ax

‘ |Il||IIIIIIIIlIlIIIIIIIIIIlIlIIImIII%

NI2-25059

FINAL REPORT 7

Contract NAS 9-11127

o
R
C
=

¥
e
g"&'
§1

P




FINAL REPORT

Contrlac;t No. NAS 9-11127

. Title:

Operational Tésting of System for Automatic Sleep Analysis

Submitted by:

Peter Kellaway, A.M., Ph.D.
Professor of Physiology.

Name and Address of Institution:

Baylor College of Medicine
1200 Moursund Avenue
Houston, Texgs,77025

Date:

April 13, 1972



 CONTENTS

" Introduction

Surgical Operating-Robm Tests

- All-Night Sleep Studies in Children

‘Summary of Problems with Caps

P

age



" Introduction

The objective of this contract was to test thoroughly, under operational
conditions, a complete system for monitoring sleep. This was undertaken at
the sleep laboratories of the Neurophysiology Department of the Baylor/
‘Methodist program. It was the original intention to make some tests at the
operational site for the Tektite II project also, but due to the long delays in
the development of the Tektite II, it was not possible to carry out the tests |
in the underwater habitat within the time fll"arriew'o‘rk of this contract.

In consultation with the scientific monitor of the contract and the respon-

sible offices at the Manned Spacecraft Center, it was decided to substitute a
study in which recordings would be made from patients undergoing surgery of
the heart and great vessels in the operating rooms of the Cardiovascular

_ Institute at Baylor/Methodist. It was thought that this would constitute a
rigorous trial of the latest prototype sensors and the preamplifier system,
because once the patient is on the operating-room table, no further oppor-
tunity to make any adjustments to the cap are afforded, in spite of the fact
that the patient may be moved or turned to different positions, and vigorous
manipulations of the head, neck, and trunk are made by the surgeon and the
“anesthesiologist. Such procedures permit testing of cap fit and electrode
contact under rigorous conditions for periods up to seven hours. The study
afforded important information that resulted in significant improvement in the
cap, the electrodes, and the preamplifiers, especially those used for record-
ing the EOG. : ' :

For testing the sieep analyzer and the medical console write-out unit,
forty children were each studied for three consecutive nights. It was thought -
that children would constitute a unique test of the equipment because of the
very considerable d'ifferen'ces in the frequency/émplitude characteristics of
children's records as compared to adults' and the marked differences that
there are between children of various ages. This study yielded important

-~ -information which resulted in the development of the automatic voltage-
control circuit in the sleep analyzer. It also resulted in fhe develo’pfnent of -
special circuitry for obviating the possibility of incorrect sleep staging due to

the presénce of movement artifact. These modifications of the sleep analyzer
have been described in the December, 1971, progress report of Contract
NAS 9-11855.

- ;Z"Sﬁr'gi}jél"o\pé—f‘afting-RO‘O’m Testsw— — ~ - ST T T

Thirty-four patients were studied, undergoing surgical procedures
averaging about four hours in length but varying in duration from one hour
and eighteen minutes to six hours and fifty-five minutes. Table I summarizes
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10.

|

Comments

Anesthetics Uéed-

Aortic valve replacement

tacts (pump case)

