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WO 98/ 49942 PCT7/ | L98/ 00208 159159 METHOD AND APPARATUS FOR MONI TORI NG THE
PROGRESS COF LABOR FI ELD AND BAO(G?&NDAWNWWMMWI ON The present

i nvention,re to a method and appa itoring ss of
| abor durYJﬁ)ngZA%f?ﬁEdbi rth. 5 Normal |abor is . ggngrally divi deﬁﬁrﬁ“?@&ghfee _
stages: The first stage begins with the onset of |abor and ends when:

di | at at i onMETHOD AND/ARPARATUS| ROR; MONITORINGTHE{RROGRESSOELABRR
point and ends with the conplete birth of the baby; and this is foll owed
by the third stage which ends with the delivery of the placenta. During

| abor it is«comon to RIEEDEANDEBACKGROUNDIORTHERNVENTIONt em 10 for
recordi ng the baby's heart rate, and an external system for detecting the
not her's uterine contractions, or an electronic systemto sense the baby's
heart pul ses by Zheairesentdaeentionaetaes te aimetheshand appaates fPrimenitRsinger ' s
contractions by a pressure catheter applied to the nother inside the

ut erus. Fbwg,rogr@sgqynagbr@mrmgdﬂmdbpﬂysi ol ogi cal conditions of the nother
and 15 baby during | abor nust al so be nonitored in order to determ ne the

brogress of | aboya Hhess, i b aually dbd A trds! sdges( 1Tne!frae ety

(the t Hi nni ng out cervi occurs before and™during the first
stage of labor); (2) cervical dilatation (the jncrease . in size of t ,
cervi cal ob@ﬁlnﬁ'goﬂ,ih the opsaY; afilakPrAn ﬁ@gié‘&\?f‘xd'ﬁ%@nr%f i VX J§ CPWQ?%& Vi X
to the vaginal axis, normally the fetal head); and (4) station (the |evel

20 of a pr ¢etsecond etagmibeginst at that fpsintl and @ndat Wity tharcomplete bisthepbfe to
the nother's pelvis). The nore common determ nation of station is the

di stance bgLueennkhifis is followed by the third stage which ends with the delivery of the

placenta. During labor it is common to use either an external ultrasonic system
10 for recording the baby's heart rate, and an external system for detecting the
mother's uterine contractions, or an electronic system to sense the baby's heart
pulses by an electrode attached to the baby's head and the mother's contractions

by a pressure catheter applied to the mother inside the uterus.
However, a number of other physiological conditions of the mother and
15 baby during labor must also be monitored in order to determine the progress of
labor. These additional conditions include: (1) effacement (the thinning out of the
cervix that occurs, before and during the first stage of labor); (2) cervical dilatation
(the increase in size of the cervical opening); (3) position of the cervix (the relation
of the cervix to the vaginal axis, normally the fetal head); and (4) station (the level
20  of a predetermined point of the fetal presenting part with reference to the mother's

pelvis). The more common determination of station is the distance between the

tip of the fetal head and the ischial spines which can be palpable by the physician;
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tip of the fetal head and the ischial spines which can be pal pable by the
physi ci an; WO 98/ 49942 PCT/|L98/ 00208 but a nore accurate determi'nation of.
station i@,&@;g?' stance between the bi-parietal dianmeter (BPD) of the
fetal head an e nother's pelvic inlet. The foregoing cof§H3HY2% e
generally determ ned by a physical examnation, i.e., by the inserti-on of
a finger through the nother's vagina. 5 However, the accuracy of such a-
"fi nger" bakaavi'Rale @scurate edsternipption i ofe statian disp $rel distance ratweenxthent on

t he experience, judgnent, and even finger size, of the physician. O her

dr awback bi-parietatdiametdry(BPDY | of theafatal diciadrarel thetrhcthei'$ peleit iklet. done only at
spaced intervals, it generally produces disconfort to the nother, and it

i nvol ves a nunbehe Oforbhsikg cBRYitEHY Bre0BbABIANG eRrmindke By N phikihedgnent
of a 10 fetal noni tor,gi njgury t'o t he I’bag , etg. H%%{T{?;étej t %ntpg %'réé? t he

precise t bpr ss.fromthe,physi cal examnatian can
result i %&lg%%ua(rﬁénb?%é’vég %’eeaﬂf’%gqo e bfm%?pov}?%qg%} ﬁ@en‘&? S X#HD2devi ces
have been proposed in the past for automatically nonitoring these
condiftior'igo.e" r'ef‘f‘gnﬁP‘”éér?C\US’?F%FLn? ﬁ?ﬂ?@,%’ﬁ"'ﬁ?é‘ﬂb%é’e@h subectye @igt ed t ube
havi ng el ectrodes spaced along its Ilength to nonitor cervical dilatation
during | dependuR pareat extanioan tgsexperieree] RElgotmt pang even dinget size, ofoni t or
probe attached to the fetal head to nonitor heart beat, which probe is

cal i br at ¢tk poysician.t Other danwbaskoin siehce physitl Hantinatidn ré2th4BP cak BrOSes an
el ongated inflatable sac to nonitor the position of the fetus and the

conf i gur gohednkPatBpacBa itBAI ?itfie{iﬁé @;ﬁ%&ﬁ@és diséOHiforfth REGRGRES dhgPessary

to nmonitor the” configuration o ervi x. However, for one reéason or
3\?8;2;; eggﬂﬂ@égg gﬁ{ﬂ-ﬁ'{‘%%r & riis%"slzsllncy,lugirngpc%sn gm%ea\ﬁinﬁ,eﬁfe%%gn,c 8irsTFodigrr}1te%t %?%
10 fetal monitor, injury to the baby, etc. Failure to interpret the precise stage of the
labor progress from the physical examination can result in injury or even death of

the baby or of the mother.

