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ABSTRACT

This study explores the short term cognitive outcome of percutaneous transluminal
coronary angioplasty with intra-coronary stenting. Participants were assessed
cognitively using specific neuropsychological tests used to measure performance in
the seven cognitive domains. Forty people took part in the study, with twenty of them
making up the stented group, and twenty of them making up the control group. The
stented group were assessed a few days before, and then a few weeks after their
procedures. The control group were simply assessed whenever they agreed to
participate, and then again a few weeks later. There were ten males and ten females
in each group. The participants were all between the ages of 34 and 75, and the
sample had an average age of 57. The researchers were given access to patients at
Groote Schuur Hospital and Gatesville Medical Centre. Analysis of variance was
used in order to assess differences between the groups with respect to changes in
cognitive performance in all seven cognitive domains. Results indicated that there
were not significant differences between the groups, with respect to changes in

cognitive performance between the first and second interviews.

INTRODUCTION

Cardiovascular Disease

Cardiovascular disease, or coronary artery disease (CAD), is a condition which
involves narrowing of the coronary arteries, which results in a restriction of blood
flow to the heart (Brink, 1982). In brief, narrowing of the coronary arteries is a result
of a strong tendency for the deposition of blood fats, and the consequent formation of
fibrofatty atheromatous plaques on the inner walls of these arteries (Brink, 1982;
Schoen,1989). These plaques cause a type of inflammation and connective tissue
forms around them (Brink, 1982). This process is known as atherosclerosis, and
causes the plaques to develop into hard, irregular lesions, which under certain
circumstances, can enlarge, develop cracks, become pulpy, and even calcify (Brink,

1982). The factors that advance the above process constitute risk factors for CAD and



include hypercholesterolemia, hypertension, cigarette smoking and diabetes mellitus
(Schoen, 1989). Narrowing of the coronary arteries can result in angina, and

ultimately cardiac arrest (Pillai & Wright, 1999).

When patients present with angina, they usually undergo examination, cardiac
catheterization and coronary angiography, which is a procedure used to establish the
presence or absence of coronary artery disease (Bittl & Levin: 1980). This procedure
is usually performed from the right femoral artery (in the groin). where an introducer
sheath is inserted, usually using the Seldinger technique (Bittl & Levin; 1980). A
hollow flexible tube called a guide catheter is inserted through this sheath, and with
the help of X-ray images, is threaded up to the heart (Bittl & Levin; 1980). The tip of
the catheter is pushed just inside the coronary artery that is being assessed and a small
amount of radiographic contrast agent is injected through the catheter (Bittl & Levin;
1980). This contrast agent shows up clearly on the X-rays, which are recorded as a
series of images called an angiogram (Bittl & Levin; 1980). On the angiogram, the
doctor is able to see the exact site and severity of the narrowing of the coronary artery
(Bittl & Levin; 1980).

When the doctor has studied the angiogram and confirmed that the patient has CAD,
it is necessary to decide on the most appropriate treatment. which depends largely on
the severity of the situation. Possible treatment options include medication, coronary

angioplasty (PTCA) and bypass graft surgery (Bittl & Levin).

Percutaneous Transluminal Coronary Angioplasty (PTCA)

PTCA is one of the options available to patients diagnosed with CAD, and can
achieve results that are comparable with bypass operations (Brink, 1982). This
procedure is also performed by means of cardiac catheterization, and if appropriate, is
conducted directly after the coronary angiography (discussed above), because the
doctor needs to know the exact site of the coronary narrowing that needs to be
targeted. With the guide catheter still in place from the coronary angiography, a
smaller catheter, with a tiny deflated balloon at the tip, is inserted and is threaded
through the narrowed artery and into the area that needs to be dilated (Schoen, 1989).

The balloon is inflated for a variable period of time, and is then withdrawn, after



which another angiogram is performed to assess the result (Schoen; 1989). This
process may be repeated, with levels of inflation pressure and sizes of balloons
sometimes being varied (Schoen; 1989). Balloon inflation causes stretching and/or
fracturing of the plaque formations in the coronaries. which leads to luminal
expansion (Schoen; 1989). Once the artery has been successfully dilated, and the
angiogram indicates satisfactory blood flow, the balloon and catheters are removed
(Schoen; 1989). The two principal complications of this procedure are abrupt vessel

closure and progressive re-narrowing or re-stenosis (Pillai & Wright, 1999).

Intra-coronary Stenting

The increasing awareness of the complications associated with PTCA lead to the
conceptualization, research and development of a procedure known as intra-coronary
stenting (Schoen; 1989). During intra-coronary stenting, after the coronary artery is
dilated by the inflation of a balloon, a stent is deployed at the site of previous stenosis
(Schoen; 1989). A stent is a small tubular mesh or coil device, usually constructed
from stainless steel (Schoen; 1989). Some stents are self-expanding but most are
mounted on a collapsed angioplasty balloon and are deployed by maximal balloon
inflation, which causes these spring like structures to expand and lock (Pillai and
Wright; 1999). Stents are designed to remain in arteries permanently, providing
structural support, encouraging free blood flow and reducing the likelihood of future
thromboses (Schoen; 1989). Although early complications made initial stenting
results rather disappointing, modern stenting procedures overcome many of the
limitations of PTCA and have become widely accepted practice (Pillai and Wright,
1999). In addition, although re-stenosis still remains a problem, recent advances in

stent design are likely to further improve long term results (Pillai & Wright, 1999).

