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A’

. ' “ ABSTRACT ’ >

-

—— Psychiatric and .neurclugicul symp:&ms, ac well as
.neurcpsycholcglcal test decrements, t‘requant!y occur after
open-heart operations, and are seen much more cemonly than
after other types of surgery. A working, hypothesis is that

microbubbles of .air escape from the heart-lung, macﬁxne and “
em:ar the pan.ent s bloodstream. Thess mLcrobubbleSA it is
hypcthesizeg, proceed to blood’vassels in the bral.nl there ' .
causing' blnckages and then ‘mental disturbances; 'Lungs' 4
hava accordingly been ;iesigned to minimize re‘lease' of
micrabubbles. ., In the present study, two differently
signed’'lungs' were compared with regard to - patlem-s—“
'pds:operaclve performances on elght neuropsychological

tests. One of these, the membrana, .As a never model of more

scphistiéated :echnlcal desiqn t:han ‘the cv:her the bubblar

Forty-one coronary bypass paclsnts were divided inco _

two .groups , ma:ched for age, sex, ‘education, and score’s on Ll

__ the VAIS-R Vocabulary and \the Conceptual Levels' Analoqy/

. Tasts. Testing took place one week' preoperatively an

one and ‘six weeks postoperatively. ./ Multiple Analyses

S Va\-iance were perfurmed -ori raw Scores and on residuals -

rsmalning ‘when effects at covariates / were' removed.
Covariates comprised ,the matching variables, State'and Trait
Anxiecy. Bec,k Depress.lon,‘ time’ on the heart-lung machine and
‘t:otal ;ength of intracperative peridds of low blood

pressure . S .
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Po-tapcritlv}aly,' the bubbler .‘gr_aup scored significantly ..
Mthr on two measures of new learning derived . from the Rey
Pt Anduorrverbax unrning Test. The uuurol of new learning ’
. . were ma only ones to indicate xobuct group dxffcrencn.
= - ’ These findings conﬁrln those - of some earlier luthor- in
pl_npoint:j.ng- new’ lcnrnlng as  a ’uengltlve index of. ‘
- . ~putlurgiéa} m:qunic ﬁpairmené. They also luggt‘nt that the
= PR hubbl‘ar, i‘hough of. le;u lophiaticatad _dalign‘ ‘than the

nanbtnne oxygqnator; v!.u'the' safe’r of ., 'the two devices whup‘

., ' used with an appropriate filter. :
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Feexbiore

Psychiatrk: and rneurological symptoms, gs vell ‘as

neurupsychelogicnl deﬁ.cits, occur more frequently after g
open-heart operat:!.ons than after any or_her type of surgery.
The Mqh incldence of these disorders has been llnked to the

precess -of sxtracnrporeal circulation (ECC), a procedure
unique and central - to open-heart surgery. In (ECC, blood
tlc\ulrfg into the patient's heart is- channeled out of the
~ . . body, ‘thrnugh the heart-lung machine, and back into the budy i
on th(la other side of tha haart. This process enables tha

& surge'on to work, sinca he/she cannot operate ‘on the heart

vhile it is stnl baatinq and uhile blougl flous through it/

A vorking hypothesls proposed . 'to explai;x pcstoperative

- cerahra) disorders is that microbubbles of air,-also cal}ad 3
‘micraemb_oli, escape ' from the oxygenator in the heart-lung
. machins-, and e;-n:er‘ the pal:’ient:'s bloodstream. ,These P
.y mlcrobubblés, it is suggested, proceed to blood vasseis in
the brain,. there causing blockages which lead to mental -
. disturbances..  The te'chnv_ic-al design of. the heart-ling
equipment is important, because it can influence the extent
to vhich emboli are a risk; consequenéhj. nun;el:nus

—researchers have tasted}he g?fects of newly:improved parts . ,

of . the heart-lung on ative . mental
© functioning (Aberg and 'Kihlgren, 1977a;. Landis, Baxter,
P‘ltta’rso_n,r and Taubdr, 1974; Boccalon, 1982; Willner,
: Caramonte, Garvey, Wolpowitz, Weisz, Rabiner; and -Wisoff,
1982; Reed, Rogmancll,' Taylor,- ‘and E:lark, 1974; Solis, °
* Kannedy, Beall, Noon, and DeBa.key, 1975) In the‘ presen

study, two duferently designed oxygenators. referred to #s - .
the bubbler. and, the membrane, are compared with regard’ to
.




* pat:gents' ’ postoperative ° performances .on’' -‘eight

neﬁruﬁsycholn“gical_ tests.

- In the case of one of the two devices, the :bubbler,
plood ‘is siphoned: gut of the patient's body: into the

heart-1lung machine and is :here mixed with a comblnntdon of

oxygen and carbon dioxide‘ In penecratinq the bloed. oxygen

and carbon dioxide,take the form of bubbles, which would be .

a majur hazard if they entéred the patient's body,: and must °

‘therefqre be ‘removed before the blood is return
5 bud§ The removal is achieved by passing the b

i éextne screen which breaks up. the buhbles. B
- N

c;omparahle textile screen imediately after if t
the heart-lung apparatus, because the initinl proéedure of
cannulating and channaung the patient's circu :xnn Lnte
the mat':hine is one in which air emboli are n xpaqtlcular
‘hazard: This process is ;qually hazardous in dperatiions
where the bubbler is used; the fact that this precauuon . is
taken at this early stage of the cardiopulmonary! bypass
procedure is hypothesized to be an advantage in the . use of
the membrane oxygenator. Once the blood has beeq;kcreened
in this way. it is passed through the oxygenatlon chamber
This chamber :'is divided by a membrane . m‘;. f’an-‘to_lded

microporous Polypropylenie, such that the bloc;d p‘nqu“a along

one side of the membrane axkef.he bxygen and carbon dloxide

'pass alonq the other. The gases can em:er \:he gleod t;hrouqh

R
the micropores in  the membrane. The imf:ortlm: dx#‘éerence

y i}
b the two oxyg s is thnt in che‘mumbrlna; 7 blood




and  gas do not come into direct contact. GCas buhbles are
not introduced JAnto the blood and therefore do- not. need to

be removed. - . < s *

‘- g
The purpose of the present study 1S to contrast the
postoperative . performances  of the buhh'ler -and membrane
groups on neuropsychulogj.cal tests - In this uay, this study

. comprises a consumers' quali‘ty test of the xr.vo oxygena:ors,

s ! L " page.3

11'; which neuropsychological tests were the indices of

quality. The praqmatic question for the surgi:al team at -

the HealthASciences Centre, St. .John's, Newfoundland " was
vhether the superiorl.ty of the membrane oxygenator, umch is

tha» newer device of mure advanced design and greater price,

col,\ld be substantiated through its corralation with super\im‘ "

-neuropsychological outgpmes. )

In the next, section the nature and incidence of

\postsurgical dysfunctions will be -considered, -and the

reasoning behind sample selectidn and assignment to groups:

in the study ' will be given. _The relevance of the several.

cbvgriates, to be included .in the data analysis ‘will be .

disci.\ssed4 and earlier studies vhich have ‘coipared bubbler
and membrane oxygenntors will be revieved Lastly:- thérg
will  be a br.lef discussion . of ‘the 'ndvan;:ngeis ‘cf
heurépsychoiégxcal téstihg.t'or investigations in this fisid,
and the tests _appropriate lor use in tms 1nvest£gatlon will
ba describad. ’ it v &

°
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. had ‘entailed ECC’ than among patients in t:ha remaindar of r_he .

. " ¥ p-g¢4

!
¢ ) . . E .
e i % ey - - ol -« :
Studies " cmnparing pnsteperative ‘ dysfunctions, ¢ _'L'n
patients undergoing open heart surgery with :hose in contrnl

patiepts havipg either closed heart 9r< qendral fhoracic

* noncardiac sl.'lrgery Have 1nvariab1y found thn!: mor\:iuty.and
~

complications occur mcré _often aftsr open-heart »surgery
Lee, Brady, Rowe , and-Miller (1971) .compared 71 oi:on -Hgert.
patlem:s w.u:h 24 cardiac patients undergoing sur'qery zhat:
did nut entall extracorporaal circulat:ion (ECC) ES Nhile nnly
54 of 71 (76%) open-hearc patlent:s surv.lved N 1% of the
orggx;aalﬂ sample displayed psychiatric argjqurologm
symptoms, al the control patiehts survlved,

nd nonpe showed
postoperative- cnmplicat&ons. Thoug‘h .the ‘t‘wu cjr‘oups “were
compared on’ a large mmbgr of hemodynamlc, " historial, and .,
metabonc variables, no slgniﬂcan: aurerené betueen the
grcups were feund on any ot these  variablés. pm‘é‘ authors
concluded that the prime.  factor responsxbaa'for cerebral
damaga was simply ° thé use of ECC. = « Puech. K’unner,

Meyendorf, 'Relchart Bad Kreuzer (1952) mvlmmd tha mdlchl

charts of a large sampleq&l 360 patients ‘and found ‘iugher N

mortality rates and hiqher incidences of‘plyl:hlntric Ind

neuralogic sympl:oma\:aloqy among. patlents vhose epurat}ons

and Yudofsky 1971; Lse, Miller, Rowé, H-Lrn:on ,nnd Brady.,
1969, Egerton and Kay, 1964, Hale, Koss, Karstesn, Cam and
: B_arash, 1977) . Eviden:a,otv other kl.ndq,. Lr}cluding grsltlr

. snmplm Sevaral ether .studies ‘support, thesé ﬂndinga (Lnyne/ .

mnr_mm .‘:
Sm‘.uﬁm'_ ) kg / oy L v

.
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~alectoencephalegraph1c (EEG) changes, ’laf-ger deficits on
= naurapsychologi:al tests, and neuropat!mlggical fi’ndi‘ng.«;~
- have currcborated ‘these clinlcar observaticms + (Lehmann,*

Grlhmarm, Hauu, Rod!vald and -Schmitz, 19687 Aberg and

.i{ih_lgren', 1974, 1977al'b; 1982; Agﬁi‘lar, Gerbode and Hill,:
+1970) . » . ’ s

. . ) . v . - R »

It is well established, - then, that psychiatric and’

. neurdlogic = complicatjons: :éccur more often in open-heart

Vputlem:s than in other groups.. These disturbances have'&

._ah:racted *asearchers since the early years of open-hearc
surgery in fhe mid- 19505 partly hecause they are dramatic, e 'J
I aqd parr.ly because of their great frequency © A wide
dq spectrum of .symptoms has been cbserved.. Patients have Vtried
to climb ‘out‘ ‘of bed, to: pull out nasal oxygen and
intrnvennus lines, and to jump out of windows (Gﬂman, 1965;

;
Surman;, Hackgt . Silverberg and Behrendt 1974; Meyendorf

- ** 1979)". ~-Disoriented, .such patients have besn combative, -

+ inc n and -
! i 5 ‘%ech may he im:bherem:, hallucinr:lons often o¥cur, vhich
ma

“of fulfilling simple commands.

