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ABSTRACT

A study was perfoﬁhed to examine the ﬁuestioh of whether the removal
of obstructive carotid 1esioﬁs (carotid endarterectomy! has restorative
or go]e1y prophylactic effects. Fifty-five operated subjects.grouped on
the .basis of the side of endarterectomy were compared with patients .
underéoing- surgical procedures not invo]ving the bra;n and cerebral
‘vasculature aqd‘a second group of controls with vascular symptomé but no
surgical interyenﬁionj It was Tound that patients undergoing right
carotid endartergctomy improved on more measﬁres'than.any'other Qroup.
When e data were analyzed according to the severity of'symptoms, it wq§
found that patients.presenting with stroke improved on mo}e measures than
those presenting with TIA. Further it was found that right operated
étroke patienfs improved on a‘ greater number of measures than left
operated stroke patients, but there was no difference between right and
left operated TIA patients. There wefe no demographic or medical
differences for these findings. The left operated stroke patients were
somewhat more impaired on & féw measures than were the right operated
stroke patients. In addition it was found that the left stroke patients
were‘operated upen significantly later in ‘their hospital course than jeft
operated TIA patients. This pattern was not found among the right
operateﬁ patients.w These findinés were discussed in terms of severéi
possiblé explanations. These ﬁossibilities included 2 basic hemispheric
difference in regard td the effects of cerebrcvascu1af disease, the
'poséibility.that_tﬁg left op%rated'group'exceeded some critical level of
impairment, or that the time of surgery is crucial if partial restorétive

effects -are to be zchieved. !
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CHAPTER I . o
INTRODUCT 10N

The problem of cerebrovascular disease has been known to the medical

" sciences - since the time of Hippocrates and recently has become the’

subject of increased: clinical and experimental study. This increased
interest is reflected in the many international conferences which have
been convehed_(e.g. the Annual Princeton Conferences on Cerebrovasgular
Disease} and the new jOurna1§ specifically devoted to research in'this

area (e.g. Stroke). Contemporary investigations have made major advances

' in understanding many issues reiated. to cerebrovascular disease. Some of

these issues will be regiewed in the following sections. The epidemic-

logy of stroke is presented in terms of the prevalence in the generai

population. Etiological factors are then comsidere¢ including the

various mechénisms of stroke, and factofs which influence‘ the patho-
geneéﬁg_.cf cerebrovascuiar disease. - A number of f2ctors have been
identified which may Timit the extent of the neufo1ogicai deficits
foliowing stroké and these factors are-discussedﬂfollowed by a classifi-
cation of fschemic strokes; This classificat{on system is based on thé
relative persistence of neurologic residua. The outcome of medical and
surgical treatments are examined in regard to the relative r1sks and 10ng

term success (survival rates). Several studies which have attempted .to

demonstrate psychoTog1ca1 improvements following surgical Lreatment ‘are

critically reviewed and the present 1nvestigat1on js propesed in view of

the weaknesses of these previous‘studies.
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The methodology section describes the subjects and the sequence in
which the data were obtained. The neuropsychological, medical and

surgical measures are also des¢ribed. This is followed by a presentation

:Bf the results of the statistical analyses and a discussion of these

results.

Review of the Literature

Epidemiology

Cerebrovascular disease (C.v.D.), or stroke is a'major cause of death
(mortality) and disability (morbidity) in individy§1s bevond the age of
65. In mogp/ﬁECEToped countries C.V.D. follows coronary heart disease
and caﬁgg:’as the third ranking .cause of deatﬁ (Wylie, 1972). ft has
been Istimated that there are 500,000 new sfrokés each year in the United
States, and that 200,000 deaths per -year (or 11% of the total mortality)
are attributable to cerebrovachlar disease. In an ad@itionél 11%,
stroke is an indirect or contr{gutorylléause of Aeééﬁ‘ (Wolf, 'Dawber,
Thomas, Colton and Kannel, 1977). ] 7 |

The Presideﬁt's Commissioh {1964) estimated that there were 2,000,000
pecple alive in the United States in 1664 with & hfstdr; of "some form o;
cerebrovascular disease. Based on census data, Harris, Cox and Smith
(1871) reported that tﬁere were 130,000 patients in Greét Britain with
significant impairment dﬁe to stroke, and that new cases were added at
the raié of 2/1,000 population per year. -

Although the :p;evé]encé of__céreprovéscu]a%_ disease increases with

age, approximateﬁy -20% of cases.- occur in _persons _unéér the age of 65




(Kannel and Wolf, 1975). There are approximately 20}1,000 population in
the 45 td’54 age group, 60/1,000 between the ages of 65 to 74 and
95/1,000 at the ages of 75 to 84 (N.I.H. 1971). |

Ineestigators in several countries have examined the morfaliey rates

related to cerebrovascular disease. Segi, Kurihara and Tsukahara (1966}
compared age adjusted death rates in 30 countries and found the highest
:ates in Japan. The 1950-61 rates per millien popu]at%on were 2;267
males and 1,59§ females in Japan, é]l males and 713 ;ema1es'in Caucasians
in the‘United States, 1,300 maies and 1,211 females for non-whites in the
U;Sﬁ: and 764 males end ?57 females in Canada. wylie (10?2) reports tﬂét.
the death rate “from stroke in Enq]and and Wales over .the years 1949 to
1967 averaged 1 600/m11110n popu]ae1on -

“Severai stud1es have exananed the -incidence of new cases of cerebro-
.veecu1ar :d;sease. fisenberg, More1son, SuT|1var and Feote {1984)
'feported an anhuei ineideneetrate‘of-2.3f1,000 popﬁ1atipp in Middlesex
County, Connestitut; A’ similar 'survey ﬁn three counties jhﬂ Missouri
reported inejdence rates of 2.5)];000 in whites and: 4,1/j,000 in non-
thtes,' although the -non-whitem poheiatjon was. quﬁie smail (Goldner,
Payne, Watson, and Parrish, 1967j.i . H _

Acheson an¢ Feirbairn (1970)‘report en ineieence:}ate o? 1.2/1,000
population in the geegraphic area surroundfng Oxtord, ‘Engjend;* leie
(1972) reviewed date from hcsbj;aTs dfschargee'in Engfand,and'wa1e$.aea-
calculated an overall incidence rate of 1.7/1,000 popeTatidn.

There alsc have been reports of the incidence of stroke in:eeeerai

areas in Canada. LeaRiche, 8end end Stiver (1965) reviewec information

frem e nonprofit medicel care-p]aﬁ in Ontario. Although only 2.3% of -the

NS
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population was 65 ;éars of age or older,.these authors found an incidence
of 2.2/1,000.

The Vital Statistics Division of thé’government of British Columbia
reported data based on claim forms submitted to the health insurance
program for gqovernment ‘employees and their dependents. The annual
incidence of cases’ treated for “cerebrovascular disease over the years.
1961-67 averagea 2.2/1,000 population (Division of Vital Statistics). A
review of hospital dischargés in Saskatchewan -over the years 1959-53
yielded aq,ngrage annual incidence of 2.34/1,00C population (Saskatch%yan
Department of Public Health).

The Ottawa and surrgunding region has a population of approximateiy
1,000,000. Sased on reported ircidence rates in the United States
(Goldner, et al., 1967; Eisenberq, et al, 1984) and in Canada (LaRiche,
et al, 1955;_Saskatchewan Department of Public Health; Divisio; of Vital

tatistics, British Columbia), approximately 2,000 new stroke victims cen

be expected each year in the (ttawa region.

Ftiology

A stroke, or "cerebrovascular accident" (C.V.A.), is & sucden onset
of neurological deficit due to a vascu1;r cause. There are twg primary
mechanisms by which vascular disease a%fects neural tissue. Cerebral
ischemie is produced by a lack of adequate biood supply to a pert cf the
brain, usuaily causec by obstruction of one of the cerebral ve§sels,
whiie hemorrhagic strokes are cause¢ by a rupture of a blood vessel and
subsequent bieeaging into a brain parenchyme or surrounding space (e.q.,

subarachnoid hemorrhage). The two conditions mey exist simultaneously,



with one being the consequence of the other. Ischemic strokes are the
most common, accounting for 59% of all strokes in a major. pr;ospective
epidemiological study (Wolf, et al., 1977).

The normal function of the human brain .depends on the qxidative
metabolism of glucose for the production of enerqy and maintenance of
cellular activity. Although it comprises OnI} 2% of the body mass, the
brain receives 15% of the .cardiac output and consumes 20-25% of the
aéteria] oxygen content (Robertson and Dinsdale, 1972). The cerebral
oxyqen reserve is extremely Timited and normal metabolism can be main-
tained for only § to 10 seconds after the oxfgen supply fails (Meyer,
Guiraud and Bauer, 1975). Because of this lack of storage capacity, the
brain requires extensive rapid replenishment of oxygen. Under normal
condifions, adequate supplies of oxyvgenated blooc are provided via the
cerebrovaséu1ar system. Disruption of the vascular supply results in
impaired cerebral function which may be reversible, but may become
irreversible if the axvgen deprivation persists for Tonger that § te¢ §
minutes (Mever, et al., 1973).

In ischemic cerebrovascular accicents, interruption of local cerebral
blood supply Teads to a Taoss of neural function and subsequent destruc-
tion of neural tissue {necrosis). This process of an irreversible anoxic
injury to & region of brain tissue followed by necrosis .is referreg to as
infarction.

Gilroy anc Meyer (1975) state that virtually all ischemic sfrokes are
the . consequence of cerebrovascular arteriosclerosis anc Fisher (]9?5)
arques that in developed countries, atherosclerosis is the basic process

in greater than 90% of cases of infarction due to cerebral thrombosis.



On the other hand, Robertson and Dinsdale {1972) conclude thét B0% of
ischemic cerebrovascular disease is due to atherosclerosis and its
- complications, while 30% 1is due to emboli arising primarily from the
heart. At any rate, there is general agreement that arteriosclerosis is
a major factor in cerebrovascular disease. -
lArterioscTerosis is A Ehronic degenerative process which involves
blood vessels throughout the bo&y and is the most frequent disease of the
cerebral vessels (Moossy, 1953, 1988). Fathological changes may begin
earily in life, but generally are related to o]de; age with an increase in
severity after the age of 50 {Fisher, 1875; Moossy, 1939), The principal
pethological alteration is the formation of atheromatous gledues in the
'
vessel wall. These plaques are composea of collagenous hundles whfch
enclese @ mass of fatty cebris anc microscopfcal]y are seen tc contain
cholesterel clefis.  Macroscpically the lesion may have a émooth ar
irrecuier surface, .
Twe principal thecries have been acvanced o explain the development
of the athercsclerosic changes. The Tlipic theory assumes that the
initial 1esi§n cccurs from cepesitien of Tipids (inclucing cholesterol)
in the vesseé:waii via the bioocdstream. The aliternative thecry suggest
the Tormetion of 2 thrembus on the vessel well as the precipiteting event
in the formatien of the ztherosclerctic plague. The-~thrombus which is
?ich in lipids 1is incorporated into *he vessel 7~a1] by growth ¢f the
~enccthelial Tining of the vessel. Subsequently, the threombus undergaoes
degeneration Teadfng tc & Tipic ceposit within the vesé%i wa]i. The two
theofies of atherogenesis converge &t this point. There is & gradual

accumulation of lipic material end e loss of elastic tissue which leads
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to the further development of the atherosclerotic plagues.

The importance of lipids 55 a major %ﬁctor in cerebral athé}osclero—
éis was indicated in a study by Mathew, Davis,'Me&er and Chandar (1975).
These authors fouhd elevaiedllipjd 1%vels in 32% of- a series of cases
with ischemic stroke. Of those cases with elevated serum lipid values,
two thirds had e]eva£ed triglyceride levels, aﬁd.these patien?s-had an
increased incidence of occlusive extracranial disease compéred to
patients without abnormal lipid values or those with other types of 1ipid«
disorders. In addition, Randrup and Pakkenbetg (-1967) and Duncan, Lgég,
Qjemann and David (1977) reported abnormal lipid levels in patiénts with
radiographically dUemonstrated atherosclerotic lesions in the carotid

arteries.

-

Plaques have 2 tendency tco form at certain points in the vascular
svstenm. Anréariy study by Chiari (1905, cited in Meyer, et ai., 1975)
reported that the internal carotid artery was second only to the
abdominal aorta as the most common site of afheromatous plagues. It is
generaily held that points of bifurcation or tortuosity of vessels are
sites of predilection for p]aqug_fcrmation (Fisher, 197%; Robertscn, and
Dinscale, 1€72; Meyer, et al., 1575; Feigin anc¢ Budziﬁovicﬁ; 1875). In
the internal carotid artery the origin is the most frequentfy affected
site. _ .

This is the point where the common carotid artery bifurcates tc form
ﬁke internal anc externzl caratid arteries. The terminal portion of the
internz] carotid artery is referred to as the carotid siphon. Due to the

fact that the carotid¢ siphon follows & highly curved ccurse, it also

tends 4o he @ frequent site for the development of atheromatous lesions
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(Mitchell and SchYartz, 1965). In fact, the carotid siphoﬁ is the second
most common siteLof occldsion in the ‘internal carbtid syﬁtem (Meyer, et
al., 1975). 1In aedition to the internal carottd. arteries, several other
major . cerebral vessels are fﬁéquent sites of atheromatous lesions
including the junction of the vertebral and basilar arteries, the stem of
the midale cerebral artery, the anterior cerebral artery as it bends
around the C:?EUS cailosum and the bo§tefﬁor cerebré? artery as it passes
the.cerebral peduncle (Fisher, 1975). Atherosclerotic changes have also
been demonstrated in small cerebral vessels with diameters as small as
200-300 . In the presence of hypertension, degénerative vascular
changes (]ipohyalénosis) may 1nvol§e arteries 70-200 .in diameter (which
normally are:ngt subject to atherosclierotic changes) (Fisher, 1975).
Cerebral atherosclerosis tends to be multifocal in Ehét invelvement
of one major vessel is associated with disease in at least one of the
other major cerebral vessels. in a series of 75 unselected cases at
autopsy, Lhermitte, Gauthier and Deéouesne (1866, cited in Meyer, et al.,
1975) found that of cases with at least & 75% stenosis of one internal
carotiqd artery; in oniy 10ﬁ was the contrealateral infernaT carotid free
from atherosclierotic disease. Bauer, Meyer, Fields, Remington, MacDonald
and ta11en ﬁ1969) report that 55-60% of cases with occlusive cerebrovas-
cu1ar.disease hed arteriographic evicence of bilateral arterial diseasé.
In an eerlier study (Beuer, Sheehan, wecﬁs1Er anc Meyer, 1962), 72% of
the patients had multiple vessel invé]vement, and Fields, Bruetman and -
Weibel (1965) report that in clinical situations it is .én exceptional
case - to find onTy' cne artery invoived by arteriosclerotic stenosis or

thrombotic occliusion.
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Occlusive cerebrovascular disease can result in neurological symptoms

by a number of pétho]ogical processes of which the formation bf" an

artheromatous plaque is only an initial stage, As the plaque’ incredses

- [N

-r'g'

in size, due to the continued incorporation of successive thrombi. and

depesition of lipid material, the lumen of the vessel becomes progres-
sively narrowed by "a thickening of the vessel wall (a process referred to
‘ 4 -

as murSI thrombos{s}. In isolated internal carotid artery disease, -the

stenotic process must be considerable before creating a significant hemo-

-

dynamic hazard. Mann, Herrick, Essex and Baldes (1938) concluded that a
stenotic Jesion of 70% of the lumen was necessary to compromise the blcod
flow, while Brice, Dowsett and Low (1963) repeorted that a stenotic lesion

of §5% would significantly impair -blood flow. Gilroy ang Mever (1875)

described flow meter studies perfermed on men during carotid artery

surgery ang reported that significant flow redﬁctions bevond a point‘of
stenosis did nof occur until the, Tumen was reduced by 70 - $0%. In the
presence éf muTtifocaI_disease,'a stenosis of 50% may be sufficient to
impair blood flow {Roberts, Hardesty, Hamr{g, Reivich anc Toole, 1964).
As the plagque begins to encrcach upon the lumen it may serve as the
foundation for the 'collection of platelets, fibrin End white blooc cells

on the surface of the plaque. These cellular components organize to form

o'

thrombi in response tc damage of the vascular endothelium. These “surface -

thrombi may atiract additional material from the b]ood stream leading to
a progressive thrombosis and. ultimate occlusion of the vessel (Feigin anc¢
Budzi1pvich, 1975). In the early stage of thrombus  formation before

organization is complete, the thrombus is somewhat loosely orgenized and

free in the bloodstream. Platelet ‘aggregates from the thrombus may break

1]



away and be carried in the blood stream to impair flow in a vessel

further on in the vascular system, e.g., small intracranial vessels. The
occlusion of a distal vessel by material brought to that point f}om some
‘proximal location is referred to as embolism and has been demonstratee to
occur in cerebral arteries (Swank and Hain, 1§52). In addition to
pTateIét emboli from a surface thrombus, the plaque may become ulcerated
and'éonstitute a source of emboli.
Turbulence of bloed flow occurs at points of bifurcation, tortucsity
and at points of change in vessel diameter. This turbulence increases
stress and destruction of the endothelial lining of the vessel. For this
reason, turbulence is believed to play a major role in thé development qf
sclerotic lesions and is ref]écted in the predi]ectioﬁ of atheroma for
peints of branching and tortuosity (Mever, et al., 1975; Robertson and
Dinsdale, 1§72). Turbulence s -alsc reported tc be a prominent factor in
the ulceration of stenotic plaques (Barnett, .1977). furbu]ent flow at
the point of a stenctic lesion may cause the breakdown of the.endotheTiaI
Tining of the plaque (Gilroy and Meyer, 1975). The ulcerated surface may
then be a sourée cf platelet aggregates or 1iﬁic crystals which‘can break
~off and procduce embelic events in the distal cerebral vasculature. 'In
aadition the uicerated surface may attract the formation of a new throm-
bus with similar emboiic potential. Most smali emboii do‘not lead to
alterations of cerebral blocd flow ang are probably broken up as they
flow through _the cerebral circulation (McDowell, 1975).' ‘These emboli
from ulcerated plagues ere usually quite small and generally obstruct

vessels less then 100 . The mejority of emboli sufficiently large to
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cause infarction of cerebral tissue tend to originate in the Vheqrt
fRobertson and Dinsdale, 1972; McDowell, 1975). v

i In summary, ﬁeuro]ogical dysfunétion may occur within seconds
fél]owing disruption of the cerebrovascular supply of glucose and
oxygen. The disruption may be caused by a lack of blood in part of the
Srain (ischemia) or by bleeding into the cerebral tissue (hemorﬁhagef.
Ischemic strokes are the most common and are ‘caused by occlusion of a

ceredral vessel wusually due to the “formation of arterioscierotic

N plaques. These plagues tend to form at certain points in the vascular

n

1B

system, usually where there is stress on the endothelial lining of -the

vessel wall. The two main theories of atherogenesis postulate platelet
aggregation or 1ipid~ accumulation a&s the initial stage of plaque forma-
tion. Plaques may leaé to neurological symptoms by the preocess of

-

thrombosis or embolism.

Factors Influencing the Expressicn of Deficits

In spite of the fact that a2 number of mechanisms'may produce symploms
of cerebral ischemia, the presence ¢f these pathologfca1 changes does.not
necessarily produce sympLoms. Whisnant, Martin and Sayre (1961) reported
a series of unselectec cases at autopsy. In patients with no history of
cerebrovascular cdisease, 30% had a2 stenosis of 50% or greater in at least
one of the cervical arteries. 1In a simiJ;r study of unselected autopsy
cases (Schwartz and_Mitche]], 1861), it was foung that $0% of meles _and
85% of females had stenosis at some point along one of the four'major

vessels. Furthermore, 43% of the males and 35% of the femeles had severe

narrowing. Only 29% of these cases had demonstrated signs of occlusive



cerebrovascular disease during life. Whisnant (1971) described a case
which emphasizes the point.that disease of major cerebral vessels may not
produce symptoms. The case was a 63 year old male who had died of a
myocardial infarction. At aufopSy he was found. to have occlusion of the
1n§erha1 carotid artery, external carotid artery and thé éarotid sinus on
the right as well as a severe stenosis of the innominaie artery {which

gives rise to the common carotid artery). On the left side there was

occlusion of the external carotid and common carotid arter1es and a

severe stenosis of the subclavian artery. In terms of cerebrovascular
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symptoms, this patient was completely asymptomatic throughout life. This

case illustrates the flexibility and dynamics of the cerebral circulatory .

system.

A number of factors are jmportant in mediating the expression of

neuroiogical symploms subsequent to cerebral ischemia. These factce

ﬁi

include the extent of collateral blood supply, the rate of proore551on cf

the disease process, the degree of involvement of other cerebral vessels

-

and the presence of other disease processes which may complicate the

primary disease entity.

~

The potential for coTIateréI flow within tﬁe brain is based on the
major cenducting vesseis that supply blcood to the brain. The brain 1s
supplied with oxygenated bigod by two principal arterial systems which
orginate with four major cerebral vessels. The entgfior CircuTaﬁion of
the brain 1is provided by 1twad internal carotid arteries while the.
posuer1or circulation is-supplied by iwo vertebra1 arter1es..

e

In “the. carotid System the right common carot1d artery ‘arises from

<

the brachiocephalic trunk while the left common carotid artery arises

-



from the aortic arch. The common carotid arteries ascend in the neck and
bifﬁrcate at the level of the upper border of the thyroid cartiledge to
form internal and external branch. The internal carotid artery passes
upward to penetrate the- skull and dura. The terminal portion of the
interngl carotid artery divides to form the hidd1e cerbral and anterior
ceredbral arteries. The middle cerebral is the larger of the two branches
and supplies most of the lateral surface of the cerebral hemisphere.
Penetrating branches enter the brain to supply the basal ganglia and
internal capsuie above the level of the glebus paIEidgs.

The antericr cersbral artery is-the sﬁa]ler of the terminal branches
of the internal carotid artery. This artery supplies the anterior 4/5 of
the medial surfgce. of the cerebral hemispheres, as far back as the
parieto-occipital fissure. Branches of the anter o cerebdreal artery a]go
suppiy the corpus caliosum,'cingulate gvrus, and the orbital surface of
the frontal lobe.

Each internal carotic artery suppliies approximately 1/3 of the total
cerebral blood supply. The remaining 1/3 is supplied by the second major
arterial system, the vertebrobasilar system. ‘

This system is comprised of a right and left vertebral artery which
supply the cervical regicn of the spinal cord. The vertebral arteries
penetrate the dura at the level of the mecullaz anc join at the level of
the ponto-medullary junction to form the basilar artery. Together these
vessels are known as the vertebrobasiiar system which supplies the brain
stem, cerebellum, and major portions of the diencephaion. The terminal
branches‘of the basiier ertery are the right and left posterier cerebreal

arteries. Each of these vessels passes medially and supplies the medial

~



and interio} surface of the temporal lobe and the oééfpital lobe.
Penetrating branches supply various brainstem structures inclqging nuclei
of cranial nerves‘III and IV, the periaqueductual gray, medidl longitu-
dinal fasciculus, and the inferﬁor‘andrsuperior colliculi.

The three méjor intracerebral vessels (antérior, middlé and;posteriOr
cerebral .arteries) are inté?toggectéd via a agroup: of anastomotic
vessels. The anterior cerebral arteries are connected by an anterior
communicating artery. Each__iq;ernai carotid artery gives rise to a
posterior communicating artery which passes posterijorly to coniéct the
posterior cerebral artery which 1is the terminal branch of the posterior
circulation. Taken togethé?, these cerebral art§ries and their anastomo-
‘tic connective vessels are referred to as the Circle of Willis. This
structure is named in honor of the 17th century physicjen, Thomas Willis,
who was the first to exp]ain the c¢linical significence 0f_thi£_c1rc1e in
patients with cerebrovascular occjusion {Adams, 1974). - t

The Circle of Willis constitutes the primary sourcé of ﬁptfecraniai

anastomosis -and provides a potential mechanism for coilateral ~supply.

Under normal concitions there is no significant flow either between the’

hemispheres or between the anterior and posterior circuletion -(Kramer,

19712} beceause of the near equal perfusion pressuré of_ﬁhe blood “entering -

" the two sides of the brain. Vacsular disease may alter the conductivity
of the vessels and reduce the pressure or volume-of hlood on the affected

side (as occurs with stenotic lesions). In this cese the interceonnec-

tiens between the major vessels may provide a means of circumventing the
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effects of vasculer obstruction. The interhemispheric interconnection

between the two internal cerotid arteries is more efficient then the

tr



intrahemispheric  interaction between the anterior and posferior

circulation (Meyer:, et al., 1975).

A secdnd major source of intracranial anastomeses are the connections

between ‘the distal” endarteries of the major cerebral arteries. . The
_terminal branches of these vessels conQerge at the border :zones (or so-
called watershed areas) between major arterial distributions and provide
a second mechanism by which the effects of' vascular disease may be
limited. These distal vessels are of very small caliber and rarely are
of sufficient size to compensate for the ccclusion of a major cerebral
vessel (Robertson and Dinsdafe. 1972). They may, however, be successftul
in Timiting the magnitudé of an infarct by providing supply to & distal
territory. These borderzone anastomcses occur between the middle
cerebral artery distridbution and the anterior and posterior cerebral
arteries.-

In addition, a third major source offcoiiatera1 supply is potentially
available via extracranial to intracranial anastomosis. The primary
source of ﬁhese interconnecticns is between the opthalmic arterv and
brenches of the external careotid arteries (Fields, Scwards and Crawford,
1861). The opthalmic ertery is the first major intracrancial branch of
the internal carotic artery, and it connects with branches of the
external carotid artery which suppiies the o;bit. In céases of occlusion
of the iqterna1 carotic ertery, blood can flow in & retrograde magner and
preserve flaw in the cdiseased artery.