Cognitive effects of PTCA with intra-coronary stenting

Research into the cognitive effects of PTCA with intra-coronary stenting is extremely
limited. However, several studies have focused on the cognitive effects of Coronary
Artery Bypass Grafting (CABG), which is another surgical procedure used to treat
individuals with CAD. According to Silbert er a/ (2004), short term post-operative

cognitive decline is a common, important and debilitating complication of CABG,



and has been described extensively. In addition, although less common, the
prevalence of long term post-operative cognitive decline in a certain percentage of
CABG patients has been demonstrated in various studies (Borowicz et al, 1996;
McKhann er al, 1997; Bruggemans et al, 1995). However, it should be noted that
these long term effects are also commonly cited as being rare and relatively small

(Savageau et al, 1982; Townes et al, 1989).

With respect to the nature of this cognitive impairment, McKhann et al (1997)
reported short term and long term declines to be most common in the domains of
visuoconstruction, language and verbal memory, with long term declines in executive
function and attention also being relatively common. In addition, according to Selnes
et al (1999), post-CABG cognitive changes are most prevalent in the cognitive
domains of memory and visuoconstruction. However, a broad review of 35 studies on
the long term and short term cognitive effects of CABG, concluded that memory,
psychomotor speed and attention are the domains most commonly effected (Borowicz

et al, 1996).

Short term cognitive decline following CABG may be related to the practice of using
large doses of benzodiapines for anesthesia, post operative analgesia and sedation
(Townes et al, 1989). However, drugs alone provide an incomplete explanation.
Cognitive decline following CABG has also been attributed to perioperative hypoxia,
as well as micro emboli, hypothermia and reduced cerebral blood flow during
cardiopulmonary bypass (CPB) (Hlatky et a/, 1997). CPB has also been associated
with nonpulsatile blood flow, potentially inadequate perfusion pressure, extra cellular
brain water and microscopic air bubbles, all of which may contribute to the cognitive
decline following CABG (Wan et al, 2001). Thus, CPB is commonly implicated in

the explanation of this decline.

Consequently, it is widely assumed that PTCA with intra-coronary stenting, which is
relatively non-invasive and which does not involve CPB. should not result in
cognitive decline. However, as Wan et al (2001) explain, the causes for
neuropsychological impairment following CABG are multifactorial, and CPB’s exact
role remains controversial. In fact, research has been unable to provide evidence

demonstrating meaningful cognitive differences between patients following CABG



with CPB (on pump) and CABG without CPB (off pump) (Wan er al, 2001). Thus,
the importance of CPB as an explanation of cognitive decline seems somewhat

questionable.

Added to this, it should also be noted that PTCA with stenting. although non-invasive,
is still a risky operation, and contains certain hypothetical risks. For example, this
procedure could dislodge plaque build up on the inner walls of blood vessels, which
could result in thrombi in the vessels of the brain or the heart. Alternatively, periods
of ischaemia or fibrillation during the procedure could lead to stroke. In addition,
cognitive decline could occur as a result of an unknown etiology (Williams, 2004).
Therefore, the validity of assumptions about the safety of PTCA with intra-coronary

stenting, with respect to the brain and its functions, is certainly open to question.

Whilst there is a scarcity of research on the cognitive effects of PTCA with intra-
coronary stenting, some research has suggested that coronary angioplasty without
stenting is not associated with short term or long term cognitive dysfunction
(Blumenthal ef al, 1991; Hlatky er al, 1997), while other research has suggested that it
does sometimes result in impaired executive functioning (Sader ef al, 2002). Studies
that have focused on the cognitive effects of PTCA with intra-arterial stenting in
other areas of the body have produced similarly inconclusive results. Research on the
cognitive effects of carotid artery stenting has demonstrated that while most patients’
cognitive performances remain unchanged, some patients do show significant
improvements or deteriorations in single cognitive domains (Lehrner et al, 2005;
Grunwald et al, 2006). In addition, research by Lee e al (1999) suggests that stenting
of the extracranial cerebral arteries does not lead to a decline in cognitive

performance (but there were only three participants in the study).

Only one study has actually investigated the cognitive effects of coronary angioplasty
with intra-coronary stenting. This research was unable to demonstrate a significant
difference between the pre-operative and post-operative neuropsychological
performance of patients that underwent PTCA with intra-coronary stenting.
(Wahrborg et al, 2004). However, while this study did not demonstrate cognitive
changes in recipients of PTCA with intra-coronary stenting, it was also unable to

demonstrate cognitive changes in recipients of CABG (Wahrborg et al, 2004), a



procedure that has often been shown to result in cognitive decline. This might be due

to the fact that the study has certain limitations.