3 hr

o |
Patient Type of Surgery Time
W.R.H. Aorta,| right coronary bypass 3 hr 8 min ~ Pentothal, ‘
, . Innovar, morphine
! Demerol, halo-
i thane
‘ .
H.S. P, Aortxcf aneurysm resection and replace- o
‘ ment with graft 2 hr 10 min Pentothal,
. f ‘Demerol, halo-
‘ thane, morphine
A.M. P, Total correction of tetralogy of Fallot 4 hr 38 min ‘Pump, Innovar,
' | : ' ' ' morphine,
: Pentothal
R.C Double coronary bypass Poor electrode con- 3 hr 28 min’ Innovar, mor-
| tacts ' phine, N,O0,
- Pentothal
W.B Right aorta-femoral bypass Poor electrode con- | 2 hr 16 min Halothane, N,0,
| ' S tacts; EOG amp blown morphine, Pento-
- thal
: ' |
W.MceD. Resecltlon, aneurysm at abdominal Poor electrode con- 1 hr 18 min- Halothane, mor-
aortaf tacts; EOG amp blown ' phine, Demerol,
‘ ' -Pentothal
W.McF. Aorta, right and left de5cend1ng coronary 4 hr 20 min hdorphine‘, Pento-
arterles bypass ' thal, Innovar,
; halothane
M.M.Y: Aortal, left anterior descendmg coronary Poor electrode con- 3 hr 24 min morphine, Pento-
‘ bypas's ' tacts ‘ thal, Innovar
A.G. Bypass, right and left descendmg Poor electrode con- - 6 hr 55 min Pentothal, halo-
‘ coron‘ary arteries tacts thane, morphine
L.A. L Poor electrode con- 22 min Innovar, mor-

phine, Pentothal



1. ..

12,0
13,
14, |

15¢

16.

17..

18.

19,
'20. .

“21.

' Patient

:Anésthet'ics Used

‘artéry bypass

amp

Type of,Sur"gery 'Comments Time
L : - _
C.A.H. | . Resectxon of aneurysm, descendmg ! (Pump case) 4 hr 29 min Pentothal, halo-
' thoracfxc aorta ' o ' ' thane, morphine.
C.R.S Resec!tlon of aneurysm, abdominal 2 'hr 54 min - g halothane, Pen- '
aorta‘ tothal, morphme,
Demerol
P, F.McH. -»Aortol fernoral bypass and femoral 3hr 5 nﬁin Innovar, halo-
endarterectomy I thane, N_O,
| 2 4
; . ~morphine, Pen-
o yﬁ~ " tothal '
G.E.B : .Right}ééronary ariefy, gas endarterec- 5 hr 26 min “halothane, mor-. -
BT tomy, and left anterxor descendmg o phine, N,O0, |
"'coronary bypass " Pentothal
J.W.B Aort&,_ ‘right' coronary artery bypass 3 hr 31 min". halothane, mor- -
S . ’ S e S ‘phine, Pentothal"
4M.‘T * Mitral valve replacement - (Pum_p éase) 5 hr Innonar,- mor- .
. ) o , phine, NZO"
’ ‘Perntothal
M.M.P. | Resectlon of aneurysm, descending | EOG amp blown 3 hr 33 min. halothane, ‘Pe‘n.-.‘ '
: aortaﬂ ' . ' .o ‘tothal, Innovar, '
i 'N,0, morphine .
M.S.T. |- Coar;étation of aorta (graft) EEG #2- ‘amp blown in “ 3 hr 10 min" Innovar; halo-
3 : : : g preamp | ' ' thane, morphine,
iv : Pentothal '
J.W.P Aorta, 1eft anterior descendmg .coronary | (Pump case) 4 hr 9 min ‘N.ZO, Pentothal,
artery bypass ' o morphine, pump
I I - - Mitral valve .replacement (Pump case) 5 hr 17 min Innovar, .mor-
X : l] : phine, Pentothal
R.T.G. A:ortfa to left descending coronéry Diodes blown in EOG 2 hr 16 min NZO-,‘ Pent'otnal,.

Innovar, ‘Demerol



2
23
24
25..

27.

28.

- 29.

30."

