetermined heart rate
threshold value.
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15. The nmethod according to any one of the clains 4 to 14, 30wherein the
heart rate data is collected in real tine. 16. The nethod according to any
one of theocbmiussssg to 15, wherein the bl ood pressure dacascaoaombézast ed

usi ng optical sensors. WD 2012/036636PCT/ SG2011/000314 17. The met hod
according to claim 16, wherein the optical sensors are integrated into a
cuff whi gh i s Tadapdtiesd 400y t af®ohadf el clgmesxdiee on the subject. 5 18. A
system of controlling the blood pressure of a subject, conprising: a blood
pr essur e Wdgtein e %@@?ﬁrﬁ@@m@ﬂa@rs@ré@qld)vgéﬁ@rww B0 beats peraBivie dat a

i ndi cating the bl ood pressure of the subject, a plurality of
punps, wherein each of the plurality of punps is adapted to i nfuse 10oneout
of a Pl ugal i t Thefmehdd etcerdingltaigsy bin of tHeeclsitsj £t 7, wherbinahe titg dhglial ity
of different drugs having a particular influence on the blood pressure of

t he subj BRgnylephrine. 5 control | i ng unit adapted to control the plurality of
punps to infuse, in dependence on the blood pressure data, a m x of drugs
into the subject which stabilizes the blood pressure of the subject. 15 19.
The syst @m acTbe dietlgpdt axcoldaigtolaly onb ef diercldiims ptol8; sthieteyn thie speondsdrag &
controllao)l (iJCh that drugs are infused into the subject if the blood
pressure hedrinepe| ow a predeterm ned bl ood pressure threshold val ue.

10
10.  The method according to any one of the claims 2 to 9,
wherein the injection of drugs into the subject is continued in regular time intervals until

the blood pressure exceeds the blood pressure threshold value.

15 11. The method according to claim 10,

wherein the regular time interval ranges between 15 and 30 seconds.

12.  The method according to any one of the claims 8 to 11,
wherein Phenylephrine is injected with a dose of between about 0.01 mg to 0.2 mg or

20  0.025 mg at regular time intervals .

13. The method according to any one of the claims 9 to 12,
wherein Ephedrine is injected with a dose of between about 0.5 mg to 4 mg or 2 mg at
regular time intervals.
25
14. The method according to any one of the claims 1 to 13,

wherein the blood pressure data is collected in real time.

15. The method according to any one of the claims 4 to 14,

30 wherein the heart rate data is collected in real time.

16. The method according to any one of the claims 1 to 15,

wherein the blood pressure data is collected using optical sensors.
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20 20. The system according to claim 19, wherein the predeterm ned bl ood
pressure threshold value falls bel ow 90% of the normal bl ood pressure. 21.
The syst ewoaoai6ésag t o any one of the clains 18 to 20, pr2dfseroh®nosi4
conprising a heart rate data generating unit adapted to generate heart rate
data reflecting a heart rate of the subject, wherein the controlling unit

control sj3 he phefRtiddacebrdRigBT1diM 1($ependence on the heart rate data. 22.
The system according to any one of the clains 18 to 21, 30 wherein the

cont r ol | whereimithe joptigalapenserst arec imtegratied ainfa raspuﬁﬁuwblcbflst #dapprdu talapply of
punps to HE}L% 1 a first g}u ln o the subject if the heart rate of the
subj ect B {f& Breﬁ?lgﬁgfl beﬁ heart rate threshold value. WO
2012/936636PCT/ SG2011/ 000314 23. The system according to any one of the
claims 18 to 22, wherein the controlling unit is adapted to control a
second pl#p ofr swn@nmﬁnoatrpkhylgéhe bloag prassure nf ygebjert seompiingt ug into the

subject if the t he Ubj ec | s, bel ow .t edet er

neart rate tnf s repdE kSt 5 aldbiod (O BRIAE ot BRSMEREEE", he
cl ai nms Zmdidauﬂ@thevuw@cepﬂasgubeomedﬁﬁjecftm ned heart rate threshold value falls
bel ow 60 beats per m nute. . The system according to any one of the
clains 22 to 2pluralgygdPueips, wh%rem 9agh of ﬂwgplpéallﬁh@ﬁw@mwaﬁépted e infrge

Systgn ageosdiq ofd pg@r Wofocﬂﬁ £ht §s ﬁlé&"tﬁ@; {%aé?%f gf?‘f) xﬁélﬂgloff%xt‘?&%g”d dr ug

i s Ephedrine. flem Gccor |ng to 26,

wher e| n dtogs havihg @Iphnmglaumﬂ:uen& @dmptbwbdtp}essatafthdnmhjm,ectl on of drugs

into the subject in regul arﬂfl ne | nterv%I s until the_bl ood pressure exceeds
(0]

the bl ood pred Songrolings upig | ted to control the plurality of pumps to infuse, in
dependence on the blood pressure data, a mix of drugs into the subject which stabilizes

the blood pressure of the subject.
15
19.  The system according to claim 18,
wherein the plurality of pumps are controlled such that drugs are infused into the subject

if the blood pressure falls below a predetermined blood pressure threshold value.