Firstly, the study did not utilize a control group, which is of course an essential part of
an experimental design. Secondly, patients were only given 5 neuropsychological
tests, which means that the functioning of many cognitive domains would not have
been measured adequately, if at all. Thirdly, after being tested at baseline, patients
were only tested again, 6 and 12 months after the procedure, which does not shed
much light on the short term cognitive effects of PTCA with intra-coronary stenting.
These effects are of obvious concern to anyone undergoing the procedure, and are
certainly worth investigating. In addition, if PTCA with stenting does result in
cognitive effects, one would expect them to be most apparent shortly after the
procedure, and to become milder with time as a result of the healing process.
Therefore, when considering how to investigate the potential cognitive effects of
PTCA with stenting, it might be argued that a thorough study into the short term
effects of the procedure would be a good way to start. Consideration of a further study

into long term cognitive effects could be based on the results of the short term study.

AIM

The aim of this study was to investigate the short term cognitive effects of PTCA with

intra-coronary stenting, while overcoming the limitations of existing research.

METHOD

Participants

This study utilized 40 participants divided into two groups of 20. The first group was
comprised of patients admitted to the cardiac wards, that were found to have
ischaemic heart disease, and that underwent PTCA with intra-coronary stenting as an
intervention. The second group (control group) was comprised of willing participants

with no diagnosis of ischaemic heart disease. Admittedly, the utilization of a control



group made up of patients with ischaemic heart disease, that did not undergo PTCA
with stenting, would have been ideal. However, this was not possible for practical and
ethical reasons. All the participants were between 34 and 75 years old, and the two
groups were matched as closely as possible with regards to age. The mean age of the
stented group was 57,3, while the mean age of the control group was 57.4. There were
ten male patients and ten female patients in each group. The researchers were given
access to patients in the C26 ward at Groote Schuur academic hospital, as well as
patients of a private cardiologist practicing at Gatesville Medical Centre. The
participants were all fluent in either English or Afrikaans, with the majority of them

living in and around Cape Town.

Interviewers

This study is part of a larger study, that also involves patients undergoing the CABG
procedure. The researchers involved are all post-graduate psychology students,

trained to administer the neuropsychological tests that the study utilizes.

Ethical Considerations

Participation in this study was completely voluntary and participants were required to
sign forms indicating their informed consent. The participants’ involvement in the
study did not cause them physical or emotional harm, and their individual test scores
will remain confidential. This study was subject to scrutiny by both the psychology

department and the medical school ethical review boards.

Measuring Cognitive Change

In order to measure the cognitive effects of PTCA with intra-coronary stenting,
standardized neuropsychological tests were utilized. Patients were first administered
these tests a day or two before they were stented. The researcher had originally
wanted to conduct follow up testing exactly one month after intra-coronary stenting.
However, practically, this was not always possible. As it turned out. the patients were
all administered the tests for a second time within a month and a half of their

operations. Similarly, control group participants were first tested when they agreed to



participate, and were then tested a second time within a month and a half of their first
interview. Most of the testing took place at Groote Schuur hospital and Gatesville
Medical Center, although a few of the follow up interviews were conducted in the

homes of the participants.

As McKhann et al (1997) demonstrate, post-operative cognitive change varies by
cognitive domain. Thus, in order for meaningful interpretation of ‘cognitive decline’
to be possible, it was important to separately test and analyze performance in all of
these domains. This methodological feature gave the study the potential to gain some
understanding about the nature of the cognitive decline (if it was found to occur),
which would in turn provide some clues about the whereabouts and potential factors
leading to the neural pathology responsible for the decline. The seven cognitive

domains were assessed using the tests specified below:

1. Verbal Memory: Rey Auditory Verbal Memory Test (RAVLT), a word-list
learning task, requiring 8 trials. Verbal learning, retention, and recognition
memory are assessed. Alternative word lists were used in follow-up
interviews.

2. Visual memory: Rey Complex Figure- Recall, used to assess the ability to
recall a complex visual design previously copied. Taylor Complex Figure- this
alternative to the Rey Complex figure was used in the follow-up interviews.

3. Language: Boston Naming Test (short form), a series of 30 line drawings that
a patient must name on confrontation.

4. Attention: Digit Span forward and backward. The patient is asked to
repeat/recall an increasing series of random digits. The patient is first asked to
repeat these series forwards. Another series of digits is then provided, which
the patient is asked to repeat backwards.

5. Visuoconstruction: Rey Complex Figure — Copy, used to assess the ability to
copy a complex visual design. Taylor Complex Figure- alternative figure used
in follow-up interviews.

6. Psychomotor speed: Symbol Digit, a timed measure of psychomotor speed in
which the subject is required to reproduce a series of coded geometric symbols
in blank boxes beneath randomly generated digits, according to a coding

scheme for pairing digits and symbols.



7. Executive functioning:

a) Stroop Test, a timed task to measure response inhibition, where the subject is
shown colour names. These words are all on one page and are printed in
different coloured ink to what the written word actually denotes. For example,
the word “red” may be typed in blue ink and then may appear later in green
ink. To give an example, in one of the trials, the subject is required to go
through each word, saying the colour the word is typed in and not what the
word actually says.

b) Similarities subtest of WAIS 1II, a task used to investigate capacity for
abstraction. The subject is given two words (for example, banana and apple).
He/she is then required to explain what is similar about them (for example, a
banana and an apple are both fruits). The pairs of words become increasingly
difficult and more abstract (for example, what is similar about a statue and a

poem?).

