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Younger age is associated with greater early
neurocognitive decline postcardiopulmonary bypass
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ABSTRACT

Objective: To examine the effect of aging on postoperative neurocognitive decline
(NCD) in cardiac surgery patients.

Methods: Patients undergoing coronary artery bypass graft or open aortic valve
replacement were administered the Repeatable Battery for the Assessment of Neu-
ropsychological Status at preoperative, postoperative day (POD) 4, and 1 month.
Blood samples were collected at preoperative, 6 hours postoperative, and POD
4. Plasma interleukin (IL)-6, tumor necrosis factor-a, and C-reactive protein
(CRP) levels were quantified. Quality of life was measured with the 12-Item Short
Form Health Survey. Data were analyzed using paired ratio and unpaired t tests
with Welch's correction, and linear regression for cytokine levels.

Results: NCD occurred in 15 patients (N ¼ 33, 45.5%). Dichotomized at age ex-
tremes (<60 years; �75 years), youngest patients had greater preoperative scores
(P ¼ .02) with lower scores by POD 4 (P ¼ .03). There was no NCD in the oldest
patients, and scores were not different between age groups on POD 4 (P ¼ .08).
Regression at 1 month showed NCD scores again declined by age (n ¼ 15), with
younger scores returning toward baseline (P ¼ .008). Regression analyses showed
decline by age at 6 hours postoperative and POD 4 in plasma CRP levels (P ¼ .05
6 hours, P ¼ .02 POD 4). Dichotomizing IL-6 levels by age (<70 years,
�70 years) demonstrated that levels were greater in younger versus older patients
at 6 hours postoperative (P ¼ .03), but not on POD 4.

Conclusions: Younger patients tend to have better cognitive scores before surgery
but scores at POD 4 are similar to those of older patients, with this trend disappear-
ing at 1 month. IL-6 and CRP upregulation is greater in younger patients, suggesting
that a robust perioperative inflammatory response may be associated with reduc-
tion in neurocognitive function, and this may be greater in younger versus older pa-
tients. (JTCVS Open 2020;1:1-9)
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CPB upregulates IL-6 and CRP in cerebral microvas-
culature, leading to cognitive decline.
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CENTRAL MESSAGE

Younger age (<60) is associated
with greater perioperative NCD
and inflammatory upregulation
and poorer long-term QOL. This
should be considered in the risks
of cardiac surgery in younger
patients.
PERSPECTIVE
Neurocognitive decline is a known risk of cardiac
surgery, but its complex etiology has made it diffi-
cult to determine a definitive MOA or which pop-
ulations are most at risk. Although younger
patients may regain relatively greater cognition
compared with older counterparts, potential for
greater impact on QOL must be considered
when assessing risks and timing of surgery.
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Abbreviations and Acronyms
CABG ¼ coronary artery bypass grafting
CP ¼ cardioplegia
CPB ¼ cardiopulmonary bypass
CRP ¼ C-reactive protein
IL ¼ interleukin
MCS ¼ mental component summary
NCD ¼ neurocognitive decline
PCS ¼ physical component summary
POD ¼ postoperative day
QOL ¼ quality of life
RBANS¼ Repeatable Battery for the Assessment of

Neuropsychological Status
SF-12 ¼ 12-Item Short Form Health Survey
TNF-a ¼ tumor necrosis factor-a
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Video clip is available online.

Cardiopulmonary bypass (CPB) allows patients to maintain
blood flow and oxygenation during the cessation of cardiac
activity.1 More than 350,000 people per year in the United
States undergo CPB for coronary artery bypass grafting
(CABG) procedures; however, CPB has been shown to be
associated with neurocognitive decline (NCD).2,3 Studies
report that 20% to 70% of patients who undergo CPB expe-
rience neurocognitive deficits, including delirium, cognitive
decline, and neurobehavioral changes.4 Early cognitive
function postoperatively has been shown to predict long-
term functional outcomes.5 Therefore, early identification
of impairment is essential to preventing further decline.
Even with the advancement of surgical and anesthetic tech-
niques, CPB outcomes have shown no significant improve-
ment in the last decade.