Many devices have been proposed in the past for automatically
monitoring these conditions. As examples, US Patent 4,476,871 proposes an
15 elongated tube having electrodes spaced along its length to monitor cervical
dilatation during labor, US Patents 4,942,882 and 5,135,006 propose a fetal
monitor probe attached to the fetal head to monitor heart beat, which probe is
calibrated to monitor progress of descent; US Patent 5,222,485 proposes an
elongated inflatable sac to monitor the position of the fetus and the configuration
20 of the cervix; and US Patent 5,406,961 proposes a pessary to monitor the
configuration of the cervix. However, for one reason or another, none of the

previously proposed devices has come into any widespread use, and the

historical "finger" examination continues to be the one in common use to this day.



historical "finger" exam nation continues to be the one in common use to
this day. 2 WO 98/49942 PCT/|1L98/ 00208 OBJECTS AND BRI EF SUMVARY OF THE

| NVENTI ONyghsbdgct of the present invention is to provide &-ﬂ]ﬁ%}&g @nd

apparatus having advantages over the conventional "finger™ exam NAtt on
technique for nonitoring the progress of labor in a nother during —
childbirth. 5 According to one aspect of the present invention, there is
provi ded a net hoOBSECTSIAND BRIEFISUMMARY OF THE INMENTION: not her during
childbirth, conprising: attaching a position sensor to a predeterm ned
point on the nother's pelvic bones; ponjtoring the |qcation of the

posi tion sensor ANPRIBGtH e pEssent inyentien iscto Rre%g?ia\/’@eﬂl?d;arﬂcgﬁgﬁ’%fﬁﬁ& and

nonitoring the |ocation of the fetal presenting 10 part with respect to the
pr edet er naning pdivantages tonernthenhepneentional cfingare xamingtiosy iteghnique der cat i on
of the progress of |abor. Three enbodi ments of the invention are described

bel ow f ormdnitapiag ehe pedgreésastibbor iha potheedaring ohildbirth.ne | ocati on of the
fetal presenting part, and also of the opposite sides of the end of the

mother' s uteri “%\CE@?[{T@%% e ict Bf%?}‘esjeﬁ mn&abﬁntr@@sgrﬁoﬁ&éqﬂ%ﬁed to

t hese respective e second descri bed enbodi ment, the lTatter are

nonitored b perating an ultrasonic t sducer_to_J e S cervix
and pel vi_rEetﬁBaeQ{ '%rélg%'wg #’ﬁ A°HEST, o{)i&éorsﬁ eaerWOéQgEg&brgplg’us é)tn'gﬁ‘posi tion
sensor on the ultrasonic transducer, and a marker for marking the screen,
to | ocat €ompsisigs attasnindod PoaigR SeNErdRta PredetaiminedppiptPRLhE mathers

described utilizing both the four position sensors applied to the nother
and the pedtiabopessmanitoringothet iocatioh af thief positinrns senseon is divserdisnepsiosdl t o an
ul trasoni c transducer
space relative to a reference; and monitoring the location of the fetal presenting
10  part with respect to the predetermined point on the mother's pelvic bones to
provide an indication of the progress of labor.
Three embodiments of the invention are described below for purposes
of example. In one embodiment, the location of the fetal presenting part, and also
of the opposite sides of the end of the mother's uterine cervix, are monitored by
15  position sensors attached to these req‘pective elements. In a second described
embodiment, the latter are monitored: by operating an ultrasonic transducer to
image the mother's cervix and pelvic bones, and the fetal head, on a screen, and
by using a position sensor on the ultrasonic transducer, and a marker for marking
the screen, to locate the positions of these elements. A third embodiment is
20 described utilizing both the four position sensors applied to the mother and the

fetal presenting part, and a fifth position sensor applied to an ultrasonic transducer

for imaging and locating the mother's cervix and pelvic bones and the fetal head



for imaging and |ocating the mother's cervix and pelvic bones and the fetal
head 3 WD 98/ 49942 PCT/1L98/ 00208 According to further features in the
descri bed { d third enbodinents, the cervical dilatati e -
not her' s (%(?\5/2%?9?22 continuously indicated by continuousl y%ﬁﬁﬁ{"}% t he
positions of the position sensors applied to the opposite sides of the end-
of the cervix, afg I QYO di | ng, t Lal &dis C t ween
them The position oﬁ@ﬂ{;hgb'f g?%ryerprfégﬂgﬂéﬁ ng‘ ptgrgt %B@%@f g%gll %ﬁﬁegﬁf‘?i s al so
continuously i.ndi cated by continuously nitorjng and di splayin their

r espect | vaMPBHEISNGs T GniFAlg dliiaton | e the ompliEcs " PRvPeS RitPHgksy
preferred enbodi nents, the above conditions are conputed and displayed in
t he form BAicgtad By sentinupusglycaonitaringethg positigns of g pesitian ﬁﬁesqrémpﬁed a
graph, called a Partogram showi ng the interrelation of the cervical

di | at ati oo thedoppasitdesidesitof diie teme dfethel cegrvixs @nti cantipaously Alisglayingidghé 0 a
further aspect of the invention there is provided apparatus for monitoring
the progrgsatiablistaeerbetedn MEMEThel pbéitich 6PiNedBidl besenfifgRaHIEY;: fefl

position sensor for attachnment to a predeterm ned point on the 15 nother's

pel vic bo ; alert p ' | Ef VI | l.ocat i on

I n spacel?gérrd(ga'%lsné1 ?égoggﬁlg% 'E}ﬁjé@*%galb:y i gé]ntoﬁ‘n'ygp E‘g #‘gﬁ g‘?“@? éggnq'%'pj]%y'ﬁért wth
respect t&g.thg‘aé)r.ed?term ned point on the nother's pelvic bones, and for
pr oduci ng"&H "eBRAGHVE IWAYATP i dentifying the | ocation of the fetal
presenting part; a conputer connected to receive the output signals; and
an out put devi ceAeeiding|tpelyrtbor fapsures i dhpdescribed prefepad temiodimentsosi ti on
of the fetal presenting part with respect to the predeterm ned point of

t he not hethesalpmieveanditiomesard computed and displayed in the form of units of distance

