WD 98/ 22020 PCT/ GB97/ 03202
APPARATUSy Qo) ed HOD FOR MEASURI NG CARDI AC VAGAL TONE PCT/GB97/03202' he

present invention relates to a nethod and apparatus for neasuring
vagal tone, a neurophysi ol ogi cal - -1ai gnal generated within the brain
and transmtted to the heart for controlling heart rate. The present
invention 5 appaaheosr e swTHOM FOR MELOIR BRY EREET A UgAER, BHRENOSI NG
medi cal conditions and, particularly but not exclusively, aut onom ¢
dysfunction conditions such as is found in spongi form
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par asynpat hetic activ éﬁ% i s _conve hear t The

conti nuous FHEWREFLS gRaFuBEtLon %839é§é8n§I8H§5tﬁ% ggbhgxﬁﬁiﬁﬁlls t er med

t he 'vagal spongift¢omeéncephalopathieWagal tone tends to act as a ' brake'

on the heart, aboHEAga1 NelBaR ! B0 Arkerssli Y YaRier gt ent . A

hi gh | evel of vaga‘le It.’one SO ten Ive rise Iarge
and Yapi d f¥%c¢@%th@m%n|%nﬁean%mﬁ&tére the SW@P@@@3té6h6%mﬁlonally it is

these fluctyatd SRspodbheic nervoﬁéesg§€@m%0 Mepae NG g fdyem
recor ded eI ectrocard &:G%Vland t0.,"isolate' vagal tone from

the rel ati YRR BHF§ 9‘ar’§?iggé’f’ﬁ ¢t § Yy FpEYREE chemaes My tisaty. More
particul arlyatyagal gt obelos QgenBEdl.| yParasympaadietdd kictaarsivers ng an ECG
ove" 2 1L BLIELe 80 ¢ rogt MIZGBSLRICHCE AL (a0 B3l i gyl vet s
exarydl e HedtenRae ¢ whichbibi lgcatdd. ikbthle Mawek meduAdla35 and ilhn Conm
1995, Futura.fyblispLago receptors in the sino-atrial node of the
heart along the vagus nerve. The vagus nerve is
myelinated such that parasympathetic activity is conveyea
rapidly to the heart. The continuous flow of signal
20 conveyed along the vagus nerve is termed the ’'vagal
tone’. .
Vagal tone tends to act as a ’‘brake’ on the heart,
slowing the heart rate to a lesser origreater extent. A
high level of vagal tone also tends to give rise to
25 relatively large and rapid fluctuations in heart rate
period. Conventionally, it is these fluctuations which
are used to measure vagal tone from recorded
electrocardiograms (ECG) and to ‘isolate’ vagal tone from
the relatively slowly varying effects of sympathetic
30 activity. More particularly, vagal tone is generally
measured by considering an ECG over a relatively long
time period (e.g. 1000 beats) and evaluating the mean of
the differences between consecutive beats (see for
example Heart Rate variability, Eds. Merek Malik and A.
35 John Comm, 1995, Futura'Publishing).
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measuri ng vagal tone for the ﬁ&r‘pose of nonitoring, and possibly

di agnosi ng, suc . . _diseases and _condiitions, a_desire which is not
furty e e S chian: FORSr HeRhERESEr RIS GPPRG CICEe

tone. An acarot eliakstes aidvagspiraheryotkdctl sbshructions) camseful in
noni tori ng 4R | Vi P UEJ | re.intended to
ef f ect parasyqpa;'%giéggég?v??%agggmﬁ?gﬁkﬁgeev%%iEangg@gggge %& de effect.
One known &SFerelts. f oFheFeiae nfoagnkasnra 8esiagakherefore forome or -

ot hers physifiaiLatosi db@hfat 81 MESBOrPhgaPhgBl tone for tB@tient is .
di sclosed in Interzg%l onal Pat ent %Pp l'icaiion .20 . No. WO- A- 96/ 08992
(Ranmot Uni VBHSE HSPRSP¥ BRI apphfiepossibly diagpesingm &MEN ndustri al
Devel opnentdildelsed hand dosudtions, a desidesehiibasignnapp&nallys conprising

an i nput neans. f.or receivin CG signal froma patient, a

det ecti on r‘?gaaq-‘njﬁgﬁed by conven %%n?% @ﬁgﬂ?gﬁu??‘n@ﬁﬁ?uf%?‘gdgﬁ%éi'ng QRS

wavef or ns itpne. 25An aceweaEEGneagure afdvagalgtoseatonddt adisngbe gnal s
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and frequency, ul at1on_neans .ating the timng
signals in a%e pifkrrded to effect payAsyYmRALBRtARYaBELYdEY ©F provi de

a measure ghiitave Bis effOFE. asHAVWEYAE, eFhbsrapparatus is extrenely:
conpl i cat ed, 0 dlfélcg|t to use effectively. There js a need
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. , and s
f or a tests c%?rp&??:%?‘é& theppresent invention £o; proyigly ect of
t he presentar raggdraias oayd ovetdkod for measapiagpeaghlstand Het kel or

Teand N9 AL 4O0F Bl Flloraifs cakkhBrbhoN BGfraheapr dpigaal aken from

a huiman or aninma ] 'Ch Obviates”or at | east
one patiginadiaichgebotaess serngipgakeasustatdanst bogs. . _
According e dhdddStage Pt st PEgPRESEPACLBY AR ABthods . there is
provi ded appar at_us for,prOV|d|ng_a neasur e of 40 vagal tone in real
time in a human RFCARIHRY Rt ehtrahgaspect of thg presep§. invention
- 3- there is provided apparatus for providing a measure of

20 vagal tone in a human or animal patient and comprising: i

a) input means for receiving an ECG signal

obtained from a patient;
b) detection means coupled to said input for
detecting QRS waveforms in said ECG siénal and for
25 generating timing data indicative of the periods between
consecutively received QRS waveforms; ;nd
c) frequency demodulation means coupled to said
detection means for demodulating said timing data
substantially in real time and for generating a signal
30 corresponding to the frequency modulating signal in said
ECG signal, wherein said generated signal is used to
provide said measure of wvagal tone.
The present invention has resulted from the
realisation that heart rate variability results in the
35 frequency modulation of what is effectively a constant
frequency nominal heart rate. This is analogous to
frequency modulation of for example radio signals where
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5 a) I nput means for receiving an ECG signal obt ai ned
from a Payb98hiozo b) detection nmeans coupl g, I nput
fo W 3et ecting QRS waveforns in said ECG signal &Nﬁlﬁéﬁz

gener ating timng signals indicative of-3-he periods 10 bet ween
consecutively received QRS waveforns; and c) frequency
denodul at i em neatsr Lyind edatoigai dlgnal of condéhedt |fo:reqmﬁn§r s

denodul at i &9:§airgs!f.éﬂtl.£'ﬂegﬁ‘§ afreguenc moSWASLAY ke Ly '::.';'16*.I Gala 4 me and for
generating a si KOI’ISI ng to a requen AR ion
signal in §aq'dnodu}1gt1ng gtgnalgnal , wherein said generated si gnal i s used

to pr oyyi-&ee MegRer I t he
denodul ati on nmeans cofﬂr)lﬁgl ng aneleﬁt&e%?g?ophgﬂg is arrangﬁ eé-' to the

dot oSt i on FAFRATS TEERLYS ROLGianE 96 the ECG smgmaagtalsam%:e@ and a hi gh
pass fil terst&m:iaca ¢RPePOSE QRS Wavefokin (0 pouRlion %@:lé&te@;tfql ydg the . '

I nt egrator r.e e| Vi n ut qof the r, the out put
of the hight wher a ?ﬁa%t‘é?mBiFﬁglgo 58 VES a 1P F;%‘R?éﬁt Yage
controlled saz.d tlmln@ssu_i;mal ocompzrigeseaosequenegr aifof ixed lemgut put of
the . pu Pazen ok %eﬂsfgeegouﬁbﬁdrggea eeend yidage 25
controll ed OSCI at or Pt controll ed

0sciOl at or ¥33& FRER oupFRel $W¢b§ﬁe@?FV@an§bﬁsPulsES of tdle meshumywe
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present | &R iV Rsulted fromthe real i sat | on t hat heart
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a suitable range until a lock is obtained with the
nominal heart rate frequency of the received ECG signal.
A possible problem with these types oféFM demodulators

25 however is that they may not function adequately where
large variations of the nominal heart kate occur. For
example, it is possible for the nominal heart rate in a
human to vary between 30 and 200 beats per minute {bpm),
with the vagal tone causing high frequency modulation of

30 the nominal rate.

A preferred form of demodulation means therefore
comprises an integrator coupled to the detection means
for receiving said fixed length pulses and a high pass
filter and a low pass filter coupled separately to the

35 'intégfétor for receiving the output of the integrator.
"The output of the high pass filter is coupled to a first
voltage controlled oscillator via a second integrator
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QRS wavef or ns. 10 The frequency denodul ati on nmeans of the

pr esent I nvention may be a sinple frequency discrimnator, for
exanpl e JVRPBRMRAg a differentiator in series with an PCT/GBYHR ope
detector. Alternatively, the frequency denodul ati on neans nmay

conprise a phase |ocked | oop (PLL) 13- I ncorporating a vol tage

controlled oscjllator (VCO substantially tuned_to the nom nal constant
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rate, the ouwbmitislohedbe rawoeyothe8geutputs of thentke hedtesfd |l ators are

substantial ly in ase. | articular..the first menti ned

i nt égcr?at or r&tﬂ%{ngeé OSClﬂlatorFi ﬁgecgﬁéﬁgﬁpt&ﬁlﬂ'& W PPRSE -and

seconds, e. @artzicular, thesfivatismeRtébpedblintegrateoec oy heavd cmed :
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The output fromt B ase conparator is prefer coupled to a
third i nt egF@EPrASwh I-Eﬂfaﬁabhfrrai} hgapecgnd mentwne@ AR tegrAatan ssect ed

fromthe range 4.0ihe 3oRsc8AENE81ected from this Pagfer.ably, a pre-set DC
bi a54s added to_t he ou

ut 40 of the third integrator t ensure
Chatd he resul t1 Fie OUEPUE Exomnihe BhgAs| COMRAFS et del ALaF ALY
- 5- 5 coupled té&rafehabllyintkegrappar, avhdchf agadrpregettavenention

compri ses 3[4 {eagounl- oo 8cLha ELERIENSY URIBIY 3182 5 sqaqpad®ns

(or |ncorpora ed’1n neans or f ter reqguency
modul ati ng si gnaPreferalmbye aopre-set B—Chbrlas 1s addedjmmr\:trmj ittt

conponent s.of N RAT therlaine §2atbht €6 engh@e thHIRY the FdANGSGd O renove
Si gnal conmponents which_arj]se from synpathetic control of the .

hear4® r at e. SHENRR sBLGRRY always excgggdezeLPnpat hetic activity gives rise
to relatively | opreferably, the apparatus of the present invention

comprises a filter coupled to the frequency demodulation
means (or incorporated into that means) for filtering the
frequency modulating signal to remove noise and other
25 unwanted signal components. In particular, the filter
may be arranged to remove signal components which arise
from sympathetic control of the heart rate. As discussed
above, sympathetic activity gives rise to relatively low
frequency variations in heart rate and the filter may
30 therefore comprise a low pass and/or high pass filter for
' allowing removal of low frequency sympathetic components
of the modulation signal.
The apparatus preferably comprises signal processing
means for converting the modulating signal intec a linear
35 vagal scale (LVS).
The apparatus of the present invention may be
implemented in hardware or in software. Alternatively,
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frequency variations in heart rate and the filter may t herefore

conprise_a | ow pass and/or high pass filter for r enoval

of | ow f% synmpat hetic conponents of the m)dul at [ onagclf'ﬁ%ng?%”m

The apparatus preferably conprises S|gn% processi ng means for
converting the generated signal |nto a M near vagal scale (LVS).
20 Th nt vention be. . ,

i npl enent efhS nﬁaé)rpooaoxagr%}%rmg% féﬁ N‘Fg \7¥I comblnatl%é’f

appar at us W%HWW@WMG\A@?men@DHBI nat i on of - hardware.
and software conPNgit Seambodi £, th eaeuem d?g%gg pparatus is
provi ded as a 25 zu?-lme% uni t © ab a ag a % play splaylng

measur ed vagRdd unit which has ?@éé?ﬂﬂﬁy €6rad§§ﬂ%ﬁr%ﬁbect of the

pr esgnt measured Wﬁalogbﬁ@ere I's provided apparatus for measuring vagél
tone froman E acco ding to_the abgve first %s %ct of. 30 the .
present inventi i 1At oRCAPRA AERASTT B e presentecording the .

ECG coupl em\xentsa:bzﬁ tigte . is provided appafheulseﬁaﬁ:dm&@dm&ﬁy agonpri se

;?r{al fier !s%one from ?‘?lgﬁ‘?gggﬁgﬁ?ﬁga%aﬁ abole é%at SN ang

Accor di ng ttdi lpresenpetavertt ibr pnegemblnnvgqnlwnth means fdﬁmwe i's

pr oyigded a JEtNQ8 fPreps o¥edi Ndo pggasggesggd in vagal tone from an
ECG recorded from a human_or ani nal Plent t he net hod

conprising the sipsrefording means may H@WE€P§ﬁngHee6@éWﬂ#Ence of QRS
waveff)rrrs lélé&ﬁ’cﬂxsf forlattachig@htl to the patient ar@eﬁgfpg.tl'ﬂigaxté m ng
si gnal s indicatjve o fi 5 period between
consecut|v$ %ﬂRﬁ%ﬁ%&ﬂ%v@?ﬁrﬁﬁ?orded ECG. frequency
denDduIating samm¢¢rﬂ1@gstgnahlrd aspect of the prbbﬁﬂttdnj@hﬁﬂpmi o
freqgency é)gpz%&{‘&éd Wé@had for provxfﬁ?. anﬁ%'é's%tﬂfg%é' gnal is

use tO provi de sal neasur
filtering tMegaECEonheEXomi a1y Eﬁ@nﬁecozsﬁetihérom a human ead@ndmiadn si gnal

Lo remove bowfdaguansy AOPROAELRprising thel8t@pedug Lo sympathetic

activity); he frequency denDduIatln step . conprlskﬁf
i ntegrating the SRHRFEIRY BB?SQCEB HERER, OAnBRSepaveLomps in fhe gh
pass and | @&ydqmass; fllterlng the integrated signal, t he hlgh pass

f"E%rEd si gnal trﬁ%&é@in nteﬂlﬁ%eglgnal indicative of the time

period between consecutively received QRS waveforms;
frequency demodulating said timing signal in real
time to obtain a frequency modulation signal, wherein
said modulation signal is used to provide said measure of
25 vagal tone. i
Preferably, said generating step comprises
generating a constant length pulse wheﬁever a QRS
waveform is detected.
Preferably, the method comprises the further step of
30 filtering the ECG, the timing signal, or the modulation
' signal to remove low frequency components (e.g. due to
sympathetic activity).
Preferably, the frequency demodulating step
comprises integrating the generated puise sequence, and
35 separately high pass and low pass filtering the
integrated signal. The high pass filtered signal is then
integrated and the resulting siggal used to frequency
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the resulting signal used to frequency nodul ate a carrier

signal, the low pass filtered signal being separately used to
frequenc)VoB8i2R028 e a further carrier signal and 20 ROTGRATHZ02

di fferences between the two nodul ated carrier si gnal s det erm ned.
For ‘a better understanding of the presehf invention and i n order
to show ho I I nt e fer wi ||
now be nadWoElEﬁa%ae”Pa r@rﬂ%ﬁcasrléfneadl f‘%‘ € loY h%asasccgolr% T’% ngs in
whi ch: is Separatelﬁfg{ﬁ%i xra imewaxzq;rumdwlmd J'éuhtﬂnen and a cow

show ng th%a%ﬂﬁreQX'éﬁrFa]P%& s afd effFades, das between théeQLding an
ECG Figure 2 i.s a block di agram qaf a&)parat us for 30 measuri ng vagal

tone from BROUMEHRGhFaxxder signals determingde 3 shows in nore detail a
bl ock di agram ofaceitrding to a AMRAAM 2224t of the present S B
PCT/ GB97/ 03202 7p possi-ble FM -~
denodul at of SRR Shske i RFOH4RT spRaratus for usgiRre 4 is a
schemat i ¢ diagncdiiagy apafgifiorm encephaémpﬁtlv:ees nil’nemmhtaahwrof t he
appar at us Ei_gur. at es_the vavetor ms
present at Qﬁgﬁ\aﬁ edt%c?t}lst potlhn S |n{41e appdaﬁt\?%{g' u?%pﬁ FHPEa® st

const ant h&het abgve Figy mamtseqand manaet of the Preserﬁl:gure 6

il ggtrat eg_ng,lgelt\y@f@f orm present at the out put of an integrator of

t he ‘appar at us of F| 4 for a constant heart rate of 200 beats per
m nute; 10 aéi?rye' Fhe ARl (RPRUR MR I F RERPFA RS FOF anEei n

bea:js per gnnwlsgxmﬂngambxﬁlﬁwlgmgﬁom@nﬁmwthy tone (Cl PA -
Cardi ac index o eti tivi over 350 consecutive
cardi ac cycl es a‘i"é’gﬁtﬂ/ rfg]sqa'%h Bede HRE 1Hhe REF IS %&?Eglﬁﬂd 15
Fi gure 8 shhwseddtsa prenitdeshla tmethad csmcf/am:.:tutatlng |-‘dgmgno§1bubfwith a
conpeessed c :ﬁ,{sﬁ ; f Figure 7
ovrerfREZSO B9 Egr? tj%/rem caBr )acer%:%/cé%agﬂ% heal?% % resian
cow, 20 tethod MR sidghows dat a |dent|cal to that shovvn in

Figure 9 but W infez25G0MY Q9RCd atR ]I't.(‘cﬁ'le 5&@'& s ct cow usingFtgdre 11

shows t he dat f or Si ol d Fresi an Cr oss Aberdeen"
Angus cow BF& S\‘P(ié# %taz)ove fi'”n"[fi(t e% {Pf g&ge present Ref erence is

first nadeineemitgiores 1 and 2 in which | Figure 2 shows the apparat us
for asuring v { f S | _recorded usj
ol ecpeodes posi t %%%l e&%r}lg the meaéﬂ@&%a%?%ﬁ é@r[f'g ag‘a::.ns(gi Qh& gal

tone expected for a healthy cow; and

providing in indication of the difference between
the two compared tones to assist in the diagnosing of
BSE. P

25 The method may also comprise the etep of diagnosing
BSE if said difference exceeds a predefined threshold
level. .

For a better understanding of the present invention

and ih order to show how the same may be carried into
30 effect reference will now be made, by way of example, to
the accompanying drawings in which:

Figure 1 is a pictorial view of a human and a cow
showing the approximate positions of electrodes for -
recoxrding an ECG;

35 Figure 2 is a block diagram of apparatus for
measuring vagal tone from an incoming ECG;

Figure 3 shows in more detail a block diagram of one
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as shown in Figure 1. The ECG signal is supplied to the input 1 of a
QRS a way m detector 2. The detector 2 30 provi des n the
f or m of ﬁ%’?’&?'ﬁ’g‘gf pul ses of constant width and 1 vo ﬁ/&%&%{ﬁzp

new pul se bei ng generated each tijte a QRS waveformis detected. The
spaci ng between the pul ses therefore corresponds to the spaci ng

bet ween COWBI’@ @%&W&&?&H@r §ér the 3 aE%t o%n% epbodi ment,

t he detector onpri se hr esh tect or arfines the
ECG si gnaﬁlg‘éﬁ’e v@vb’?o@nﬁc%ﬁnéhlExPé@G adﬂla@d-'é’m 9d athr eshol d.

V[)98/2202%1ternat1ve 1mplementat10n of the appBeRtWBIH0FQYhre 2;

\-/\ﬁ-enever a n0| s Js%‘rl‘lﬁ%u%& ’gu*ﬁ %ﬁ?gﬁﬁpﬁzp‘?u g.vyfag s %r%ﬁ%g'léég”cst in th.e ECG

si gnal s. Asra&tmusmé(mtarianCDm?mapparatus blfie Fdigulee 4t Beashkol d det ecti on
met hod is er abl.e p e detection method .

I nvol ves %eoql taAAé/ h%uh% "f% %%pgbo ?é\ge \%%d;r\/vg@l%edrrm agai nst a

st or ed vvaveformFJ.'mllm &t bl bdshaatesr khies weypifoam @fre@i@t at tha/vaveforms.
Provi di ng thatndh & flegh eenod fééfbiraéft ¥hesS t ved
waveformis |c¥'ent e‘%Eas a wave?gll’or%rg‘n a puI St genera ed at the
out put of tﬁwé’onStant d‘é@%‘é‘ﬁo?aEe °f 200 beatsTperomimwtesf the detector is

prowvigded to the Figite 7 show@ftﬁéeﬁaaaemeaodrels%tlwde@wt Cﬁﬂ%’%r@“’rlﬁ and
asse I lter

t he ut_of the tor turn,
(i nt egrat0|):3e SRfY H&l%‘ﬁ’f%[}?b%‘?‘ tﬁPg P%“‘b‘;§§é’&°tué)§‘easured VAS#L t one -
gauge 5 forcqrevicIPy anCandpat bhdeagelf pam‘asympatheascmddtzh&trp)re fully

descri bed \M J&' @rr%&?&e%&tﬂrguégwfﬁlaEMcarér]fggul are 3 eallq.'ﬁ'lé; aEtz?CUJ?agrf

possi bl e i npl enen tor art
Fi gure 3 shwisfer Zmged phasyeasekedflioop in which the pul se train provided

by 15 the dejgstps & éﬁo\%)paéeé §8eABechIPYL &R0 dntRyd RRULS
6a, 6b of a phase conpar at or The out put 6c of the phase corrparator

6 i s passed ¥FHFRigh abIFBo\ﬁlHH%e?Ol?PFSSSGd Verttﬁéaautsﬁ’@tlefa of the FM
denodul at or 3. ﬁi@_\ﬁ@tQU§h3ﬁSth35data bhieFElylud;@mdldﬁlorzﬁ is fed back to

I | | VCO h I
rain havi rpassesEive ardigl LueTRRUERY By BRRt RS InAILty TIRRA= ol { age.

The qui se tra| n output by the VCO 8 is applied to the second
| npyty 66 of the %Hpéﬁé‘&mﬁrdétﬁmae}{@@c%r %o3Qhat sq'fc{‘)%% ged to operate
at a nomnal freq ncy IS zero

vol t s) equeﬁlg\bﬂt he Pk whth a compregpedy H?é'tfllc@du@ﬁ‘(%le:ﬂ?éldphase
conparator 6 det®fd$réN¥1 shows the data of Figure 7 for a six year

old Fresian cross Aberdeen Angus cow diagnosed (post-
mortem) with BSE. !

25 Reference is first made to Figures 1 and 2 in which
FPigure 2 shows the apparatus for measﬁring vagal tone
from an ECG signal recorded using electrodes positioned
as shown in Figure 1. The ECG signal is supplied to the
input 1 of a QRS a waveform detector 2. The detector 2

30 provides an output in the form of a train of pulses of
constant width and 1 volt amplitude, a new pulse being
generated each time a QRS waveform is detected. The
spacing between the pulses therefore corresponds to the
spacing between consecutive QRS waveforms.

35 In its simplest embodiment, the detector may
comprise a threshold detector which examines the ECG
signal for waveforms which exceed a predefined threshold.



difference in the frequencies of the pulse trains provi ded by the

VCO 8 and the ORS waveform detector 2 35 and, via the feedback | oop,
tends toVYWRP¥R0%Ke VCO 8 so as to elimnate the di fRG/EBYH320ehe
output 7a is t herefore indi cati-vg of the frequency nodul ati on of the
WD 98/ 22020 . meT PCT/ GB97/ 03202

-9- _ rder t the nom nal frequency of the
VCO 8 Hoﬁtg(g);le tr He Sr‘flg% r?aId%éé%tfiog’gt%%&niin%égr%erb?%%'%eﬂuf%?s

super i nposWhgnaeveang ngiwe \ikeyef o sUEAo@E®: tamplhiepde 5is - the nomi nal

frequency giebBRtaGnOTHhe2BARPYIRPIHTES & BN3%uch spikesogzeef#ﬁtgﬂgﬂcy lock is:
achi eved, the ra di sconnect ed. erefls

may . be i
i | I 'ustrat e§2fnSg threshald dehegidon methedmis genexablyof the

appagat us ahshigabde? WA ¢rdferked detdiasi UHedndhODEI S RES0SS a W de.
range of nqm nal .hear, rates (30 to 200b whi ch, nay occur_in a --
human \M.th88p1par1ng t\[ﬂet ﬁgﬁpe\/é’?alrﬁé) VeI AU (RIZYMPE i Res an i nput 9
for recei vehgred wavedfiown, EGRisitlgreiomst Wwaore fmw s ngypical of hgRECG

signal to ef on f - §qg . .flescribed, the
detect or lgaggé?g\r@%és ﬁ%@%&&g&aﬁ%.%{ u%lsgefse%’c THEE% %ﬁs wavef or m
i s det ect e89PAVAKE i Gpdeceived wHvaRArm T nified mgenc@RSed by the -

detggt or 1Qak&form andﬁ%PHd%%éFééﬁgkdﬂganaéﬁtﬁg‘%ﬁ%ﬁﬁEEBPrt whi ch
conpri ses a diode rectifier followed by a |ow pass filter (a 20
paral | el cBRKEELEF Capacitor). The time constant of the " integrator

11.is two seconGhe Bheputt edr ather dekqutaw des provided@ntOUERSt ighanal whi ch

has an anplitu rel at t o t . fr e of the | se train input

si gnal . Thle)Eou? %&g%e%c?’d mo%f&g(%ﬁotrhewi“r?t ecgeﬁﬁ?‘%ﬁartso’far%\ﬁrg‘idé?% bot:h a hi gh

pass 25 outputepfl2hendemddadarass ifs,l tior then, TesdedhepassEilteer :

12 s a3 req i 1St I ass filter
Pa {Bneubrathbrh” A0USROLHY ettt WY |efid Nt | Slbsed to £

13 has a 3dB cu equency_ o Hz. out put of the
hi gh pass VRBRér toRe| gapasyiSdder providing apruthtafreagrl 14onsich is
identical &8 Whelf beShmo3@ fullRedddEbdd iR fddencd S BESRPL
1 e0raL0r 414 pigpe, LiiER AP AL L BULpt 2l 0L Ocperal
pass filteth&2FMTHemodyiatoaf 3t.he Iseqaticular, iFt@gratdrsHdwssai n turn
congiect ed %Ra%@elb'&&%’d 96cd YOwitch trk r;ﬁ‘.t@ t‘ixsaiaf%%u' 1 JERSLgt ore '-
arranged t0 generate constant |eng pul seés at “a requend¥ dependent
upon the the dejggrticrude i5f apmd iiath o vBle dgwutTias alCEwWs hapubs| i near
6a,6b of a phase comparator 6. The output 6c of the
phase comparator 6 is passed through a loop filter 7 to
the output 7a of the FM demodulator 3. ' The output 7a of
25 the FM demodulator 3 is fed back to a yoltage controlled
' oscillator (VCO) 8 which generates a pﬁlse train having a
frequency dependent upon the applied iﬂput voltage. The
pulse train output by the VCO 8 is applied to the second
input® 66 of the phase comparator 6. The VCO 8 is
30 arranged to operate at a nominal frequency (i.e. when the
input to the VCO is zero volts) equal to the nominal
heart rate frequency. The phase comparator & detects any
difference in the frequencies of the pulse trains
provided by the VCO 8 and the QRS waveform detector 2
35 and, via the feedback loop, tends to drive the VCO 8 so
as to eliminate the difference. The output 7a is

therefore indicative of the frequency modulation of the
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- 10- jtive slope frequency/vol tage response, anyj
vol t age 3?’088’%?’2{% ding a frequency of 3Hz and an i nput nréﬁﬁ\%'{/?%&ze of