Age is an established predictor of postoperative NCD,
especially in patients older than 60 years.6 Specifically,
age has been shown to be an independent predictor of
decreased short-term memory function and cognitive
impairment postoperatively.7 Furthermore, lower pre- and
perioperative cognitive function has been associated with
more rapid cognitive decline5 and poorer quality of life
(QOL) postoperatively8; older patients are at increased
risk of preoperative cognitive impairment and therefore
greater postoperative risk. This effect is hypothesized to
be mediated by neuroinflammatory reactions causing endo-
thelial dysfunction6; however, no mechanism or specific in-
flammatory markers have been identified.

Surgery is a known cause of inflammatory upregulation
contributing to possible NCD. In addition, studies have
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investigated the role of cardiac surgery with CPB in
increasing systemic inflammation.9,10 We have previously
demonstrated a correlation between inflammatory markers
and NCD experienced post-CPB. Serum interleukin (IL)-8
levels were associated with a greater difference in neuro-
cognitive function at postoperative day (POD) 4 compared
with baseline. We use this preliminary to now expand our
study to additional cytokines to further evaluate the inflam-
matory response. Because CPB causes increased inflamma-
tory upregulation, we believe its use may exacerbate the
extent of postoperative NCD. The aim of this study is to
assess the effect of age on the expression of these inflamma-
tory markers and short-term cognitive decline post-CPB.
METHODS
Patient Enrollment

This study was approved by the Lifespan IRB (date and number of

approval: original approval date: March 10, 2010; newest approval date

April 11, 2019. Internal reference number: 004410) and consent was ob-

tained. Patients older than 18 years scheduled to receive CABG, aortic

valve replacement, mitral valve replacement, or a combination of these pro-

cedures at Rhode Island Hospital from July 2016 to September 2018 were

considered for enrollment in our single-institution, prospective cohort

study. All procedures used CPB. Preoperative risk was calculated using

the Society of Thoracic Surgeons score. Patients were excluded if they

had hepatic disease (abnormal liver function tests, cirrhosis), stroke within

1 year, severe neurologic deficits (subjective, or diagnosis of dementia),

chronic renal failure (Cr>2.0), high-grade carotid stenosis (>70%), heavi-

ly calcified aorta (determined by available imaging, chart review), or

severely impaired vision/blindness. Patients undergoing aortic arch or

root procedures or receiving combined carotid/CABG procedures were

not included. All patients were native English speakers.

Surgical Technique
Patients underwent induction of anesthesia and invasive monitoring. A

midline sternotomy or right anterior mini-thoracotomy (1 patient) was per-

formed per standard technique. Operations were performed by 1 of 4 expe-

rienced cardiac surgeons. All patients underwent systemic heparinization

(activated clotting time>400 seconds). The CPB circuit consisted of an Af-

finity (Medtronic, Minneapolis, Minn) integrated hollow fiber oxygenator/

cardiotomy reservoir with trillium coating (Medtronic), and an arterial 38-

mg filter with trillium coating. The cardioplegia perfusion system (Med-

tronic Myotherm 4:1 system) with trillium coating was used. A hypother-

mic blood-based cardioplegia (CP) solution (8�C, 4:1 mixture of

oxygenated blood and hyperkalemic crystalloid solution; CAPS, Lanham,

Md) was used. An initial 650 to 1000mL of hyperkalemic (Kþ 25 mmol/L)

CP solution was delivered antegrade into the aortic root, followed by 200 to

500 mL of CP solution antegrade or retrograde (Kþ 8 mmol/L) every 15 to

20 minutes until the crossclamp was removed. After recovery of cardiac

function, patients were ventilated and separated from CPB and managed

in the usual manner.

Neurocognitive Assessment
Patients were administered a neurocognitive battery consisting of

Repeatable Battery of Assessment of Neurological Status (RBANS),

Beck’s Depression Inventory-II, Cognitive Difficulties Scale, and the 12-

Item Short Form Health Survey (SF-12). The battery was administered

twice: (1) before surgery during the outpatient presurgical appointment

or inpatient preoperative admission period, and (2) POD 4 during inpatient

admission. POD 4 time point was chosen based on literature10 and the
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ability to re-evaluate patients while still admitted and accessible. All pa-

tients were treated by the same team of caregivers and given comparable

narcotic pain regimens to control for the differential effects of sleep depri-

vation and narcotics on NCD. In addition, patients were subjectively eval-

uated for level coherence and were excluded from analysis if deemed unfit

to reliably test.