The ability of neuropsychological tests to detect post-operative cognitive decline
depends heavily on their sensitivity, with respect to the detection of change in
cognitive function over time. The above tests have features, such as high test-retest
reliability and small or non-existent practice effects, that make them useful for

repeated administration, and therefore, for detection of change (Silbert, 2004).

Other Measures

Depression is a widely reported post-operative concern, which can influence cognitive
test scores (Borowicz, 1996). In addition, anxiety, which becomes a factor for many
patients just before a surgical procedure, can also greatly undermine cognitive
performance. Thus, it was important to consider the possibility, that an increase or
decrease in the stented group’s level of depression or anxiety (as a result of the
procedure) between first and second interviews, could lead to a change in cognitive
performance between these interviews, thereby confounding the results of the study.
As a result, in addition to the cognitive measures, all participants were administered
the Centre for Epidemiological Study of Depression (CES-D) during both interviews
to allow for the consideration of the possibility that changes in levels of depression

could be responsible for cognitive changes between interviews. Similarly, they were



administered the Spielberger State-Trait Anxiety Inventory (STAI-T) during both
interviews to allow for the consideration of the possibility that changes in levels of

anxiety could be responsible for cognitive changes between interviews.

Statistical Methods

In order to analyse the data, simple one-way analysis of variance was utilized. The
independent variable (group variable) varied with respect to whether the participant
underwent PTCA with intra-coronary stenting, or whether he/she was a member of
the control group. The dependant variables took the form of the calculated differences
between the scores obtained in the first and second interviews, for the tests used to
measure the participants’ performances in the seven cognitive domains. The other two
relevant variables, were the calculated differences between scores obtained in the first
and second interviews, for the measures of depression and anxiety, which were

thought to be possible confounding variables.

Overall, nine separate analyses were conducted. Whilst, this increased the risk of type
one error, it was necessary to analyze the cognitive domains separately, for reasons
that have already been explained. If any results were significant at the 0,05 confidence
level, they would have been reported cautiously, and Bonferroni corrections would
have been considered. The validity of assumptions regarding normality, as well as
homogeneity of variances, were assessed using plots of the dependant variable

residuals around the regression line, and Levene’s tests respectively.

In the first two analyses, one-way ANOVA was used in order to determine whether
there were significant differences between the two groups, with respect to the
calculated differences between scores obtained in the first and second interviews, for
measures of depression and anxiety. The rest of the analyses used one-way ANOVA
to determine whether there were significant differences between the two groups, with
respect to the calculated differences between scores obtained in the first and second
interviews, for the tests used to measure the participants’ performances in the seven

cognitive domains.



If either of the first two analyses were found to be significant (and one of the
subsequent analyses was found 10 be significant), an analysis ol covariance
{ANCOVAY using the peneral linear model would have been unlized. This method
provides a useful way of removing the variance of the dependent variable that can be
attributed 1o a covariate {confounding variable). In other words. this method s usetul
as a means of controlling for the effect of an extrancous variable, and gaining a more
accurate idea aboul the amount of variance that can be attributed o the independent

variable of interest {the group vanable).

RESULTS

The method of statistical analysis that was used to analyze the data cotlected in this
study  (simple ong-way analysis of varlanes), assumes normality, as well as
homogencity of variances. For all nine analyses, plots of the dependant variable
residuals showed that most of them were close to the respective regression lines.
Whilst they are a somewhat rough guide, these plots indicate that the dara is
acceptable with regards 1o the assumption of normality. In addition, Levene’s tests did
not vield significant results for any of the analyses, Thus, it can be concluded that the
nature of the data does not vinlate assumptions regarding homogeneity of variances.
The Levene's test results (Table Fy and normality plot {Figure 17 for the analvsis
pertaming o the cogmnive domain of visual memaory, are shown below as cxamples of
the results of the tests that were done 1o check the assumptions of the ANOVA
technigue. The Levene's test results and normality plots tor the rest of the analyses

are included in the appendix.
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Levene's Test for Homegenaily of Vananoes (Thesis Datafile sta)
Effecl; Group
Utegrees of freedom for all F's: 1, 38

L ( L e

B ol Zi

(761341 0370202

| 5 10756 69 sasse

Note that the p-vatue v greater thua § 03, indicating Dmsipnifoumoe.



Figure |

20

1R

05} ﬁﬁé?
]

Rl

Fapuchnd Nannal Value
.

25 L ; . ) :
-5l g -3 20 -1 B 10 20 an
Clagnrved Yalle

Note thet the vesidiels are seattered ofosely aronnd the regression fine, indicating rormaliny

The first two analyses were conducted in order o determine whether changes with
respect 1o levels of depression and anxiety. were in any way dependant on the group
variable. Il changes in levels of depression or anxiety were found to be dependant on
the group varigbie. these variubles would not have becen able to be ruled out as
possible confounding variables (assuming that cognitive performance was found to be
dependent on the group variable), For example, results may have reflected that the
stenting procedure was associated with an increase in depression. [n such a case, H' it
was also found that the stenting procedure was associated with & decline in
performance on verbal memary, one could not say whether the decline was a result of
the senting procedure, or of its associated increase in levels of depression, As a
resull, an analysis of covariance using the general linear madel would have bheen

necessary in order te control for the confounding variable.