0.6 volts providing a frequency of 20Hz.q_ The out put of the | ow
pass filter 13 is simlarly 5 provic?edtoaVCOlG(there bei ng no need
to pass thiggee. signal through an integrator as the output of the |low

pass filter 13 is sub‘;tantiallg DC or onl slowlg‘8 varying). This VCO
16 has a |inear TRPTFSE tPopet the no?‘FBéEIeﬁE?q PCYg % &H5oKE & vol t age
of 0.7 vol tto Ifthe neniwali hgaatf rageenagant 20Ez pavdridedlficage of 1 volt '

provi di ng equency. of 3Hz. . The t tp froqmthe VCOs .
15, 16 are %r‘%éﬁzg"te{“og e @ r%m%h%irslgutdeygéizg?elg%mﬁ?’?h?}q%net ,S“ﬁ‘eﬁ%r.at es
a fulst her the nominzk frequentycofisthet adupasi an pppseprister ecardee 15
peri ods betd@@? S o] k| I t h di.fferences
bet ween the_ pu sfe@?lgﬁéﬁp]ﬁgégdg% ggﬁ%hgga, the ?’%rpn%t 2&%&: btehe phase '
detect or 1Aisprnrreied. of the phase detector is applied to a third

i ntegrator 18 whikdre is 11D88€rat88 A PubRwL 3 gralyiRavifa@ a5 anplitude
20 proportional to fhe féeggg_nc _of the’i . The
apprFi

put, pul ses. , _
out put of tHEPIGRERFAELPR; gpagus o Flgg‘ﬁﬁalzi HRiGh 1819 where it
i s added t desiposd and Oferate ackewsl al@ide ThageubFunot@maal Hdiert

sunmat i on ynid i S; 44N r s appLied t vagal .tone gayge 20 which
applies a Z%éeé n{ﬁé [ tf')?i %%?]?%wjfg%f'gﬁ E"(L)“e’t ﬁ‘e’gg% d s é‘ﬁ‘fln. L% act or
i s, sel ect ewithawhveagal heonet puThénapparstusdaoupiriises an inputvayal tone

oo, B e SR e 00 Ve, o RIS
i s i npl enerfiRRl B¢E 3@ignal sbet aaRRS Vaveérampretesitay 40PC dshridoteatly o
recaisve thelescribe@Uthé @étébeosUnvByEaBrAkek 38 its output a The
operation of the apparatus of E'gureeéo%%lk nQw he descrjbed wth
ref erence t%‘]tﬁegu?ggl%A;H“ﬁh?cﬂ éhﬂ?&g F‘hge\ﬁ/&\?&F@rﬁﬁl ftPHt vari ous
points A tcesidmal t heTBé pulapparainsgénertbedchye thiee ke tae izt (ovaef or m
o) e TGRS D Hp8%e BATHOR-EPN B3 bl gt
a diode rectifier followed by a low pass filter (a
20 parallel connected capacitor). The time constant of the%
integrator 11 is two seconds. The integrator 11 provides
an output signal which has an amplitude related to the
frequency of the pulse train input signal. The output
11a of the integrator is provided to both a high pass
25 filter 12 and a low pass filter 13. The high pass filter
12 has a 3dB cut off frequency of 0.2ﬁ2 whilst the low
pass filter 13 has a 3dB cut off frequéncy of 0.01SHz.
The output of the high pass filter 12 is provided to
a second integrator 14 which is identical to the first
30 mentioned integrator 11. This second integrator 14
provides a substantially DC output signal generally
proportional to the amplitude of the AC signal passed by
the high pass filter 12. The output of the second
integrator 14 is in turn connected to the input of a VCO
35 15 which is a pulse generator arranged to generate
constant length pulses at a frequency dependent upon the
amplitude of the input voltage. This VCO 15 has a linear
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-11- unnodul ated, that is no vagal tone. Ideally, the output
of the QRBOA8R22620r m detector (Figure 5B) is a sequence of PCT/GBY7/pa2bxes
whi ch are spaced apart by two seconds and, as al ready stated above,

the anplitude of these pulses is 1 5 ~10-yolt. As the tine constant of
the integrator.11 is &vvo second the output of the integrator 11
(Figure 50% V\ﬂ.%:we slopgefZgape Jnﬁ%ﬁarﬂfm ASftre BF PRt to a

m ni mum voltagpl bfudepmbvadaugdaOfiéqminq loeff @z earh dQreviniese i s
recei ved uf, £0 h e ld.. there result in
an AC corrponcgn?&%8 {zf iE % 3&&% %%g) out] \M fre ue leﬁ% ﬁdﬁz'pass filter
12 of around 0. 6Thel pgtm@ @fDthe low R?(ﬂﬁp(fﬁémerl: lIllgiJranﬁ,latly he out put
of the |0W @é@lded to B' lvb@r 1%3 (Qﬁ:xe%*eomr% Bd"%ldéer%ecﬁ st tt%ﬁes bC OUtPUt

|

of Eass lter 13 can be su i ed e 15 -
i nput of th%lﬁgi‘ c QF@H‘-WC@“ LREegFRRT @I’s t gPYasE the lowj|ter 12

nmust be paspadstﬁwugb lbel§eﬁﬁﬁ>@tlaﬁitﬁ@ﬂal1ﬁmﬂ rbr onl fAslery to provide a
DCvoItageE FL)g?é voIt elevel) to

ati_v '
drive the aSab¥t 9&3 Ws %Bﬁ fer?'lﬂ‘?@r\/@ﬁ ‘?&ﬁ i cs. descri bed"
above, bot hftequencyotrbagegeom'emloln@@.osachIa:tages ofi Id. 'butq:mﬂs a pulse train

G H {4 gur g,a y 2%9;%2 g% e t put of
t he itEase e?%\é?§¥h 2 f%%ﬁ%%ﬁ@ bggfant I a e ttééé c)ﬁl'he %onstant
added by tk@r@Ehﬁfaﬂgoﬁ Gvpguencysof 3Hz. set so that the output 1la of the -

unit is zero forgygi €w85outpu§§n$§:%ﬂ{ tllh%aﬁfcdsﬂtl% '1@‘&1@' fovcheci ve any
DC of f set . e6lli]tstratesthe wavef ormvvhlc be

present at ?h@hﬁﬁFpﬁFtSFtPﬁe WB3Chy ot £ UHRen gpnerates @orfé%’éﬁfher :
unrmdul at edphkaet train of 266sheats dquaticiifpilses, wHdde ﬂfBé(l mum expect ed

purep, hear LoLalEhe! BoRLaxhIele! Bd0es IRl L APRAY Al The, UL P

t or S
haV| ng a peqlif)ﬂerences betwpprokineaailyse) Frasigvo i vilesl dug plhe C F| gure

6, of lng;aesl Bkeghat Phaéé decartanhy mrﬁéﬂddt%bxg:etd#%é);gwe

This results in the integrator provi ding an out
rel atively @?Eﬁc%rcéﬁpél??ﬂitleaaﬁﬁr c’s‘a(*,'-lli’i:‘-r’Fg1 ]?-T\Rﬂgtrator 18 wiHeFn very | ow

anpl i t ude Ageﬁ@ﬂa@agnhn aaapqachu@daaer}fav an \@Hgsitameseen in Figure 6
Bot h, VCOs wi | | 2509%: _
c e 1QRH§ pulses.

t

PCT/<GB97/ Oaziﬁaporglonai to the frequency
The output of the integrator is applied to a

summation unit 19 where it is added to a constant DC
level 19a. The output 19b of the summation unit is, in
turn, applied to a vagal tone gauge 20;which applies a

25 multiplication factor to the summed signal. This factor
is selected to convert the output intd_a standard linear
vagal tone scale (see 'A Linear Scale for Measuring Vagal
Tone in Man’, J. Auton. Pharmacol (19%2) 12,109-115).
Typicdally the vagal tone gauge is implemented in

30 software, for example using a PC connected to receive the
output of the summation unit 19.

The operation of the apparatus of Figure 4 will now
be described with reference to Figure 5A-H which shows
the waveforms present at various points A to H in the

35 apparatus for the case where an ECG (waveform 5A) is
received which has a constant (nominal) rate of 30 beats
per minute (the lowest expected human rate) and which is



generate pul se trains having frequencies of approxi mately 3Hz given

t he char cs descri bed above and again t he o t he
final i nﬁé?a’tﬁc bWl |1 be O indicating that no vagal one ‘?/@ﬁg% esent .
5 As a result of the linear resggnse of the VCGCs, the out put
of the final integrator 18 will always D€ zero where the heart rate

s Constantur%%@matéhowtua&atxi AY: vagal tEMEVeiTactiane tétﬁee%ﬁ&gp“ ses

relatively hi frequency vari a s,. the out put at or
in 10 tHe Wil%hQR-?eﬂﬁﬁﬂé?rWeﬂeF\FFFoﬁar(ﬁ' ighrec &fYr 48 § saguence of i nput-

to the VCOﬁtﬂé@sthﬁleV\hféeﬁyaaéd bpErehbeh tid. Iseconds "8I s -
substantlalac#]éé: st ant out puts of the two

fﬁFaF%df ?éaﬁ% §£§n3mplpltudea°tf| SR )H‘Hgs%tlfﬁutl resul ts

VCGs t heref

fromsa he fiveltintagrahertihe coniBankdoatiheg ititalg xau:\bageu L & we
present. d va Cl ured
for a heal t%ec%%syegrﬁeo#‘ggﬁrEsggntﬁel ?gﬁ@%gkl ggrs r(e ?@ ‘{’t%Pf

recor ded heigeayafromnnabpaximlineanpaitudst efvar ivedt to a nhatmam 55 and 77
bpm whi | st atr!f%li/@ﬂ&e HENErOEhEAD . Y37 183 £20perdiel Wath b diitse | @Ufes S

and 10 show the, sane hy adul cow or which

the heart reReeived. Thei @‘étBBvaﬂgntBG &Hﬁeg@al.ﬁ?rﬁ %Mll{ shexpiare ot
excaed res@lt in an AC cofpgHeftlb,slrawarkeant agratthaarfhempalos one for

a 25 r.cow whic k after the rec rdlnsvvere made.
Thie cow wite biaRuenee, LitEer #édogyaffﬁgnd & AAhE AR i cul ture,
Food and FicshwpodenasFharigar8SE, at thef bmtpmsbﬂm&iaamo@o(@ég‘éation The

COwW i s bra ﬁf{% §/3 ?f arig.xang Qgia&ts ra%eutiesl O\ghAéSéz.{)mu(‘%ri%_ f rf,\quent |y

30 consi Vagal tone varirés fr
prior to tHhéentewvpasasiihfest téncan ber spppd ieds dlrectlyrundzh@d by t he

arraw in Flguger 1db AL aghogiheed voo, HRAGRUIRAUIONAY Sl ch

bl ocks t he arasyrrg rvous system 1t can e see
result of ter ?ewﬁhgbat%ﬁ?ﬁe thgough thee spsend tsHeHahr nidar | y

to zlero (0.cBydehi te phevheaeara Dateotteagéer&',s Fagareund Slindicativpres The
vaga tone

d .
-13 - rsfgél ‘égiﬁﬁgﬁl gﬁgg) ahgggﬁf‘te’ &t iﬁ?‘gr E5EEF Wdat‘ﬁ%sls t han t hat
for the hezﬁi‘hgncbhs VCO charawtekribtieppdesicatibed mivovehe bogtul t s of

Zi)g\‘/é;oe; rzvﬁgs éQaEﬁﬁggé‘#1%{3233%‘2}%@%%&6%% e AP Pt dessld bed
G,H (Figure 5) hav1ng a frequency of 20Hz such that the
output of the phase detector 17 will be substantially
zexro. The DC constant added by the summation unit 19 is
set so that the output 1lla of the unit!is zero for this

25 constant heart rate input, i.e. to rembve any DC offset.

Figure 6 illustrates the wavefofm which will be

present at the output of the integrato} 11 when a
constant unmodulated heart rate of 200 beats per minute
(the "‘maximum expected human heart rate) is provided to

30 the input of apparatus. The output from the QRS waveform

' detector 10 will be a sequence of pulses having a period
of approximately 0.3 seconds. The output C, Figure 6, of
the integrator 11 decays only marginally between pulses.
This results in the integrator 11 providing an output

35 with a relatively high DC component, approaching 1 volt,
and a very low amplitude AC component, approaching zero
volts as seen in Figure 6. Both VCOs will therefore



cattle. Gven that other autonom c dysfunctions produce a simlar
dysfunction of the parasynpathetic nervous system or vagal tone and nmay

al so be NOF3RY2Pe| p di agnose ot her such simlar conditi onBCT/EBPTRRNGIDI| e
scraple in sheep and CID i n humans. The apparatus, system and net hod
her ei nbef ore described has a variety oflérinical applications as detail ed
bel ow in the various publications. and research studies incorporated herein

by refer enc%e.na?@‘b%g?‘flgﬁﬁrﬁ-‘ﬁa?'gﬁuhéglggr FEAUERGAES; Sfe FBRPTIRFIRRESAbet i C
and control3Bazbjtees " thy €héradherishicB. desc@bedapovik Qrid abdih S. '

D abet| o MBS IR RYC ) TP R r i 5aT 1HRRR Bk W, B AR i  hex
of cardiac t%@ﬁa@gpwagﬁbtt@naciﬁvpr?sﬁntearIy Non- REM sl eep in normal and .
Sl (1698) . o Sap LB L EoTrabhe FRacne, respEngd F ol M FHE lcure
of cardi ac VARHE thetBar FBahohRRENF3LOE, 18n Widd- Sileaysddesr iZRxP and sl eep
deprived nosli@te Stié eeésit byafe HhasenbebakOBH onfet @1 W1 vhdyimnd Goran
A. Janal (3}_(29“2%. Journal o hCI cal mNeur% h¥3| ol q 16(2) ., "Immaturity of
medul | ary cat ‘G?ESp‘?’#"%:F%ré ﬁeﬁe nESMPEAS %g o ogﬁgﬁe aut ononi ¢
reacti ons ifSreqbekeyyvaraasions, stldepudpath ofn thet tinteroage” 1y ih 0O
of B %casesin Mg FEadibey e GRRtATI arl Cont¥ie kb the 1o Carai ac
conponent okNPYE e e bEFSr 26| éR thEBRPW freaatencyd egumhigh soidsl ri c '
L8 - CXCTERLiA NolbERA YO VDY CRbASLARLPRLAI tHeOs il by FANGRD, A
Barnes and SdbudsoE (A28 988L"Ehetl el R0, (EOn), 97 T, PO
Real - Ti ne ©utP © in lrequency an
a time varying output results from the final integratdr
15 18 indicating that a vagal tone is present.
Figures 7 and 8 shows the vagal tone (CIPA) measured
for a healthy 2.5 year old Fresian heifer. Also shown is
the recorded heart rate in bpm; -The heart rate varies
between 55 and 77 bpm whilst the vagal tone (CIPA) varies
- 20 between 0 and 5. Figures 9 and 10 show the same data foé
a healthy adult Fresian cow for which the heart rate '
varies between 60 and 66 bpm. Vagal tone does not exceed
6. :
Figure 11 shows heart rate and vaéal'tone for a
25 suckler cow which was killed after the recordings were
made. This cow was subsequently certified by the
Ministry of Agriculture, Food and Fisheries as having BSE
after post-mortem examination. The cow is bradycardic,
having a heart rate below 45 bpm (and frequently
30 considerably slower). Vagal tone varies from 45 to 180
' prior to the intravenous injection of atropine (as
indicated by the arrow in Figure 11). Atropine is a
parasympatholytic drug which blocks the parasympathetic
nervous system. It can be seen that the result of
35 injecting atropine is that the vagal tone drops nearly
to zero (0.4) while the -heart rate recovers to around 81
bpm. The vagal tone measured for the BSE diagnosed cow



Measurenent of Cardiac Vagal Tone in Conscious Dogs" by Little CJ.L.,
Julu P. O en S., Reid SSWJ. (1999). Anmerican Journ l,ol ogy
276: (Hear %%B rcul ati on Physi ol ogy 45) Pages H758-H765.¥Cﬂ£m£W% 2
clinical applications are disclosed in_g)_European Child & Adol escent
Psychiatry (1997) 6(Suppl. 1):47-54 entitled "Functional evidence of brain
stem | mmti@layamatﬁeahuwyndg%&,; adidd SOE Y Y O v Pe 1 orld 07
Decenber 1997 en%# Eeg "S Fﬁﬁﬁ fect of barore flex blood pressure
buf feri ng wWrt®®i hpdet =° 5% GPWSt a wonan with fanilial aniridia.
WD 98/ 22020 It will be apprec1ated from the results of Figures 7
PCT/ GB97/ 03@ 2 ycaem a

reduces car a%lvgagF Ygﬁgllﬁoﬁﬁngﬁ RRFEEE éﬁathe appa£§%h§
cont rol subﬁesc;;bed above provides a method of diagnosing BSE in
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Sout hern Ge@ﬁé@ém"@%l%&@bl Qoﬁégﬁ\ﬂd Hé,y also be used Ao tment of
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The apparatus, system and method hereinbefore

described has a variety of clinical applications as
detailed below in the wvarious publications and research
studies attached as Appendices and incorporated herein by

15 reference. ‘
"Hypoglycaemia reduces cardiac vagal tone in human
diabetic and control subjects" by G.A. Thomson, P.J.’
Galloway, P.0.0. Julu, S. Hansen, G.A. Jamal, B.M.
Fisher, C.G. Semple. (Appendix 1 pages 15 to 29).

20 "Sleep deprivation and its effect on an index of cardiac
parasympathetic activity in early Non-REM sleep in normal
and epileptic subjects" by R. Shane Delamount, Peter 0.0.
Julu and Goran A. Jamal. (Appendix 2 pages 30 to 50).
"periodicity of a non-invasive measure of cardiac vagal

25 tone during non-REM sleep in non-sleep deprived and sleep
'deprived normal subjects" by R. ShaneiDelamount, Peter
0.0. Julu and Goran A. Jamal. (Appendlx 3 pages 51 to
75) .
"Immaturity of medullary cardiorespiratory neurones

30 leading to inappropriate autonomic reactions is a likely
cause of sudden death in Rett syndrome" by P.0.0. Julu,
A.M. Kerr, S. Hansen, F. Apartopoulos, G.A. Jamal.
(Appendix 4 page 76).
"Continuous measurement of the cardiac component of

35 arterial baroreflex (CCBR) in real time during isometric
exercise in human volunteers" by Peter 0.0. Julu, S.
Hansen, A. Barnes and G.A. Jamal. (Appendix 5 page 77).
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PCT/ GB97/ 088dsctive and dependant index of cardiac tone. . 16eal-Abstr.act
Cardi ac vagdmet mr?a&smebzmﬁ% toff abfrdfie VAYLStTeRé leﬂndgéhgaibﬁa()ﬁb&%aem ain
six patients w.th.t [ t es ix control_subjects, ReSti ng
cardi ac vaégl Wﬁ%ﬁ&%\%&gﬁém 449 cﬁl‘arlg‘e ¢ FRRTENE: « BeTeoRtFof - subj ect s
(p<0.05). Dappepdixypogageeema twardd)ac vagal tone fell fromb5.6 (4.3-8.6)
to 21 (1.3-4.1)414 rs \V:aqal E@ﬁgl' \, ' sa!'g ontrol subjects
(p<0.505) and 11. ég&;?’%]ﬁl.a%alt l}#il@sél éL %)h???%éiﬁnd?gbetic
patients (Pugopspn Chhrld dc Adnjaisqante Rewehiakreadel-80(5997¢5.1-11.8) and
16. 1 (6. 2- 8RBl L XS At it dep apd ft RAy (9 F0dncE SSPOLELYE! Yro Basal heart
rates were not significantly different. During hypoglycaem a heart rate
i ncr eased fl.fl%t?{jf‘l(f_’%_ln Rett syndrome"; (Reference 1 pages 95 to

102) and b) Neurology 49, December 1997 entitled

10 "Selective defect of baroreflex blood pressure buffering
with intact cardioinhibition in a woman with familial

aniridia; (Reference 2 pages 103 to 105).
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77) to 90 (78-99) beats mn in control subjects (p<0.05), and 63 (57-67) to
88 (78- s mn[err] in diabetic patients (p<0.05). Heart rates
subsequé‘gtal)ggagogztburned to basal levels in both groups. CﬁF’rﬁBHa'P%%
suggest that changes in cardi ac parsasynpat hetic tone may underlie the heart
rate effects of hypoglycaerm a. Key Words: Parasynpatheti c,
autonom c_nervous system cardi ac vagal tone, hypoglycaem a, type |

di abet esHypegiyeaemia reduces cavdsac vagal tone in human diabetic and

PCT/ GB97/ 03202 - - 17 - :

I nt roducti on Hypogkycaem a stimul ates a, het erogeneous autonomc¢ -
response[err]. Parasynpathetic tmﬁ@ltﬂ&bﬁﬂﬁai nly with the vagus nerve,
and lie in close association to the deep viscera. Direct neurophysiol ogi cal
recordings in humans have not been possible for this r NDIRl dsna

cat echol am ne concentrati ons and somatic nerve synpat hetic activity can-
be nmeasured directly, and nost studies of autonom c activity during '
hypol ycaem a have therefore concentrated upon these responses|err].

Hypogl ycaem_g i ndu ongesl Lharease 39 « synpatfjetic actiyity[err]
wth a ﬁ-]ﬁ?@é@%ﬁgfp m%‘g‘ﬁ q’ Pnér ai@“iurar eg@pnge,nté{]e&}.ﬁ Jﬁﬁélyﬁeéfivﬁ
suggest ed t hat cardi ac vagal tone increases to oppose the synpathetic
effect on heart ratef[err]. KaidacC\a98km B ses can now be quantified
non-invasi vely. These anpul ses are integrated in the sino- arrial node,
and tend to affect heart periods beat-by-bear[err]. They are largely
initiated by bardreceptor stinmulation[err] and are virtually w thdrawn
when this renoved[err]. Baroreceptor stinmulation causes del ayed onset of
t he subsequent cardiac cycle, and this is reflected in electrocardi ogram

(ECG interval sfer r[le.a Repeat ed stimul ation of the baroreceptors during
each cardiac cyclld Reagamen gf Rirbetes.a¥suehesn Csaeral Hespitaln Clasgow. 44K
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alterations in the ECG R-R intervals. A continuous assessnent of cardiac
vagal tone can be obtained from these. and quantified using a |linear
vagal <W@I%8/22020S) derived using atropine[err]. The prECEEBIHRRNM, was
performed to assess the effects of. ggute hypogl ycaem a on cardiac vagal
tone and heart rate in control subjects and diabetic patients. Using
at r opi Rg !H}tcontrol subj ects, a separate assessnent of the validity of
t he ca vagal tone neasurenents was al so nmade.' WO 98/ 22020
- 18 - PCT/ GB97/ 03202 Subjects Six male
pat i enferdiac tvhgal yase and deaghatecwerg ripngtigated guri@ohypogircaemmia in gixgead@s $8hyears;
medi an duration of diabetes 15 years, range 10-17 years) were matched with
Si X nosiaktitesiond sicconubleubgestst r ol subj ects (nedi an age 31.5, range 24-39 .~
years). Al patients had well controlled diabetes (nedi an haenoglobin .
Alerr] ¢ 7% range 6- 8.3% |aboratory reference range 4.6-6.2%. None of
t he di Resting cardize| @enl stoeawas gherwst ar \diahptucy patsere dbant conrpb euplieps a@rb).03)e fhusingles
in the six weeks prior to the study, recurrent hypogl ycaem a or
hypog! jrreglviagmia sawise veaabions fell fromed . gvéds3-H6) ©\A- s 1 olineati vagad ts¢ats GOSphaisat | ons
in any of the diabetic patients, as assessed by fundoscopy, nornal -
m cr oakdnenal subpsts (RE0.05h andahid3 {hé-1485 ened (P-4 Uy\(§p atitsyin dizberici pariewd (p<0.05).
exam nation including supine and erect blood pressure nmeasurenent. .
Appr ov &brdigs yagab pwé thenl inkremsrd tch@0 [(Didll.3pedd Kal (6.2208) L ¥ enimr(pEiS indrottechses)
consent was obtained fromall subjects. Subjects were non-snokers with . no
hi st or yespeuvelychakni ¢ heart di sease or epil epsy. To achi eve eugl ycaeni a
prior to the study in diabetic subjects, evening isophane insulin was
omtted and dextrose and insulin[err] (Human Actrapi d, Novo Nordrsk
Phar naBasat hepst] rated wrife notGigaificamly diffessnt. Swsisg kypogikcapmiachemt faref ingeded fpre7hi{sght .
Subj ects were fasted overnight and an indwel ling antecubital venous cannul a
was i n@rodd (3999)rhiensimis ipcomm! subjecsipehed).nmdt6ie3 36 Tichy 88 TFiz 102 hemd @iniids
flushed with 2 m's of heparinised 0.9% saline

diabetic patients (p<0.03). Heart rates subsequently returned to basal levels in both groups.

Our findings suggest that changes in cardiac parasvmpathetic tone may underlie the heart rate efiects of

hyvpoglycaemia.

Key Words:

Parasympathetic, autonomic nervous system. cardiac vagal tone, hypoglvcaemia, type 1 diabetes. insulin.
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(heparin, 1 unit/m) between sanples. Two ms of blood was di scarded before
each s dr awn. | nduction of hypoglycaem a and |l ysi s
Acut e ﬁ%g ycaem a was induced in all subjects with an ?Jr#?%i\?/%ﬁ’ou bol us
of insulin (Human Actrapid. 0.15 units/Kg). Al subjects remai ned supine

t hr oughout "t he study. Plasma gl utoké mas estinated basally (B), at the
time of mtredwssiefinm| autonomic reaction to hypolycaema (R), and at R - 30
mnutes. R- 60 mnutes. R[err] 120 mnutes and R [err] 240 m nutes. The

aut ONOM o ACikinA er Il RAHeIRER M RO EBEEE N0 Iparlrrb e TR Ll maialy

typi cal autohom c features|erf]|: tachycardia, w dening pul se

Pr essur &gy &@gi%gs neFWERH! lf@gl cgﬁg ShsRatfoh tABO B2 Vit@ﬁ l(-)‘Ilg Bﬁ%éec ﬁgi@%ﬁm&%@% ,med

usi ng a stand aut ormat e ucose oxidase e hron
wgogggkm%%n?m%@ bl 3IQRe Kk Lijs REGHTPRshD S dedIEHAS cdabbbradded)-andsBhic nerve
PCT/ GB97/ . . C . R R )
easur er AP deivy san b meured dneely. od most st of awoncunic sy Gt hegoaicpemy
cont i nuoysl v, f I -10 _min L R [esr ], 240 m nutes. Consecutive R-R
i nter valolga%%}éfﬁeéﬁr‘%gcg?%%?q%dr&jﬁ'ﬁgy’lés%tﬁ%sp%"gs%se E&i{g %%Q‘ic?\cém % GRGRS Gk RisfRgeed increase in
(Pont oppi dan,  Copenhagen.. noark) . .Brigf.ly the neuroscope acts as an

i nt er f acE BEPHHEER ané"%&@eﬁwoﬁgg ﬁ'la{?% c"6°¥neﬁ%ec‘f’é‘8”f 5% ﬁ% as begf}suggssted Bt o
| BM corrpat('hbl e %1 croconputer. B sarq_ol i n%.t_he SCG sigpal at a frequency of
5 KHz.  SOFHiRfi PEH TF NS 1ORPRISY BF STRREES FPE P 8T YTt he neur oscope and
comuni cated to the mcroconputer. Using a ti me domai n anal ysi s nodel,

i nst ant a{’]e%us an?lu{(s'is of these R-R interval S the microconputer. . .
(Vagosor ¢ 725 XE) iellsgs fop gy * RS K Pt 1 37 BHRFrain et y
of dasgow., .asgow. UK) .provides.g . continup real-time recoyrd of

cardi ac Vﬂ@larlwdt‘o’%g.te"&a?cﬁﬁg%q\?%ﬁf“%ﬁgm%é%eaﬁea ?-‘eﬂfeil‘i‘fgf}hi“ﬁlga‘?fc&'o?’ﬂf"ﬁﬁ?icb a
| inear vagal scaje . (LVS upits). which ggs. previ oy been derjved from
experi rreﬁi?'&"”&’gi“ngmé EOPTRE PRI YheR TS 1§ 5k feeRTehRmaapipn capses delayed

continous recgqrd ,of heart rate S sq, made from the ECG
' onset o%%e subsequent cardiac cycle. mﬂnsags reflecte melearocar&iogram (ECG) intervals**'. Repeated

stimulation of the baroreceptors during each cardiac cycle canses quantifiable pulse synchronised fast
alterations in the ECG R-R intervals. A continuous assessment of cardiac vagal tone can be obtained from
these. and quantified using a linear vagal scale (LVS) derived using atropine’**.

3

. The present study was performed to. assess the effects of acute hvpoglveaemia on cardiac vagal tone and
heart rate n control subjects and diabetic parents. Using atropine in‘control subjects. a separars assessment

of the validity of the cardiac vagal tone measurements was afso made.’
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Val i dation of cardiac vagal tone neasurenents A separate group of six
heal t hy mal e vol unteers (nedi an age 32 years, range 29-36 years)
partici MR a study to validatggmeasurenents of caPdiTEBITAgE t ONe

derived fromthe neuroscope. Follow ng antecubital venous cannul ati on
atrophlne sulphate (non-proprietary atropine sul phate b.p. 600 nog
m[err adm ni stered in cunul ative doses up to 2 ng to each subj ect

who re r"f‘fg‘d supi ne t hroughout the study. Dose- dependent cardi ac vagal
tone rgspons using. t Y ¢SLati stica anal si s
Non- pa $ oy ?&lexyga"?mstlcafﬁ%ﬁegs(%‘g%ﬂ sxggelé'%orrre eozﬁ Vﬁrér'g%%aﬁ‘p 35ing -
Mnitah statistical s yar e at a an r.e | ease
7D oL S o St P Rl TS et Rt et e %%t@efm

Col lege, .PA 1 USA es W thi re conpared si gn
testsg' ggdégﬁé 6@8%‘““58%0 ECWYIEE?E??%W ?q‘%ﬁh L tgsts-
for indivi neasur es, and [is,tests for epeat eq neasures.
Resul t &3 é{‘rg E?Fyeéeé °§§“-“ﬁ*‘ea16§w§wl\°ﬁe Pkg'ec%?%% Sieiaioid ﬁ’@d “n@%?’éjlfér"{‘mem
range, and n=6. in al.l ,cases. P val ue | ess th 05 were consi dered
si gﬁ. £ PPy CaRiS ISP (IS CHPeK PUH) P Pa T '??P“‘Ef‘é?‘éﬂ?"é@m’%‘b‘a fvPpglysacmia

measur enent s V\%[ e conpar ed W I red tests. usi t Sa statistical
sof t waptawareness. Inegggyag) E galﬁgc complications in any otQhe J}aebeuc prytixents as assessed by

PCT/ GB97/ 03202 - 20- Results
Pl as meRicEREe "R MECA SR YR #d %%@Fy&éé‘ﬁ‘?&““‘*}vuﬁfgét}“ﬁ‘& SEHUNHIAG ot

of . typi cal autondmc features[err] occurred 28 (25.3-30,7) mnutes and 33
(28. 2- Boludine S¥niRs WY qreE Pl REFSTUFRe MERHISRIE r*arem% Ep rrqegfeﬂ fram; te dosplt dpgal
subj ects and d| abetic patients respectlvel . Basal nedi an pl asma,gl ucose
concenfImRiEEd gformed copspnigras obfpingr P &Y F40°5Rd 6.6 (3.8-8.0) mmol 1- fell
significantly to nadirs at Rof 1.4 (1.2-1.5) nmol 1] err(l’jl_and 1.5 (1.1-1..7)
ol 1FeRec]s Wate BRmoBIS Elibpoisery qrps&tmm heag, elswweepﬂ@s\p piaghi¢ve ea.a,iweer%)
respectively. No significant differences in plasma glucose were

prior 1o the study in diabetic subjects, evening isophane insulin was omitted and dextrose and insulin

{Human Actrapid, Novo Nordisk Pharmaceuticals Ltd., Crawley, West Sussex, UK.) were infused
overnight. Subjects were fasted overnight and an indwelling antecubital venous cannula was inserted 30
minutes prior to commencing the study. The cannula was flushed with 2 mls of heparinised 0.9% saline

{heparin, | univml) berween samples. Two mis of blood was discarded betore each sample was drawn.