10 (e.g., cm), and/or in the form of a graph, called a Partogram, showing the
interrelétion of the cervical dilatation and the descent of the fetal presenting part

According to a further aspect of the invention there is provided

apparatus for monitoring the progress of labor in a mother during childbirth,

comprising: a position sensor for attachment to a predetermined point on the

15 mother's pelvic bones, and for producing an output signal identifying its location in

space; means for sensing the location of the fetal presenting part with respect to

the predetermined point on the mother's pelvic bones, and for producing an

output signal identifying the location of the fetal presenting part; a computer

connected to receive the output signals; and an output device controlied by the

20  computer for outputting the position of the fetal presenting part with respect to the

predetermined point of the mother's pelvic bones



WO 98/ 49942 PCT/1L98/ 00208 The output device is preferably a display, but
could be a plotter, recorder, or other device for displaying, recording,
and/.or pr i the data outputted by the conmputer As w ri bed
nor e part?@ﬁ@g?gg bel ow, such a nethod and 5 apparatus pe##hpggWﬂgﬁg
progress of | abor.to be nonitored in a manner which is continuous rather
than-intermtte whi.ch i,s |ess dependent for accurac n.the _experience,
j udgnment or fi ngtne s‘?"g‘é&ope‘('ﬁ% Bt Prgﬁ%@ﬁﬁ iandﬁ%aycgtfwe %/‘i"gng? afﬁ’lﬂg Iy

exam nation”, which subjects the npther to | ess disconfort, and which

i nvol ves recesiery pslothar deea feraieplsiing, feerrdingn andfal B@gResiPd dhe datat a
nmonitor, or injury to or 10 death of the baby or nother due to a wong
assessnenoutpfitted by tee admputert i on or of | abor progress. Mreover, this

t echni que enabl es nore precise nonitoring of the critical condition,

namel y the changgs wil béedsgerbedl mate tpattcuiady thetovisPBuct d haethbabyng head
wWth respect to the pelvic inlet Further features and advantages of the

i nvent.i on_ e r et (o S o\ e 98/:49942
pCT/ | Poo BB BrPERRERPREREY CRPE R A e e
descri bed, by way of exanple onl with . reference to.he acconmpanying
dr awi ngs, cgﬁéugp%:raﬁeé?t(ha?rgergn% c IS 8RS IPPEIqef 'ng"%ﬂé‘“fng? m{%f

system constructed in 5 accordance with the present invention: Fig. 2
i 11 ust r at expasieaces judaEens Srtfingar sizesef the attendant ja thsncenventipnal "finger

examination", which subjects the mother to less discomfort, and which involves

iess risk of contamination, infection, dislodgment of a fetal monitor, or injury to or

10  death of the baby or mother due to a wrong assessment of the fetal position or of

labor progress. Moreover, this technique enables more precise monitoring of the

critical condition, namely the changes in the spatial distance of the BPD of the
baby's head with respect to the peivic inlet

Further features and advantages of the invention will be apparent from

15  the description below.



Fig. 3 is a block diagramof one type of position sensor systemthat nay be
used; Fig. 4 nore particularly illustrates the Partogramdisplay in the

syst em of 9.1, Fig. 5is a block diagramillustrating an imagin -
systemfor“;rg?dg‘%?‘gyi ng the image of the nother's wonb, part‘fcc"?.ﬂl‘ﬁ?/g'yo?he
cervix, pelvic bones, and the fetal head to better show the progress-of

the labor; Figs. 6A - 6D il lustrat es@t}ipi cal dis Iaés produced by the
systemof Fig. 5 15 dBRIES DESCRIPTION Oft BEPRAWINGS ; Fig. 7 illustrates

a typical display produced by the systemof Fig. 5 during the descent of
the fetal head; Eig.. 8 illustrates how the npnitored data pay be processed
to display the -EW}%HB%%mIOﬁ‘ #hd1epR: dgperiesh B¢ V¥ thxgﬁdggfon&wewﬂgby' s
head with respect to 20 the mother's pelvic inlet; and Fig. 9 illustrates
a fetal hefgrengein ther agrempadyingydrawinds: WhemiNcont ractions that may be

i ncluded in the above-described systens of Fig. 1 or Fig. 5. 6 WD 98/49942
PCT/ 1 L98/ 00208 DHSCRIi®H NcOdideRiAERRERtIBYRDE fdENTS $ystem lcopstractetiisal | y
illustrates the nother's wonb particularly illustrated in Fig. 4, is of

speci gl Vad;mdéﬂ\d’g:ﬁitﬁthd)p,@‘ébﬁﬁﬁvéhﬂdn_sual di splay of the progress of |abor
and can be recorded if desired. By using the Partogram a better 5

deler IaLLon £ ofighs IS Wit RSNk SERAIFEN ARATERAY, L
I ndication of Fig. 3 is a block diagram of one type of position sensor system that may
be used,;
Fig. 4 more patrticularly illustrates the Partogram display in the system of
10 Fig.1;

Fig. 5 is a block diagram illustrating an imaging system for displaying the
image of the mother's womb, particularly the cervix, pelvic bones, and the fetal
head to better show the progress of the labor;

Figs. 6A - 6D illustrates typical displays produced by the system of Fig. 5

15 during the various stages of labor;

Fig. 7 illustrates a typical display produced by the system of Fig. 5 during
the descent of the fetal head;

Fig. 8 illustrates how the monitored data may be processed to display
the changes in the spatial distance of the BPD of the baby's head with respect to

20 the mother's pelvic inlet; and

Fig. 9 illustrates a fetal heart monitoring display and uterine contractions

that may be included in the above-described systems of Fig. 1 or Fig. 5.



