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ABSTRACT

Almost five decades have passed since open-heart surgery was used as a method for improving coronary arteries.
The research carried out in the past has shown the emergence of cognitive impairment and/or cognitive dysfunction
in many patients after coronary artery bypass graft (CABG), but more recent research mentions a minor dysfunction
after surgery and the reason for this difference is considered to be the advances in anesthetic and surgical
techniques, differences in methodologies, or the precision of the applied neuropsychological instruments. In the
present research we have specifically examined attention in its selective, shifting, and sustained dimensionsin order
to determine the effect of CABG on these variables. Attention was assessed by comparing two groups of 30 patients
with coronary artery disease. One of the two groups underwent surgery while the control group was on the waiting
list. Thus, the methodology of the present research is pretest-posttest with a control group. The instruments include
Stroop test for assessing selective attention, SAT for shifting attention, and CPT for sustained attention. The first
group performed the neuropsychological tests one month after surgery, and the control group performed them once
when they were admitted and a month later when they were hospitalized. Mann-Whitney U test was applied for data
analysis. The results showed that there is no significant difference between the two groups in any of the tests, though
considerable differences were observed in comparing the means of the two groups.

Keywords: Coronary arteries bypass graft, cognitive functisalective attention, shifting attention, sustained
attention.

INTRODUCTION

After the introduction of coronary artery bypasafg(CABG) to the world and the prevalence of thisrapeutic
method for improving blood vessels, complicationsrevgradually observed in patients, leading reseascto
identifying them. One of these complications thaieeged in patients after surgery is cognitive impant which
made researchers interested in finding its dimexssénd causes. The focus was initially on the eemerg of basic
cognitive impairments, but research over the pagdas, which will be discussed later in the t@ximarily focus
on damages that can be regarded more as complathts than impairments—personal complaints ofepadi of
the negative influences of surgery on their lijebs, and education. Memory loss and poor execttimetion are
examples of these damages that directed the limressfarch toward follow-up of patients for many rgeafter
surgery in order assess the extent to which thasgades progress or improve. Despite the advancasesthetic
and surgical techniques, delirium and cognitive ampent still exist as the side-effects of surgeBpgnitive
impairment and delirium occur temporarily in a kargumber of patients that have undergone surgéhgquah
these early cognitive alterations may forever remai few patients. Hudtez (2010) believes diffigulin
concentrating, short-term memory loss, and inabiit process information are the typical schemaanitive
dysfunction [14].
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The risk of cognitive impairments is prevalent andy amount to 8% of the world’s population. The pyoms
include memory loss or attention deficit and reduceotor and psychological reaction speeds. Althotigse
issues have been briefly studied and modified atdew months, recent research shows that thessitiveg
impairments may persist [6]. Some studies havertegdhe early cognitive damages such as damagagmnaory,
psychomotor speed, executive function, and theaViability. From the viewpoint of the patient ariekir family
members, most complaints involve changes in focsraemory. Since the cognitive complaints of thaiviidual
are not always concomitant to the function of tlogrdtive test, some researchers have ignored therthe
secondary effects of depression [3]. Thus, attentibich is the basis of all cognitive functions asdonsidered as
the gate letting information into the brain wasafeally assessed in the present research inisjfselective, and
sustained forms. Attention is the clear focus & thind on one or more objects or a chain of stirthdt occur
concurrently. In other words, attention is disregén some stimuli in order to inspect others. Galhgr the
components of attention include the following:

Ability to maintain attention beyond time

Ability to maintain attention on a specific stimalamong other distracting stimuli
Ability to shift attention from a task or stimults another

Ability to divide attention between more than twogoing stimuli or processes [2].

PwNPE

Many stimuli simultaneously affect individuals, bubat can be perceived at a certain moment isdonitVhat is
practically perceived not only depends on the diinbut also on the cognitive processes that rétlee tendencies,
goals, and expectations of the person at that mbnherother words, besides the physical charadiesiof the
stimulus, cognitive processes (perception, attenémalysis, etc.) also play a categorical roledlective attention

[6].

Shifting attention is the ability to consciouslyallecate attentional resources from one stimulugh® other.
Selective attention is the ability to maintain atienal resources on a certain stimulus and igigodistracting
stimuli. Finally, sustained attention is the alilib maintain attentional resources on a specffioidus in a long
time interval (more than 10 minutes) [10].