There are numerous ‘acforg which impinge on the efficiency of the

colleteral circulation. S Anatemic veariations are frequent among the

LEi\filTis. Fields, et al. (1965) reported that

i

&

cemponents of the Circles
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in most'series of cases, 50% had anomaiies. The most frequent of these

_fwnd1ngs was a carotid origin. of the poster1or carotld artery. - Thws
artery normally or1g1nates from the posterwor c1rcu1at1on and-caees in
which th1s anoma]y occurs have a tenuous connectuon between anterior and
posternor c1rcu1at10ns (Fie]ds; ]979) Another frequent abnorma11ty is
hypoplagia or aqenes1s of the segment of anterwor cerebral artery artery
running between the carotid origin and the anter1or commun1cap1ng
artery. In thjs case both anterior cerebra1: arteries are ‘sdpp]ied
through the interna]'carotid system on the side opposite the hypoplegic

seument {Sedzimir, 1959). These abnorma1ities may occur singly or in

combination but in any case thEv represent ‘a reduct1on in the potent}al

go]]ateral circu1ation. Support of th1s .can be gqained from the

observation of increased incidence of cerebra], infarction in patients
with an incomplete Circle of Willis (Alpers, 1959).

In addition to congenital -anomalies, collateral flow.at the base of

16
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the brain may be compromised by occlusive disease either of the major

cervical vessels or of the cerebral vessels themselves. ' Thrombi may
spread from the cerotid ertery in the neck or stenotic lesions may form
at points of branching in the cerebral vessels. Both lesions will limit
the anastomotic potential, particuleriy in ?hose cases whose collateral

supply is already.threatened by ccngenital anomalies.

The terminal endarteries may also be affected by atheromatous’

processes and this may result in local occlusion or may 1imit the ability
of these vessels to dilete in response to cbstruction in the proximal
portions of the arterial trunk. This will result in reduced collateral

- capacity through the borderzone areas. As is often the case, both large



and sma11 vesse1s' may -be 1nvo]ved and when th1s oceurs, there is  an

'1ncreased tendency for c11n1ca1 Symptoms to appear (Hs1eh 19679

V7

The mechanxsm of disease 1s also an 1mportant contr1butory factor 1n'

determ1n1ng the extent to wh1ch anastomot1c vessels can c1rcumvent an
occ]uswve event. Co11atera1 flow is normal]y not opérative and does not
 1mmd1ate1v become effective upon OCtlus1on of a vessel Embb11c events
,wh1ch deve?op abruptﬁy may prov1de 1nsuff1c1ent twme for the collateral
c1rculat1on to prevent 1nfarct10n: On the other hand anastomotic f10h
s mueh‘mmbge"]ike]j to occur in cases with a slowly progressive
occfusion.’-Foe exampTe; the gredual deve1cpmentf0f a stenotic aftheroma-
tous pTaeue may permit tHe distal segmehts of.the_veecqlafure‘to adapt to
aiterations-ie"the flow requiremehts.. If the distal vessels are not also
d1seased «they may provide, an.ef%ective co]IateraI'éhanneI to maintain

the viability of the tissue in the d1str1but1on of the occluded vessel.

The effieyency of the colTatera] channe]g in s1owiy progressive athero--

scTerotic disease‘is_et;ested-to byrthe_%ﬁequenCy of,asymptbmatic_carotid
ariery~oce1usiohs (Fisher, 19?5; édbertson and Dinsdale, 1972). FurtheE,
it is not uncommon to find smell fon-fatal.infarcts in brains of patients
who died from other causes (Fisher, 1961): -Robertson anc. Dinsdale (1972)
report that up to 25% of. e1der3y' patients are found to have small

-

, idfarcts at. autopsy, . many in association with Tittle or no clinical
deficit. ' i

| It is cleer that'e major eensideration,in regard to the expression of
a vascular occlusion Qi]]”be.the jmportance of the vessel itself thet is

involved.. Occlusion of -2 mejor cerebral vessel or its tributaries is

much mere 1ike1y_39 produce clinical Syhptoms than would be involvement



of a sﬁa]] dﬁsta]‘arterial branch. Furthermore, involvement of distal
bran&he§ tends to lead to more circumscribed symptomatology.

In summary, a number of factors may influence the nature and severity
of the neurological deficit subsequent to a cerebrovascular accident.
The relativé'importance of the involved vessel affects the nature and
extent of the deficit. The amount of potential collateral circulation s
related primarily to the condition of the Circle of Willis.. Additional
sources of collateral flow are the extfacrania] to 1ntr$crania] anasto-
moses, and the connections between the distal endarteries of the major
arterial systems. The rate of progression of the occlusive cisease
process is— important since a raﬁid development (embolism) may provide
insufficient time for the collateral flow to limit iﬁfarction.

Classification of Ischemic Stroke

Cérebrovascular accidents in the- carotid artery distribution are
commonly classified on the basis of the duration .and permanence of the
neurclogical symptoms produced. -Regardless -of the specific underlyving
etiological mechanism, ﬁany pétients present with a sudden cnset of
symptoms which clear compietely usually within 24 hours. This type of
vascuiar episode is referred to as a transient ischemic attack (TIA).

The criteria of classification varies among authors but the most commonly

accepted definition of TIA is "a temperary and focal episode of .

neurclogic dysfunction of presumed vascular origin usually lasting 2-15
minutes but occasionally as long as 24 hours" (Sancok, et el., 1978).
Some attacks may Test only a few seconds, and Fisher (1976) argued that

70% of TIAs last less than 10 minutes. The characteristic features of
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TIA Ere the focal nature of the symptoms, usually within & recognized
distribution of a cerebral vessel, the brief duration.of the symptoms,
the lack of any residual neurologic deficit, and the tencency for the
attacks to reéur (Meyer, et al., 1975). Perhaps the greateét c¢linical
significance of TIA is in their prognostic significance and in the

possibility that an attack may lead to treatment ana prevention  of

brd

permanent neurologic deficit. In some patients, TIA myy serve as a

warning of impending catastrophic stroke, while some patients continue to
experience TIA without subsequent infarction ang others have a TIA as an

jsolated incident (Heyman, 1973). The urgengy of initiating treatment

L]

following the onset of TIA is underscored by the report of Whisnmant,

tn

Matsumoto and Elvedack (1973) who reported that $1% of patients with TIA
who proceed 0 infarction will ce so within 12 menths of the first TIA.
Curthermore, Marshall (1984) repcrteé that of patients who experiencé TIA
arior te a completed stroke as many as 75% have cnly one or twe TIAs
prior to their infarct.

Among cases with TIA whe receive nc.treatment fer their sympteoms, the
reported incidence of cerebral infarction varies ccnsicerébiy. Marshail

.

(1964) presentec a series of chrenic TIA petients with gniy & 2%

incidence of infarction. Toole (1¢77) attributed this Tow incicence

ct
O

the fact that the patients at greatest risk hac aireacy been seiected cut
of the series by vigtue of infarction. On the c¢ther hanc, Achescn and
Hutchinson (1971) reportec¢ an infarction incicence rage of 62.3% 1in e
greup of unireated TIA:patients. The unusuglly high incidence rate is to
& large extent due to the cefinition usec for TIA. These authors used &

maximum of one hour &s the cefinition of TIA. From & scmewhat different
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approach Hurwitz, Groch, Wright and McDowe11‘(1959) réported‘that 39% of
cases with completed stroke had experienced prior transient episodes and
Fields and Remington (196%) reported that 74% of patients with occlusion
of the carotid artery had previous TIAs.

The general consensus is that approximately one third of untreated

L)

TIA patients will proceed to sufrfer a cerebral infarction within 5 year
of the first attack, approximately one thirg will continue to have TIlAs
without infarcticn, and the remaining patients eaperience 2 spontaneous

cessation of vascular episodes (Gilroy and Meyer, 1678, Qf those cases

o
tn
—
%

who go progress to infarct, 21% will do se within the first month an

within 12 months following the initial TIA (Whisnant, et al., €73, Six
menths follcwing the initial onmset of TIA the stroke occcurrence rate s
epproximately five times the expected rate for 2 similar age¢ normal
copulaticn  (Matsumoto, et al.. 1673). Zeigler ang Hassanein (1673}
reperted that i a paﬁient has ngt ¢cne an (¢ éuffer a completec stque
within two years, the frequency of IAé re 1likely to ciminish.

Scme patients experiencé neurclogicel swvmptoms of vascular eticlogy
wﬁich persist longer then 24 hours, anc hence d¢ nel meet with the
generaliy zccepted definition of & *ransient ischemic attack. Althcugh
there may have been scmé degree of cerebrael infarction, these patients

achieve & compiete or nearly compietce resgiuticn of their sympicms.

Mever, et &l. (1675) enc Miliikan £1675) refer te this cateccry oF

[l |

vascular cisease as Reversible Ischemic HNeurologicel Deficit (RINO).
Meyer, et al. (1975) sugcestec that these patients follew & clinicel
. course <imilar to petients with TIAs. Lceb, Prieng, é&nc Aibenc (1678&)

grouped petients with TIAs anc. others experiencing Strcke witnh Full
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Recovery under the general classification of Reversible Isthemic Attack.
Stroke with full recovery was defined as "suqden episodes of focal
cerebrovascular geficit persistiﬁg ‘beyond 24 hours with complete
reqression over an average period of four weeks." -

In many cases of cerebrovascular disease there is some degree of
persistent neurological deficit.  The deficit may deveiob in a gqradual
stepwise tashion. In pafients sufrfering what has been termed Stroke in
cvolution., there are episodes of vascular.neurolegical deficit, followed
by 2 partial remissioﬁ of symptoms, There éoﬁtinﬁe te be episodes of
deficit and partial remission over the course of several hours or dayvs
until the patient is Jeft with a sericus and permanent neuroiogical
ceficit.

The course of a slowly progressive neurcleogical ceficit mey-alse be
spreac over several months or yéars. The course of cetericration 1is
steacy but usually markec with igentifiable episcdes of deterioration.
This syncrome has been referred to as Multi-Infarci Qementia or Arteric-
sclerotic Dementia (Giiroy anc Mever, 1875), anc recuires cdiagnestic
differentiation frem other ceacitions which may present with similer
histories anc symptoms (e.g:, Alzheimer's Disease]}. - )

In ceneral, the most severe of the cerebrovascular accicents is the
completed stroke and ﬁay e cefined as a neurological ceficit which has

persiste¢ for considerzbie time (months) {(Meyer, et eal., 1975). The

specific symptems that result from & completed stroke varies frem the

: -
relatively limitec ceficits associatec with focel infercts, to the

- ~ il

extensive ' ceficits that follow ~massive hemispheric  infarction.

Cbviously, the actual symptoms produced depend 10 & great extent on the

21
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area of the brain involved. Other factors also influénce the expression
of deficits including the rate of progression of the underlying diseese

process, the relative efficiency of the collateral supply, the general

health of the cerebral vascuiature, and the presence of systemic

conditions which may limit the capacity to respond to alterations of the
vascular supply such as hypertension, polycythemia énq impaired cardiac
output. |

To summarize, ischemic stroke can be classified in terms of the
course of development and persistence of the: neuﬁo1ogica1 deficit.
Symptoms may be temporary (TIA) or permanent (completed stroke). Tran-
‘sient {scﬁemic attacks are of great c¢linical -significance because
approximately 50% of patients with this type of disease who suffer a

completed stroke will do so within 12 months of the initial episode.

o

With the early recognition of the condition, treatment can be instituted-

which may prevent the occurrence of a more serious cerebrovascular
accident. Cerebrovascular disease may also produce neurclogical deficits
over 2 gradual course of days © {stroke 1in evciution) or years

~

(multi-infarct dementia).

Treatment cf Ischemic Cerebrovascular Disease

'To & considerable extent, however, the difference between TIA and
completed stroke 1is quentitative rather than qualitative. Underlying
causes anc precipitatory events ere similar in many cases and frequently

the methods of treatment are largely identical. When a patient presents

22
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to hospital with a history of abrupt cnset of neurclogic symptoms (wiﬁl/’

presumed vascular eticlogy) there is no way of agifferentiating patients
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whose deficits will be transient from. those whose deficits will be
persistent. The goal in either case is to limit the extent of permanent

* deficit and improve the quality of survival. To a large extent, this is

'accomplished by efforts to reduce the risk of subsequent vascular,

symptoms. - Both medical and surgical measures have been advocated toward

this end. -

Medical Treatment of Cerebrovascular Disease

The medical approach with the longest history involves the' use of
anticoagulant drugs, such as hepérin and - the coumarin derivatives.
Several investigators have atiempted to explore the utility of anticoe-
gulant therapy in the treatment of cerebrovascular disease with equivocal
results. Carter (1961) studfed patients with stroke in evolution ang
found a difference 1in outcome as measured by Jjudgment of_improvement.
The dffference was significant only when the combined groups‘of patients
judged as improved or recovered were compared with combined groups of
patients judged t¢ have had no improvement and those who had died. There
was no effect of anticoegulent therapy in patients whose stroke had
progreséed to 60mpiétion prior to initiation of treatment.

Repcerts of anticoagulant therapy in patients with embolic stroke have
- conc]u&ed that early treatment led to more freguent improvement and fewer
deaths among treated patients. Carter (1857) reported that 69% of the
treated group cemonstrated improvement cor full recovery ana Wells (1959)
reparted 56% of treated patients as improved. The untréated groups

demonstrated 32% and 40% improvement respectively.

Whisnant (1977). summarized four studies of anticcagulant therapy in
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acute thrombotic cerebral infarction and concluded “that among patients

f

treated and those not treated with ' immediate and long term

anticoagulants, there was no difference in the immediate recovery from

24

stroke, the recurrence rate of cerebral iﬁfarction, and the number of -

patients with cerebral nemorrhage was increased among the treated groups.®
Several reports have appeared in the recent literature concerning the
use of anticoagulants in patients with transient cerebral ischemia. The

-

Veteran's Administration study of atherosc]erosis (1261) reported that
there was one cerebral infarct among 22 patients treated with anticoagu-
Jants, while none of 15 untreated patients suffered subsequent cerebral
infarction. Treated patients were followed on an average of 9.3 months,
while untreated controls were followed on an averace of 12.8 months. Not
surprisingly, the study éoncluded that anticoagulant therapy was an
ineffective mode of treatment.

Baker, Schwartz end Rese (1966) reported é 13% infarcticn rate among
untreated contrel patients compared to & 7% cerebral infarction rate for
anticoagulated patients. Frank (1%67) pdo]ed that dete from Baker, et
al. with three other studies of anticoegulant therapy (Baker, Broward,
Fang, Groéh, Heymen, Karp,. McDewett, Scheinberg, Schwarté ané Toole,
1962; Pearce, Gubbay and Walton, 1965; Siekert, Whisnant and Millikan,
1963). When the retrospective deta of Siekert, et al. were eliminated,
the pooied result of the three controaled studies yieldec a 5.6% stroke
rete in treated patients, and 2 15.7% rate in the untreated patients.
This difference was statistically significant but when the datz from fhe

Veterans Administration Cooperative study were added, the difference wes

no longer significant (5.4% versus 12.9%) (Brust, 1977).



Whisnant (1977} fevfeﬁéd data from the population study of Rochester,
Minnesota over the period 1955-69 and concluded that there was no
difference in long term survival between patients treated with anticoagu-
]ant;-and those without such treatment. As Whisnant-pointed out, "the
aim of “anticoagulation in patients with TIA is to prevent stroke."
Whisnant, Matsumoto and Elveback (1973) reported the relative probabi];%y
of stroke occurrence after the onset of the initial TIA. In the first
year of observation, both treated and untreated patients had 2’ mueh
greater incidence of stroke compared to the general population under
study. There was, however, a sienificantly lower probability‘of stroke
occurrence 'among the anticoagulated patients at 1, 3 ana 5 years of
follow-up. When the first year of follow-up was examined, the authors
found thét the difference between the grﬁups was established in the first
cne to iwo months of observaticn after the initial TIA. Baker, et al.
(1962) concluded that anticcagulation wes of some benefit in the shert
term therapy (4-5 months) of patfents with TIA. \

These studies suggest some benefit in the use of anticoagulants,
particulerly in patients with stroke in evolution an¢ within the first
few months fellowing the initial.TIA. However, patients treated .with
anticcagulants are at increasec risk for cerebral hemorrhage. Hill,
Marshall and Shaw .{1962) reported 2 risk of converting & completed
ischemic stroke into a hemorrhagic strcke and recommenced that anticoagu-
lation not be used in the itreatment of patients_with 2 stable ccmpleted
stroke.

Whisnent (1977) reported that after the initial TIA, 7% of patients

treated with enticoagulants versus 3% of untreated patients suffered

—T



cerebral hemorrhage. Of the total of 14 patients suffering hemorrhage
following the onset of TIA, 10 were treated with anticoagulants, although
only one hemorrhage occurred within the first year.

Whisnant, Cartiledge and £lveback (1978) reported that in TIA
patients 55-74 years old, the risk of intracranial hemorrhage waS S times
greater in patienﬁs treated with anticoagulants. Most of the patients
experiencing hemorrhage had been treated with anticoagulants for one year
or more. . Although anticoaguiant theraby seemed to have some benefit in
treatment of cerebrovascular disease, the treatment was not without risk,
particularly in patients maintained for extended periods of timé.

Recent invéstigators have also attempted to evaluate the utility of
treatment with antiplatelet drugs. Interest in this apprcach has been
promp%g? by reports implicating piatelet emboli in the production of TIA
(Fisher, 1959; Russell, 1961) and in ‘the pathogeneéis of arterioscierosis

(Ross and Glomset, 1976). One widely used drug that has antiplateiet

properties is aspirin. ODOyken, Kolar anc Jones (1973) found no difference

.in the ultimate cerebral infarction or death rate between aspirin treated

and untreated groups. On & regimen of 300 mg B.I.D., only 13% of the

treated group continued to experience TIA while &2% of the untreaﬁed
group ' continued. When the dosage was coubled to 600 mg §.1.0., the
remaining two patients &eased having TIA. Acheson, ﬁanta, and Hutchinson
(1969) found no evidence of a reduction of TIA frequency: stroke or death
in a trial of the drug dipyridamcle (Persantine). |

Evens (1968) investigated the short term relief of subjects suffering
from attacks of amaurosis fugax (transient monocﬁ]ar blindness). Thir-

teen patients treated With sulfinpyrazone (Anturan) on a schedule of 200
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mg QID experienced . at Ié;;t 50% reduction of episodes while none
receiving placebo experxenced such improvement.

Fields, Lemak, Frankowsk1 and Hardy (1977) reported the results of a
large cooperative study on the utility of aspirin in the treatment of
transient ischemic attacks. Hhen death, cerebral or retinal infarction,
and recurrence of TIA were ysed as comparison points at six month
follow-up, there was 2 différential effect in. favor of the aspirin
treated §roup. whén the comparison was restricted to the comparison of
occurrence, death and infarction, there was no significant difference
between the treated and placebo groups.

A large sca]e cooperative study of antiplatelet agents has a]so been
conducted in Canada 1nvo1v1nq 585 patients with TIA or stroke with miid
residual deficit. When endpoint conpar1sons were made of death and
cerebral infarction, the results favored the aspirin treated group.
Although the overall difference failed to reach significance, 36 of 289
aspirin treated patients and 49 of 295 non-aspirin treated- subjects
suffered a stroke. For unexplained reasons, the beneficial effects of
aspirin treatment were observed onTy for nales.

These studies seem to indicate some degree of effectiveness of
treatment with antiplatelet agents, almost exclusively though, in
reducing fhe number of subsequent TIAS. A receﬁt study by Ross (1978)

reported failure of anticoagulants and antiplatelet drugs in controlling

TIA. Thirty patients with unilateral internal carotid artery occlusion.
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continued to have symptoms under medical ﬁ}eatment. Two thirds of the

patients presented with TIA and the author reported poor outcome in ail

30 patients.



- -~ -

LIno summary, anticoagulants.- and p]atelet aggregatwon 1nh1b1tors have

- been the, substances primarily employed 1n the med1ca1 treatment of. cere- - -

brovascu1ar dysease. Anticoagu]ants may be erfect$ve in prevention of -

-

stroke within the f\rst Tew months f0110w1nq the onset af TIA. However,.

'1onq term ant1coaqulant therapy 1s assoc1ated with an 1ncreased risk of

cerebral hemorrhage. Recent Jnvestug§t1ons bave suggested that‘_anti-

- platelet agents may be--effective 'in-‘reducing the number of §ﬁbsequent

TIAs in patients with -TIA as féhe presenting symptom. There is no

tonsistent evidence that eﬁiher zanticoaqu1ant< or antiplatelet agents

haye s1qn1f1cant4v 1nproved—*he Ionc term survival of pa;1ents receiving

these medwcatwons.

- o - .
Surcgical Treatment of Cerebrovascular Disease

.- . surgical  procedure <walled carotid endarterectomy.. The -procedure was

ffirstlSﬂCtesst1ﬁy.berfd?mgd;gnd reported by Eastcott, .Pickering and Rab

i (TQS4) and is’béingiberfOrnéd with increasing ‘requénCV in patients with

'access1b1e ]es10ns and ;hose w1»houu con;raxnd1caulons go surgery.

-

Nob allgpay1enus with cerebrcvaSCUiar disease are cand1daues for this

pnocedure and the selection criteria vary considerably amcng surgeons and
- hospitals. _ In general, patients with amaurosis fugax, transient ischemic

ttacks: small tomp!eted 1nfar¢ts with minor residual ceficits, strokes
in evo]uuhon and generaiwzed cerebrel ischemic may be candidates for
endarterectomy (Sundt, House, Sharbrough- end Messick, 1977). Patients
with generalized cgrehral-iséhemia are thhse with either severe bilateral

~

.. The alternative to.medical ireatment of cerebrovascular disease is a



{,t

cérotid stenosis, or a unilateral occlusion . accompanied by a severe
contralateral stenosis.

The cr1ter1a of what constituytes an operable lesion varies cons1der-
ably but is based on the anq1oqraph1c demonstration of a stenotic lesien
"at or near the dbifurcation of the carotid artery. Lesions occur at other
points in the carotig artery system, but intracranial stenoses (e.g., in
the carotic' siphon) are not amenable to carotid endarterectomy. The
degree of stenosis is the second major Crite;ion ot selection for carof%d
endarterectomy. Gilroy andg Mever (1973) suggest that patients should
havevan accessidble lesion of 30% or areater or have an ulcerated plague.
{As mentionec Previously, plaques may‘ become ulcerated anc provide a
seurce of emboli. This acceunts for the tendency of surgeons 1o regarc a
-non-ﬁtenotié-ulce"ahec plaque as uarranuing corrective surgery.) If *he
_uTceragtve Tesion is small, the patient may be ménaged with anticoagu-

Tants-whiie if the ulceration ig ceep, surgical remediation tends to be

the 1nd1ca;ec gpproach (Sunct, et al., 1677).

Sendok, Furlan and Whisment (TS?SJ report that a carotic stenosis of -

30% or greater is felt tg be - indicative c‘ surgery, while Zeigler anc
Hassanein (1973) reportec that stencses of 70% or ¢reater were associeteqg
with an increased risk of stroke than-stengses of a lesser degree. It
has been reperted, however, that unijateral carotic stenosis of less that
85-90% does not eppreciably reduce blood flaw {Brice, et al., 1964).
However., in cases with bi]aterai involvement, stenosis of 75% or less may
significently reduce flgw (Meyer, et al., 1965). If one cerotid artery
is cohplete]y occluded, & contralateral stenosis of only 50% may impair

Tlow (Roberts, et al., 1964).
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The presénce of other factors may'preclude.endarterectomy, even'ig
patients with surgically accessible and sufficiently severe Iesioﬁél
Patients with disease of small intracranial vessels and no cerviéa]
involvement, and Qgtients with ~$ssociated medica] conditidhs' suchl as
recent myoéardia] infarction may be unsuitable for endarterectomy. In
addition, a small percentage of patients refuséiﬁyrgery and elect medical
treatment for their symptoms. | A

The operative procedure entails exposing the carotic artery in the

neck, at the level where the common carotid artery divides to form the

internal and external carotid arteries.: As previously mentioned, this is

—r

the most comﬁbn site in the carotid system for formation of atherosclero-

tic plaques. Once the carotid artery has been exposed, an incision is

begun from 1-2 c¢m below the bifurcation inlthé common Garotid artery and
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extended distally 2-3 ¢m into the‘internal carotid artery, “beyond the 

boéder of the atheromatous_p]aque.-~The common carotid,. as well ‘as the
internal and extgrnal carotid arteries are ciamped duriné the period of
incision. -Some éhrgeons utiiize an indwelling shunt to pFeserve bloed
flow during the procedure and the shunt is instalied when the initial
incision is made. Total clamping time (cr cannuiation) fof.this aspect
of endarterectomy typically ranges from 45 to 90 seconds. When the shunt

s

is in place, the plague is dissected from the wall of the artery. The

" plaque usually separates easily from the arterial wall and the dissection

is carried upward into the internal carotid artery. When the plague has
been removed the carotid arteries are again clamped, the incision is

sutured and the shunt is removed prior to the last few-sutures. Clamping



(decannulation) normally rénges from 1-2 minutes and the totél[operative
time is usually approximately one hbur;“

As was the case with "antigoagulant and gntiﬁiatelet tﬁerapies,_there
is no clear consenéus on the effectiveness of endarterectomy in reducing
theioccurrence of subsequent compléted stroke. Most evaluative studies
have compared the rélative efficacy of surgical and medical ireatment in
the reduction of stroke. _ - T ~

Thompson, Austin and #atman {1970) followed 293 patien&s who had
underqone endarterettomy for TIA. .Of the patiéﬁt§ that survived surgery,
Q3.7% &ere.judgeﬁ as having improved neurologic status. Toole,, Janeway,
Choi, Cordeil, Davis, Johnston and Miller (1975) found that in their
patients wﬁo sdr;iéed surgery, there was no difference between medically
and 5urgica]1y ‘treated groups.  Dekeese, Rob, Satran, Marsh, Joynt,
Simmons and Nichols (]973)‘ reported = that in patients undergoing
endarterectomy for TIA, there was long term relief of symptoms in 84%.