Induction of hypoglycaemia and glucose analysis

Acute hvpoglvcaemia was induced in all subjects with an im'z'.we:nouéi bolus of insulin (Human Actrapid.
0.15 units/Kg). All subjects remained supine throughout the study. P!ésma glucose was esumated basaily
(B), at the ume of the maximal autonomic reaction to hvpoglycaemia (R), and at R + 30 minutes, R - 6
munutes. R + 120 minutes and R ~ 240 minutes. The autonomic reaction to hvpogivcaemia was determuned
by the onset the typical autonomic features*'™: tachycardia. widerung of the pulse pressure. tremer. sweating
and palpitanons. Glucose analysis was performed using a stardard automated glucose oxidase method
{Beckman Swvnchron CX3, and Beckman giucose reagent kit. Beckman Instruments (UK) Lid. High

Wycombe. UKL).
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observed between the groups basally or at R The nedi an plasma gl ucose
concentration was significantly lower at R[err] 120 m 47;}5" 05) and
Si gnifigvé?ﬁwo?ﬂ gher at R[err] 240 m nutes (p<0.05) in diabetic patlents
but there was no sinificant differengg Qn analysis of repeated neasures.
Cardi ac vagal tone during hypoglycaema (Figure 1 and table 1) Basal

medi an GMissafemdeht S BrdiaclvagdilonkVS units was significantly higher in diabetic
patients (p<0.05) than 5.6 (4.3-8.6) LVS units in control subjects. A :
si gni fi cedrtiaé edghl doie (TNT) Gt GALTDOtiMGadly tromd-Hranopsail Re 34D eninutdd! QRIS .
reaction to hypoglycaen1a in control subjects (p<0.05) and diabetic '

pat i ent sR{Rp fkerdfly weldbetiviitd e dh ABalvAGAECGOBg I NeCRSOS: {HIRIBIEINE Costiifhy
remai ned hi gher in diabetic patients than control subjects (Kruskal V\Eerf i's

test; p<fedihti)l Biesgfonttrciddfe fetsUldan imbleica beween@ainkliogd € CiAdhiAE connected to the
hypogl ycaemia (Fig. 1 and table 1) Basal heart rates of 70.1 (63-77) beats

min[err]s8Re £3 nSBN QmdaaRt tidkbdahPicd. BACSaplRY hs IEWU fikrRPadt 4 Yreqlbdcl &F &Nk N
control subjects and diabetic patients respectively. A significant increase

i n nedi apGRRAIIR-RIKEVAE &4 eliided GV Eﬂeﬂﬁuﬁé&p@ﬂﬁ%@%ﬁcitﬁQSEHeQxﬂcr‘é&mwter U
hypol ycaem a in control subjects (p<0.05) and di abetic patients ( 5%‘%

Ther eaf t ghe qorREH S186 Aokiel fiRkBRn 2iWsisHElfesd R BRI G R ;chxfoéé?r((?u gﬁfééau

in either group. Median heart rate was significantly [ower

pati ent s, hRsQUARRNE, DRAREMDE LdirdbibdliodfalUniversice oF ‘Glegdv. Qdiksgow, VR inddiahon

of cardiac vagal tone nmeasurements (Table 2) Adm nistration of cur’ru ative

doses of .@kihRs &%l-ﬁ‘l?@}e&o?@ﬁdca%qgﬁg tdﬁ@g?drm?:@f@mat&neqyag hired Q5 Eniffac %rcﬂg 2

Thi s change was significant 01: pairedt-test) en conpare

basal cafliagovagad (V&N &irs) which has prewéﬁgv%ér?d?eqaeq trom expenments using atrcoﬁ'xe to aboiish
PCT/ GB97/ 03202 21

Eval uat | 0R0f \iGalGH-2S ¥aHalow Q084 5ARD PRI MIoRA. kb GeegDer of ways and
measur enent of "heart rate variability by power spectral anal ysis is often
enpl oyed[err]. This technique is both time consuming and subject to a
nunber olYaiédaten oteardipevagalgprermeasuringiis f r equency heart rate variability

responses derived by
A separate group of six healthy male voluntesrs (median age 32 years, range 29-36 vears) particiated in a

study to validate measurements of cardiac vagal tone derived from the neuroscope. Following antecubital
venous caspulasion a::cou:s suighars (non-propristary coopics sulpbers b, 600 meg mF) was
administered in cumulanive doses up 1 2 my to each subject who remained supine throughcut the studs.
Dose-dependent cardiac vagal tone rzsponses were measured using tne neurcscope.

,:'
Statistica) analysis ‘
Nop-parametric statsucal analvsis was periormed on 2 micrccomputer ustog Minitab stansucai sottwars
{Minitab daga anaivsis software - rziease 7.2 standard versicn. Minitab Inc.. 3081 Enterpnse Dava. Staze
College. PA 16801, USA.). Changes within a group wers ccmpared using sign tesis. Compansons tetween
Jrougs werz perrormmed using Mann-Whimey tests for individual measures. and Kruskai-Wailis tests ror
repeated measuras. Rasuits are axprassed as medians with the corresponding interguartie rangs, 2nd n=56 1t
ail cases. P vaiues of iess than 0.43 were considerad significant. Resuits cotained wn validanien of cardiag

vagal tone measurements wers comparad with pairad t~iests using the same statsucal sofware.
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spectral analysis are regarded as being of parasynpathetic origin because
they are abolished by atropine[err] in the present study, atropine caused
a si m \uO9%8RERet using the neuroscope to neasure car di acl’(\"ﬂé(gﬁ?"“t?@??e Thi s
finding confirns that the neuroscéfe-offers a satisfactory alternative to
spectr Besultsal ysis for the derivation of cardiac vagal tone. The present
study has denonstrated a significant reduction in cardi ac vagal tone

coi nci desmaglucese(Figure dandtabilt reaction to hypogl ycaeni a. This response
was simlar in both groups of subjects, and may, act in nergy with
synpat Fvpogiveaesmitiudgedbby thonstt o Sisekauqnomys fanerEsR] aseyryed W 2500 Ui veifyaesi apd
subj ect s hypogl ycaem a stinulates vagally nodiated secretion of .

sal i vaPer23.2dhd) penutss dellowiog phsl adoumstration of njsulinHisgeatel, subjeqts prdedahatic pétiemsi ngs
suggest that cardiac vagal activity was inhibited, which mght indicate
that t hepertirsly Besalimedizi plavsa glficost trocsiaiosy ahi (et 8) mreel\iband 658,18 Bebi) ey N
to hypoglycaema in different ways. These non-cardiac vagal responses are
at t enudtidtisighifisanty toyaadicgl 3 Raefini.4 (1.2-1d) arigeot I canglak.$ ént-$Pemmpl ' Howenmsl subjeets
present study has suggested that the cardiac vagal responses were not. W
di d not{p<exdixi and distblmsy parrensss(pr@ 83 )o frespexgudly. Afd Sgnifivint dfifdringsstiy plasweglecose aerd i t
remai ns uncl ear whether these nay have been attem ated, |eaving the cardiac
vagal obshiedbetvrinatbe groupsrbasatie opateR eTite madiaplasing glueas echcgratidn wakts@nificantly
acconpani ed the full in cardiac vagal tone during hypoglycaem a. which
coi nci deserat R ki 180 sunates (pr0.0F) asdsignifieatclogel sl A24] reinegs @RE03 ynpiatetiepatiens,
afferent activity[err]. It has previously been suggested that cardiac
vagal tbatdhere mas srseifican diffesue b endlRistoli repesaiaduedsi ¢ activation[err]. The
present study has denonstrated an initial fall in cardiac vagal tene,

foll ) t b | whi ch i ncided with

tge ?%g‘xﬁ?”eﬁt\éﬁ ‘?’5‘?@9‘?"5’[}%@5&7 (F\}gﬁr 2 ‘??I’ﬁ{ sygu;SZst sI fha;:o:ancl:oﬁpo\r,]ment
f th tial h t t. dd .

Py pogr it edien SO LORLERRS %{?‘gf&"ﬁra FeaH . el i abe% Pé&%f:‘s‘qﬁ%&w

E)?g\?l OUSEIG gg)n&rgollénré%e%?% In.]r!]:?egtg 3 suzm garng G V?gabczﬁﬁa ! ne tone accompamed the

PCT/ GBQ?{O%B"Z“Q reaction 1o hypoglycaemia in control subjects (p<0.03) and diabetic pauex%ts (p<0 03). Medxan

%

cardiac vagal tone increased thereatter, and remained higher in diabetic patients than controi subjects

(Kruskal-Wallis test; p<0.01) throughout the study.

Relative heart rate during hypoglycaemia (Fig. 1 and table 1) _ _
Basal heart rates of 70.1 (63-77) bears min and 63 (57-67) beass mlp ware not sigmificantly different 1n
control subjects and diabetic patients respectively. A significant inc1-'ease in median heart rate occurréd
during the autonomic reacticn 1o hypoglycaemia in control subjects (p<0.03) and diabetic patients (p<0.03).
Thereafter, median heart rates did not differ significantly from baseline in either group. Median heart rate

was significantly lower in diabetic patients throughout the study (Kruskal-Wallis test; p<0.01).

Validation of cardiac vagal tone measurements (Table 2)
Administraton of cumulative doses of atropine abotished cardiac vagal tone at a total dose of 2 mg. Thus

change was significant (p<f).8)!: paired t-test) when compared with basal cardiac vagal tone.

B
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Hyperinsul i naem a causes cardi ac vagal w thdrawal however this effect is
probably nore nodest than the changes presently observe 535‘”&202

hypogl %3%@?%”] Such changes rsﬁl ect altered baroreceptor

sti micatdigm[ err], thus in addition“to the hyperinsulinaem a i nmedi at el y
followng insulin adm nistration the blood pressure[err] or plasna

vol (Bveiustdo] offcasieNags el chy PO gérstmedrinda Hidibeh Y vae iy Redshreded: BF RORS :
Aut onom ¢ neuropathy was not fornmally excluded in diabetic patients during
t he varigtsli tby spouely spelurtl amdgis sk enployed” ?. Aia beiime i9boltdiRs caamhd At | ONS.
Furthernore, this om ssion mght have limted unpact on the present

obs enbjaﬁ:rrommmmbmﬁfs?’ek’ digh fequéicyhexR Gt vARMIGE FesBBi¥esDRrived by

di ssoci ated from ot her aspects of autononic dysfunction| err] Throughout

t he spéctrapahlysit utyvzaniod S Rihg 68 fhsynPaRetitbdigintetRaS@E) 28 dbdBRk by habinein educed
in diabetic patients conpared with control subjects. Due to ifs cardiac

Vagah yiiel preseitl seellv] Riopie cdubiedi 25simikit diced] usink iR neaRSttipk o mBdsURl ARiABRBeai tone.
responsible for this effect in diabetic patients. Subjects were not natched

for sy Shdig chrifirnesar o0& de@dscops bftes ia0satikfactbrycal@indiive, wadded=i afaysisafel AeS

m ght explain the underlying differences. Attenuated cardi ac vagal tone
ac C Gispraution sf daetictvagalitdnelr € and i s associated with sudden death[err]. In
addition studies in pati ents wi th heart di sease have shown an increased

?235@3 %g’?h B 1 Rt LR S dh e bt P BB Bedne | n
R S
pot € sgx’éé%t e@ﬂ%@%ﬁ‘ arrh °rﬁ°‘ér§ ¥ s Tay SE"g‘b"é&f bﬁgﬁrﬁ‘@% 2

o A EAS Bay REBE Y Scd %d\%gggf’a n%‘“‘agm“p &é’%ﬁ%@ }Lgog’r]"%i%“grﬁr”gnmat e
el S
pl astir{rbg ﬁ%&%at FonS g%'r? ucose gﬂ%gﬁ%s % ndry "'%ﬁie "m'ca R

gg,%%%sog%fmmd during hypoglycaemia in diabetic ;?a%ems““’ however the present swdy has -

suggested that the cardiac vagal tesponses were got. We did not examine other measures ot vagal afferent
activity however, aod it remans unclear whether these may have besn attemiated. leaving the cardiac vagal

reflex intact.

In the present study. wncreased heart rate accompanied the fall in cardiac v‘iigal tone during hypoglycaemiz,
which coincides with elevation of serum catecholamines® and sympathetic afferemt activiey™ * * . It has

previously beea suggested thar cardiac vagal tone increases in response to this sympatheuc activation™ *

The present study has demonstrated an initial fall in cardiac vagal tone, followed by recovery 1o normal or
suprabasal values which coincided with the retum of heart rate to basal values. This suggests that a
compenem of the initial rapid merease m beart rare which occurred during hypoglycaeaua may have besn
wmediated by the reduction in cardiac vagal tope. it also confirms the increased cardiac vagal 1ope which hes

previously been observed™ '™,
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Attenuated cardiac vagal tone accompanies heart failure and is associated with sudden death®™™ %! [

addition studies in patients with heart disease have shown an increased risk of both amial® and
ventricular®™ arrhythmias in patients with reduced cardiac vagal tone. During hypoglycazmia significant
reductions in serum potassium concentration occur®™, and in diabetic patients there may also be silent
royocardial ischaemia®”. The association of these factors with aneméxated cardiac vagal tone during
hvpogivcaemia might potentate the risk of arthythmuias, and may suggest a mechanism for hypogiveaemiz
associated sudden death. {

The present study hes demonstrated a significant fall in cardiac vagal ‘tone during acute hypcglycaemia
which might cause altered sympathovagal balance. Thereafter card.iac vagal tone increased in both controi

subjects and diabetic patients. W2 conclude that further evaluation of baroreflex and cardiac vagal respenses

10 varicus plasma concentrations of glucese and insulin is necessary.
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(p<0.01) throughout the study (Kruskal-Vallis test).

Legend for table 2 Changes in cardiac vagal tone in response

adm ni WO 98722020 of i ntravenous atropine. Admnistration ’%’ﬁ@ﬁ?%e caused
a significant fall in cardiac vagahbgtone (p<0.001).

Legend for figure 1 Changes in plasma glucose, cardiac vagal tone (CVT)

and heart rate (nedian [err] CIUE”U,?O, lation) during acute

hypogl ycaem a, expressed as perrﬁ%m&‘%ﬁat ive to baseline in

non-di abeti c control subjects (solid squares) and in patents with type 1

i ??S%%%‘a‘éﬁ&%?‘%%%ﬁ%ﬂﬁ o B RO nbfighd et %ﬁf‘fm

I)gujre %ﬁl n 'g%%fﬁr&ga% a@%] ectgﬁﬁmbﬂﬂg in a caseﬂgﬁ IA:'i‘ anar tf‘%‘“?te
pat | /\g%%) SefitcnGASER! from baseline WRAYRH0 2n resy aregencted * = p<0.05. fn

PCT/

At r OB i DRRGrs ( iac v %@%as@&ﬁ%mﬁ:%&cx&kéé;pk% ) Si3d heart Bt siguificamtly rchyced;

13. 9(p<0.01) thr t the study (Kruskal-Wallis test 8.2
22(9<>oughcue<®( kal-Wallis ost). i 8.2
0.6 1.6 0.6 1

0.4 0.3 Legend fortabied 5 ' 0. 05
0. 05

Changes in cardiac vagal fope in response to administration of intravenous amopine. Administration of
-

atropine caused a significant fall in cardiac vagal'tone (p<0.001).

Legend for figure 1

Changes in plasma glucose, cardiac vagzl tone (CVT) and heart rate (median = quartile deviation) during
soute hypoglycaemia, expressed as percemtages relative to baseline in non-diabetic control subjects (solid
squares) and in patients with type 1 diabetes {open squares). R denotes the amionomic reaction. No

significant differences were noted between control subjects and diabeuc.

Significant falls in plasma glucose and CVT and a signiticant increase in hém rate occurred at R in control

subjects {p< 0.03 in all cases| and diabetic patients [p< 0.05 in all cases|.
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0 0 0 Tabl e 2
WO 98/ 22Q2{s 28
PCT/ GB97) 03505 2% [err] WD 98/ 22020 PCT/GB7/03202

PCT/ GB97/ 03202 : - 29- [err] WO

98/ 22020

PCT/ GB97/ 03202 - 27 - - 30 -

Sl eep deprivation and its effect on an 1 ndex of cardiac

parasynpat hetic activity in early Non-REM sl eep in normal and

epi | eptic subjects

APPENDI X 2

Atropine Dose (mg) | Cardiac vagal tone (LVS units) _SEM
0 100 120
0.1 ' ' 13.9 ' 3.6
0.2 8.2 2.2 .
' 0.4 4.8 1.7
0.6 1.6 0.6
1 0.4 ' 0.3 !
1.5 0.05 0.05
2 ‘ 0 0
Table 2
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anges seen in differentasl eep stages throughout t he -

Heart rate has been shown to decrease with an increase.in -

sinus arrhythnmia as sleep progressed fromstage 1 to .-
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propranol ol this heart rate change
ted par asynpat hetic input. Mre
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(6).:” Pprkinson's disease (7) and obstructive sleep.
_ lar findings though with evidence that autonomc
bg/ i'hf llJuencef by t hese di sease processes in sleep.
ysgs bf heartlperiods has provided sonme evi dence of an
as¥npathetic activity in stage 2 sleep and a general reduction
neural activity including that of the parasynpathetic system
~ wave sleep (SW5)(9). This is in contrast to earlier work
i ncrease in parasynpat hetic activity in non REM (NREM
larly as SW5 was reached (10,11). This discrepancy in
parasynpat hetic activity in SW5 all of which wer e
iratory sinus arrhythm—sa in heart periods, could be related to

—+

ey,

s’

1 i
o «
/
'!
B
H
i
i

H

L

nT«

{eseq

tioreaY
0€4

~
+
N
(=]

09+
orTi

Time (mins)

Figure 1

SUBSTITUTE SHEET (RULE 26)



starting |l evels of parasynpathetic activity. Wen parasynpathetic activity
was hi gh initially, it fell during SW5, but when the |level was | ow
initi ag‘f‘%/?s’%?&?oasynpat hetic activity i ncreased durfTidCRARE32020) |

Al though the recently devel oped tecR® que of quantitative spectral analysis

of heart rat rjabi-l ity is ¢kai 0_neasure bath athetic
and parasynpathetic $ﬁ¥§m¥5§ﬁ“ an&k% Eﬁﬁ@* faAn . Pﬁ%gawy and

wi t hout di st urBAFRSYmpaghetie activitinegrly Non-REM sleep in normal and  not
neasure these autonom c infl uencespikgstié sabjéots(13). Mreover, this method
cannot be time locked with the EEGin real-tinme and requires the
kind of off-line anal yses which are nore suitable for research than
routine clinical use. A recently devel oped A@Eﬁ%ﬂt‘ezf or.
assessing cardi ac parasynpathetic activity in real - t+me i s now
avai l able (14). This new net hod uses a beat by beat index of cardiac.
parasynpat hetic activity (Cl PA) which can be tine |ocked with the EEG and

i s capable WO 98/ 22020

PCT/ GB97/ 03202 - - 33.- of

nmoni tori ng capdiac paras athetic activity _continuously. W validated this
new met ﬁgﬂsg%qenée%g&’%@eér%os%gt&ﬂémépﬁ%ﬁ it to study the
effects of sleep deprivation on cardiac parasynpathetic activity in
the first ultradian cycle of sleep in a group of clinic patients and
heal t hy volunteers using a clinical procedure for the i nvesti-gation of
epi | epsy (15) routinely used in our departnent. METHODS
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Running Title: Vagal tone in sleep deprivation |
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val i date the NeuroScope techni que of neasuring ClIPA. The group consisted of
five ormal heal thy vol unteers aged between 24-40 v, age 32
years)wr%%sz?z\?%r‘:g no drugs incITJd??'lg'aI cohol . They mﬁ?’te’é’g’f'@g&
cunul ati ve doses of atropine up to 2.0 ny. i ntravenously wi thin four
hours whil e ﬁhe were awake between 12 midday and 2100 hours and bei ng
moni t ored cot® sly at rest only, lying quietly in supine positions:

with their e pen. e .dependent response of,. Cl PA,to cunul ative,doses
of atropine Using R erﬁlgfd%ywngnﬁreﬁ.ﬁgqxﬁ&egggﬁgﬁgad&c vagal tone °ﬁgfagfﬁpas&mst |
consi st ed [ . sl. .
deprived, @Lg{%ﬁéég@%%g% gg%at{%'g% Qg% yééag’lrhsB %&gggl%tj ¥\rr@g%s B%J‘@F 8% 6.37
years caﬂﬂgc X %Bﬁg : Me G Hiad &5 j 48R ERS s 30. 27
years. Al t esgaé m%su ] g%sﬁ}\%{ere S{(&ﬁ%?%ﬁ%ﬁé)ﬁ@[%%l}géggj&% o__@%gﬁrr)cgl ogi cal
I Il nesses @pdade4Rl ¥he wil riéreGhan doublddsinlsibetts who wite RiRep Hepivald: Egﬁi%ﬁ o
subj ects were studied from 1800 hoouur.s tosg‘isjdnisght ﬁgi ng -st;r?d rd sl ee
EEG nont age:th€kvéldn nbA-sittp deprivedinnbijeentdueingsive) stage Diimediacdieprior to thone and
continuous ECG recording. The data were stored in digital formon VHS video

t apes usi runset dfsleepatagerl. Bhe keapeardidctkagal tehe fallt significaatly (p<0T@1 )adreict or
Cor por ati on, Pennsyl vani a, USA) and subsequently converted back to

anal ogue gegghing slow wavgrsieep istage drin sleep deprive eptic subjeatshiand a similpr Genye
classification. The anal ogue ECG signal was fed into the WO 98/ 22020
- 34 - in our sleep deprived normalalijecisoFheye »@3 2 strongisorrelgiepbetpren slggpi dan,
Copenhagen, Denmmrk). for concurrent neasurenent of Cl PA and heart rate
(HR) . stag A Sneroppsritat the FEIACYA e dRAY aFt Aot RrkeE Of the eep

troat \r/rggé Sl?qf%eq%%ﬁ%ﬁ@%gﬁﬁfsrowei hg W_el 45" By g FlS Bicsags modet of Sk E?fﬁg?_*%enf
1 t WM T
onal ° e e WS bl SRS s € ERMaS R4 Sl il s (bl il £ P e

I maging effgpgﬁed’ﬁl }xorﬁgleep deprived subjects, possibly because our study was limited to the

initial 90 minutes of sleep.
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t hese subjects were on anti-convul sant drug treatnment at the tine of the
st udy. The ni ne sl eep deprived subjects in groups B and C toget her
consi st NP 822821y es aged between 10-55 years w th nPOT/GR5/00£0232. 87
years; 4 fenmal es aged between 22-53- 32years, nean age of 36.57 years.
They were all s$imdiddhctishNg a standard protocol which entailed sl eep
deprivation for 24 hours prior to the recording of EEG and ECG in the

af t ernoon bet wBeeviols Gthdiusdf it ditbroomie efféct? bnehelvasy in Eleepiag Hunass oeraannel
wer e recorded sinultaneously for 90 m nutes. Standard Ag/ AgCl disc

el ect r odes esripdipéch anedsures sugh as heart ra¢ phangesseeh rediffetent sia¢p siagds thdughbut
reference system and the EEG was recorded by a N hon Koden 4418 nachi ne
(Ni hon Koderthe mgkt 61,2,3 ) Fleart rate has beemshoym to decmass withlan increase nwespiratot i ent
was fed into,the NeyrqScope for concurrent neasurement of Cl PA and HR.
The records W%V%Ba%ﬂm@gﬁﬁ%r%m? 140 sage & and by ugingjagregine and

LA R SRR o A S e o o S B R
recor - 1 1 11 Z€ e
o o hen o SR R R WERe. Blork rbently hEA® el Brighitey B 86 noeh MERAARCTY, |
th hsy: g i ng t. Mg ' ' - h
ooy CPOCh ittt 86l st inbis g 36hs SR Fntlel Bltind (57 0 SPOSN
he K e . . . i :

The awake EEGzheimef §Hf§9&e%), !’@ﬁnﬁi ns%éﬁ{ﬂéfegfi tanﬁBBé‘tchﬁ@QQeﬂg%?i%(sZ@égs

| ong) of quiet wakeful ness rior tothe o

stage 1. similAMBinAB1{g8 2RA13h with evidence that autonomic control could be influenced by
PCT/ GB97/ 03202 . - 35 -
Measur ement  théseatisedseprocebdenin Qleep 8 prasranaialysisiof héartgériods aas provided s6mEA)
The anal ogue ECG out put fromthe video telenetry machine, or the N hon
Koden 4evidenE€-6f amninbieasedmsasfmgathetioadtivity Ne stages2 cleep fritba perpepdl adeduction -
Copenhagen, Denmar k) :

in autonomic neural activity including that of the parasympathetic system during slow

wave sleep (SWS)(9). This is in contrast to earlier work suggesting an increase in
parasympathetic activity in non REM (NREM) sleep particularly as SWS was reached -
(10,11). This discrepancy in the levels of parasympathetic activity in SWS, all of wI;ich
were assessed respiratory sinus arrhythmia in heart periods, could be related to the
starting levels of parasympathetic activity. When parasympathetic activity was high
initially, it fell during SWS, but when the level was low iérﬁtially, parasympathetic activity
increased during SWS (10). !

Although the recently developed technique of quantitative spectral analysis of heart
rate variability is claimed to measure both sympathetic and parasympathetic influences on
the héart non-invasively and without disturbing the patient in sleep (12), it probably does
not measure these autonomic influences specifically (13). Moreover, this method cannot
be time locked with the EEG in real-time and requires the kind of off-line analyses which
are more suitable for research than routine clinical use.

A recently developed technique for assessing cardiac parasympathetic activity in real-
time is now available (14). This new method uses a beat by beat index of cardiac

parasympathetic activity (CIPA) which can be time locked with the EEG and is capable

‘& .
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for measurement of the beat-to-beat interval between consecutive ECG
R- wav e Syl I nterval s) and Cl PA. The NeuroScope ne ecutive
heart peri gggmgs R-R intervals 9f3 ECG si gnal s sanpl m@ﬁ%ﬁ% . and
extracts the vagal effects on heart periods using an internal tenplate
sim | ar t ooft Mekitdingl dafdigsiphtisytapaRaicaictitly artinuodlp. We validhEMAHERSHT €d by
t he NeuroScope was then expressed in units of a |linear vagal scale
(LVS) usi ngethbd usingntriopineand apbseqaentlyyapplied it(td 4judy the effects bieskédp rate (HR)
was al so cal cul ated by the NeuroScope fromR R intervals. The
Neur oScopedepsivation en tardiag patasymp@hetic activtypo tier fissbultradiahicyele of sleeg inae and-
si mul t aneous .0bservation of the HR and CIPA in real tinme. Data were
col | ect ed grospmoéshnic patignssand healthy wplyntgeotiesing e clinicdl proastiuretforitheand: st or ed
on hard disk for /|ater retrjeval and analysis. ‘Statistics
The val uesingestigetion abepilepsy; (3 5) routinelyiised i epkdepartmegt.ven as neans -t oget her'
wth their 95% confidence intervals. These neans were conpared using
one-way ANOVA. Correl ati on anal yses were perforned, in which NREM
sl eep stages were used as ranks of the depth of sleep and the group
means values of CIPA in the respective sl eep stages wi t hi n one group
of subjects rded as normally distributed. W are able to say
this for two reasons. The frequency distribution of CIPAis Gaussian in a
heal t hy popul ati on (18) and secondly, the distribution of class neans
I's normal no matter what the original popul ation distribution was
(19). The stguibg’dtgal operati on above allows the correl ation _
coefficient ( r) fromthe regression of the paranetric nean val ues of ClPA
a?ai nst t hte_ A tRAUTitWentPUieRabjREBIVWIre eAmined SS1fRss inGrbep Nswékeluséd fohe t est
of associ ation

validate the NeuroScope technique of measuring CIPA. The group consisted of five

normal healthy volunteers aged between 24-40 years (mean age 32 years) receiving no
drugs including alcohol. They were given cumulative doses of atropine up to 2.0 mg.
intravenously within four hours while they were-awake between 12 midday and 2100
hours and being monitored continuously at rest only, lying quietly in supine positions
with their eyes open. Dose dependent response of CIPA to cumulative doses of atropine
was determined in these subjects.