The RBANS measures 5 neurocognitive domains: immediate memory,

delayed memory, attention, language, and visuospatial skills. The battery

consists of a standard series of activities. RBANS provides 2 different ver-

sions (A and B) of their forms to prevent confounding by long-term recall.

All batteries were administered several weeks apart, with form A first and

form B second. All assessments were scored by the study team member

who administered the assessment. Total scaled scorewas based on a normal

distribution (score range: 40-160, 50th percentile ¼ 100) that considered

age, sex, level of education, and form version administered. An individual

subscore for each of the 5 testing domains was also calculated. As per pre-

viously defined standards,11 a decrease in score by 8 points between testing

periods was considered significant (confidence interval ¼ 90%) NCD.

Phone interviews were performed March to August of 2019 using the

SF-12 survey to assess postoperative QOL. It measures physical (physical

component summary [PCS]) and mental (mental component summary

[MCS]) health as composite scores that can be compared with age-

stratified population means. A score lower than the population mean by

6.97 (PCS) or 6.24 (MCS) is considered significant (95% confidence inter-

val). All interviews were conducted>9 months postoperatively; therefore,

all patients are expected to have fully recovered from surgery at time of

interview.

Blood Collection and Analysis
Peripheral intravenous blood collection was performed at 3 time points:

(1) preoperatively immediately before surgery, (2) 6 hours postsurgery, and

(3) POD 4 at the same time as neurocognitive assessment. Approximately

10 cc of blood was collected each time. Blood was collected in standard
Approached for
enrollment: 120

Enrolled & completed
baseline RBANS

battery: 54

Completed RBANS
POD4: 33

Performed 1 month
follow up RBANS: 15

Declined to participate
in inpatient portion of

study: 21

Blood available for
cytokine analysis:
33 (IL6), 23 (CRP)

FIGURE 1. Patient flow chart demonstrating patient enrollment (54),

dropout (21), and inclusion in neurocognitive (33) and inflammatory

marker analysis (23). RBANS, Repeatable Battery for the Assessment of

Neuropsychological Status; POD, postoperative day; IL, interleukin;

CRP, C-reactive protein.
ethylenediaminetetraacetic acid and PAXgene tubes and stored on ice for

immediate transport (approximately 30 minutes). Whole blood samples

were centrifuged at 4�C at 2000 rpm for 20 minutes. Supernatant plasma

was distributed to 1-mL aliquots and stored at –80�C.
Plasma IL-6, tumor necrosis factor-a (TNF-a), and C-reactive protein

(CRP) levels were quantified using human high-sensitivity in vitro

enzyme-linked immunosorbent assay kit (Abcam, Cambridge, United

Kingdom) per the manufacturer’s instructions. These cytokines were

selected because of their potency and acute presentation during inflamma-

tion.We have examined these cytokines in the past and have detected a cor-

relation with NCD.10

Statistical Analysis
Total RBANS scaled scores were compared at age extremes (youngest:

<60 years, N ¼ 6; oldest: N>75 years, N ¼ 5). All other neurocognitive

data were analyzed dichotomized by age<70 years, N ¼ 17 versus age

�70 years, N ¼ 16) RBANS scores and cytokine data dichotomized by

age group were compared using paired and unpaired ratio t tests with

Welch’s correction. Cytokine levels (N ¼ 23) were analyzed by fold-

change from baseline and 6 hours. Linear regression was used to analyze

graded trends by age, NCD, and cytokine levels. P<.05 was considered

statistically significant.