However, while the results div indicate that participants’ depression scores decreased

marginally more for the stented grovp than the control group belween interviews




{Table 2}, the difference was far from being significant (Table 3). This means that
participant changes with respect to levels of depressiom. can be assumed to be
independent of the group variable, which means that further consideration of the
passibility of changes in levels of depression heing a confounding vanable, s

LIS SAry.

Table 2

1000000 2696528  G4¢6575  _ 01350969 1863031
stented: 20, 1.200000 2284962  05'0933 0130606 22609395

control: 24 G HOOCGD, 205174 (1 694338 -0 BHA2GH 2 253266

Ter el make the descriptive stanstios tables swckt ax the ene above marg uadersiandable, consider the
foifowing example. The Depression Mean' for the stenred mrong (120 0y essentially offained by
subtracting the group s mean depression score for the ¥ interview, frupn the grosp's mean depression
sonre for the 1" Dnerview Hence It cow be concluded thar the stented growp s depression soores
decresed Ny am average of 12 poiniy hefween interviews. Similarby, it coan be concluded that the
contenf Brougn s e s o scoves g creased By o average of (1.8 poirts besneen interviews.

Table 3

Univariate Tests of Significance for Gepressian {Thasis Datafile sta)
Sigma-restricted parameterizatian
Effective hypothesis decompositio
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Nare thet the praup pevalue fn thee above table is greater than 003, which Indicares thal dhe difference
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orher words, the difference benween the two prougs, Witk vespect o fheir grevaue differencey on scores
af depression Beneeen Imtervievs, I8 irstgaificans

In addition, the resulis indicate that participants” anxiety scores decreased marginally
less tor the stented group than the control group hetween interviaws (lable 4),
Howeser, once again. the difference was marginal and msigniticant {Table 5), which
means that participani changes with respect to levels of anxiely can alse he assumed

to be independent of the group variable, Thus, further consideration of the possibibity

of changes in levels of anxicty being a confounding variable, is also unnecessary,




Table 4

' Drescriptive Statistics (Thesis Datafile. sta;

4] 1350000 3919380 061070R 0098520 2503478
“sterted 20] 080000 3533300 0.780070  0.853635 2453830
mntml! 200 1900000 4200743 09589441 0108132 3908132

Mot thot the steuted grenep s anxlen) seorey decredsed by an average of (L8 pofang elieen Bitervians,
The coatrof geows ¢ aeuel) senres decroased by an avergge of ¥ pornfs briwees fnferiisws

Table 5
Lnivariate Tesls of Sigrificance for Anxiety (Thesis Datafile sta)
Sigma-resiricted parametarization
Effective hypothesis decomposition
Effect A S i
' 11722000014 719250 10.038132
121000 1:12.10000:0.783305 0.381698

5570000 381644737,

Moo that the pronn pevedie By oweeater thuar (03, fadicating that the abve differesce (Table 4] s
isigrificant.

Do 1o the natore of the above resalts, the planned ANCOVA was not needed, and the

rest of the data could simply be analveed using ANOVA,

Overall, participants’ scores on measores of visual memory and visuoconstroction
increased between the first and second interviews, However, these scores increased

mwe for the stented group than the control group (Tables 6 ard T

Table 6

Descriptive Stanstics (1hesis Datsfile staj

aa]

. SUSRE C98875  M402083, 2217690 :
_ stented; 20 -11.85000 1288478 2876653 -1TAT08 -5.62900
control: 20 -7. 7260 1817223 3392615 -14 8256 052418

Mt that e stented yvomgs s veiun! mramoey xeorves Rereased by on geerage af AT podris Beteen
inteeriew v The cosfrod gronp s vl memory soores increased by an average of T 723 poidis belieeh
(RIS

Table 7




i

“a0] 123750 4133955 (653635 266060 COBAGO3
stented: 20 215000, 4.853376: 1085243 -4.42145 0121450
control 20 0325000 3125763 0 6OEG42 178700 1137902

Nobe frrl the slente o gronet s winecomsircion sooves Incveoased dy on overagze of 21T poialy bepween
interviews  The comtrol grone's viswecomsirgctiol seores nereased by an averoge of 8323 pooily
L T L R e I

Participant scores for language, psychomotor speed and exceutive functioning also
increased between Lhe Airst angd second interviews, However, in these domains. scores

increased less for the stented group than the control group {Tables 8, 5 and 10

Table 8§

Desciiptive Statistics (Thesis Datafila sta)

Total | 40 0700000 1963774 0310500 132805 0.071954
| Gr .__s_t_emgqi._zuH. 0650000 1980829 0442937 157708 _ 0277057
i | contrgd 20  QTS0000 1.996708 0446477 168449 0 184488

Mand thal the srenfed growp s Jarghooe Sookes Dicledved B oo emercee of (LOT prodady belreen
witervienws. The contrad group s lancwage Sooves Droreasend By on average of 873 poemts hefweeis
[ SR T