Researchers arrive at new findings by changingapayichological instruments, methodologies, groapsessment
intervals, and short-term and long-term follow-ufgentifying the pathological causes after CABGhie basis of
the research aiming to prevent postoperative cegninpairment. The major shortcoming of the exi#éatature is
in the procedures of the relevant studies as getha inefficiency of the measurement instrumemtistinguishing
between various dimensions of cognitive dysfunctlidsing modern instruments along with novel sofevarethods
can overcome this major flaw. The present studyinteduce a new approach to examining the dimessif
cognitive impairment and rehabilitation in patiemtith open-heart surgery. Thus, the different disiens of
cognition including attention and the brain regiongolved in it—different parts of the prefrontabrtex—are
studied in order to come up with compensatory waysninimizing such damages.

MATERIALSAND METHODS

Participants

The participants of the research are all the petimferring to Tehran Heart Center for coronatgrgrbypass graft
(CABG). The interval that defined the populationswleom March to August, 2011. The samples werectste
using convenience sampling and were divided into gwoups of 30 subjects.

Instruments

1- Stroop Test: Selective attention is assessed using Stroop $asiop test is a common test for the function ef th
frontal lobe. In this test, the name of color (geen) is printed in a color not denoted by thmede.g. red).The
person is asked to tell the color of the word iadtef reading the word. Each participant spendsngdr time
naming the color of the word in comparison with todor of a geometrical figure [4]. The preseniesh uses the
computerized version of Stroop test. Thus, instefaceading the word, the subject clicks the buttérihe same
color on the computer screen. The indices assdnstiis test are: commission errors (pressing titob for an
irrelevant stimuli) and mean response time of thigexct for correct responses. Stroop test is aer@xental model
for assessing selective attention. Measuring regitmood flow during this test using PET is accompd by
increased activation of the anterior cingulate gyimedial prefrontal cortex) [10].

2- SAT: This test is a scale for measuring shifting attentThe computerized version of the test is usethe
present research. The test is performed in twaestag
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1) A circle is presented to the person as the hétbetwo different shapes under it, a circle argtjaare or triangle.
The person is asked to choose the figure that felssnthe base figure by clicking on the respedtivton on the
screen regardless of the color of the shapes. @)sa@me circle with the same color is presentelddé@érson and the
first figure is a random figure (circle, triangta, square) with the same color as the base cindelze second figure
is another random figure (circle, triangle, or sgdavith a different color. In this stage the persoasked to choose
the option that has the same color as the baseefiggardless of their shapes by pressing 1 or th@tkeyboard.
The indices assessed in this test are: the nunfbmreect responses and mean reaction time of éncfpant for
correct responses.

3- Continuous Performance Test (CPT): This test is applied for evaluating sustainedrditbe. A series of numbers
appear with a certain interval, two stimuli areedstined as target stimuli, and the subject mustkdyipress the
respective button upon seeing the number. Thehlasaof this test are: omission errors (failurg@tess the button
for a stimulus), commission errors (pressing thiégdoufor a non-target stimulus), and correct resgareaction time
(mean reaction time of correct responses in mibsels). Imagery research has demonstrated theatiotivof the

frontal lobe during the continuous performance gkt

4- Jpielberger State Trait Anxiety Inventory: An inventory with 20 items that includes statersepéople use for
describing themselves. The patient marks the chb@ebest describes their feeling at that momienthe original
form of the inventory, each item includes four op8: never, sometimes, often, and always on a stdld@o 4. In
the revised version—STAI-Y—12 items from the tataimber of 40 items changed, that is 30% of the s{eand
thus the psychometric characteristics of both state trait anxiety scales ameliorated [14]. Theriagoof this
inventory is as follows: 20-31 slight situationalxéety, 32-42 moderate-to-low situational anxiet2;53 moderate-
to-high situational anxiety, 54-64 relatively ingensituational anxiety, 65-75 intense situatiomdiety, and above
76 very intense situational anxiety [7]. This qu@mstaire has a considerable validity and reliapilih the present
research, due to the importance of state anxietheantest results, this inventory has been use@valuating and
comparing the state anxiety of the patients wiailéng the tests.

5- Mini Mental Status Examination (MMSE): This questionnaire was developed by Marshal Holsted colleagues
in 1975 and is used for evaluating the cognitivection of patients. It includes several sectiond emaluates 6
items: orientation, registration, attention andcakdtion, recall, language, and drawing.