Most investigators appear to aéree witﬁ the'fesu}ts of Bauer, Mever,
Fields, Remington, MacDonald and Callen (1§69) who reported the finding
of the Joint Study on Extracfanial Arterial dcc?hsion on the long term
results of surgicé] treatment. These authors found‘fhat iﬁ patients with

unilateral or bilateral carotid stenosis,.transient or miid neurological

3

deficits,'énd without accompanyfng lesions, the operated patients had a

greater survival rate at 42'months than the‘npn-sqrgicai patients (81%
versus 64%). In patients with a unilateral occlusion and contralateral
stenosis (so called “generé1ized cerebral.ischémia"), patfents with mild
or transient neurological deficits showed no differential response to

medical or surgical treatment. However, in the group with more severe



neurologic}residua, there was a significant difference in favor of the
medically treated group in terms of surv{vai rate at 42 months (89%
versus 24%). Patients with thi; angiographic pattern of stenosis were
grouped according to the results of a neurological examination and the

patients with the least severe symptoms (TIA or relatively mild deficits)

were compared in regard to treatment outcome. The untreated qroup had a

36% survival rate, while the'surgical group had a 49%_surviva1 rate,
Sundt, et al. (1977) argued that the low survival rate in the non-
surgical group suggested the danger of excluding these patients from
candidacy for endarterectomy. As the authors themselves pointed out, the
high overall mortality rate in these patients may have been due to the
temporal proximity between an acute stroke and surgery. In geperal, the
results of this study favored surgical treathent only in cases with
carotid stenosis and ; mild transient neurological deficit. _

Fields, Maslenikov, Meyer, Hass, Remington anc MacDonald (1970)
reported a follow-up of the prognosis of the patients of the Joint study
(Bauer, et al., 1969). These‘authors reported that when the course after
hospitaiization was compared, surgical treatment was more effective in
preventing subsequent strokq: This apprcach excluded the operative and
immediate post-operative morbidity and mortality statistics. When these
data were included, there was no difference between medicazl and surgical
groups. The best results were  0btained in patients with typical
hemispheric transient episodes with an angiographically demonstrable
lesion in the internal carotid artery on the side appropriate for the

symptoms.
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A recent study by Barwinsky and Newman (1979) reported the results of
131 endaréerectomy patients followed for up to 9 years. These authors
concluded that in regard to prevention of stroke in the relevant internal
carotid artery the operative resulfs were as qood as with any medical
treatment.

Regardless of the effeétiveness of endarterectomy in either preven-
tion of subsequent stroke or improvement of long term survival, there is
a risk of morbidity or mortality related to this procedure. In addition
there s risk associatea with angiography which is mandatory in patients
being ccnsidefed for endarterectomy. For example, Hass, Fields, North,
Crickheff, Chase and Bauér (1988) reported a 0.7% mortality rate and a
0.5% severe morbidity rate associated with angiography. There was -alsc a
further 5.5% incicence of minor complications.

Faught, Tracder and Hanna (1679) reported that cerebral complicatiens
occurred in 12.2% df their series of 147 patients and that the deficits
were permanent in 5.2%. O0f 21 risk factors investigated, the number of
prebious TIAs and the'presence of an arterial stencsis of greater than
90% were assocfated with an incéeased risk ¢f complications.

Numerogus . stucies have also reported risks associated with carotid
gndarterectomy. Thompson, Austin and Patmen (1670) reperted & 1.4%
operative mortality rate and a morbidity 'rete of 3%. Toole, et al.
(1978) followed 180 patients with TIA of whom 82 were treated
suréica]]y. In the 1immediate post cperative pericd there was a 22%
morbidity end e 6% mortality, but in those who survived bperation, there
was no difference between medically and surgically treated peatients in

o~

survival rete at four years. v -

o)
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Blaisdell,. CIaués, Galbraith, Imparato and Wylie (1969) reported an

overall surgical mortality of 4.5%" in 2,400 operations performed between
1951 and 1968 in 23 cooperating centres. There was considerable
vqriability in the mortality rates among the hospitals in the study
ranging from Tess than 2% in seven hospitals to as high as 36% in one
center. The hospitals with the most cases, and hence the most experience
in performing the operations, had tﬁe Towest mortality rates.

Further evidence %hat complication rates are related to S certain
extent to the skill of the surgeon is provided by a recent report of
Fleming, Schutz, Hogan and Hogan (1979), These authors reporte& that in
a series of 385 endarterectomies, the operative mortality had decreased
s;eadiiy on a vearly basis. In the last 150 cases, there have been no
deaths and 1.3% of fhese cases suffered persistent morbidity with
transient morbidity in an additicnal 3.3%.

Sundt, Sandok " and Whisnant (1975) have :argued that the risk of
complicaticn varies with the clinical picture presented in & given
patient. In their series patients with no associated medical preblems
ané- a typical angiographic pattern hed a risk of approximately 1%. Risk
was slightfy increased (2%) in patients without mecical compliications but
whose angiaographic exémination revealed contralateral carotic artery
occiusien, or an unuéuaiiy long or high stenotic lesien. A 7% risk of
complication was present in patients with medical prchblems such as hyper-
tension, angina, myocardial infarction or puimonary disease. The highest
risk (10%) was found in neurologically unstable patients with frequent

TIAs or those with an accumulating neurological ceficit.
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In summary, the surgical removal of a stenotic plague has been
proposed as a means of reducing the risk of subsequent stroke. This
procedure, carotid endarterectomy, 1is performed on'patients who have a
surqgically accessible lesion of sufficient severity with no medical
contraindications. There is a risk of morbidity and mortality associated
with the operative procedure which is related to the experience of the
surgeén. There is no clear consensus on the relative merits of
endarterectomy, but it is held by many' investigators that surgical
intervention is at least equally as effective as medical treatment in

stroke prophylaxis.

Psvchological Studies of Carotid Endarterectomy

In spite of the risks associated with carotid endarterectomy in scme
patients, the prevaiiing neurolegical and neurosurgical opinion hoids
that 1in certain cases it may be an effective prophylactic method to
reduce the incidence of subsequent stroke (Millikan, 1960; Murphy and
Maccubbin, 1966; Bauer, et al., 186¢; Sundt, et al., 1877). Althouch the
medical community gives little credence to a restorative function
subseguent to endarterectomy, there have been reperts of patients who
claim to “feel smarter" following this procedure {Goldstein, Kleinknecht,
and Gallo, 1970). In view of the fact that these subjective reports are
in confiict with conventional medical and surgical opinion, several
investigations have been conducted to elucidate the prophylactic versus
restorative roles of endarterectomy.

Murphy and Maccubin (1966) attempted to assess change in neurclogical

functicn by rating patients as normal, mild, or severe in terms of
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neurological ‘signg before and ‘after endarterectomy. There were fgw
changes when pre- and post-operative ratings were compared. At a later
foilow-up rating, there were very few instances. of recurrence of the
initial -symptoms. The authors interpreted these findings as being

supportive of a solely prophylactic effect of endarterectomy. Drake,
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Baker,® Blumenkrantz and Dahlgren (1968) examined groups of Veteran's

Administration (V.A.) hospital patients with unilateral stenosis,

bilateral stenosis, inaccessible stenotic lesions, elderly patients

without cerebrovascular disease, and a smail group of non V.A. patients’

with bilateral carotid disease. The patients were assessed on the Neuro-
logical Index of Mental Impairment (NIMI) prior to surgery and then after
& and 12 months foI}ow-up. The NIMI assesses patiehts on levels of
intellectual and social functioning and was purported by the aqthors to
correlate highly with tests of intellectual loss. A higher percentage of
patientg with bilateral and unilateral disease were rated as being more
impaired initia]Tj and there was no difference at follow-up between the
patients who underwent surgery and those who did not.

Williams and McGee (1964) presented the first study which employed
objective psychological tests to determine the effects of carotid artery
surgery. The authors used the Wechsier Bellevue Intelligence Scale, the
Wechsler Memory Scaie, the Trail Making Test aend the Rorschach on six
patients tested both befare and one month atter surgery. No statistical
analysis of the data was presented although very minimal psychalogical
improvement was felt tc occur. Considerabie reduction of neurological

symptoms was noted in these patients. The results of this study have



been cited as evidence for a prophylactic role of endarterectomy (King,
Gideon, Haynes, Dempsy and Jénkins, 1977).¢ .

Several recent authors have fo1lowed‘the lead of Hi]]iams.and McGeé
in the use of psychometric measurés to establish the psychological
changes subsequent to-endarterectomy. Duke, Bloor, Nugent, and Majzoub
(1968) administered the Trail Making Test, the Finger Tapping Test and
the Wechsler Adult Intelligence Scale to 47 subjects (38 males and 9
females) with a mean age of 57.81 years. The subjects were divided into
a small vessel disease group, & large vessel disease nonoperated aroup,
and a large vessel disease operated group of which 0n1§ the latter group
underwent surgical intervention. The large vessel operated garoup had
significantly greater pathology based on ratings of arteriograms than the
large vessel nongperated group (the presenting symptoms of the three
groups were not described). The small vessel group had a significantly
chorter mean retest interval than either of the ]a#ge vessel groups.
There were nc differences between the first and second testing in any of
the groups on the Trail Making Test.or the Finger Tapping Test which the
authors attributed to the "gross nature of these measures.” The small
vessel group showed improvement in all three IQ scofes, while the large
vessel unoperated group failed te show improvement on these measures.
The gperated group made gains on PIQ and FSIQ. Among the operated group,
patients with left-sided operations showed improvements in PIQ ang FSIQ,
while patients with right-sided operations showed geins in a1l three 1Q
SCOTes. _The authors suggested that the Tack of improvement in VIQ scores

among the operated group was reiated to & reduced sensitivity of Verbal

as comparec to Performance subtests to practice effects. The results

—
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were interpreted as suggesting the prevention of further deterioration
rather than the restoration of premorbid skills. This study failed to
clearly report the criteria for inclusion inte the operated group, nor
did it report whether the unoperated group was treated in some other way
{e.g., anticoagulant therapy).

Goldstein, et al. (1970) studied the neuropsychological changes
associated with carotid endarterectomy. The Halstead-Reitan Neuropsycho-
logical Test Battery was acministered to six men ranging.in age from 57
to 72 who had been referred to a neurosurgical service following
complaints of transient ischemic episodes. The subjects were tested
three to four days prior to and approximately three months following the
operation. There were sjgnificant improvements on meny of the tests, but
the\éuthors acknowledged the difficulty of determining the extent that
the results reflected practice effects. _grior exposure was thought to
have had minimal impé?t on the 1mprovemené”in some tests (Finger Tapping
and Seashore Rhythm Test). On the éategory Test, it was felt that the
initial performance was so poor that practice effects could not eaccount
for the entire post-surgical improvemen:t. In spite of the small sample,
the authOﬁs contended that the extensive neuropsychological assessment

anc statistical design ceonsiderations supported the conclusion of an

improvement in the general condition of the brain Tollewing carotid

endarterectomy.

Horne and Royle (1974) attempted to determine cognitive changes after
encarterectomy by administering a limited bettery of tests. -The Wechsler
Memecry Scale, the Bénton Visual Retention Test, and six subtests from the

Wechsler Adult Intelligence Scale were administered to 15 patients in the
\‘-.J—'
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week preceding the operafion. The tests were readminigtered at various
postoperative intervals. In order to minimiée préctice effects,
alternate forms of the Wechsler Memory Scale and Benton Visual Retention
Test were administered on second testing. The only significant postoper-

ative changes were the improvements 1in the .Object Assembly subtest and

the prorated Performance IQ of the WAIS. <Cases réted as mild (on the

basis of angiographic evidence) showed no greater improvement than those
rated as severe, Aalthough the mild cases had consistentiy better scores.
These results led the authors tc propose the need for® more exacting
experimental designs in future investigations.

In a study by Perry, Drinkwater and Taylor (197%) the Halstead-Reitan
Neuropsychological Test Battery was administered precperatively and again
- three months postoperatively to a group of 20 men with a mean age of 34.8
years.- Among the subjects the nature, frequency and duration of symptoms
varied widely. There was a significant overall improvement as well as

improvement cn the Categcry/Test and the time component cof the Tactual
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Performance Test. _Aithouﬁﬁ a significant increase in carotid artery .

hiood flow was obtazined, there was no significant correiation between
increased blood flew and change-in the Impairment Index. The possible
effects of prior exposure ta the tests were not addressed. Since tests
relatively insensitive to practice (Finger Tapping, Speech Sounds,
Seashore Rhythm) failed to shew improvement, while those sensitive to the
effects of repeated testings (Category and Tactual Performance Test) did
show significant gains, these data suggested that practice effecfg may

have been an jmportant consideration.



Haynas, Gideon, King and Dempsey (1976) studied intellectual and
personality changes associated with endarterectomy. Sixteen subjects
with a carotid stenosis of 50% or greater were administered a short form
of the Minnesota Multiphasic Personality Inventory (Kincannon, 1968), six
subtests from the Wechsler Adult Intelligence Scale, and when time
permitted, the Trail Making Test. The tests were administered just prior
to, and six weeks following surgery. Significant gains were observed in
the prorated PIQ, decreases in time required to—<omplete the Trail Making
Test, and decreases in indicators of persornality disturbance. Although
this study incluced a contrel group and reported some details of the
surgical procedure, the retest interval was extremely brief which because
of the measures used, made practice effects a considerable problem. In
addition, the authors failed to adgress the fact that the control groups'
performance was worse on mosf measures on second testing.

In a similer study by King, Gideon, Haynes, Dempsey and J;nkins
(1977) the methodology of Haynes et al. (1976) wés employed with 11
subjects. These authors found the essentially same resuits and
_ interpreted their findings in the same manner as Haynes, et al. (i976).

Shatz, Schwartz, Robbins, Whitman and Lenaghan (197¢) reported 2
follow-up of eleven patients undergoing endarterectomy and followec for
an average of eighteen months. Patients were assessed on the WAIS,
Finger Tapping Test and abbreviated versicn of the MMPI. Large gains are
reported on Verbal IQ, Performance IQ and Full Scaie'IQ as well as non-
deminant finger tappfng. The improvement of 13 points on &ll three IG
measures was greater than would have been expected c¢n tﬁe basis of

practice effects and was without precedence in relation to other studies

40



41

of endarterectomy. There were numerous methodological flaws jﬂﬁluding
lack of a control group and the Lfailure to report the seJerity of
symptomato]ggy -in these patients. In addition, S of 11 subjects were
female in contrast to most otﬁé% series of patients which tend to be
primarily male. The small number of subjects and the lack of information
regarding symptom severity seriously compromises the usefulness of these
data.

Kelly, Garron and Javid {I?Té) compared a qrfoup of carotid
endarterectomy patients with a smaller group c¢f patients undeégoing
surqery for peripheral vascular disease. Both Qroups were reperted as
impEE;ed on some measures while the endarterectomy group alone showed
mean imprevement oﬁ tests of memory and fluency. The resuits of this
study are difficult to compare with other studies due to the fact that
measures of perforﬁence were used that have not been reported in previous
studies. - |

Matarazzo, Matarazzo, Gzllo and Weins (1879) have reanaiyzed test-
retest data c¢n the H;Tstead-Reitan Neurcpsychological Test Battery
gathered in three previously pubTishqd studies. The samples used in the
most recent investigation included 20 young police officers, 16 patients
with diffuse cerebrovascular disease, 35 chronic schizophrenics from a
longitudinal stucy and 17 endarterectemy patients. The endar;ereﬁtomy
patients and police officers were the only patients tested by the
authers. The groups differed widely on terms of age and duration of
test-retest interval. These autﬁors examined the data by comparing the
test-retest results among the four groups and individually for the

egndarterectomy patients. Matarazzo, et al. concluded that there was no



evxdence for improvement of cognitive function among 'endarterectohy

patients that could not be exp1a1ned on the basis of practice effects.

The methods of accumuTatwng subjects as well as the differences between'

subject groups in this_ study has serious Iuwztatwons and conc]us1ons
based on these findings are not warranted.

In general, _;here is no. clear agreement among these studies Using
psychological asSéssment techniques as to whether endarterectomy is

~

restorative or only prOphVIactit. Studies arquing for prophylaxis and

other reports arquing for restoratlve effectc syffer from numerous

methodo1ogica1“and_procedura1 shortconwnqs which undoubteclv has contri-

buted to the persistent failure to arrive at a clear answer to the

question of the;hér -significant_‘ psycho]ogica} ~ improvement  occurs
subsequeni to endarterectomy. - |

The present Ainvestigation'-is ‘§r0905ed to provide c¢larification of
this issue by resoiving some of th§ methodo]ogicalu flaws that have
limited previous studies. Specifically, ear]iér studies have been
limited by the lack of control groups, the use of small or highly
selected samples, the empioymeni of abbreviated psychological measures,
and the failure to‘ account"fbf practice effects. In addition, the
-majority of these stuqies completely ignore such potentially relevent
varizbles as the side cof opéfation, the curation of symptoms, time of
clamping during operation, and the estimated degree of carotid sfenosis.
These studies are suﬁmarized in Table 1.

—_— - .

The goal .of the current study is to. determine whether carotid,

endarterectomy ]eads to improvement 1n pSycho1og1ca] function as measured

by Aah extensive™battery of nEuropSycho1ogicaT tests. The measures

a2



o)
=r

{panuy3u0d) -
(juswaacadwy 3yby(s . (vi6l)
awos*uoLieaot Jaiap po1a0da s awiy pa1J40dad alfoy
ou) aApjed03153ad  DAE3IA[LQO J0U due| o jou auou 91 g JUJOH
(utelq 30 UC}3}PUOD swo3duA's IR (8961)
( teaauab saroud n Aydeub dwe (2 . e 19
-wy) dAL310407534  2AL123fGO -0l bue 1307 (=¥ =1 auou 9 uLalspLo9
(2213004d wody . ) ’

531 4auaq s3jwaad “SIp *SeA . ‘SIp *ISUA . (8961)
uciieaado) EREY, potjJodad  pajaodaa poaqesadoun *le 33
a132eAydoad  aaL323fqo . 40 zapuy auou jou Utn LE 91 R )

sjuaj}jed . . aseastp -

pajeuado ‘ ' [e-sjuapjed  |ea9le|tq €9

YA-Uou Ul ALaap|o aseastp {896l )
A uo juawaArnsduy pajysodaus pojdodod  pajuodad [E~-S150Ud]S LRERLA] *le 39
a132e(Aydoad  aarydelqo Jou auou jou aLyjpssadgeul ~-Lun ¢ aye.dq
T ° pajaodad poajJdodas  pajLodaa utqgnaoey
5332eAydoud . aAL323alqns 10U auou jou auou 59 7 Ayduany
, (v96t)
payaadad pajandad  pajdodod 33N B
a132e|Aydoud  aap323lqu 10U Juou j0u’ auou 9 swel || LM

aAL1040753y  9A1323lqgns  paqradsag  paglaosag uoyeaadp S| 043U09) N N[} FY
40 SA SYLARLIEN SO QeLARA 40 pajedaadp pue toyiny

2112e1Aydoug an112alq0 Lestpay (eotbung LS

xanomgmah@orw Bupnoplo4 sabuey)

(e21600y2Asd uo suotyebiisaau] SNOLADLd JO £deung

L vlgel

[



44

*SIp *OSPA
_ ‘(o409 9|
O sapuasyd ’ :
. ‘ . -0z14os G¢ (6L6L)
. poajJodad pojJdodoa  pojLodous SJ4024 440 "le 19
"~ ay3oeAydoud aaL323fqo " 30U Juou f{;“oc aoitod g2 i ozzeuejey
. . - .l\
Kouangy : . Kuabuns (G£61)
g AJowdw Uy ‘ pajJdodaa  pojuaodaa AR | NISRA ‘e 19
JUBWIAD adu} aA1198[qo swoydwks ¢ auou 10U e saudyand ¢ g€ L@y
1030w 333] 7 8duab T pajJndadg,  PayL0dod . : (6L61) .wm 19
-1 123U}l paroaduy aayy29fqo 10U augu b=y £=1 auou Ll Z1eys
: aseas|p
’ — Sowll *OSBA (943D
-buiuogiouny dur |2 JO IDUIPLAD ' (9461)
aAL 3 ubod (*Aaqqe) pota0dad (e103 7 poajJodou ,~0U pue pal . ‘e 19
. ‘ paacJdwt aA1323[qo _ojou buyedado 10U ~ea0do g=N 91 saude |
{uop3ouny |eugauad ro| uco_a.x : | {s£61)
pasoudwy ) : pLjo.ed i pajJ40dad e 18
2AL1RJD}SDU .miﬁm?_o swoydwls ) j0u auou 02 FWNE N
- — ’ ’
3AL1R0153Y  2A4323(QNS  pagLudsag  pagLLIsa| uo{ e 4adg S|043u0Y) R(-ETY
Jo CSA SA|qPiJep  SA|gelJep 40 pajeJadp pue Jdoyny
o100 hydoag  aai323fqo ey pay Leatbuns pLs R
“ ) (panugjuod) | 9ye) g



'

employed attempt to sample a broad range of psychological functions
including intelligence, memory, attention, abstract.reasoning and sensory
and motor skills. (The specific measures will be described in a later

section.)

‘This battery of tests has been.shown to be sensitive to the effects

of cerebral damage (Klove, 1974; Reitan, 1964; -Stuss and Trites, 1978).

Specifically, these measures have been. employed to study the behavioral

defi¢its found in association with cerebrovascular disedse. Reitan-

r

(1870) found {hat three groups of patiénts with cerebrovascular disease
could be differéntiated from normal centrols.  The "vascular disease
groups consisted of patients with right or left focal vascuiar lesions
and & group with diffuse-or bilateral disease. The normal control group
performed better than a1f three'véscuTéP groups on everyv measure included
in the study. The patients in the diffuse disease group had minimal or
ne positive finding§ on é.siandard neurglogical exam. The fact that this
group was clearly differentiated from normal controls emphasizes the
sensitivity of this néurdpsychoiogicaT test battery to the behavioral
deficits chserved fn patients with cerebrovascular cisease.

Meier and Resch (1965) empleyed & scmewheat- different group of
measureé in a study of 65 patients.with acute onset of cerebrovascular

symptoms. These authors examined the inferential concordance between a

stendard neurological examination end data from psychological testing and

electroencephalography. Psychometric data was found to. yield higher
cencordance with tﬁe_neuro?ogical examination 1in regardfto Judgments cof
laterality ana degree of damage. Both the ESG and psychclogical test

data were more 1ikely to suggest bilateral damage than was the date from
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the neuro]ogitﬂ1 exam{nation. It was suggested that psychometric or 'EEG
data may be more sensitive to\bilatera]‘cerebra] dyéfunction although the
authors acknowledged that measurement errof or the method of inference
may have contributed to the tendency to infer bilaterality. '

Réitan and Fitzhugh (1971) studied the. performance of patients with
lateralized or geneEaTi:ed cerebrovascu1af disease. The greatest
differences were obtained between the aqroups .with lateralized lesions.

Patients with right cerebral lesions performed better w{th the right hand
on motor “and psychomotor tasks and had a higher Verbal IQ than patients
with Jeft cerebral lesions. Patients with left cerebral lesions per-
formed better with the left hand and had a higher Performance IQ than
those with right cerebral lesions. The generalized disease group tended
to occupy a position intermediate to the. groups with Jateralized
lesions. In comparing the groups on tests of motor functfons, most of

" the differences involved poer left hand performanqe Dy the right lesion

group. AmOng tests of " sensory function, the most pronouncec deficits
were obsérved in the tactile modality ané most frequently reflected left
sided peréeptuai deficits 1in. the 'group withc right cerebrovascular
tesions. The authors- conciuded that consistent relationships existed
between the laterality of cerebrovasculer lesions and patte;;s cf deficit
on motcr, sensory and inteilectual measures. Further thesé authors
suggested. that 1in cerebrovascular disease, motor functions were more
adversely affected. —

These investigatioﬁs heve demonstrated the utility ef this battery of
tests in describing the deficits observed in cerebrovascular disease. -

“ Furthermore several of the previously cited studies of the effects of



carotid endarterectomy have wused these measures 1in an attempt to
demonstrate gains in psychblogica] function (Goldstein et al., 1970;

Perry et al., 1975). In view of the ability of these measures to reflect
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the integfity'of ceredbral function, this battery of tests will be used in '

the ‘present investigation of the beneficial effects ~of carotid

endarterectomy.

Hypotheses Under Investigation

Specifically certain qﬁestions will be examined:

1. Since several previous investigators have suggested that some
psychological functions improve following endarterectomy the initial area
of inquiry was to determine whether the patients undergqoing endarterec-
tomy demonstrate improvemént on the neuropsychological test battery

relative to control patients. Tao address this question of improved

psycholeogical function following endarterectomy, all subjects undergoing
endarterectomy were separated into three groups on the_basis of the side
of operation and compared with_a_group of unoperated vascular control
patients and 2 group of normal operated controls. The comparisen of
these gqroups was viewed as a test éf the null .hypbthesis pf no
differences Dbetween groups in the 'fmprovemént over the test-restest
interval. L

2. Previous investigations of the possible psychologica1‘benef1ts
of endarterectomy have failed to consider the potential differentieal
effects of the side of operation. The only study to comment on this

jssue {Shatz et al., 1979) suggested that the effects of unilateral

operation are bihemispheric. To address the nuil nypothesis of no



differential effect of the side of operation, subjects undergoing

endarterectomy were grouped on ‘the basis of the-side of operatiﬁn and
- :

compared in régard to the improvement ovef the test-retest interval.