RESULTS
Fifty-four patients were enrolled in the study (consented

and completed baseline NC testing), and 33 (61.1%) were
included in final analysis at POD 4 (Figure 1). Twenty-
one patients withdrew their participation from the study af-
ter initial enrollment and did not complete all components
of the study. Table 1 includes patient demographic charac-
teristics. The majority of the study sample was male
(72.4%), white (94.0%), and had less than a college degree
(60.1%). The mean age was 68.1 years (�8.6).
Table 2 demonstrates clinical characteristics and opera-

tive variables of our study sample dichotomized by age
<70 years and age �70 years. Patient groups differed
only by Society of Thoracic Surgeons score.

Neurocognitive Decline
Significant postoperative NCD occurred in 15 patients

(45.5%), with 7 (46.7%) in the older group and 8
(53.3%) the younger group suffering decline. When dichot-
omized at age extremes (youngest:<60 years, N ¼ 6; old-
est: >75 years, N ¼ 5), the youngest patients had
significantly greater baseline total neurocognitive scores
before surgery (100.8, 14.6) compared with the oldest pa-
tients (81.0, 10.4) (P¼ .02). Youngest patients experienced
a significant decrease in total scores between baseline and
POD 4 (P ¼ .04). Surprisingly, there was no significant
decrease in total scores between baseline and POD 4 for
oldest patients (P ¼ .09), and scores were not significantly
different between the 2 age groups at POD 4 (P ¼ .08)
(Figure 2). When stratifying by the 5 RBANS subscore do-
mains, there were no significant differences by age
(<70 years vs �70 years) in any individual domain. Linear
regression analyses showed significantly greater scores in
younger patients at preoperatively (P ¼ .008), but no
JTCVS Open c Volume 1, Number C 3



TABLE 1. Patient demographic characteristics

Demographics (N ¼ 33) n (%)

Sex (male) 24 (72.7)

Age, y, mean (SD) 68.1 (�8.6)

Race

White 31 (94.0)

African American 1 (3.0)

Native American 1 (3.0)

SD, Standard deviation.

Adult: Neuroprotection Anderson et al
significant trend by age at postoperative (P ¼ .26)
(Figure 3). Only 2 patients in our sample received isolated
aortic valve replacement; excluding these patients from
analysis does not significantly affect our overall results.

Data for 15 patients in our sample were available at
30 days postoperative. Linear regression of this subset
analyzing age versus neurocognitive score showed that
scores significantly declined with age (P ¼ .008) at this
more distant time point.
Depression, Cognition, and QOL
Beck’s Depression Inventory showed mean preoperative

scores of 6.88 in the young age group and 7.0 in the older
age group. At POD 4, scores were 8.86 in the young age
group and 8.09 in the older age group. There were no signif-
icant differences in score by age or time point.

The Cognitive Difficulties Scale showed mean preopera-
tive scores of 32.88 in the young age group and 37.53 in the
older age group. At POD 4, scores were 33.93 in the young
age group and 25.57 in the older age group. There were no
significant differences in score by age or time point.
TABLE 2. Clinical variables by age

Characteristic Age �70 y (n ¼ 16

Sex, male, n (%) 11 (68.8%)

Age, y, mean (SD) 74.3 (�4.8)

Diabetes, n (%) 9 (56.3%)

Preoperative A1C, mean (SD) 6.4 (�0.9)

STS score, mean (SD) 4.6 (�4.4)

Time on CPB, min, mean (SD) 107.8 (�73.3)

ICU LOS, d, mean (SD) 4.7 (�4.9)

Hypertension, n (%) 16 (100.0%)

Hypercholesterolemia, n (%) 16 (100.0%)

Hemoglobin, g/dL, mean (SD) 13.4 (�2.2)

Hematocrit, %, mean (SD) 40.3 �.5)

Procedure, %CABG, mean (SD) 14 (87.5%)

CVA 0 (0.0%)

Mortality 0 (0.0%)

SD, Standard deviation; STS, Society of Thoracic Surgeons;CPB, cardiopulmonary bypass;