- be | visual,’ tax:,ti_la, or uuditory Delusions , and
'hlllucination\may be pleasant and nonthrea:ening: Patients
e . imagined-they were at a €ircus, or an Olympic stadium.

. 2
‘! . . Mtarnacely. thay have ‘often expressad fears “about peing
LE R pouoned, guns being,pointed through windows, etc. —(Gilman,

EYeyham Gunelli O'Connell, - and .-Mayo, 1971;
h Dnnnavlcz nnd anriel 1971.‘ Sveinsson, 1975; Rabiner, :
’ Willner, qna. Fishman, 1975). Postsurgigpl signs ' of

|
J"‘ : dupréuuon ‘-ndj"anxle't'y are common, and may occur in all
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_defrees of severity (Kimball, ‘1969, 1972; Ereyhan et al.,

1971; Morgan, 1971) . ﬁemm'y losses, though usually

. :rahsien:,'alsu are frequent (Isim'ball, 1969; Tufo, Ostfeld

and Shekelle, 1970; Bethune, 1980) . &
»
Further, while numerous psy logical symp

have been. observed, as many purely neurological signs have

been described. Neurolbgical symptoms have included coma,
general  and hemi-parésis, (paralysis of motion without loss

of sensation), and mono-, hemi-,. and quadriplegia (parnlysis'

of one, two, or four 1limbs); generalized and“focql seizures

and convulsions; plantar’ responses . (feet rigidly thrust
fcruah‘i), and snout and sucking‘ reflexes. Dysphasia,
aphasia, alexia,‘ agraphia, anomia -and acalcuua‘ have Deen .
observed. Transient .l;:\ss of" ‘vision, diplopia (double:
vision), hemianopia, (defective vision or blindness in half
the visual f:elq), visual agnosias, (}.na.bility to u;xderstand

. what is visually perceived) and nystagmus (rolling of the

eyeballs) have beert reported. EEG abnormalities, such as
aiffuse slowing of basic frequencies, are also common both
Quring and after surgery (Gilman, 1965; Tufo et al., 1970:
Sachdev, Carter, Swank, anc_l' Blachly, 1967; Javld,v '..N!o,
Najafi, Dye! Hunter and Julian, 1969; Branthwaite, 1972,
1973, 1975; Witozska, , Tamura, Indeglia? Hopkins, and
Simeone, 1973; Meyéndorf, 1982; Juolasmad, ~Outakoski,
Hﬂ.rvenaja,';&enarh VSotanie\nl anq Takkunen, 1981; Sotaniemi,
1980; Witozska and Tamura, 1980) .
\

~»
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Not only have many kinds of postcperalfive disturbance
been seen., but the incidence of these disorders has remained
very high. In 1964, for example, Blachly ‘and Starr cited
'postcardiotomy delirium' in 79 of 139 (57%) of their
v.‘vpen-heért population, while Knox (1961) reported only, one’
ca;e of postoperative psychosis in 1500 non-cardiac, general
surgery patients. Nearly 20 .years later, Gotze, Flemming,
Huse-Kleinstoll, ' Meffert, Reimer and Speidel (1982) {found

" 51/100 of their open-heart population to be symptomatic in

the éarly postoperative period, “and’ Tienari, Outakoski,
Hir\lenoja.i.);xolasmaa, Takkunen, and’ Kampman (1982) réported
that 36% .(29/81) of their open-heart sample manifested
either '!ur:ct;lonal psychosis' or ‘'delirium.' Several
investigators (Heller, FErank, Malm, Bouﬁan, Harris,
Charlton, and Kornfeld, 1970; " Branthwaite, 1972; Reed et
al., . 19‘74; Witozska an_d Tamura, 1980; Barash, 1980; Aberg
and Kihlgren, 1982; Bjork and Ivert, 1982) have reported
decreases in incidence over time, thanks mainly to technical
and -surgical improveménts. However, the majority‘nf studies

on open-heart samples have to report i di of

25% or higher. 'A factor which may partially explain the
censiutont]iy high ﬂgure‘s is that technical and surgical
advances have not been introduced at the same rate at all
hospital centres, It is also possible that in recent years
‘reseatchers have_ become more k_nouledqa;hls and thorough in
the usessmenc of these disorders, In this way, they may ba
:akinq note /of more of the subcle ssgnm so keeping

* incidence figures high, when the major and dramatic '

diuturbances,je actually declined. in number (Meyendorf,

-
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1982).. Sotaniemi (1980) observed that assessment criteria

used in ‘earlier studies would have yielded an incidence of
9% in his sample, rather than the 37% he actually reported.

. However, the continuing high incidence of these disorders

also reflects the fact that they are insufficiently
understood, and  in cons_’equance inadequately — controlled
(Gotze, 'Husaﬂ(lelnstoll,. and Speidel, 1980; Bubin, Field,
and Gastfriend, 1979). ' )

\ ‘

Methodological —Considerations in ~zhe Evaluation of

'open-heart . surgery': aortic valve replacement, mitral.’

valve replacement, and coronary bypass grafting. Coronary

- bypass procedures are the most recently developed and now

are cértainly the most _r:umunly pcrl’ar’me-d (Bassf,' 1984;
Stanton, Zyzanski, Jenkins, and Klein, 1982): Though air
embqli a’re.a hazard in both types of valve operation and Afn
coronary byp‘ass ';urqery. they are a greater danger in valve
surgery. In Vl'lVQ surgery, the heart :15 actually opened,
whereas in surgery for coronary lrtfo'ry disease, incisions
‘Into the heart wall do not penetrate it completely. In
valve: operations, air pockets may be‘:rappcd _inside‘tha
heart's chambers when the heart is opened or _closed. Tiny

_bits of matter may also become di!lodéed from calcified

‘heart valves and enter the bloodstream, or minute particles
of dust and 1lint from the oparativa’ field may be trapped
inside the heart when it is opened. ‘For these reasons, many

At least -three major kinds of operation 'nre :alled'
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investigators have emphasized—that the cordhary artery and
valve populations should be studied separatelys(Branthwaite,
1972; Kornfeld, Heller, Frank, Edie, and Barsa, 1978;
Eleminq. Symposium Discussion, 1980; Huse-Kleinstoll,
Flemming, GCotze, Meffert, Polonius, Reimer, and Speldel,
1982). In the present research, only coronary artery bypass

grafting (CABG) patients were .included.’

The literature also ‘indlcacesmthat a number of tact:ors.
other than sample selection deserv\e\ consideration in studies °
.n - postoperative cerebral . dysfunctions. .A For example,
advanced .age, intraoperativ‘e periods of low Slood pressure
(hypotension). time on the heart- lung machine (bypass I:ime)
and mood states such- as anxiecy and depression may a11
" influence postoperative dutcgmes. While - the research

conc;rning ~such- factors :111 be reviewed here, it shouid
first be recognized that various factors probably interact
to result in postoperative cumplicatik'?’(ﬂener et al.,
1970, 1979; Tufo et al., 1970; Pagch et al., 1982; Dubin’ et .
al., 1979; Gotze and Da_hme/ 1956) . ' Consider, tor,e:xa!nple,
age and hypotension. In older patients, the circulatory
systh adjusts less well to a drop in blood pressure (Javid
et al., 1969; Tufo et al‘, 1970; Branthwaite, 1972;
Stockard, Bickford and Schauble, 1973' Stockard, vBLckt'ord,
Myers, Aung, Duley. and Schauble, 1974, Aber;; and Kihlgren,
19772, b; Layne and Yudofsky, 1971).. .In addition, older
patients, or those with longer preoperntlve\};llstories‘ of
corcnary" artery” diééase. . or with more severe cases of the ’

disease, or some combination of these characteristics, might

-~
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be more vulnerablé to preoperative hypoxia, a disorder in

he brain. Pz;eoperative neurological damage

—caused b could mean that patients' brains were more

_susceptible fo further damage from abnormally low blood

pressure levels (Javid et al., 1969). Such patients could
also .require mpre complex operations, which would lead to
longer cperations and bypass times, and umch' could, in
turn, imply more postaperativs physical complications and.
longer stays in Intensiye care. It is .\mﬂortant, then, ‘to
keep these pussible interrelations inwmlnd when cnnsidering

any‘ given factor (Paech et al 1982) i - .

Age. Researchers who have iound positive correlations
betweeh advanced .age and postoperative symptoms have
hypof:};esized that the cerebral blood vessels of older
patients are more hardened in the ﬂrs:_p‘laca. As a result,
blood pressure in these vessels is already reduced, and

consequently, older patients, are less able to tolerate

periods of iow blood pressure during surgery (Javid et al.,
;969:'1\1{9 et al., i970; Branthwaite, 1972 Stockard ‘st al.,
. 1973, 1974; Aberg and Kihlgren, 197(:, b; La

Yudofsky, 1971). Yet, for each study whIth has found age to

e and

be a risk variable, even in this secondary sense, | another

7/ has found no effect (K.ﬂrnfeld, Zimberg, and Maim, 1965;

Kimball, 1969;. Lee et al., 1971; Sveinsson, 1975; Jotaniemt,

iéeo; ornfeld et al., 1978). In fact, the state of the
regulatory mechanisms of the patient's circulatipn may. be
more importhnt than age (Sotaniemi, 1980). /In general,

sy




__page 11

though findings conce’rninq‘ age " have not been conclusive,
ef\ehgh evidence exists to warrant its inclusion in studies
of ‘postoperacive_ disorders. i B /.

Hyposension. A number of researchers have found ithat
periods of hypotension (low blood prelss'hre) occurring dur;n_g
surgery have correlated, 1ndependsnt1y of age, with
poétoperatiﬁe manifestations of ., neuroloqlcal symptoms.
During the operathn, bldod flow and * blood pressure are
maintaihed by means of the heart-lung upparatus, bur. may on
occasion fal’l beldw an established safety mark.  When “this
happens,. the risk of inadequate. cerebral blood: flow
increases. The resultant anoxia may: cause serious damage.