‘3. No previous investigation has examined the potential effect of
the severity'of initia] neurological deficit on improvement subsequent to
endartepeztomy. Some authors have restricted the patient sample to a
single type of ischemic vascular disease (Kelly et al., 1979) but there
has been no attempt to compare groups with different degrees of deficit.

'This question was addressed by ccmpa%ing a group of patients with
transient ischemic attacks and suBsequent endarterectomy with a group of
endarterectomy subjects presenting &with completed stroke. The null
hypothesis was that the TIA group (wjth presumably no infarction) would
be better able to-demonstrate gains from carotid endarterectomy than a

group with some infarction.
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CHAPTER 11
METHODS AND PROCEDURE
: -

Subjects

fndarterectomy patients were consecutive cases referred from thé’
neurosurgical service of the Ottawa Civic Hospital. These cases had
undergone angiography which inqicated the possibility of surgical inter-
vention. A total of 55 subjects (38 males and 17 females) were divided
inte three groups based upon the side to be operated Right Carotid
Endarterectomy (RCE), Left Carotid Endarterectomy (LCE) and Bilateral
Carotid Endarterectomy (BCE).

Vascular control (VC) cases were ingivicduals who had been evaluated
as possible endarterectogy candidates, but whose lesions had been found
to be unsuitable for surgical-management hecause of complete occlusion,
insufficient étenosis to warrant surgery cor inaccessibility of the
steqotic lesion. . The operated normal controls (NC) were recruitec from
the neurosurgery and general surgery wards of the Ottawa Civic Hospital.
Criteria for the séﬁgttion of these pétients were that they be candidates
for some operative procedure cof relatively short curaticn,- that the
procedure be perforﬁéd.under general anesthesia, and that the procedure
not involve the brain or the cerebral vasculature. Among the operated
controls, six patients underwent laminectomy, three had a Clowarc
procedure (fusion of vertebrae), three had procedures an the lower
extremities and one patient had laparoscopy. 1he mean age, years of

education, number of males and females and diagnostic classification for

the endarterectomy and contrel groups are presented in Tabie 2.

&

e —

n/\\

’



Tab1e‘2

Group Composition in Regard to Age, Years of Education,

» Sex and Clinical Diagnosis

LCE RCE BCE NC Ve
X Age 63.65 63.32 57.83  43.45 50.7S
# Males 13 17 8 6 10
# Females 7 6 4 7 4
X Education €.95 11.27 §.25 12.77  10.38

(Years) ‘

TIA 12 S 5 - 7
Stroke 8 15 7 - 7

i ek e e 8 e s o e o s e
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Procedure

1. Initial Medical £valuation

On the day. of admissiqn to hospital all patiénts were given a com-
plete physical. examination {which included a neuro]ogfcal examination),
and the patient's medical hi;tory'as well as the fami]} medical hﬁstory
was obfained and recorded on_the patient's hospital chart. This history
and examination were performed by physicians (resicents) assigned to the
serviée to which the patient was admitted. 8106d samples wefe routinely
drawn and blood: Tevels of cholestero1{ ¢lucose, hemogiobin and hematocrit
were obtained for most patients.

. Patients suspected of carotidlartery disease on the basis of their
history, presenting symptoms, or the results of the neurclogical examina-
tion were referred te the neurosurgical sg:vice for angicagraphic
investigation of the carotid arteries. Angiography typically occurred
between days two and four of hospitalizatien. ‘On the basis of angio-
graphy, some control patients were excluded as candidates for surgigal
treatment, usually because there _was® nc demonstrable stenoéis or EHE
Tesion was not amenabie to surgery. Several of the vascular control
patients were }nitialiy considerecd to be candicates for endarterectomy,
but were ultimately managed without surgery. The remaining vascular
controls underwent angiography ‘for investigation of atypical vasculer
symptoms.

The operated control subjects also recei@ed 2 complete physicel
examination. Nine of these patients gave histories suggestive of peri-
pheral neurclogic cisorders and underwent the appropriate diagnostic

procedure (myelogram) for evaluation of these symptoms. In these
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patients myé1ography was performéd at the same Qpproximate point in the
hospitalization (between days two and four).

There were similarities between myelography.and angiograbhy in that
both entailed the injection of contrast material to localize pathological
cdndipions. Angiography involved injection of a radio-opaque material

nta the carotid artery while myelography entailed introduction of a
radio opaﬁue ¢il in the cerebrospinal quid in the spinal canal. The
majer difference between these procedu?es was that as performed on the
patients in the present study, angiography was conducted under géneré]
anesthesia, while myelography was conducted under local anesthesia.
Following either procedure, patients were usually required to have 24
hours of bed rest. " Two of the endarterectomy patients hac undergene
angiography during an earlier hoépita]ization and therefore dié net
receive angiography immediately prior 0 their surgery.

2. Neuropsvchologicel Evaluation -

Following the medical and neurological diaecnastic procedures,
patients were referred to the Neuropsychology Laborétory either for
pregperative assessment or in a few cases, for further diagnastic invest-
igation. For all cases, the assessment was performed approximately on
day eicht of haospitalization. Patients undergoing Surgery were assessed
within one to three days immeciately prior to surgery. |

The assessment consisted of a well stancdardized Neuropsychological
Test Battery (Trites, 1977) which incluced measures of intelligence,
memory, &bstract réasoning, attention and an extensive examination of
metor and sensory functions. The tests included in this battery are

S
described below.
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a) Tests of intelligencé, memory and academic achievement

Levels of intelligence were assessed utilizing the MWechsler
Adult Intelligence Scale (Wechsler, 1955).’\This widely employed measure
consists of eleven sﬁbtests addressing a variety of verbal and nonverbal
abilities as well as an overall measure (Full Scaie IQ). The Wechsler
Memory Scale (Wechsler, 1945) %s comprised of seven subtests examining
aspects of mental functioning such as general information ang orienta-
tion, immediate recall of prose and nonverbal visual designs and verbal
paired associate learning. Academic achievement levels in spelling,
arithmetic and word recognition were assessed with the Wide Range
Achievement Test {Jastak and Jastak, 197¢).

n) Tests of Cognitive and Adaptive Abilities

This group of tests was introduced by Halstead (1947) and has

undergone extensive refinement and elaboration by Reitan (18585, 1984).
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included ameng these measures 1is the Halsteacd Category Test which i%

purported to be a measure of nonverbal abstraction anc concept formation
_skills. In this test, a series of slides is presented and the subject's
task is to discover an underiying principle that will permit a correct
response to successive slides within & series. The test is divided into
seven subtests which vary in difficuity. The Halstead Tactual Perfor-
mance Test is regarded as-a compiex psychomotor problem soiving task 1in
which the subject is blindfolded and requested to place ten geometrically
shaped blocks inte correspocnding spaces on an upricht beard. A measure
of incidentazl learning is obtained by requesting the subject (without
prior warning) to draw é picture of the board. The Finger Tapping Test

provides 2 measure of motor speed by requiring the subject to tep & key



with the index finger as many, times as possible within a ten second

interval. (This measure is part of the Halstead-Reitan Neuropsychologi-
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cal Test Battery and therefore is included here rather than with other

tests of motor function.)

A measure of sustained auditory attention anﬁ rhythmic pattern
discrimination is provided by the Seashore Rhythm Test. In this measure
paired rhythmic patterns are presented via a tape recorder, and thg
subject is required to Jjudge whether the pat;erns are the same or
different. The Hé1stead Speech Perception Test was alsc presented by a
tape recorder and required the subject to indicate which of four nonsense
words had been presehted.

In addition to these tests included in the Halstead-Reitan
Neuropsychology Test batfery, several other measures of cognitive
function were obtained. Included among these was the Trail Making Test
{Re{tan, 1858). This test has two parts, the second of which required
the subject tc sequentielly alternate connecting series of numbers and
letters. - Visual attentién skills were examined with the Knox Cube Test
(Arthur, 1947). In -this test the subject was required to imitate a
pattern of movements. An aﬁhasia-screening examination was employed to
detect a variety of aphasic and apractognostic deficits. This was
accomplished by asking the subject to reproduce gecmetric forms, name
items, demcnstrate the use‘ of items, write from dictation and several
other tasks.

¢) Senscry and metor functions

This bettery of moter and sensory tests has been extensively

developed by Klove and Reitan (1969). Grip strength was assessed by the
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Smedley dynamometer. Dodrill (1979) has recently demonstrated the

utiiity of this instrument as a neuropsychological measure. | Fine
manipulative skills were assessed by the Grooved Pegboard Te§t, in which
small pegs weré placed into holes in a board. The holes” were in
differept orientations which required fine ﬁanipu]ation of the peg 1in
6rder to match the orientation to the hole. Two measures from the
Klove-Matthews Motor. Steadiness Battery were also employed. The Maze
Coordination test required the subject to move 2 stylus through an
eiectrified maze. Cont;:; with the edge caused scores to be recorded on
a timer and a cqynter. A.test of motor steadiness required the subject
to hoid a stylus in fthe' middle of consecutive holes of decreasing
diameter. Once aéain contact with the side of & hole caused scares to be
recorded on a timer and counter.

Sensory measures included tests of uniiateral and bilateral
imperception in the tactile, aéditory and visual modalities. Within each
sensory modality, unilateral stimulation was followed by bilateral stimu-
Tation. |

The ability to rqcognize which finger had been touched without
the use of visioﬁ was measured by a test of finger agnosia in which the
subject's fingers were touched with the eraser of a pencil while vision
was obscured. With vision still obscured the subject was asked to

identify numbers written on the fihgertips and also to identify geometric

chapes that had been placed in the hand. In this test of tactile form

recognition the response was nonverbal in that the forms were p1éced in

.one hand and the other hand was useﬁ to indicate which form had been

-+
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presénted. 'The va]fditj and utility of this battery has ‘been discussed
preQious]y; | .

Sévera1‘patients did not re;eive.the complete test battery for a
variety of réasons.f Tﬁe most common reasons for incomplete testing were,
‘Tack of adequate 'tjme or severe neurological impaifment. On several
“instances, two Or more patients were referred simultaneously fér assess-
ﬁeht with surgical procedures scheduled within a day or two of referra]}
~ Since tHe complefe battery requires a fu11‘day-to administer (and some-
times longer), it was impossible to\;gtain complete assessments in these
cases. -

| Several of- the- pgtients‘ with completed stroke (both. those
scheduied for- endarterectomy and .some vaécu1ar control patients) had
_neurological “impairments such as severe aphasia or hemiplegia, -which
precluded éOmgTéfe a;sessmentf In a very few instances, the patieﬁt was
generally uncoopératiye during testing, or objected to specific tests.
When é complete évaTuation could not be accomplished, an attempt
waé made to obtaiﬁ a group of measures which was regarded as 2 minimal
' batféry and was Euﬁ;essfu]1y obtained on ali patienfs. Oﬁce this core
eva]uatibniwas accomp]iéhed, measures were added as time or the patient's

caondition a]Towed. _ -

3. Post Operétive'Course : ’

‘Pafients typically spent 24 hours in the recovery room, after
which they Qere returned to their rooms on the neurosurgery service. Twe
patients.suffered noh7cerebra1 complications {compression 5f the trachea)
which required their transfer.tq-the intensive care yhit prior to their

return to the Qard; Five batients (9%) experienced cerebral
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complica{ions which.were feit to be related to the operative procedure
Suf in all cases, these were extremely mjld and transient. There was a
1.8% operative mortality rate which represents one patient who died from
mydcardial infarction 12 hours after his endarterectomy. These mortality
’and morbi?jty rates. compare favorably with other reported serigs of cases.
‘ When the patients had recovered from £heir operation, fhey were
discharged, from hospital and in most cases were given a prescription for
325 mg of aspirin 4 times per day for three months. The typical stay in
hospital for unilateral endarterectomy patients was 21 days and for
bilateral endarterecfomy patients, the typical course lasted 31 days.

Apprbximate1y one week was allowed for bi]atera].patients to recover from

the initial procedure before Deing subjected to the second.

endarterectomy. The typical cours® for vascular control patients lasted

13 days and for the normal operated control patients, i6 davs.

-t

4. -Post-operative Assessment

Approximately five months foT]owiné) their discharge, patients
were contacted by letter and requested to return for z post-operative
assessment. For each patient, an attempt was made to schecule for six
months' afte} thé. cdate of the initial assessment. 1In all cases the
reasséssment éonsisted of the measures which had been administered on
firstrktest{ng. Of the patients whc were reaséeﬁsed, only four ‘were
examined mare %han two weeks beyond the six month ;nniversary of the
1nitiél‘testing.

A total of 14 suﬁjgcts (12 endarterectomy anc 2 control) failed

to return for reassessment. Table 3 shows that three patients died, four

patients - were unaveileble due to geographical csnsiderations, five
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Table 3
Patien-ts Not Receiving Reassessment
Groﬁp Age- Sex .
. Deceased RCE 71 F
- LCE 71 -F
LCE 69 M
Geography LCE 63 M.
BCE 61 M
RCE 70 F
NC 31 M
Decined CLCE - 59 M
4 LCE a9 M-
LCE 58 M
LCE 60 F
NC 31 F
QOther RCE 68 M
RCE 71 M
B .
<
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‘'patients declined to be'reéssessed, and two were unavailéb]e for other
reasoné. Of the postqperétive deaths not related to surgery, one patient
died from a ruptured bowe! approximately 3 weéks after discharge, while
another, patiént died from a myocardial infarction 3 months after

discharge. . - Ji

At the time of 'reassessment, the patients we;é guestioned
‘reéarding their genéral health during the test-retest interval. Areas of
inquiry inc]uded whether there had been recurrence of. their symptoms,
occurrence of any new symptoms, and whether the patient felt there had
béen any side effects from their surgery. In particular, patients were
asked if they noticed ény “changes" in their cognitive processes, in an

attempt to determine any subjective impressions in this matter.

Data Analysis

~The data from the first and second neuropsychological assessment and

an additional group of data obtained from the,patfent's medical chart
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comprised the final data file which was stored on computer disk. Statis-

tical proéessing and data manipulation was accomplished by employing. the
Statistical Package for the Social Sciences (SPSS; Nie, Hull, Jenkins,
Steinbrenner and Bent, 1975).

design and Statistical Anaiysis . ¢

Although a total of 82 subjects® were involvec, there were approxi—
mately 160 variables which were included in the final data file,
including the test results of first and second neuropsychoiogical

assessments, and the medical variables obtained from the hospital chart.



A variety of parametric procedures combined with univariate and
multivariate analyses were employed to analyze the data.

The initial step of analysis involved factor' analytic techniques to

60

redute the data to a more conveniently managed group of dependent vari-

“ables. The results of the initial neuropsychological assessment were
grouped into six sets of tests based éimp1y on logical considerations.
The results of the six separate factor analyses were employed td generate
factor scores. These factor Scores were then utilized as new dependent
variables in multiple discriminant function analysis. - This _prbcedure
provided a muitivariate test bf significance of the differences between
groups at initial assessment based on what originally was a 1érge number
of variables. Univariaté procedures we#e combined with this procedure to
isolate the test scores which contributed to the overall multivariate
differences. |

[t was alse of interest to determine how the factors obtained at
‘initial testing were changed at second testing. To accompiish this, the
factor score coefficients obtained on first testing were applied to the
test scores obtained on second testing. These factor scores obtained on
second testing were then entered as cependent variables in ﬁultiple
dis¢riminant function analysis as an overall multivariate test of the
difference between groﬁps at second testing. Again univariate tests were
employed to determine which test variables contributed to the multi-
variate differences. A further examination of the changes from firgt to
second testing was accomplished by determining for each group'the number

of tests that showec significant improvement, and comparing the groups on
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th1s basis. . In order to limit the number of significance tests, only
those measures 1nc1uded in the factor analyses were included.

~The jnitial analysis was directed at the comparwson of all five
groups (three endarterectomy groups and tyo control groups). TO test the
hypothesis of no between group differences in terms of changes over the
test-retest intervé],_ the factor. scores frpm the second testing were
subtracﬁed from the initial factor scores to yield change scores.
Because of the statistical and methodological difficﬁ]ties'iﬁherent in
the use of change scores, the use of these scores was restricted.

There were several majqr analyses performed, and in each case the
change scores were employed only in the jnitial aspects in an evera11
multivariate test of the gfoup differences over the test-retest
intery;l. .Change scores were excluded from any subsequent analysis._

The initial question to be exam1ned was whether the endarterectomy

'groups differed from the control gr0ups in regard to the amount of change

over the six month interval.  This question was addressed by examining
the data ‘from the three endarterectomy Qroups and the two control
groups- The factor changé scores were empioyed in a multivariate test of

the group differences over the six month interval. .FoI]oﬁing this,

multivariate comparisons of the initial and second factor scores was

berformed. These multivariate analyses were elaborated by conducting
univariate comparisons on the individual factor ScOres as well as on the
original test variabies. The null hypothesis predicted no difference
petween the groups of subjects.

The second area of inquiry entailed the examination of the differen-

ces between the individual | groups of endarterectomy subjects,



specifically in relation to the question of différentja] response to
surgery as a function of the side of operation. The method of .analysis
desc?ibed above 'was again employed .to test the null hypothesis of no
differences between the individual groups. o

A third area of inquiry was ‘to determine if the severity of present-
ing Heurologicall sympéoms held ;ny relatijonship to postoperative
improvement. To address this question, three groups were formed consist-
ing of endarterectomy subjects who had presented with transient ischemic
attacks, endarterectomy subjects who had 5qffered a completed stroke, and
the  vascular contrb] gr0up.' A transient ischemic attack was operational-
ly defined as a vascular episode wjth no residual clinical deficit 24
lhours following the onset of Symptoms. A compJeied stroke was considered
to be any neuwvlogical deficit (regardless of severity) which persisted
1ongér than 24 hours. This use of 24 hours as a criterion for transient
ischemic attack was consistent with the accepted c?assifiéafion of cere-
brovascular disease (Sandok et al., 1978). Once again, the method of
analysis as described above was employed to examine the differences
between these groups. It was expected that since the subjects with TIA
had presumably suffered no infarction, that group would be more likely to
demonstrate gains than those patients who had suffered some degree of

cerebral infarction.
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CHAPTER 111

- | | RESULTS

Factor Analysis of Initial Neuropsycho1ogica1 Assessment

The measures from the initial neuropsychological assessment were
grouped into the following six general classes of variables: a) general
cognitive and intellectual tests; - b) tests of adaptive abilities;
c) sensory perceptual measures; d) motor tests:; e) peréonality measures;
and f) tests of sensory imperception. 'fhese groups of variables were
entered into separate factor analyses which employed the method of prin-

-ciple factors with iterations and 1in each case a Varimax rotation was
performed. The individual tests included in each of the factor analyses
can be found in Tables 4 to 9. Also included are the abbreviations of
the variable names to be used in subsequent tables.

The factor analysis of ;he general cognitive and intellectual tests
yielded'two factors with an eigenvalue of greater than one which account-
ed for 78.4% of the variance. The eigenvalues and percentage of variance
accounted for related to these two factors are presented in Table 10
along with the varimax rotated facfor matrix. Based on the factor load-
ings, the first factor was interpreted as a verbal abilities factor with
the highest loadings on the spg]]ing and reading components of the Wide
Range Achievement Test and the Verbal IQ. The second factor was con-
siderably weaker with an eigenvalue of slightly greater than one. It was

interpreted as representing non-verbal abilities with the highest




Table &

Gene§a1 Cognitive and Intellectual Tests

64

Grouped for Factor Analysis 1

wechsler Adult In;e]iigence Scale - Verbal 1.Q. (VIG)
Wechsler Adult Intelligence Scale - Performance I.Q. (PIQ)
Wide Range Achievement Test - Reading grade score_(HRATR}
Wwide Range Achievement Tesi -lSpelling grade score (WRATS)
Wide Range Achievement Test - Arthimetic grade score (WRATA)

Wechsler Memory Scaie - Memory Qdotient (M)

- Age at initial assessment (Age)




Table 5

Tests of Adaptive Abilities
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l

) Groupedifor Factor Analysis I1

1. Halstead Category Test - total errors (CATEGORY)

2. Halstead Téctual Performance Test - total time (TPT-T)

3. Halstead Tactual Performance Test - memory score (TPT-M)

4. Halstead Tactual Performance Test - localization score (TPT-L)

5. Halstead Speech Perception Test - total errors (SPEECH)

6. Seashore Rhythm Test - raw score (SEASHORE)

~1

. Trail Making Test - total time (TRAILS)
§. Knox Tube Test - raw scare {KNOX)

9., Right-Left Discrimination Test - errors {RT-LT)




Table 6

Measures of Fine Sensory Perception
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Grouped for Factor Analysis Il

Finger Agnosia - Right hard errors (FINGAG-R}

_ Finger Agnosia - Left hand

Fingertip Number Writing -

Fingertip Number Writing -
Roughness Discrimination -

Roughness Discrimination -

- Tactile Form Recognition -

Tactile Form Recognition -

errors (FINGAG-L)

Right hand errors (#NRIT?NG-R)

Left hand errors (£WRITING-L)

Right hang errorsf(ROUGHNESS-R)
Left han& errors (ROUGHNESS-L)

Right hand errors (TACT FORM-R)

Left hand errors (TACT FORM-L)




Table 7

Motor Tests
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Grouped for Factor Analysis IV

x’—\"‘

—
.

(Y]

)
.

3.

14.

Finger tapping test - right hand écore (FINGTAFR)
Finggr tapping test - left hand score {FINGTAPL)

Grip strength - right hand (GRIP-R) -

Grip strength - left hand (GRIP-L)

Movement ccordination - right hand (timer) (COORD-RT)
Movement coordination - right hand (counter) (CCORO-RC)-

Movement coordination

left hand (timer) (COORD-LT)

Movement cocordination - left hand (counter) (CGORD-LC)

Resting steadiness

.right hand {timer) (STEAD-RT)

Resting steadiness - right hand (counter) (STEAD-RC)

Resting steadiness

left hand (timer) (STEAD-LT)

Resting steadiness - left hand (counter) (STEAD-LC)
Grooved Pegboard Test - right hand time (PEG-RT)

Grooved Pegboard Test - left hand time (PEG-LT)




Personality Scales from Minnesota Multiphasic Personality Inventory

Table 8

1

68

Grouped for Factor Analysis V

[£5)

L)
.

o ~t
. .

Vel

10.
11.
12.

13.
714.

MMPI-L
MMPI-F
MMP-K
MMPT -Hs
MMPI-D
MMPI-Hy

MMPI-Pd

(lie)

(validity)
{correction)
(hypochondriasis)
(depression) |
(hysteria)
(psychohathic-deviate)
(masculinity-feminity)
(paranoia)
{psychasthenia)
(schizophrenia)
(hypomania)

(social introversion)

(pseudo-neurclogical)

3

{MMPTL)

(MPIF)

(MMPIK)
(MMPIKs)
(MMPID)
(P IHy)
(MMPIFd)

(MMPIMF)

(MMPIPZ)

(MMPIPL)
(MMPISc)
(MMPIMa)
(MMPIS1)
(MMPIPn)

vy,



Table 9

Tests of Sensory Imperception

69

Grouped for Factor Analysis VI

10.

1.
2.

Ulitateral Tactile Stimulation

Unilateral Tactile Stimulation

- right face impercepticn (UtéctRF)

- left hand imperception (UtactLH)

Unilateral Auditory Stimulation - right side imperception {UaudR)

Unilateral Auditory Stimulation - left side imperception (Uaudl}

Silateral Hand Stimulation - right hand imperception (BtactR)

Bilateral Hand Stﬁmulat%on - left hand imperception (Btactl)

Bilateral Right Hand/left faece
: (- '
Bilateral Right Hand/left face

Bilateral Left Hand/right face

Bilateral Left Hand/right face

* Bilateral Auditory Stimulation

Bilateral Auditory Stimulation

stimulation - right hand imperception

{BtactRH)
stimuiation - left hand imperception
(BtactlF)

stimulation - left hand imperception

(BtactLH)

.

Stimu]ation

right face 1mperception
(BtactRF)

- right side imperception (BaudR)

- left side imperception (BaudlL)
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Table 10

-

Eigenvalues and Percentage of Variance Accounted for by the
* General Cognitive and Intellectual Factors

Factor = Ejgenvalue | % of Variance
T .45 63.7
il R 1.02 14.7 i
o ‘ : - 78.4

Varimax Rotated Matrix

Factor Loadings ., -

~ VYerbal ‘ Nonverbal

Variable Abilities - . -, Abilities
ViQ : ‘ : . . .857 ¢ 187
PIQ : : .728 : .375
WRATR . A . .883 ' - -.257
- WRATS ) .892 . =-.102
WRATA 791 , .19¢8
M - 814 .356

AGE -.003 - -.058- . —
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loadings on the Perforﬁance IQ, the Memory Quotient and- ‘the arithmetic
g}aﬁe score from the Wide Range Achievement Test. . |

Factor analysis of the‘.tests of adaptive abilities produced three
factors which accounted for 66.3% of the variance.' The eigenvalues and
percentage of variance as well as the Varimax rotated factor matrix are
presented in Table 11. The first fﬁctor was interpreted as reflecting
left hemisphere functions with the highest loadings on tésts of right
left discrimination3 speech perception and the Trail Making test. The
second factor was felt to represent génera1 adaptive functions by virtue
of the highest loadings on the Category test, the Trail Making Test and
the tbtal tiﬁe'score of the Tactual Per%ormance Test. The third adaptive’
factor was interpreted as‘rep?eséhtiné right hemisphere functions in view
cf the highest loadings on the memory and localization components ¢f the
Tactual Performance Test.

| The factor anaiysié of the measures of sensory-perceptual funétion

vielded: two factors with eigenvalues of greater than one which accounted
for £65.2% of the variance. Thé eigenvalues, percentage of. variance.
accounted for and the Varimax rotated factor matrix are presented in
Table 12. The first factor was Felt to reflect sensory abilities on the
right body side becausé of the high 1lgadings on most right side
measures. Simi?arly, the second sensory factor was felt to refiect left
sided sensory functions due to the-high ioadings on:]eft side measures.