Procedure

The studied patients were divided into two groubs:first group or the control consisted of patienho referred to
the hospital in prearranged dates, were under &Gsya@d, and had minimum literacy for reading andimg. These
patients underwent the tests after being hospétalia the ward. First, an interview was conducteddtermine their
psychological disorders and if there were no dismdthe MMSE test would be conducted to screemdgnitive
impairments; after verifying their cognitive healthey would enter the testing process. In thigestéhe patients
filled out Spielberger’s STAI in order to evaludkeir state anxiety which was probably due to hadpation and
operation they were about to undergo, and then sewptanations were provided for them regarding the
neuropsychological tests and their procedures. S¢wnd stage of testing was conducted one mongh e
surgery when the patients referred to the clinic gostoperative follow-ups. As before, first thaenview and
MMSE were conducted and after filling out Spielleatg STAI, the neuropsychological tests were agairiormed.
The second group included patients who referrgtiédiospital to set a time for hospitalization. dgatients were
selected from those whose hospitalization was duaoath later, who were below 60 years, and had rmim
literacy to read and write. After filling the comaeform, they underwent psychological and cognitivierviews
similar to the patients in the first group so agmder the testing stage in case of being healthgse patients also
filled Spielberger’s inventory and then preparedrfeuropsychological tests after some explanatieer® provided
for them regarding test procedures. The seconc stagesting was conducted one month later whempétents
referred back to the hospital for surgery.

Data Analysis
Descriptive statistics including mean, median, engriance, and standard deviation were useddta analysis.
For inferential analysis, Mann-Whitney U test wapléed due to the non-normal distribution of théada

RESULTS

The demographic indices of the patients that undetwurgery and those who did not were separatdbulated.
The data for each group is presented in the foligwable.
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Table 1. Demographic data by groups

Total Gender  Education Occupation Marital Status e Ag

M F Elementary High- Diploma Higher Employee Freelancer Retired Married Divorced Min xVaMean

School Education

Surgical 6 24 4 9 12 5 4 11 15 29 1 45 59 51.83
Patients
Non- 9 21 6 8 8 8 5 7 18 28 2 42 59 53.70
Surgical
Patients

As can be seen in table 1, the majority of patiémtsoth groups are men and although the mean atgeedwo
groups is almost the same, the age range is ditfekdost patients are married and have high-schdg@bma or
higher education.

The Effect of CABG on Selective Attention of the Patients

Mann-Whitney U test was applied to examine and amphe significance of differences in the numiferaorect
responses and reaction time of the both groupkerfitst, second, and third stages of Stroop st results are
presented in the following table.

Table 2. Correct responses and reaction time of the both groupsin thefirst, second, and third stages of

Stroop test
Variable Groups Total Mean StanDev U-Statistic tatiStic  Sig.
Correct Responses (First Stage) No?]?g%j‘r:;lilcal 2?) %22 ::LL:EL:Z 384 -1.272 0.202
Reaction Time (First Stage) NO?_‘?L::;'CG‘I 2% %';88 %;g 381 11020 0.30¢
Correct Responses (Second Sta;ﬁ%loi?gfgilcal 2% %22?) 11?)56 437.5 0.332 0.70¢
Reaction Time (Second Stage) Noiﬁ:f;lcal 2% %‘%39 %_Z, 372 1153 0.24¢
Correct Responses (Third Stage: Noi?;%j‘r:;lilcal 2?) t‘ég 4371,75 405 -0.675 0.50C
Reaction Time (Third Stage) Surgical 30 064 146 414 0532 0.59%

Non-Surgical 30 0.66 1.05

According to the table 2, the results indicate thatre is no significant difference between the twoups in the
number of correct responses in the first, second third stageso(= 0.05). Moreover, no significant difference was
observed between the two groups in reaction timbaerfirst, second, and third stages.

The Effect of CABG on Shifting Attention of the Patients

Mann-Whitney U test was applied to examine and @mmphe significance of differences in the numiferaorect
responses and reaction time of the both grougseaiitst, second, and third stages of SAT. Thelteswe presented
in table 3.

Table 3. Correct responses and reaction time of the both groupsin thefirst, second, and third stages of SAT

Variable Groups Total Mean Stan Dev  U-Statistic  tatStic  Sig.
Correct Responses (First Stage) Noi?éﬁ:fglilcal :;% ]C-)%gé 13722 425 -0.370 0.712
. . . Surgical 30 1.20 11.58 -
Reaction Time (First Stage) NonL-J;gulfgical o 146 1oas 0104 0917
Surgical 30 0.26 1.65
Correct Responses (Second Sta;ﬁ%lon?gﬂfgical 30 020 1.06 437.5 0.332 0.70¢
Reaction Time (Second Stage) . >Ur9/c@ 30 043 035 448 -0.030  0.97€

Non-Surgical 30 0.89 0.86

According to the above table, the results indith#s there is no significant difference betweentthe groups in the
number of correct responses and reaction timeerfitbt and second stages of SATH0.05).
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The Effect of CABG on Sustained Attention of the Patients
Mann-Whitney U test was applied to examine and a@maphe significance of differences in the comroissrrors,
omission errors, and reaction time of the both gsom CPT. The results can be seen in table 4.