Tahle 9

Descriptive Statistics ( Thesis Datafite =1

|
-2 THE00: g 281145
stented 20 135000  7.442941,

1376176 543042 0069580
, 41 1664282 483340 2133404
contrel, 20) 415000 9201115 2057432 845625 0.156255

Mote thal he slested greup s pochaopatar speed scorey increared By oon averaee of £33 peinty
fetween imterviews, The corrol group s prrchoutador speed Scores noreased e un avergge of 3 75
Points betwesn iRferriews



Tabhle 10

277500 AB3I04G Q764172 -4.52088 122632

_stented 20 200000 5370485 1200877  4.51348 = 051346
mnlrni;ga!. 3.55000 4223680 0044444 5526874 157326

Note that the xiewed gromp's execuiive function scores ncreased by an average of 2 poimls between
interviews he control group's exccuine fonction scores increased By an average of 355 poins
between Imerview s

Cwerall, participants scores on measures of atlention increased between the first and
second interviews. However these scores increased tor the stented group. and actually

decreased marginally for the contrel group (lable 11).

Table 11

0.333758. -0 0500089
2233?1@ TD.499473 144541 0645410

0050000 2012481 0450000 2 -0.B9186 0991861

Xete that the semed growp's ettemion scored increaved by an average of 4 poines benveen
interviews. The control growp's aifemtivn scdres, décreased by an average of 005 points between
iRtervign

Participanls” scores on measares of verbal memory decreascd between the first and
second intervigws. Tlowever, these scores decreased more for the stented group than

the contrel group (1 able 12).

Table 12

ip nm Bmilsim (Thesis Dalafile.sla)

B

1 041116 -2 40128
- 2182315 -181764
1452430 3247752 649762

Nte thar the stemted growp s verbal wgmoey scores decreaved by an average of 275 points betweey
imerviews. The comirol gronp s verbol memary scores decreased By and average of 00 3 poinre bepween
IHgrviews

16




Having said all this, none of the above differences were signiticant. In other words

there were no statistically signiticant differences between the groups with respect to

changes in cognitive performance between interviews, The difference between groups

with respect to changes on scores of visuoconstruction between interviews, was the

closest difference to heing significant. However. even this result wasn™t particutarly

close to significance, and as shown below (Tables 13 10 19), most of the results were

tar from being significant.

Table 13

Univariate Tests of Significance for Yarbal Mamory (Thesis Batafile stal
Sigma-restncted parametenization

Effective hypothesis degompositio

_

SEt7 .95

...... 93.025C 0,607594 0440522
1. B0.0250, 0.392054 053498¢
A8 153.103€.

Note thae the growp pvafne @ precter than (08 indicaling stanistical nsignficance.

Tahle 14

S Univariate Tests of Significance far Visusi Memary (Thasis Datafile stal
| Sigma restricted paraemeterization
Effective hypolhesis decampositiol

1

3753908 16.97353, 0.000097

iy

3753906

154.056, 1 154056 077865 0.383102

Fatitlh |

Note that the gromg p-vafue is greafer than 303 indicating statisircel msiomificance

Table 15

Univariate Tests of Signifizance for Language (Thesis Datafile stad
Sigma-resilicled parameterizatian
Effective hypothesis decompasilio

1. D000 0.025283 0874507
| 395526

G A
]

150, 30040

Noswe that the growp p-vafne B greater tran 005 Indicafrag siafistcal Insivnificance,

Ly



Tahle 16

Mrivariate Tests of Sgnifisarce for Visuocanstiuctian (Thasis Datafic sta)
Sigma-restncted parameterizalion
Effcstive hypothes s decomposition

612562 1 61.25625 3.13?322 0.062734
33.3082.

1 33.30625 1898835 0 165561
633 1875 38 1666283

Nofe that the growp fovalne s greater Qo 003 Ladicoving stativeical insignificance.

Table 17

Urivariate Tests of Sigoiticarce far Attertion (1hes s Datalile sta!
sigma-restricted parametanzaton
Effocive hynothosis docamposition

12250, 1 1225000 0.271033 0.605660

B > ,_u_z_ﬁp‘ 12 uzsuuul 0.448035 0.507216
1?1.?5[][]! 35 4 519737

Nete thuet the gronp p-vafue i5 greater than B3 indieating siatuseieal tnsignificance.

Tablel$

Univariale Tests of Significance for Paychomoter Speed (Thesis Dalafile sta)
Sigma-restricted parametarization
EFfeclwe hypﬂthesm decumpuw tian

5 e _15 724000 1118537 0.20660¢
5881 100 38 70.0280 |

Note thet the grosg pevetue iy greater thae (05 frelic atimg stovesnical insfgnificance,

Table 19

Univariate Tests of Signilicance for Exgcutive Funoticning {Thesis Datafile.sta)
Sigma-rostnigtocd parametcrization
Effective hypothesis desompositior

B 2080260 1 308.0250 13.19885 0000825
240250 1 240250 102831 0316736
8869500 38 234408 .

Nate that the groap povale Is greater thon 03, Indicating stetistieal Insignificance.