The tests qf‘motor functions yielded four factors with.;n eigenvalue
of greaier than one which accounted for 82.7% of "the variance. The
eigenvalues, perceniage of variance accounted for, and the Varimax

rotated factor matrix are presented in Table 13.
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Table 17
"~ - : —_—
. ‘ .
. N . . .
Eigenvalues and Percentage of Variance Accounted for ———
‘ by Adaptive Factors : -
&
Factor Eigenvalue - % of Variancd

Il

T I

Variable

IPT- - r..

JPT-M

bl

,Av—.l

T WG9 g Q61

Speech X~ ¢ * 0] //—w 2 .

dshores ’Q - -.473) Yooy - Tl

mails k ' ) .30d ¥ .SZ}/;?f"““\\\;

Knox - rx“ﬁ;:,,fggg © -.28 o ) N
T ] . . ,o ‘

-f R . - cod e

: ¥

il
1.475
1

-—l-—lb)
ny G =

Rl
(42 0 =

1‘5 .
Hpbﬁo
?3 ) * ‘ . .
y; ) Varimax Rotated Matrix
. "’——:\ .
\ Factor Loadings <
Left— General
Hemisphere - Adapative

£, ./ 850

; 17 -y 542 -
286 . ..334

o
—
14
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.Table 12

Eigenvalues and Percentage 3;(yariance Accounted for
. by Sensory-Perceptlal Factors .

Factor

Variable

Fingag-R
Fingag-L

- #Writing-R

FWriting-{
Roughness-R
Roughness-L

. Tact Form-R

Tact Form-L

S . Eieenya]ue o = of Variance
b 3.925 49.1
1.289 16. ]
. ' . 65.2

Varimax Rotated Matrix

Factors Loading

Sensorz-R S Sensorz-L

.949 - .025
.621 | .436
.820 o 422
.285 ' . .807
.297 ‘ .308
339 .661
L AT .143

.038 o 580 -

_‘-_-__._ . A




Table 13 '

E1genva1ues and Percentage of Variance Accounted for
by Motor Factors

Factor Eigenvalue . % of Variance
1 7316 6.1
11 3.033 19.0
111 737 10.8
IV . "1.097 6.9
7
Varimax Rotated Matrix
Factor Loadings
Steadiness/ - .
. _ Coordindation Coordination Psychomotor Steadiness
Variables (R) (L) (L}
Fingtap-R -.872 -.208  -.015 182
Fingtap-L~ -.038 -.812 -.185 -.111
GRIP-R .o=.59 -.488 - .278 .332
GRIP-L -.023 - -.885 -.on -.002
COORD-RT .842 : 062 174 . 156
COQRD-RC .897 .108 - .217 006
- COORD-LT .263 .705 .385 .330
COORD-LC 314 .689 .34 435
Stead-RT .886 113 . 195 31
Stead-RC .683 =117 -.125 . .528
Stead-LT . 143 .391 415 .739
Stead-LC -.008 73 .091 .891
. Peg-RT .880 .106 .348 -.023
Peg-LT .149 .646 .589 .245 -
JPTR-T/B 451 .139 . L0685 247
TPTL-T/B 115 233 .876 .058
=\
L4
*,
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It can be seen fhat the first factor loaded most heavily on the
scores deriyed from the right hand trials on “tests of fipe and gross
motor cooﬁdinatjon and Steadiness: Consequently, this factor was inter-
preted as a right sided steadiness and coordination factor.

‘The second motor factor was felt to reflect 1¢%t hand coordination
while the fohrth factor was interpreted as representing left hand steadi-
ness. The th1rd motor factor loaded most heavily on the left and right
hand measures from the Tactual Performance Test and hence was regarded as
| psychomotor factor.

Facter analysis of the scores from the M1nnesota Multiphasic Person-
ality Inventory produced.five factors with an eigenvalue of greater than
one which accounted for 80.2% of the variance. The: eigenvalues and
percentage "of variance associated with each‘ factor in addition to the
varimax rotated factor matrix are presented in Table 14.

The first factor derived from' this analysis loaded hiéhly on scales
'typica]1y associated with disordered personality functions, therefore the
factor was felt to reflect psychopathology. Factor II loaded highTy on
MMPI Scales Hy, Hs, Pt and 0 which were felt teo represent concern over
somatic functions. The third factor from thif- analysis -Toaded most
highly on two of the validity scales from the MMPI (L and K} and was
therefore interpreted as a validity factor. The fourth factor was inter-
preged as reflecting depreésion and withdrawal while the fifth %actor was.
felt to represent the general level of interest and activity. N

The final %actor analysis included the tests of sensory impefception
and yielded five factors with an eigenvalue of greater than one which

accounted for 71.4% of the variance. - The eigenvalues, percen;age of




Table 14

"~ Eigenvalues and Percentage of Variance Accounted for
: by Personality Factors

Factor ‘Eigenvalue o % of Variance
I ©4.172 ' : 29.8
11 . 2.478 . 17 .7
III 2.053 14.7
1V o 1.448 10.3
v 1.073 - ' 7.7
50.2

Varimax Rotated ?actor Matrix

Factor Loadings

Psycho- . A Extro-

Variables pathology Anxiety Validity Depression  version
MMPIL 042 -.048 .785 068 031
MMPIF - .788 -.070 -. 148 .338 215
MMPIK -.068 .153 . .862 -.288 031

. MMPIHs -.059 .856 -.001 - 108 T L2498
MMPID - 158 .529 -0%8 .680 . 106
MMPIHy .. 180 - .915 - .032 -.058 . - -.145
MMPIPd .505 477 170 -.155 .528
MMPIMf .363 .080 -.241 .022 621
MMPIPa ) .875 .143 -.010 -.133 -.015
MMPIPt 449 -638 -.120 .297 . 152
MMPISc .898 .197 028 -.030 .028
MMPIMa w215 . 184 -.525 -.609 279"
MMPISi .00Q .070 -.314 .826 -.151

MMPIPn .330 175 -.4171 © o .303 -.757

- mm e m———
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variance,- and the varimax rotated factor matrix obta1ned from this
ena1ysis ere presented in Table 15. The first factor loaded heav11y on’
imperceptibn of tactile stimuli on the left side with either unilateral
pe bilateral stimulation. The second factor loaded heavily on the two
measures of qni]éterai auditory stimulation while the' third factor loaded
heavily oﬁ b{lateral measures of tactile 1mperceptiont The fourth factor
loaded heavily on the measures of right sided tactile imperception while
the fifth factor was interpreted as representing bilateral tactile and
auditory impercebtion.

The series of factor analyses were performed Lo reduce the number of
variables to be incorporated in subsequent 'stégjstica1 procedures; A
toté1 of _66 test variables were entered’ into factbr' analysis and 21

ffacﬁprs were ultimately produced. A review of the amount of variance
accounted for by the individual factor analyses suggested that relatively
Tittle data were lost by this procedure. The mean percentage of variance
exp1a1ned by these factors was 74.03% Q1th the motor factors accounting
-~ for the h1ghest percentage of variance and the sensory perceptuaT factors
accounting for the least variance. The factor analyses yielded factor
score coefficfents which were employed to generate factor scores. These
factor scores represented ‘the combined resu]ts of * several univariate
measures and were utilized in the subsequent data analysis. It was also
necessary to reduce the data from +he seconcd assessment. This was
accomplished by apply%ng the factor score coefficients to the test scores
obtained from the second assessment. The generation -of this second set
of factor scores permitted an examination of changes in the factors

between the two assessments.
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Table 15

Eigenvalues and Percentage of Variance Accounted for
' .- by Imperception Factors

v

Factor . Eigenvalue ¥ of Variance

[ . . . 2.743. 22.9

Ir - - 1.882 15.4
IIL . . “1.523 T 12.7
‘v ‘ 1.318 ) 11.0

v _ _ ‘ 1.136 . 9.5

' . 71.4

Varimax Rotated Matrix -
Factor Loadings
Left Right Bilateral
Imper- Unilateral Bilateral Imper- Tactile/

Variables ception Auditery Tactile ception  Auditory
UtactRF .000 062 N -.047 460 -.011
UtactlH .854 - 15 a1 .295 -.082
UAUDR .038 . .974 -.041 187 .089
UAUDL .207 .668 .210 .002 -.076
BTACTR . 017 041 .165 . .900 312
BTACTL 068 -.023 ' 681 ~.140 . 017
BTACTRH L0125 0 ¢ 006 .548 .396 .124
BTACTLF .796 17 -.123 -.041 .139
BTACTRF -.015 .256 .565 115 < -.237
BTACTLH S44. . -.061 .328 111 ’ 716
BAUDR -.037 —.129 -.048 - -.054 215

BAUDL - 013 -.039 -.021 o -.046 : .237

St
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Carot1d Endarterectomy and Control Groups

In the initial stage of analysis, all five groups were .included. The
mean age of the total sample was 57.25 but there were differences between
the groups in terms of age (F = 15.90, df = 4,76, p < .001). The ages of -
. the various g;oups are presented in Table 2 where it can be seen that the
contro1 patxents were younger than the endarterectomy pat1ents This
d1fference arose primarily from the femaTes in the normal {operated)
control group whose mean age was 36.28 years. The males in this group
had a mean age of 52 which wasléignificantly different from the females
(t = 2.63, df = 5; .05). | _' C

The groups .also d1ffered s1qn1f1cant1v on the basis of educat1on
" (F = 3.38, df = 4,75, p < .025). There was no difference in the 1enqth
of.foﬁow up which averged 6.14 months (F = 1.32, of = 4,76, p > .10).

-~

Analysis of Change Scores

Multiple discriminant function analysis was. employed to exaﬁine the
nu11 hypothesis of no averall multivariate differences between -the
groups. The stepwise method was employed which seiepted.vakiabﬁes for
inclusion into the anlysis on the basis of maximizing the Eifferences
between the E?Uhps (hence-minimieing Wilks' Lambda).

The initial question to be addressed was whethef the grons‘differed

;in their relative performance between the two assessments. In order to
accomplish this, factor scores—from the seeond assessment were subtracted
from the corresponding factor scares derived from the initial assessment

to yield chaﬁge scares. These factor change scores were then entered

into & stepwise multiple discriminant functicn analysis to determine
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whether the groups differed in their respective change between the two
‘assessments.  This: analysis yiéIded two discriminant functions which
indicated that the groups could be significantly differentiated on the
basis of change§ in the factor score variables. The first function
yielded a Wilks' Lambda of .0668 (df = 40, p < .0001) while the -second
function yeilded a Wilk's Lambda of .268 (df = 27, p «<.04). These
discriminant functions as well as the standardized discriminant fﬁnction
coefficients.are presented in Table 16. It can be seen that the highest
loadings on the firsg function were obtained on factors interpreted to
represent nonverbal abilities, left hand coordination and
psychopathology. The second function received 1ts highestA1oadings on
faqtors interpreted to represent right hemisphere functions and right and
left side sensory-perceptual skills. This analysis suggested that there
were differences among the groups in regard to changes over the
test-retest iﬁtervaT. when the change scores were combined, the factors
that éontributed the most-to the overall group difference were largeiy
those interpreted to reflect right hemisphere function.

In view of the finding of mu]tivari;te differences over the
test-retest interval, it was of interest to attempt to determine the
source o%&these differences. To avoid the problems inherent with change
scores, it was decided to abandon these scores for the remainder of the
analysis. |

R .

Analysis of Initial Factor Scores

To elaborate on the differences cbtained with change sceores, it was

deciced to inqependent1y examine the results of the two assessments.
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Table 16

Results of Stepwise Multiple Discriminant .Function
Analysis on Factor Change Scores

Standardized Discriminant Function Coefficients

Factor _Function [ Function 11
Nonverbal Ability - 1.140 0.142
Right Hemisphere 0.126 0.739
Sensory Right -.511 1.091
Sensory Left ) 0.158 0.758
Psychopathology 0.816 0.630
Anxiety -0.704 -0.324
Validity : -1.249 -0.067
Depression . -1.794 0.024
Right Steadiness/Coordination -0.147 0.259
Left Coordination 0.578 -1.203
Discriminant Canonical Wilks'
Function Eigenvalue Correiation Lambda df P
1 3.007 . .886 .0668 40  .001

2 1.534 .778 .2680 27 037

Overall Correct Classification 45.12%
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Discriminant analysis of the factor scores from the initial assessment
produced two discriminant ~functions which  indicated - significant
multivariate differences a&ong the groﬁps. The first function yielded a
Wilks' Lambda of .1526 (df = 40, p < .0001) and the second function
yielded a Wilks' Lambda of .3410° (df = 27, p< .008. (See Table 17.)
The standardized discriminant function coefficients indicated that the
highest 1loadings on the first function were the verbal intelligence
factor, the left tactile imperception factor and the validity factor.
The highest loadings on the second function were on the bilateral
imperception factor, the verbal abilities factor, the general adaptive
factor and the depression factor.

The univariate F ratios for each of the facters which entered the
discriminant analysis are presented in Table 1S. This analysis revealed

_~"that there were significant differences between the g;oups on the verbal
abilities and general adaptive abilities factors.

Pairwise comparisons were performed utilizing the Student
Neumag-Kuels procedure to limit the number of post hoc-comparisons. On
the verbfl abilities factor it was revealed that the left carotid
endarterectomy (LCE), the bilateral carotid endarterectomy (éCE) and the
vascular ecentrol group (VC) all differed from the normal control group
(NC) at the .05 Tevel. O0On the general adaptive factor the three carotid.
endarterectomy groups differed at the .05 level from two control groups.
There yere.no differences among the three endarterectomy groups on any of
the initial factor scores. in order to confirm fhese differences as well
as to examine the ;:fferences on the actual test variables, univariate

F-tests were performed on the measures obtained at the initial
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Table 17

hY

Results of Stepwise Multiple Discriminant Function
Analysis on Initial Factor Scores-All Groups

.

T

Standardized Discriminant Function Coefficients

Factor aFunction 1. Function 11
Verbal Ability . 435 371
Nonverbai Ability . -.629 S -.180
General Adaptive -.434 .318
Sensory-Left ‘ . -.399 . -.561
Anxiety 013 A -.668
Validity ' -.120 -.057
Depression -.405 - 327
Extroversion ‘ ‘ -.53¢ -.002
Left Tactile 214 =517
Bilateral Imperception -.032 579
Discriminant . Canonical Wilks'
Function Eigenvalue ~  Correlation Lambda  df P

1 1.234 .743 .152 40 .001

2 0.912 .690 .341 27 .007

Overall Correct Classification 56.10%
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Table 18

Univariate F Ratios for the Factors Entered in the Stepwise

Multiple Discriminant Function Analysis on

Initial Assessment Factor Scores

84

Factor

" Verbal Abilities

Performance 1.Q./Memory

~ General Adpative

Sensory-Left

Anxiety

validity

Depression

Left Tactile Imperception
Bilateral Imperception

j-n

4.19
.69
.60

2.29
.74
2.13
.43
2.40

(a8
-

B g R LI T S~ = o
I Y e . L |
=~ U~~~
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assegsment. As can‘ be seen in Table 19, there were significant
differences between the five groups Qn several of the original test
measures. Pairwise comparisons were again performed which revéaléd
virtua}]y no differences between the three endarterectomy groups. It was
observed that the vast majority of the differences oécurred betweén thg‘
normal controls and the remaining four grﬁups: The results of this
univariate analysis confirmed the findings of the multivariate analysis
which demonstrated differences between the vascular disease .groups
(endarterectomy and vascular controls) and the normal controls primarily

-
in the areas of verbal and general adaptive abilities. ’

£ Y
Analvsis of Second Testing Factor Scores

To determine how the initially derived- factors had changed, the
factor scores coefficients obtained from the originé} assessment data
were applied to fﬁé second testing scores to produce another group of
factor score &ependent variables. These second factor scores variables
were then entered into & muyltiple discrimingnt function analysis, the
results of which again indicated stgnificant multivariate differences
between the groups. .The first discriminant function }ielded a Wilks"
Lambda of .081 (df = 44, p < ;OOOji whife the second function yielded 2
Wilks' Lambde of .255 (df =“30, p < .02). These two functions and the
standardized discriminant %unction xcbefficiénts are presented in

.Tabie 20. The highest Tloadings on the first function were on the righf
steadiqess and coordi%ation factor, Fh%'verba] abilities factors, and fhe
validity factor from the MWPI. The highest loedings om the second

function were obtained on the anxiety factor from the MMPI, the right
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Table 19°

N Univariate F Ratios on Test Varijables
from First Assessment

86

variable . F df
WRATR 3.86 4,6
WRATS 3.76 4,7
WRATA 2.58 4,7
TPTRHT 3.48 4,5
TPTLRT 4.26 4.6
TPT-TT 5.57 4,5
TPT-Memory 4.23 4.61
Trails A-credits 2.54 4,72
Trails B-time 4.50 4,70
Trails B-credits 10.69 4,70
Trails Total-time 8.83 4,69
Trails Total-credits 4.70 4,70
Fingertap-L " 2.89 4,72
Peg-RT 7 3.94 4,70
. Peg Total-time o : 3.40 4,70
MMPI-pt 2.85 4,50
M.Q. : 2.64 4,69
Fingag-R 2.56 - 473
4.73

#Writing-R 3.15

OGN O W

006
.007
.044
012
.004
.007
004
.028
.002
.001
.001
.002
.028
.006
013

033

.040
.045
.018




Table 20

Results of Stepwise Multiple Discriminant Function

Analysis on Factor Scores From Second Assessment

87

\ Standardized Discriminant fFunction Coefficients

Factor

Verbal Ability

Nonverbal Ability .

General Adaptive

Right Hemisphere
Sensory-Left '

. Anxiety

Validity

Extroversion-

Right Steadiness/Coordination
Left Coordination

Right Tactile

Discriminant

Function - Eicenvalue
1 , 32.135
2 0.505

Function 1

652
-.228
-.441
-.29¢

545
-.90¢9
-.545
-.304
1.1358
~.582

_--531

Canonical
Correlation

Wilks'
Lambda -

825
75

081
.255

Overall Correct Classification 56.10%

Fun

-.475
-.781
.551
-.347
-.170
-.636
.285
-.186
448
-.243
- .666

ction 1I
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steadiness and coordination factor and the right hemisphere factor,

‘Univariate Furatios were obtained on th_e factors which were included in

‘the discriminant analysis. (See Table 21.) The results of these

analyses revealed that there were significant. differences Dbetween the
groups at the second testing on intellectual, adaptive, personality and
motor factors. Pairwise comparisons were per formed utilizing the Student
Newman-Kuels procedure to restrict the number of combarisons. On the
verbal abilities factor the normal control group was found .to be
significantly different (p <« .05) from the left and bilateral
endarterectomy groups and from the vascular control group. These were
the same pairwise differences which had been obtained on the initial
factor scores. On the general adaptive factor the left any bilateral
endarterectomy- groups differed from the normal controls. These
differencés had also been obtainec “n the initial factors, but on the
second factors, the right endarterectomy groups Wwas no longer
significantly different ‘from the controls. fhe anxiety- factor
demopstrated differences between the right endarferectomy and vascular
control groups while on the left coordination. factor the left CE group
differed from the normal controls. There were no significant pairwise
differences on the vaiidity or right steadiness/coordination factors.

&s was the case with the 'ih1't1'a1 assessment variables an attempt was
mace %o determine d;ifferences between the groups on the basis ¢f the
actual test variabies obtainecli at second testing. \Univariate F raties
were obt.agned on these test variebies and the resilts are presented in

Table 22.

*

£
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Table 21

Univariate F Ratios for the Factors Included in the Stepwise
Multiple Discriminant Function Analysis of
Factor Scores from Second Testing

Factor ’ E af P
Verbal Ability 3.87 4,60 .007
Nonverbal Ability 0.28 4,680 N.S.
General Adpative J3.44 4,49 014
Right Hemisphere 1.76 4,49 N.S.
Sensory-Left 0.92 4,60 N.S.
Anxiety 3.18 4,42 022
validity 3.15 4,42 .023
Extroversicn 0.76 4,42 N.S.
Right Steadiness/Coordinaticn 2.58 4,60 046
Left Coordination 2.63 4,60 .042
Right Imperception 1.34 4,61 N.S. -
il
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Table 22

Univariate F Ratios on Test Variables
from Second Assessment '

Yariable . F af P
ViQ 2.67 4,60 .040
WRATR 3.09 4,55 022
WRATS 3.44 4,55 013
WRATA 3.41 4,587 014
TPT-LHT - ¢ 3.13 4,48 .022
TPT-TT, ~ 2.87 4,46 .033
Fingtap-R ] 3.77 4,56 - .008
Fingtap-L o 3.83 4,58 .007
Trails B-time ) ~  3.33 4,58 .016
Trails B-credits - 6.51 4,57 001
Traiis Total time 9.58 4.5¢ .Qo1
Trails Total credits 5.48 4,5¢ .001
.MMPI-K 4.61 4.47 -003
MMIP-Hy 3.26 4 .42 .020
#Writing-R 3.26 4,56 .004
Peghoard-R 4.30 4,59 .004
Pegboard-L 3.29 4,60 « 016
Pegboard Total 3.92 4,57 007
Knox 3.48 4,62 012
M.Q. - 3.32 4,58 016 <
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It can be-seen that many of the measures which signifjcant1y differed

at initial testlng also differ at the second assessment. There are some
var1ab1es which were found only to differ at second testing, the most
notab\e of which was the Verbal 1.Q. (F.= 2.67, df = 3, 60, p< .05):

Pairwise comparisons were performed with the Student Newman-Kuels

procedure to limit the number of comparisons. These comparisons revealed

few pairwise differences, and where they did exist were distribﬁted
between‘al1 five groups.-For example, the normal control qrou - differed
from all four other groups on the total credits score from the 'Traii
Making Test (p < .05) while the vascular control_group differed from all
the others (p <.05) on the test of perception of numbers written on the
right hand. ’In addition the left quarterectomy scored lower than three
other groups eon the right hand finger tapping test. (There was no
di?ference between the LCE and VC groups on this measure.) It was also
obsérved that some of _the pairwise comparisons which+« had indicateg
differences between groups at initial assessment failed to do so on the.
second testing variabies. 'Epr example, on the first assessment “the
reading subtest of the.WRAT shawed differences when the normal controls
were compared with the left and bilateral endarterectomy groups as well
as the vascular controls. On second testing only the bilateral
endarterectomy and normal controls were found to differ (p< 08). At
first testing all three endarterectomy groups differed from the normal
controls on the left hand trial of the Tactual Performance Test while on
second testIng, -only the left endarterectomy group differed.* q

A direct test of the group differences over the test-retest interval

was accomplished by multivariate analysis of change scores derived from

-
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factor scores. [t was fourfd that significant differences existed Qhen
the groups were compared 6n th change séores. This was interpreted as
eyidente that the groups differed in ;hé_ch;nges that occurred over fhe
six month intertest interval.

n additien, when the data from the two assessments were examined
in epeé@ent]y. certain indirect inferences were possible. For example,

L

on lsome measures overall ,qroup difrerences were found only on first
‘ - \

testing, while on other measures the groups différkd only at second
testing. Further suggestion of change was derived from the observation

that many df the pairwise differences which existed at first testing were

no longer apparent in the data cbtained at follow-up testing. ‘In view of

—
the overall group differences, each g¢roup was examined separately ,in ‘an

attempt to determing the source of Ure intertest differences.

Independent CGroupwise Anaivsis -

. The variables included in this aspect of the ang}&gis were those 65
.

whick had been empleved in the factor analyses. For each greup,
ccmharisons were macde between the first and sqcond testing by the use of
paired t-tests. The number of tests which {shewed significant improvement
;ere taliied for each croup anc & comparishn among the grdups was mace.
Figure* 1 reveals that the richt carctid ‘endarterectemy group improved on

Fore tests then eny of the'other'groups (X2 = 21.666, ¢f = 4, p < .001).
Only c¢ne -instance c¢f & significant decrement 1in performance
cccurred. IAﬁ second testing, the vaSCUiar control group demonstrated
greater concern abqpt sematic function as reflected by an increzsed meen

score. on the hypochoncriasis scale of the MMPI (F =

(¥4

21, df = 8,
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Figure 1: Percentage of tests improved for each group
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p < .01). The test variables on which at least one group demonstrated
sigqifjcant change are presented in Table 23. As can be seen, all five
groups improved on Performance 1Q, while improvement was noﬁed in four
grbups on the Memory Quotient. The left endarterectomy group closely
approached significance on this measure (F = -2.17, df = 12,jp< .051).

Among the tests that contribute to the Impairment Indei} improvement
on the\ Cateqory Test was observed in both the left and riéht
endarterectomy groups  as well as the normal controls. Only the right
endarterectohy group demonstrated improvement on any of ~the other
.measur§§ from the Index. It can be seen that the right operated group
improved on fﬁe Time énd Memory components of the Tactual Performance *
Test, thé Halstead Speech Perceptiéﬁ Test and the TdEaI Credits score
from the Trail Making . Test. Further, the iﬁprovement of the right
endarterectomy group appeared to be bilateral in that gains were observed
on tests of motor function on both body sides.