Group A consisted of seven normal and healthy volunt_éers who were not sleep
deprived, 3 males aged between 28-45 years mean age (n{eans +SEM) of 36.3+7 years
and 4 females aged between 22-35 years with mean age of 30.2+7 years. All these
subjects were studied had no history of neurological illnesses and none was on drug
treatment including alcohol. These subjects were studied from 1800 hours to midnight
using standard sleep EEG montage: C3-A2, C4-Al; eye movement channels, chin muscle
tone and continuous ECG recording. The data were stored in digital form on VHS video
tapes using a Telefactor Beekeeper video telemetry system (Telefactor Corporation,

Pennsylvania, USA) and subsequently converted back to analogue signal for transcriptior.

onto paper to enable sleep staée classification. The analogue ECG signal was fed into the
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- 36 - PCT/ GB97/ 03202 bet ween Cl PA and the stages
of sl eap0o©O203020Regression |line was fi t3t£d.. usi ng the | easPCT/GBYHORI02 e

met hod. Statistical significance was accepted at the 95% confidence | evel (

& aphi cs N euroS P P AR DRI Ko onkir Bl Hhesdebfl 0 2

anal yses.CIPA and heart rate (HREGSUL TS Val i dation of the NeuroScope

t echni que The response of ClIPA to atropine, neasured in units of the
LVS usi ng t i&koup B dvasiste$e0fce nttologRaliy hbmeil butDdledyy depived dubjeztsOWonk Bf Fi gur e
1. A snmall dose of atropine I ncreased the CVT from 10 to 14 units in
the LVS, thede fivelsabjpoivwasoananlyainiy qeatmenatincluding addohabatdhé time f estidyo! i ¢
fashion (See Figure 1). The nornal resti ng supine CVT in young adul ts

i s 10 unit s Group Geconsied of four Sleep defirived| eptlepicisubjeatsiwith & diaghasid offocdit er- 0. 6

mg of atropine and it dropped further to zero after 1.5 ng. There was no
further disngregressive ppitepsy based onihistoryhelinigahi BEG andtimaging recerdse Adkafopi ne

after reachin ero units at 1.5 See Fiqure 1), Figure 1 to
be aroun ﬁs&%bjzects were on ant%—convulsaqx? drug tréatment at the time )of the study. J _

The nine sleep deprived subjects in groups B and C together consisted of 5 males
aged between 10-55 years with mean age of 32.8+7 years; 4 females aged between 22-53
years, mean age of 36.5%7 years. They were all studied using a standard protocol which -
entailed sleep deprivation for 24 hours prior to the recording of EEG and ECG in the
afternoon between 1500 and 1800 hours. A 21 channel EEG and one ECG channel were
recorded simuitaneously for 90 minutes. Standard Ag/AgCl disc electrodes were placed
on the scalp using the international 10:20 reference system and the EEG was recorded by
a Nihon Koden 4418 machine (Nihbn Koden, Tokyo, Japan) whilst analogue ECG signal
from the patient was fed into the NeuroScope for concurrent measurement of CIPA and
HR.

The records for all 16 subjects in groups A, B and C were divided sequentially into
epochs 300 cardiac cycles long, determined from the ECG récord to time-lock the EEG
and ECG records and to optimize the calculation of mean values of CIPA during this
period. These epochs were then staged using the Rechtschaffen and Kales 16guidelines.
Only those epochs displaying a constant NREM sleep stage without intra-epoch sleep
stage cha:;ges were used. REM sleep was excluded from this study. The awake EEG
(stage 0) was taken as that epoch (300 cardiac cycles long) of quiet wakefulness

immediately prior to the onset of sleep stage 1.
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General observations Twent y- ni ne percent of the non-sleep deprived
subj ect syd bg/84094'P A reached SW6 within the first seven epochs after
closing their eyes, whilst 67%of the sleep deprived BGIIGRS7/83208 gr oups
B and C achieved SWs within this peritod. Overall, any subject with

initial baseljne val ues of gIIiﬁPA %reager than 14.0 units in the LVS in sleep
stage 0 Wremeatal Garopgqintlex of preasympathetic (vagahagtvity {GIPA) 5| eep,

wher eas t hos | el ine.val Wes.of O PA | ess,than 14 its failed to
achi eve SW5 \m%ﬁl%? P}nc?&.?ﬁ'om th vv%oégljegé‘gg@mchme, or &’e l\lﬂﬂon oden e
PCT/ GB97/ 0 : . . s 37, -
Ef fects of %%%Gdepr%%mﬁedo%tottﬁ% egg%qclogg (%?%ﬂp%}%n' ﬁeomeFWF}age 0
sl eep for meastfd HekieH- g.eaq'&ag Rediti ) t 0 was
7.47 units ?rnmt he L\%Fﬁf'th\é W t hp%%%tcon | e%ﬁéq{ejéq I'm f@b?gﬁgﬁ’g&%ﬁ?g. 72
units; neamtéitaldpénd’ CIEA PERINéIFbBcopd hbasur REHEORdAIS s bk BLRS between
72.1- 82.4 beats/mn. The nean va‘l:?}')(/aé"I of Clelg,g\oinn group B ' sak\/\gskl& 68
units in tintervdS ofiBOG tigRals sdiipled BCS kHizdrddSexiricivahe vigal @ffects og heati t S; Mmean
HR was 60.3 beats/mn. with confidence Iimts between 52.0-68.6 beats/mn.

The mean periods@isivg andihteenal remplatesitillarde that pRblished by Katodder dl\(B7)WThe

confidence |limts between 13.13-21.27 units; nmean HR was 71.5

beat s/ m n. GiPAlmeasuted byrthe NeuraScopdwasthen e3predsed in units 80a nemrangdlstale The
magni t ude of Cl PA was 250% greater_in_sleep deprived subjects in t he
conbi ned gfeVipbusingHie roncipigsLeperted IPY\IlthP\él‘Bevel in non-sl eep deprived

subjects in L ogr A (p< 0.01). ,-The, correspondi ng 20%.reduction in HR
anong sl eep SRt (ng&-?lg) was ﬂﬁﬁF‘i‘)ﬁteﬁl&YHhﬁBﬁuﬁqg@B" fopr RrBdntenyaledhe was
not statistjcal signi.ficant, . th h. consi stent with an_increase in
Dagai " toneNerrstobpRaiE iRy th At Mirrosump el i farateAnine 2nd sihvatizneous
observation of the HR and CIPA in real time. Data were collected from each subject

throughout the period of study and stored on hard disk for later retrieval and analysis.

Statistics

The values of CIPA and HR in different epochs werei'given as means together with
their 95% confidence intervals. These means were compa.red using one-way ANOVA.
Correlation analyses were performed, in which NREM sleep stages were used as ranks of
the depth of sleep and the group means values of CIPA in the respective sleep stages
within one group of subjects were regarded as normally distributed. We are able to say
this for two reasons. The frequency distribution of CIPA is Gaussian in a healthy
population (18) and secondly, the distribution of class means is normal no matter what
the original population distribution was (19). The statistical operation above allows the

correlation coefficient ( 7 ) from the regression of the parametric mean values of CIPA

against the respective non-parametric sleep stages to be used for the test of association
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ClPA wthin the three groups. Correlation of CIPA with sleep

st ages It is becomng increasingly clear that sleep is a dynamc
and comweo psreasso process (21), SO 1 ooked for a coreEGERINEMODet ween
sl eep stages and Cl PA. W found signiflcant negative correl ations

bet ween NREM sl st ages,_and grou | evel s. of CLPA.in the -
respect i \ng‘é?egg@? %?ﬂfﬁge §ﬁ3585p°%é"ﬁpﬁggg q%@ﬁ?sé‘ef‘ 3“? Wag figad usipg thefesst ( see

Fi gur es st HAE: | | <Nt S r re._r = -
0.88 (p<§.a’d§?q‘|’°rﬁh%df osﬁaégﬁ‘,’alam RRRLSY R A RBpiER S E*‘S%VS%‘}“#‘#‘?"@%‘S"\S% (&< There
was no Siepenf | | GRAD UDer 28 ical Gra NREM sl eep
st ages irgmr?ghl}gﬁ%g;e% gepél ve% s@l}%]e%cts Fgcgfgup Q@(@e‘g‘%ﬁ%re 3@? ro=-
0.2 (p<0. orafiBf Rod)@ileaUS! Wa%&ﬁéd‘for%é&ﬁﬁ&ﬂﬁf‘axﬁ%ﬁ?.en the group. mean

| evel of CIPA 5 I n sﬁeeégst age 0 conpared with“that in SW5 stage 4

W thin subjects in group C (p<0.005). WD 98/ 22020 _ o _
PCT/ GB97/ 03202 o - 38 -  The group
mean CIPA in sleep stage 0 was 19.25 units in the LVS with 95% confi dence
limts between 14.45-24.05 units, but it dropped to 10.0 units in the LVS
W th confidence limts between 6.4-13.6 units during SW5 stage. 4. G oup
mean val ues of Cl PA were not significantly different in the vari ous NREM
sl eep stages anong subjects within groups A and B though there was a

trend for a_decrease in CIPA to be seen during SW5 in group B subjects.
Fi gures 2a, RIS 2c to be around here '

L]
<

Validation of the NeuroScope technique

The response of CIPA to atropine, measured in units of the LVS using the
NeuroScope, in the subjects of group N is shown in Figure 1. A small dose of atropine
increased the CVT from 10 to 14 units in the L'VS, but subsequent cumulative doses
decreased it in hyperbolic fashion (See Figure 1). The normal resting supine CVT in 1
young adults is 10 units in the LVS (14). The CVT fell to 1.4 units in the LVS after 0.61
mg of atropine and it dropped further to zero after 1.5 mg. There was no further change
in CVT following the administration of more-atropine after rgaching zero units at 1.5 mg

(See Figure 1).

Figure 1 to be around here

General observations

Twenty-nine percent of the non-sleep deprived subjects in group A reached SWS
within the first seven epochs after closing their eyes, whilst 67% of the sleep deprived
subjects in groups B and C achieved SWS within this period. Overall, any subject with
initial baseline values of CIPA greater than 14.0 units in the LVS in sleep stage 0
achieved SWS within 7 epochs of first entering stage 1 sleep, whereas those with
baseline values of CIPA less than 14 units failed to achieve SWS within this period.
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DI SCUSSI ON The Cl PA neasured by the NeuroScope is specific as shown
by its Waseesyto graded doses of atropine in this study. Such a
response has been calibrated into units of a linear VS&E?& /83282 | n
humans. Details of the derivation of 3his atropine based scale are
reported el sewhere (14). The resting awake |level of CIPA remains fairly

const ant t hroughout the day (18). Paradoxical increases of the Cl PA
following a very small dose of atropine, well illustrated in our study,
is a known phenonenon whi ch has been used in the treatnment of cardiac

t achy- ar r hyt hnEgscts 3Pileeg Beﬂﬁm@ﬁtwbﬁdﬁ?iﬁz}%&?aﬁ Be4A rate in ﬁ%%é %Qgﬁ'yﬂg

of nucl eus anbi guus in the nedulla oblongata ( e sensitivi

Neur oScope t ectii sibsh vaudsiif CIPANh lgfdu Tduﬁﬂg%ﬁ@?’%ta?@@wﬁ?ﬁ?ﬂni‘?ﬁn‘!ﬁ@ﬁvgo .
nonitor the cardi ovagal output of these central neurons. Atropine -
abol i shed Civith 3% @onfidenkalimite between 621 -D.F2 waits, Medn R Cvdsly 7.31béatd/minsS tdly .
simlar to the doses at which it has its maxi num haemodynam ¢ (24) and
HR (25) ef f the eonfidnce limitshetwenn 721-68%4 beats/ayip) The mean vdlieofIPA in gréey Bi Ng
to enable the assessnent of cardiovagal activity continuously. A further
advant age o™asH8<58wnits dithed. VH adithi the gonfidence limitsbetween dGD4622132 wgits; reae
measurementg%fc both CIPA and HR and_can_be tine-locked to the EEG
record. Thi SXEBRS £93; heptsqnia. with contjgengs ity between 52.0-68.6 beats/min. The mean -

39 - : . PGT/ G397/ Q3 o iate, on-line
exam nat i onCA?At‘f?&erm(%‘ﬂg’a@ Waéllgggo‘ﬁgtﬁi“bg’eﬁﬁs aH &%ﬁﬂﬁé@#ﬁbew&n
ar as at het,i b vity wl ot I ssed. or .averaged qut.
\F;\hi I eyrﬁese?%'&;'@g&?)‘r’ I meﬁ%k?{]mgfé ﬁﬁg‘“‘r Hig e ?”éﬁ%ﬂ'ﬁ%ﬁ‘vﬁf‘ 62.2-
bj ect s, sl 0. | | ati.on _Q | ee j ved
b eSS o BRI AL 88 nlltlle GERANGs DO e tn Yoch! BRI BE LS
the combined groups B and C compared with the level in non-sleep deprived subjects in

group A (p< 0.01). The corresponding 20% reduction in HR among sleep deprived
compared with non-sleep deprived subjects was not statistically significant though
consistent with an increase in vagal tone. There were no sex differences for either HR or

CIPA within the three groups.

f

Correlation of CIPA with sleep stages

It is becoming increasingly clear that sleep is a dynaxﬁic and continuous process (21),
so we looked for a correlation between sleep stages and CIPA. We found significant
negative correlations between NREM sleep stages and group mean levels of CIPA in the
respective stages among sleep deprived subjects in groups B and C (See Figures 2a and
2b). The correlation coefficients ( 7 ) were: r=- 0.88 (p<0.05) in group B, and 7 =-0.5.
(p<0.05) in group C. There was no. significant correlation between group mean CIPA
and NREM sleep stages in non-sleep deprived subjects in group A (See Figure 2c); r =-
0.2 (p<0.40). There was a significant difference between the group mean level of CIPA

in sleep stage 0 compared with that in SWS stage 4 within subjects in group C (p<0.05}.
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previ ous observations and are statistically significant. Sl eep deprivation

was associ at ed wth a greater nunber of subjects having early onset SW5,
consi st HA98/32020 t he effects of sl eep deprivation on s|lmEpeBYRGLoY eport ed
previously (26). None of our subjects3®as engaged in a regular fitness
progranmme _and all were judged to be in average physical condition thus

excl udi ngThe grouptmesncGIP A trrigepi stagerfhwas 1228 aniseinfthe L3Sewithi96% confidenea
(10). Al .the, sl eep deprived s.ubjbec,ts in the Bresent. study had el evat ed
Cl PA in tkoitahetween 14450240 enits bubit drapped s 10 §runits inthedaiS ity ¢ was a cut

cbsor vat | SHPALGHFEIIES SR A e o g TS 4 febuf g el ne

: s | it he. diff I .
obser ved &Wﬁvﬁﬁ‘éﬁtﬁ&@éﬁxid‘éﬁ%f:%éééﬁhﬂaafoaﬁ e et Shle oen o ac
(e er  corinbrEli K308 B 1olRR BeEh@da ol L BecrlE BpF R0 BE a0 5] O
The i npor haReesWs ﬁ%g\ﬁ%ge%b% as a controlling nmechanismof SWs in the

honeost ati ¢ process een recogni zed (27, 28,29). The honeostatic

vari abl e WagFig@res 2a5 2D Wnldi 26qotyeHroui MAré)i ght rebound recovery of SWS was
seen in the frrst 3 hours of recovery sleep after SWS5 deprivation (30).
The el evated | evel of ClIPA we observed in sl eep deprived subjects

i mmedi ately prior to sleep onset and its subsequent fall during SWs
suggests a relationship between the cardi ac parasynpathetic activity and
this honeost afic process S. It would require a further study of a |arge
popul ation to determ ne how close the relationship between Cl PA and the
honeost ati c, process is. Measur enent of cardi ac parasynpathetic ,activity
In stage O imedi ately prior to onset of sl eep stage 1 may provide a
non-i nvasi v sy__nmeans of assessing the honeostatic process S.

Ci rcadi an rﬁ?&ﬂ%@gggﬁNbe seen in a variety of physiological functions

i ncl udi ng the di stribution of SW5 and REM sl eep, hornone secretion and
body tenperature (31). The

The CIPA measured by the NeuroScope is specific as shown by its response to
graded doses of atropine in this study. Such a- response has been calibrated into units of
a linear vagal scale in humans. Details of the derivation of this atropine based scale are |
reported elsewhere (14). The resting awake level of CIPA remains fairly constant
throughout the day (18). Paradoxical increases of the CIPAf following a very small dose
of atropine, well illustrated in our study, is a known pheno;ﬁenon which has been used in
the treatment of cardiac tachy-arrhythmias (22). It is causéd by atropine’s central
excitation of nucleus ambiguus in the medulla oblongata (23). The sensitivity of the
NeuroScope technique to this central action shows that it can be used to monitor the
cardiovagal output of these central neurons. Atropine abolished CIPA at a cumulative
dose between 1.5-2.0 mg in this study, similar to the doses at which it has its maximum
haemodynamic (24) and HR (25) effects. This technique is easy to apply in a clinical
setting to enable the assessment of cardiovagal activity continuously. A further
advantage of this method is that it allows a simultaneous and real-time measurement of

both CIPA and HR and can be time-locked to the EEG record. This can facilitate
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PCT/ GB9 - 40 - ef f ect
of circadian rﬁg/thms on cardi ac vagal 3acti vity have not bggﬁ9%§@%ﬁ°%d
directly but have been inferred from 24 hour study of HR variability

(32). O hggme oSl 3 L IROLEGalt Wﬁ : ' with

ref erences to&%ﬁysi ol ogfagia}fang?gges sucﬁdggﬁgﬁi et m&é‘féggﬁf‘{ 522{’1 SWS or REM
sl eep (9) pardyriieeticddficiep ol Adt te tissddeotuvetaRliong at the | evel of ClPA
during qui et wakeful ness throughout the day in one of the groups of

subj ects. No si ihilé thesd may be peelintitarg @bservatidrsdn bdintided Quitber of siBfechief or €
atropi ne was Injected in these subjects. Further nore, previous studies
(33, 34, 35tiedinditigs fim the cimbimed poputsibnif sleepaepriverd subtjetts atle corsivesnt owthr - t he
first 3-4 non-REM sl eep cycles irrespective of t he circadi an phase '

t hough t hpresings ebsdrvatinnsiand kreeviatistically sigrificansr Sleep deprivhtiGiEmas assaciafedi t y
(34). It ig therefore unlikely that circadian rhythmaffected the |evel of
Cl PA or Withaggresteppymbarngf subjgcts having earjyenset SV coasisrentwish the effests of
ventrol at ar al ,medul.la is, the main site of ori cadi oj nhi bitory

i f
activity SR ﬂt‘é’rvaaagonéﬁ%stesgr:mﬁ?erpée‘aw&?%eﬁa%%?nfgcﬁbieﬁﬁd@ )
act vi e Pl . .
Lot mor pndaBbE I PRl 5uRiP RbRGHI MRd  aiE iy FeBe ?fh%"e?%“&?@*aﬁcﬂl
pat | o el . i
oo i o oo Sordllo R ekclfaing BLASHIcal Bftiirind EOSLASK K clevaliBF i PEIA | 21

40 A AR & y ales A
Oy o ol AECHAM eSO shicac i ROl oIl LR) ot
nucl eus aghdcdhsioredthd &%&%ﬁl&pb&d theﬂeretdgtheaﬁ%ilﬂwel%rt&%lqa} rehﬁggnsvﬁsf the

central nervous system (CNS) given the above anat om cal con {rons. W

propose t {igchinithe skidg\paiied T18Y 8bsepfatichRaphdttSIRINIIRE by PRehaityteSt il qIDF MY

be a reflection of the sleep honeostatic process. ﬁ?ﬁl S process cof}lqd af fect
t he nucl etlmt trdprogressivh vbdeagbiat vegal activit inahe differdnt cleBe stapey dtsededt he CNS as
outlined above. The significant correlation between |evels of Cl PA and

t he dept hthrodghoutthe fiight depended on the initial values of cardiac vagal tone. The authors

speculated that this finding may be related to the effects of physical fitness. This is not 3
factor in our subjects. f

The importance of a SWS deficit as a controlling mechanism of SWS in the
homeostatic process S has been recognized (27,28,29). The homeostatic variable was so
sensitive that intra-night rebound recovery of SWS was seefl in the first 3 hours of
recovery sleep after SWS deprivation (30). The elevated Ie":vel of CIPA we observed in
sleep deprived subjects immediately prior to sleep onset and its subsequent fall during
SWS suggests a relationship between the cardiac parasympathetic activity and this
homeostatic process S. It would require a further study of a large population to
determine how close the relationship between CIPA and the homeostatic process is.
Measurement of cardiac parasympathetic activity in stage 0 immediately prior to onset of
sleep stage 1 may provide a non-invasive and easy means of assessing the homeostatic
process S.

Circadian rhythms can be seen in a variety of physiological functions including the

distribution of SWS and REM sleep, hormone secretion and body temperature (31). The
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sl eep deprived subjects is consistent with the proposed hypot heti cal

rel ati onshi p between Cl PA and a honeostatic process. W have al so shown
t hat CIWR8@¥2Based whenever SWS was achi eved. Agai n Par/cBI8R0Yation is
consistent with our hypothesis that - 4celevated |l evels of CIPA in sleep
stage O reflects the honeostatic drive required to achi eve SWSs and was
reduced tBeqtof cutadimcehy®int amsardiecwigad activity haw®n6tbe2a @A sured directly but

PCT/ GB97/ 03202 | o .- 41 -

Vaughn ehavg beepdnfesrad from Zokeur suglyaf i yanzhility(32). Orherwissishangesdm-'s| eep
deprived subj.ects through%ut the night and found that all neurogenic
(i ncl udi AOPSTUEPRP havrirger escribed with rgfesencss thphysiolomieal statps suethaseanietur i ng

31 ¢ oot SHS BRSSP bt TR AL L,
ol R B A A 2y M R o
hecause WhENS ighhEle chnas Hil G4 ALBall IR s ARyl © T ©
Neur 0SCORfeck G HheSBfeb ! Buribr more, ROABGS lteY 8%3235;%1%,32)’"%)’: BGLAVitY in

sleep and”its disorders. W were able to for pot hesi s based

on stati szt SR Wabé Sdtivity deelines 864t the firdtBl4 a@&-ﬁmm@xeﬁ,? eydieés itresPebiek srunber

of subjects. This will tequire confirmation in a further study of a |arger
popul at i ehe citdédian phadeah6ughthe SWS dyulditelinfludheedibe the@xpeysidbn 6EREMI of =
measuri ng parasyhpathetic activity that can be tinme-1ocked with the

EEG and atidtyo3d).dt isaberkforanmlikelyethantisradiaarhythoraffetted tholeveliaf CIPA oref f ect s
in various sleep disorders particularly in cases where fast and transient
changes SWS in ocurswbismtsii ¢ activity are suspect ed. WO 98/ 22020 -
Pt B9l 03’1219e2nucleus ambiguus in the ventrolateral medulla is the main site of origin of
cadioinhibitory activity in the vagus nerve (38). There are close anatomical and
functional relatiénships among neurons in the nucleus ambiguus, sympathetic, respiratory
nuclei and the nucleus of the tractus solitarius (NTS) in the brainstem. They all Cbnstituté
the medullary cardiorespiratiory network (39). The NTS receives inputs from visceral
organs (40,41), insula, medial frontal cortex (40), amygdala (42) and hypothalamic cell
groups (43). The cardioinhibitory output from the nucleus anibiguus can therefore be
influenced by different levels of the central nervous system (FN S) given the above
anatomical connecﬁons. We propose that the elevated level (:J_f CIPA in sleep deprived
subjects may be a reflection of the sleep homeostatic process. This process could affect
the nucleus ambiguus through the connections with other parts of the CNS as outlined
above. The significant correlation between levels of CIPA and the depths of sleep in
sleep deprived subjects is consistent with the proposed hypothetical relationship between
CIPA and a homeostatic process. We have also shown that CIPA decreased whenever
SWS was achieved. Again this observation is consistent with our hypothesis that

elevated levels of CIPA in sleep stage O reflects the homeostatic drive required to

achieve SWS and was reduced to normal once SWS was reached.
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- 42 - - Legend Figure 1 The effect of the cunul ative dose

of atropwbosepe20esti ng Cl PA in one of the five normal subj e%ss a
par adoxi cal increase in CIPA following the i n| tial snall GBY7. 202
at r opi ne. Legend Fi € The correl ation

. t sl ee deprived
nor el sub; ect LR & LPR depgﬁ%ébﬁﬁﬁ?‘%&t@?@%ﬂa&%@%@ ROPHlesP AEHPER cop
g g_rl)_/r IG\ég(;/ 02 _)26&&( thiPdughei @€ hisht and foun%ﬁ&/ﬂ?t?eg?&emc (mcludu}%parasympathenc)

~ References influences o theJpdanadeicraasedvluringeS WSL Obresults 88nffrm e réduction i ooy

Sl eep- waki ng nodul ati on of respiratory sinus arrhythma in age

young adul tpasasympathetic etivityl in S réfortdbyABese authors despitd thBeRAE hkmiers 5? ntem
PH, Fitton D, et al. Assessnent of vagal control of the heart in -

di abet es nmewbisctssangdithefaat wetused the frstultradion periokkr'Weidid rototiserve rad'bdudhaﬁ in Br
Heart J ?77 39: 25- 28.
el of CIPA in non-sleep deprived subjects probably because too few of them

achieved SWS within the first 90 minute period we studied.

The resuits of this study illustrate that the NeuroScope technique offers an
opportunity to study vagal activity in sleep and its disorders. We were able to formulate
an hypoghesis based on statistically significant reshlts, but obtained from a limited number
of subjects. This will require confirmation in a further study of a larger population. We
hope this study will introduce a novel method of measuring parasympathetic activity that
can be time-locked with the EEG and this could facilitate the interpretation of autonomic

effects in various sleep disorders particularly in cases where fast and transient changes in

autonomic activity are suspected.
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Cyclic alternating pattern (CAP) of m croarousals reported in EEG studies
is now regarded as an integrating rre&hanismf,gr the different parts of the
central nervous systemincluding the utonojm ¢ system A recently :
devel oped conti nuous i ndex of cardiac rasy thetic activity (CIPA) can
be time-1ocked testhe EEG al |l owi ng t he] el aty onshi p between EEG and -
autonom ¢ changessto be studied in slgeep. even normal subjects were
studi ed for evidence of periodicity ¥ C PATI non- REM sl eep, five of whom
had been sl eep deprived. Fast Fourier'fs transformation of the ClPA data
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rhythnms of CIPA. There was an additional very slow peak not previously
described and we called it the [err]-rhythm It covered &Eﬁ?ﬁaggigncy
range BEP8%PW2H3 Hz. The [err]-rhythgywas the |argest of CRIT PEARE in Cl PA
rhythms and its magnitude increased further in sleep deprived subjects,
but it i Redediskypfanonciayasive greasgreaffgediacyagaltons dysing npnoBEDI sBepst s of
Al pha waves in the EEG rscond&ﬁ qﬁgfonitanll% with CLPA in stage 1 sleep
wer e associ at ed wi ReP-pieem deprixediand sleep deprived, pormal ubiedts r hyt hm  These
results support previous proposals that CAP in the EEG may be an

i ntegrating nmechani sm associated with functions of -the central nervous
system and we have shown here its relationship with Cl PAPESHREL GNP can
al so be neasured in CIPA clinical exploitation of thi's phenonmenon could

i ncl ude nonitoring of epilepsy, studies of the effects of drug therapy and
ot her sleep disorders. Al these are known to affect cyclic patterns of

sl eep EEG Keywor ds: vagal tone: non-REM sl eep; periodicity; cyclic
alternating pattern, autonom c nervous system Abbr evi ati ons: CAP
cyclic alternating paiHagt Delaflddf) Petdd O%X I8k *GAH Gdien RRMARYIFPAL heti ¢
activity; FFT = fast Fourier's transform LVS = Linear vagal scale; NREM =
non- REM SW5 sl ow wave sl eep WO 98/ 22020 '

PCT/ GB97/ 03202 - 53 -

Peri odi ¢ changes in the autonom c nervous tone affecting physiol ogical
function during sleep have been reported by many authors for the greater
part of this century. Periodicity in continuously nonitored respiration
was initially described by Reed and Kl eitnman (1925) and subsequently
confirmed (Haab et al., 1957; Bulow, 1969; Kreiger, 1989). Medullary

respiratory neurQns e w regarded a ardi orespiratory_neurons formn
D ar’? 0 epqzrément of%eurg%g, r}gng’s ealtgcare ﬁHf Tr rust, ingE.)s CoZ}egeX‘Io.spital, Benmark g

Hill, London SE5 9RS and *Peripheral Nerve and Autonomic Unit, Institute of Neurological
Sciences, Southern General Hospital, Glasgow G51 41F

Correspondence to: Dr Peter 0.0. Julu*

~ Running Title: Periodicity of vagal toné in sleep.
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autonom ¢ system (Richter and Spyer, 1990). Periodic variability in
arterial blood pressure in sleep has been correlated with the EEGin cats
and dog® gsngdew experinental conditions (Bonvallet et aPCYGE}RRF20%nq
confirmed in humans (Lugaresi et al-~,53%921; Oswald, 1962; Coccagna et al.,
1971) g “m"i'? are periodic EEG changes first descri bed in drug induced coma
by Fischgold and Mathis (1959), in neurosurgical patients (Lundberg, 1960;
Cooper and, Hulne, 1969) and in patients wth pathological changes of

Cr eut zf el dt Jakob di sease known to affect the cerebral cortex (Lundberg,
1960; Cgclirpairermanitigpatiern,(CADG IF micvohrioabals reportell in EE& shidied BROW reardb®i{ .

epi sodes of what they called "l es phases d'activation transi toire

spont améregrating medtmnisiGoothe Wifférant mamsnif alrecanslal nerveusysydreln intloding sheas viel. 1
as after external auditory stinuli applied to their Subjects throughout

t he niggonomigeysteny. pirstently daveloprsecontinuess index dfrmediaepirssyuipattEiGactidyges

wer e |dent|cal whet her i nduced by the external stinuli or having arisen
spont EAedYgan be time-lopredgitke ERGrallosving the relgtiorshin katwaen REG andgwtdnomihe

| evel of ar ousal ey_occurred nore frequent, in superficial than in
deep §hangpS torpRgy 35@%@}*&9 cElevemprrmal sulyerds Wemmqhe‘ifcgéal denersfpesiadicyy cal | ed

Gepr | iR et KEM e, 8%%89%&;%@1&92:; l%e%%s&% sl ar Aot vat ng
%Zﬁé@gna%ﬁ%atmpos“ﬁee@ﬁ%é%a it ReatofRiek Ao b panene Roecr it BZ“ et
Ter 720 IS0 T 517 1RE fred e BONS pr&lipusty SiBled A6 HIEEE by PRBIRLGR Brate.

somet megs ad 8556t naa-rf:%ﬂata%&%g wﬁ;& %ﬁrp&}h&m[ &u@@g@@ adPf3) - The

CAP has been reported 1n sl@ep “apnce erzano et a

Creut giyehdd$ of @K00 THePERBELa ARTRAPVEY sﬁJw Fealc%ie preAb s Mesibedland wel 987) and

it is noted to be present for significant | onger perlods during sleep in
pat i epiliedt ths y—elytlith JetdveraiCthi irqRéddyaayzORey 8l03sHE BRI 2dliyelm WartEano et
al ., 1992). WO 98/ 22020

PCT/ Ci9gdsO3L8lPpeaks in CIPA rhythms and its magnitude increased further in sleep deprived

subjects, but it invariably decreased during stage 4 sleep in both groups. Bursts of Alpha waves
in the EEG recorded concomitantly with CIPA in stage 1 sleep were associated with both |
peaks and troughs of the y—rhythm. These results support previous proposals that CAP in the
EEG may be an integrating mechanism associated with functions of the central nervous system
and we have shown here its relationship with CIPA! Since CAP cah also be measured in CIPA,
clinical exploitation of this phenomenon could include monitodné of epilepsy, studies of the
effects of drug therapy and other sleep disorders. All these ére km;wn to affect cyclic patterns
of sleep EEG.