DISCUSSION

Although the measures used in this study, have features such as high test-retest
reliability and small or non-existent practice effects (Silbert, 2004), the results show
that there were differences between scores obtained in the first and second interviews,
in both the stented and the control groups. This illustrates the value of using a design
that includes a control group, and not assuming that the measures are perfectly
accurate and reliable. Thus, when interpreting the results, the overall change in test
scores between interviews is unimportant. To find meaning in the results, it is crucial
to focus on the change in the scores of the stented group relative to the change in the

scores of the control group.

For instance, the results indicate that on average, the stented group’s depression levels
decreased more between interviews than those of the control group. This result is not
in line with expectations about the possibility of post-operative depression, which
would have resulted in the stented group’s post operative depression scores increasing
more than the control group’s scores, or at least decreasing less than the control
group’s scores. In any event, this result might indicate that the stented group was
more depressed than the control group to begin with, possibly due to stressful pre-
operative circumstances. Alternatively, or in addition, it might indicate that the
stented group was less depressed (more happy) than the control group when
interviewed the second time, possibly due to a sense of relief about the operation
being over, or renewed hopefulness and optimism about the future as a result of the

success of the procedure in alleviating the unpleasant, debilitating symptoms of CAD.

Looking at the rest of the results, it would seem that relative to control group scores,
the stenting procedure resulted in higher levels of anxiety, better performance in the
cognitive domains of visual memory, visuoconstruction and attention, and worse
performance in the cognitive domains of language, psychomotor speed, executive
functioning and verbal memory. Thus, without further interpretation the effects of
PTCA with stenting seem rather mixed and unclear. However, whilst it would be

possible to look at each analysis (as has been done with the one on depression), and to



theorize about reasons for the results, considering the insignificance of these results,

this would be unnecessary and pointless.

The brief interpretation of the results of group depression scores, was done in order to
illustrate how significant results could have been interpreted, and should not be taken
to indicate anything more than that. The results show that the differences between the
two groups with respect to changes in scores on all of the measures, were marginal
and statistically insignificant. This means that further interpretation of these
differences should not be carried out, due to the likelihood that all these differences
occurred due to random or chance fluctuations. The only interpretation that can be
made safely, is that based on these results, it cannot be said that PTCA with intra-
coronary stenting has any short term effect on cognitive performance, or on levels of

depression or anxiety.

The results of this study are not entirely unexpected, and are in line with the results of
the extremely limited prior research. This study has demonstrated that the short term
cognitive effects of PTCA with intra-coronary stenting ( if there are any) are not
particularly obvious, and has added support to the hypothesis that the procedure is
safe with respect to patients’ neurocognitive well-being. However this does not mean
that PTCA with intra-coronary stenting does not result in cognitive effects. The main
reason that such a claim can not yet be made with confidence, is due to the small

sample size of the study.

When this study was planned, the researcher was aiming to obtain a larger sample.
However, unforeseen problems and complications that occurred during data collection
resulted in the formulation of more modest goals. These problems occurred due to the
nature of the process that the patients undergo in the cardiac wards. Some of the
patients that end up in these wards are sent for cardiac catheterization. However, this
is often only decided after examination by the doctors, which can go on late into the
night before the day that catheterizations take place. This means that many patients
had to be seen before the doctors decided on a course of action, and before the
researcher knew whether they were going to be catheterized, and of course, many of

them weren’t catheterized.
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In addition, besides coronary angiographs, cardiac catheterization also allows for
other investigations into the functioning of the heart. On the basis, of all these
investigations, the doctors make decisions about how to treat the patient. This means
that before the cardiac catheterization, there was no way of telling whether the patient
would end up undergoing PTCA with stenting, whether he/she would be diagnosed
with and treated for some other cardiac problem, or whether he/she would be treated
for CAD, but using a different method of intervention deemed more appropriate. As a
result, many of the interviewed patients, even when they did end up getting
catheterized, did not undergo PTCA with stenting. Thus, the data collection process
was extremely inefficient and would be well described as a “hit and miss situation”,

with many hours and interviews being wasted.

Studies on the cognitive effects of the CABG procedure have consistently
demonstrated that cognitive decline (especially short term decline), is a reality. One of
the reasons that these studies were able to do this, was that many of them used
samples of a fair size, which gave them the ability to elicit significant results and to be
confident when drawing conclusions. For example, the studies by Silbert er al,
Bruggemans et al, Townes et al and Savageau et al, had sample sizes of 50, 63, 65
and 227 respectively. Results of studies on the cognitive effects of PTCA without
stenting, and stenting in other areas of the body, have been less conclusive. This
might have something to do with the fact that they seem to have used smaller samples.
For example, studies by Lee ef al, Grunwald et al, Sader et al and Lehrner et al, used

sample sizes of 3, 10, 16 and 20 respectively.

Only twenty stented patients were interviewed in this study. The fact that there were
no statistically significant short term cognitive changes in these patients, does suggest
that the procedure is safe with respect to the integrity of brain function, but is
certainly not conclusive. Theoretically, PTCA with intra-coronary stenting might lead
to an average change in cognitive performance (as calculated when using ANOVA),
that is too marginal to be statistically significant with such a small sample. For
example, the procedure could lead to relatively widespread but subtle cognitive
change, which would result in a low calculated average for cognitive change, which
would only emerge as being statistically significant with a larger sample (depending

on the subtlety of the decline). Alternatively, the procedure might only lead to
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cognitive change (which could be quite drastic), in a small percentage of people. In
such a case, the calculated average for cognitive change would again be low. and a

larger sample would be required in order to attain a statistically significant result.