Several investigators have observed hypotensive episodes to

be closely paralleled by EEG changes " recorded during *

surgery, as weéll as by neurological signs diagrosed after
surgery, and by neuropathological lesions found in -a‘utopsivss
(Stockard et al., 1973, ‘1974, Witozska et__al., 1973;
Br.ierley, 1963; Tufo eﬂ nl., 1970; Gilman, 1965; ,Jnvid et
al.,- 1969; Branthwaite, '1973). As is often the case vith
such risk factors, the effects of hyputensien have usually
been :onsidered to interact with other variables (Quinlan,
Kimbll.l. and Osborne, 1974; Stockard eé al., 1973, 1974;
Tufo etr al., 1970 " Javid et al. 1969 Branthwaite, 1972;

Aberg and Kihlgran. 1974) . Untortunately, the measurement

‘of hypotension ' has not been a well standardized procedure.

Investigators have had to choose um_or‘zg various aspects of

the process 'to medsure: the length of 'time blood pressure

. falls balo_il :hp safety threshold, the extent td which it
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falls, 'or the rate at which it changes, among other
S technical indices (Tufo et al., 1970; Br-nthwalée, 1972‘;
Sotaniemi et all. 1981; Stockard st al.; 1973). Some.

- measures may be ¢ Qnraliah_lg (Branthwaite,  1972).

. B.\rthern}o;e, « some  studles t;ive not found correlations
between hypntenélve per clu'is and postsurgical disturbances .
(Egerton and Kay, 1964} ‘Sotaniemi, 1980; Sotaniemi eé. al.,
1981; Schald,, Davies- Os!:erk!mp, .Mohlen, Kahlbenn, Krnmer. v 8

"_ and Hehrlein," 1982) Sotaniemi’ (1980) has argued t:hat: it is'-
not permds .of 1ow blood pressure, but the state of the
individual- -patien: s’ circulatory system and its ability to —
respond tn‘ these episodes vh!.c'h mediata dysfunctions.
Nevertheless, _sr;ough evidence exists in the literature to
Justify the ;nciusion'nx hypotension as a covariate in t:.he‘ .
current L’h\;’ev;stigaticn. )

\Bypass time. The process of extracorporeal ciféulation
encails . numerous potential physiolegical risks (Gotze, Sl B -
¢ “Huse-Kleinstoll,:and Spel.del 1980) . Many researchers have - s
.tested the hypothesis that the length of time the pa:ient is
sustained on the heart-lung machina. (callad 'perfusion
time, ' ’by;;ass time,' or 'pump ,M.me') could, by itn‘rf" be’
t:orrela:ed with the cccurrence of postoperntlve dxsordera
/ One fact' which has confounded the evidence has been that
/ mean perfusion times have tended to decrease over the years.

While studies from the mid-sixties (Kornfeld et al., 1965)
mentim; times as long as‘ ltuur}:urs, in recé\{t yenri upper
1imits come nearer to tvo and . a half- hours (Heller,
"Kornfeld, Frank, and Hoar, 1979; Bethune, 1980; Aberg’ and
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Kihlgren, 1983k As a rule, per!‘usion times of 1onqer than
two hours have been linked with higher incidences of
mortality cerebral disorders (Sotaniemi,. 1980;
Sotaniemi, Juolasmaa and Hokkanan. 1981; Witozska et. al.,

1973; Boccalon, 1982; Lee et al., 1971; Vasquez and
« Chitwood, 19"75)‘ Bypass time may interact with any of . the.

.major - risk variables assoclated _with  postsurgical

qcmplic:ti’ons, and Sotaniemi has shggested that—' evidence
correlating perfusion 'time vith}:ostoperative dysfunctions

" points to the T“cumilatively . damagipg character of

" cnrdicpulmonary bypass conditions" (1980, p.133; see also

<

Branl:hvaits 1972; Stockard et al., 1973, 1974; Paech ef.
al., 1982) Overall, no consistent pattarn of evidence
either’ support:s or_ disproves 'the harm!\&lness “of longer
par!usien tlmes (Aguilar et all, 1970; \i‘ullner, Rabiner,

1978; Scheld et al., 1982). In the present study, the

" potential effects of bypass time on performance tasks were

monitored by treating this variable as a covariate in the -

data analysis:

Anxiety and depression. Many writers have reported on °

the considerable. anxiety and dgpression commonly felt by
patiencs‘before and aft‘.er open-hea’rt\s gery, «and -have
reported that chese mood . states often ontriﬁute tq the
‘development of postoperative di(:grbnnces (Gotze and Dahme,

. 1980; Tienari et al., 1982; Heller et al., 1970; Blachly ‘and

Kimball (1969, 1972, 1973) and Morgan (1971) found that,

“Starr, 1964; Morgan, 1971; Kimball, ;959, 1972, 1973).

-~
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patients who were notably depressed or anxious before the
operation manifest

greater incidences of psychiatric
= 7

morbidity and mortality after the surgery. Several research

| :eams have ’ made attempts to classify postoperative
B ' disturbances into syndromés or symptom clusters, and in each
i l\‘ case, one of these .syndromes hx: cfpétituted emotional,
\ _ situational, and transient raactiuns, as contrasted with
( more severe psychiatric or{ neurological symptoms’ A(Quinlan‘\ et -
T . al.; 1974; Ereyhan et al., 1971; Dahme and Gotse, 1980;
\ Daviés-Osterkamp, Mohlen, . Lindemann, and ‘Scheld. ’ 1980; '
: \ Scheld et al., 1982; Gotze and Dahme, 1980). Firthermdre, :
o \ % " there  is evid’er;ce that emotional state in the périoperative
1 ’ periz;d may influende i)arformances on psychohetrie , and
| . neuropsychological tests:- (Jakubik, 1972; Frank Heller, and
| . Kornfeld,”1972) . In the present study. state and trait
anxiety and .depression were measured "byv -means of
- i standardized scalae and treated as covariates. ! . .
: In total, eight factors were assss‘sed for wuse in t‘:‘he o
‘ present research as covariates in the data analysis. These
| Were age, educati'nn,' vocabulary, State and"l‘ra-it A“nxigty,.
' « Beck Depression, - time on the heart- 1dng"mcmne, and total
" leng'th of Lntraoparativu periods of .low blood pressure. The
goal in treating variables as covariates is to statistscally
R monitor and. remova the axtem: of thgir influence on the

mejcr outcume measuras. ’ms outcome  data, hnving been

transformed by this pro!:ess reprasent a more accurate and
egclogicauy valid reﬂecrion of subjects' sbilities. Also,
while the . most ‘robust ”ﬁndings. in” a e_tudy may become
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apparent vhether any covar‘hte are accounted for or not,"

refinement of the data through

serve to improve statistical power such that weaker effects
: : 7 4
are found. o L
Comparison of Bubihler and Membrane Qxygenators
< N 7 / ,
~ % . 4

Two studies have cémpared the effécts of membrane and

bubbler yg s [on ative neuropsychological.
performances- (Landis, et &l., . 1974; 'Boccalon, ~1882) . The
earlier of these repbrg:s (Landis.et al.) had a two-by-two
" design in which subjects were assigned to the' bubbler or
membrane, oxygenator _ groups, vh;éh_were further subdivided
into 'filfered’ and 'unfiltéered’ groups. In the 'filtered'
groups, _a mesh screen filter was placed at the end of the
cannula through which bldod: is returned from the  heart-lung
machine to the patient:s body, the filter's purpose being t:
trap. microemboli generated through® oXygenation. The
% g

‘neuropsy logical measure used in this study was

_the Bender-Gestalt Visual Motor Test (Bender, 1938). <The 28

subjects included a . mixture' of patients suffering from

wvalve, corongry .artery, and congenital heart diseases.

./ During the operations of. some, but not all patlents, ai‘r‘

microemboli ;enerlted in’ the.'different oxygenator-filter
.'combinations were counted by_ means of ultrasound t;;hniquesA

The' 'filtered' groups had significantly better postoperative

‘ Begder-destan:, scores -than the 'un-filtered' groups, and

clear trends in both Bender-Gestalt scores and ' ultrasonic

counts favcrsd the membrane oxygenator. :Both findings

moval of the covariates may -
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support thevhypuﬂiesl(s that air microemboli are _r:esporisible
for .postsqrgicul cognitive dysfunctions. Hoquer, these
findings are lgss precise than they might have been because
'uf the heterogeneity of the cardia.c diagnostic groups.

Further, the theoretical validity of the Bender-Gestalt test

is controversial (Lyle and Quast, 1976; Butler, Coursey. and

Gatz, 1976; Dana, Field, and Bolton, 1983)% The authors

< mintained that because each.individial's precperative score
‘was yl:eated as thaé subject's baseliﬁe, subjects acted as
thuir. own controls, ) and therefore that neither group
matching or. covariate \analysis wére required. However, +
large’ precperative group . difffrences in mean:age or
intéllh_jence, for  instance, mi‘ght have skeved outcomes;
these t‘i‘gures were not rup.orted. Further, the oxytjér:atwrs
vhich were tested in the study by Landis et al, ate d
technicaily outdated by cur§ént" standards. ThesJe

v . considerations limit the generalizability of the findings.

The' stud’y‘ by Boccalon (19?2), though more recent, also

has- methadclz;glcal weaknesses . Again, the sample"containud‘

a mixture of diagnostic groups,»htlem; were -not ‘blindly

. assigped to the bubb'ler or \qembr_anex-roups.. hut‘ uere‘ . / -
selected for-each type of _o)'cyqenn!:or by their surgeons.’
« Sir‘lce the sﬁrgeons may have preferred -one or the other

oxygenator -for some classes of disease or for given degrees

of .illness severity, group ass _va‘s not e 1ly
aQ random; no informatione was given concerning how the surgeons
. made these decisions. The groups were not matched on any

variables which might have .affected postaperativé - -

/
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porformlnca. on the neuropsychological measures; and although ~

all the tests were designated as memory tests, they were
inadequately identified. In addition, the criteria for R

impairment on these tests may have been . Yoo lax,
_deterioration b_eing-}ated whenever a patient's postoperative
“scqre failed to improve by at least 10%. This criterion may
take practice effécts tod much for granted, and may not make
sufficient allowance for normal postoperative fatigua anld
lack of motivation.: Lastly, nine patlents a{r.unspecified
group assignment ‘who ‘had bypass times longer than , 115 i
minutes and who manifested disturh'mces were excluded !rom
et g exunu.nation.‘ ‘These, ~hcuever, : are dubxous reasons tgr i
excluding subjects; if anythinq, their test perfnr’mar}ces .
“would have been of special interest. Althm;gh ,Boccalon's

. report favored the membrane oxygenator, the varisus factors -

" mentioned weaken the result. ¢ B o
The Advantages of , Using Neur schalagical
' Measures -