- Keywords: vagal tone; non-REM sleep; periodicity; cyclic alternating pattern, autonomic

nervous systerm
Abbreviations: CAP = cyclic alternating pattern; CIPA = index of cardiac parasympathetic

activity; FFT = fast Fourder’s transform; LV'S = Linear vagal scale; NREM = non-REM[; SWS

= slow wave sleep
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- 54 - VETHODS Subj ect s
Wth the approval of the local Ethics Coonmttee, a total subj ects
were sWQE gozwth their informed consent. Five had beenp‘gigg‘rﬁlgﬁegg&of sl eep
for 24 hours before the study. For- BBese five subjects, a 90 mnute
recordi ng of EEG and ECG was perforned between 6 p.m and 9 p.m under
simlar conditions. Each subject was observed continuously by a technician
who not &¢rigdie 8 theputenenie nervpusitongfaffentdng plyjsialegical functioa deiirg non

sl eep depyived subjects had their EEG and ECG recorded between 6 p, m and
12 mi alﬁ?xgﬁaveﬁq?ee REPCSieADY measthauthors for she greatar part ot this semper Petpdicisihiser ved

4 2mafﬁéﬂ}%ﬁaé§%féﬁoﬁqﬂr%@?§iﬁ;§Pp%?%ﬁ%?f' eSO “y.k_ éé’#rgd%ﬁ%niﬂ%ﬁ%@ﬁﬁ%
not cSpaahg RonhmdiiER=0R . 1547 Wl T§$9;§I§'§ig%goﬁ$é%§§ﬁ%@?}%?zt ﬁzbst udy.
o . ! . _ . ;

Wlazr E’2%%?%@%#%%%%é?“ﬂ“s?%gé%am%%t’ﬁ%gggﬁr?&ﬂ?ﬁﬁaﬁﬁ%@‘%ﬁ#t)ég/ AGQl blt d
The. r ARSREmR SE6h (RePINALS 1o00FBIROURN AL RRkMG0d didtebre 201 ©
(1968)jee s bedREbireatdd with SRR G §fcd:18nd/86cindRP SEitsintint A} thEfiﬁ{:rLson measur ed

in 256 heart beats to facilitate fast Fourier's transform of e Cl PA data
whi ch (Bénviallefeet!ad¢ k@3h)taad thEfirkbin RifaksHBugars] é 4.0 19FRdswaRabsavas t hen

sl eep staged and those epochs which remained in t he sanme sl eep stage were
used Cocsdgndet hiyel 37a).i Tidtecirt pefiodiCERG cHangesfirsh desteibed id drug deduced dodb
electrodes Al -T3, T3-C3 and A2-T4, T4-C4 (Fig. 1) in those epochs

cl assiyFisdhgald and déathis €1 556, in wasrophngicabphatients (Lundberg, 1960; Cooper and »

Hulme, 1969) and in patients with pathological changes of Creutzfeldt-JTakob disease known to
affect the cerebral cortex (Lundberg, 1960; Cooper and Hulme, 1969). Schieber et al. (1971)
reported short episodes of what they called “les phases d’activation transitoire spontaneés” in
the EEG occurring spontaneously every 4-5 minutes as well as after external auditory stimuli
applied to their subjects throughout the night. The morphological appearances of these |
episodic EEG changes were identical whether induced by the external stimuli or having arisen
spontaneously. The episodic changes were associated with a rise ip the level of arousal and

~ they occurred more frequently in superficial than in deep sleep. These episodic changes in the
EEG in sleep subsequently called microarousals have also been shown to be present following

“ sleep deprivation during the rebound recovery sleep when the Reticular Activating System tone
is thought to be elevated (Halasz et al., 1979). Similar EEG changes were reported to be
repetitive in a E:yclic pattern (Terzano et al., 1983; Evans, 1992; Terzano et al., 1986) and were
described by Terzano er al.(1985) as the cyclic alternating pattern (CAP), but are sometimes
referred to as the arousai inhibition cycle (Evans, 1993). The CAP has been reported in sleep
apncea (Terzano et al., 1987), Creutzfeldt-Jakob disease (Terzano et al., 1981; Terzano et al.,
1987) and it is noted to be present for significantly longer periods during sleep in patients with

clinically active primary generalised seizures (Terzano et al., 1992).
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together with the continuous record of Cl PA against the sanme tine domain to
enabl e visual conparison (Fig. 2A). The presence of al gha activity at the
el ect ngg@spaRbt i ons |isted above for WO 98/ 22020 PCT/GBI7/03202° -

PCT/ GB97/ 03202 The m cro-arousals observed as the CAP are associ at ed
wi th cardi ac autonom c changes ddrbAg-which a short |ived increase in
heart rate is the nost comonly reported feature (Terzano and Parrino,
1991; Halasz and U szaszi, 1991).Brgypgie studies of the cardiac
autonom ¢ changes have only used heart rate, R-R interval changes or bl ood
pressure as neans of obtaining a continuous neasure of the autonomc.

I nfl uences on the heart. The relative contributions fromsynpathetic .
conpagggyeyﬂ,th par asynpat hetic (or vagal) activity have renained difficult
to asseSs under these circunstances. Power spectral analysis of the ,
peri odi oVl tiienppedial oPhe IadbEMRS Coigfiittdepd tdtel dfeleven S6Yjedts e whadied for
assessing the bal ance between synpathetic and cardi ac vagal tone. However
t hi s withhisiginformed consest. Fiechadbebre demritedafisizdp dore24 koups befote the studgl, For
typically of the order of 5 to 10 m nutes (Vaughn et al., 1995),which . wl|
aver athesofive subjects; a98ingnuteatcozdiag o6 EEG and € Gowavprsfirmed betaveefTidep. met hod i s
al so unable to give a continuous neasurenent of the_ activity of either. . of
t he t ors Sptoivdeesimdascondisiens.(achisnbigetauascehsamed continvensly diyca erbiigies of

ei ther the synpatheti¢c or parasynpathetic activity to the heart. . An
i ndex ™ “@éﬂ%ﬁnﬁ(ﬁhﬁ%ﬁ%ﬁl‘#ﬁé@m‘?%@é@q $bisft.(Cl PA), or vagal tone can now be

' ALjttl I 99 Thi hod
A A B A e
.eal - f.i | Wi f. | | obstruction ¢Little
and 3 i 5y ertaue topRag Ry oRpreransasch S “_(raéw‘eﬁaﬁadz ?afﬁvré% S
. u
S '? ogﬁée t%qaggéﬁggvﬂ{{%%%%u%ﬁ{%g‘lmﬁ(\g/)egk) %&%gxéﬁ%esglg%?e peri odi c!oty in Cl PA Y

during agddeYorROsf4 NEEM thi @68 duffered from any neurological illness and they were

not taking any medication and had not consumed any alcohol within 48 hours of the

commencement of the study.

Neurophysiological Recording

The EEG of the sleep deprived subjects was recorded onto p;per using a Nihon Koden
4412 machine and Ag/AgCl electrodés placed in a standard intemz;ltional 10:20 montage. This
enabled the rec?rd to be staged by a modified Rechtschaffen and Kales criteria (1968). The
modification entailed the use of epochs with duration measured in 256 heart beats to facilitate
fast Fourter’s transform of the CIPA data which is time-locked to the EEG. The EEG record in
each epoch was then sleep staged and those epochs which remained in the same sleep stage
were used to study the periodicity in CIPA. The alpha activity recorded at electrodes A1-T3,
.T3-C3 and A2-T4, T4-C4 (Fig. 1) in those epochs classified as stage 1 sleep, was plotted
together with the continuous record of CIPA against the same time domain to enable visual

comparison (Fig. 2A). The presence of alpha activity at the electrode positions listed above for
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sl eep deprived and non-sl eep deprived healthy subjects. W included sl eep
deprived subjects to optimse the chances of detection LOdhCity in
Cl PA b ¥ a previous report suggesting el evated tl‘(ﬁ'}té&%%ﬂl@%bef
reticular activating systemin rebound sleep follow ng sleep deprivation
(Hal asz e micro-afdély obsitvdicasah@CAP abasyochtedWith REfdRRMRtddEE Bhadgel | owi ng
sleep deprivation in the first ultradian cycle of sleep in our |aboratory
( unpuldhfisg sdhichizsshovidivied ijcreade i ledast ratenis kiiqomest donfiordy vepotted dameen '

m croarousals observed in the EEG during early NREM sleep and any

per i odTenzano and RarAno,wHod hiakes andeUjszase, 1188 Ke 8ravioustseudi€s@f the cardiadD 98/ 22020
PCT/ GB97/ 03202 wup to 50% of the epoch_is indicative of sleep stage 1

( Rechtyonamieehaggeshave onlygsed heathrape, the interyal chageaion bloed psesauneiasgndanom

sl eep stage.1l was examined so as to conpare stage 1 and stage 4 sleep in
the fiof Sbtaining & gPRiMUSYEMEayES of tbe apwngmieintlyenceson sheskgart. Fhe selativeubj ect .

Fig 1 to be.around here. | For. the non-sl eep.deprived subjects the EEG
was r EOBFREHORS TOMSYmPREFG GATRAT eda‘é’“ﬁ ﬁa{aﬁgnpgﬁg%fogé@gﬁ},gqngg ﬁiﬁbe Ag/ AgCl

s 1 CEDPREHUGRAE & sEratel BEss Pl B Eh o B B R By
(Tel ef , ’ | e , d ont
R s R

Vi de | Ty
ggdiez b?ﬁ%&g{lzgxgh gtplﬁ %ﬁﬁﬁ?@ﬁﬁ{za.«za{ fn8’ ﬁo%%rtthg%épthg@%g‘e#ﬂre@ dataltb'vdl Mmanner

j ects. Again the a ctivity at el ectrodes

Al - T3icolln&Boitd fesel feriod rpcall of BRSGIEPOR o £0 ASRiréd @thuln sfage 1 sl eep

was plotted together wth the continuous record of CPA against 'the sane
time doosy, which &¥ill Wérgd oRQAPp Aiahsient abrapions Rithe iatidonofidtode AThe method is

also unable to give a continuous measurement of the activity of either of the two autonomic
divisions to allow assessment of periodic changes of either the sympathetic or parasympathetic

activity to the heart.

An index of cardiac parasympathetic activity (CIPA), or vagal tone can now be measureci
continuously (Little and Julu, 1995). This method was used successfully to show the extent of
respiratory modulation of cardiac vagal tone in real-time in a dog with partial respiratory
obstruction (Little and Julu, 1995). This study by Little and Julu revealed a spectrum of
frequencies in the rhythmic variation in CIPA. The aim of our pr’ésent study is to use this new
technique to investigate possible periodicity in CIPA during early non-REM (NREM) sleep in
sleep deprived and non-sleep deprived healthy subjects. We included sleep deprived subjects to
optimise the c};ances of detection of periodicity in CIPA because of a previous report
suggesting elevated tone of the reticular activating system in rebound sleep following sleep
deprivation (Halasz et al., 1979). We have also observed an increase in CIPA following sleep
deprivation in the first ultradian cvcle of sleep in our laboratory (unpublished observation). A
relationship will be sought between microz;rousa}s observed in the EEG during early NREM

sleep and any periodicity in CIPA which will be time-locked to the EEG.
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Measurenent of the Index of Cardiac Parasynpathetic Activity (ClPA)

The i ndex of cardiac parasynpathetic activity was determ ned fromthe

anal ogweo §§230200ut put of the Nihon Koden 4412 machine or RGBEPIMB2® gital to
anal ogue converter in the Tel efactor. 5E§ee‘keeper system The anal ogue ECG

Cont | RGHSOVE SLUP SRai € ke B Bier a8 | (RBHEERme EHRLI e Onhahe] gnal

o odtie S0 Res iae BSARULG e OBl ALY B B oL BAFSAZE" |
i nfl UQ"&&E1ﬁ'ﬁxéﬁk§tE%ﬁ&:&n@fb?e%&%tﬁ@%kéﬂ‘b@@x\)ﬁs%#@&cﬁ@@tﬂgﬁcm ne at the end
ery ects o

of ev eart beat using a tenplate of vagal eart periods
simlar to a nodification of the nodel reported by Katona et aL (1970).
"This tenplate facilitates the detection of vagally induced delays in the
cardi ac Eigcl o bd AvundHerauous val ue of Cl PA generated beat-by-beat. was then
expressed in units of an atropine derived scale of vagal tone using the

princi ples validated by WO 98/ 22020

PCT/ GB97/ 03202 - 57 - Julu (1992).
In this Berdhe nondsigep deprived subjeqynthedBE Gywasarcaried nea similar mymriee asrizether ed i n
mlliseconds by the NeuroScope is converted wthin the machine into

ar bi t t’SH’FQ GPﬁlYeéi using 42(ASEY ipetrories inbrangas ingn inermationsl d820 mamage units are
| i near| gd wthin a linear va scal e &LVS) (Julu, 1992) and they
provi d&W§ é"l:} & PSRRI 7S reRordRIOnte £ eiifaﬁtﬁ’é‘”é%‘h QIW%BF?‘VGER“@VﬁW Exanpl es

AR AR e p%Lnsg AU Bl 45 M o S B 3o
f th f ;
Tr ansis ate&%n%@seﬂa elich dhoet P ateon Kot 50 bt/ SRR 1 £
vari atLonq3d théh &@QHA £¥m§xﬁ? mthAG G sle%ﬁrdesm'é:d gx%je'c&. Again the alpha
activity at electrodes A1-T3; T3-C3 and A2-T4; T4-C4 in those epochs classified as stage 1

sleep was plotted together with the continuous record of CIPA against the same time domain

for visual comparison of periodicity (Fig.3A).

Measurement of the Index of Cardiac Parasympathetic Activity (CIPA)

The index of cardiac parasympathetic activity was determined Zﬁ'om the analogue ECG
output of the Nihon Koden 4412 machine or from the digital to a"halogue converter in the
Telefactor Beekeeper system. The analogue ECG signal was fed fnto the NeuroScope
(Pontoppidan,ﬁopenhagen, Denmark) for continuous measurement of the CIPA. The
NeuréScope sampled the ECG signal at 5 kHz for accurate measurement of R-R intervals to
obtain the heart periods used to decode the vagal influences on the heart. Decoding of vagal
influences on the heart was done continuously within the machine at the end of every heart
beat using a template of vagal effects on heart periods similar to a madification of the model
reported by Katona et al. (1970). This template facilitates the detection of vagally induced
delays in the cardiac cycle. The continuous value of CIPA. generated beat-by-beat was then

expressed in units of an atropine derived scale of vagal tone using the principles validated by
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the data. Since this requires 2[err] data points where n>2, 256 data points
were arbitrarily selected. These data points were the Zgg,ﬁ@%p% cutive
cardi adV@¥R222 i n the nodified sl eep epochs. This arran giir:

(D=XD

fabl ed t he
EEG and CIPA to be tinme-locked in 4fhe_same tine domain. A conmerci al
software (Mathcard 5.0, Mathcard Inc. Massachusetts, USA) was used to

per f A.v.ector consi.atin f.,a spectrumof the powers of ClPA at

di ff%&@%&&ﬂéﬁg% specitic vgsel delav's B the carping ercle mebsired B pr essed | n
Hz. : I | P, [ : ted the.strength of
peri gg@g’l (;?}f&gfby CEP gﬁv&g{osgé?g&éh ‘8%%@2‘%%? nﬁﬁ%ﬁ.ﬁ-@é g%gﬁéf?t‘w_‘éef di stinct
band@a&ﬁ Biiefi6 QRO AR BEaR. ThedaQaMs af@ﬁ@ea}xwgwtwmﬁ a oS &yggﬁsca%e |
frequency band with its peak centered at the feSpiratory frequency, the
medi (IUVIS)€ulent9o)and theyiprdvidd thepestkmeantofiquantifyngttle Qodihuidas irded arp] | ow
frequency band with its peak centered around 0.04 Hz (Akselrod et al.,
1981)Exaftpdescoltii eantinuous resopdefi SIP Aaqudstifiedusiapania mdhdL Vomedrown af (Bigs y | ow
power s, t‘ggi cally less than 5% of total power. The frequency donain of

Cl PA % 3u Aéhtly different in that it had a nmajor peak at a frequency

| ower than 0.03 Hz and the peaks at nedium and hi gh frequéency bands were
much smaller. To avoid confusion in the nonenclature, we called the

frequency band centered at t respirat r. hi gher frequencies the
[err]-rhythm We then conbi #e“gafﬁggf’gvﬂ”%%gﬁfumfrequency bands to nake

the [er E]}é whdtdbdhadncodhects £ ayﬁnﬁ%m@ aReFbelav 9 -Ldrin (#PT§ @Jf Aedsbigy

[err]-rhythm The frequency with the [argest power was th om nant

f r equerseyertiing the Giajer freRdies@fMA vattafiditinerogiamifhthelstleAbthRAWRFodiBiry BACH
epoch was obtai ned by cal culation of the total area under thé freguency

r angahe@ data3Siize this required/) dad PARRGKhere n>2, 256 data points were arbitrarily selected.

PCT/ GB97/ 03202 . ) - 58 - This

f r equBhesy datarppintyaverethe @56 sonsecutivevardian oy¢iesinghe modifipd) sigsprepochisc iThis above
0.3 Hz in our sleeping subjects. The differences in nean total powers in
vari mg@mplegm ggg:@ngg?A to be time-locked in the same time domain. A

commercial software (Mathcard 5.0, Mathcard Inc. Massachusetts, USA) was used to perform

FFI. A vector consisting of a spectrum of the powers of CIPA at different frequency domains
(Fc) was obtained where Fc was expressed in Hz. The spectral power of CIPA obtained by |
FFT represented the strength of periadicity of CIPA at various values of Fec.

There are three distinct bands in the frequency domain of heart rate fluctuations; the high
frequency band with its peak centered at the respiratory frequcncf, the medium frequency band
with its peak centered around 0.15 Hz, and the low frequency ba';:d with its peak centered
around 0.04 Hz (Akselrod et al,, 1981). These distinct frequency Sands are separated by
borders of very low powers, typically less than 5% of total power. The frequency domain of
CIPA. was slightly different in that it had a major peak at a freguency lower than 0,03 Hz and

~ the peaks at medium and high frequency bands were much smaller. To avoid confusion in the
nomenclature, we called the frequency band centered at the respiratory or higher frequencies
the a~rhythm. We then combined the low and medium frequency bands to make the f—rhythm
and the frequency band below 0.04 Hz we called the y—rhythm. The frequency with the largsst
power was the dominant frequency of fluctuation of CIPA in that epoch. The total power in

each epoch was obtained by calculation of the total area under the frequency range 0-0.3 Hz.
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bet ween sl eep stages 1 and 4 were conpared usi ng ANOVA and the 95%
confidence intervals (p<0.05) were used for statistical significance.

WO 98/ 2%aa3/22020 PCT/GB97/03202
PCT/ GB97/ 03202 - 59 -
RESULTS Subj ect s The sl eep deﬁﬁlved subj ects were aged between 22-53

years, two nmales and three females (neans [err] SEM years) 31.8[err]7 in

mal es Thid fRgheatcyringt wik dsedat there Werenoofeal of val pedisdicRpabed 0.3 EVnWRY e
sleep (SW5) stage 4 whilst one subject only reached the light sleep stage

2. siggping snbjestse dpe d@nrmeﬁmmnéetaé pm ipomrioungaRipd 5 yukjects addi, t hree

mal es gnd three femal es (neans {Tear S) 36 3 err]7 in mal es and
30. 27 ehsiFeRsta ﬁq'frle@ WEREOFIDRT  confidence infertala t he
st udy whi | r.est, onl.y reached the Ilght sI eep stage 2. -

Fi gure @B’é tﬁ‘é""ﬁ‘ca] sxgm%;@p F&dicity of CIPA during sleep  Wthin

each epoch studled gross inspection of t he data showed hi gh anplitude sl ow
frequency fluctuations in Cl PA during stage 1 sleep in all the subjects.

The anplitude of the slow frequency fluctuations of ClPA decrease in those
subj ects who reached Stage 4 sl eep. Three major rhythns could be
identified followng FFT of the CIPA data in stage 1 sleep where the
fluctuation was optinmum (see the power s of quctuatlons bel ow). The first
group of
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hi gh frequency peaks between 0.09 and 0.30 Hz we called the [err]-rhythm
The second aroup of peaks in the frequency band 0. 04-0. |1 ed the
[err]-rW?tgﬁﬁ?o#hese two groups of peaks conprising [err?-é'r%(?\%sﬁ)§
[err]-rhythns are caused by a mi xt uie 25¥ “respiratory, arterial pressure
"Vasonot or” nodul ati on of Cl PA andgriRenmy egul atory waves. A third group of
| ow frequency peaks was in the frequency band below 0.04 Hz we called the
y-rhythm There was a broad peak in this frequency band whi ch covered
0.015 to 0.026 Hz. This broad peak in the [err]-rhythm had the greatest
magni tSaedgecesonpared with all the other peaks in each individual = subject
studied, indicating that the [err]-rhythmis the dom nant frequency of

f 1 uct uat Tmsleep diippised subjectsN@e@gRQ beBveen 22-53 years, two males and three females 60 -
PCT/ GB97/ 03202 during stage 1 sleep which is apparent visually in the time
domi r(m@an&#@h;fomarﬁ@ghﬂsﬂnemﬂmnd@ﬁ#g@ inernples. Foyr ofithe spliects reankechm i's
slower than is generally accepted for, vasgonotor or M waves (Guyton,

ayer

- 1991) slavewiaue sieep (SVPhgagrohivhistonesubiseren)y srached the lght SaepistieerRe car di ac
1oL poFbL et ook sl 5 s S el ahate)
significant,diff e in Lthe, total, power.qf .fl yctuations i.n Cl PA, bet ween
sl eep fJﬂfBi‘ﬁ? F’V%”&S %ﬁgﬂ’ﬁé’ﬁgﬂ égﬁi@ é‘b’f"?\?g &nV\@ &%?%Zl‘%yem?&]eét J&gfé?e Ekgaeéeﬁubﬂ?&? sl eep
Tor. | SERPRY SHTY e Bihatin Rl BB RS oo SRl oy el Betd el "
non- sl.eep deprived subjects had a total power between 37.7 and 67.7 wth a
mean of 49.6[err]5.2 (LVS/F[err]) in the same frequency band, which was a
greater than three tinmes increase in total spectral powers for the sleep
deprived subjects (p<0.001). Conparing the total power in sleep stages 1
and 4 within each group, there was a significant decrease in the spectral

power on reaching stage 4 in sleep deprived subjects only. The total power
i n sl Rigure 2 to be around here ' :

Periodicity of CIPA during sleep

Within each epoch studied, gross inspection of the data showed high amplitude slow
frequency fluctuations in CIPA during stage 1 sleep in all the subjects. The amplitude of the
slow frequency fluctuations of CIPA decrease in those subjects vs';ho reached Stage 4 sleep.

Three major rhythms could be identified following FFT of tkie CIPA data in stage 1 sleep
where the fluctuation was optimum (see the powers of fluctuations below). The first group of
high frequency peaks between 0.09 and 0.30 Hz we called the a—~rhythm. The second group of
peaks in the ﬁ:equency band 0.04-0.05 Hz we called the B—rhythm. These two groups of peaks
comprising o— and B-rhythms are caused by a mixture of respiratory, arterial pressure
“Vasomotor” modulation of CIPA and thermoregulatory waves. A third group of low
frequency peaks was in the frequency band below 0.04 Hz we called the y—rhythm. There was
a broad peak in this frequency band which covered 0.015 to 0.026 Hz. This broad peak in the

y~-rhythm had the greatest magnitude compared with all the other peaks in each individual

subject studied, indicating that the y—rhythm is the dominant frequency of fluctuation in CIPA
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stage 4 in sleep deprived subjects was between 105.1 and 160.1 with a nean
of 127.7[err]12.7 (LVS/F[err]), a significant 32%drop in r conpared
Wi th twet9sizee2et age 1 (p<0.05). In the,non- sleep depri V%’&%#ﬂzt he povver
in sleep stage 4 was between 28.6 an 50 6 with a nean of 41.8[err]6.7

U eodieil stake Mé ﬂl@“"s ‘apPhe SR B dofl Jaif Qe Bhutldu® cpbdl 29, 1
who! qFEROHRPIER gq'nmsrklo‘i%r'tﬁan ﬁtg@a@raﬂy ﬂcgﬁtgd ?&m%dﬁsmfr%ﬁk@g? 1

sl eep reachlng StatIStI significancé€ I n eprive subj ect’s

Fi gurgavds (Gupona1 31 dnd gt is mﬁ@@aﬂnmt@éqﬁeﬁwmfmﬁﬂomn fdlcdididc vapap! (tone
I n sleep The breathing frequency obtained by FFT due to respi ratory

nodul ativionindleepl iRAll itire subjeers welapdied.cThis ylhphinchak & pefied earying lReResteds ( mean
[err] SEM 10.2[err]0.7 breaths/mn and was 11.0[err]0.9 breaths/mn in
stag&ndﬂeﬂlseeqmdsm non-sl eep deprived subjects it was 12. 5[err]0 5
breaths/mn in stage 1 sleep and 12.1[err]0.9 breaths/mn in stage 4

sl eep. The sl eep stages did not affect : WO 98/ 22020

PCT/ GB97/ 03202 - 61 - breathing
rates i ANER{WASA ilﬁt!ﬁ@Péé'ﬁCEF@fé? inthe teyal mprgf@@stua@«pnsm@mmm@slmd there
was n 9%{enc in, the athl n rate he t gr oups ds evi dent
from eﬁ@VﬁL Ronpleqpdepry "éf%‘f‘ 138€ ee@p?és sle me@s;b;e% Bada’

1 db PR CRHERR T %¥°f§d“'*€%%%%b%§1ﬁ" £ S K FABRGRE I yol umes
acperithe PO ORI Sebs" So TR by Big BIGR AR aeeh” ThH P ond

Bi shain 4 §hh of 49.6£5.2 (LVS/F,) in the same frequency band, which was a greater than three

times increase in total spectral powers for the sleep deprived subjects (p<0.001). Compaﬁﬁg
the total power in sleep stages 1 and 4 within each group, there was a significant decrease in
the spectral power on reaching stage 4 in sleep deprived subj'ects only. The total power in sleep
stage 4 in sleep deprived subjects was between 105.1 and 160.1 with a2 mean of 127.7+12.7 .
(LVS/F,), a significant 32% drop in power compared with that in stage 1 (p<0.05). In the non:
sleep deprived group, the power in sleep stage 4 was between 28.6 and 50.6 with a mean of
41.8%6.7 (LVS/F.) a non significant reduction in the power of CIPA in stage 4 sleep compared
to stage 1 sleep. Overall, the fluctuation of CIPA in the whole epoéh appeared to diminishin -
stage 4 sleep compared to stage 1 sleep reaching statistical signiﬁéance in sleep deprived

subjects.
| Figure 3 to be around here

Respiratory modulation of cardiac vagal tone in sleep

The breathing frequency obtained by FFT due to respiratory modulation of CIPA in sleep
deprived subjects in stage 1 sleep was (mean =SEM) 10.2=0.7 breaths/min and was 11.0=0.9
breaths/min in stage 4 sleep. In non-sleep deprived subjects it was 12.5%0.5 breaths/min in

stage 1 sleep and 12.1£0.9 breaths/min in stage 4 sleep. The sleep stages did not affect
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Sl eep deprivation and cardi ac vagal tone The mean CIPA in the sleep
deprived subjects was 20.9[err]2.7 units in the LVS in . 16.41.6
units WP?’?%JO@\/S in stage 4 sleep. The correspondi ng valst(ggﬁpé?’" ih- sl eep
deprived subjects were 5.41.0 unitsginthe LVSin stage 1 and 5.7[err]0.9
uni t s bréathiR@ rdedSini eithed A8 Bledp dSArRRA or hBAsRepdSpAvedl EibjekisGaRthdalk Wa8mence
(p<0.001) between those subjects who were sleep deprived conpared to the
non- s|dfyrentein theclskeahing ratesof thettivarprodyse dsfiobdddnt Sronnte powedd Fhen- sl eep
deprived subjects during the two sl eep stages we studi ed. Associ ati on of
Cor t i cedpirEto®y phalsdEigsyeB and B B)) thercarttabpetidh of respiratory fodubdtion totheltbtal pha
bursts (ABs) were seen in the five sleep deprived subjects in stage 1
s| eep.pefipdicidy of GHRA ifLintfaat quite sBalbdiming {lerpaprobiitdy dite ®RIbg niagfectidal 3.8 per

i ndi vidual in the egochs studi ed. Exanpl es of the rel ationships between

t he ARolResClhA ispiobatly hecayss e amplifideniyespiratasy sionsiamhythwiacdependsitotzhe * ABs
str.addl ed either the peaks ar, troughs, of the slow frequency rhythm

obser J&ge extephen theesniratary tdal eplume fHisgohand Bishope 1981)i ods of the AB vari ed
between 21 and 83 s with a nmean period of 43 seconds. O the six

subj ects who were not sleep deprived, 114 ABs were identified wth an
average of 19.05.2 per individual and 94.6% of the AB straddl ed the peaks
or troughs of the slow frequency rhythm observed in the continuous record
of CIPA. The periods of AB varied between 25 and 85 s with a nean period
of 35 seconds (Fig.3A). Six ABs not conplying with WD 98/ 22020

- 62 -Sleep deprivation and cardia al toae 1/ GB97/ 03202 the above general rule
oc'currefjponpt he faﬁ:i ﬁ‘é’ [‘) cavsags of the slow frequency rhythmof CIPA and no

ABs wer eTRéfeen GIRAl intHelile) depriald siBjesdSwdsR020u2 PhnifUh tePVSGh Stagé 1 and

16.4+1.6 units in the LVS in stage 4 sleep. The corresponding values for non-sleep depriw}ed
subjects were 5.4+1.0 units in the LVS in stage 1 and 5.7%0.9 units in the LVS in stage 4
sleep. There was a significant difference (p<0.001) between those subjects who were sleep
deprived compared to the non-sleep deprived with a more than three fold increase in CIPA in

sleep deprived subjects during the two sleep stages we studied.

