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INTRODUCTION .

The importance of cerebrs-—vascular changes,accompa-—
nying cerabral edema , has been widely recognizoed. For the
observation of these changes, a subtle method allowing con-
tinuous registration was thought to be most appropriate and
the concentrated effort of many was directed to develop
such a method. This method should at the some timo be entirely
harmless and by itself should not influsnce cerebral hemo-
dynamics. While serial angiography ( in olinical medicine)
cortainly allows in certain instances to diagnose l.w:lized
( eeg. tomporal lobe ) odoma, it by itself changos corebral
homodynamios wonough to caugo tomporary clinical manifonta-
tions whioh - it ip gonerally asosumed = aro duo to theowoe
influencos on the vasoular changou.

'o upproach thu goul of w muthod such au way roforroed
to0 above various invostipatoru followod soveral linew of
ptudios. Soun after tho first prolimingry rooultus ef tho
rroejoct on Rhuooncephalopraphy - initiated by thu prin-
cipal investigator about a docando ngo =~ wero obtainod,
it was {'eli, that thgggugggulta peintoed to a promiuving
lino of investigations, which woro at st timo thought to be
vory promising . In fnct, tho results obtainod ovor the
yoars not only fulfilled tho hopes and promiseo of theo
early stops of the dovelopmont of this tochniquo, but
surpassed all hopeful thoughts in providing records
al the occaslion of expwrimental and clinical investi-
gations ., ‘.hich prooved lhut thils moethod v
applicable to any problem of cercbral hemodynamics.

This method represents an indirect, electrical
method using the known fact of changing electrical
resistance ( impedance ) to alternating current

with circulatory events. Using various frecuencies



and varying circuit < - 1wz, several authors gave various
names to technicues destined to allow the observation of
changes in hemodynamics of sevaral parts of the body on a

long term basia, i.e. continuously. In studying these attempts
it soon became evident to the principal investigator that a
standardization was urgently needed to achicve a base line for
comparison. Applying the investigations of theoretical
physicists to the probler at hand, an apparatus was selacted
and with minor changes adaptc .o allow the apnlication to

the projcct of following cervbro-vascular changes continuocusly.
Two spocially adaptod Whoatstono bridge arrangemcents woere

usod togothor with olvuctronically arrivod at derivatives to
prosent rccords which had to bo tested for: consistoncy,
roproducoability, applicability te problems of intracorcbral
in contrust to ovur-allecranial ( intra and extrao-cranialt)
ciroulation. All thowo cuvsbtions havo boon nelved and answorod
conclunivoly in faver of thu rhoouncouphalographic tochniouo

( nbbreviatod ap KRG ). Various known im iuoncon on tho
oorabral olreulation hod Loeon ptudied by HBEG and 1t could bo
shown that tho opurativu procudure of a trophinaiion did not
altor the rosord oblained( sou  FIR/R+D311 ). Production of
uvxperdmental . orebral oduma ( localired ) by mor. thai one
mothod to comparo 1ho of'tuctas of procedurcs from the RECG -

and of courso nlso higtological nide had boon porior..ud

and tho rooults ccpiled tabulary and pictorially ( suo
FTR/I+D 447 ) toguthor with synchronously recc. ling blood
prog:sures .

Theoe studies together with the elinical testing of the
mothod as well as application to some very important aspects
¢. diagnostic medicine ( such as the differentiation of
cersbral cuntusion from cerebral compression of all forms,
harmleas procedure to rule out or confirm objectively any
postop.hemorrhage after a craniotomy ( if suspected on clinical

grounds ) where one might hesitate to perform angiography;



simple diagnostic help in cases of cases of a.-v. shunts
in cerebro ; carotie occlusion ; aduitional diagnostic
help in cases of ceretro-vascular insufficiency and the
like ) -~ all these resulis could only confirm very
validly the opinion held at the beginiing that there

is a method at our disposal from which we may expect
some solution of experimental,as well as clinical prob-
lums unsolved so far. But we must invest intensive work
and study to this method . ‘hat investigations of REG
is not waste of tim¢ and onergy was proven by results
obtainud so far.

Application of the REG to the study of vascular
factors of corcbral edems has yicldod some intoresting
rosults from a very general point of view. Onc of thon
has boen spocial:y strossed and roported aam part III
of PTR/R+D 447. Others will be louched in this FER.