\ Erequently, resesrchers in the field of .post-open- hear:() o
' disorders have neglect:ed to 'use standardizad assesswnt :
g . mnuures\ which could be raadily o applled by other
* 1nvescigatara. Data trom interview met;hods, for example, ! o
have baan hard to snterpre: bgcause of' teminulggxc_a} ot

o variations and © . differing- 'd,lagnosth.: ' criteria between-

studies. - Since postoperative dls‘turbanceg have lacked ° \

clear, set definitions, they * have ; been re- observed and '
S~

re-defined vith each new* tean of reuearchars (Dubin e\: al.,*




i " " page’18

1979: Gotze, Huse-l(leinstull . ahd Spsidal iQBO) .
Intenyiews, also, rely heavily on sélt-ruports (Blacher,

1972') Rabiner _et al.,' 1975). Furthermore, the’ anor\;lev o :

process may emuticnally preparu and protect patients ugains:

mental d¥sturbances (Kornfeld Heller Erank, and Moskowitz, - »
1974) . Several researchers ha_\{e, " however,’ used
neuropsychological measures - either . as ‘' . --

-alternatives or as suppiemunis' to | psychiatric  and
neurcdlogical examinations (Priest,. Zaks, Yatorzynski and, .
Boshes. 1957; Lee et-al., 1971:’7 Wi‘llnsr. - Rabiner, - Wisoff,
Hartstexn, Struve, and Klein, . 1976; “.ul'lner, R:hirier,
'Wisott, Bishman, Rosen, I-larf_stein, and Kleih, 1976;. Hiiiner
and Rabiner, 1979; Aberg and Kmlgren, 1974, 1977a, B.” 1952;’ - b
f Tienari ec ‘al.,*1982) . The usefulness. of. these measures .ln ( g
‘such research is apparent, as they are standardlzed and
quantified (Aberq and Kihlgren,: 1980) Sumo wrl!:ers have
° opseryed that neuropsychological measures may reéveal marked
‘deficits even when c‘linic;al slgnjs and ;yqptoms are at a
ninimum® (Aberg ‘and Kihlgre# "1977a, 1980; Bethune. 1981;
Boccalon, 1982). Aberg and ‘Kihlgren (1980) and Bethune’

(1‘981) speciﬁ.cany advocate the use of such standnrdszed LA
insiruments in the teﬁtlng of hypotheses concernlng neu EER

¥
procedures.or equipment in open—hear.t operations. o ‘
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R;saarch in - the field of cerebral dsyfunctions
occurring after open-heart surgery has established that
their high incidence is probably linked in many cases to the
effects ‘of: air mic-robubbles (Aberg and Kllhgren, 1982) The
‘hazard of these microbubbles - comes .‘with the use of the

heaﬂ:*lunq ‘apparatus, speciflcally the 'lunq or oxygenaar.
?lhough earuer studies .have ‘compared “the - bubbler - and-

membrane exygenntors. ,Ln‘ tdrins of. Postoperative ® -

neuropsycholegical deﬁcits, thege scudies did not, lead to ﬂ

i daﬂnn:ive conclusions, . maLnly because, ., of me:hndclogical

E ueaknesses Findifgs La:ked precision, for example, because

' of “the . 'use "of dlagnosr.ically mixed cardjac groups ay‘
. x B b_ecausé‘ut the fQilure to ‘match experimental groups !‘6:—
e .’cert;iln potentially influential variables, such as age,
) ln:elligance, sducat!.on. and sex: ’The. studies by Landis et
ali-  (1974) and Boccalon -(1982) .did use neuropsychological aighu
tests,’ which are the optimal measures fdF use in this field

'of investigatipn,‘ but - .the measures chosen were of

_questlomble validity or else were inadequately- idem:ified.
« . Alsc, ' some: subsidiary facters which might have 1nf1uenced " *

neuropsychoiogi 1 , - for 1nceuxgence,,

‘education, mpod states, were not ‘accounted for in the

. nnnlyuin of th'a ul‘.come data., Lastly. previous ,suudxas had .

uud " oxygenators vhlch\vare ouhdated _or which were of i . %
&, giltigrant'mnnufnctura from thosa curr:ent:ly in use n: ;he

,Health Sciences Centre, 'St. John's, Newfoundland. -~ : §




i page 20

. Essentially, /then, the question ’ of whether the
. membrane's ~ more sophisticated design would reduce the risk
“#" of ischemic damage attributable to gassous microemboli, and
of whether the greater cost of the membrane was‘just‘lﬂed, 2

remained to be adequately tested.
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Method

Subjects

ALl suhjects\n this study vere gdmitted to the General
Hospital, Health Sciences Centre, St.\ John's, Newfoundland,
for coronary artery bypass grafting (&) in the 'period

between July 12, 1984, and March 4, 1985. As this is the

only medical centre in Newfoundland and Labrador where this.

operation —Ts'x_:ert‘ormed, patients come from all parts of ‘the
province. Those sc‘hﬁiulad for any cperatinn other than CABG'
were not requested to participate. In the typical case,
patients entered hospital approximately 36 hours before the’
operation. In keeping with the requireents 52 the Research
Ethics Committtee, Health Sciences Centre, patients, were
approached - with the ' consent form a minimum of 24 hours
hefore, surgery (see Appendix gér a copy of the consent
form). A total of 133 CABG patients were admitted to
hospital during the study period, and of .this number, 77
signed the con}ant form. of | the remainder, some were
emergency cases, some uere not con\:acted by:the experimenter
‘dua to lc'heduling difficulties, and the rest chose not to
pur:h:lpnt:e_. The mean age of the patients who did not sign
the consent form (n=56) was 55.5‘, range 30-75, while the
mean age of the patients who completed all testing'was 50.4,
.rnngo 34-68. The age difference between these groups was
significant (t=2.82, df=93, p<.0l). There’ was also a
subgroup which agreed to participate initially, but for

. various reasons did not complete all testing, Of 77 who

E Ty
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orlglnally agreed to participate, : did not survive the
operaticn, 8 were illiterate and could not complete some
iasts, and 24 refused to conplate some part of the blr.tery
either pre- or postuperltively after having signed the
consent form. The mean age of this subgroup (n=36) was
59.7, range 44-68, and this meant these patients were also
siqnlﬂ:an’tly ol_dar on average than the group which
completed testing (t=6.01, df=70,, p<0.01). In addition,
those who completed all tests had significantly more years
of education (mean 9 6, range 3-16) than, those who did not

- (mean 6.5, range 2 13) t=4.71, df=71, p<. 01. In summary,

older pacients and those who had less education were less
l-lkely to participate initially and, if they did
participate, were less likely to complete all tests. This

tendepcy, however, wmay- have meant that the experimertal

hypothesis was more Strictly tested, as younger patients.

with more education might reasonably be predicted to show

~ less postoperative neuropsychological deterioration.

Measures T
X - o -

In the current study, 12 scores were taken from tar;
measures. ‘In previous reports, few tests had revealed
neuropsychological deficits every time they were appu;a:
many : were useful in some studia; and not in others. It was
decided, in the interests of thoroughness, to use a largér

rather than a smaller nuiber of measures. All the measures

chosen had been unn:&ve to deficits in earlier utudxeu,‘

except the Rey Audltory Verbal Learning Test, which hn
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' never been used in published investigations of postsurgical *
disturbances (and 1is ‘discussed below) . ! All  were

' standardized instruments chosen to assess a variety of

mental functions and abilities. Each test and its purpose
. - .
is briefly-described here.

The Trail Making Test (Reitan, 1958), a widely used and
sensitive meas;xre. of bl.'aln 4njury,’ (Sterne, 1973; Golden,
1978) is an? 1nd;x of patients' planning ability, and also"
measures visuomotor speed and ' concentration. Part A
requires sub’jects to connect con;ecutive numbers whi.vch are
scattered randomly on_a page; . in Part B, the subject is
raquired to draw lines alternately between letters. and
_numbers\‘ (1-A-2-B-3-C, _etc.). This measure was found to be a
useful index of pcsteperative‘decline in three studies
(Kilpatrick, Miller, Allain, Huggins, and Lee, 1975;
Savageau, Stanton, Jenkins and Kleinsr- 1982; Savabeau,
Stanton, Jjnkl.ns, and Frater, 1982). The Figure Rotation

measure, (also known as the Spatial !ielations subtest ‘from

* Thurstbne ' and Thurstone's Primary Mental Abilities test,

1963), is a non-constructional indicator of spatial ability.
A line drqvig;g of an abstract fiqire is presented at the
beglnnin‘g of an array, and five other drawings are q.‘i_ven.
representing t:he. first figure in various orientations. The
subject is required to select those figures which, when
rotated \d‘.tilin a plane, would match the original. This is a
:omplratbl‘gly d'ltﬂcul_t zfnd s;;sitivo test (Swiercinsky,
1978), which has consistently revealed cognitive deficits in
open-heart surgery p’ntiem:s tested by “Aberg ‘und Kihléren.

»

.
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The Figure Rotation test has, also, been used-by those
authors as an outcome measure 4in the quality testing of

heart-lung equipment (1974, 1977a.b, 1980, 1982).
«

'

Three subtests from the Wechsler Adult Intelligence
Scale, Revised, wére employed (Wechsler, 1981). The Digit
Span test measures immediate m'emory ability by testing the
number of digits that “can be remembered and repeated in

correct forward or bat:kuardy order. This is .a vallable
(DeWolfe, 1971; Woo-Sam, «1971;

measure of brain injury

Golden, 1978) which 'is especially useful for initial

assessments of memory functioning (Lezak, 1976). A number

of authors have found that notable declines'occurred on”this

test after open-heart surgéry (Gilberstadt and Sako, 1967

Priest et al., 3957: Kilpatrick et al., 19757 Sotaniemi ot
al., 1981). In the Digit Symbol test (Wechsler, 1981), nine

.

symbols are paired with-digits 1-9 in a kéy printed above

the response sheet. The task is to match as many symbols
with digits;as pdssible within a time limit of 90 seconds.
This.test calls for rapid eye movement and short-term visual
retention, and is thought by some researchers to be more
sensitivg. to brain injury than any other WAIS sybtest
(Golden, 1978).. The, scofes of- cpen-h‘eart-surgery patients
declined siLgnifi?:@n:!y on this test following surgery in
four st\{d}es (Gilberstadt and Sako, 1967; Priest et al.,
1957; ; zajts, 1959; Willner‘, Rabiner, Wisoff, Hartstein,
Struve,,jﬂa Klein, 1976). The WAIS-R Vocabulary Te§t4‘vh1ch
of all the WAIS-R subtests correlates best with overall IQ,

- (Wechsler, 1981) was given as a short. intelligence measure

i
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primrily for the purpose of matching experimental groups.