Association of Cortical EEG changes with CIPA in stage 1 sleep

A total of 41 alpha bursts (ABs) were seen in the five sleep déprived subjects in stage 1
sleep. The average number of AB being (means =SEM) 8.2+3.8 iEpe:r individual in the epochs
studied. Examples of the relationships between the AB and.C]PA.. are shown below (Fig. 2A).
One hundred percent of the ABs straddled either the peaks or troughs of the slow frequency
rhythm obsen:ed in the continuous record of CIPA and the periods of the AB varied between
21 and 83 s with a mean period of 43 seconds.

Of the six subjects who were not sleep deprived, 114 ABs were identified with an average
of 19.0+3.2 per individual and 94.6% of the AB straddled the peaks or troughs of the slow
frequency rhythm observed in the continuous record of CIPA. The periods of AB varied

between 25 and 85 s with a mean period of 35 seconds (Fig.3A). Six ABs not complying with
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DI SCUSSI ON This prelimnary denonstration of periodic changes in ClPA
in alimted nunber of subjects supports previous reports of periodicity

i n aut wogs/zodouncti on assessed by analyses of heart ratRCT/GBOBYRI
pressure records (Koh et al., 1994‘)‘.6%’0Wer spectral anal yses of heart rate

had reyi ousl hown t hree broad.peaks of .freguepcies in the hand 0.04 to
0.5 Hhe %O%geﬁﬁ(imgmwde afgﬁlg?fghgéahﬁse% of é?e Sy geRyensy rhythmp e? CRAJ to be
secondayy. t.a fl uct uati S. thetic _and asynpat hetic activity (Levick,
Too1) SR A e F F0sisit FHLERERE doiss s S8 w0 aut onom o
conponents towards the periodicity in heart rate was investigated using
[err]- adrenergic and parasynpathetic cholinergic bl ockade. The md and

hi gh frequency (>0.09 Hz) peaks were abolished by [err]-bl ockade and
chol i nergi c antagonismrespectively but the low frequency (0.04-0.09 Hz)
had vari abl-e responses dependi ng on the physiol ogical state at the time of
t he pharnmacol ogical intervention (Akselrod.et al., 1981). The origin of |ow
frequency periodicity in heart rate is still controversial, sone authors
have suggested that it could be due to vagal tone (Sleight et al., 1995;
Saul, 1990). The index we have uPESCUSSIOPRSuUring parasynpathetic activity
of the heart is 94-97 % responsive to atropinisation denonstrating its

very high specificity to the muscarinic receptor medi ated aut onom c
activity in the heart (Julu, 1992). A simlar technique was used to show
the vagoihs prelimirfasy derodnstratitre oEperiadid ¢hanges(io GIBA in 2digsted nmbenofiiubjectt i on
made in this present study was to enabl e contjnuous nmeasurenent of cardiac
par as JHRPRFISPIFEOUSCRePits of pepierichty imantanes fiegtiontassessadhy asalysesafthett equency

O o A 2 SR UL U BB e YL 0 M 12
oL el R IS LERRR AP AOTD TR0 1

(Akselrod, 1988). Heart rate variability is believed to be secondary to fluctuating sympathetic

and parasympathetic activity (Levick, 1991). The relative contributions from each of these two

autonomic components towards the periodicity in heart rate was investigated using - g
adrenergic and parasympathetic cholinergic blockade. The mid and high frequency (>0.09 Hz)
peaks were abolished by B-blockade and cholinergic antagonism respectively but the low
frequency (0.04-0.09 Hz) had variable responses depending on the? physiological state at the
time of the pharmacological intervention (Akselrod et al., 1981). _’fhe origin of low frequency
periodicity in heart rate is still controversial, some authors have s:hggested that it could be due
to vagal tone (Sleight et al., 1995; Saul, 1990). The index we have used for measuring
parasympathetic activity of the heart is 94-97 % responsive to atropinisation demonstrating its
very high specificity to the muscarinic receptor mediated autonomic activity in the heart (Julu,
1992). A similar technique was used 1o show the vagolytic effect of diabetes mellitus (Julu,
1993). The modification made in this present study was to enable continuous measurement of
cardiac parasympathetic activity, which has shown here that the dominant frequency of
fluctuation in this continuously measured vagal tone was in the low frequency band below 0.03

Hz. This result is in accord with that of Saul er al. (1990) who showed low frequency

fluctuations (<0.03 Hz) in the heart rate and the arterial blood pressure. These were regarded
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PCT/ (B97/ 03202 as quantifiers of autonom c responsivene osul ts of
our pr&‘éﬁ?’z%o%dy support an inportaé role of vagal in%é'{m};ﬁﬁggz. e | ow
frequency nodul ation of heart rate. . Fast Fourier transformof the

Porr] M gueydfer br i dhohfi fdp SikVeb O ThE idlled BYBNEReltlt Elley Moo O0 L ©
Whi | € jhpéredriirble-of vhghl bl GR8 t 16%&4&@%3&1%@@%@ frequenci es

consistent with vasonotor thernoregulatory activity described in previous

st udi es Kd¢oFoefieratansfodfl 9 thedcntihiaes CIP Adliata reviedRd khred Beoddahithmstwiib of

Cl PA was slower than all peaks previously known. This is consistent with a
previ eusshavpeallddad| Dandoy. Redoesthyetlm coitiddd thidwespitdierydrazuendy, bhaila s pw vagal
rhythmwhich is often overlooked. A simlar slow peak has been identified
f ol | owhytbmFeontdined the Magbrywiee ofd otidrffequanciesicansisienh withrviasahowpper
respiratory tract obstruction (Little and Julu, 1995). It was

i nt er dharmogeguipieryActivly drspribedanipoevieyspiudiesi(ah otraby 3%k Akiselrdd etatlyuat i ons of
CIPAin stage 1 s whi ch decrease during sl ow wave sleep (stage 4). W

hve. S8R TR iR of GEDA Sias flones CarAlpeRRy B el RnpYRCT RS sorsimgt. 1

Phe’ Ratil & REVRNE SporBrion braolis ah WD ARG 008 PhidhettlodSerlah g,

e S aeoverlotREE A5E0H Shx Dotk b b fenuRes SlloRting EOUH S RebEs 6. | 0 o
! hor orar & Rl puethee ipitare N oo EpIL AL e FAE S oakt r enes o
NREM 1 €68 Bk 10 AEALANLNRALI3, 308 ke Bl ANRIERDOPERD <Y Tode

di rect conparison ns in m croarousals in the

time i s s =YToN 3 t j f Cl PA
and t%feh%%l} %%%%@wﬁ%%gg%tgf%%mr e sgéregg?; g??%&v? B?‘ges%llbt@ﬂaé si(?gg owed an
el evatsiowfrequdat fluéi@hddnth TPl iﬁ%ﬁfeqesweb\t@ﬁegfbrﬁeﬂié bGillgioh§ BetinRenl bt S -Of
previ ous studies (Halasz et al., I979). ecurrent arousals in stage 1
sl eep and Bhacsivity irtthe BBG. The ABYin!the EES Which]cahi Alsb heredarddd A Bieeodtousals

(Evans, 1993), were associated with either peaks or troughs of CIPA in the time domain. It is

known that the number and frequency of these periodic microarousals visible in the EEG
decreases as sleep deepens. We have therefore focused our study on the level of CIPA in the
two extremes of NREM sleep, stage 1 at the beginning and stage 4 at the deep end. We made a
direct comparison between the fluctuations in CIPA and microardusals in the time domain
during the optimum sleep stage 1 when the fluctuation of CIPA ;nd the number of
microarousals were greatest. Qur results also showed an elevatioﬁ in CIPA following sleep
deprivation copﬁrming the results of previous studies (Halasz et al., 1979).

Recurrent arousals in stage 1 sleep with similar periodicity to the y~rhythm of CIPA shown
in this present study have been used as evidence of the involvement of a periodic mechanism in
order to arrive at slow wave sleep (SWS) (Evans, 1993). These recurrent arousals in stage 1
sleep detectable as a~bursts (ABs) in the EEG are thought to be part of a proposed
homeostatic process S required for artaining SWS (Borbely, 1982). We have shown in this
present study that the variation in the autonomic tone represented by fluctuations in the level of

CIPA is closely related to the ce~bursts in the EEG during sleep stage 1. For these reasons, we
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in this present study have been used as evidence of the involvenent of a
periodic mechanismin order to arrive at slow wave sleep (SW5) (Evans,
1993) . whwsseaozoecurrent arousals in stage | sl eep det ectBE3/EB¥#3202
[err]-bursts (ABs) in the EEG are fhé%gﬁt to be part of a proposed

honeost ati ¢, proces uired fqr attaining SW5 (Borbely, 1982). W have
showRRPSE th%k&@@?@ﬁ@&amw&tm R QARG (e Yag ool AR RiCb bl

L or PRirCfo s R E ety S tfar tidents piese e Bul s dupbscdie.
\Igngg %é@?é{%ﬁﬁ process S exerts an important control over SWS (Dijk et al., 1991; Beegsma etp?ll-opos e
Lhal o8 KR al0Nob) Horbup B85 oty BI04 HnddiBe by 1985, XQARP ©

coul 'be use asskss t hoheost’atrc procéss _
evid i i [Fate S .an -

porT i Ceate PR 1 GHReSR e REAS TR SRR NI RS2 1 i
et alcouldlfi8¥ide Brohvdnient Mm3S: of BSIQINNgr ethluatind?B effBELY B 8FugS or Blsease 1993;
Achermann et al., 1993; Borbely et al., 1981). Continuous neasurenent of
Cl PA oitithe hgmbb¥taticsireesss Scoul d provi de a conveni ent neans ‘of nonitoring or
evaluating the effects of drugs or disease on the honeostatic process S
The entThe enteamment of attonomicdutationt withnthei dyhli¢ fleernatinigi pattatnt (QARtindigatpdit t er n
(CAP) indicated by ABs in the EEG during sleep stage 1 is well recognised
( Ter 2B uinchPREG dwingseptage il i wellreengylsed (Ferzanchand@ering 1883).Atisgr at i ve
cerebral rhythmwsed by the brain to co-ordinate the general biol ogical

f unctthengt What the CAP dsep inteeeative icerebiad rhythm used py the spin(tq se-psdisatgie Parri no,
ik S S SRS 5t B b g
LS AR A DA, oL FeLaBoai BB Ay 1000,
et D SL R 8 Y b e TR e B Al ek i, SHTREL AR RS ™
(Terzano and Parrino, 1993). These would suggest an important functional role for the CAP

and a simpler method of monitoring it by measuring CIPA without the cumbersome EEG may.
prove useful in future experiments. |
It is during NREM sleep that interictal abnormalities are seen with the greatest frequency in

epilepsy (Kellaway, 1985). The importance of the CAP in patients With epilepsy is also now
evident. The period olf the CAP can be prolonged when they are agéociated with epileptic
paroxysms. As a corollary, the majority of all interictal epileptiforr; EEG discharges occurring
during NREM sleep were observed in association with the CAP (T.erzano etal, 1989). A
similar observation has also been reported for focal interictal epileptiform EEG discharges
(Terzano et al,, 1991). A great majority of nocturnal seizures with motor signs occur during

" the periods of sleep associated with CAP (Terzano et al., 1991). All of these observations
suggest that CAP may not be just an integrating mechanism, but could also have a role in
epilepsy. The simple method of continuous monitoring of the autonomic fluctuations
associated with CAP reported in this present study may stimulate interest for future studies of

its physiological role in sleep and other clinical conditions such as epilepsy.
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Fig. 2 (A) The relationship between alpha bursts (AB) and the continuous record of
cardiac parasympathetic activity (CIPA) in a sleep deprived male subject in stage 1 sleep. The
AB is in phase with the peaks of CIPA and there were no AB at the troughs. Note that CIPA
measured in units of the linear vagal scale (L'VS) varied between 6-21 units with a periodicitgr
of about 40 s. The AB had a similar periodicity. (B) Fast Fourier’s transform of the continuous
CIPA data into its frequency components showing various peaks within three major rhythms.
The high frequency band between 0.17-0.3 Hz, we named the a—-"rhythm has respiratory
frequency marked (Resp) in the record as its largest peak. The rr'iedium frequency band
between 0.04-0.17 Hz we named the f—rhythm has Mayer waves:' in the range 0.1-0.14 Hz and
thermoregulatory vasomotor waves in the range 0.04-0.05 Hz. The largest peak in the -
rhythm was th;.t of the thermoregulatory vasomortor waves. The low frequency band below

0.04 Hz, we named the y—rhythm has a peak at 0.02 Hz. This is larger than any other peak in

other rhythms and represents the periodicity of 40 s in CIPA illustrated in (A).
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vasomotor waves in the range 0.045-0.06 Hz. The low frequency band below 0.04 Hz we.
named the y~rhythm had the largest peak at 0.035 Hz. This is larger than all other peaks in the

three rhythms and represent the main periodicity of nearly 35 s in CIPA illustrated in (A)
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APPENDW$ 98/22036AL- TI ME MEASUREMENT OF CARDI AC VAGAL TONEPCRYGES@¥08US DOGS.
Little CJ.L., Julu P.O O, Hansen g_s, “"Reid. SSW.J.. Introduction: In

heal th Degmt rate is determined by the intrinsic rate of spog%gneous
depol arisation of the sino-atrial node nodified by the aut ous

systemySy ¢ jnfluences accelerate heart rate, parasynpathetic

di scha Eé%@b&@e@mxma QOF GARDIAG VAGATOTONEN of
acti vi yONSEIOUS DIPEGS: conponents; heart rate depends on the interplay
bet ween these (Hainsworth, 1995). The heart is not a continuous punp, each
heart i di gcrete event _so that the R-R wave intervals (heart

peri od%%%bﬁré“gysiﬁ%‘&hg-ﬂh Hanssay SsyRetd.BMWeli nf | uences affect each
beat. In man and the dog at rest pararasynpathetic (vagal) tone :

pr edom B@P@&uciri'&%:re' ationship between R-R wave interval and the frequency
of cardiac vagal stimulation is linear, an increment in the activity. of
vagal cfferents prolongs the R-Rinterval by a fixed val ue independant of

the ininileal® Reantraty i déRarmined byt hﬁﬁ%sid—%é;of\%idhﬁﬂ@oﬁ@i nswort h,
r

st mi QF???]QE?%‘Y‘Z%Ré%gfgﬁ‘ie‘”‘?‘éf%@?'.‘*“%" B84 Bt A Giin i bR,
r esponSYBiedi s AYRpathstr W%%‘e&%‘g@le@ﬁt aie, perasymnpathesist hi ng ani mal

gl t hoEg&saﬂmrgas eape decafdratient Suantredtithers es; hesnideue Ffsaaivial edI with

r eat s Y 0 ' Y,
hoog) | Ineachyn RSk Egggf?@%ts”ﬁ%ﬁnr&‘é@%%ésﬁ% arfthel SREARRY Betiweer ) Y. o
by the ¢S an'e&s%'i . ﬁ)re 6 BEASTE 45 NGE 2GANLEAYONS PYMBY and’ Eccl es,

1934; Berterent 1$3rd)schete evarrrsopiiasithé Rl staveomtetvalsghebst stimilus is the
iy BrSo cHav : do

Syt ol gﬁ*ﬁﬂsz VEED 8 SyRRCNC dhd Bird<in BRI PRENCEs BlFekEBAA LT e

| at ency<8¥ f‘mﬂ%af}@ﬁ ei&%ﬁhﬁ%rﬂ”éﬁym e&’&r@@gﬁé) t@N%he length of the

car di apredeinenateserBlye nelatishshdp besween R-Revalogiretv@ddmd etei n man (Kat ona
and ot ﬁ@'ﬂ?'en% 19fF E&HISE Qaﬁéﬁg‘tﬁhulhﬁioﬁﬂkllm&ﬂ UinkPEmght ¢ tCtth bri ef

arteri al rof gceptor.sti on arri at 't Sl n n I'n the period
of the2EHYHVA ?E?lgc’?f%ﬁm iqq%s e ﬁd@%ﬂ’dﬁib& ?’&f?&e‘g)‘/ﬁ&%ﬁ' oni seg to the
pr eceethdrpendasy. ofithedmival RaR imsenval (Renker and ethersi, d 984; IMdprpf vagal

| npul sead P ainsssoh, qt)93§.i nus node at the stage of WD 98/ 22020
PCT/ GB97/ 03202 - 79 - the cardiac cycle

during which it seens to be particul arll}r/lrsensitive to this
Cardiac vagal tone is reflexly generated through baroreceptor stimulation

(Keele, and others 1982). These baroreflexes are mainly responsible for
resting cardiac vagal tone in the normally breathing animal although
chemoreceptor afferents and other reflex inputs associated with
breathing, for instance, may modify vagal outflow (Jordan, 1995; Daly,
1995). Baroreflex modulation of sinus node function is strongly
influenced by the timing as well as the intensity of the stimulus (Brown
and Eccles, 1934; Eckberg, 1976) but under physiological conditions the
stimulus is the rapid rise in blood pressure during the gjection period of
ventricular systole which occurs at a relatively fixed time after each heart
. beat. The latency of this reflex is constant and short compared to the
length of the cardiac cycle, averaging 160-180 msec in the dog and
240msec in man (Katona and others; 1970 Eckberg, 1976). It follows
that the effect of brief arterial baroreceptor stimulation armives at the
sinus nodc in the period of the cardiac cycle following, the stimulus and
is thus synchronised to the preceeding pulse. Moreover, at normal heart
rates this volley of vagal impulses arrives at the sinus node at the stage of
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stimulus (Eckberg, 1976). Thus, baroreceptor stinuli acting via cardiac
vagal if@hbge a delay in the cardiac cycle or cycles @?bg bhey\s that
sti mul h’@é?ﬁe oer and ot hers, 1982)7 The delay in the cycfe s}; ?niéuced by
baroreceptor stinulation is proport?onal to the baroreceptor stimnulus

7l ber e ?‘%ﬁf?&iﬁ?? ﬁé“f%%?‘ri?? gﬁi{e‘iﬁggﬁfﬂé PR RV R Y 28 e
to theSREIPE %ﬁﬁgd TS s DRFECSPLLSI B! aetingevigearding heart

per i odyagal toxehcauseca melay imthe cardidedyale oreydes thatafdljowsahap

d dyt | iest : : o-effect
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Thus t $igengtuandaiialione@Eekbarg 497600V ollpys o€ vagsd indrvpdigmslses Rapi'd
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( deBoc tisks AP yREARY Mo Al bR lGh DEHOUE BFRIEE: plodiB RS O

car di a¥® a&f‘gﬁpnﬁ'f’?@?@ﬁﬂ QUVE?"}’? ihadine ahtag antsaredpdKatanpantor ned in dogs

Kat onaotinatspl BZ03. ThAg Qhe shravedodbdntagravess(qrasdddup) the wagdl ct the heart
peri Od'r{'x{)%'i'& E activity even while the synpathetic nerves were intact.
ors

These AU ‘further denonstrated that a sinple el ectronic nodel

successful Iy described noderate changes in heart period due to changes in
vagal Repvé chanigestip.hdart fatel arescauisat by changesl thithpdesebdf t o deduce the

instangafﬁggﬁp diil fond. NSyt AREdL 36 NREREs AFfE@hdin B4R ki on of the
heart fReri . e roSc I'S a novel electronjc gevi,ce ch has been
dosi graleeHY A FEHRXEA Vi FheRgs s it PETRberRLtasisapee Bl bR b ous car di ac
vagal timse darstedloactt slesd yihysompagisonptoi cardpaeyvagihtonast runent det ect s

pul se aﬁ{s'»oahmgg@%')ayﬁaé&e{: o@r&ﬁﬁxafoﬁﬁe&&%a}yeaﬁ%fhﬂﬂayé@s,
quantl | es theé ISGC?H%gp%fd fransfornse em I nt o neasures
C

. el.ays, 1 n m
of car B ACIRFAIoRRLEREbREk SYsiam Yh ARy IR, S FYFIRALOETE MSTVEUS del ays
i n t hesysiem vohichamakss ityesonate gt kifelfziGieBossand othersbE8Z).ebred wmith:
the i'ii 8 cPhssicibsmidt 6f ﬂl@ﬁ@ﬁ?g fe{td dfidietiac 43¢8) effbpend@CVE) fbeRy OC ed;J_r e
I nvol v | qfe I r lon tilnme
dorsi noBAEHEY %c&%&‘éb?ﬁﬁgﬁva i d%%?%@tg&%;}f%ﬁk@%% QPR SERIL 7
WO 98/ theap was possible to predict the hegtt period from CVE activipeeveno7/ 03202
Zpecijf iwddle the syanshthgtieaictes wisrgdhtdatneThesecatitisrsdirtiared t hr oggh phase
enoau )] L U r it : onputer screen

inr eahgﬂﬁr{egtg‘gﬁﬁﬁgé én@gﬁlgt%pg??gﬁ%t J.qtclsdn gﬁcg(%g%ﬁwggg%éﬁﬁac | ndex of
Par asy RiRrA¢ate ENABEES LR neaty parjodidustagbanges (e yagal nerve activity.

It follows that it should be possible to deduce the instantaneous activity

in the cardiac vagal nerves by evaluation of the heart period.

The NeuroScope is a novel electronic device which las been designed to
offer an objective real-time measure of instantancous cardiac vagal tone
based on these physiologic principles. The instrument detects pulse
synchronised delays in the onset of successive cardiac cyles, quantifies
these delays in milliseconds and transforms them into mcasures of
cardiac parasympathetic activity. Cardiac vagal tone introduces delays in
the onset of cardiac cycles (Eckberg 1976) which can be detected with
the aid of a template (Katona and others, 1970). The detection procedure
involves accurate sampling of the E.C.G. to obtain a high resolution time
domain of the R-R wave intervals; pulse synchronised delays, which are
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from human vol unteers during atropinisation according to principles set out
by Julu (1992). On this scale 10 represents the average %h%(:’{ \V aI tone
in supiweosamedng adult nmal e persons gghen breathing quie ﬁ/

represents no inpulses travel ling through the vagus nerves to |nfluence
heart rate 1992 | t foIIo fromt abqye,t hat, t he Neuroscope is
only of & #‘ Wa?ma%fv B%m?’lﬁﬂ:&ﬁ\c ‘% ‘? Sheatigh cat.i ons

ari si ng phase dbnmdtﬂahonmfehbameldargehy Rppelas ate displayediomacal

lit er at i ) éﬁs&%eﬁeiﬁ%hpﬁn?e xght&ahh%bftﬁaty%utqmr%&té Cpéogs 33/ .
%agg?tzl gpliac lndc.x ot@ ﬁarasynﬂ)a%ﬂe 1c Iggﬁvn?' (@ﬁxﬁf which Wwas %ep@fﬁégweé 3202

Mat er i al fremi hvgnan yolunteers duangmtmmmsatmma@c@edgtgso prindiplesaetsi nus
heart rhyahByWeile (1999).f On tHis Scald/ g représcritdehe &a&t&a«@ﬁ%aerﬁg&rﬂd in

over hi GHOTERGY §ur§§’%ﬁ 3@&“&&@*%@%@#&?&%@% bR 9 e Pode i a
seni - suppbereas Qurgpmseyipoeiimpisesayeling teengh ahe wagustmrrviessor at or y
envi r onngifiudite h@ﬁt'r&t@@h‘l\gﬁ 992a). At leows fiohy elié abloverthabkies i de” ECG

ol aced | REPFESARE FRGUe! fed e *4%?2?‘%@5?9 S BRI S, T opi e andi or

sal i ne. Beat - by- beat R-R wave intervals and Cl PA val ues were recorded by

downl oadHitharte pablications larisin g Heoretlnis Secipe quechdvo harggety eppearcd apt op
conput er; el Shmﬁq c}g?itﬁré’\ef r@lxﬁé’ d%keﬁﬁg @Vﬁﬁﬁﬂﬁbﬁa&# the %:@gtn?éar ¢ beats. '

i nstrumenti,n east
Fol | owi ni €RES bYa§V%t[uf'1 '?ierﬁéﬁ? Qg %&d 6’953? Of@ﬁ@Plpﬁ&fbﬁtﬁ ocardi ac
refl ex w@§Pdnthded by pressing on the closed eyelids for a periodsof not

| ess than 20 seconds (Gandevia and others, 1978). A further rest period of
not |ess than 800 heart beats was all owed before the experinent continued
and the |l ast 500 beats of this rest period were designated as baseline. Six
aliquots of 0.01ng/ kg of atropine were given to each dog by intravenous
injection at ten mnute intervals to a cunul ative dose of 0.06ng/kg. Each
injection was followed by a 1.5m flush of saline. Data were coll ected
continuously during the study and for ten mnutes after the final dose. At
the end of the study period eyelid pressure was repeated to induce evidence
of residual cardiac vagal tone. On a separate occasion the sanme’ 'dogs-were
prepared and studied in exactly the same way but the atropine injection was
replaced with a simlar volume of nornmal saline solution. The studies were
performed in random order according to a predeterm ned schedule. Al data
were exam ned visually during data collection throughout the recording to
ensure that the dogs were exhibiting a sinus rhytim For the purposes of
data anal ysis beats which were not of sinus origin were
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excl uded. The 50 heart beats prior to each injection and the subsequent

50- 100 ‘Qgg?a%%ﬁgre al so excluded fromdata analysis to aveig/@shRsies from
e

handl i ng o dogs and to allow for uilibration. For each dose ali quot

in each dog all other data were subject to further analysis. WO
98/ 2202@1aterial and Methods: PCT/ GB97/ 03202
- 82 - Statistical .Methods In order to assess whether there was a

significant difference between the responses_of the aninmals between the two
treat nefdesn bealthyonatireanal ehprglesmmhabitng sinws beartathysb waireg two fact or
anal yz | aisell foerthansrdy AN expashiengs everdl ﬂﬁféﬁﬁ%&?ﬁ%ﬂ%&éfﬁé&oﬁgedf actors
were do 0 0 e r gose Vereg r rded as .
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was per Daie ogrhathbeem srpimrdo siand 01 lng peniodsdmen scon-aaipodedt  beat s -
L or teac stndingnposivioreaThey rvemrﬁ]?ﬁiliﬂwdtﬂm:aemwﬁm %&vi@éhﬂxerﬁec'au_s-f the
eart r | ‘ . : he re sonetines
obser veghguﬁéﬁ a ﬁ%rr%fg% Ea‘?‘ I&g§§%/% Séﬁ?%zgg‘é&e%@%}ﬂ#a ?sélﬁéo\ggﬁf;or med on
the meaveie fastenypre tiag lisabs apd @@ Gamtrayenguseathelerswas grlasadlin
treat lmsn_me ctphaticav¢isi of @ fotdlimbxioe delbrirgl oiatrepivs aatifsr sudider med onf ]
nor mal i dat e I; _ . rcent age of the
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precedi RGWH %qﬁpgégpg% signal tpithe NFUroNqanRe angifFaim trerateda was appl i ed

to the {apmipedofmiputepiwiedreghesy datoneramdsa storedi pltomatigsilyest was used to
identify at which dose the CIPA values were significantly different.

L CRee 3 B, Tk o Was IR o rest ot S IAT et rosting
and Basdleahs Haxlbowilg thisgas axestof idaet candiabwagal tomenghe he resting and
basel | ngcigseartlingTefies Was Indidd BY'pressing 683he cI6écd eYenlsifopd I'n three
does durin hi ri.og. T Cl PA,v es, recorded,fro dqQgs in this
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subj ect §urthiee restperiotariinotless than 200 heartiieatsnwas all owedabekaredher 500
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given to each dog by intravenous injection at ten minute intervalstoa - ;

cumulative dose of 0.06mg/kg. Each injection was followed by a 1.5ml

flush of salinc. Data were collected continuously during thc study and

for ten minutes after the final dose. At the end of the study period eyelid

pressure was repeated to induce evidence of residual cardiac vagal tone.