These éesu]ts arque that changes across the test-retest interval were
not equal among the groups and that the right endarterectomy group
jmproved to a greater extent than either of the controi groups or the
other endarterectomy groups. The fact that the ]e%t and bilateral
endarterectomy graups didg%ot differ from the centrol groups suggested
that the improvement in these groups was no greater than would be

‘ expected due to practice effects or spontaneous recovery from vascular
\“———eympfoms. Only the right cperated group exceeded what might have been
expected on the basis of the control group performance. These findings

arque for the rejection fo the initial nuli hypothesis of no group

differences‘over the intertest interval.
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Table 23

Significance of Change in Test Variables
over Test-Retest Interval

Variable LCE RCE BCE NC VC
VIQ .000 .050

PIQ .005 .001 .005 .020 .025
WRATR .003

WRATS 015
WRATA 037

Category .006 .005 010

TPT-RHT .001

TPT-LHT .050

TPT-TT .030

TPT-M .003

Speech .028

Grip-R .016 .002

Grip-L .005 .003 010

Footap-R , .031 037

Footap-L 047 .037

MMP IMf .003
MMPIHS L012*
MMPIF . 031

#Writing-R .037 .029 .004
Stead-RT 016 .

Peg-RT .001

Knox 011

M.Q. (.057) .000 .000 .004 015

Total Positive
Change

5+

16

(+ Does not include M.Q.)
(* Negative change)
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TIA vs Completed Stroke

An attempt was made' to determine possibTe' sources of the group
differences over the six month' interval. There were no differences:
between the RCE group and the remaining th enda;terectomy groups ‘in
terms of age, years of education, or initial level of impairment (as-
measured by  the Impairment  Index from the Ha]s%ead-Reitan
Neuropsychological Tes: Battery (F.= .915, df = 3,35, p';-;40);

It was decided to examine any differences thch might exist related
to the initial level of presenting neurological symptoms (TIA vs
compieted stréke). To accomplish this, a}? endarterectomy patients with

the presenting symptom of TIA were grouped and compared with those

‘endarterectomy patients with’ completed stroke. There was cansiderable

variability of symptoms in the completed stroke group. Some patients had
very mild, circumscribed deficits (e.g. retinal ccclusions with deficits
restricted to vision) while other patients had extensive hemispheric

. ! .
damage with correspondingly extensive deficits). These two groups of

Y

endarterectomy patients were compared’ with the vacular control group to
d;termiée any difference in response as a function of the initial level
of neurclogical deficit. |

The vascular control group was somewhat younger than the two
endarterectomy groups (F = 13.26, df = 2,65,.p < .007} Sut they did not
differ in regard to years of education or initial level of
neuropsychological impairment (see Table 24). ' There was -also
coensiderable variation in regard to initizl severity of symptoms 1in the

control group. There were 25 subjects in the TIA group (¢ females, 16

nmi%s), 30 subjects in the stroke group (8 females, 22 males) and 14

-

T T s LT



Age,

Education and Level of Impairment for TIA
and Stroke Groups an

Table 24

d Vascular Controlr
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TIA

L)

Control

Stroke F df P
Age - .63.7¢ 60.96 50.78 13.265 2,65 .001
Education 10.16 ©10.06y . +10.38 035 2,64 .965
Impairment 71 .76 757 2,48  .474
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vascular controls (4 females, 10 males). The groups did not differ in

sexual representation (x2 = 3,22, df = 2! p> .35). -

Analysis of Factor Change Scores

The data ana]ygfs was approached in.the samé manner as was presented
previously. As before, the initial queﬁfipn to be addressed was whether:
the groups differed in regard .to the change “over the test-retest
interval. ‘.To _examine this question, the factor change scores (as
described in a previous section) were enteréd into a stepwiser multiple
discriminant fuqction analysis as a multivariate test of the Qroup
differences over the intertest interval. This analysis yielded - one
disEFiminant function which significantly discriminated between the
groubs (Wilks' Lambda = .042, df = 30, p < .001}). The single function
correctly classified 68.12% of the subjects. These results and the
standardized discriminant functigg coefficients are presented in Table 25

where it can Be seen that ¢he highest Tloadings were obtained on the

_nonverbal ability factor, the left tactile imperception factor and the

left steadiness factor. These results indicated that when subjects were
grouped accerding teo the severity of presenting neurclogical symptoms,
there were' differences 1in the changes observed over the 'six month
intertesf intervel.‘ As was the case in the jnitiaT group comparisons,
the factors that contributed most highly to the discrimminant function
were those interpreted as largely reflecting right hemisphere function.
This analysis suggested that when the change score variables were

combined, group differences existed in regard to changes over the

test-retest interval. It again was of interest to attempt to determine
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1 ' 7.172 . .936 .042

Overall Correct Classification 68.12%

- ~ ’ ; i .
L ] ? | :r
A ¢
Table 25
Results of Stepwise Multiple Discriminhnt;Function
Analysis for TIA, Stroke and Controls on
: Factor Change Scores
Standardized Discriminant Function Coefficients |
- : ) ) DN

Factor ‘ Function I

Verbal Abilities’ -0.622
" Performance/Memory ' . * 1.831

Right Kemisphere . 0.450

Sensory Right 1.697

Sensory Left T . -1.510

validity - . - -1.452

Depression : ~1.302
Extrovérsion ’ 0.551

Right Steadiness/Coordination ‘ -0.686
Psyvchomotor o 0.460

Left Steadiness X 1.503

Left Tacticle Imperception S 1.511

Bilateral Tactile Imperception . -0.617 .

Bilateral Right Tactile -1.577

Bilateral Left Tactile ’ 1.156
Discriminant : Canonicel Wilks'

Function Eicenvalue Correletion Lambda  df P

40 001
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the source of~these differences, and furthermore it was again desirable
to aveid the difficulties inherent in the use of change scores. To avoid
these difficulties and to gain further inferences about the séur;e of
group differences, the data from the "two assessments were exahjhed

independently.

Analvsis of Initial Testing Factor Scores

The factor scores from the initial assessment were used in a multiple
discriminant function analysis to examine overall multivariate
differences between groups.. The resu}ts of this analysis are presented
in Table 26 and reveals that one discriminant function was obtained whiéﬁ
-significantiy sgperéted the-groups'(wilks' Lampda = .401, df = 14, p< vlw
.003). The standardized.discéiminant function coeffic}ents revealed that
the highest loédings an the discfiminant function were found with the
general edaptive, verbal abilities, and right imperception factors.

The univariate F ratios for the factors which were inciuded in the
discriminant function are presented in Table 27 which shows that there
were differences between the three groups on the general adaptive factor

(F =6.72, ¢f = 2,52, p <.003), the anxiety factor (F = 3.88, ¢f = 2,42,

p < .03) and the psychometeor factor (F = 3.89, df 2,61, p <.03).
-Pairwise comparisons were performed employing the Student Newman-Kuels
_procedure to limit the number of compa}isons.- The vascular control group
differed frem both endarterectomy groups 06 the general adaptive factor
(p < .05). On the anxiety and psychomotor factors the -stroke/

endarterectomy group- differea from the control group (p < .05). To

further assess the nature of these differences, univariate F tests
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Table 26
~—

Results of Stepwise Multiple Discriminant Functich
Analysis for TIA, Stroke and Controls on
Initial Factor Scores

Standardized Discriminant Function Coefficients

Factor Function I
verbal Abilities ) 0.35%

General Adaptive ) | 0.809

Right Hemisphere X -0.483

Anxiety - =0.763
psychomoter -0.56%

Left Tactile imperception -0.786
Bilateral Right Imperception 0.20%

Canonical Wilks' . )
Eicenvaiue Correlatian Lambda df P
.ogg *

.707 401 14 .003

Overall Correct Classification 56.52%
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Table 27

‘Univariate F-Ratios for the Factors Included in the Stepwise
DiscrimiNant Function Analysis (TIA, Stroke and
-~ Controls) First Testing

Factor daf E P
Verbal Abilities 2.63 0.3% N.S.
General Adpative 2,52 8.72 .002
Right Hemisphere 2,52 1.52 N.S.
Anxiety 2,42 3.88 028
Psvchomotor 2,61 3.8¢ .0és
Left Tactile 2,62 1.39 N.S.
Richt Imperception 2,62 0.13 N.S.
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were ﬁérformed on the actual test variables . from the initial
neuropsychological assessment. The results of this analysis revealed
that the group§ differed on_ several meaéures at initial assessment (see
Table 28).

Pairwise contrasts were computed employing the Student Newman-Kuels
procedure. The endarterectomy stroke group was different from either one
or both of the remaining groups in all cases of significant pairwise
differences. The differencés gccurred on a variety of measures of motor,
sensory and cognitive functions. For example, it can be seen that the
endarterectomy stroke group performed peorly relative to the other groups

“on tests measuring  left  sided abilities of coerdination, fine
manipulative s£i1ls; ncnvérba? abilities and visual attention. (On the
cther hang, the endaﬁterectomy-strcke group achieved Detter scores on
.right foot tapping rates and lower scores on three scales from therMMFI.

T

Analvsis ¢f Seconc Testine Factcor Sceres

In orcer te further evaluate thelchanges in the facicrs cver the six
month interval, the facter sceres derived frem the second testing were
utilized in & stepwise muitiple discriminent functicn analysis. This
Prececure was regardec as @ muitiveriate test of the cifference between
groups &t seconc testing end the results yvielcec cne cdiscriminant
functien which separated the groups (Wilks' Lambdz = .301, of = 14,
F < .001).The stancderdized discriminent functicn ccefficients revezled
thet the nhighest loadings on the discriminant functicn were the nonverbal
ability factor, the depressicn factor and the right imperceptiocn facter

(see Teble 29). Univeriete F teste were perfcrmed on the factors which
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Table 2§

Univariate F Ratios on Original Test Variables
TIA, Stroke and Controls at First Testing

s
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varijable XTIA X&troke  X(Control F df P

FI0 eQ. 84 $6.60 e80T 4.817 2,84 0N
Trails A-t 50 .84 106.20 7421 3.8 2,61 .Qz¢
Trails A-c 7.88 S AT~  §.21 5.3§8 .81 007
MMEI-Et 58,14 §5..60 g6.66  3.30 . 2,42 .48
MMDT Ky 60.00 56,33 67.8¢ 3.83  Z,42 .cze
MMEI-Fn g.3¢ 4.30 12.00  3.73 2,38 .03z
Footap-R - 3466 41.30 36,27 4.3 2,38 - .Q1¢
Coordé-RE 12.36 36.62 7.6 §5.00 2,56 .01
Coorc-LT ©3.0¢ 23.30 6.1 4.88 2,57 .04
Fingac-L 1.08 .87 1.42 3.8¢ 2,60 .0zt
Rouchness-R C.66 .27 0.0 3.40 2,38 .043
Fec-Lt cC.24 184 .64 8.6z . §.52 2,63 .00¢
Pec-Total 118,12 263.75 160.87  3.8¢  1,8¢  .Qzs
Kriox 11.88 c.18 11.64 4.11 2,66  .020




' | ' ‘), Table 2§

-

Results of Stepwise Multiple Discriminant Functidn.

Analysis: TIA, Stroke and Controls on
Second Testing Factors

Standardized Discriminant Function Ceoefficients

Discriminant Function

: Carenical Wilks®
Eicenvaiue Cerrelation Lermbca er
1.5€1 JEQ .3C1 4

=]
(233
o
o
~I
ae

Cverall Correct Clessificetic

Facter Function I
Nonverbal Ability .£28
Richt Hemisphere - 383
Sensery-Richt . =23
Anxiety ) S =S8
Jepression L2
Richt Steacdiness/Cocrdination | o -.014
Richt Impercepticn . 5 K

fe3

.001
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were included in this second discriﬁinqpt analysis and as can be seen in
Table 30, only the anxiety factor from the MMP 1 significant1y differed
between the groups (F = 3.80, df = 2,35,°p < .033). It was of interest
that the absalute value of the standardized discriminant..functibn
coefficient for the anxiety factor was the highest obtajnéd on the
discriminant function. FPairwise comparisons indicated that ‘the vascular
control group differed from the endﬁrterectomy/stroke group as had been
the case on initial testing. Only two factors were included in both

. firet and second discriminant analyses (anxietly and right imperception},

o further examine the dJifferences between the groups at second

testing, univariate F tests were performed con the actual test variables

r¥

chtained at that assessment. Tabie 3 revea]s that there were much fewer

| ¢ifferénces between the groups 2t secend testing (i at first testing
versus oniy 3 at secend testing). With the excepticn of the hysteria
ccale from the MMFI these variables had net cifferec at initial testing.
Cairwise comparisens were perfeormec empleyine the Student Newman-Kuels
procecure tc 1imit the number of comparisons. The vascular control group
differec from the two endarterectemy c¢roups in having sienificantly
hfgher scores on the hvsteria scale of the MMPI anc in meking & greater
number cof errcrs on 2 +test of perception of nurbers written on’ the

- .
be_(p~c .05). The endarterectcmy sircke croup mece sienificantiy

N

wmore errars of rouchness discrimination with the left hénc than either

dy

fingert

+he TIA or the contrel group.
L direct test of the group differences over the six menth intertest
intervel was zcccmplished by & multivariate znalysis of chénge <cores

cerived frem the factor scores pbtained at first and second assessment
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Table 30

Univariate F Ratios for Factors Included in
Stepwise Discriminant Function Analysis
(TIA, Stroke, Controls) Second Testing

Factor at E o

Nonverbal Ability z,81 2.28 N.S.
Right Hemisphere 2,40 1.00 N.S.
Sensoryv-Richt 2,81 2.2% N.S.
Anxiely 2,38 3.80 032
Depressicon _ _ 2,38 1.12 NS,
Right Steadiness/Cocrdination 2.51 Q.82 N.S.
Right Imperception ~ 2,52 0.c¢ N.S.

t




Table 31

Univariate F Ratios on Original Test Variables
TIA, Stroke and Controls at Second Testing

108 |

F

Variable XTIA XStroke  XControl df P

MMPIRY 5¢.78 58.15 68.45 3.45 »o38 043
#hriting-R 1.82 1.63 5.46 S.77 2,4¢ 006
Rouchness-L 0.0 1.27 G.20 5.56 2,31 .00¢
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When these change scores were combined, the groups were found to differ,
[and the factors that contributed most to the discrimination were those
interpreted as reffecting right hemisphere function. These findings were
regarded as evidence that the groups differed . in the changes that
occurred over the test-retest interval.

Indirect ,inferénces rggarding these changes wgs obtained by an
independent eQa]uatién of the data from the two assessments. The fact
that d¢ifferent factors entered the discriminafﬁon analyses at first and
second testing was interpreted as evidence of change over the test-retest
interval. Further evidence of some chaﬁge was drawn from the observation
that considerably fewer measures distinguished between the groups at the
second assesssment than had been the case criginally. To further analyze
the possidbility of significant change, eéch group was considered
separately and the extent of change betweeﬁ the two assessments was

examined.

Independent Groupwise Analysis

The variables included in this aspect of anaiysis were the 65 test
variables which had been -utilized in the initial factor analyses. For
each group, performance on the first and second assessments were compared
by paired t-tests. A count was made of the number of measures which
showed sienificant impr0vgment, and the gqroups were compared on this
frequency count. Table 32 presents the. measures and level of
significence for each group in the measures which signficently changed.

There were no instances of reduction in the level of performance. Fiqure

2 demonstrates that the endarterectomy group with completed stroke



Signifi

Table 32

cance of Change in Test Variables

over Test-Retest .Interval
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Variable TIA Stroke Control
vIQ .003 013
PIQ 001 .001 025
WRATS L0158
WRATA .018
Category .Q07 006
TPT-RT 004
TPT-LT 047
TPT-TT 035 005
TPT-M .002
Trails (time) 033
Grip-R .0
Grip-L .00s. 022
Foetap-R .003 .045
Foctap-L .018
Coard-RC 024
Coord-LT .aae
ZWriting-R .001
#Writing-L .Q18 004
MMPI-Mf .0a3
Stead-RT .050
tead-LT .028
Peg-RT. .024 .Q38
Peg-LT .024
Knox .0067
M.Q. 001 .001 015
Total 10 21 5
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Figure 2: Percentage of tests improved for operated
: TIA and strecke patients and vascular controls
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improved on significantly more'tests‘than either the vascular controls or
the TIA endarterectomy group sz = 13<§9, df = 2, p < .01). As can be
seen in Table 32, all three groups showed significant gains on
Perfofmance 1.Q0. and the Memory Quotient. There were several instances
in which only the two endarterectomy groups .improved and the
endarterectomy/stroke group is observed to improve on‘a broader range of
motor and sensory measures than either of the other groups.

It had been initially hypothesized that the TIA group would
demonstrate greater improvement by virtue of the fact that there was no

clinical evidence of cerebral infarction. These results failed to

-~

- confirm this initial hypothesis in that it was found that patients with

completed stroke and.subsequent endarterectomy improved more than either
the vascular controls or the TIA group with subsequent endarterectomy.

A1l groups improved on some measures and it was consicered Tikely
that practice effects couid account for the improvement observed on these
measures. Spontaneous recovery\ of function was considered to be an

uniikely explanation of these results for two reasons. First, although

the stroke-endarterectomy group performed somewhat pocrly on some motor

and sensory measures, there were no differences between the groups in the
overall Tevel of performance (Impairment Ind%;). Secondly, & creater
improvement would be expected 1in the vascular control group if
spontaneous recovery alone were accounting for the observed changes.
These results ' then were interpreted as evidence that carotid
endarterectomy contributed to improved performance in petients with

completed stroke as the presenting neurological cendition. -




R{th vs Left Endarterectomy - Stroke Patients

when these results of greater - change in the endarterectomy/stroke
qroup were.considered in light of the previous finding that the right
endarterectomy group showed a greater improvement than 'either of 'th_e
control qroups or the other endarterectomy groups, it was considered to
be of mportance to determine whether differences existed between the
patients with  completed ‘stroke in the right and left endarterectomy
groups. In order to accomplish this, the stroke patients in the right
and left endarterectomy groups were compared on the original test
variabies obtained at both first and second testing:

There were ﬁore stroke patiénts in the RCE group but the difference
.did net attain statistical significance (XZ = 1.81, df =1, p > .175).
In addition, as seen in Table 33, the iwo grc:zups did not differ -in age,
vears of education, or initial level of impairment as aééessed by the
Impairment Index (computed from the Haistead-Reitan NéuropsychoIogicaT'
Test Battery). There were very few differences between these groups on
jnitial testing. The differences occur on measures of inteiligence,
memory, and a few motor tests, mainly with the richt hand {see Table
34). In all cases of significant differences the LCE group was interior
to the RCE group.

When +the two groups were compared on the test variables from the
follow-up assessment, it was o-bserved'that, to & large extent, the groups
differed in the same tests on which they had differed initieally. As was
the case a2t initial assessment, all of the differences obtzined on the
second assessment varibles were in the direction of superior performance

by the RCE group. Examination ot Tables 34 and 35 reveals that the

~——



Table

(73]
(73]

Age, Education and Level of Initial Neuropsychological
-Impairment: Stroke Patients with Left and
. Right Endarterectomy

14

XLCE XRCE t df P
Age B4.62 61.06 1.0¢ 16 .280
Education ¢.37 11.26 -1.50" 14 .157
Impairment 0.75 0.70 0.31 Q .8Q¢
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Table 33

t Tests on Original Variables from Initial
Assessment: $;roke Fatients in LCE and RCE

s
L

XLCE XRCE t df P
VIQ 86.62 104 .53 -2.30 21 .032
PiQ 75.37 ¢3.00 -2.87 e .00¢
WRATA 3.12 5.93 -2.36 1 .02¢
TPT-LT | 9.¢3 .36 2.6 10 .028
TPT-TT . 28.80 25.03 2.70. 10 .022
;ingtap-R 26.75 41.42 -2.70 §  .027
Trails-Crecits 3.50 9.53 -2.72 17 .04
Grip-R 18.78 30.02 - 2.57 21 .018
Pegboard-R 202.28 98.87 2.53 7 .03¢

Mem. Quot. 78.12 104.2¢6 -2.84 - 21 010
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Table 35

t Tests on QOriginal Variables from Secend
Assessment:  Stroke Fatients in LCE and RCE

XLCE XRCE t of o
—
vie - §7 .66 106 .84 _2.76 7.0
WRATR g.12 12.47 -2.37 1€ 031
WRATA 3.32 7.80 -3.44 18 .004
Seashare 1¢.50 - 25.87 -Z.6¢ 8 .029-
Trails-Credit €.60 12.1€ -2.3§ & Q32
Grip-R A Z2z.52 35.CC -Z2.88 17 010
Pecboard-R 14{.33 71.48 3.1¢ c 026
Knox §.83 ©o11.62 0 -2.58 17 .021

Mem. Quot. £1.50 115.0€ -3.47 17 .00z
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groups ceased to differ in the Performance 1.Q., right hand finger
tapping, and the 1e€t hand and memory scores from the Tactual Performance
Test. In addition, differences were obtained on second assessment
variadles on which no preoperative differences had existed (i.e. WRATR,
Seaghore and Knoad. ‘

Te further pursue the enxamination of these two grbups. exch was
consigered separately in comparing the relative performance on the two
<

the variablies incluced in this
LCE stroke patients, only the Ferformance I1.0. was shown 20 i nficantly

anc reveais that this croup improvec on & signficantiy larcer number cof

measures inciucing three of the ten measures which comorise the Hazisteac

- . - p e . - . -
impairment Index (X© = 13.8€, cf = 1, p <.001). Ficure 3 presents the

reiavive percentace of tests improvec upen by the completed strcke

-~dy
-ty

petients in the left and richt carctic encarterectcmy Croups.
“hese fincings incicatec that there were initiel cifferences between
the strcke patients in the left and richt endarterectemy croups. The

citverences at seconc testing were largelv the same as those tha: hag

—dy

existec initially. 1In spite of the fact that the differences between the
groups remeined relatively constent, it was observed that the strokg
patients in the KCE group improvec on & vestly grezter number of mezsures
than the stroke patients in the LCE group. Since the RCE group {incluc-

ing TIA patients} demonstrated improvement on .more meacures than

-
/
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Tadle 38
e,
L4
Significance of Change for Test Variadlies !
over Test-Setest Interval:  Stroke '
Fatients LS ang RCE \_
e
variable Lee RCE
Yerbal 1.4 i LQQ¢
Serformance S5 . .0Qs
WRAT=-R . Q05
. WRAT-A L0323
Categery RO
N TPTRRNT L2408
O TRET-TE .Ces
ToT-Memery JQéz
GRIE-R Q13 .
GRIF-L 038
Cecerc-8C . Q08
Fwriting-R 031
Steaciness-R © Q08
Cechcard-k .00s
Mem. Quct. .0Qa
Totel I 1c
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1.53% . |ez.07% 4.61% G.23%
LCVA . RCVA LTIA RTIA

Figure i:

Percentage of tests improvec Stroke anc
patients frcm RCE and LCE

T

-
|
-
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those in Table 36, it was suggested that the improvemenfs obtained by the
RCE gqroup could not be attributed solely to the changes observed among
the stroke batients in this group. |

.

Right versus Left Endarterectomy - TIA Fatients

Nowever, when the TIA patients from the right and left endarterectomy
groups were compared, there were virtually ne gifferences bedween the
. -
- - . 1!-(/ - .
groups. It <can be seen in Tadle 3T that the patients-an the right

operated  group were  older  than  these in the Teft operated gqroup

-+

(t'= Z.85, &f = 18, p ¥ .03) but there were ne differences in terms ©

education or Initial  level of neurcpsychelogical  impat

)
—
3

ment.

fur

additieon, there were very few differences Letween the groups on the
orecperative asse35meﬁt. The veariabies ¢n which the croups differec are
presented in Table 38 where i1t can be seen that in each case the right
cperated group performed mere poorly than the Tefl cperatec patients. In
view of ﬁhe number of ccmﬂ;;§§ons performec, this small number cf
cifferences mayv be cue to chance. A ccmparisen cf the g¢roups on the

ant cifferences. These

O

posteperative cdate failed te produce any sicnifi
fincdings sugcestec that the twe croups of TIA patients were hichiy
similar and¢ that 1ittle differential change occurrec cover the intertest

intervail.

Cad
Vg

In fect, very little chenge was cbserved for either croup. Teble
presents the measures on which the groups Iimproved. There was nc
difference on the percentage of tests which improved, 4.61% for the left
cperated p;tients versus 9.z32% for the richt operatec croup (XZ = .9,

d¢f = 1, ps .30). It wes of interest thet the left operated group

improved on Verbal IQ but not Performance IQ while the reverse was true
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Age, Education and Neuropsychological Impairment in TIA Fatients
from Right and Left Endarterectomy Groups

LCE RCE t af P
Age £3.00 £8.7¢ » -2.28 8 Q3¢
Ecucation i0.33 11.2¢ -0.48 17 £62
Impairment 63 78 -1.83 18 088
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Table 38

t-Tests on Original Tests Variables from Initial Assessment:
TIA Patients from LCE and RCE

—~t
LCE RCE ot df P
\ .
TPT-M sg 4.0 2.53. s .023
Btact RH 0.2% 1.25 =248 g 016

Rouchness-R(time) ~ 43.2 62.0 -2.22 14 .043
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Table 39

Significance of Change over Intertest Interval
.Right and Left Operated TIA Patients

Variable LCE : RCE

VIQ 031

PIQ C o .040
Category - 017 .022
TPT-RT o 013
TPT-M 033
Trails T . o .035
MMPIF - ' ® 041

M 047

Number Improved 3 (4.61%) 6 (9.23%)
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true for the right operated patiénts._ In addition to }he measures in
Table 39, it was found that left hand finger tapping rate§ decreased in
the left operated group (t = 2.50, df =6, p < 05).