20 20.  The system according to claim 19,
wherein the predetermined blood pressure threshold value falls below 90% of the normal

blood pressure.

21.  The system according to any one of the claims 18 to 20,
25  further comprising a heart rate data generating unit adapted to generate heart rate data
reflecting a heart rate of the subject, wherein the controlling unit controls the plurality of

pumps in dependence on the heart rate data.

22. The system according to any one of the claims 18 to 21,
30 wherein the controlling unit is adapted to control a first pump of the plurality of pumps
to infuse a first drug into the subject if the heart rate of the subject exceeds a

predetermined heart rate threshold value.
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28. The system according to claim 27, 20 wherein the regular tine interval
ranges between 15 and 30 seconds. 29. The system according to any one
of the clwomB12AB66360 28, wherein the controlling unit ispetscted/besigause

I nj ecti ox, of en hrin Lth a do of, between,,about 0.01 ng to 0.2 ny
or 0.25 ngjl?gff‘ S%_geg’gfi%cror(ﬁflﬂo Fht B4 I ‘?015’5“5 ]%t.orb?he_ system according to
any one @herefiettel eint®lidfy Uit 29 addfied @ Rohthdl £QBdond! punfy ol fihé gltﬁalﬂ?aﬁt ed to
cause injection of Ephedrine with a dose of between about 0.5 ng to 4 ng or

2 ng at Pwppd Wrinfusge seeandrdrag into ige Sibjerh thy beashraie ebthdisnbjeetdainbelowe of
the cl ai 30 rel | pressure data generating unit is
adapt ed t@%p%’%ﬁée?rgfrée’dq\ggﬁlgﬁgo E%gtla(is)‘é%rg% data in real tine. WO
2012/9036636PCT/ SG2011/ 000314 32. The system according to any one of the
claims 21 to 31, wherein the heart rate data generating unit is adapted to
gener at e24-he Feasystemeecogtingtq anyrang of theglai PR3, system according to any
one OT t\gﬁer%{nathgpreligteﬁﬂin%a hgﬁdf'%ghﬂesthpﬁi \bih?é’ﬂu? B&%@%Oeoegétp%r %gm&atl ng unit
conpri ses optical sensors. . The system accordirng to clairm 33,

wherein the bl ood pressure data generating unit is a cuff into which the

optical sensors 10 are integrated, wherein the cuff is adapted to apply
mechani c&- pr E@%ﬂfst@%mceﬂi%tosw qerof the claims 22 to 24,

10  wherein the first drug is Phenylephrine.

26. The system according to any one of the claims 23 to 25,

wherein the second drug is Ephedrine.

15 27. The system according to any one of the claims 19 to 26,
wherein the controlling unit is adapted to cause the injection of drugs into the subject in

regular time intervals until the blood pressure exceeds the blood pressure threshold value.

28. The system according to claim 27,

20  wherein the regular time interval ranges between 15 and 30 seconds.

29. The system according to any one of the claims 25 to 28,
wherein the controlling unit is adapted to cause injection of Phenylephrine with a dose of
between about 0.01 mg to 0.2 mg or 0.25 mg mg at regular time intervals.
25
30. The system according to any one of the claims 26 to 29,
wherein the controlling unit is adapted to cause injection of Ephedrine with a dose of

between about 0.5 mg to 4 mg or 2 mg at regular time intervals.
30 31. The system according to any one of the claims 18 to 30,

wherein the blood pressure data generating unit is adapted to generate the blood pressure

data in real time.
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32.  The system according to any one of the claims 21 to 31,
wherein the heart rate data generating unit is adapted to generate the heart rate data in

real time.

33.  The system according to any one of the claims 18 to 32,

wherein the blood pressure data generating unit comprises optical sensors.
34. The system according to claim 33,

wherein the blood pressure data generating unit is a cuff into which the optical sensors

are integrated, wherein the cuff is adapted to apply mechanical pressure onto the subject.
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