The apparestus used has behaved very well, but tho one
problom of eliminuting manual control ,which suoms most
important a feoature to tho principal investigator ,

could not bo solved satisfactorily. Tho veory simple
climination of oquilibration of the Wheatstono Bridgou by
vory carefully balancing the bridgos at a corinin mid-
point, as appoarantly is tho casu with suvoral aparatuo
available commorcially , docu not suvcm tho solution

of choice. Tho importancc of obtaining an oxact balancoe
of the bridges should not bc¢ underestimated and can not

be ovoerostimated. Scveral otherwisc guite seriaus mindcd
persons,known to tho principal investigator , could

not arrive at satisfactory recordings ( nothing to say of
the rplevant clinical and experimental proofs only ob-
tainablc by ap-roprirtely rccorded tracings ) only because

of "grossly underbalancing " their bridges.



In this connection bricf mention must be made of the
peneral impression, the principal investigator had while
attending the Winter Mcoting of the European EEG- Societies.
There, a whole day was dedicated to discussions of REG.

One group of authors caningf};ggir nclethod (which entirely
deviates in principle and results?? Rheography I1 was
presenting some preliminary resulis. These results wese
questioned by a well known French neurophysiologist and

this scientist also could point out some misconcoptions

behind the basis of this method. The basis of this mcthod is
picking up differvntial potentiasls from the scalp with separate
electrodes while the curient carrying electrodes are placed
bitemporally. This alrcady shows that tho name Rheography

is not apnlicable to the method . The principal investi-

gator - at a time - suggCutod tho name"Differcntial
Potontiometrytor " Dif{c¢rential Potontiogram” to this

othor mothod. Af'ter looking at various experimontal and
clinical REG~tracings, this s:.me Frcach ncurophysiologist
entirely backed thc thooretical principle and concopt

of Rheoencephalography as uscd in this study. A great num-

ber of visiting Neurosurgeons, Internists and other specialisis
from practically ali over the world could obscvrve the
reproduceability and steady performance, as well as application
to0 some critical clinical problems while trying to

familiarize themselves with Rheocncephalography. In con-

trast to this, it is known to the principal investigator,

that onc publication on the so-called Rheography II in the
English language contains a statement entirely wrong.

Returning to the REG, and the statement on the last
missing link irn observations of experimental cercbral edema
and REG (s FTR/R+D 447,pg 4,paragraph 3 of I),these
studies were continued and results of all methods used



wsre compared in all possible aspects. The section on Abstracts
of Results now following will give an outline of the results
and steps »f investigation as carried out during this reporting
poriod. Next,*there will follow the presentation of the re-
sulta,followed by & scction on discussion of the results.

An administrative note and an appendix,containing (A) tabulary
and (B) pictorial matter concludes this report.

ABSTRACT of RESULTS.,

During the reporting period (March 1 «'62 - Sept.30,1963;
actual period sco under Adminisirative Note ) 268 animal oxperi-
mcnts wore performed, 43 control runs werc made for which 79
animals were used. All animals had to be sacrificod. The mammer
of anassthesia was, as usual, with intraperitonoal Paentothal,

50 mg/kg of body weight. Thure was onc anaethotic doath.

Tho animals were grouped according to the type of oxperimunt
planned. During tho firrt 3 ruartors of the reporting period,
gomo animals were used for more than one (somctimcs 4 ) studies,
during the last cuarter, most animals - duo to the type of
expcrimont - could only be used for one oxperiment.

After a sufiiciently large number of experimonts using
the sudden decompression tociinigue of producing oxporimental
cervbral edema, the technique of tumporary occlusion of the
carotid artery, thought to be the most physiolosgical onc ,
was extensively stuii:d. Two weys of proparing the animal
(sce under results) werc cxccutcds This mcthod of pruduction of
cercbral edema led to partial or complcie occlusion of the

respective carotid artery in 7 animals. REG-evidende of this

is shown.



Respirations were occasionally recorded synchronously.
Thrue dogs were used for CSF-pressure studies. No appearent
change of CSF-pressure with any one of the three relevant
mcthods of production of cerebral edoma was observed.

Setting the resistive and capacitive parameters of
the REG-adjusting and equilibrigzing instruments %o average
valuegs did not produce reproduceable tracings, on the con-
traryy even though the dif- vrences of resisitive and capaci-~
tive smettings of the apparatus do not vary extcnsively
from animal to animal, it became app.drant, that cven
small changos of setting chang the tracings rather markedly.
It was observed, that thuse changes are not as markced in
human subjects, uat difforunces are present also therc.