In addition, “three separate scores were taken from the
Rey Auditory Verbal Learning Test (AVLT) (Rey,. 1964; Lezak,
1976) . In this test,.the subject is read a list of 15 words

five ‘times over, and each time is asked to recall as ;nany .

words as possible in any order. The individual is' then
tested on a second 1list, ' only énce, and following this

.distraction task, is aSked to remember as many ‘items as

P ! e
possible - from the first 1list. Of the three scores taken
from-this test, 'the first was the total of the items

remembered in trials four and five on the first list
(REY4+5) . This sum iﬁdicated,t}_le'subje:t's best perfbrmaﬁce
on the . initial }ist before the interference- list was
presented. lSeccnd. the total in trial one was subtracted
from that in trial five, as an .Lndex of the cumulative
learning occurring over the five trials prior io the
interference task (REYS-I)‘. Finally, the tbt_:al number of
words recalled in trial five minus the total Zn trial s'ix,

that is, the number of words lost after the gsssen_tatlonAof

‘th}distraction task, wis calculated -(ilEY5~6). .

The Rey AVLT was selected to replace the .test of new

‘ learning, described as a 'delayed recall tést,‘ which was .
used by Bethune (1980, 1981, 1982; Williams, 1968). In.

Bethm:\e‘u test, -the subject was required to memorize a‘set
of objects plctured‘on a card for one minute and’ then gto
recall " them ten minutes later after  undergoing a t;riet
interview nEd the I‘Dsult Span test.v Following ope’n-hea.rt

surgery, 's pati were'r .wl_th the original
< (T

t
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5 card and were also testéd on a gew one, hence ‘'new
learning’. However, a veakﬂds’s in the procedure is tha the
subject is given verbal, and- then, if necessary, visual '
hints to help recall the pictures. The torrect responses
might be ;L‘;Lned ‘through association. A sample hint is,
'are you a good listener?,' to which the correct answer is
'ear." Many might give the correct response simply by

. producing their first assoctation to ‘the. question. It i
probable that the scoring method (number of hints required)
cannot -take suffic‘ianr, account of wide individual variations
in responses .to these brompts. The Rey AVLT was selected as

a more standardized measure of a similar function.

The.canceptl‘xal Levels Analogy Test »(Wilnlner, 1971)‘ is a~
measure of abstract reasoning which has beenltou,nd in
» - 'earlier studies (Willner, Rabiner, Wisoff, Hartstein,
Struve, ‘ and Klein, 1976; Willner and Rabiner, 1979; Willner
and Rablner, 1982) to predict postoperative \isturbanges and
long- term organicany based mortality. -Subjects answer a
series of increasingly difficult analogy questions,” such as.

.
the following: .

Bird-Sings: Dog (Cat, Song, Florida, Barks, Dances)

Tea-Coffee: Piano- (Ccncérc, Bugie, Grand, . gtring, Milk)

= 8
Also, as noted above, many studies .hava shown that the

patient's mood state can have an important {nfiuence on

puscsﬁrgical mental functioning' (Gotze and Dahme, 1980;
Tienari et al., 1982; Heller et nl.:‘ 1970; Kimball, 1969, —
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1972, 1973). The Splelberger State Anxiety —scale
(Spi ger, qsss/),, T the subject's anxiety ‘level at

the’ time nfzﬁsﬂrlg. Administration of this test gave’ a
measure of the sxtua‘cional anxlety present at t.he time the
subjects took the various tests. The Spielberv' Trait
Anxtety scale is a measure of anxiousness, not in the
situation, but as a character trait, vhl.cp agiiin, vas
administered .as a way ot‘ mnnitoring the | inﬂuence nf
emotional makeup on * neurnpsychplogical -performances. The
Beck Depression ipventory (Beck,j ward,_ Mendelsohn, Mock, and
Erbaugh, 196i) me;sures feelings of dapressl’:c which, along

with feelings of anxiety, are: very common I.n*the pre- and

postoperative psriods and may influence performance - (Gotze '

and Dahme, ‘1980," Tienari et al., 1982; Jakubik, 1972; Frank,
Heller, and Kornfeld, 1972).

Intragperative measures. During operations, perfusion
times were routinely noted * by the cardiovascular
paffuslonists The measurement of hypetensien houever, was
less scrughuorvard.- In previous studies, 'hypotension’
has been defined and measured in many \;ays, In the present
study, intraoperative blood pressure levéls were recqrded at
S-minute intervals by the medical resident’ 1n‘ anaesthesia.—
Afterwards, qr.aphs depicting! the prog-ressiur‘ of blood
pressure readings for each patient were constructed, and the
total - length of time spent below the safety level, of 50
millimeters of mercury (50mmHg) v;s_mé?ured in each case.




Orice preoperative testing was complete, the patient was
assigned to oxygenator ‘Group A or B. The assignment of
‘patients to groups was not a random process, as the subjects
were selected for groups in such a way that gender
distributions, mean ages, years of educac&un, WAIS

Vocabulary’ scores, and scores 'on the Concepttal Levels
Analoqy\".l’est wer; evenly matched. The author, who was the
tester, assigned ‘each 1nd1vldual to a group in accordance
with the .desire to keep these matching variables equal, but
was blind cnncerning which group, A or B, was associated
with each o;ygenatnr. Mean ages in the groups were \matched

because, as noted, several studies have reported that older

_ patients® may be more- susceptible to "posteperat,We

complications (Javid et al., 1969; Tufo et al., 1970;
Stockard et al., 1973; Stockard et al., 1974). Because
women tend to experiem:e more dif!’iculties in recovery after
epen-heart surgery, the small number of women in the current
study. sample vere distributed evenly-between the two groups.
Further, because pertormancss on several of the
neuropsychological outc¢ome measures équld be affected by
level of education, mean educational achievement Lr‘\“tha ‘two

groups was matched. An attempt was made td control for

'intelugence levels through the administration of ,:he'm\:s‘-n

Vocabulary test (Wechsler, 1981). Lastly, Willner, Rabiner -
and associates, (Willner, Rabingr, Wisoff, Hartstein, Struve,
and Klein, 1976; Hillner,»’RabLner, Wisoff, Fishman, Rosen,
Hartstein, and Klein, 1976; Willner and Rabiner) 1979, 1982)
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have published evidence which suggests that preoperative
scores on the Conceptual Levels Analogy Test (CLAT) may._
_predict, postoperative cerebral- dyéfunctxohs.' Accordingly,

mean Preoperative CIAT scores in the two groups were

egfated.”

In most cases, preoperative testing ‘could be completed

in. one §ession, but sometimes more vere required. The

cardiovascular pertusiunssts, who operate _the heart-lung °

machine, were notified 7aiore each patient's surgery and
would employ the appraprlate oxygenator in - the operat:ion.
Group - A undsrvem: cardiepulmonary bypnss using a . Cobe
Menbrane Lung (Cebe Labs, Denver, Colerpdo) Group B, ‘the
bu}:blgr group, underwent cardiopulmonary bypa;s using a

‘Bentley Bio 10 oxygemator _(Bentley Labs, 'Irvine,

Califarnia) . A Shiley Saf-20 arterial line filter (Shiley,
Inc., Irvine, California) with 20 micron screen filter was
used with this oxygenator to prevent air bubbles created

during oxygenation t‘rom em:ering the patient's bloodstream.

Patients underwent the second set of test trials
Datweent 5 and 14 days, postoperatively. In the typical case,
retests began at 7 days and the patient left hospital at 10
days, although there were many variations on this®Pattern.
Because patients were often fatigued ‘and bécaude there were
interruptions 4, .from many  sources, = testing was -rarely
completed in one session D At this test nd.;nlnlstrncion,
alternate forms were devised for the. Rey Auditory Verbal
Learning Test "(AVLT), the Digit Span, and the Di:iit Symbn'l
tests. A 1list of comparable comﬁon nouns was selected for

L
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the AVLT by the author. - In he Digit Span, similar. number
eta vere: used, , and mbigit Symbol the sequences of
the symbols were al\:eredA. At t‘:('ds econd admlnis;.ratio-n, 41
patients, 20 in Gioup A and'2l in Group B, completed the

entire test battery.

Six weeks postcpera:iveiy, patient's' returned for a
clinic checkup, and this was the occasion for the second
pcséoperative neurnpsyt;haloglcal assessment.
forms . were again used for the+AVLT, Digit Symbol, ,.angi Digit
Span. However, .some patients had checkups at other " medical

centres, some refused tgsting. and a few were missed due to

Alternate

schedule changes. As a r_es;\lt:, only 30/ patients, 14 in .

Group A. and 16 in Croup B, completed chq full test battery

N

at 6 weeks.




Results

The eight dependent measures employed in this study

included the Trail Making test, with parts A and B summed to

s . . make a single score, the Figure Rotation test, the Diglt
i ' | Span, the Digit Symbol, the CLAT, and, in addx:son, the

three outcome measurés derived from the Rey Audicory Verbal
Learning Test: the sum of the vords recalled on trh]\x four
. and five (REYA'«S), the 1ndex of 1mprevement -between trials
one and -"five on the . initial word list (REY5-1); and the

" _number of werds forgotten after the im:er!erenc.e task
‘(REYS-6).  Six covariates were assessed at the, precperative

a8 trial, and’nlght at eachy of ,the *two pustsurgicnl trlals.
The “wo new variables, measured during the operat!,on, were

> hyputens:ien time ;nd bypnsss time. The :total list .uf
o covariates comprised  age, educatidm bypass time,
hypotension time, and scores on the WAIS-R Vocabulary, State
and, Trait Anxiety, and Beck Depressicn scales. .

Forty-one patients completed all, tests at the first -
followup session, and of these, 30 dbmpletedothe battery
again at the §-vask session. Of t};s rzen)aining 11 subjects,
several - did - complete -some tests. n.these instances} the
scores were included in t:he data file, so ghat the ;:o:al
number participating at the 6-week followup varied slightly
from muure to muura‘ There vere never.scores from wmoré

than 32 nubjects included 'in the 6- vaek data for any test.

r : ~
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\B 5 ¥
Analysis of Raw Scores e i, e
D g . ., . -
«Repeated-measures multiple aralyses of variance °
(MANOVAs) were pert‘omed on ths rav data Befor-a .any ‘of the .
covariates had been accounted:.for, using :he SPSS-X - MANOVA o A
. < 5 -
program (1983).  The main adyantaqge of MANOVA over ANOVA is .
. . 4 g p
that MANOVA controls. for the possibility that . false

significances may @merge simply be T.lse of the"large numbq—
of comparison tests performed vhen there are a num!ger of 4

“measures ~and repeated crl&ls. The . Yactors entered' inito, ;
these 'MANOVAs \le're the two -'groups, .the ,a\?ht'i ouccmné/
measures, .and the t:hree test sessions. .The initial MANOVA K

was performed on the data :rom all three t&st-sessions, "and

three suhsaquent MANOVAS were axecuted on data from pessions

one_and two ‘only, 'session one ~and, thrée only. and’ sessxcns :
it

two and threu only. ’ Before thp MANOVA based on .scérds {I\on Pl

B
only séssions two and three ‘was executed t}}e .varian;c- *
predict.able from the preoperitive scores was removed from °

the total poscopérativg-scérq varian;e by meanss of lultipia s .-
‘reg‘ressinn. The purpose ‘of these subsidi;ry anal&ses was'to -
determine how much’ change accurred vichin each sub:, intcrval.'
Qnly one of all these analyses. psrtar-ed‘on data. Irom %
sessions one and three only, produced algni!lgam: ralulqs.