whet her | abor is progressing nornmally or abnormally, and thereby to better
alert the attending personnel to take pronpt action if necessary. Such an

"el eet r oniyeg of7@bi09r ant can al so markedly reduce the nunber ,of RkghRgged
| abors, the rate of 10 intrapartum post partum and early neonatal

infections, the number of unnecessary interventions, and neonatal trauma

due to wong assessH@%ﬁ%-&NPEtﬁgﬁﬁgﬁémB&wgﬂ§gr ates a nonitoring

systemsimlar tot equr pped wth an imagi ng
system for inmaging the wonb area of the nother and 15 for continuously

di spl ayi ng the npigharschea®iticaly illpstrates thio regherswombdt partibeady (ilastratetiher
presenting part). Thus, Fig. 5 includes an ultrasonic transducer 40 for

| g Nt ReFOD is BF Shecidl alld QiR PHIRIdeRa (RikaP BSHIEROST teSftbBestor |t

al so includ a'position sensor attached to trasoni € transducer

40. Thus, , an ojnt in the 20 | on . di spl ay. 42 Y el ect ed a

mar ker de!ﬂ%@\é %@J %ncﬁeagecg)ra%%ggﬁslregbuﬁy slé"lgeﬁggaﬁgﬁ?&ém'o@a?‘? fed
into the conputer 12 to identify the |ocation of the respective point with
respect t detarminagiont¢asmbefmads whethersiahgois P@E%ﬁ%ﬂ:ﬁ@ﬂ“@@- tANerth@nler ' s
pubi c bones. Wth this information, the conputer 12 can conpute 7 TH' S
SHEET HAS"&ffioh' liREPbhrsER: \WOneRl d9 e FRODYrara 8o quavidetahwiside inslication of

rel ati onshi ps displayed in displays 14 and 16, thereby obviating the need

for the pometiedNabseRSbErRSiAg Mmaly brRidhormagy,i armbthelésptapeter dlertdi spl ay
42 may be used in the sane manner for marking the BPD on the fetal head as

1T ustrat g bRefdifly plrsdrifel fPVakB GBI GchiEh if fitledEhyy. t §6crt BAbRtdhiR! ance

Partogram" can also markedly reduce the number of prolonged labors, the rate of

10 intrapartum, post partum and early neonatal infections, the number of
unnecessary interventions, and neonatal trauma due to wrong assessment of the
fetal head.

Fig. 5 illustrates a monitoring system similar to that of Fig. 1 but further
equipped with an imaging system for imaging the womb area of the mother and

15 for continuously displaying the mother's cervix, pelvic bones, and fetal head (or
other presenting part).

Thus, Fig. 5 includes an ultrasonic transducer 40 for imaging the womb
area, via the computer 12, on an image display 42. It also includes a position
sensor PS5 attached to the uitrasonic transducer 40. Thus, any point in the

20  image on display 42 may be selected by a marker device 43, such as a mouse or
touch screen, and its location fed into the computer 12 to identify the location of
the respective point with respect to the location of position sensor PS1 attached to

the mother's pubic bones. With this information, the computer 12 can compute

THIS SHEET HAS BEEN
REPLACED




5 between the fetal BPD and the pelvic inlet to be conputed and nonitored.
It will be appreciated that other reference points, other than the BPD or

the tip of, ¢t tus head, as well as any other point of th ther's _
pel vi s, rr&99g§9g4gsed as the reference points for nonitori né’%frﬁg”fﬂ%%% ess of
the I abor. This freedomis inportant because of the variety of preferences-

among VagedlisrioukOraMNEHsRipRBispidfied HTBRhIGs SHP BRE' 1, ItHeteh! Aidig g 5

could al so o pr Vi sua mage of the various stages of

| abor, e._q, [ 11 rated in FLas. - howi ng the propressive

ai 1o at s BRea, 8 e RoSiibht s%f"s?ﬁebg’érﬁ% ap Bsd " the! 'Pia'bsd\sﬁ%v&?de. 7 and
8 showi ng. the progressive descent of the fetal head tip.through {he 15
vari ous SiSRIBYHE Mkt Re ruseelat the same manner der g1arikeg the (&R%.on?ﬁ"eofa%t her's
pelvic inlet (Fig. 8). If the imging systemis used together with all
five posheadrassilusioated iRSEiIgPSE thetebyt ereblidgi particyarlyp the repatialt distameead

I mging may be used only to neasure the BPD at the beginning of |abor or

| aters. Thetweittbdéetal BPD 284 thet vt st thive stnspaBE a@nBehdidied.ne BPD and t he
tip of the fetal head, and thereafter it can use the position of the tip

of the fetal heﬁ‘@vi?bé% e&%grtg%{‘cgthgap?efen%'ﬁ'@?%ﬁtéf %e{gﬁ@ fﬁ!etélﬂécq}”d

I mgi ng may thereafter be use or verificatron esired. Tt can
t. .8 WD 98/49942

pr/ 1 Losomr e Tehis gl &n) S eftpkis” Pty e AT B RPN REBRPY t ho
ultrasound i magi ng and. position sensors PSI and PS5, the nonitoring would
pr ef er abbgeth@s e refgrancsupaivtnier aenifoiing dreipregiess of the lahory WAisn it is
desired to nonitor a specific
freedom is important because of the variety of preferences among various
10 physicians.
The imaging system iliustrated in Fig. 5 could also be used to provide a
visual image of the various stages of labor, e.g., as illustrated in Figs. 6A - 6D
showing the progressive dilatation and effacement of the cervix, or as illustrated in
Figs. 7 and 8 showing the progressive descent of the feta! head tip through the
15  various stations with respect to the ischial spines 7 (Fig. 7) or mother's pelvic inlet
(Fig. 8).
If the imaging system is used together with all five position sensors
PS1-PS5 illustrated in Fig. 5, the ultrasound imaging may be used only to
measure the BPD at the beginning of labor or later. The computer then
20 determines the distance between the BPD and the tip of the fetal head, and
thereafter it can use the position of the tip of the fetal head also to determine the

BPD position. The ultrasound imaging may thereafter be used only for verification

if desired. It can also be used to verify cervical dilatation and effacement.