31,

" Patient

T
Type of Surge ry

~ Anesthetics Used

1

(Pump case)

‘Comments Time
S. M. M. ,Closureﬁ of arterial septal defe.ct 3 hr 47 min Innovar, N
‘ o IR : morphine, %Den- _
’. A tothal
.‘S;S. Aorta left anterior descending coronary Poor electrode éonf 4 hr 3 min Innov‘ar', NZO,"
: : '.artery bypass tacts morphine, Pen-
. f : tothal
B.R.D Mltrai valve replacement ('Pump case) -4 hr Innovar, NZO _
| . i morphme, Pen-f."
o ’ » ‘tothal - -
E."J', D ~.Rese<:|£i§n, 'arﬁetiry'sm of abdominal 1 hr 27 min A Inhové'r,
B aorta : “-Demerol, Pen-
: l . ' tothal '
E.L.G -Aorta’._tS left anterior descending artei‘y (Pump case) | 3 hr 53 min Innovar,
bypass : S S ' ' . morphine, ?Pen-' .
N “ ' ‘tothal o
R.S.P. Mitraj-l,varlve replacement Pc_%or:el'ectrode-"con— "4 hr 15 min Innovar, mor-
' tacts (pump case) ~ - phine, Pentothal
M. F Abdoi‘nmal aorta to mesenterlc and 4 hr 57 min. Innovar, rric-)r-‘f- L
. celiac axis bypass ‘phine, Pentothal
| S
J.F. Aorta"." to right circumflex coronary (Pump case) 4 hr 36 min- Innovar, N,O,
" arteries bypass - S ' ‘ ‘morphine, '
! Valium, Pento-
o , thal ‘
B. K Mitral valve replacerne’rit (Pump case) 3 hr'v48 mih ' Innovar, mor- -
. { : : phine, Pentothal
R.B * Aortic valve replacement 3 hr 55 min. Innovar, N,O,

morphine, Pen-
tothal



Anesthetics ﬂs ed

Patient . Type o.f.Surger}{r Comments Time
32, |'A.L.G Aortic and mitral valve replacement | (Pump case) . 4 hi‘,.23 min Innovar, N,O, "
‘ ' S : ' : : morphine, Pen- -
S ’ tothal.
33.. J.T.H Aorta’to right -and left anterior descend- | (Pump case) 3 hr 57 min . Innovar, NZO,V
- ing co:ro_nary arteries bypass 1 SR morphine, Pen-"
34, | P.S 'Aoftaf to right and left anterior descend- | (Pump case) 4 hr 41 min Innovar, N20,='
: ing and circumflex coronary arteries I : morphine, Pen- .
bypasls - ) : “tothal Lo
-
. | ! .."
.
1
&
.
j
-
[




these studies. 'Recording difficulties were encountered in ten of these cases,
-mostly in the first patients in the series. Most of these difficulties were
associated with dislodgment of the cap position due to manipulation of the
patient's head or trunk, resulting in poor electrode contact. These diffi-
culties were corrected subsequently, as indicated in the summary which
.~follows (page 4). The experience in the operating room also indicated that
“the transistors used in the input circuit of the EOG electrodes were inadequate
for the purpose, and this resulted in a modification of the C1rcu1t -after which
no: further problems were encountered

All the problems with the caps relating to electrodes and the breaking

. of connector wires were a consequence of the movement of the head against
the operating table, etc., as a consequence of the manipulation of the patient
by surgeons, nurses, and anesthesiologists. These conditions are not likely

. ._.to be encountered during space flight, due to weightlessness, but they con-

stitute an important testing procedure for evaluation of the general reliability,
consistency, and operational stability of the electrodes, cap, and preampli-
- fiers.

All-Night Sleep Studies in Children

Forty children, ages 6 to 17 years, were each studied for three con-
secutive nights, using the prototype sensors, including the prefilled sponge’
electrodes, the sleep analyzer, and the medical console write-out equipment.
This series of subjects constituted a major test-of the sleep-staging analyzer
because of the marked inter-subject variation in the voltage/frequency char-
‘acteristics of the electrical activity of sleep.