CVA, cerebrovascular accident. *Statistical significance in this study defined as P<.05.
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A total of 17 patients were available by phone to
complete the SF-12 QOL survey. All interviews were
performed with the primary patient except for one,
which was completed by the patient’s daughter. Of the
15 surveyed, 6 (35.3%) were age <70 years and 11
(64.7%) were �70 years old. PCS and MCS scores
were calculated for each patient. Among young patients,
2 (40%) had PCS scores significantly lower than the age
average, and none had significantly lower MCS scores.
Among older patients, 3 (33.3%) demonstrated PCS
scores significantly lower than average, and 2 (20.0%)
demonstrated significantly lower MCS scores. There
was no significant difference in lower PCS scores be-
tween age groups (P ¼ .18). Subjective trends showed
that although not all reached the designated threshold
below the mean, a greater proportion of younger patients
(N ¼ 4, 66.7%) had PCS scores lower than the age
mean compared to older patients (N ¼ 6, 54.5%).
Blood Inflammatory Markers
Inflammatory markers IL-6, CRP, and TNF-a were

measured in 23 patients. Compared with baseline preopera-
tive levels, IL-6 and CRP levels were significantly greater at
6 hours postoperative and POD 4 (P<.01). IL-6 levels were
greatest at 6 hours postoperative and significantly greater
than levels at POD 4 (P<.01).

Analyzed by age, regression analysis showed that change
in plasma CRP levels declined significantly by age at both
6 hours (P¼ .05) and POD 4 (P¼ .02), with greatest change
occurring in the youngest patients (Figure 4). There was no
linear trend on regression analysis of IL-6 and TNF-a levels
) Age<70 y (n ¼ 17) P value

13 (76.5%) .62

62.1 (�7.0) <.01*

9 (52.9%) .85

6.8 (�2.2) .23

1.3 (�1.0) <.01*

81.3 (�84.9) .10

4.1 (�3.4) .34

16 (94.1%) .90

17 (100.0%) 1.0

14.2 (�1.7) .13

42.2 (�4.4) .17

15 (88.2%) .95

0 (0.0%) 1.0

0 (0.0%) 1.0

ICU, intensive care unit; LOS, length of stay; CABG, coronary artery bypass grafting;
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by age. Dichotomizing IL-6 levels by age group (<70 years,
�70 years) and analysis by comparison of means demon-
strated that IL-6 levels were significantly greater in younger
patients at 6 hours postoperatively (P¼ .03) compared with
older patients, but this trend disappeared by POD 4. There
were no significant changes in TNF-a levels by age or
time point. Analysis of inflammatory changes at 6 hours
by presence versus absence of NCD at POD 4 did not
show a significant difference in levels between groups
(IL-6, P ¼ .15; CRP, P ¼ .38).

Linear regression analyzing 6-hour IL-6 and CRP level
versus NCD at POD 4 showed no significant trend in graded
response (P ¼ .75, .15, respectively).
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(P ¼ .008). At POD 4, this trend disappears (P ¼ .26). NC, Neurocognitive; P
DISCUSSION
In this study, we found that younger age is associated

with both greater NCD and a greater peri- and postoperative
inflammatory response. These results support our hypothe-
sis that upregulation of the inflammatory response during
this period is related to immediate postoperative neurocog-
nitive function. This is summarized in our Figure 5. This
perioperative period is crucial, as perioperative cognitive
decline has been shown to predict greater long-term cogni-
tive decline and less recovery of function compared with pa-
tients who do not experience significant NCD.5,11,12

However, although a correlation between some inflamma-
tory markers and NCD was found, a causal relationship is
not proven (Video 1).
Interestingly, the results of our study diverge from litera-

ture claiming that older age yields worse cognitive out-
comes postcardiac surgery.11-13 In our study, younger
patients tended to have better cognitive scores before
surgery, but their scores at POD 4 were the same as older
patients. This may be explained by the fact that in the
immediate postoperative period, cognitive function
declines in most patients. Then, as the literature suggests,
younger patients experience greater cognitive
improvement in the long term versus older patients. In
addition, our ‘‘younger’’ patients, defined by the general
functional and health status of our patient population, fell
within the classification of ‘‘elderly’’ in some studies,
explaining why our effect may not agree with some other
literature.14,15 Our 1-month analyses also confirm literature
stating that NC function tends to return in younger patients
with time. Finally, there is even evidence of this cognitive
delay postoperatively in populations as young as pediatric
patients, indicating that this phenomenon is not limited to
older patients, no matter how they are defined.16

Ultimately, it is important to note that this initial periop-
erative cognitive decline does occur in younger patients,
and its presence may affect future ability to return to
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baseline cognitive function in the long term. Therefore,
although younger patients may have relatively better out-
comes than elderly patients, it is important to consider
that this perioperative NCD may significantly affect future
QOL, as discussed to follow.