THIS SHEET HAS BEEN
REPLACED




stage in the progress of the labor. 5 The systemillustrated in Fig. 5 may
al so be used for' sensing contractions in the nother's uterus. Thus, during

contracti QRSes/doos, fetal head noves slightly, and the dilatati gr ows
slightly; and8 e??t er contractions, they both retract to the?érﬂl'/g“r@g@#%gs

positions.. By thus observing the dilatation and/or fetal head position as

a function of tifehe bYtemtilesr@tedintiysh & asedwith dnlydhe wittaseuhd imagingr ence
of contractions as well as the duration and strength of such contractions.

In additi 3hd_ GiidiF lseAkRe PSHeafd s Sthes Aborihg WHEd Gletdrabgadot Basi tion

sensor PS e physician nmay observe the relation of the fetal heart rate

(FHR) in relation.tq the. . con | : : - :

rel ati onsﬁ?%t'n%é‘tsv%gr?rﬁﬁ@%r%&%ﬁ‘ ¥ hé&ﬁ@b%’gﬁiléu%'&a 80 %\#BL? gsrp efglcmay be
programmed to 15 receive the above information fromthe vari ous sensors and
produce, FiRgg iRdhe peraresssof the iabok| ay corresponding to the fetal heart rate
(FHR) inrelation to the uterine contractions (UC), as illustrated in Fig.
9. Such infornmatThe bysterr tilustrated yin Bigsi § atiay ialsc e pisedefiere sehsing
conplications is established or anticipated. Wile separate displays are

shown in thRtradtRWs NBSthel fnotidrt @erppmatsaderng Zdntraetiorishahe feiat leads coul d
be in the formof w ndows on the sane |arge conputer display. Wiile the

| nventi on A< AER S (HBSHiatitoR 4165 BRSs SRIEY ShdafiaF bRAGRNSTiHeY! ment

it will be appre at these are~set torth nerely for purposes of 9
TH'S SHEEEO h rSet%% '}Ié thcl:qulfE I;DJIFéA\‘/CI:cIJEu% posi i<)9r§s{.4 4t%u§%-gslekﬁr% %)g%ﬁatation and/or

fetal head position as a function of time, the attending physician may discern the
10  occurrence of contractions as well as the duration and strength of such
contractions. In addition, by including a heart pulse sensor in the fetal head
position sensor PS2, the physician may observe the relation of the fetal heart rate
(FHR) in relation to the uterine contractions (UC), to show the relationship
between the two as illustrated in Fig. 9. Computer 12 may be programmed to
15  receive the above information from the various sensors and produce, in a monitor
45, a display corresponding to the fetal heart rate (FHR) in relation to the uterine
contractions (UC), as illustrated in Fig. 9. Such information is particularly
desirable if the presence of complications is established or anticipated.
While separate displays are shown in the drawings, it will be appreciated
20 that these displays could be in the form of windows on the same large computer
display. ”
While the invention has been described with respect to several preferred

embodiment, it will be appreciated that these are set forth merely for purposes of

9 e Ao 1
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exanpl e, and that many other variations, nodifications and applications of
the invention nay be made. 10 WO 98/ 49942 CLAIMS PCT/1L98/'00208 1. A
nmet hod of nonitoring the progress of labor in a nother durin chil dbirth,
conpri si NYO 2%¢1%4thi ng a position sensor to a predeterni nedPpbPMWOHBBthe 5
not her's pel vic bones; nonitoring the location of said position senser in -
t hr ee-di hRN S i Q4 : oAl t

| ocat i onCXRPis g BRF Tndr) Blef bk, RO e i B 8 i nea
poi nt on.the.nother's | vic bones to provide an 10 indication of the
progr ess"UFrlP%rbm‘a.ybfm%ﬁg‘ met hod according to aim1, further comprising
nmonitoring the |location of the opposite sides of the end of the nother's
uterine cervix wth reference to each other to provide an indication of
the dilatation of the nother's cervix. 15 3. The nethod according to
Claimt'2, further conprising nonitoring the |ocation of the opposite sides
of the end of the nother's uterine cervix wth reference to the fetal
presenting part and the nother's pelvic bones to provide an indication of
the cervical position of the nother.
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4. The method according to either of Clains 2 or 3, wherein the |ocation of
20 said fetal presenting part is nonitored by attaching a second position

sensor towd& er tip of the fetal presenting part and i.<ori he

| ocation of sé‘{lag&second position sensor. 11 WO 98/49942 %1}/@3@?‘%&08 5.
The met hod according to the G aim4, wherein the |locations of said —
opposite sides of the nother's uteri(gﬂﬁ!@%vix are nonitored by attaching

third and fourth position sensors t and nonitoring their respective
| ocations. 5 6. The nethod according to Caim5, wherein the station of the

fetal presentin art is continuously indicated b nti.nuously nonitoring
the positi anAd%e@‘QFicPff‘??mo'QQgH%85%&3%8%@96”‘ §£‘P§5F5?“m cont i nuousl y
di spl aying the spatial distance between them 7. The nmethod according to

Cd ai m 6, wher echilabith,caonwirising:di | at ati on of the 10 nother's cervix is
continuously indicated by continuously nonitoring the positions of said
third and fourth posittachingsepssition aenkardota predeterminati saihtign tlge t he spati al
di stance between them 8. The nethod according to daim7, wherein said

cervigal dilatatiQpyfd psifbBopbat i on are conputed and displayed in
centineters. 15 9. The nethod according to Claim7, wherein said cervical

dilatation and said_st.ati L e 515].9'(' i inthe formof a
Part ogram show ng trﬂiélfohhgﬁpglloa%%gﬁ%g%gfane cé&v?@aﬁ?ﬁjl ation and the
descent of the fetal presenting part,. .
three-dimensional space relative to a reference; and
monitoring the location of the fetal presenting part with respect to

said predetermined point on the mother's pelvic bones to provide an

10 indication of the progress of labor.