Each night's sleep was staged by the sleep analyzer and recorded, using
a Beckman Type R graphic write-out for subsequent visual analysis and com-
parison with the analyzer output. The visual analysis of these records indicated
a general concordance with the automatic analysis, but two conditions which
" resulted in inaccuracies were 1dent1f1ed 'The first of these was the large
amplitude differences of the brain waves of children as compared to adults
and the marked inter-subject variation, as mentioned above. In order to
‘correct for such inter-subject differences, an automatic voltage-control
circuit was developed and incorporated in the latest version of thé sleep analyzer.
An example of staging problems that can result from the high voltages encountered
in the various sleep stages of children, particularly young children, is indicated
——in-the-sample Comparisons. of the visual and autematic-analyses shown in Fig. 1.
The second condition, the problem that ocular and other artifacts may introduce
- - when the patient is awake, the analyzer interpreting this largely as REM sleep,
is illustrated by this same figure. This problem has been largely obviated
with the development of a new circuit for registering prolonged movement



~-SOLUTION:

" SOLUTION:

SOLUTION:

SOLUTION:

‘PROBLEM:

SOLUTION:

RESULT:

PROBLEM:"

RESULT:

PROBLEM:

RESULTS:

PROBLEM:

SOLUTION:

RESULT:

PROBLEM:

PROBLEM:

Made back straps for cap.

Took tucks in front three seams, about %

RESULT:  Good.

SUMMARY OF
PROBLEMS WITH CAPS

Cap slipping 'on_heed a'nd.hiking up in back.

Sewed a piece of Velcro 2'' by 13"
in center back of cap, 9 cm from bottom seam. Attached two
chin straps to Velcro in back and pulled to desired fit and
fa.stened to front Velcro

Worked O.K.,
time.

but not very comfortable; too much trouble and

Cap slipping on head and hiking up in ba‘ck.
Took three tucks in the back seams, about cm each
Better .fit. Fit most.

Frontal and EOG electrodes not making good contact.
cm each.
Better contact. Fit most.'

Connector wires breatking just above the solder joint These
are Teflon wires, and wires were damaged when str1pp1ng
1nsu1at10n from wire. :

Stripped insulation from wire electronically.

Practically no broken wires.

Solder _]omts breaking due to stress on wires when cap was
stretched

Left about 5" of slack on all connector wires. Sewed the wire -

- down in curves or snakes so that the wire would stretch with

the cap. Sewed down on 1ns1de of curve.

Broken wires inside electrodes.

Changed to silver-coated cable, because the copper Would
corrode into and wire would break.



RESULT:
PROBLEM:

~ SOLUTION:

RESULT:
PROBLEM:
so;UercSN:
RESULT:
PROBLEM:

 SOLUTION:

RESULT:

PROBLEM:

SOLUTION:

Go'od,;
Occipit.alvand temporal electrodes not ,making good contact.

Took m two side seams across from occ1p1tals and temporals,
about { cm each.

Good.

Temporal wires breaking.

Rerouted wire around side of heaA_d instead of up over the head.

Good.

Electrodes hard and brittle. Uncomfortable and"tendingv to split.-
Changed vinyl coatmg |

Good; much improved.

Chin éfraps sometimes ’céo small or ‘1arg'e.

Modified chin st..rap by sexlving a longer piece of Velcro’ on each

end. Started it closer to center and let it extend out equally

from each end. Velcro 7 cm longx 21/4 cm Wide.

Changed position of ground electrode from central position to
3 ¢cm from left side seam on front of cap, next to EOG: electrodes}.

Changed posxtlon of temporal electrodes from just above ear to
just behind ear.

Made a super small and % 5 (S.S. —) cap for in between super small -

- (S.S.) and super-super small (s.S.S.)

S.S.S. cap made for children that occasionally come for surgery.

“There has been no occasion to use it since it has become available.

S.S. %cap-made for a few patients that .have unuéually small heads.

RESUL'l‘:

Good.
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artifact as "awake." '-Figs. 2 and 3 are exarhples of subsequent automatic -

staging of all-night sleep in children compared to human analysis of the
same data. ‘
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