Theré was .an uverall interaction between group. te] nnd

. time (F=2.59, df=7,23, p<.05). To establish which ,of _the

individual tests in 'r.ha bat\:ery were respor}nble for the ‘-
- group, test and’ time intarac\:ion, univariate :eu:l v;ra
per!orvad These analyses revealed significant qroup x ume

. .
inceractlons on the REYS 1 (F=8.13, dr=1, 30, p<.01) and ther .
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Digs: Span (E‘—-6 59, df=1, 3 p< 01) tescs. i'able«l‘ contains
the flav score means for the REYS-1, the REY4+5, and thé
Digft Spnn tests. Examlnation of these means shcvs that,
while the scores of the membrane greup " were higher

preoperatsvely, 5 the mean sccra of the membrans group on the =
R o Ian by 2.34 points betuean sassinns one. and three,. ,

whna r.hat: of che buhbler group fell by~ onlr .52 pomts.

. Whnh scoras of, both group§ had tanen on this measure by

the reek test sesslon. tho;e of the membrane g-roup had’,

tallen to-a significantly greater extenm ¢ 5.

There was’ also a qroup x time .lnteraction in the Digit.

L

pan ucoras, vhich presents a’rather different pattern( '

Scrutiny 6f the maans tor 511 \:hree trials shows that” while
‘the' mean Digit Span scores of the tvo' groups were vldely
disparate bste)-e, surgpry on this stask, most p_:;obably because

of sampling érror. the‘par't‘nrmances'df the 'two groups were

: vlrtullly equivalent by the time af the last :est session!

'me g-roup X time interactions 6bta1ned on the’ Digit Span

- test in several data ‘analyses most , plausibly reflect a
plttérn of regression toward the mean oc rrir‘lq in both o

" groups. / i il




Table 1

- Group Means (Raw Scorasi

. Dependent Membrane.  ‘Bubbler: Difference '
Measure Test Session roup Group .
Preoperative 5.45 2.62 83
“1st postoperative | ~2.95 3.76 -.81
. - . a
.| 2nd. postoperative 3.1 4.8 £.99
DIGIT SPAN | Preoperative 9.9 11.52 -1.62,
st Postoperative | 9.25 10.43 118
. 2nd Postoperative 10:55 _ 10.53 .02
REY4+5 Preoperative 18:15 17:62 .53
. 1st Postoperative 13.95 16.95 -3.00
;| 2nd Postoperative | 14.17 15.29 “1.1Y
\,
\
\ ..
- )
. e 2
. »
5 <
”
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) —A;;h(;& of Standardized Residuzls

B} L \
In the subsequent analyses, multiple regression was used

e to remove variance associated with the eight covariates, -

’ leaving l;ésiduals. Als'o,‘ because ~ the various measures had™ *

orsgin‘/aﬁy been scored according to ‘dlf\(erent:'scales, (some

. from 1.to 10, some from 1'to 70, for example) the residuals

were ' transformed into z scores. - The residuals, then, are

properly called 'standardized residuals'. ¥

" - The tir’s‘t analysis ot.‘ standardized residuals was ‘p;rvtomed
on the data from all three tés: sessions. The top row, middle
column of Table 2‘pre§ents the significant ﬂjndlngs from this
analysis. The only interactions to émerge were those between

* gra\? and test, and betvw group, cés:, and time. The .results
| of the associated univariate tests are presented in the top "
‘rou. i'lght Hand column of Table 2. The Table s that the
. major chunges occurred on the REYMS the REY5-1, and the Digit'
Span tests. (Internc:lons betwaan gropp and time for the
REY4+5 and the Digit Span measurés, though not quite
significant, are noted because differences on these measures in
*each ot ﬂ}e three subsequent analyses did attain- siqnlficance)
N ’ The intarucr.lcn between” group, test, and time reveals that the
. pattern of the scores in each group changed in relation to tije

pattegn in the other groyf on these three measures .over -test .

.
. uasslonu . Mean scores on the two Rey measures, presented in .
‘ Tuble 3, reveal that hators surgery the per:ermancea of the g.-; g
» graups did not ‘differ, but that after _the operation the sco

: of the bubbler group were "f»“‘c" better than ‘'those of the i
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membrane group. Although Digit “Span residual scores were.’
significantly different before surgery (t=3.24, df=38, p<.01),

this difference disappeared after surgery. The overall

interaction between group and test J.ndicato! simply that when

the scores on these three measures from all test sessions were

summed separately within each group, the group differences were

signiffcant. %




]

Testing Sessions
Compared

Table 2

Overall
Effects

—Signlﬂcunt Results Obtained in MANOVAs Performed
n Standardized Residuals

Univariate
Test Results

1, 2, and 3

oup x.test
g:.os

oup X test
,g(r time p<.05

REY4+5 p<.09~
Er up. X time
EY5-1 p<.05

D. SPAN p<.Q9
group hyptige

oup X test '
ge.08

'ou]
%

REY4+5 p<.01

gromp x test

REY4+5 p<.05
group
REY4+5 -p<.05

l.and 3 X' time oup 'x time:
p<.05 fEvely p<.0L
) group X time
D.SPAN p<.05 .
group X time
- .
. ' REY4+5 p<.01 |
groy)
J P<.05 EEH#S p<. 05
2 and 3 graug x test
<. 0! .

test x time
p<.01

ms 1 p<.0S

B sehw
group

p<.05




Table 3 | -

Group Means (Standardized Residuals)

) ’ N 4- - . </
4
. l Dﬁ‘e’:’s’iﬁ:t S:::‘L:on Membrane Group Bubbler Group
f\ REV&"S | Precperative o13 E —o12 . g
i . 1st Postoperative -.464 .420 ;i
.~ ‘ B 2nd Postoperative |' :-.418 - 507 . .
‘f REY5-1 Preoperative . y . +127 - -.121 ¢ T
; 1st Postoperative (e -.228 .207, A
| Ead 2nd Postoperative .388
1 1 ’ DIGIT SPAN Prenper;tive ° .410
i® 1st Postoperative 276
" 2nd ;astoperative, .036
[N ’
9 AN
. ' ’
- . . :
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With . little variation, these main ' findings--the
postsurgical | luperxbrlfy of the bubbler group on-the two Rey
measures, and the preoperative difference on Digit Span scores ™

{ : . which di ed p atively re also obtained in the

next three analyses. The second analysis of residuals differed -
from the first in that data from on.ly two test sessions, the
preoperntive and the first postoperativ.e, were included.’
Results (shown in the second row, middle column of Table 2)
revealed overall ql:oﬁp and group x test effects, 'meaning that -
anhough ‘the groups did differ on the Réy measures and the '
Digit Span, thsre was no Lm:sractien of group di!ferences with
test sessions. Houever, the univariate r.es: results shoved
s ¥ that on the REY4+5 and the REY5-1 measures the scores of the
e b’ubbler group were -higher than those of the membrane group

afger surgery (F=7.51, df=1,39, p<.0l: F=3.64; df=1,39, p<.06).
The group effect associated with the Digit Span test peflects

the j)reoperatlvs difference in group means an this measure.

/// ‘The third MANOVA nnd the associated univariate tests were

> il
s based on data from sessions one and three only.’ Results of

' these ana”l;seu (presented in the third row, middle column of-
'Table 2) showed that at the 6-week followup, ‘the performance of-
“the bubbler group was superior on the two Rey measures (REY4+5:
FiS,.lG, df=1,29, p<.05; REY5-1: E=7.ﬁ, df=1,29, p<.01), and
that differences.in the scores of the two groups had almost
dl!lppclr.ed on the Digit ‘Span test (F=4.81, df=1,'30, p<.0S5).
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The fourth and nnal MANOVA, in which -the groups were
coﬁpared across the two pos\:qperative (1 and 6-week) trnlu,
was more complex. First, the preoperative scores of all
meas:uras. including thc;é of the covariate measures, were

_partialled out from all pnstoperativ; scores on those measures,
irrespective lof group membership; that is, the pre-measdres
were themselves treated as covariates. The 'r'esul_ungv residuals
reflected 'pure' posf:operati.ve responses‘; un:h’ the variance

,, attributable to preoperative scores- rem?yed. This procedure
left an’initial set of standardized residuals. Then; as in the
previous analyses. the effects of 'the original eight covariates *
were removed from tha dependent measures through multiple

¥ reg-ression. and these residuals were again standardized.

¥ In this way, the MANOVA was based only on -postoperative

! outcome scores, m which precperative data and the covariate

4 measures had b“(ial}ed out. The only significant results
vere the interactions batween group and test (F=2.91, df=1,28.

¥ . test and time (F=3.6, df=7,22, p<.0l) and: the main

of grolp (F=4.44, df=1,28, p<.05). The group x test
‘im:eraction reflected the higher scores of the bubbler group on
" the _REY4+5 apd the REY5-1, .and t};4 higher scores of the
membrz;na group on the Digit Span test '(means in 'fabla'q). The
test X' time 1;:€raccian indicated -that large changes occurred
betwben test sessions on some measures when the two groups were -
-'g'eated as, a, single sample. ‘Uni}larinte test results were
2 similar to those obtained in, all ‘previous analyses, with the
| 8, df=1,28, p<.05),
vhich indicated a large between-sessions difference on '{hia

exception of the REY4+5 time effect, (F=

L]
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h ’ Table 4
w

Group Means: Residuals Obtained When Pre-measures and
Covariates Were Partialled Out 2

. JDﬁg:gSﬁnt . Test . Membrane ' Bubbler
S e Session Group , Group
e (/REY4+5 \I‘? ﬁ:stoperaéive -.194 K .655
" - “Zhd Bpstoperative | -.408 - ~.033
REY5-1 1st Posteperative _-.251 B .367
® ; | “Znd Postoperative | -.355 7359
m Ist Posce;pera‘:xve ~.026 T
E = an/listuperative 5 .413 -, 124’

T




~

measure when-the g-roups'
. \

‘

results pf the raw-score, analyses,
conclusions. They revealed that t.he postuperative pey formance
of the bubbler group was sig-ni.t'icant:ly superior on the REY4+5
measure, as it had also been on he REY5-1 measure in both raw
data and: residual analyses.
each of these measures assesses in a dlvfferen;\;ay the extent

of new learning which has taken place by the fifth trial on thé'.
"

Rey AVLT.