2. The method according to Claim 1, further comprising monitoring the
location of the opposite sides of the end of the mother's uterine cervix
with reference to each other to provide an indication of the dilatation of

the mother's cervix.

15 3. The method according to Claim’2, further comprising monitoring the
location of the opposite sides of the end of the mother's uterine cervix
with reference to the fetal presenting part and the mother's pelvic bones

to provide an indication of the cervical position of the mother.

4. The method according to either of Claims 2 or 3, wherein the location of
20 said fetal presenting part is monitored by attaching a second position
sensor to the outer tip of the fetal presenting part and monitoring the

location of said second position sensor.

11
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10. The method according to any one of Clains 5-9, wherein effacenment of
20 the nother's cervix is continuously indicated by continuously nonitoring

and di spl ayi he spatial distance of said second position s rom -
sai d thi r@@ﬁ%ﬁ“&urth posi tion sensors. 12 THI S SHEET HAS §§E§E§%3%ACED WO
98/ 49942 PCT/ 1198/ 00208 11. The method according to any one of C-aims-5-10, "
wher ei n thf: pﬂ%éHé@ﬂo@éc&&girrua)mﬁé'@amavwweﬁn ﬂmobaﬁ&sg%f/séigd' cated by

s n | sp

continuously nonitoring a ayl ng the spatial distances between said
first, second L.rd.and r |1 : . d
according to @%&%eﬂc@%@?\grﬁ&ggfg ui#r?{aécéﬁﬁférémgoileg FQ%@BMe not her's
cervix are conput ed and, displayed in centineters. 13, The nethod accordi ng
to any one ofthtfaaﬂq%f%ynﬁ(ﬂosﬁﬁ?@rﬁwof%@ RB‘SET’ﬁ”HrT“B'F'%orﬂQethﬁﬁtrﬁ\%‘?e@VEervi X is
continuously indicated by continuously nonitoring and displaying the angle

of the cerviclacationiss as indicated by said second, 10 third and fourth
position sensors. 14. The nethod according to Claim1l, wherein the |ocation

of said fefal resentin art, i s nonitored at tachi sition sensor
to al ult -asBRéjms‘S%@.e&g%@mg t(?p@aé{'f'lrgnév 5?'8%?tshi'ggrﬁfgﬁ??%{ﬁgducer to i mage
said fetal presenting part on a screen, npnitoring the location of said
latter 15 posPteSBAtiRgRABS saptinupiisbbipdicated by sentinioayslysapnitening Weoni ¢

transducer to which it is attached, and determ ning the |ocation of the
fetal present posjtiomsmot sad firstepedsemond piasitenrsamsors, and continuously

displaying the spatial distance between them.

7. The method according to Claim 6, wherein the cervical dilatation of the
10 mother's cervix is continuously indicated by continuously monitoring the
positions of said third and fourth position sensors and continuously

displaying the spatial distance between them.

8. The method according to Claim 7, wherein said cervical dilatation and

said station are computed and displayed in centimeters.

15 9. The method according to Claim 7, wherein said cervical dilatation and
said station are computed and displayed in the form of a Partogram
showing the interrelation of the cervical dilation and the descent of the

fetal presenting part.

10. The method according to any one of Claims 5-9, wherein effacement of
20 the mother's cervix is continuously indicated by continuously monitoring
and displaying the spatial distance of said second position sensor from

said third and fourth position sensors.
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15. The nmethod according to Caim 14, wherein the nonitored |ocations of
the first-mentioned position sensor and of the fetal presenting part are

20 proces rovide an indication of the spatial distance qf
bi - pari et g‘f\dj%ﬁ‘ag?r@t er (BPD) of the fetal head with respect t%CT/ﬁé’s’}’fgg?]er' S

pel vic inlet. REPLACED WO 98/ 49942 PCT/11L98/ 00208 16. The met hod accordi ng
to any one16f Thaimethad ascordingrteiany drud of €laims tSathiwherelnethegasitiommofsensor

to a predeterm ned point on the nother's pelvic bones and nonitoring its

| ocation, the getmbthep'paknak ispaitihuonsigfindibatedriyt duntinsionsiy\mésnitggingapped. 5
17. The method according to Claim16, wherein the nother's pelvis is

mapped by: att | i ot d ' i | vis and
afﬁlg{sg;a}éwggr%ﬁaﬁme&%eg%ewse%aﬁ.wmreeba&o@, thitf aR&

: a
outputting an ele I dentifying the location of said one
poi nt; 10 attagchi the position sensor to a second known point of the
pel vis and ou?%ﬁpﬁﬂﬁﬁn5WE§$E§F?ical signal identifying the |ocation of
sai d second point; attaching the position sensor to a third known point of

the pgl vi s 2antheuidibéd bBordmgeiotTlain aal whiegdlalsalddsfddenyénmt@nidnsoditeaat i on of
said third 15 point; and processing said first, second and third

electrical siggahg ntm&hePQt%gH/&E%riteEq@oﬁBMeﬁearﬁf@E'glg}:ca@?fEéﬁtﬁﬂe@?s.t he pel vis.

18. The met hod accordi ng wher e rst point is the left

13. The method according to any one of Claims 5-10, wherein the position of
the mother's cervix is continuously indicated by continuously monitoring
and dispiaying the angle of the cervical axis as indicated by said second,

10 third and fourth position sensors.