On a separatc occasion the same dogs were prepared and studied in

exactly the same way but the atropine injection was replaced with a

similar volume of normal saline solution. The studies were performed in

random order according to a predetermined schedule.

All data were examined visually during data collection throughout the
recording to ensure that the dogs were exhibiting a sinus rhythm. For the
purposes of data analysis beats which were not of sinus origin were
cxcluded. The 50 heart beats prior to each injection and the subsequent
S0-100 beats were also excluded from data analysis to avoid effects from
handling of the dogs and to allow for equilibration. For each dose aliquot
in cach dog all other data were subject to further analysis.
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measurenents for each dog at baseline prior to the injection of saline or
atropine. During these recordings ClPA values and R-R interval length in
each degemmiad widely over a relatively short tine-frafEPERTORME" but not
all, individuals respiratory nodul ati;gn_of the R-Rinterval |ength was
marked. Cl PA val ues generally rose a§ R Rinterval length increased and as
vari abi | i ty in the R-R wave intervals rose. Over segnents of 250 cardi ac
cycl es Sta i%%‘e’!’eqthgdgen od prior to injection of either saline or

atropi ne the average Cl PA value for each dog tended to be relatively stable
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faIIentoIess txha 3% of e val ue naII SES an 1.3% SD
0.7% RIR ‘Be§°”gl% ean %ﬁ Cg?i\/?ﬁ\ tﬁ% hrimal &t §ashedbsm020

PCT/ GBgfp,r@:agbztreatment Thc analysis of the expenmental.dm.wzu glsgssi on:

At opi Ngerfermed WPAbinaYiSedduta Wikre the CIRArvAk oereséxpdisséd Bsevent s the

?étsipﬁﬂsaeé ?c%%p‘%#@??ab%%a%?hé@%%% Bt DL iR iod E?a*‘f’lﬁ&% gﬁéﬂ enuat od
or abolimsRediats{ypeegaringed ﬁpnmmnﬁa@%ampm@omavnﬁaue\’m‘; Mevoi d of
rruscarlAnl\h‘)W\QMm plibé 1efthectzated (Atropine? g2oup eaabheraaidecaccount for al |

the i C of t

Veterfﬁﬁ%@ﬁ%% X LP%B% %fe*#%&? neraﬁf{ﬁ’d%%?ﬁ% @ﬁﬁﬁ%@@% ange

0. 01- O‘M%ﬂ&i@‘ IBBRAE gdi’ e&ﬁﬂﬁ MBigni 19992? Wapheleh ) Ynlpeald @a %f-é@rl ment al
studi es have been performed using this drug in conscious and anaesthetised
dogs in doses ranging from0.0003- 1.5 ng/kg (Kottneier and Gravenstein,
1968; Katona and ot hers, 1977; Miir, 1978; Halliwill and Billnman, 1992;
Chassai ng and others, 1992:
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Vi cenzi and others, 1995). These studi es have established that very small
doses 593;2 ine (< 0.01ng/kg) slow the heart, possibl ypcogrdmstpacent ral
vagal stl nu atl ng action although the@3rechanismis controversial (Kottneier
and Gravenstein, 1968; Katona and others, 1977; Julu, 1992). In conscious
dogs v&Rpsuled:f ects on the heart are reported to be abol | shed at dose rates
around 0.04 ng/ kg but certain anaesthetic agents such as norphine and [err]

chl ora SE see en nce cardiac vagal tone. Very high doses of atropine
(>0.2 % éﬁ‘d%ga "é’-a‘ﬁ% @lexcess tachycardia, an effect which may be due
to gandi idmgcs exhuibitedesings abytimeduning shbecstingeen] buseknei and ot hers,
1995) . reddrdings RrRbely IO Beatsowot AUSHARA B IRBE MRS coti ons
cause e in_the s,recor
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obl i t eveareczencrally wachshighea thamthoss mmﬂedrﬂmmlm%m himanesti ng val ue.
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servatil o e Cl PA

d
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syst emisd deBbe:togwdrmﬁhméely&Bﬂe)r a rdlatnvlabj phesuanmé;ﬂ‘tﬁineainaédrﬁﬁl ni sation
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was expecte
PCT/ GB - 85 - linmted value as an
I ndex of cardiac vagal tone because both the initial and final nean R-R

wave i Pwaﬂameek gfoseS#;gt-R“ﬁhaHaé IBRLHR #4980 allieal | N vl Ui

n
var| ed recorde I né ? 1. 5% SD 1

1599 VAia %eb.sla PRAGIPLSRT A5 oM OVEREeImanta of 200 Gk R R vave
i nt er vayclastim therastiatyg periad prpdmicsatjectionast either shiine vecitfopinki s

exper i ﬁ@&vci@@@PﬁbaM@f&fﬂéﬁdﬁJ&bg%ﬁdﬂ t@tHé)FEIQﬁvQW S&gﬂ?'a%d' ndex was

ggthC(r)rTﬁl et gﬁ%/léﬁcofl&rgggg#suc ]thaé e .nean_ val.ue recaor omthe ten

A8 P FIIRET R VR APt subst ant i al -
di f f er eipleredestatistisatlyed bet ween dogs. This obseration was to be expected
because al though the main contributor to the variability of the R-R wave

this  Bheld %ﬁ?éﬁ’bﬁﬁgvﬁﬁioﬁh %ﬁ%@%ﬂ&éﬁ%ﬁ%@ﬂ%ég‘ﬁ Galion ol of cevera
i nut egressrq!ee kettheRj@sevey agsogiatasbwith bingthening edihpdiRdéntatvgs can be
expl ai agd dyirirehes SAFER Waviehearighidityy BegpbiviBesECOP AsyaRAtheisec and

Fﬁ;aggﬁgm‘egﬂe_gggbonom Cf"% g_@esp%?\ﬁﬁ n |r$s| Vlgﬂa‘i&e Vari ous nethods for

Statistical analysis o[ the resting data in the ten dogs showed no
systematic or significant differences between the measurements
preceeding atropine or saline injection. Moreover systematic and
statistically significant dilferences were also absent over the eight
consecutive 250 beat segments comprising this resting period.

Atropinisation:

Administration of a series of atropine boluses to these dogs
systematically reduced the beat-by-beat CIPA values in al] cases. %r‘t\.s z
cumulative dose of 0.06mg kg this index was all but obliteratad so tha

the CIPA values had fallen to less thian 2.3%s of the baseline value in all
cases (mean 1.3%, SD 0.7%, range 0.3 - “°’o) (IFigure 2). Variability of
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been described previously. Respiratory nodul ati on of heart rate.

respiratory sinus arrhythma (RSA), occurs by nodul atiop_o | ac vagal
t one (We9822028nd Ji h, 1975; Daly, 1282 ,_Hedman and ot hePg Lﬁg{g‘%"i\/\enne and

ot hers, 1996). Whether RSA is secon y to respiratory blood pressure
varlab[jgéﬁ'gﬁ"ylce versa is controversial but since these conponents are
connected t%rough a cl osed feedback | oop either variable could | ead the
ot her (Akselrod et al 1985; deBoer et al, 1987; Laude and others, 1993;

Ber nar ditrepiheoishecompeive Brlstaritdd Fice ﬂbr%ﬁé aﬂs% Rﬁgf&rﬁ%@l@[ controlled

par asy el SRACtyRhal i fs %ﬁﬂé'aﬁﬁﬁké @‘”oé‘*
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of br etitmebg iittmrﬂ:adlmb‘dlmmf.IS’ﬁﬁe'thefonhéﬁ]@a%E:ﬁ]d(}ﬁ}e pecessarily in

hase [ e _and ot hers,
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98/ 2208 m ke (Kottmct ravenstein 968 Katona. and gther 97103202

- 86 - had ac | SS h |nvaS| V sess of cardi ac
vdgal t 2 ?o?&lﬁ ﬁﬁ’iaén’tj% P@%ﬁ’ rs, PQSZer appr oach
has ge\vf&@@@ﬂﬁmﬂﬂmslﬁgﬁb i Thwesossudies havteeeﬁablmhednhat vehe results viz-
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bet assBchtt @i sl owistdo @ g seffect Gty Heak e birep amédn@r Bék&%ﬁﬁh%' c tolnet -
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ond o i GOk MR 8604 Y 08 T Y Q%%ﬂ?@ﬁ?ﬂb@ﬁ% Ut 3D | cated
partld’ﬁpépﬂy'lﬁéﬂ rRg I’M@W&ﬁﬁméq Gag&&tqrmsé{aryd and .ot hers
1985; Highedasss aﬂdu@tphﬁtf $4’0-mﬂﬁ/k appBar @@d:a@%@ﬁt@éss #R9hcaBfliRi ght and

ot her | of autononic
contrtsﬁrllggé%i Vﬁyagﬁtag%kea M@}%a&l% #?ﬁg?&@%g%‘%ﬁg&@@é@el rod, 1995;

Sl ei grﬂl\&h‘a &é% 3’1239%1 $s19%2)-0 Grady, 1997) which are difficult to
achieve in freely behaving ani mal subjects. This necessity for stationary

condi oe ﬁFéé%@;@E%é%cU?{mE i mﬁ%ug s{;ngnéfg;ﬁ%' B allsalor e e
Car di dcaPRREEPSH Juiamin M&c aJuesTesardedifeam FORSRIPUSI e wi t hout
t he acidgs wad apﬁrcammnnﬁntdweawvﬂm&d thidindeasuisevignialippears to be a
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This observation indicates that CIPA is a highly selective and dependable

index of cardiac vagal tone. In keeping with this observation the CIPA

values generated on a beat-by-beat basis rose steeply when cardiac vagal

tonc was increased by the application of digital pressurc to the eycs, a

well established vagal manoeuver. This phenomenon was abolished by

atropinisation. At rest CIPA values recorded from these dogs were sesn

to vary widely over a short time-scale. This would be consistent with

known physiological concepts of the beat-by-beat control of the

cardiovascular system (deBoer and others 1987).

In the present study as atropinisation proceeded in these dogs the mean
R-R wave interval fell. This observation was expected but was of onlyv
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which varies in response to well established vagal manoeuvers. Moreover,
because the index is displayed in units against a |inearp@Sgakoneepari sons
of car WA al tone between i ndi_vigdual s and over tine are facilitated.
There |.s_ a rovi/i ng interest in the nmeasurement of cardiac vagal tone in the
clinic In'“éFan" B8 asa0 Indax ef eardiae omgal ttboa befcavae dicah thaiihivig) and t he
i dent i anddinahnutarpBtRewtse dhiterivals virisdiduitd sxbi@htiay ge%e en .
0 g Eog: THEIARL RRlue Varied B 3081 07 SRl PEpidrd abng cardiae
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car di aB'PHIE gﬁ?%Pi AHOPIRY giverathis indeX was non@gapiaenp o |
KET / I?cbbs}zed such that the mean value recorded frorS tcl:le te%xzdo%Bef' leDr ‘én‘?eséi) h f 5 ]

selr s . ) B i . C, anrion .D..C., -Cohen R J.
(1565 Brcse c%?hgés‘%%g%%“‘%f\?%%lﬂaeﬁggf?ﬁ%ﬁvsg VR SEBARN 5 5 A3,
Physi oflifferpnCesdners ghservadagtivse d0g3.098)is ohsgoyiaies was tebet Rat e
Va(rji ingpcwda%crzg aigtc;sgh tkge gﬂgaﬁommlbfam aﬁgaﬂ?bggg %ﬁ'th&l M 'Vi' ek
and A R-Rewyvb4ift L] Battidc Vagal 30h8¢a ic”é;x ¥§t‘° fyge’ one A,
Coul t er, N. 1964) Respiratory ool nus: aF t hvehm = FetRfEh & dependant
phenon@ﬁ&?‘ﬁfﬁ& %ﬁfﬂ Paﬁ}@éﬂy siqee ﬂ!ﬁs .3 Wa-Béﬁﬁ%ﬁr\d'lchO.Yeﬂ_émocg. ,
Radael ¢f s¢verabantnutes CThelbtresogenditp.of réspoabe of thislBRiBx bewwbegquency

SPont adgeygahl bie bupldined b dfffdtenbbe i the 28N OAdRRERRNIE 11 Consci ous
humans; g%rl ;eceptor or cenira enonenon? Clin. SCI. & 49-654.
Bonagu%yﬁ:?. el AN RYRRFY RRAIRFHR I ORQIf Pag Petveentdadividuals. of cani ne
and Feline El ectrocardiography. Third Edition. Editor: L.P. Tilley 320-365.

Br own, Various f2h68s Jofthd dPAbhtibiofghbalNe fects 84 HHaet Yé\:g%(’a\)’é” ley on the
rhyth @%‘ Hggﬁgﬁgrt 11’%§at ‘1 R Sli0| 82. é‘]hl1 %41 assalar%g C., Boucher M,
BreysrsEe  depgiREH PRy Ions, FESPirstoptynaduldtn p tT#46¢i on of vagal
bl ock d@sPimatene stnishgrrhythraia (ROA degurs byamoduistieniof cardgznt s at r opi ne
and pivggenee(K dtorUid JiH;N& 7R DMhly, 159352488 and others, 1995

Swenne and others, 1996). Whether RSA is secondary to respiratory

blood pressure variability or vice versa is controversial but since these

components are connected through a closed feedback loop either variable

could lead the other (Akselrod et al 1985; deBoer et al, 1987; Laude and

others, 1993; Bernardi and others, 1994; Daly, 1995). :In dogs and

people under controlled conditions RSA has been shown to be closely

correllated with parasympathetic control (Katona and.Jih, 1975, Eckberg,

1983; Fouad and others, 1984). On the other hand it has long been

known that ever a range of breathing frequencies fluctations in heart rate

are not necessarily in phase with respiration (Angelone and Coulter,

1964: Laude and others, 1993). RSA in co-operative human patients can

be maximised by asking them to breathe deeply at a slow rate often with

the aid of a timing device such as a metronome. In conscious freely

behaving animals by contrast rate and depth of breathing can vary

substantially from moment to moment particularly in dogs who tend to

pant rapidly when warm. stressed or excited. Moreover, because

breathing rate and depth differ, it is difficult to make meaningful

comparisons between individuals or over time.
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the Cardiac Index of Parasympathetic Activity is generated in real-time

without the active co-operation of the subject. The measurement appears

to be a specific and sensitive marker of beat-by-beat cardiac vagal tone

which varies in responsc to well established vagal manoeuvers.

Moreover, because the index is displayed in units aaamst a linear scale,

comparisons of cardiac vagal tone between u1d1v1duals and over time ars

facilitated.

There is a growing interest in the measurement of cardiac vagal tone
in the clinical arena to facilitate the recognition of cardiac failure
and the identification of patients at risk of mortality following
myocardial-infarction. Itis also increasingly recognised that many
cardiac drugs such as the angiotensin converting enzyme inhibitors
and cardiac glycosides affect the autonomic nervous system and that
these effects may be crucial to the overall therapeutic utility of these
drugs (dixoxin, ACEI). Non-invasive rea] time monitoring of cardiac
vagal tone using the technique validated here promises to offer an
important new too!l for the cardiac physiologist and physician alike.
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respiration were studied in Rett syn- during breath holding in control,

drome (RS) and age nmatched con- girls, but there were oscillations and
trols. |'g novenents were rebounds in RS. The HR-pafe 2
nnnito?gg&%%$% a pl etysnograph veg® under parasynpathé??c‘ﬁﬁ?? -
around the chest. Synpathetic activ- ence during hyperventilation in nor-
ity was nonitored by neasuring mal girls but not in RS. The CVT :

bl ood pressure (BP) using the Fina- was invariably withdrawn at the
pres[err]. Cardiac parasynpathetic ac- height of synpathetic activity dur-

tivity was nonitored by neasuring ing both hyperventilation and breath
t he car di #g-respormrse—to—taroreftex ot RS—t-eadiAg—to—syApat ho-
usi ng the NeuroScope which out - vagal inbalance with the risk of

puts a nmeadure of cardiac vagal tone cardiac arrhythni as and possibly
(CVT) inunits of a kinear vagal sudden death. Neonatal |evel of
scal e (LV®[~Resting|CVT (neans CVT, poor autonom c integration
SEM was 10.50.9 untgs in the and multiple breathing dysrhythm as
LVS and BP was 94. 66)¢ mrHg shows nmedul lary immaturity in RS.

in controlsf The BP Wwas 784. 33 It is the first denonstration of |m .
mrHg and CMT was 3.60.Y units maturity of the brain which could
inthe LVS{in girls with RS, 65% be used for screening in early chjld-
Iomergthan in their age\mat ched hood and potentially useful for d}ag-
controls (p<0.001), but ‘equal to pre- nosis and managenment of RS

viously reportedt | evel i neonates. P.OO Julu ([err]) AM Kerr S} .
Hansen, Each girl with RS had at least 6 F. Apartopoulos, G A Jahal
Peri pheral Nerve and Autonomic Unit INS types of breathing dysrhythm as. a

Key words ,Rett syndrone - Bout hern General Hospital si gnj of
instability} of the respiratyory autonom c - synpathetic - d asgow.
Scotl and [efr] oscillator. The synpathetic system

parasynpat hetic - respiratio

overstimulation with large pypils, flushed face and cold
feet which gre inproved by syypat hectony.

Medul | ary rlspiratory and cardi~eyascul ar neurones So far the geneti¢ fl-aw
and bi ochenjcal defect in Rett are Ttwsgparable anatomcally and ar ¢ known
to interacé _ - I ynapt i-c
| evel s to the extent®that son# workers?Pe- whi ch®*fntense Bfperventi®Fati on
alternates with apnoea is gard them as Gahgll.Qiespi ratory neurones (11). It
isin- conmmon in the RS and is associated with extrene agita- deed

remar kabl e that there appears to Big.adt-ononic dis- tion, vacant spells and
faints. ﬁ'/i.ee t ogeni E{gbn%r mal, - .et ur banl(ies i n associ %ti Qn V\ﬂ'at h the

resp if STy QAT SRR I Aot s g v
nia in Ryl a3kt Ye BY0LAYLOFSE & iirSj eCRIBRNC biftnd i ed0 aph'ﬂﬁo MtheQl VE
the inpreseddrand stpABatdRrer 68 loWeann thhesBelddrsRcaUIVEYinNRRk ons of
fam | i es ¢ exlogrg/kg of atropine in saline given at intervlRusopeaterCRiihdtés to

Adol escem mtighimadege of 0.06mg/kg to the same ten 'healthy hgaglds sBbwn in.
KorrekturFiqyﬂﬁﬂ1- | Fhegps iqaﬁng;gﬁ@ dose response relationship and at values
b S g9/ d

St ei nkoon*\F ;rRJr;pq:é*CIg@atj.ggeégg?f@rJda?t obliterated in all

P L éqgs st ienb i ences between dosddes were statistically
rovl SI ONgy g POe A0 St e that the SEM values fell dramatically as the mean
CIPA values fell.
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intervals (3). The barorefl ex nechanism there- The nethods of autonom c
assessnent are entirely pain- fore, provides a noninvasive nmeans of
measuring the car- |ess and non-invasive and were devel oped for diagnos-
di ac vagal tone generated fromthe nucl eus anbiguous in tic purposes. A
conputerised, integrated nonitoring the medulla obl ongat a.
systemrecorded beat-to-beat heart rate (HR) fromthe W have used the
above principles of noninvasive ECG R R intervals, beat-to-beat systolic,
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continuous digital arterial BP wave forns. was obtained tion during the
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hol d- synpathetic activity SUBSHTSEISHEER(RULERGY 0 the nean arte- ing,
hyperventil ation and deep brething exercises dur- tial BP (14), it was

monitored indirectly, continyously . . REERRE
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N GO TRl A < s thH*OEﬂ?Semsdle\btlammdesusr ng graded doses of atropine,
theﬁapmtual&oa)raaa meﬁ Hrans Fi g,‘“‘h mtdﬂ %ﬁa‘éﬁﬂé i nspi- rat i on is in- is no

f ur SRR e e gronmirdinge oS %t hEgY voIps dePd owed by
expiGhadv TaEmd 8t en Wi t hout o h:a;yrhets gm&‘%“‘%é res cardiac
parasynpa- Such a nornmal breathing pattern was bserv In every thetic
acthrhr ne | s used on pa- girl with RS. but the
per|'“5?f %t which they were sus- dent @'fi‘sw a“&'b%’éh H%@“Sétilrf\m 1t‘°o¢°!ﬂ
atropinization fitted tained uninter ru ol §@ ‘Yu_ ied

con?i> & the gpmc Rmmi Yidesermicaicdafrbryis iRak O ke GrRdpartitd Malo@idS al?&a: Q Wﬁ%‘ mteﬁxbl Yy,

| as {1 wA. [egpriar regthing garke sguanra;sle‘}elsng tRSextent that some workess ce-
ict mrense vpe"venu ation aiternates with apnoea is gard them as cardiorespiratory neurones (11). It is in-

common in the RS and is associated with exreme agita- deed remarkable that there appears to be autonomic dis-
tion, vacant speils and faincs. Epiieptogenic abnormal- wurbances in association with the respiratory r'vsmvz.:m-
ides ars sesn on the °nc°ohalomm and seizures are nia in RS. Respiratory dvsmvthmma is common in RS
common. The girls give the impression of sympathetic as shown in the British surv ey where families cecog-

European Child & Adolescant Psychiaay
Ms. No. 6o 1. Komrekour (Sunnl 1) Rett Syndrome
Steinkop(T Verlag, DarmstadyK+V Fomsntz Beerrelden
P’ovns:ona.l page numbers [-8
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cardi ac vagal tone and atropine (6). The LYS will read 50 mn in another
within the 2 hour period of our re- 10 units in young adults in supine
position and breath- cordings. ing norrmal tidal volunmes quietly, and it
will reW®B8eRe0 There were 9 different types of respirat BEF/GBIZOMPLH- units
In every person at full atropinization (6). m as observed in the 7 girls
wth RS (Fig. 2). Each girl If we dgfine the cardiac baroreflex
sensitivity, which is had at least 6 different types of dysrhythmas with
in fact the cardiac responsémwmwekw@@@l 6.sal ten usual |y one

dom na ¥a a a intervals per

uni t cha(p ekt V\E.y oSt |ra 0 rhyth as. in the 7
can negsly ‘g’é%‘k@nﬁ&ﬁ’ ,%@isfﬁaewam?ér ﬁé&éﬁﬁﬁ?&omﬂ“ %re

br eat ha Yo% diiNgl cRafkt dnk. SRB&ERHpordakPind mm &actcwea: PABIES HeSSind Qiafl

cycl e vagyiAdIRigNS of thaIShdﬁw delph. &itoth keperred hypeuxv:efﬁt?s)l aidlhm-.o-tteadiagtpnm&m
wher e dpm Gom Rya Bapins Seisesuidse prslamern merluowez\gnnsrqm it gl e ggrxs

Bi ot WOREE IR ZLE‘?&’““ZA“’W;&EIL ﬁmog‘% ot &m?'°§ﬁ@‘;’§§8““ &i the
f Cr i Clinainte. RAGLD Qo SUEMD Lo BRGEA S0 wRUAGbL ) SB AR bét
systolm&dpemsurmsm tisxtoﬂ\ﬂddayddnas:xmeceal ng the breath| ng of equal depth in

whi ch bGt‘*hgf?ql?e“ ef&marve‘r@eprmémmeétalpdl ac c cle. This method is based on
t he ob’g‘@ "m“ ev

I3 _,m, Sw,f;@f%sﬁj‘iﬂgﬁ "&bl e | engths, was ob- vation by
£BnsRip BrkeaKens nd I%&.«.@Inu

Eckber‘gm SBVHEH waDmOHAba RNG o Fhkch 5001 £ N
RS. R@Huab: tﬁdﬂﬁllaty sbmsﬂtedn: deatres 6 aR pdsedl S sidfd sehBaloddph opeddi Behnd fthet da@c Gna&:é.dl ac

cycl e Yespolatepphpedutlaapy W@O@@@ﬁ@en lvir af ethey Kiphistern@h g i@y @kt\mm: at el

f Ol l O ﬂgqut o—gﬁm om u.n Ol’ me ul- ggge[gg% wcﬁﬁ%ﬁﬁﬁ Wg’au I%(:A‘%

obser \ lovatcHige ‘g:..d’ul: sreﬁgrdxo Hﬁi’czﬂﬂn% J.: ecu

beat - tedb @&as inAdR®riphedal da&ﬁiuuaputmfmﬁgdmo IBréag@le mu:mae revte ks aamcatnzda{ :rar €
snigr eatolrparhmk chyg). and

obt ai rredn wmlemnpwevnﬂveﬁ wouldethera| dnspmmpainectalp
H sa%the‘s NEltfierssen 1 e t °t‘h ﬁ“dm"
%aa 0 @Eﬁﬁﬁé‘ a;iﬁﬁ Dot

Cheyn e:’m%cﬁksg o @Ecé‘{%ne m engxpmyaa

I nt egr .é,; dad g‘) u'p
&L‘:ﬁﬂ&tta’ﬁ'ﬁﬁ thbrinyCkeBed! s permrrMa rhlvieefeﬂld‘lﬂo reath

respi rsitg vervoan Gulmhmmm Gstfaliergbisor Qewaxsldmamdlde@ boahing ot imuoxisky f or

R Gl
nor nal memaﬁmwapumrm
akl-‘slzd QXJFFF 'c‘h E‘\‘%ds W t h qui et rest hyperventilation
xﬁ‘?{c hcl, m m éﬂ F luum. Hméug gl rls with RS The

two h

and p%{g

perio ,Q(J)mm&agmea@smo@ Odsiv@y &b ea t hy control girls who Wwere asked-to
per f or EQG k2 imrei (). The baorsikys mbtypimyvibet-i e aethals of zdeeqnndmsamm:mg‘m * pain-

y

lﬂVO

up to

:
O

unt ar i =l°l ‘fgqude?a @B‘“YP’FWF W’f U*‘P‘E;E“H%QEW'néﬂ? Eéd‘PEtSWWe m‘we @V"é@%iﬁaﬂl i%c and
Ana! ysix;g:mec%& go?glﬁﬁ? g:orgf.h e Bl n%g ‘ﬂ:. rl g%(.gd %?glgf %ﬁ% m u':
duri nNg Gid & T{Iﬁ :iug'fec"?m'ﬂlé?lﬁ qg\ﬁx{vgsnfeorg@:@ E8 intervals, beat—m .p:md dia-

PCT/ CBQ%!%QQZO! autonomic funcdons o meonitor the

stolic blood pressufes-(BES were mcbﬁf-ﬂ Jnon-inva-

autonomic actdvity in a group of zizls with RS and their
age matched controis. who wers normai and heaithy
girls. The giris with RS had invoiuntary respiratory dys~
chythmias such as breath hoiding and or hypervendia-
don during the period of our smdy. The heaithy giris
were, therefore. asked to perform voluntary breath hoid-
'mg. hypewamiiation and deep breathing exercises dur-
ing the study w illusmate the avtcnomic effects of such
respiratory dysthythmias in normai individuais of their
age group. N

Subjects, Material and Methods

2]

Subject

w33

Seven gisis 'with RS aged +-i< - means, +3EM:
3.8+1.+ vears and nine normal and eaitny 2irls aged
5-12 vears 9+0.5 vears were recouited inte the smudy
with the approval of the loeal Sdiics Commumes, Cther
‘amily members remained with e zifis Srcughout the

sively using the Fihapres bioed opressure monitor (Oh-
meda. Eagleswood, USA). Tae Finapres pitotopiethys-
mograghic cuff was applied on one iinger from whers
continuous digital ‘artariai BP wave forms was obtined
for the calculation of the various bear-to-beat BPs. As
sympathe:ic activicy is closely teiared to the mean arte-
gal BP (14), it was monitored indirecdy. condnuousiy

and non-invasively using the mean 3P reading from the
Finapras™ .

A continuous measure of sardiac vagal tore {CVT
was monitorad in real dme tom the ECG signais using
1 modification of the princigies dascrited by Jule (9%
and now imgplemented in the NeuroScope iPentopridan.
Cocenhagea. Denmark). To uncdesstand how we
guandfy nerve impuises in the vagus nerve nen-inva-
sively, 'wve must first apprecintz thae chese impuises ars
integrated. or addad up in the sinc-acial ncde and tend
o affect e hears periods teat-dy-beat. Work '::y Ec'.\'-

terg 137 showed that parorscegror sdmuiacen oV
suction had the maximum eff2cr on e >mc--:~a: acce
1SA-ncde; whan the sdmuius 'was sppiied in svnchrony

~nn
[oTé s

.....
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when conpared wth the age matched control s,

was not statistically
Mai nt enggsdsRbzgrean ar
of synpathetic activit
continuously in a

rest and nor- -

t hat the

significant.

but this

terial bood pressure (indirect essnent
y) The nean arterial BPs rré’%‘é‘?“e’&"’gf"sz
heal ThY7 gt rl and one with RS during qui et
mal breathing are shown in Fig. 4a to illustrate
heart rate (HR) frequently

responded to |limt |arge varl,i;o%}ui on in mean BP in the healthy girl but not
F.un.cdt;nal evidence of brain stem imn@tw upfg@s'?ndxgjw ITE,‘aIl BPs duri ng

in RS. The

quiet TESTTIM arr tne
Wi th RBdahe efaidpaf 6idod

cOorn-

ito FtheOgread Besseik ;-
sure. Gherhast refetal

war ds $aBwEpe ‘é"é'ﬁcgﬁsgﬁ

contr ol‘;%“

cont r otagd anthe G @ 7
rfo BF’é“"F‘?T“‘cH‘.F’%'S‘
s

s N AR et S o

stimulus and this delay could be measured in the ECG
P-P intervals (3). The delay in the onset of cardiac peri-
ods caused by barorecsptor stimuladon is mediate
through vagal tone (3). Sincs blood is gjected into the
arteries in every cardiac cycle with enough soengdy to
sdmulate the baroreceptors. there is quantfiable pulse
synchronised fast alterarions in R-R intervals which is
measured continuously by the NeuroScope. A scale of
vagal tone knowir as the linear vagal scale (LVS) has
besn derived with the help of awopine for use with
these fast alterations of R-R intervals (6). Sincs the
LVS was obuined using graded doses of aropine. there
is no further need of the use of atropine to prove that
the NeuroScope actually measures cardiac parasympa-
thedc acdvity each fime the machine is used on pa-
dents. The dose-response curve to aropinizadon ficed
the known pharmacophysiological relatdonships between
cacdiac vagal tone and atropine (5). The LVS will read
10 units in young adults in supine position and breath-
ing normal tidal volumes quiedy, and it will read zero
units in every person at full agopinizadon (6).