We consider that the RBANS battery is not sensitive
enough to measure differential changes in neurocognitive
function in the perioperative period; however, if this were
true, we would expect mean scores at POD 4 in both groups
to fall closer to the RBANS’s minimum value of 40. These
FIGURE 5. Our proposed mechanism that cardiopulmonary bypass exacerbate

matory changes in the cerebral microvasculature resulting in decreased cognit

rather as a component of the complex postoperative neurocognitive decline me
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data may instead be explained by the fact that younger pa-
tients, starting at greater baseline scores, have a higher po-
tential drop in score postsurgery than older patients.

Recently, the Partner-3 trial demonstrated greater cere-
brovascular accident risk with surgical aortic valve replace-
ment versus transcatheter aortic valve replacement cases,
raising the question if patients in our study are also at
embolic risk and which risk factors are modifiable.
Although we do not investigate this in our current study,
we acknowledge that this is a likely component of the com-
plex mechanism causing postoperative NCD. One study
showed that optimizing mental health and instrumental ac-
tivities of daily living function preoperatively was the only
potentially ‘‘modifiable’’ risk factors associated with
improved recovery of cognitive function.7
Cytokine Analysis
As expected, an upregulation in the inflammatory

response was seen among all patients postoperatively.
Generally, IL-6 levels rose robustly and acutely by 6 hours
and declined toward baseline by POD 4. CRP levels
continued to rise through POD 4 for all patients, maintain-
ing the inflammatory response through our second neuro-
cognitive testing point. Linear regression analysis did not
find a significant trend in cytokine levels by NCD; however,
this does not negate the presence of any effect, rather only a
graded relationship Instead of a graded phenomenon, it is
possible that NCD occurs once cytokines reach a certain
s the increase in IL-6 and CRP levels caused by surgery, leading to inflam-

ive function postsurgery. This mechanism is not proposed in isolation but

chanism. IL, interleukin; CRP, C-reactive protein.



VIDEO 1. First author Kelsey Anderson describes the hypothesized

mechanism, results, and implications of the study conclusions on younger

patients considering elective surgical intervention using cardiopulmonary

bypass. Video available at: https://www.jtcvs.org/article/S2666-2736(20)

30003-6/fulltext.
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threshold. Of note, the trillium coated perfusion system
used has been shown to mildly in increase inflammatory up-
regulation postoperatively, but this should not significantly
alter our intergroup results, as it was used with all patients.14

Overall, there was a more robust peri- and postoperative
inflammatory response seen in younger patients. This is
consistent with the fact that while age is associated with a
low-grade inflammatory state,5,13,14 upregulation of the in-
flammatory response and microvascular blood flow tends to
decline with age.15-19 In addition, studies have shown that
when comparing postoperative elderly patients who
developed NCD versus those who did not, there was no
difference in preoperative inflammatory markers between
groups.18,20 Evaluated with our current study, this may
mean that although elderly patients do experience NCD,
systemic inflammation may be a more direct mechanism
in younger versus older patients. However, although a cor-
relation of expression of inflammatory cytokines was found
with neurocognitive decline in this study and other studies,
a causal relationship was not established.
Postsurgical QOL
Depression is a significant confounder of cognitive func-

tion, especially among elderly patients.19 In both age groups
and time points, mean scores were between 0 and 13, which
indicates minimal depression level. In addition, degree of
depression did not differ significantly by age, indicating
that depression levels did not significantly influence the re-
sults of our study.