14. The method according to Claim 1, wherein the location of said fetal
presenting part is monitored by attaching a position sensor to an
ultrasonic transducer, operating said ultrasonic transducer to image said
fetal presenting part on a screen, monitoring the location of said latter

15 position sensor and thereby the location of said ultrasonic transducer to
which it is attached, and determining the location of the fetal presenting

part as imaged on said screen.

15. The method according to Claim 14, wherein the monitored locations of
the first-mentioned position sensor and of the fetal presenting part are
20 processed to provide an indication of the spatial distance of the
bi-parietal diameter (BPD) of the fetal head with respect to the mother's

pelvic iniet.
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anterior superior spine, said second point is the central point of the 20
synphys pubis; and said third point is the right anterior superior spine.
19. The method according to either of Clains 17 or 18, wherein, after the
entire spMA % ¥3sition of the pelvis i s mpped, said posi FCOALBME At

said THI S SKEET HAS BEEN 14 REPLACED WD 98/ 49942 i PCT/ 1198/ 00208 third’

point is left t | d. thi ' N i | I's nonitored
during thé‘%fﬁo';r ﬁéﬁ%tﬂﬁgﬁg}%p?@ﬁto]%ﬁj rgr%?%?)gﬁ %{%oir'gﬁh‘é'ﬁ?%?@%éfg%e of Cl ains
5-19, wherein contractions in the not her'§ uterine, cervjx arﬁ sensed, and
Uhe fetal heaPfiariind the POsHoR gensoriAc PEdsiarpliash RO oPANEMARerS, t he
uterine contractions. 21. The method according to Caim 20, ]herein said
contractions paiviheonemanedmanitgrieg itadogadion; thegntire spatial pasitiaeltbei ng sai d
second, third and fourth position sensors to indicate the variations in
the position efothés peivialis nmapgeent i ng part and of the cervix. 10 22.
Apparatus for nonitoring the progress of |abor, conprising;, a position
sensor for _attachnent to aFFPiredeter,m' ned tPOi nt on t her's pelvic

boness and! % ol NErBeMCARFCAFAIRA D (riaimy Hhh &Y %fewﬁfrp?ﬁggr'sgg '$Scation in
space; means for sensing the location of the fetal presenting part with 15
respect to saimbppeedst:er mi ned point on the nother's pelvic bones,
attaching a position sensor to one known point of the pelvis and
outputting an electrical signal identifying the location of said one
point;
10 attaching the position sensor to a second known point of the
pelvis and outputting an electrical signal identifying the location of
said second point;
attaching the position sensor to a third known point of the pelvis
and outputting an electrical signal identifying the location of said third
15 point; and

processing said first, second and third electrical signals to

compute the entire spatial position of the pelvis.

18. The method according to Claim 17, wherein said first point is the left
anterior superior spine; said second point is the central point of the

20 symphys pubis; and said third point is the right anterior superior spine.

19. The method according to either of Claims 17 or 18, wherein, after the

entire spatial position of the pelvis is mapped, said position sensor at said
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and for producing an output signal identifying the |ocation of said fetal
presenting part; a conputer connected to receive said output signals; and

an out put wiew,ee4,control led by said conputer for outputti ngpé,gﬁ 5’5&
position of said fetal presenting part with respect to said BHPF i ned

point of the nmother's pelvic bones. 15 TH' S SHEET HAS BEEN REPLACED WO
98/ 49942 PCT/ 1thP8 /poiit (8 ItBattadhedap saidthire poictowidiienits locafibaismditodedr t her
conprising nmeans for sensing the |ocations of the opposite sides of the
ot her' s ut er i figirfgethéiniotWeld Idrer ence to each other to produce output
signals which are received by said conputer and processed to control said
out put device for 5 outputting an indication of the dilatation of the

mot her' s c2@vi ke avethathacegrgingdo @ayapeoefdClaigns 6-19, avhare®, caninactiens in
conprising nmeans for sensing the |ocations of the opposite sides of the

not her' s ut er itRg methet'y utericcarekerresenséd, dritethbaerll hpaasatriskengedt and
the nother's pelvic bones to produce output signals which are received by

said gorputer ApdelfsRancensahion 1508 LbAlshiutiphs. device for outputting

an indication of the cervical position o e nother. 25. The apparatus
according to either of Cains 23 or 24, wherein said neans for sensing the
| ocati on 021t HEhd etetthodaesmdingrig Glaint 20) Jhereie fsaidcomrdradtions dn thepr edet er mi ned
poi nt of ‘the nother's pelvic bones conprises a 15 second position sensor

for attachmentmberbit@riieeterixtarefsenied bgtrabnitaag d04 seB6RlURird@ngn out put
signal to the conputer identifying the |ocation of said
fourth position sensors to indicate the variations in the position of the fetal

presenting part and of the cervix.

10 22. Apparatus for monitoring the progress of labor, comprising;

a position sensor for attachment to a predetermined point on the
mother's pelvic bones, and for producing an output signal identifying
its location in space;

means for sensing the location of the fetal presenting part with

15 respect to said predetermined point on the mother's peivic bones,
and for producing an output signal identifying the location of said fetal
preseriting part;

a computer connected to receive said output signals; and

an output device controlled by said computer for outputting the
20 position of said fetal presenting part with respect to said

predetermined point of the mother's pelvic bones.