If we define the cardiac baroreflex sensidvity, which is
in fact the cardiac response to barorefiex (CRB), as the
increase in pulse intervals ger unit change in BP. we
can measure the CRB by quandfying cardiac cesponses
to ejecdon pressures in each cardiac cycle as ARR/AS
BP, whers ARR is the difference between present and
previous ECG R-R intervals and ASBP is the difference
berwesn systolic pressures in two cycles preceding the
current cardiac cycle. This method ts based on the cobser-
vagon by Eckberg (3) in which a brisk stimuiadon of
varoreceptors affected the period of the cardiac cycle im-
mediately following the simulus. Beat-to-beat ABPs are
measured using Finapres™, while the beat-to-beat ARRs
are obtained from consecutive R-R intervals measured by
the NeuroScope. These are then integrated into a single
miczocomputer which calculates the CRB (3).

Monitoring of respiration and autonomic functions
was carried out continuously for up fo two hours or un-
dl sufficient periods with guiet rest. hypervendiaton
and possibiy brzath bolding have been recorded in giris
with RS. The pedod of monitcring was shorer in
healthy conmol girls who were asked o perform the
treath hoiding, hypervendiaton and de2z breathing voi-
untagily after 30 min of quist baseline rzcords.

Data Presenradon and Analysis

Mean values of CVT, mean B?. anc respiratory ratas
measured during quiet rests in conceis wers comparsd

) tT oS audf;i—'rl_s
wiBRhoéltn 8k FithoS usii8 udpdRed SaldZnel -
RSis. Theatysamisachangtsing Sytongmie @metiohsOdur- .

ViR fesoRSFoqyhdyprhythmiasc ;
p given in the Resuits, Im-

| ﬂfu:ﬁ%?mg@ﬁ ‘resplcation or autonomic

function and differences between conwols and giris with
RS are qualitatively described in the Results.

e aspf=4d hime

Resuits
Baseline meduilary functions
Breathing rhythms

.The normal breathing pattems in controis and giris with .
RS are shown in Fig. 1 in which every inspiradon is in--
variably followed by expiraton. often without delay.
Such a normal breathing pattern was observed in every
girl with RS, but the periods at which they were sus-
tained uninterrupted by dyschythmias varied consider-
ably, lasting as short as 4 min in one girl or as long as
530 min in another within the 2 hour perod of our re-
cordings.

There were 9 different types of respiratory dysrhyth-
mias observed in the 7 giris with RS (Fig. 2). Each giri
had ac least 6 different types of dysthythmias with
usually one dominant type coming more oiten than the -~
rest. The common respiratory dysthythmias in the 7
girls with RS were breath holding, cenwal apnoea, rapid
shallow breathing, hypervendlaton. tachypnoea and
desp breathing (Fig. 2). Biot's breathing (Fig. 2) which
is periodic abrupt apnoea and equaily abrupt reguiar
breathing of equal depth in which both the apnoea and
the reguiar breathing have variable lengths, was ob-
served in only one girl with RS. Regular short breath
holds (Fig. 2) were seen in thres giris. Chevne-Stokes
breathing (Fig. 2} was observed in five giris and was
either unprovoked or following hypervendiadon or
breath hoiding. Cheyne-Stokss breathing {eilowing 2
long breath holding has net besn regoried in normal

A A ; A
Heatthy gin f\\ ,"‘-\ :,’ Y it l'\ A
[‘ A R A Y A
AR U AL N AR A N AW
! \/. N W ¥
]
-A _.\ A S a A -~
msewraticn | f) i it £ i
[ A2 G A A A
O O R L WV S R
N { l’ ~ ‘vl
Rett ginl ‘f ¢ ~

Fig. 1 Normai Srestung gattem in 1 2iis with R=2's synerome and
a healthy controi. The degths of 2reatiing ars 2qual ¢ iasgimsucns
are sharp and shert, winle 2xpuauens s searty bichasic
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Fig. 5 (a)

Conti nuous and si mul t aneous recordi ng of cardi ac vagal
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Fig.3 Averages of normal breathing sates in giris Rent's synerome

ind coneels, Tasre was aa satsticaily signifcant difarsncs Setxesn
them (p>0Q.2)

Breathing raze

Normal resing breathing rate vared benwesn i3-28
breaths/min in contwols and 16-3+ breaths/min in gris
with RS, The mean breathing rates in controls and in
girls with RS measured during normal breathing par-
tems in quiet resis are given in Fig. 3. Thers was a
wend towards higher breathing raes in giris with RS
when compared with the age matched conwels. but this
was not stutisgeaily significant.

Autonomic funcsion

Maintznonce of mean artedial diood pressure findirec:
assessment of sympathetic acdvicy)

The mean arzzrial BPs measured condnuousiv in a
nealthy giri and one with RS during quies rest and nor-
mai breathing ars shown in Fig. 4a to illuszate thar the
heart ratz (HR) feguenty responded to fimir large vasi-
ation in mean 3P in the heaithy giri but set in RS, The
averages of mean BPs during guies rest in 2l the gon-
zols and gzirls with RS are compared in FSig. 4b. The
3P vanied from 63~120 mmilz in conwois ind S0-3)
mmHz in gisis with RS. Therz was, thus, 1 =2nd o-
wards lowsr rasting mean BPs in gitls will RS whes
rompared with concols, dutr this was not statstealy

significanc 1Fig, <5:.

.'?.-.’S.'.’I!g faraiag vazlllong

i
!f‘
[
o
‘0
-
71
I
v
[#]
b

28w 1 s~
I3 ST

~1tiar oF mremmen,y m sl
Swel 98T Gunny oCt

A I Py, s s
o OUUsT]le ol B2

oty
(5 3. 3

SUBSTITUTE SHEET ( rule 26)



Fig. 4 (a) Continuous and simultaneous recording of heart rate (HR)
(CVT) and nmean arterial blood pressure (nean BP) in a girl wth
and ne al blood pressure (nean BP) in a girl wt

Rett'’ sagﬂ?gérjg (Rett) and a normal healthy girl (Normal ;}Cﬁﬁ?ﬂ; r@a

(Rett) and a normal healthy gir+ qfNernmal ) at rest and during CvT at R
encl osed within the vertical nlines in the normal girl nornal
breat hing are shown. A sharp dacraxeb,nncHRbrﬁtsxeﬁx%;&bhn&&dﬂ@oml n response to a
sharp rTseTh BP. DUl NO SUCH TeSpPoNses T the Rett vertrear prokemr—H-hes

tone

in the no | girR: wasybhdi€sponse to a brisk rise (gghk. Fi gures 5b
conpar esgo fAriages of the resting d,ggntabré in BP whift¥® was
successf ul e t® t he basel iond YA groups off
chi | drenq, . ek e Rett girls TkléYé are no such
responses h,J remai ned bel O Wl | e BRivedi ed bet ween

Ibwer than in controls ([ef

75- 45 I n ] p<0. 001) t he nor girl.

Fi gure &y conpar es theaaeyerages of ,BP insa Imeaeﬁ;s arftfor mal girls. Feere
was no sttisti c ni Ui er quCu .

| nt egr até M%{ w‘ory f3 N ALY a

Aut onom c-r esplo o Yhy'pler vent Iatlon t 64 GYi't | ar g&¥change€s |n e
arterialo P|nthe heal thy girl t8hot i RS, just what the HRdid [I'n Fig.
4a. It ' Lewshoms, /T ME Vesysises ™ of f'hg HR.CVT anggcoura pe Tieered
that theo mean arteri al BFime@)esenting

CVT. Figui® 5b conpares rages of CVT in.

aVv

synpat hgt i% activVity H?n i)

al | hyperventllatlon I n ahealthy girl in corrpéﬁ : trols and
girls with RS. Th T ficantly of a gin - heal t hy
girl was breathlnr"*ﬁ"?' nce in the reski nd @ th RS
quietly at 22 br s able to swi txNYi red with
t heir age nat cked diately to 6 brs asked to
hyperventil ateg lower in RS : s There
was a sharp i&er whi ch was i ms ( FIEoo
nmedi atel y coun, HR in resporge t WO
98/ 22020 s = - R —— S .
PCT/ GB97/ 032028 |i =t o 0 SN e 100 -
Eur opean Child & = gchiatry, Vol. 6. Suppg (8997) 8 ?
[err] Steinkopff Verlkag 1998 [err] = e =

&= ib) .2° 8

Contro

®) Fig.5 {a) Condnuous and simultaneous recording of cardisc vagai

tone (CVT) and mean arterial blood pressure (mean BP) in a gin with

Fig. 4 (a) Condnuous and simultaneous recording of hears race (HR)
and mean arerial blood pressure (mean BP) in a girl with Rer’s syn-
drome (Rett) and 2 normal healthy girl (Normal) at rest and during
nnrmalbmdnngmshown AshamdroanRuRmdunme
verrical broken lines in the normal gint was in cesponse to 2 brisk rise
in BP which was successfuily corrected back to the baseline level.
There are ne such r=sponses in the Reut girl, The BP in the Rent girl
remained below 70 mmig while BP varied between 75-85 mmHg in
the normal girl. Figure 4b compares the averages of B2 in all Rex
and normal girls, There was no swdsdeally significant differsace the
owo (p>0.1)

-

to limit large changes in mean arteial BP in the healthy
girl but not in RS, just what the HR did in Fig. 4a. It
could be inferred that the HR responded to the changes
in CVT. Figure 5b compares the averages of CVT in ail
conwols and giris with RS, There was a significantly
large differsnce in the resting CVT in girls with RS
when compared with their age matched conwois, the
CVT being 63% lower in RS than in contols
{p<0.001).

Rex’s syndrome (Ret) and 2 normal healthy girl (Nommal) dunngz
normal bm.nung are shown. There was 3 sustained high fevel of
CVT at R enclosed within the verdeal broken lines in the normal guri
in response to a sharp cise in BP. but no such tesponses in the Rett
girl. Figure 5b compares the averages of the resdng CVT in tres
groups of children. The level of CVT in the Rer giris was about
equal to 2 previously reported neonatal level (4) and significandy
iower than in conwols (*p<0.001)

Integrative medullary cardiorespiratory functions

Autonomic response to nyperventilation

Figure § shows the responses of the HR. CVT. and
mean arterial BP representing sympathede activity tw©©
hypervendiation in a healthy girl in comparison to that
of a girl with RS. The healthy giri was breathing
quiedy ar 22 breaths/min and was able to switch imme-
diateiy to 60 breaths/min when askad to hyperventilata.
There was a sharp increase in mean BP which was im-
mediately countered 5y 2 fall in HR in rasponse to an
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i ncrease in vagal tone (Fig. 6). This successfully con- Raised vagal tone
was mai nt ai ned t hroughout hyperven- trolled the blood pressure to within
the basal |evel and tilation and beyond in these healthy girls. Wile in

t he oncWO982302Pas achi eved, the HR was then restored to PET/GBI7TAR0N RS.
there was w t hdrawal of vagal tone at the the basal level in a V-shaped
manner (Fig 6). Vagal height of sy hetic activity creating severe

i mbal ance tone renmai ned el evated during the period of hypervend- between
the two cardi ac autonom c tones, synpathetic lation, but was withdrawn to
basel i ne | evel when the amsdepuacdd & Adibs@hl bsydnibiny, Vi@, sigpichctisen of al | t he
hyperventilation girl stopSd4efiea 8| ating, This was the pattern of
that lasted for nore than 15 s without interruption. activity in all the
nor nefie ™™ s during their vol unt ary, hy- Nsemslent i | atig |t Was evident that
t he heart and indeed the cardi ovascu arepSigst em s un S|Hn‘1creas 50Dar asym

Aut onomi c response to breath hol dLgn 0 wk
hyperventilation in these healt hy;ga ‘ ) % :

Figure 7 conpares exanpl es of the—rep 1St | gi 50F§ was
al so breathing quietly at 20 HR *gRB, CVI g 3 u_a

representing sym breaths/mn, a sheylar ratet \

be- pathetic activity in a normalg‘“g IB'W\
gradual ly and involuntarily start%d
hol ding. Healthy girls held their 3
from 20 to 60 breath vquntarll)i’dc s

breaths/min gradually in'15 s and itatook nearday the of the cardﬂ ovascul ar

syst em was prorrptly and appro- sane perl od for the breathi ng rat e,to decay

to endré ani‘?otng Hﬁg I s;doreng I medi_at el ff

crease. | s cess vagal tope mamtame ghout
hy per YGaDE i sf yﬁiﬁ% ﬁt% dibn G4 nh dse el @f“@h%ﬁﬁ ol di ng
i n al éncheasl \i‘tabyicﬂjﬁvéd Shei HR a!asSdthﬁ fefifred B t gltls vit§ RS merAAaagaJnmdumaeoflvsgar:aﬁs .
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rei nstated when breathing resumed= A8tdtng in RS was predi sposed to ringi ng-
and rebounds Vagal tone was vmt(pgjawn snoothly and was gently re- which is
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phase which piratory oscillator presgnit ] : i
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To- units in the LVS in RS was not only 63% lower than in consistent evidence to suggest that RS is a develoomen-

their healthy age group, but almost idendcal to the tal disorder characterised by neuronal immarurity or hy-
3.020.6 units in the LVS previously cepotted in awake poplasia aifectng largely the integrative functon of the
and quiet neonates two to three days old (+). This brain. Our results suggest that agitation and some of the
would suggest thar the resing CVT in RS did not pro- associated vocalisation in RS could be the result of un-
gress with age. it remained stagnant at the neonatal lev-  conuoiled sympathetic acdvity adsing from poor auto-
el. Sympathedc conwol of the HR and BP during breath nomic integradon. This is consistent with the character-
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tion of nedullary neurones and many of our observa- nography of the Rett
brain showed patterns simlar-to tions can be explained by imuaturity of
the medul l a ob- those in neonates. indicative of the imuature 7oattern of
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hypotension. ECG and echomogr.mhv were normal, as
were MRI of the brain and EEG. Becanse of the BP varia-
sion and history of aniridia, autopomic assessment was
requested. The padenr was on no medication thatr would
have-affacted aurohomie function.

Autonomic exzmingtion. The following auwsonomic
finecions were assessed: Cardiovascuiar reflexes ard car-
diac parasympatbede fanetion. Resung cardiac parasym-
pathede activity (CPA) was mesasuzed fom the anaiogue
ZCG using the NeuwroScope (Pontoppidar. Copenhagen,
Deamarik} in our autonomic laboratory. The NeuroScope
uantiSes the baroreflex-induced hearz rate (ER) fluccua.
Sons in units of a linear vagal scale that have been vaii.
dated uving awopine.? Further tests included massaging
the carorid xinus, a2 10-aee=nd. cycia of deep breathing, and
2 IV & Injecsion of (200 BE, boles dose). Arte-

ial BP:was tecorded ‘contingouily using the Finapres
{Ohmeda, Eagleswocd,), allowing us to measura the car-

ﬁ’ WA S e e R |
h,gwhersRRxsthechangemR

- intervai aur.ng
isometric exercise in association with 8 corresponding
change in SBP (BF;,,,y.) from baseline levels.s

BP response to Valsalva’s maneuver was assegsed while
the patient mainrained active intrathoracic pressure of 40

. mm Hg for 15 seconds. The four phases of BP response ané

the Vaisalva’'s rado in a continuovs recording wers used.
Sympachetic functons. Emotional sudomotor Suzetion
(EST) was assessed Tom the sympathesic gicn response in
the palms of the hands and soles of the fesc evaked by 2
single inspiratory zasp. Responses were recorded at a
sweep speed of 1 sec/division, sepsitivity of § mV/divisior,
high pass flter ac 20 Hz, and low pass Siter at 0.01 ==
Thermoregulatory vasomotor funczon (TVE) was as.
sessed using a four<channel laser Doppier fow meter.
Baselmahnbloodﬂnwwumeasmnm each l=b Sr 3
minares, then a cald challengs was appliad w0 oza Band
while recarding the skin blcod flow on the conmmiararai
limbs. The challenge involved 2-minuta imme:rsiors of the
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Hg agsociated with branycardza implying intact cardioin-
hinitfonr (figure 1). Changes in beat-to-beat HR recipro-
cated tie CP4, suggesting & causal refationship (see figure
1.

Sympathetic functons. DBP increased by 30.7 mm Hg
dorirgisomertie exercise (mormal rangs, 12 to 48 mm Eg).
HR increased by 25% of baseline guring the same exercise
fnormal range, 23 to 45%). The response of BP to Valsal-
va’s maneuver was consistant with a reducdon in venous
return. Of the two cutaneous sympathesic functions seszed,
thare was pormal ESF while TVF was absent in all four
lizxpbs,

Stabdility of blood pressure. BP stability was so poor
that it was oscllating at 0.1 Hz throughout the recording
(Sgure 2). The amplitude of oscillation inceased when the
pasianc stood up, but the frequency was unchanged. The
cocillatiocna were s0 obvious that Fomrier tranaform and
subsequent pawer spectral analysis were not necessary for
the elucidation.
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There are three main frequency bands in the beat-
to-beat variatien of BP apd HR if studied by power
spectral analysis in the time domain.f The high-
frequency peak is attribuied to respiratory actvity,
but the causes of mid- (0.07 to 0.14 Hz) and low-
(0.02 to 0.06 Hz) frequency variations are conirover-
sial.¥ A mathematical madel of neural regulation of
the cardiovascular system predicts a sympathetic
resonance phenomenon at 0.1 Hz,? also known as
Mayer waves.® This mid-frequency cardiovascular
variation has been attributed to baroreflex activity
and proposed as an index of baroreflex sensitivity.?
The cardiovascuiar oscillation in our patient is con-
sistent with a sympathetic resonance as predicted hy
the DeBoer model because its amplitude increased in
the unnght position when sympathetic ..ctw"f'y ig ex-
pected to increase. Because baroreflex activity di-
minishes on standing, it is unlikely to have caused
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synpat hetic functions tested, resonance phenonenon at 0.1 Hz,[err] also
known as there was normal ESF while TVF was absent in all four Mayer
waves.[err] This m d-frequency cardi ovascul ar |i nbs.

variation has been attributed to baroreflex activity Stability of blood
pressure. BP stability was so poor and proposed as an index of baroreflex
sensitivity.[err] that it was oscillating at 0.1 Hz throughout the

recordi ng The cardi ovascul ar oscillation in our patient is con- (figure
2). The anplitude of oscillation increased when the sistent with a

synpat heti c resonance as predicted by patient stood up, but the frequency
was unchanged. The t he DeBoer nodel because its anplitude increased in
oscillations were so obvious that Fourier transform and t he upright
position when synpathetic activity is ex- subsequent power spectral

anal ysis were not necessary for pected to increase. Because baroreflex

activity di- the elucidation.
m ni shes on standing, it is unlikely to have caused WO 98/ 22020
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conpri si ng: - s |*nput nmeans (9) for receiving an ECG signal

obtained froma patient; 5 0) detecti on neans (10) coupl ed
to said i nput for detecti ng S wavefornms in said ECG signal and

for al¢ NGhd IP&E@JQR%‘WE&@ ég_\ﬂégft I ve of the periods

bet ween consecutl ely receive wavef or c)
frequency dem&ﬂ%#ﬁfﬂms‘:%i&me‘izln1%nY1nreCEd;09 clai, wbérelizy coupl ed

to said d%@w&lﬁﬂbdﬁﬁﬁﬁy(ééﬁo&ﬁla@&ﬁ%ﬁh&ﬂhsnQoﬁﬁstEb”hﬂngﬁE xator
subst anti al l?'l‘é i n, real enera I ng a sl

cor r esponf© kst 49 rtetﬂfugc‘ffc%/e‘:tlon mean%g ?Sﬁlgi’-ﬁﬁaﬁallﬁ &P‘GQECG
si gBal , whengith milkses and a hxpmepassdfslgenl ahd dsidwt paBEOvi de said

measur e Off Yﬁ%@l coucpllsed seeﬁsaolnaetely to t:l%eI ﬁ?gagg?E{)%k? sai d frequency

denodul ati 6n neans ?f coupled to the
det ecti onrmeyt(lme)ly receiving ;an reeepywt ngf sahd fhkedrhengt htpd ses and a

hi gh passoutput of éﬂé t}?{?}( ?Qsé‘“f’lftéf"‘??ﬁ?%rébh féd( £3) oC :j'.g:gz',dw ng én

separat el y. i'nt eqgr at pect Ivefy
out put (1Y§)1t6‘93c f@r}trﬁ@g]r%i dscihlalRE prit2 of BRECRfghntegrator amaks

figper (1Ehebeiuftg)1.&9ltm athd QLaw fpdsé ﬂpie@gebemg couple@ntpokl ed

oscillator g:lﬂ) a secon :H ‘)5 and the output of
the | ow pSESORY & li-?f;&tc‘g‘%l%%ﬂ 3gor, thg 9“58&‘6ﬁd°\foltth@g
ControlIedamdndddﬂﬁmrdﬂiﬁecdﬂ&avoltage comﬂf@hlédOBSbh&l&@b&sand first

second vol, gu%ﬁd% reﬁpect:hvé)sfﬁ @éokr) gl?]ia}méFBg}hgg&%&Fpl ed to

respecti ve in npar at of generate
at its arrangedhiqpEeneratmat mm cutpet ot shgnphasaddratdvencd 30

begyeen 1 hgel Whddh Wi S between thé- twopgﬂggetgigﬁﬁlgla'”Ed in claim

1 wherein_the detection neans is arran are received
portions 8-  APpPargtuyfi@sdainftingalatt 32 ¢ GFéélneﬁaéé‘t &dreRs wavef orm
(or portiandt keienid ,nttszagzcéam:ré Yhawena at LIRS €6ABL &Nt Betwedn 1.0 fecei ved.

3. Appar at Qs & scelc%'n@d | tchaat nt]-.l%e ocgu&l)&tl:g cz:fm@ﬁe %1rst and
second voltage controlled osc1llators are substantially

20 in phase. _

9. Apparatus as claimed in claim 7 or claim 8 wherein
the output from the phase comparator is coupled to a
third integrator, which has a time constant selected from
the range 1.0 to 2.5 seconds.

25 10. Apparatus as clalmed in claim 9 wherein a pre-set DC
bias is added to the output of the thlrd integrator to
ensure that the resulting summed 51gnal always exceeds
Zero.

11. Apparatus as claimed in any preceding claim

30 including a filter coupled to the frequency demodulation
means for filtering the frequency modulating signal to
remove noise and other unwanted signal components.

12. Apparatus as claimed in any preceding claim wherein
the apparatus includes signal processing means for

35 converting the modulating signél into é linear vagal
scale (LVS).

13. Apparatus for measurlng vagal tone from an ECG
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-107- 5 said timng signal nce of fixed Iength
pul ses which are generated upon recG!mﬂm mm;ﬂmr ef
4, Appa?vzﬂ?féz 90 claimed in any one B in the

frequency denodul ation neans is a frequency di scri m nat or
conprising a differentiator in seriesi&h an envel ope detector.
5. Apparatus as clained in any one of clains 1 to 3 wherein the

frequency ¥eRRBdiagi BA Fean3bp¥eafiKgseaspect of thecmxesesdp (PLL)
I ncor por atifgest ¥6ht ageceapinathiod mthSE:cc; rezordidiPmda¥e) Sipgtantially

tuned to the nom nal, constant hearf{ ra 1 Apparatus as
clai med i PRPEFAFESWARVERE BhelRB ng‘la‘“""us coupleq £o, the QURIMSE of 't he
VCO i s presie¢ BCGi sederdingnedans. by sweeping the VCO frequency -

achfsratSHitaQASpégggﬁs as291a1Pgatih 3159%3&3 8%%&.dﬁﬁ tébéhe nonlnm

hea i thé recCeive 7.
Appar at us @sc@r@ingdmeananynp vdesgi adeckxoderndoa mattachment txaitthdir st

and secondydif £¢ 4R Sakplirilksnabe prbliRplicy ing KT A adet ween 1.0

and 2.5 seconds so he out put second
vol tage cdHt¥ ofPeliegdchn applified Slgnal( s, SPG)d FHPWumeaRtially in

phase 15. A rsechéapﬂbgt y‘fro&id@h | aednea@u&@yo&r%gélnctdﬂealﬁ&dmerel n
output f t he ﬁﬁg g g arah g I's qoupl l ed t.0 a tgg rd integrator
g) whlcaff1 EEFRESEOnsT] E‘Peranéﬁ‘ PatisRthdRSinge 1.0 to

2 5 secondsethod compri8ingAppheastepasofl:aimed in claim8 mhereln a

pre-set DO getectPhgSths aegagrgﬂcghsf%k%%a efto%\ﬁt RdBgs at or
(18) ) o ensur at t resulting sumre mays exceeds
zero. Fignalp. Apparatus as clainmed in any precedlng claim -«

i ncluding a fll @ﬁefaaphgdatelﬁ\mﬁgf rsggaaucm@q@&@tiw i the time MEBANS
for filterin e frequenc% nodul a renove noi se and
ot Ret unwaf i BREVEEBNE ﬂ@ﬁFEtlve ze elde RESamVEEFDA ai ned in any

precedi ng cl ai nExbsguehoy deﬁﬁdulatﬁ.hg sppdr aiudngnelidaesd sirgnedalprocessing

U‘;ng gggl)t‘élrge to obtain gog i'ﬂgyt n:%dgﬁg%ri%tnedsi%in%&al wlhréatroefnl | near

said modulation 51gna1 is used to provide said measure of
. * ..vagal tone. |
20 *.-".-16. A method as claimed in claim 15 wherein the method
o comprises the further step of filtering the ECG, the
timing signal, or the modulation signal to remove low
frequency components. ’
17. A method as claimed in claim 16 whereln the
25 frequency demodulating step comprises integrating the
generated pulse seguence, and separately high pass and
low pass filtering in parallél paths the integrated
signal, said high pass filtered signal then being
integiated and the resulting integrated signal used to
30 frequency modulate a first carrier signal, and said low
pass filtered signal being separately used to frequency
modulate a second carrier signal, the phase differences
between the first and second modulated carrier signals
being used to generate an output signal proportional to
35 the phase differences between said input signals.
18. Apparatus as claimed in any one of claims 1 to 14
for use 1n dlagn051ng sponglform encephalopathies in a
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-108- 5 (LVS). 12. Apparatus for nmeasuring vagal tone
from an Wgrs2020 claimed in any preceding cl ai mi recageByxBstozon with
ECG recordi ng nmeans, said appar atus having an input neans :
coupled to the output of the ECG reca q)lgng nmeans. 10 13. Apparatus
as claimed in cl ai m 12 V\,her ein the ECé recordi ng neans incl udes
el ect rode?;x Qeibse . patient and anplifiers for
pre-anpl i ylng e recor de ECGto feed an anplified signal to
sai d i nputlSearfiPparatus as qlhaimefeiRo@NYoPnpr OF glagms ﬁeé‘—wﬂé of vagal

tone fromfor Ise 1n3@1£§&)§fﬁ r%d;ﬁéogpang%a&moen@ the
met hod co tectl ng t currence of

I si ng{‘1 t.he st;pg 1
QRS vavef aci :Ltag?,agaplagnosn.s of °Vln§‘enerat| ng timng
sigsals i mi:cmgiﬂmrrmf (BM) ten‘e«apha]zepathpeﬁ.nodaheuweIthféolﬁmdd vely
received Q3. Wse{&r,rrs frequency denodul ating said timng
signal in R time.to obtain a frequency nodul ati on signal,
wher ei n measuy thantlue avagal stgnal of saussbbiectpcow e iswey tieeasure of
vagal ton‘?nethoc?%f the aboveé!tR{LAJ2ERECECGE Lhe F'r@s%glts'-gnal or the
nodul ation signal to remove |ow frequency conponents;
wher ei n t REViSIHGk@hcy denodul ating step conpri ses integrating the

gener at ed pul S%W,t@@dﬂégﬁf%e{rdgaﬂ.gﬁoﬁés SgBRthgtoWHRaSmddl tering
rated signal, “said high pass filtered

in parall aths the

si gnal S‘r‘?rp exPeCte%e$9r5 ?n?%ﬁiﬁggdca}‘fd Bh resul ting integrated signal
used pm«fickmgrmy imdiitat ton berhecdmffetresﬂc@naaletm sai d

| ow pass f. gg@l i epar used uency
nodul at e gﬂséegcir)vﬁg %%1 e?&)?ll'%%f E?hégg é‘s:eEﬁ t§§ dlagnfofselflgnc S between
the first B§H second nodul at ed carrier signals being used to
generate an out put signal ' proportional to the phase differences

bet ween sai d i nput signal s. | THIS SHEET HAS BEEN
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