Finally, the specicl obscrvation (s.: FTR/R+D44T)

was amendced by pressurc siudics.

PRESENTATION of RESULTS.

To supplement the number of expcrimonts for pro-
duction of corebral edema , temporary occlusion of one
carotid artery was usod as the third method. Besides,
the number of exggmunts testing tho effect of drugs
(injccted or inhaled) on REG before and aftur the

qudden deflation tochnicue of producing cercbral c¢dema
was prought to a numbor comparable with thc previous

method.
Two methods of preparing the carotid artery for

intracarotid injections ir case of te<ting the tempo-

rar occlusion method on jts ¢ffcect were uscd. In one



a branch of the carotid artery was approached, a catheter
inserted against the direction of thc stream of blood and
tied securcly in places but in a way, that the catheter did
not obstruct the lumen of the carotid artery. Then only,
the control-REG was registered and temporary occlusion was
seffectdd under continous REG-~control. In s~ siral instances,
surgical approach to the carotid artery, clamping(temporary)
and closure of the wound was done one or more days prior to
inserting the catheter into a breaj.e, of the carotid. At
the ¢nd of the experimcnt, the small branch was ligeted,
and the carotid was loft undisturbod. The animal was ready
for another oxperimunt without intracarotid injection.

The obsurvation of partial or completo obstruction
of a carotid artcry aftor this procedure of temporary
occlusion in several animals made the obsurvations on
otacr than intracarotid application of drugs invalid in
thuso animals bucausu of the carotid occlusion. Whurn there
was no '{EG-uvidonce of obstruction, no such occlusion was
t'ound on nutopsy of the animpl. Howover, for a reputition of
thoosu studics, dono on animals with beginning carotid
obstruction, no chancc of obtaining anothur obstruction was
takon. Instead of cannul~ting a branch of thc carotid, the
controll -REG was rccorded ftor surgical exposure of the
carotid artery. Next, the temporary occlusion of the artery
was uscd to split the wall of thu artery longitudinally
and insurt a T-typed tiny tube with a catheter of relatively
large size attached to the frec end. Tying the T-tubc in place
was offected in luss thah 1o svconds. Now, the temporary obstruction
of the blood flow through the carotid artery was removed and during
ell this timc, REG-~tracings werc taken. With this tecitnioue,
each animal could only be used once ,but intracarotid
injections {or other applications of drugs) could be conm~
bincd with intracarotid arterial pressurc recordings, due

to the now very much larger lumen of the catheter.



As evidence for the occurence of carotid obstruction,
figures 1,2 and 3 are shown.

From the testing of various injections or inhalations(Né,fig.B)
to observe changes in cerebral hemodynamics following ex-
perimental cersehral edema as compared to the same tests
without one-sided edema, seversal erumules are given as
figures 4 (i.v.injection of v &feins, also evidence of
lowering of blood pressure without changes in REG),

5 (n-adrenaline, intra-carotid injection) and 6 (i.v.
injection of aminophylline, after oxper.edema, also an
exarple of decreasing REG-amplitude with falling blood
pressure}. Results were similar to or identical with
the two other prooedures used to obtain unilateral
carebral edema. A tabulary summary of all three
methods is given in Appondix (4).

Only with caffein and aminophylline the results were
somewhat diffsrent than with the two other methods of
production of experimental cerebral edema and this is shown in
figures and will le discussed in the next section.

Another figure shows the composite figuration of pressure
recordings in supplement of the special obsaervation

referred to esrlier. Several drugs were tested and ths

optimal effect of an experimental dug, having no effect

neither on pressurs nor REG in a contral injection

is shown heve as it concerns the pressure. This seems justified
because the drug mentioned in ihe earlier report dces have

no iiEG, but an averayg : pressure efiect o1 control runs which
does not seem insignificant.

Alsc in the tabulary survey of Appendix (A), the
experimental average of those settings is given, which
were observed to occur most frecuenily in adjusting the
rheograph ( resistive asgell as capacitive settings of

dials). 48 it was already mentioned earlier, taking these
values as presetting on a number of experiments did not

produce tracings identical with the individual setting.