Table 4. Correct responses and reaction time of the both groupsin thefirst, second, and third stages of CPT

Variable Groups Total Mean Stan Dev  U-Statistic  tatStic  Sig.
Correct Responses Surgical 30 0.03 1.90 -
Number of Commission Error s Non-Surgical 30 0.20 4.74 379 -1.065 0.287
Reaction Surgical 30 0.40 8.13 .
Number of Omission Errors ~ Non-Surgical 30  2.70 625 045 0971 0.33:

Surgical 30 0.007 0.05

Reaction Time Non-Surgical 30  0.00¢ 0.3

413 -0.547 0.584

According to the above table, the results indith# there is no significant difference betweentthe groups in the
number of commission errors, omission errors, &adtion time in CPTo(= 0.05).

DISCUSSION AND CONCLUSION

In the present research we aimed to examine aitewis the basis for all cognitive functions andatedetting
information into the brain. The differences in so0f selective, shifting, and sustained attentiene evaluated
using the computerized version of Stroop test, S#Id CPT. Thus, the possible impairments and thm lbegions
involved in them that lead to decline of cognitifumction and affect the job and education of thdepés were
specifically identified. Accordingly, necessary reeges need to be taken in order to incorporate ittegrand
physical rehabilitation and facilitate the recovery patients to normal conditions using proper éem tasks.
Moreover, since the major shortcoming of the exi#etature is due to the procedures and ineffica€ythe
measurement instruments in distinguishing betweterent dimensions of cognitive dysfunction, itriecessary to
make use of novel instruments for specific assessofeattention as the fundamental dimension ofnddan. For
examining selective attention, the results of sp@edction time) and error were analyzed usingdgtrest in three
stages. The results showed that there is no signifidifference between the two groups in the nurobeorrect
responses and reaction time in the first, second,third stagese(= 0.05). Selnes et al. (2007) used Mini Mental
Status Examination before and at 3, 12, and 36 msoafter the operation. They compared patients ngodteg
CABG and that did not and found no significant elifnce between the two groups. Rosengart et aQ6§20
evaluated attention using Digit Span from the Wkxzh&dult Intelligence Scale (third edition) andngpared two
CABG groups and healthy controls before and threeks after the operation and did not come to aifsignt
difference. The CABG group did not exhibit any ddesable change in the baseline scores and thesadter
three weeks. Van Dijk et al. (2008) also evaluatektctive attention using Stroop test and compasedCABG
groups with a healthy control group before and &ryeafter surgery. They arrived at no significaiffetences
between groups.

The results of the present research also showedhthath levels of SAT there is no significantfdience between
the two groups in the number of correct responsesraaction timed = 0.05). Sweet et al. (2008) compared a
healthy group and a CABG group three weeks afteraipn and found no clear pattern of group diffiess or
change. Tournay-Jetté et al. (2011) showed thegtaperative cerebral oxygen desaturation is aswatiaith early
and late POCD in elderly patients. Further, to ex@ncontinuous attention, the results of CPT werayezed with
respect to commission errors, omission errors,raadtion time and no significant between-groupedéhces were
observed. Chernov et al. (2006), after 10-14 dagséamonths postoperative follow-ups in CABG paseifound a
relationship between cognitive malfunction and wtlicerebral perfusion. The results of the presesgarch are
consistent with the findings of Chernov et al. (@p0vho reported that on-pump CABG is followed by
neurocognitive impairment. There is a consensusngnmany research studies that there may be a diiferin
mean cognitive scores before and after surgerythygdifference is very little and statisticallysignificant. As an
explanation for this result it can be argued thaonpary artery disease is associated with mild dgnta some
cognitive functions even if no surgery is done [Bhat is, cardiovascular risk factors are weak jgteds of
performance in neuropsychological tests [13]. Inatasion, it must be noted that even if statistanadlyses suggest
no significant difference, personal differences éma results of each individual are of utmost int@oce can be
further examined.
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