]
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second position sensor. 26. The apparatus according to Caim25, wherein
said neans for sensing the locations of the opposite sides of the nother's.

uterine cervix include 20 third and fourth position senso achnent
to the opﬂS’sgis‘["%g"%i des of the nother's uterine cervix and %%;r)(ngsfrs(/)o%&gi ng

gtlﬂ'tEE_tlJ_t H,SAISQZ[%E:ES to the corrp\éa;%rﬁ{ L{%enlt%inég\?&r%&eir reiss%?crtr}g\é; Iq;ggt;?lrj:i TH S
323?2? glgs Fa%ggﬁfééﬁqﬁg{?ﬂei ngs?ih ]ézonplﬂter g%%ﬁﬁles,g and gai d out put
FRAR ety Ve R SR NG LA
Gevi ce. di'spl ayih refesees ( a8 GiMPE{BIACBIOWPE SRR ecatedne
spatial distance between said third and fourth position sensors. 29. The

appar at us acc bydaitjcorapGleniamd28ocedseddbcontiolisaid mutpw@rdeyigedor es, and said
out put device displays, said cervical dilation and said station in 10

centigreters. 3Iftpully’y anmadicatioh eltRediatioh®fthe@ndtRér's edrebei n sai d conput er
conputes, and said output device displays, said cervical dilatation and

said station in the formof a Partogramshow ng the interrelation of the
cervi cal d4.afThei appasattistaesorting tnClayh 2hdutbergomprisisgmaapsdart . 15 31.
The apparatus according to any one of Cainms 26-30, wherein said

sensing the locations of the opposite sides of the mother's uterine cervix

with reference to the fetal presenting part and the mother's pelvic bones
to produce output signals which are received by said computer and
10 processed to control said output device for outputting an indication of the

cervical position of the mother.

25. The apparatus according to either of Claims 23 or 24, wherein said
means for sensing the location of the fetal presenting part with reference
to said predetermined point of the mother's pelvic bones comprises a
15 second position sensor for attachment to the outer tip of the fetal head for
producing an output signal to the computer identifying the location of said

second position sensor.

26. The apparatus according to Claim 25, wherein said means for sensing
the locations of the opposite sides of the mother's uterine cervix include
20 third and fourth position sensors for attachment to the opposite sides of
the mother's uterine cervix and for producing output signals to the

computer identifying their respective locations.

1 6 e et e < e b e e Lk A
REFLACED i




conputer conputes, and said output device displays, the effacenent of the
nother's cavity as the spatial distance of said second position sensor

from sai dydég/gdomnd fourth position sensors. 32. The appar ing to
any one of Cainms 26-31, wherein said 20 conputer conput es?{:gﬁ/g‘%gé%gout put

devi ce di splays, the position of the nother's cervix as the spatial —

di st ances D#f \WEies apparchtdis astordimgaorClaint RE whessinl shiduecdrhpytes compatesensor s.
TH S SHEET HAS BEEN REPLACED WD 98/ 49942 PCT/1L98/ 00208 33. The appar at us

according to Gigd Bhdoutplicdiice §igpiys| thaceamsH ofthd fefsd EFééé'htiﬁb paffeagrot her’ s

cervix are conputed and displayed in centinmeters 34. The apparat us

according to : | - : | ' nput es, and
sai d out put d?@fgcsg’ggﬁg‘?}?@?g? t t‘ég%rﬁé?'gvﬂgg{?@&eségé@r Bfgégg?#g%iqss&gs i ndi cat ed
by said second, third and fourth position sensors. 10 35. The apparatus

accordi ng pe. eThdappaiatdd acdtrdidg to'Cidifn 2 wherein saiddcompaeas computesnsi ng t he
| ocations of the fetal presenting part and of the opposite sides of the

motheg s Ut eri 46y Catd o GUBRACS@EpIaFE, tHeldARER dilaldiRiSatAE wdrfard gRge sald

fetal presenting part and uteri ervi x on a screen; a poslition sensor
attached to said ultrasoni r.ansducer for roduci an_out put signal
i dent i fying i t€V&aEa G2 a{w%aee;ﬁ%&ivg??" saifhird andodifth position

sensors,

29. The apparatus according to Claim 28, wherein said computer computes,
and said output device displays, said cervical dilation and said station in

10 centimeters.

30. The apparatus according to Claim 28, wherein said computer computes,
and said output device displays, said cervical dilatation and said station
in the form of a Partogram showing the interrelation of the cervical

dilatation and the descent of the fetal presenting part.

15 31. The apparatus according to any one of Claims 26-30, wherein said
computer computes, and said output device displays, the effacement of
the mother's cavity as the spatial distance of said second position sensor

from said third and fourth position sensors.

32. The apparatus according to any one of Claims 26-31, wherein said
20 computer computes, and said output device displays, the position of the
mother's cervix as the spatial distances between said first, second, third

and fourth position sensors.
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15 a marker for marking a selected point of the fetal presenting part, and
t he opposite sides of the nother's uterine cervix, as imaged on the

screen, a‘Q’&?fs@é‘%‘QUt putting electrical signal identifying t%&&f]%@?ﬂ%m i ve

| ocati ons conputer. 36. The apparatus according to wher ei n
when said marker marks 20 the bi-parietal dianeter (BPD) of the fetal head

n said | , | n ca
BPD and tRa. mitT &P AR aeSSig P TRER 020 ARBIIR Sald Brdtatidiitahahe! voen s

. position of the mother's cervix are computed and displayed in centimeters
34. The apparatus according to any one of Claims 26-31, wherein said
computer computes, and said output device displays, the angle of the
5 cervical axis as indicated by said second, third and fourth position

sensors.

35. The apparatus according to either of Claims 23 or 24, wherein said
means for sensing the locations of the fetal presenting part and of the
opposite sides of the mother's uterine cervix comprises:

10 an ultrasonic transducer to image said fetal presenting part and
uterine cervix on a screen;

a position sensor attached to said ultrasonic transducer for
producing an output signal identifying its location to the computer;
and

15 a marker for marking a selected point of the fetal presenting part,
and the opposite sides of the mother's uterine cervix, as imaged on
the screen, and for outputting electrical signal identifying their

respective locations to the computer.

36. The apparatus according to Claim 35, wherein when said marker marks
20 the bi-parietal diameter (BPD) of the fetal head as imaged on the screen,
said computer computes the distance between said BPD and the

mother's pelvic inlet.
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