It is held important that each adjustment of the bridges

is individually done to provide conditions for comparison

because of reproduceability which is achieved then. The
implications of this have already been mentioned: it is

the nedessity of having automatic ecuilibration rather than
ontimal balancing in the construction of the tridges with-

out the possibility to ccuilibrize . Therefore, the necessity
for automatic couilibration is stressed. It is not held necessarg

to produee iracings for this argument.

DISCUSSION of RESTUILTS.

The resulis of the experimental production of
cerobral edema by threc differcnt methods, as pre-
gsented in summary in Aprendix (A) and the rosults of
various tosting bcfore and after the production of
expurimental cerebral edema by the named three methods
as presentad again in dppendix (A) speak for thomselves.
No further elaboration is necessary. There arc no
criteria which allow from rogistralion alone without
a control run to specify the ocourence of corebral
edema. But in certain instances, with a control run,
the suspected presence of cerebral adema may be
supnorfed. Without other indications, the presence of
or coming about of cercbral edema may be. suspected.
Various tests, those most reliable indicated by an asteric
in the tables of Appendix (A), may be used to substantiate
the presence of corebral eduma. Clinical implications
of this finding , which have not becen touched in this
report, could be cited and would certainly substantiate
the validity of projecting the results of this experimental
study on human.. pathological states. Of course, no normal

persons h~ve been subjected to edema - producing manoeuvers.



The only point that is to be mentioned here is the
difference in reaction shown to the tesi injection of
caffein and aminophylline with the third method of produc-
tion of experimental cerebral edema; temporary occlusion
of the carotid artery. The only explanation on hand would
seum to be that caffein either dilates or constricts the
vessols depending on(apparently) the vegetative state of
the vessels at the start of the experiment. In partially
stimulating the oarotid plexuses with  instrumentas.:
while temporary occluding the artery may rest the mechanism
which causes the different reaction as is shown in the
tabulation of Appendix (A), The same explasation may well
hold for the reaction of REG to aminophylline, of which
the direct action on cercbral vessels and on general systemic
blood pressur¢ aro somewhat in contrast to each other.

The other point which must be mentioned in this discussion
is the alm ady montioncd discrepancy in the tracings obiained
with nverage selbiings of the bridge and initial ecuillbration
at the start of sach exporiment. Since the automation is
of prime concurn to ihe principal invesiigator, <ven though
the manufacturcr of the instrument denied the possibility to
have automation of the equilibration trucly contained in a
rcasonably small apparatus, thc opinion of three physicists
and theorotical eloctronics cnginecrs(not in business) was
obtained sevparatcly from each other. In the opinion of these
sorious poeople, there should be a possibility to incorporate
true scuilibration( fully automatic)with miniaturization in
an arrangcment that ecuals the circuit of the machine used.
There also should be the possibility to automatize the evalu-
ation of tracing . in on¢ or the other more important point
aiter antomatic balance is achicyed: this was the answer of
one of the thre persons to the specific cuvstion of the
principal invesligator.

It therefore scems that the basic concept and the
future development, as secn by the principal investigator

are basicaliy sound and attainablc.



ADMINISTRATIVE NOTE .

There occured no changes in personnel during the reporting
period. There were no changes in any policies by the contractor.
The research group consisted of the principal investigator,
who during this reporting period was appointed to "Dozent" of
this University and acclaimed a member of the"International
College of Surgeons", Austrian Chapter. a physician; a chemist
(Ph.D.); a laboratory technician and a secretary. For this
project, the members of the group spent a total of just
over $.400 manhours to pe:form 268 animal experiments and
43 control runs: For tkis number of experiments$ 79 animals
wpre used. All this ammounted to 8o % of the contract expenses.
Other costs included: recording paper, drugs,animal food and
the usual laboratory and office expenses ( 9% ),depreciation of
couip,ent (EEGeapparatus: 8 % ) and various repairs (including
part of cost of pressure recording channel repair: 3 % ).