The SF-12 assesses general self-reported health, not
changes specific to cardiac surgery. Therefore, these results
must be interpreted understanding that patients vary in the
degree of complexity and chronicity of their comorbid con-
ditions, and that it would be impossible to quantify how
much cardiac surgery directly affected QOL. However, a
subjectively greater degree of lower physical health was
present in younger patients. Younger patients would be ex-
pected to be less chronically and complexly ill. This is an
important finding, indicating that while literature may indi-
cate that overall cognitive status of younger patients may
improve move than in older patients, they still experience
lower QOL as a long-term postsurgical outcome. In addi-
tion, because younger patients are expected to have fewer
comorbid conditions, the effect of cardiac surgery on over-
all QOL becomes proportionally greater than in older
patients.
Together, these data argue that younger patients do expe-

rience neurocognitive decline postoperatively, and, impor-
tantly, experience a greater decline from baseline than
older patients. Our data suggest that this may be linked to
their more robust perioperative inflammatory response.
Early cognitive dysfunction has been linked to worse
QOL.21 This may be significant when discussing risks of
elective cardiac surgery to this younger patient population
who generally experience greater baseline cognitive func-
tion and therefore potentially greater QOL.

Limitations
Our study is limited by a small sample size predomi-

nantly composed of a white, male population. This small
sample size, and the fact that this is a single-center study,
limits generalizations that can be drawn by our significant
results. We are reassured that the effect we see is not primar-
ily due to sampling error, given that there were significant
differences seen between groups preoperatively and both
groups experienced subjective (although not both statisti-
cally significant) decline.
Patients included in the study may be healthier than the

general population undergoing open cardiac surgery, as
those included met additional exclusion criteria to partici-
pate in the study; however, these patients are of particular
interest to this research, as they may suffer greater decline
in QOL specifically due to surgical complications compared
with complex patients who are already managing complica-
tions from comorbid conditions.

Future Directions
Continuing analysis at later time points in the postopera-

tive period (eg, 4 weeks, 6 months) is important for evalu-
ating trends in neurocognitive function, potential
recovery, or lack thereof beyond the initial perioperative
period. These additional data would provide insight into
the effects of the degree of inflammatory response on
long-term cognitive function and its subsequent clinical sig-
nificance. In addition, since embolic phenomenon are a
potentially important component in the pathology of
NCD; we plan to pursue imagining studies to evaluate the
effects of this process.
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Discussion
Dr Rakesh C. Arora (Winnipeg, Manitoba, Canada).

Thank you for very interesting paper. Questions, please.
Dr Kathleen C. Clement (Baltimore, Md). There’s a

great talk and seeing that you’re a medical student, con-
gratulations. My name is Kathleen Clem and I work at
Johns Hopkins. So, when you analyze your data, it looks
like you just analyzed greater than 70 versus less than
70. Did you ever look at like a sensitivity analysis to
look at specific age groups or use a continuous variable
to see what were the predictive factors for that outcome
you’re looking at?

Kelsey Anderson (Providence, RI). Thank you. That’s a
great question. Right now, the end of the study is limited
by a fairly small size. It’s about an end of 33, which because
of the nature of the study and how many follow-up time
points we have, it unfortunately limits us from doing a
more specific age-based analysis by those discrete time
points and outcomes.

However, the goal of the study is to expand that number
and that for the specific neurocognitive scores. We did
look at age extremes to get a little bit more away from that
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the crowding around at age 70 that could, you know, ‘‘Merc
up’’ the results. Sowe looked at patients younger than 65 and
older than I believe 75 so we had a little bit more of a diver-
sification in those patients.

Dr Carlos A. Mestres (Zurich, Switzerland). So, do you
think then because for the younger patients that isn’t
happening? Regulation of cytokines. Do you think that if
in the future we should start talking about cytokines deple-
tion through something like hemo-absorption, which is just
coming up, for instance, in acute inflammation like an
endocarditis or even an acute aortic dissection, you think
is something that we need to look into for the specific dental
patients?
Anderson. I think for the younger patients, especially

because they are presenting presumably with fewer
comorbidities that doing what we can to reduce this
inflammation in this time point and especially because of
potentially increases quality of life more specifically would
be important.
Dr Arora. Okay Thank you very much.
JTCVS Open c Volume 1, Number C 9
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