In summary, when stroke and TIA subgroups of the right and left
operated gqroups were..compared, no differences were found for the TIA
patients in terms of the relative level of performance‘or the amount of
change over the intertest interval. However, a different pattern was.
obtained with the stroke patients. Thefe were a few scattered
differences on preoperative assessment  and | essentially the same - |
‘differences postoperatively. The most pronounced finding was the
jmprovement of the patients in the right operated group, and the

conspicuous tack of improvement in the Teft operated qroup.

Comparison of Endarterectomy Groups on Medical Variables

in addition to the neuropsychological data, the endarterectomy gqroups
were also compared on a number of variables obtained from their medical
chart during their hospitalization. These included Tlength of
-hospitalizatioﬁ, duration of symptoms, history of cigarette smoking
habiﬁs, and a number of clinical laboratary values ‘obtained during
routine blood analysis.

The left, right and bilateral endarterectomy Groups were found not to
differ on the major milestones of their hospitalization. These 1nc1uded
the day of hospitalization on which the angiogram, neuropsychological
examination or first operation were performed. The bilateral group had
significantly longer stay in hospital (F = 9.83, df = 2, 52, p < .0002)
due to the fact that they underwent two operative procedures. \I,Ene—wgre

no differences between the groups in terms of the duration of symptoms
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(F 21,27, df = 2,52, p > .25). Over 49% of the subjects had experienced'

symptoms for less ‘than three months prior to admission and more than 83i
had expeEjenced symptuns-for less than 12 months. No differences were

found between the groups in regard to the number of cigarettes smoked

(X = 21.9, F = .534, df = 2,52, p > .55) or the number of years smoked.

>l
1]
173
F 2
.
[=a]
)
-n
H
.-
\J -
m 1
.
-
[N
~h
"
[a%]
-
(5]
[ ]
-
]
V]

( I .
were found between the grbups{dn sy§tolic or diastolic blood pressure,
and blood levels of choiest§;91, "qlucose, hemoglobin and hematocrit.
These results are sgmnafized iny Table 40. The only significént
differences on the medical vnfib]és-examineq occurred on the angiegraphic
estimates of arterial stenosis. |

It was‘fdund.that the'ﬁight endarterectbmy group had a higher degree

of stenosis in the rdek{ carotid artery than the left endarterectomyv
~

group (F = 4.949, df = 2,46, p < .01) and that the bilateral group

.47).  In addition, no differences:

occupied an;1hterme¢iate»position; The estimates of stengsis in the left '

carotid artery revealed the opposite situftton in which the left
endarterectcny grdﬂp had a highe} estimate of stenosis than the -right
group (f_= ]f.SS, éf = 2,45, p < .C001). The bilateral endarterect&my
group also differed froﬁ_the right opérated group. Tﬁe mean right sided
stenasis vor thelright group dic nat differ from the mean'1eft sided
steno§is for.thg left group (t = 1.7¢, df = 37, p> .éﬁ). This suggested
~that csmparab]é degrees of pathology on the operated side existed for the
_ right and Jeft endérterectomy groups. The degree of stenosis on the
ﬁnoperéfed side also did not differ (t = .631, df = 21, p>%.20). Table
41 presents the angiographic estimates of stenosis in both carotid

arteries for the'Teft, right and¢ bilateral endarterectomy groups. Also

presented are the duration of the carotid artery clamping (required for
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AN
Table 40
Comparison of Carotid Endartectomy Groups
» on Medical Variables

Variable LCE " RCE BCE F af P
Angicgram (day) 4.10 3.82 3.23 .30 2,52 N.S.
Neuropsych (day) 7.3 9.13 §.92 A4 2,52 N.S.
QOperation 10.0¢ 11.82 ° 12.00 .45 2,52 N.S.
Discharge 19.21 22.82 3106 5.71 2,52 .00s.
Cigarettes/day 19.21 22.52 24.7¢ .53 2,52 N.S.
Smoking (# years) 31.36 37.08 35.07 78 2,52  N.S.
Svmptom Duratiecn (mo.) 11.06 5.34 £.69 1.27 2,52  N.S.
Swvstolic B/P 148.44  158.68 145 .64 .88 2,48  N.S.
Diastolic B/F 82.77 €0.31 S7.27 .85 2,48  N.S.
Cholesterol me% 223.08  223.6% 238.72 .38 2,40 N.S.
Glucose ma¥% 123.22  131.3¢ 117 .0¢ 27 2,48 N.S.
kemoglabin G/DL 24 .58 14.68 15.47 1.44 2,42 N.S.
Hematocrit 41.83 32.31 43.39 47 2,41 N.S.




Estimates of Stenosis and Arterial Clamping
Times for Endarterectonly Groups

Table &1
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o Lee

Variable RCE- BCE
% Stenosis-R 53.67 §56.85 73.25
- %=Stenosis-L 87.88 45.44 §5.23
Cannulation-R {sec} 78.5 96.46
Decannulation~R (sec) 108.5 111.92
Cannulation-L (sec) 82.15 §6.91
Decannulation-L (sec) 101.66 105.58
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the insérti'on ahd_ rémova] of the intraluminal shunt).. The cannulation
and decannu]ation'tin\mes for thé right group (on thé right carotid artery)
were compared -with the comparable fimes from the.Teft endarterectomy
group (i.e., "the -left cf!r,ati\d artery). There were no differences on
either the canmﬁation time (t = -.32, df = 37, p> .25), decannulation
time (t = .67, df = 36, p> .25), or total time of artery clamping (t =
A7, df = 31, p> .25).

In summary, the endarter:ectom_v gfoups did not differ oﬁ 2 wide range
of medically based measures in‘c1ud1‘ng blood pressure, blood 1eve]\s of
cholesterol, hemoglobin, hematocrit and g1lucose and other varjables such
as course in hospital and smoking habits. When a number of aspects of
the surgical procedure were compared, the right and left grodﬁ:s again did
not differ when comp‘arabTe measures were -examined.

| It was also of interest to determine whether among the endarterectomy
patients there wére differences between those patients with .fIAs and
those with completed strokes. No differences were found in terms of the
c'oursé of hospitalization or cigarette smoking habits. The c¢roups also
failed to diz;fer in terms of symptom duration (t = .92, df = &4, p>
.35). In addition, there were no differences between the groups on
systolic or diastelic blood pressure, or bicod levels of cholesterol,
glucgse, hemeglobin or Hematocrit. The only medicel veriables on which
the TIA and stroke greoups differed were the angiographiﬁ estfmates of
stenosis. The TIA group had a mean 58.28% stenosis on the right side as

compared with the stroke group mean stenosis of 84.67% (t = -2.89,

¢f = 47, p< .006). However, on the left side the TIA group had a mean
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stenosis of 83.38%, while the stroke group had a mean stenosis of 61.14%
(t = 2.26, df = 46, p <.03).

It was considered a possibility that the amount of B]aque material
removed might in some way have inf]uenced‘ the differeﬁtial effects
observed among the right and left. endarterectomy subjects. Following
surgery, the material removed was routinely ;ent to pathology where
measures of the length and maximum transverse diameter were recorded.

A random sample of “pathology reports (11 right and 11 left) were
reviewed and a global estimate of the amount of plaque removed was
calculated. . The estimate was derived by multipiication of the length of
the specimen by the maximum transverse dizmeter. There was no difference
between the r%ght and left plague estimates (t = .376, df = 27,
R >,20). This suggested that there was ﬁo difference in the amount of
plaque removed in right, as compared with Jeft carotid endarterectomy.
It was therefore unlikely that the quantity of plaque removed couid
account for the improvements observed in the right endarierectomy qroup.

The possibility was also considered that the timing of surgery during
the course of hospitalization could have been different depending ¢n the
sige of opeéation and the nature of presenting symptoms. The stroke and
TIA patient§ from the RCE and LCE groups were examinec invregard to the
day on whicﬁ endarterectomy was performed. It was found that the left
TIA group was operated upon most promptly (mean operated day = 8.27)
while the group with the longest delay before surgery (mean operated day
= 12.38) was the left stroke group. The difference between the left
stroke andrTIA groups was significant (t = -1.96, df = 17, p < .05).

Theére were no differences between the stroke patients from the LCE eand
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RCE groups (t = .088, NS), nor were there differences between the stroke
and TIA patients within the RCE group. The difference between the TIA
patients in thé RCE and LCE qroups approached significance (t = -1.09, df
= 17, p> .158). . These data in regard to day of operation are summarized
©in Figure 4. It appeared that the nature and severity of presenting
symptoms infiuenced the decision to operate only among those patients who

underwent - left endarterectomy.
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LTIA vs LCVA p <.03
LTIA vs RTIA p<.15

TIA ’ CVA

Figure 4: Comparison TIA and Stroke Patients from
RCE and LCE on hopsital day of
surgery.



CHAPTER IV
DI1SCUSSION

'Carotid endarterectomy was first introduced 25 years ago, and has
been shown to be an effective method for reducing the probability of sub-
sequent cerebrovascular accidents. Conventional medical and surgical
opinion holds that endarterectomy is a prophylactic measure, and deoes not
result in restoration of Sbilities. Ouring the past 15 vears, however,
several investigators have argued in favor of some restorative changes
subsequent to endarterectomy. These changes presumably would be
attributed to increased blcod flow in areas of the brain which prior to
surgery had fiow sufficient to maintain tissue viability, but insuffi-
cient to support normal function. |

Several studies have emploved objective measures of behaviér in the
attempt to document improvement subsequent %o encdarterectomy. The inves-
tigations reported in the literature té date have suffered from a2 number
of methodological and theoretical wegknesses which have resuited in the

]
tailure to clearly resolve the prophytactic versus restorative debate in
regard to carotid endarterectomy. The flaws in previous studies have

recently been reviewed by Asken and Hobson (1977). These authors point

" .-

out that previous investigators have used inapproprite or no contral
groups and have neglected potentially iﬁportent vériables relating to the
nature of symptoms; location and severity of disease and certain aspects
of tﬁe operative procedure. In addition, synthesis of _resu]ts from
previcus studies is limited by variations in the duration of the inter-

test interval, the measures employed and the subject population.
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The present investigation has addressed many of the problems outlined by
Asken and Hobson. The findings reported here indicated that carotid
endarterectomy may be considered as more than a prophylactic measure Yor
a select subgroup of the patients who undérgo this procedure. In tAs
study, the primary evidence is derived from a comparison 'of endarterec-
tomy subjects (grouped according to the side of operation) with contrel
subjects who have vasch]ar syvmptoms but do not undergo endarterectomy and
3 group of normal subjects wpo receive an operation not invelving the
cerebral vasculature.

Data from the pre- and postoperative neuropsvchological assessments
were subjected to facter analytic techniques for the purpose of date
reduction. Change scores on these factors were then computed and
subsequently employed to determine if there were group differences in the
. change over the intertest intervai. Significant differences were
obtained and it was observed that the factors which made the hichest

a
contributions to the overall differences were those that were felt to
reflect right hemisphere function.

When each group was examined individually, it Qas found that the
right endarterectomy Qroup i;proved on a significantly greater number of
measures than ény other ¢roup. This difference coui¢ not be attributed
toc age, education, aor the initiai level -0f neuropsychoiogical impair-
ment. In additiom, no differences existed between the endarterectomy
groups on a large number of medical varibles including blood pressure,
serum glucose and cholesterol levels, and & number of operative measures

including the duration of arterial clamping. 0f considerable interest

was the finding that the right and left endarterectomy groups failed to
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differ on the angiographic estimates of stenosis of both the operated and
unoperated caroetid arteries. Furthermore, the amount of material removed
from ‘the right and left carotid arteries was not different. These
findings of greater improvement among the right operated subjects tannot
therefore be attributed to greater arterial pathology or the existence of
other contributing disease processes.  Since the goal of endarterectamy
is to restore the patency of the lumen, the degree of stenosis was
considered more likely to be an important facteor than the amount of
material removed at operatien. The failure %o find any difference
between the right operated group ancd the cther endarterectomy groups on
angicgraphic and pathological estimates of disease would argue that in
the present sample, the degree of arterial disease was not relatec to
imprevement foilowing endarterectomy. The lack of a relationship between
stencsis and improvement was not totally unexpected in view of the
fincings ¢f Perry et ai. (1874) which failed ﬁc fing & cerrelation
between the Halstead Impai}ment index anc cheances in carotic blcoc flcw.

The 5uﬁeriority of the right endarterectemy - ¢roup cannct be
attributec te practice effects since neither the contrel croups or the
other encarterectcmy groups approached the seame magnituce of improve-
ment. In perticuler, there was nc ¢ifference in the amount of
improvement emong the other groups in this study. This suggestec that
the improvements of the left and bilatera]l encerterectomy patients were
Tikely due te practice effects, the reccvery from vascular symptoms that
might heve cccurred spontaneously or a cembinetion of both.

Practice effects or spentzneous recovery cénnot, however, completely

eccount for the drematic improvement demonstrated in the right operatec

-~

)

4
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group. The available estimates of medical pathology and behavioral
impairment revealed no differences between the endarterectomy groups.
Since all three groups had behavioral geficits with vascular etiology,
spontaneous recovery would be a possible explanation for some of the
improvements observed. The mechanism of spontaneous recovery  cannot
easily accounf for all the differential improvements observed in the
présent data. Since the intertest interval was equal for 2ali groups, the
possibility of practice effects would seem to be equalized.

Several authors have suggested improvement in personality function
fo]Towing endarterectomy. KXing et al. (1977) and Haymes et al. (19?5)
presented evidence of reductions on scales of the MMPI measuring
suspiciousness and withdrawal. Hayes et al. presented evidence of
reductions in anxiety after endarterectomv. On the other hang, Askeﬁ and
Hebson  (1€77) raisec the possibility that precperative personality

factors such as anxiety and depression, and postoperative recductions of

5

these factors micht explain the previous reports of improvements on

psychological .tests. As Asken and Hobson point out, one possible
sclution would be to use a control group of patients scheduled to underce
some other type of surgery whotﬁﬁeoreticaily would be subject to stiresses
similar tec those in patients preparing to uncergo éndarterectomy. The
present data, however, ¢id not provide support for either Cimpraved
persanality function, or for perscnality factors as a basis <or the
improvement on behavioral measures.

When the groups were compared on the MMPI at initia) assessment, the

vascular controls were more anxious than the normal operated controls,

but no other differences were found. The only personality measure which
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significantly changed over the intertest interval indicated that the

vascular control group was more concerned about somatic function than

they had been at’initial assessment. The lack of any difference on’

personality factors between the operated controls and endarteractomy
subjects would support the argument that the stresses of their‘respective
situations are similar, but does not support the contention'that anxiety
reduction can  account for  the  improvements of the endarterectomy
patients. In particular, since the riéht operated subjects were not
different from any other operated group (endarterectomy or contrel) on
MMPI measures of anxiety and depression, it was unlikely that the
improvements observed in Ehis group could be attributed to the
alleviation of stress. The lack of any signiffcént change- over- tﬁe
intertest interval further argues against personality factors as the
underlying source of the observed behavioral improvement.

Ancther possibility that might accoung‘for the improvements chserved
in the right endarterectemy group might be the compositicn of the groups
in regard teo the relative percentage of patients with completec strokes
versus transient ischemic attacks. There were no ¢ifferences between the
endarterectomy groups in this regerd. It was considered however, that
anong endarterectomy patients,'differences in the degree of postcperative
improvement micht exist between patients with TIA and those with
completed stroke. In spite of the differences in the -initial persistence
of neurologic deficit, the groups did not differ in regard to level of

precperative neuropsychologicel impairment. e
-~

N

The presence of behavioral impairment in patients with ostensibly
p

transient neurgvascular symptoms mey seem inconsistent. This lack cof

[e4]
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consistency between behavioral and neurological data may be resolved by
studies of regional cérebraT blood flow (rCBF). Several authors have
reported reductions in cerebral blood 'flow in TIA patients who  are
clinica11y asymptomatic. These reductions in rCBF may last for only a
few hours (Paulson, 1971) or may persist for a considerable time
(Skinhoj, Hoedt-Rasmussen, Paulson and Lassen, 1970; Rees, DuBoulay,
Bull, Marshall, Russell and Lyman, 1971). It 1is possible, therefore,
that similar reductions in the present TIA group may have been present at
the preoperative assessment and may provide the neurological basis for
the deficits observed in the TIA patients.

when the groups were examined independently it was found that the
stroke group who underwent endarterectomy improved on a greater number of
measures than either the TIA group with endarterectomy or the vascular
control group. This indicated that the improvement in the -strgke
endarterectomy group could not be attributed to simple practice effects
or spontaneocus %ecovery of function. The amount of improvement shown by
the TIA group was not different from the controls which suggested that
*-‘uﬁfgff;hose patients endarterectomy did not lead to significant improvement
of neuropsychological function beyond what might be expected from
practice effects or spontaneous recovery of function.

.The TIA and stroke groups undergoing endarterectomy were also
compared on the medical variables. It was found that the stroke patients
had a higher degree of stenosis on thg right, while the TIA patients had
a higher degree of stenosis on the 1eft. The differences in angiographic
estimates of stenosis could be exp]a%ned in two ways. Even tﬁough there

were no differences in regard to the relative percentage of completed
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strokes versus TIAs in the endarterectomy groups, it was obsérved that_
73% of the stroke group received a right endarterectomy while 55% of the
TIA group was operated on the left side. This high.percentage of right-
operated patient; in the stroke group and left operated patients in the
TIA group may accourit for the differences in angiography. Alternatiyely
the angiographic findings could be viewed as evidence that stenoses of
comparable degree have different consequences as a function of the side
jnvolved. Since the right and left operated groups dic not differ on
estimates of stenosis of é%e operated and unoperated artery, il seemed
possible that comparable EE@FE@s\Ef stencsis were more likely to lead te
TIA in the -~left hemisphere and m:re persistent neurological deficit (at
jeast initialiy) in the right hemijéhere.

To examine whether the performance of the stroke patients with
subsequent endarterectomy could be explained by the-high percentage of
right operated patients, subjects with compieted stroke from the jeft and
right endarterectomy groups were compared. It was founﬁ that these
qroups were not different in terms of age or preoperative lével of neurc-
pSycho1ogiéa1 jmpairment. This suggested that in genmeral a completed
stroke 1éads to comparable levels of neuropsychoiogiqal impairment
regardiess of the hemisphere caffected. The few pregperative differences
that did exist indicatec greater cognitive and right sided moter impair-
ments among the left operated stroke subjects.

Some of these differences might be exp]ainéd by the fact that the
right operated group was somewhat better educated (9.3 vs 11.2 years).
The greater level of education iﬁ the RCE stroke group mey have contri-

gpzed’fo their superiority on measures such as Verbal and Peformance IQ,
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Memory Quotient and WRATA. ihe'presence of aphasic symptohs in some of

LCE stroke patients could also have influenced these measures.

However, the"refafnder'of the tasks on which there were differences
were mo%or “tasks: Even though both groups demonstrated bilateral
deficits, the fact tﬁat the right sided deficits in the left operated
group were moré pronouﬁced than'the corresponding left sided deficits in
thejr5§ht opefated group suqgested the possibility of more severe neuro-
'Iogicaf\ﬁggijrment among the left operated stroke patients. In.spite of
poss{b1e dif%erences in the degree of neurological deficit, the groups
d{d not differ on a summary measure of behavioral impairment (Halstead
Impairment Index). ‘

- AlthOugh the difference between the RCE and LCE stroke groups on the
}mpairmeht Index (.75 vs .70) did not reach significance, this would not
- = qecessari?y be consistgnt with the argument that the groups were equaliy

‘ impéfred on' behavioral measures. In fact, ;t was observed that most of

the measures -on which there were‘§ignificant differences were not those
that comprised the Impairment Index.

The fact thal most of the differences between the two groups were
stable, and that new differences post surgery were due to imprcvements by
the RCE stroke group suggested that the level of impairment was greater
initially, and that the iﬁpafrﬁent’-ﬁas more permanent among the Tleft
operated stroke patients. This wég supported by the fact that the left
gperated stroké qroup impfovéq oﬁ_'oﬁly one measure while the right
operated stroke group 'improved on significantly more measures. The
arqument of more persistent iﬁpairment in the ieft operated stroke group
was supported by thé fact that the mean_Impairment Index was virtually

.t
’



140
unchanged over the intertest interval. On the other hand, tge mean
Impairment Index for the right operated strﬂké group significantly
decreased over the intertest interval.

It seemed clear then that there was a pointed contrast between thé.
considerable improvement demonstrated by the right operated stroke
patients and the negligible improvement oﬁserved among the lert operated
stroke patients. The basis for this difference was not immediately
clear. One possibility was that the patients in the lefi cperated group
reached or surpassed some critical Tevel which precluded any substantial
improvement. This could be supported by~ the fact that this group of
patients failed o show even’ the minimal change that might haQe been
expected on the basis of practice effects or spontaneous recovery. The
possibility existed that the critical level could be related to the
_ presence of aphasia, hemiparesis or both. This possibility could not be

_examined in the present data due to the small number of stroke patients
" in the LCE group. '

In view of the_‘differential response of right and left operated
stroke patients, it was decided te examine TIA patients from the richt
and left endarterectomv groups. This analysis revealed virtuaily no dif-
ferences between the groups at EI;her pre- or postoperative assessnenb.
Further, the groups di¢ not differ on the number of :neasures showing
improvement. _ ) .-

The lack of differences between the right and Teft coperated TIA
patients in conjunction with the clear differences among the operated
Qtroke groups seemed to support the arqument of differential improvement

following endarterectomy as & function of the .side of operqtion‘ and
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-severity of symptoms. Specifically, endarterectomy appeared to be

re]ated to improved funct1on only in the rwght operated stroke group.

)

~

It was of 1nterest that both r1ght and left endarterectomy groups
demonst:ated bilateral behavioral deficits. 'These bilateral effects may
be related to recent reports of disturbapce§ of cerebral blood flow in |
the hemispﬁére contralateral to a unilateral ischemic infarct. Hoedt-
Rasmussen and Skinhoj (T§64) wgre‘the first to describg the phenomenon of
"diaschisis" in patients with unilateral terebrovascular_ disorders.
}hese‘iﬁvestigato?é_reported that CB?.may be depressed for as long a§§
three -weeks in 'the norinfarcted _hemi;phere.' The cerebral blogd flow
gradually %eturns‘ to normai in the noﬁinfarctgd hemisphere while the
reductions 1in the. infarcted hemisphere persisted for'glonger periods.
These fjndings have subsequentiy beén confirmed by others (Meyer, Shino-
hara, Kanda, Fukuuchi, Eric§sen and Kok, 1970; Lavy, Melamed and Portnoy,
1975; Slater, Reivich, Goldberg, Banka and Greenberg, 1977). Further,
Lavy et al. reported no differences in the effects of right versus left
cerebrovascular Tesions on CBF in the noninfarcted hemisphere.” Although
there were no data on CBF alterations in the present iﬁvestigation; this
may provide an expianation for the biTatera] behavioral deficits observed

’

in both richt and ieft operated patients. .

The possibility existed that the differences ~Setween the stroke
patients‘in the right and Tleft operated groups may have beeﬁ related to
the mgnner in which thg cases were managed.

Patients presenting with cerebrovascular 'symptoms were typically

initially referred to a neurologist who then had-the option of a further

referral to a neurosurgeon. It was .Eossible that the neurologist

Y.
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involved may Have been 1es§ likely to refer a pht1ent with a cbmﬁieted
stroke of the left hemisphere for angiographic investigation. Since the
present data were obtained from patients actually referred for
angiographic investigation, the possibility of pre—screening cannot be
ruled out. Although the present sample ﬁay not be representative of the
cerebrovascular disease population in general, there was no ingication
that it was not representative of thaﬁs_subgroup “of patients who are
treated surgically.

In the-pfesent group of subjects the criteria for operation and the
performance of fhe procedure itself did not appear to differ among the
three endartechtomy groups. The duration of the operation and the time
of caroti¢ occlusion for .insertion and removal of the intraluminal shunt
did not differ. Angiographic estimates of stenosis in both the cperated
and unoperated arteries were equal in the left and right operated groups
and the amount of material removed at operation 'did not differ.
Therefore differences in the surgical pro&edure itself or the extent of
arteri§1 pathology would not be likely explanations for the differences
obseéved between the left and right endarterectomy subjects.

However, another possibility was theat the differences between left
and right operated stroke patients was due to the timing of the operation
during the course of hospitialization. Specifically it was consideréd
that the decision meking process regarding surgery Qas different with
respect to right and left carotid enderterectomy. The possibility
existed that there may have peen somewhat gréater reluctance in perform-
ing a left sided operation, ostensibly because of the risk to lenguage

function. From the opposite viewboint, however, it could be arqued that
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the presence of left hemisphere symptoms might seb#e as an indicator for
more prompt surgical intervention.

In light of the reports by Hﬁisnant. et al. (1973) that a high
percentage of patients with TIA proceed to .stroke within a short time

from the ini;ial onset of symptoms, the presence of 1left hemisphere

-

<

symptoms could lead to an early decision to operate (particularly in the -

patients with ieft hemisphere TIA). In the event that a cerebrovascular
accident had already occurred, the variables weighing on the decision to
operate could change. In that instance it might be desirable to insure a
stable neurologic condition and thus result in a more cautious approach

toward proceeding with surgery.

-
A

These possibilities were examined by comparing the TIA and CVA
patients from the RCE and LCE groups on the hospital day on which
endarterectomy was performéd. It was observed that the subgroup with the
earliest day of operation was the TIA patients from the LCE group, while
the group with surgery at the latest point in the hospitalization was the
stroke patients from the LCE group. The difference between the TIA and
Astroke patients was significant within the LCE group but a similar
comparison among subgroups from the RCE group did not achieve signifi-
cance. A comparison of stroke patients from the RCE and LCE groups did
not reach significance, but the comparison of TIA patients from the two
groups approached significance (the Tleft TIA group being operated upon
eariier}.