The contract was supposed to require the onset of work on
March 1,1962. dJue to essential adjustments of the working site,
postponement of thias date could be obtained and the contract was
accordingly amended. Work began on July 1,1962. During the third
quarter of the working puriod; the pressure channel began to per-—
form badly and amplification decreased to a point, where work
with this essential part had to be interrupted. According to the
advice obtained, the¢ studics were interrupted until the channel
was successfully repaired and controls indicated the proper per-
formance. This led to another 3-months delay of the progress of the
piojoct and the reporting period of the last cuarter was July 1
to September 30,1963. ( instead of April-Jure of the same year).
During the three-months interruption from fpril to end of June,
only animal experiments without pressure recording were
done during the first three wecks of April and ciscontinucd until

the pressure channel was cbtained tack during the third week of



June. During the last week of June, the extersive testing of
the repaired channel wns carried out., In the meantime, calcu-
lations of REG-settings for resislive and capacitive values
were obtained to make use of #hesc’.:data:"- . - during an
interval during which morc time for this was available than
when animal experiments were carried out.

Papers having sppeared ir print or being ir various stages
of printing or preparetion are:

Influence of experimental ccrebral compression on ceribral
circulation (Die Bewinflussung der Hirndurchblutung durch
cxperimentella Compressio Cerebri; Klin.Med.18:187-193,1963.
In German. English abastraction obviously not nccessary,
because it is an elaboration and extension of work presented
in Washington ,D.C. 2 yrs ago. After a paper presented almost
1 aad 3/4 of a year ago a2t a Mceting of the &strian Surgical
Asséoiations)

Cercbral fluid enzymc studies in closed head injuries.(Printed

The diagnosis and treatment o? if racra%gl{ g§_§§ort agstract)

An adjuvant in the early diagnosis of cerebralarteriosclerosis:
The Rheoebcephilogram.

Naturc end Therapy of Closzd Head Injuries (clinical paper).
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The influence of test procedures (injections or ihhalations) and their
modification bty experimental cerebral urnilateral edema,as produced ty
three varied technicues is shown in table 1.

Testisubs .ahce % intracarotid rapid de~ temporary
used r injection of flation carotid

9 HQO technique occlusion
Ace;ylcholine *a - a T _a ST 0T P
Adrenaline c a a e
fminophyliine ¢ e e e(intracarotid:a)
caffeine d/c a a e
Frgotamine tart. ¢ e e e
n—~adrenaline ¢ a a afe
Papaverine d a a a
Joduron 7o % d(aft.inj) e/a e/a c/a
Pentothal a @ Q e
Anyl nitrite® @ a a a
€O, d a a a
N5 d a a a

d~dilates, c—constricts vessels,e-eguivocal effect. a-resp. augmented.

% indicates most reliable for
evaluation of tcndency to edema .

The settings for capacitance and resistance varied within certain
limits. The limits and the values esncountered most often are given

a ared possible easil see text for,application, underidiscussion) .
Agggimal galues. For co%pgrison, under (P??... valldes for patgents. )

Settings for upper limit lower limit most commom
Resistance (Obm) A 360 200 250
(P 210 120 150 )
Capacitance (nF) L 50 ioo0 To

(p 15 To 30 and 5¢)



FIG.1. 4nimal T0-17,check (A). Production of cerebral edema by tempo—
rary oc=iusion of right careotid artery. Control rvcord before pro-—
cedure. left half of figurc..paper specd 15 mm/sec;right half of
figure..loo mm/sec.There is only a minimum of diffcrence between
the tracings of the REG of the two sides.

BIG.2. Animal TO-17, check (B). 12 hours after temporary occlusion of
right carotid artery. The two paper-spueds are reproduced here as
in figure one. ~ Note the muck higher amplitude and muck steeper
inclination of the tracing of the right side as compared to the
one on the left side. Lower pulse frequency than in fig.one.

FIG.3. Animal TO-17,check {C). Control record 36 kours after experi-
mcntal production of cerebral edema by temporary occlusion of right
carotid artery. On the slow itracing, it apnears, as if the recora
had only returned to about pre-occlusion level (compare with fig.
one). Cn the fast strip however, it becomes evidcentip that there
is yet another marked change tetiween the two sides (R and L ),
which has taken place. The perfect temporary coincidence of the
first peaks ,present in fig.1l and 2 has disappeared and it is
very noticeable that the peak of record R appears much later
than the one of record? L, This difierence was measurcable as
just over 0,04 sec. This is an example of a record as seen with
vascular occlusion on the side of the later pcak.

FIG.4., Animal TO-19. Record after temporaray occlusion of left carotid
artery for lo seconds and i.v.iujrction of caffeine (o,1/kg) with
no REG-effect and short decreas. of blood pressurc as effect of
caffeinc. Reproduction of continuous record. The difference in
amplitude betwe:n R and L (L higher than right) is due to the
production of experimental cercbral edema 20 hours before this
recording was taken.