Whereas the raw score means for both groups on the two Rey
measures decreased pustoperg.tively, (Table 1) the mean residual
scores of the bubblar group (Table 3) appear to have lmproved. -
Some caution must be exercised in interpreting these residuals,
in that no absolute improvement occurred in these instances.
Two  covariates, hypotension time ;nd bypass time,

partidlled out from postoperative but not preoperative scores,

and  the introduction

pattern of postoperative means.
means affirmed the lack of a significant decline in the bubbler

group's performance on the Rey measures after -

conclusion was str

scores were combined.

The analyses of the standardized residuals

of these factors caused a change in-the

per formed separate].y on the raw scores of
analyses produced significant decreases

. REY5-1 scores over the three

group (F=13.53, df=2,16,

whereas ‘decreases over the three sessions in the bubbler group'

were not significant.

and expanded those

\‘This was not surprising; since
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Also, residual scores on the Digit Span test in Table 4
seem to t;vor the membrane @oﬂp, while the raw scores suggest
the opposite pattern. However, this reversals is an artifact
vwhich arises from the fact that the groups' scores weré)quite
divergent before surgery. When the preoperative scores were
partialled out from— the gostuperative scores, the removal of
the large original difference led to an apparent pattern of
reversal. {n consequence, it is difficult to draw conclusions

from this finding. - = ”/

In order to assess the impact of each' .of the covariates,

MANOVAL vere used to compare tlie correlations of each covariate

with the performance of each group on each measyre at each
:rial.\ For instance, one such MANOVA tested whether education
~vas correlated yl‘th CLAT scores at first followup to a greater
\extent in group A than in group B. ‘It should be noted that in
five of the instances presented in Table 5, edugacion or
vocabulary . cﬂrr{alaeeﬂ nagatlvaly with postoperative scores in
the mambrane group; and’ I:har. these correlations differed
signiﬂclntly from the cnrreupondlng positive correlations in
the bubbler group. Thje implication here would be that although

' the, groqps‘ }ver’a originally matched for years of education and

vocabulary scores, patients in the membrane ‘group were: less
able ’tr; draw on .thase resources pos.gape'rativ_ely than those in
the bubbler group. Education’ and vocabulary, incidentally,
were _signii‘iq‘ntly correlated with each other lm: all three

trials (r=.75, r=.69, r=.70).  The conclusion that the @embrane

L3 <
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group was less zble to use these resources postsurgically wauld
tend to support the study's main finding, that postoperatively
the bubbler group performed more o!!ectﬁloly on the two Rey
AVLT ms’.\res. However, no single covariate 1ntn;c:£m
directly involved the n;casures which vere otherwise of most

importance, the Rey AVLT or the Digit Span.

o~
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2 Table 5

Test
Variables Session

Trail Haiéing Tes
Educatlong 5 tj

1st Postop-
erative

Trail Mnking Test/ 1st Postop-
Vocahulary . |- erative

CLAT/ .1st Pnst:op-
Trait anxiety Y erative

CLAT/ 1st Postop-
Education erative

Trail Making Test/| 2
Education

an Past;;»-
erative

igit Symbol/
Educnti on
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(!
Ccrrelacions between outcome-measures and covariates
hich differed sighificantly between droups

Corre} -
|| ation,
|| Bubbler™

A




In the present sgudy, several neuropsychnlbgicai measure:

were -used in an-{attempt <to assess cognitive detl‘:xt! kno\m.
frequently to occuk Jafter coronary artery bypass. gratring. ©
Though discussion up to this point has focussed on deficits

occurring differentially in thi. two’ osygenator ' groups. it . is,

worth asking whether, in any absolute sense, any patients could -
: ¢ P> )

be said to have shown important declines in poscﬁ-uve
mentdl ability as measured by these tests. . )

Ry
-

Saparate repeated-measures analyses performed - on . 61«
B

scorés of .each’ group revealed that wheraas tha pertomnc& of
the ‘membrane group declined siqniﬁcancly over all ‘tiiree: test
sessinns op ‘the REY4+5 and the REYS5-1 measures, decrease: {lere
not  significant in<the bubbler group. The pos:oper-uve
decline in the . membrane group, then, is the propar !ucus of

attenti‘on. Whereas. scores in the membrane groue\ fell by an

average of 4.2 words on the REY4+5 %est.1 week postobaranvoly. S

and regaified only .22 words at 6 weeks, those in 'r:he bubbler
group dropped, by only an averagIe .67 words at I’ ueek a d an *
additional 1.66 words at 6 weeks. On the REYS-1. the scores of/
the memb;‘ane q"roup fell by an average 1.5 uor.ds 3t vrek and
and regainedbonly 417 words at 6 weeks, whepeas 'l:ho:‘ of .« €hg

.86%words -at -1 ueak. aqd

the- bubbler group declimed - by &nly
§ : v

subsequently improved by .34 words.” It is cgear‘ tha: l:ha

membrane group suffered a distinct loss J4n learning ’abusiy

which remained ‘inﬂ evidence 6 weeks afterus!;\rgsry,f - E
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Discussion - -

The ma‘jot. ﬂ.nding of th; study was that the bubbler group
performed more affel:tively than the membrane group on two
measures Erom the Ray Auditory Verbal Learning 'l‘esf_ at both
poatopcrnuve tolt senions. This findinq‘may be understéod to,
mean_ that, Lﬂ:er nurqery, the ‘bubbler group displayed abiu.ties
for lelrninq and 5to:1ug new_information which were superior to

. thosé of the membrane group.. There 15, ‘then, sdme evxdencg that
the bubhu is the preferable oxygenator’ for use. \Howévér, one

‘cannot nr.ate without qualification that the bubb).er was the

' superior device, for two reasons: First, the nymber “of sul\ajecte
[« L - B i

‘was ‘relatively small, and B‘ECDX"Id, followups did not extend beyond

six week: . e

" The Yh\ding that 'fmtients.‘ ‘scores fell Signiflcantly on one
test and not .on m:hern ig not an unuuual one in research on

. cognitive deficita occurring aftar opan-heatt. surgery. While the

.sensitivity of new learning’was domonstrated in the current

study, other ﬂndlpq-‘have: shown tilq; a variety of abilities may

be affected, 'including abstract reﬂsoniﬁg (Willner et al., 1982),
3 S %

visuospatial organization (Aberg and Kihlgren, 1982), and short- "

term. memory (Kilpatrick, >!,975- ’Gotzé and Dahme, 1980). 1In a

major international -tudy cnrtently under way, a-number of

coEnltivo !unctionl. Lneludinq new laarning, are baing nu.e-.ed

(Willner, pu‘nonul eommunicaf.lon, 1984).. Paw writers. have

dtncny,mddg- d thn problom of variabuity amng conclusiol

blyona alluding to thn ,lack of ogical . P lity which
" .

exists betwesn -tudh-. N Ly i N ‘

.
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Severgl have also vexpressed the viéu. videly held, ~'that:::
dysfunctions occurring .after open-heart surgery have many

causes. It 1s punderstood that, by implication, these .
dysfunctions may take many forms (Kornfeld et al., ‘1978; Dubin
et al., 1979; Cotze et al., 1980; Katz, 1980; Willner et l'.
\x979) . +

The presént study has led to certaip practical .conclusions
which have much potential value for future studles in this '
{1e1d. In particular, it ' has’ provld‘ed some valuable :
W indications concerning which vari.ables would most proﬂtably be b

followed up in future’ investigations. Thers are also spsclal )
points to _bé made concern,i‘nvg:(the CLAT, Figure. Rotatiop,
hyplutensioﬁ and bypass time, an'd mood measures.’ s
s - ( ‘
. The Importance of Learning and Memory . k

In this lnve;.éigation, meas'liljas of 1;arniy\g a%d memory

'were of central importance. The Rey AVLT, clearly, Should be
used i future studies. Findings from qhislte;t were robust, TR
and'/' were obtained in analyses Pased on both .tha standardized
residuals and ‘the raw.data. ﬁ}\ar studies have also ‘obtained
notable findings with tests of new lbarning. Bethune (3980).
‘for example, ad.minister:ed a drla‘yed r‘ecall task to a subs(t: of
valve patients in his sample vhu showed mild neurological signs
after suggery. These patients performed adequately when -
. x)alearning piétures they had seen before ghu opern':.on. but “had
\iﬂﬂc’:ulty in recalling newly presented pictures., it - appeared
fhnt ;:hu.lr capacity fqr ucqhirlng’neu information vas impaired,
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even though retention of previously learn;d information was
adequate. Two other studies have found that verbal learning
tests comparable to the Rey AVLT were sensitive to
postoperative deficits, though in neither study were these

) among the most prominent ﬁndh"xgs. Sotaniemi et al. (198a)

used the Laarn‘lng Test (Weckroth, Tie(mrl,. and Airikkala,

*1975), in which 12 vords are learned by rote, and found that .

scores . correlated highly with neurological, outcome. Also,

- Juolasmaa et al. (1981) found that, after surgery, more than .

J20% 5f the sample showed impairment on the Paired Associates
v ;

subtest of the Wechsler Memory Scale (Wechsler, 1945), a test

v

whose difficult items can be said to constitute a test of new

learning. The present report is not the only one, then, to

« suggest tha“'t the learning of new information may be

particularly vulnerable to the stress af - the open-heart

operation. ) ) o

The Rey 'AVL’T is more suitable for measuring new learning

than Bethune's delayed recall tqst, not only hecause.it is -

bﬁtar standardized, buf because it provides multiple scores;
.l".hese reflect thf degree of uprovman'over repeated trl‘ls,
the maximal performance attained after repeated trials, and the
effects of a di:t:-lcglon list. It is Qd‘rth remarking that the

Rey's sensitivity in identifying learning and memory

impairments has recently received increased attention in the
neurgpsychological literatire. Mungas (;§B3) showed that AVLT
rnu:}\ clearly differentiated several subgroups of brain
damaged and psychiatric patients according to ' the degree of
nﬁuw and' learning h:pil.mnt in each group. Amnesics, who
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suffer primary learning impairment, performed especially poérl‘y’
on the Rey. Rosenberg, Ryan, -and Prifitera (1984) “found that
the AVLT scores. of memory-impaired psychiatric and neurological
patients were much poorer than those of patients whose ;nemory

. . .

was not impaired. ‘ = .