Thus, there is a chance that subtle or rare short term cognitive change does occur as a
result of PTCA with intra-coronary stenting, and that this study, due to its small
sample size, was unable to expose this change. Therefore, it must be noted, that a
larger sample would have greatly strengthened this study. Future studies should aim
to obtain samples as large as possible, so that stronger conclusions can be drawn from

the results.

CONCLUSION

CAD is the most common form of heart disease in industrialized nations (Gersh et al,
1980). However, some of the surgical procedures performed in order to alleviate this
disease have been associated with post-operative cognitive decline (Silbert et al,
2004). While the cognitive effects of the CABG on-pump procedure are fairly well
documented, the effects of the CABG off-pump procedure are less well documented,
and the effects of PTCA with intra-coronary stenting are hardly documented at all.
Although it has its limitations, this study has made an important contribution to our
extremely limited knowledge regarding the cognitive consequences of PTCA with
intra-coronary stenting. In future, patients can be assured that there is no evidence to
suggest that PTCA with stenting causes any change in cognitive performance, and
that if the procedure does cause cognitive changes, they have not been detected

because they are subtle, rare or both.
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APPENDIX- Levene’s test results and normality plots.

Table 20

Levene's Test for Homogeneity of Variances (Thesis Datafile.sta)
Effect: Group
Degrees of freedom for all F's: 1, 38

MS | MS F P
Effect § Error

Verbal Memory | 56.40625  68.00625 0.829427 0.368179

Note that the p-value is greater than 0.05, indicating insignificance.

Table 21

Levene's Test for Homogeneity of Variances (Thesis Datafile.sta)
Effect: Group
Degrees of freedom for all F's: 1, 38

MS
Effect

MS F p
Error

Language | 0.110250 1.349461: 0.081699 0.776560

Note that the p-value is greater than 0.05, indicating insignificance.

Table 22
Levene's Test for Homogeneity of Variances (Thesis Datafile sta)
Effect: Group
Degrees of freedom for all F's: 1, 38
MS MS F P
Effect Error
Visuoconstruction 20.16400 6.971671 2.892276. 0.097176

Note that the p-value is greater than 0.05, indicating insignificance.

Table 23

Levene's Test for Homogeneity of Variances (Thesis Datafile.sta)
Effect: Group
Degrees of freedom for all F's: 1, 38

MS
Effect

MS F P
Error

Attention |2.450250 1.718250 1.426015 0.239817

Note that the p-value is greater than 0.05, indicating insignificance.
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Table 24

Levene's Test for Homogeneity of Variances (Thesis Datafile sta)
Effect: Group
Degrees of freedom for all F's: 1, 38

MS MS F p
Effect Error

Psychomotor Speed

28.90000 33.85789 0.853568 0.361375

Note that the p-value is greater than 0.05, indicating insignificance.

Table 25

Levene's Test for Homogeneity of Variances (Thesis Datafile sta)
Effect: Group
Degrees of freedom for all F's: 1, 38

MS MS F p
Effect Error

Executive Functionin

4.225000 9.013158 0.468759 0.497714

Note that the p-value is greater than 0.05, indicating insignificance.

Table 26

Levene's Test for Homogeneity of Variances (Thesis Datafile.sta)
Effect: Group
Degrees of freedom for all F's: 1, 38

MS MS F p
Effect Error
Depression | 1.024000 3.684211 0.277943 0.601117

Note that the p-value is greater than 0.05, indicating insignificance.

Table 27

Effect: Group
Degrees of freedom for all F's: 1, 38

Levene's Test for Homogeneity of Variances (Thesis Datafile. sta)

MS MS F p
Effect Error .
Anxiety | 0.841000 9.686053 0.086826.0.769856

Note that the p-value is greater than 0.05, indicating insignificance.
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Figure 2
P-Plot: Verbal Memory All Groups
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Note that the residuals are scattered closely around the regression line, indicating normality.

Figure 3
P-Plot: Language All Groups
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Note that the residuals are scattered closely around the regression line, indicating normality.
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Figure 4

P-Plot: Visuoconstruction All Groups
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Note that the residuals are scattered closely around the regression line, indicating normality.

Figure 5

P-Plot: Attention All Groups
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Note that the residuals are scattered closely around the regression line, indicating normality.
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Figure 6

2.5

P-Plot: Psychomotor Speed
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Note that the residuals are scattered closely around the regression line, indicating normality.

Figure 7

25

P-Piot: Executive Functioning
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Note that the residuals are scattered closely around the regression line, indicating normality.
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Figure 8

P-Plot: Depression
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Note that the residuals are scattered closely around the regression line, indicating normality.

Figure 9

P-Plot: Anxiety
2.5 v . . —r

20¢

15t o

10t o

00r

Expected Normal Value

-8 -6 -4 -2 0 2 4 6 8
Observed Value

10

14

18 20

Note that the residuals are scattered closely around the regression line, indicating normality.
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