FIG.5. Animal T0-6/13. Record to show eff.ct of intracarctld injection
of n~adrenaline on REG after unilateial cercbral edema has becn
produced. Thig same injection does rot influence neither BP nor
REG in the cbntrol animal (dose: 0,00005 and 0,000l ‘kg intracaro-
tideally). 48 hours after temporaray occlusion of l¢ft carotid
artery, (A is control) injection of 0,000l n-adrenaline /kg prog
duced (B: 1 minute after injection) dccrease in amplitude of REG
both on the injected and the other side,may te somewhat more so
on sidc nol subjected to temporary occlusion of carotid. lo minutes
after injection (record C) pre-injection level is rc-established.
Under this dose, there is no plood pressure reaction as scern in the
femoral artery.Compare with fig.7.

FI G.6. fnimal AD—3/35. Recorded after exp.cerebral edema was produced by
rapid dcflation method, on =ght side. Effect on REG(control:A)
and BP of i.v.injection of aminophyliine(3o sec. after inject.:B)
and return to normal (zlmost )pressure after 2 minutes(C). Paper
speed: h..loo mm/sec, 3 and C.. 30 mm/sec.



FIG‘Ttemﬁ%%%%§ Egaﬁéééanléfd%%é Tg}%rcggé i nég%éry?sasgggﬁgfed to
REG~tracing had persisted for 5 days. At this point, z tempc-
rary occiusion of the right carotid artery was executed and
the record (A) is presentud. 4s usual for experimental cerebral
cdema, smplitude and may be also a bit the inclination is higher
on the experimental—edema widec. Paper spced: loo mm/sec. 2 days
after temporary occlusion; this rccord was taken and followed by
intracarotid(right - sided ) injection of o,00cl n-adrenaline.
Effecct of decrease in amplitude (B) well established, more so
on injected side, Buit also on other side. 20 mir.later; pre-
irnjection level of GEG is re-established. Compare with fig. 5.

FIG.3. fnimal 2C-21 (N-4). 24 kours after temporary occlusicn of left
carotid artery, this tracing before(i),3 min.after (B) and 4 min.
after (C) ruspiration of pure ritrogene (via funnel) in an open
system without th¢ removal of exspired CO, was rccorded.The
effect on FEG recorded is thercfore duc t6 either only N,or
the combined eflfect of N,and CC,. The lat¢ meximum andthe relative
fast peturn to almost pre-inkelation-level was more frecuently
s¢ n with N, under CQ.-absorption. Pleasc note muck higher am-~
plitude on Side of effect d cercbral experimential edema.

FIG.). fnimal [D-26/ach 17.After production of right sided experimental
cer bral edema. Continuous reproduction of LEG-and BF-record during
and after injection of physiol.NaCl; pr.ceeded by injection of
traces of acetylcholine through the same canula. ART=grtefact.

Very minute cuantities of acetylcholine must still have beer
pr ®went in the canula and effect the BP-drop, which is about
500 tm/H,0 and thc bareiy visible REG-enswer,mostly limited to
the righ% side(edema-side). Paper spceds 15 mm/sec.

FIG.lo. Composite blood pressure recording of BP-response to supple-
ment special obsu-vation reported in ATR of R+D 44 7. REG-responses
to acetylcholine are prevented or reversscé by various anticholin-
crgic drugs. But injection c¢f these substonces sometimes - and
more often so than not — causes defirite btlocd pressure responses
as shown before .. The lines representin ressure recordings
are (from top to bottom): Control tracing C§. - Line 2 and 3 arc
cortinuous,pressurc values given at beginning ard e¢nd of re-
cordingf{teginning of 2nd and crnd of 3rd lire : pressure chan-
ges obscrved with ar injection(i.v.) of ~cetylcholine, o,000l/kg
Guring the time pericd marked [ 4 /. Line 4 continuous with line
5: anticholinergic (cxperimental)substance /- D_/ injccted pre-

cecding the adctylcholirv. No changes except a siight downward

drift rather latc. Line 6: Injectior of articholinergic alonc
during tke time marked /D77 dees not show any pressure changes.

Waves suprponud are respiratory ir nature. T=1ime :onc secord.

Paper spevd was 15 mm / sec througnout.
Pressures given in mm/HQO.
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