H 3 . Another measure which could be used to asdess ne‘ learning
‘wauld be the difficult items from the Paired Associates subtest
in thel\f{echsler Memory Scale, in vhich unrelated word pairs are
presented over repeated " trials. Eindmgs vir.h these items °

," i might well affirm the results obtained here with the Rey test. -

o 'Note, Nowever, that without alternate forms for this measure or,

for the Rey AVLT, new learning cannot truly be assessed.

Also, though Digit Span scores in the present
investigation - appear to have followed a pattern o!‘ 'regrasuog/,_‘.__
toward the"menn. this test should be used again i# ~future
studies, in tha interests of greater certainty. Andther reasfn
is that authcrs have reported postoperative deﬂcics ccd/ring
on thxs index of short-term memory more than on any other test '
in the literature (Gilberstadt and Sako, 1967; Priest et al., B
1957; Kilpatrick et al., 1975; Sotaniemi et al., 1981).

Learning and maiory,\ as measured by \he Rey test and the Digit
Span, may well be among the cognitive functions most likely to a
be affected by the open-heart procedure. 1 -

-y . -r.“
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Willner, Rabiner, and associates (Rabiner, Willner, and
Fishman, 1975; Hi‘llner, Rabiner, Wisoff, Hartstein, Struve, an\d
‘Klein, 1976; Willner, Rabiner, .. Wisoff, Fishman, Rosen,
Hartstein, ané Klein, 1976; Willner and Rabiner, .1979; Rabiner
and Willner, 1980; Willner and R‘lbLner,‘ 1982; Rabiner, Hillnér,
and Detmer, 1982) have published a number: of studies in supporg
of their: hypo:hesis that some heart disease patients may incur
cognitive dsﬂciu well hafore surgery because of diuﬁnlshed
blood flow to the brain. These authors' have also publ;shed
ev}.d’encs to support the theory that these precperative deficits
are early warning signs whose presence’ can reliably predict
both psychopathological and neuro;egical disorders accurrin’g’in
the'early postoperative period, and also symptoms and ma;tauty
over the long term. These researchers Psad Willner's
Conceptual Fsvels Analogy Test m} as_sfss the presence of what
they have! terméd the Psychopathology. and Cognitive Disorder
(PGS) Syndrome in patients about E: undergo  open-heart
operations. Their research - éhowed hat, in a sample of 64
patients, those with very. low scor‘es were significantly “more
11ka1y‘ to suffer thospical pnthoicqy'and organically related

symptoms g death over ‘a five-year period t?m- were subjects ’

with normal scores. .

A
Though the CLAT was used in the current study, _no
significant findings vere assotisted with this test. A
plausible explanation is that tr;e'mean years of educatl'an

(9.61) and Vocabulary ucgreu (precperative mean scaled score of
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8.2) in the current sample were lower than those in Willner's )

population (mean 11.0 years education, mean Vocabulary score
10.5) (Rabiner et al., 1975‘). In’ an earlier publicationey,
Willner observed that patients at the medical centre fren; which
his subjects were drawn were of "considerably above' average"
intelligence (Willner and Struve, 1970, p. 432). Willner
further claims that because the words used in the T's test
F€lty, this
test measures pure abstract reasoning abui.ty in any subject
who pussesse! that much education or more. v
However, in the present investigation, CLAT scores

correlated positively and significantly with ‘{og;bulary .scoras.
at all three trials, with education at the first postoperative
tr\ial, and nearly significantly with eduéation at the first
postoperative trial. Essentially, then, patients with less
education and  weaker vocabul‘ary skills also had poorér povers
of abstract reasoning as assessed by the CLAT. This test may
be ‘of less ytility with poorly-educated populations, whose lz;v
scores probably reflect inexperience with problems of r‘easer{ing
rather than orgazl'ﬁ deficit. Paru.cularly‘ low score:s on the
CLAL. would more“plausibly suggest organic .injury in a
middls{class popuzatian with good educational backg-r‘nund and
vocabulary ability. Though the current sample had only 11:39
fewer mean years of education than Willner's sample, the tyo
groups were sociolot}icully‘ very different. Willner's was a
middle-class suburban (Long Island, New York) population, >th_lu
the currunt sample had a strong rapresentatlon from riral
areas; in a province (Navluundhnd) where mean Verbal lI.Q.
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scores Pfave been shown to fall below the national ayerage
(Burnett, Beach, - and’ Su;lllvan, 1963) . As a general rule, it
‘ has huén sHown that r;xral subjects obtain poorer scn‘ras than
their urban coudterparts’ on standard intelligence tests
(Vernon, 1979). se of the CLAT may be more appropriate with
populations of least average verbal intelligence.
Unfortunately, ' in the current research, . the Figure.
Rotation tesé,. vhose utility has been apparent in the valuable
wgrk ol’ Abérg and Kihlgren,: (1974, “1977a,b, 1980, , 1982) . was
—1n1‘:orrem:1y administered. I_nstructions ‘,indirc_a‘ti:lng " that
suhis&t:s" per formances were to be timed did not comer into- “the
author's pbssesslon until after data collection had begun.
Although no findings of r;ote were associated with tﬁis test,
_ then, these results are infonclusive. As the research of Ai:arg

and Kihlgren has consistently confirmed the sépsitivity of this

. measure, and because the instrument was not properiy used in

this study, it had best be tried again in future undertakings.

When mood states vere assessed, neither the Spie]:berger
State and Trait Anxsety/ Scales or ‘the Beck Depression Inventory
suggested that anxious. or deprasséd feelln;s markedly \ or

consistently influenced pertern;am:a. . Scores rarely surpassed

N
\sariauu emotional states. This is not to say, hoyever, that
o ‘these states never occurred -in t{m study sample; sometimes

patients remarked . informally that they were more emotionally

the median of the possible range and never indicated clinically )




. page 54

affected by their 'situation thar\ responses on these scales had
indicated. It is possible that: many middle aged males in
hospital for open-heart operations did not want to reveal

significant anxiety or sadness to an unfamiliar researcher,

/-even on a pencil-and-paper test. These mood states might have

— ;
been more accurately assessed by means of a semsitively

conducted standardized interview.

Hypotension time was significantly and pesiti\‘e\
correlated, in both groups, w!.th Trail Mak,}ng. REY4+5, and
"REYS-1 scores, at the third test session only (r=.34, .43, and

« .49). 'This finding, which contradicted expeccations. implies :

that decreasesin blood pressure .did " not constitute a .risk
variable for these patients. It should be noted, however, that
the blo;.d pressures of only four patients fell into the
_Potentially severe range below 4OmmHg, that in no cases did
pressures fall below 35mmHg, and that only one patient spent
more than 5 minutes (10 minutes) at 3SmuHg. In short, severe
hypotension did not occur and was not a hazard in this ' sample.
Bypass .tix'ne, on' the other hand, did correlate negatively in
both grm;:s with REY4*5 scores at sessions one and three
(r=-.17, p>. 05. r—-.29, p<.05) . ’_ The x:ange of bypass times in
this sample (12-148 minutes) was reasonable for current

surgical practice. ”~ While this was not a strong finding.
p 2 2

- concerning . the harmfulness of long perfusion times, this

-variable should to. be for in future
annlysgn\ ’




The primary finding of this stu‘dy was that the 'bgbbler group
‘performed more effectively L‘t‘han - the _membrane :grou'p on two
measures from the Rey Auditory Verbal Learning Tes(;_ at 1 week
after surgery, and that this result ’ren:;sined true at the‘é—week

' followup: " On ‘the basis of tﬁia £inding, it can be :;ncluded with
-'confidence tha}: the bubbler Q}uen used yitﬂ’«;n .apprépriatg filter.
is no more haaatéoua for use than is the membrax;e oxygenatoé.

In the larger contéxt, this study has helped to confirm the '
usefu}nes? of neuropsychological tests for :eaearch .in this
field. It shows- that puxchcmetric . tests can profitably Ee/ used
as “the sole. outcome  measures in résearch on post-CABG
dysfunctions. Use of such i};struwents leads ‘t.o better .
standardization of ‘me?aures within studies and al{wp for greater

-+ comparability between studies. Their use wul.alao héip to
““énsure that future studies of ‘deficits occurring after open-heart
surgery will continue to »achieve both methodolo;;igal soundness

and élinicaxly -uaeful E}ndingu. -
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Consent Form

As you ma knw. durlnq your bypass operation, blood" is
chnxnelody of the body from one side of your heart; it
s into r_h- he-rc-lung machine, and then gets channeled
ack into your body r.ho other side of your heart. ‘At
thi- ho!‘pltl{ o types ef 1ung. or oxygenator, are used
in the hes lrt-hﬁq machine. th types of 'lung' are used
llgeolun After the strasu of your operation there
.?“ ormal period of recovery before you-are fully
yourself again. We are testing patients' ~moodds and
alertness before and after surgery to see if there is a
difference in how quickly patients recovar !ull alertness
and functionlng with either of the two 'lungs.' Should yau
agree to participate in the study, you will be assigned
random to one of the two types of oxygenatqr-lungs we are
comparing. Whether or not xou participate in the research
project, you vill be racnlv ng exactly the same medical care
as all other patients. you agree to participate, ou
will be requested to un out two questionnaires comgcerning
your mood and feelings at the time, and to try some tasks of
skill and attention. This will take a total ,of about one to
one and a quarter hours, on three different Juyl first, on
the day before sur er{, once again a week later, and-then
when you come for medical checkup in six weeks. The goal of
the research project is simply to in -Anformation, which
be used in the future treatment of patients, but which
will not alter your treatment in ai way .
PARTICIPATION IN THIS STUDY IS 'VOL! Y “AND YOU
MAY WITHDRAW AT ANY POINT. IF YOU DO NOTAFARTICIPATE, Gl IF

INEGRMATION WILL BE KEPT CONEID! This pruject is
being . carried out by Mr. Or Halsh. [ R 8 operator of
tho heart-1lung machine on the haart surgery team, Mr.
mon Hearn, Master's student in Psychology, Memoriai
Unxvern . It has been a ovad and suppor Drs
Kevin 'Melvin and Victor drete, heart surgeons at the
General Hospital, Health Sciences Centre. Mr. imon * Hearn
will adnmhtor the assessment tests of skill and alertness.
His work is supervised by Dr. Catherine Penney, Department

of Psychology;, Memorial - University. If you have any
questions, feel free to ask. If you would like some time to
consider this . lest, or to discuss it with family or

re:
friends, that will fine. As a final note, you ma find
that the tests are somewhat en;oylbla, and that they help to
pass your time in hospital. you get fatigued, Jjust say
8o, and you cln take a break. We would be very grateful Iur

your elp research. If you would like to,
participate, please sign on the line below: - ‘ .
Name:
Dat:

&

.
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