These findings related to the timing of operation may bear upon the
differential improvement observed among the patient groups. It appeared

that among the lett operated subjects, an early decision was made for
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those patients presenting with‘TIa as compared to those presenting with
completed stroke. The difference between riéht and left TIA approached
significance while there was c]e;rIy no d{fference between the right and
left stroke patients, .

It will be recalied that the left and right TIA patients did not
differ in terms of the number of tests which improved while there were
large differences between the stroke patients. In view of the data
pertaining to the day of operation it may be that patients with left
hemisphere svmptoms should be operated upon sooner than patienté with
right hemispﬂere symptoms. The left TIA patients were operated upon
earlier than the right TIA patients, and there was no difference between
these two groups in terms of the extent of postoperative improvément. On
the other hand, fhe left stroke patients did net undergo endarterectomy
at a corrésponding]y earlier time in their hospitalization. In fact, the
left stroke patients were operated upon signi%icantiy later in their
hospital course than the 1eft TIA patients, while this was not evident
among the right operated patients.

It was of particular interest therefore, to note that the left strg;e
group failed to demonstrate the marked improvepent demonstrated by the
richt operated stroke patients. These data may indicate that the
decision to perform left carotid endarterectomy 1in patients with
compieted stroké was delayed too long. It may be necessary to expedite
the decision making process regarding endarterectomy in patients with
left hemisphere symptoms. This argument would tend to be supported by
the fact that Ege left TIA patients were operated sooner than the left

stroke patients and obtained improvement equal to- right TIA patients.
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The left stroke patients were eot-oberated sooner than the right stroke
patients (in fact an average of almost one day‘1ater) and failed to show
1mprovement similar to the right operated stroke patients.

Although there were no apparent differences in the degree of arteriaT
pathology, the possibility existed that differences in cerebral blood
flow changes could- underlie_the differences between the left and right
operated subjects. The facilities required to examine cerebral blood
flow were not ava11ab1e to the present study, but several studies have
‘reported data pertaining to the effects of carotid endarterectomy on
cerebral blood flow. _ : .

Pre@ious studies of psycholegical -changes following endarterectomy‘
have suggested that these improvements occurred by virtue of an increased
blood supply to cerebrail tissue previgus1y deprived of the metabelic
requirements sufficient for normal function. However, there has been
considerable disagreement 1in the literature as to whether or not:
endartereptomy results in increased cerebral biood flow. |

Waltz, Sundt and Michenfelder (1972) reported increases in cerebral
blood flow in 50% of their patients immediately following carotid
endarterectomy. These authors cautioned that these postoperative'
increases could be transient effects and might not indicate permanent
increases. In a subsequent study (Sundt, Sharbrough, Anderson and
Michenfelder, 1974) it was reported that cerebral blood flow increased
only when the “pregperative stenosis was greater than 90%. Some caution
" in interpreting these results is required in view of the fact that the
cerebral blood flow measurements Were obtained following the use of

Halothane anesthesia. This agent is 2 vasodilator which acts to increase
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. cerebral blood flow. It is difficult to attribute the findings of Sundt
et al. to vasodilatoen because the increases in blood were seen only in
thoge patients with a stenosis of 90% or more..

A similar pattern of results was 'reported by Engell, Boysen,
Ladegaard-Pedersen and Henriksen (1972). _Thése authors also reported a
-measure of blood flow in the cervical internal carotid artery. It was
reported that in the ten cases with more severe stenosis there was a
significant increse in cerebral blood flow whereas a similar increase &id
not occur in those §¢ patients with less severe stenosis. Engell et al.
also caiculated a ratio which was believed to represent the amount of
brain tissue supplied by the artery being studied. As had been the case
with cerebral blood flow, this ratio was increased only for those

. patients with a more sévere stenosis.
E In addition to tﬁese studies of blood flow immediately after
endarterectomy, there have been a few reports of long term postoperative
chénges. Bregentz, Haggendal and Nilsson (1969) measured cerebral blood
flow at & one month postoperative interval. It was found that cerebral
blood flow had increased in patienté who "had improved clinically, but
flow was decreased in the groups who had not improved.

A more recent study (Herrsghaft, Durrs, Gleim, and Ungeheuer, 1$75)
reported_b]dod flow changes 4-6 weeks after surgery. Twenty-four of the
thirty éases showed significantly improved flows which ranged from ten to
fifty percent.- The group with severe stenosis had a mean increase of 33%
over preoperative flow while 2 group with kinking of the vessel showed a

mean improvement of 26%. In addition a small group of unoperated

patients showed no change in blood flow after three to six months. The
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authors arqued that this lack of improvement in unoperated subjects
supported the contention of 1ong term improvements in blood flow as:a
consegquence of carotid endarterectomy.

Jennett, Miller and Harper (1976) .reviewed the literature on cerebral
blood flow changes after endarterectomy and concluded that-when stenosis
was less than 70% blood flow was not impeded. However, when the stenosis
surpassqg‘QO%, the distal blood flow ﬁas impaired even at rest and in
these cases normal cerebral blood flow was restored by endarterectémy.
Although the present investigation did not include any measure of cere-
bral blood flow, it was regarded as likely that increases had occurred in
this series of cases.

in tﬁe current study, the mean arterial stenosis on the operated ‘side
approached 90% for both right and left endarteréctomy groups and approxi-
mately two thirds of both g¢roups had a stenosis of 90% or greater in the
operated artery. Therefore, a large percentage of the subjects in the
present study had patterns of arterial stenosis similar to those patients
reported in the literature to have obtzined improved cerebral b]ooq flow
following endarterectomy. when’the stroke patients from the RCE and LCE
groups were compared, it was found that nearly three fourths of the
patients in the RCE group had stenosis of at Tleast 90% while only one
half of the patients in the LCE group had stenosis of comparable
severity. This difference approached, but did not attain statistical
significance.

Even if it had been found that the right operated stroke group had a
_higher percentage of patients with severe stenosis, there is no evidence

from the literature that changes in blood flow are related to neurcpsy-
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chologicﬁl imprbvément._ In fact, only one study has-investiéatéd this
_re]ationship and reported negative results. Perry et al. (1975) measured
.increases in internal carotid artery blood flow and reductiéns of neuro-
psychological impairment as ref]etted by a significantly lower impairment
index. It was found, however, that there was no significant correlation
between the change in the -impairment index and the change in internal
carotid artery flow.

In spite of these neqative findings, ii cannot be concluded that
improvement in psycﬁologicd1 functions fodlowing endarterectomy are
unrelated to changes in cerebral blood flow. Although Perry et al. have
been the only investigators to directly examine the relaticn between
psychological changes and blood flow, improvements in their procedure
might have yielded differentl results. For example, measurement of
cerebral blocod flow as - opposed 1o internal artery flow could be
employed. Since non-invasive jnhalation techniques are now available it
would be possible to obtain postoperative blood flow measurements at the
same interval used with neuropsycholcgical assessment. Furthermore, in
view of the findings of the present study, it wo%Xg be of interest to
determfne whether differences in blood flow change; existed after right
as compared with Teft carotid endarterectomy. .

Another possible explanation for the present data was that these
findings were an expression of hemispheric differences in the changes
produced by cerebrovascular accidents. Several investigators have
presented data in support of such a differential hemispheric respdnse.

Reitan (1970), for example presented datea that.patients with right,

1eft or diffuse cerebrovascular disease were equally impaired on &
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battery of- neuropsychological tests with the exception of a test of
finger tapping rates which showed the expected pattern of performance
among patients with lateralized lesions. Patients with right vascular
lesions, however, obtained lower scaled scores on measurés of non-verbal
intelligence, while lower verbal scores were obtained in the group with
left hemisphere lesions. Sévéra1 other studies have also confirmed the

_presence of verbal deficits associated with left hemisphere lesions and
nonverbal deficits a&ssociated with right hemisphere lesions (Reitan,
1962; Bauer and Becka, 1954; Fitzhugh, Fitzhugh and Reitan, 19¢1; Reitan,

).

These differences are what might have been expected in view of what

1

i

§

n

has become knowﬁ about differences in hemispheric specialization of
function. Other evidence, however, has been presentec which extends
beyond these basic functional differences. For example, Gainotti (1€72)
has reported that emotional reactions differ in relation %o thé hemis-
pheric }ateraiity of cerebral lesions. Patients with left hemisphere
lesjons were more iikely to suffer catastrophic reaction while patients
with right hemisphere lesions showed indifference. It was noted that
more than 60% of both ¢roups had suffered cerebrovascular lesions.

v Reitan and Fitzhugh (1872) ccmpared the performance of groups of
;étients~ with right, Tieft and diffuse cerebrovascular disease. The
lateraiized lesions groups ¢id nat differ in the extent %o which motor as
compared to intellectual functions were impaired. 1In both lateralized
lesion groups, motor functions were more adversely affectec than sensory

or intellectual functions.
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It.was reported, however, that of the intergroup comparisons on a
number of sensory and motor tests, thé significant differences involved
the left hand in almost all cases. These authors felt that their data
suggésted that lesions of the right cerebral hemisphere were more Tikely®
to produce contralateral motor or gensory deficits than lesions of the
left hemisphere. The tendency in the present data for a higher percent-
age of the right operated patients to present with residual neurclogical

symptoms may be viewed 3 support of Reitan and Fitzhugh's findings.

.5011 (1874) presented further evidence of differences in the deficit
pattern following lateralized cerebral -Iesicns. Three measures of
tactile perception identical to those used in the present investigation
were empioyed. on groups with lateralized cerebral lesions of mixec
etiology. Cne third of each grcupAsuffered cerebrovascular lesiens. It
was reporied that patients with-right siced cerebral lesiens made more
errors of tactile perception with thé hand.both ipsilateral and'contra-
Tateral to the lesion. The auther concluded that—lesicns of the richt
hemisphere procduced greeter overzll impairment of tactile perceptual
skills than did similar lesions of the left cerebral hemisphere. These
findings would seem to be consistent with those of Reitan anc Fitzhugh.

Most of the previous investigatfons of behavicral changes fql]cwing
cerotid endarterectomy have failed to examine potential differences
between right and left operated patients. The only study that has
adcressed this_question (Duke, et ai.) found the seme pattern of results
on the Wechsler Adult Intelligence Scele as in the present study. That
is, the left operated group improved cn Perfarmence 1 and Full Scale 1Q,

while the right operated group improved on these measures as well as the
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Verbal 1Q. Duke, et al. rejected the possibility of differential
responses of the cerebral hemispheres to endarterectomy on the basis that
at that t%me. there. were no known biological differences between the
hemispheres. Those authors stated "There 1is an absen;e of evidence for
basic differences between the left”side of the brain and the right side
of the brain either iﬁ‘i{;ucture or neural function". Several studies
(to be discussed later) have demonstrated that such asymmetries do exist
in regard t¢ morphology and perhaps neurochemistry. These recently dis-
covered aswvimetries of structure, in conjunction with the evidence for
functional asymmetry, arque in favor of basic hemispheric differences.
The data of Duke et al. which suppﬁrts the data from the present investi-
gation may constitute further "evidence of hemispheric asymmetries 1in
regard to recavery of function follewing cerebrovascular damage.

The comparability of the patient aroup in the Reitan é&nd Fitzhugh
studv tao the-current subjects is unknown since Tittle information about'
the former greoup was provided. .Furthermcre, those authors acknowiedaed
the pdssibility of differences between the lateralized lesion groups in
the type or location of vascular lesions. These sources of variability
dc not appear to have been a problem in the present stucy. In regard to
the type of vascular lesion, all but one of the endarterectomy subjects
were judged to have suffered an ischemic infarction with atherosclerctic
carotid artery disease as the likely eticlogical facter. A precise
localization was virtually impossible, but all subjects were Jjudged to
have vasculér disturbances in the 15terna1-caﬁotid-midd1e cerebral artery
distribution. Further; there wgre'/no apperent differences in the

presence of other complicating medicel conditions such as diebetes,
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hypertension or heart disease. Even though the subject population in the
current inveStigation may not be completely comparable with that. of
Reitan/fand’lii&izrgh, the present findings would seem to support and

extend the q}usions of the latter investigators. That is, right
/ .
operated patiemts had a tendency to present with completed stroke./j}d

!

improved on a greater number of measures than the left

furthermore

hese differential changes in the right and léft operated stroke
patients may be a further flection of hemispheric differences in the

response to cerebrovascular lesions. As has been pointed out by Baker
“and Meier (1970) in regard to behavioral changes in cerebrovascular
disease “Resuiting transient permanént behavioral changes then depend
upon the configuraty nteracting pathophysiological events which
produce reversible ischemiz or irrﬁ ersible infarction," and “There does
not appear to be a a simple. linear relation between changes in the
vessels and behavioral or neurclogical changes."

The endarterectomized groups wére found to  not differ on several
indices of potential “interacting' pathéphysio]ogicaI events® such as
occurrence of complicating medical conditions, family history of disease,
or duration of symptoms. I{ the pres;nt findings and reports of previous
authors are in fact indicative of soms basic hemispheric difference in
the response to cerebrovascular disturbances, or to cerebral lesions in
general, then there must be somg\neuropsychologica] or neurcanatomical
basis for these differences. |

Indeed, recent inﬁés$igations have postulated the existence of Just

such differences. LeM and Culebras (1972) reported that anatomic
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- differences between the cerebral hemispheres could be detected through

arteriography. Geschwind and Levitsky‘(1968) were the first authors to
demonstrate a larger p]anum "temporale in the left hemisphere of most
adult brains. This asymmetry has been confirmed by others in children as

well as adults (Wada, 1969; Wittleson and Pallie, 1973; Wada, Clarke and

Hamm, 1975). Unfortunate]y, these data were based on brains obtatned at

autopsy. but the report of LeMay and Cu]ebras const1tutes the first in

vivo evidence of amatomic hemispheric asymmetries. These authors argued

" that. a larger parietal operculum in the left hemisphere produced a

different- arterial pattern on arteriography than is normally observed in

- the right hemisphere. Specifically they reported that the arches formed

by branches of the middle cerebral arteries as they left the sylvian

fissures were narrower in the left hemisphere arteriograms in S$6% of
their rioht‘handed'patients. "The characterT ation of these differences
in the arterial patterns was ent1reﬂv subJect1ve, and no statistical
ana]ys1s was reported. The cons1sf’ng; of the f1nd1ncs ‘however, Tlends
some support to the va11d1ty of these Lesu]ts. LeMay  and Culebras
concluded that in view of the different arter1a] patterns, arter1ography
m1ght offer & method of investigating anatomic hemispheric differences.
TheSe fesults may 2lso be g:ewed from the perspective of the current

investigation.  Specifically, these hemispheric asymmetries 1in the

- arterial pattern or degree of anguiation may have direct or indirect

influence in the etiology of cerebrovascular symptoms. The different

arterial patterns imposed by the.anatamic asymmetries could lead té 2
’ . *

greater. or lesser tendency for the formation of atherosclerotic disease.

It was previous1y noted that points of angulation are prime sites for the
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fbrﬁation of atherosclerotic plagues, ‘and the vascular qsymmetries
“described by LeMay and Cu]ebras:ﬁight produce a difference in the athero-
genic potential of the cerebral hemispheres. In the present series of
caées. all endarterectomy patients suffered extracranial arterial disease
and Sntracranial stenoses were extremely uncommon, It is un]ikély.
therefore, that the different angles of the middle cerebral artery
branches has influenced the current findings by an increased incidence of

intracranial stenoses. The asymmetfy of branches of the middle cerebral

artery reported by LeMay and Culebras may be the first of other as yet

undetected differences in the hemispheric vascular system. These hypo-

thetical differences would also be imposed by the anatomic differences in-
the- planum temporale. Regardless, however, of whether other differences

are found, it is possible that different degrees of angulation of the
arterial branches could affect the ultimate point of vascular acclusion

and subsequent infarction. For exampie, emboli from a cdrotid plaque
might Todge at different sites as a function of the degree and pattern of

ang&Iation ‘in the arterial systems. Likewise, asymmetric arterial

pattérns could lead to differences in the potent;al efficiegé}~of the

collateral circulation.

Evidence for hemisphgric asymmetry has also been provided by studies
of cerebral blood flow. Several investigafors have examined mean hemis-
pheric and regional cerebral blood flow in normal volunteers ancd &
variety of patient populations. in normal subjects, it has been shown
that the mean hemispheric flow is equal 1in the two cerebral hemispheres

(Risberg, Halsey, Wills and Wilson, 1975). Further, the typical “hyper-

frontal® resting pattern has also been shown to be equal in the two
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hemispheres (Larsen, ﬁkinhoy and Lassen, 1978).1 At;norma1 _patterns. of
cerebral blood flow, both at rest ;nd in response to acti\f&tion have been
demonstrated. in batients with cerebrovascular disease (Kohlmeyer, 1975:
 Goldberg, Miller and McHenry, 1975). |

The -techniques developed to analyze the cerebral blood flow yield
measurements which are purported to be indices of the relative flow iri'_
grey and white'matter. Most studies of the effect of mental-activa_ti_bn
in cerebral blood flow have examined grey matter blood flow p;articu‘laﬂy
since white matter blood flows have not been shovm. to change during
mental activation (Ingvar and Risberg, 1967; Risberg and Ingvar, 1973).

Some inv'estigators\also compute a measure which is believed to "
represent the relative w\éigh.t of perfused grey matter as al percentage of
the total weight of the perfused tissue. A recent study utilizing this
measure (Gur, Packer, Hungerbuhler, Reivich, Obrist, Amarﬁek and
‘Sackheim, 1980) has suggested hemispheric differences in the relative
amount and distribution of grey and white matter. ‘These authors found
that the ratio of grey ?natter to white matter was greater in the leflc
hermsphere, pr1marﬂy in the frontal and pre-central regions. A larger
grey to white matter ratio in the left hemisphere has also been reported
in temporal and occipital lobe measurements by Meyer, Ishihara, Deshmukh,
Naritomi, Sakow, Hsu and Pollack (197h8). Gur et al. éﬁggested" that from
their results it could be argued that because of the re‘latweTy greater
amount of grey matter m the left hemisphere, functwns subserved by that
hemisphere were performed via a neural organization based largely on

) C A

transfer or processing within regions. On the other hand, the re&ativ’e]y

greater white matter weight in .the right hemisphere was interpreted as
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suggesting that those functions were subserved by a neural orgqnization
involving a greater degree of transfer across regions. |

’ fhe results of the present investigatioh could be partially explained )
by the results of Gur et al. If in fact the right hemisphere can be
characterized 2by a neural organization that emphasizes transfer across
regions, then damage of egqual dégree might lead to a more, diffuse pattern
following right hemisphere lesions. The results of Boll which show?d
greater ips%1atera] Fnd contralateral tactile perceptual deficits follow-
ing right hemisphere'iesions would seem to support this argument.

A similar pattern of néufa] organizétion founded on different
patterns of motor and sensory deficits has also been proposed by Semmes
(1968). The patients studied were war ve ans who had sustained pene-
trating missile wounds of the brain. Based @gl‘patterns of motor and
sensory defiéits, she concluded that the representation of both ipsi-
1atéra1 and contralateral sensorimotor functiohs tended to be focal in
the left hemisphere and more diffuse in the right hemisphere. The fact
that the subjects in this study were relatively young anc that the nature
of their injuries were markedly different from cerebrovascular disease
patients limits to a considerable extent the generalizability of those
findings to the present data.

ﬁin addition to these studies suggesting morphological or organiza-
tional differences between the right and left cerebral hemispheres,
recent  investigations have produced  evidence of neurochemical
asymmetries. Robinson (1979} examined the effects .of* occlusion of the
right or left middle cerebral artery in the fat. It was found that

following right middle cerebral artery occlusion the animals became
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hyperactive and there was a depletion of norepinephrine in several brainl
regions, Snd dep]etion- of dopamine in the substantra nigra. - Neuro-

‘chehicai depIetiops were found only in the hemisphere ipsilateral to
right artery occlusion. On the othér hand, left middle cerebra] artery
occlusions did not produce similar behavioral or neurochemical changes.
The Iéft occluded animals were not more active in comparison with their
own  baseline aétivity levels or with sham operated controls, and there
was no evidence of catecholamine depletion in any brain region studied.
In the right occluded animals, the depletions were observed only in those
that were sacrificed.af the fifth postoperative day. The hyperactivity
was also trangient: but wib“ﬁﬁ§ervgd until the seventeenth postoperative
day. Dennenberg, Garbanti, Sherman, Yutzey and Kaplan (1978} have also
‘reported increased -activity following right bqf not left hemispheric
lesions in rats, but those investigators performed entire hemispheric
ablations as opposed to the focal vascular lesions produced by Robinson.
The latter author argued that the finding of generalized behavioral and
biochemical disturbances only after right hemisphere lesions was indica-
tive of some underlying anatomicai or physiological asyﬁmetry of the
catecholaminergic pathways, or of a noncatecholaminergic feedback loop.
Robinson argued further that the results of Oke, Keller, Mefford and
Adams (1978) supported the argument for asymmetry of the catecholaminer-
gic pathway.

Oke et al. found that the levels of norepinephrine differed between
the right and left thalamus. It was reported that the left pulvinar was
relatively rich in norepinephrine while the right thalamus was relatively

rich 1in norepinephrine 1in the area of the ventro-posteromedial and
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ventro-posterolateral nuclei. The fact -that this is a somatosensory
%nput area 1is ;particu1ar1y interesting in view of Boll's finding of
greater tactile perception deficits in patients with right hemisphere
lesionﬁ. )

Although there has been no comparable demonstration_of differential
effects on neurotransmitter systems following Iatera]izéd ‘lesions 1in
humans, the evidence of asymmetrical pathways from Oke et_a]. would favor
this possibility. Furthermore, the findings  of Robinson, Denenberg et
al. and Oke et al. would suggest a different behavioral response
following lateralized cerebral lesions. Tﬁe data of these investigators

.
would therefore seem consistent with fhe results of Reitan and Fitzhugh,
Boll and the present 1nvest1gat1on. . ‘

The data of Boll and Reitan and Fitzhugh produced evidence of greater
motor and sensory def1c1ts following right hem1sphere lesions. In light
of the present data, it was particuTarly interesting that Robinson's data
gave evidence of transient but generalized behavioral d%sturbances
following right arterial occlusion. It is possible that the performance
of the right operated group in the preséﬁt study can be reviewed with
respect to these previous data. Specifically it was shown that the right
operated group was different from the left operated group in‘the improve-
ment on those measures of bilateral or contralateral hEmispheric
function. There was no difference between these groups on measures of
hemispheric function ipsilateral to the operation. Tﬁis seems to suggest
that following right hemisphere lesions, there is a transient generalized
behavioral disturbance which affects the function of both cerebra} hemis-
pheres, whereas a comparable disturbance does not ‘cccur after Tleft

4
L
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hem'is.phere lesions. The fact that at six month follow-up the right
opérated group.showed improvement on tests of bilateral anld ‘coqtralateral
hemispheric function might reflect a resolution of this transien.t\ge\neral

disturbance. ‘ L



CHAPTER V
SUMMARY AND CONCLUSIONS

It seems unlikely that any one factor can completely explain the
present findings. The statement bj Baker and Meier regarding interacting
pathophysio1091ca1 evénts underlying the expressionl of Dbehavioral
deficits following ischemic Tlesions may be expanded {n view ofl the
current data. There seems to be evidence of morphoiﬁgica] and physio-
1o§ica1 differences between the cerebral hemispheres that in all
likelihood do not exist in isolation from each other. The interaction of
these factors with pathophysiological'factors and other‘factors prese?tly
undetermined 1likely produced the pattern of results obtained .in ‘the
current investigation. '

It seemed clear that the right operated group improved on more
measures than any other group, and that improvement was observed on
variahles that appeared to be rela ,d to the function of both cerebrai
hemispheres. A similar pattern yﬁ?fnot observed with the left operated
patients. This finding could suggest that the improvement of the right
-operated group is related to recovery from a more generalized behavioral
disturbance produced by right but not left cerebrovascular lesions. The
bioiogical mechanism for this disturbance may be related to asymmetries
in neurotransmitter pathways, hemispheric differences in neural organiza-
tion, vgriations in arterial pattern or degree of angulation, or patterns

2

of cerebral blood flow. ™
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Carotid endarterectomy will continue to be performed primarily as a
prophylactic measure, Sut the‘preseﬁt findings suggest that an improve-
ment in mental furction may- also be achieved. Although fhe right
operated group demonstrated significant gainé. the mean performance
continugd to fall in the 1impaired range in comparison with normal
controls. This suggests that the restorative role of this surgical
‘procedure is only partial.

The timing of the procedure during the course of hospitalization may
be an important factor. The attempt to protect language function by
delaying surgery in patients with left hemisphere stroke may have pre-
cluded the restorative effects for that group. This would suggest that
thefe is some critical period during recovery from cerebrovascular

__’gxmptoms dgring which the extent of recovery may be ‘influencea by
endarterectomy.

The present study was unable to resoive the question of whether the‘
different responses of the right and Jeft endafteréctomy groups were
related to the timing of the procedure or toigbasié hemispheric dif-
ferences. One clearly indicated study would be to examine groups of
patients who undergo endarterectomy at similar points in their hospitali-
zation. Continued superiority in that study by the . right opereted
patients would provide further evidencé of a basié hemispheric difference
in recoverability from cerebrovascular lesions. |

A further study to clarify the mechanisms uncerlying the cheanges
observed in the present data would be to include an examination of
cerebral blood flow at the same post-operative interval as the hehavioral

P

evaluation. In particular, it would be interesting to employ this
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technique in gfoups of patients undergoing right or left endarterectomy.
L]

This, could provide further clarification of the mechanism underlyiﬁg the

improvements observed in the current investigation.

¥ .
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