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Abstract

Background: Whether perioperative glycemic control or markers of inflammation is associated with neurocognitive decline

(NCD) after cardiac surgery was examined. Methods: Thirty patients undergoing cardiac surgery utilizing cardiopulmonary

bypass (CPB) were screened for NCD preoperatively and on post-operative day four (POD4). Serum cytokine levels were

measured and human transcriptome analysis was performed on blood samples. Neurocognitive data are presented as a change

from baseline to POD4 in a score standardized with respect to age and gender. Results: A decline in neurocognitive function was

identified in 73% (22/30) of patients on POD4. Patients with postoperative leukocytosis (WBC [?] 10.5) had more NCD when

compared to their baseline function (p=0.03). Patients with elevated IL-8 levels at 6 hours postoperatively had a significant

decline in NCD at POD4 (p=0.04). Surprisingly, TNF-α, IL-1β, IL-2, or IL-6 levels were not associated with NCD (p>0.3 for

all). There was no difference in neurocognitive function between patients with elevated HbA1c levels preoperatively (p=0.973)

or elevated fasting blood glucose levels the morning of surgery (>126mg/dL, p=0.910), or a higher maximum blood glucose

levels during CPB (>180mg/dL, p=0.252), or higher average glucose levels during CPB (>160mg/dL, p=0.639). Human

transcriptome analysis demonstrated unique and differential patterns of gene expression in patients depending on the presence

of DM and NCD. Conclusions: Perioperative glycemic control does not have an effect on NCD soon after cardiac surgery.

Postoperative leukocytosis and elevated IL-8 levels are associated with neurocognitive decline. The profile of gene expression

was altered in patients with NCD with or without diabetes.
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Background:

Whether perioperative glycemic control or markers of inflammation is associated with neurocognitive decline
(NCD) after cardiac surgery was examined.

Methods:Thirty patients undergoing cardiac surgery utilizing cardiopulmonary bypass (CPB) were screened
for NCD preoperatively and on post-operative day four (POD4). Serum cytokine levels were measured and
human transcriptome analysis was performed on blood samples. Neurocognitive data are presented as a
change from baseline to POD4 in a score standardized with respect to age and gender.

Results:

A decline in neurocognitive function was identified in 73% (22/30) of patients on POD4. Patients with post-
operative leukocytosis (WBC [?] 10.5) had more NCD when compared to their baseline function (p=0.03).
Patients with elevated IL-8 levels at 6 hours postoperatively had a significant decline in NCD at POD4
(p=0.04). Surprisingly, TNF-α, IL-1β, IL-2, or IL-6 levels were not associated with NCD (p>0.3 for all).
There was no difference in neurocognitive function between patients with elevated HbA1c levels preopera-
tively (p=0.973) or elevated fasting blood glucose levels the morning of surgery (>126mg/dL, p=0.910), or a
higher maximum blood glucose levels during CPB (>180mg/dL, p=0.252), or higher average glucose levels
during CPB (>160mg/dL, p=0.639). Human transcriptome analysis demonstrated unique and differential
patterns of gene expression in patients depending on the presence of DM and NCD.

Conclusions:

Perioperative glycemic control does not have an effect on NCD soon after cardiac surgery.

Postoperative leukocytosis and elevated IL-8 levels are associated with neurocognitive decline. The profile
of gene expression was altered in patients with NCD with or without diabetes.

Introduction

Although there have been many advances in technology to help with intraoperative neurocognitive pro-
tection, the adverse effects from cardiopulmonary bypass (CPB) during cardiac surgery remain a major
threat to patient outcomes. Advances in risk stratification, CPB, anesthesia methods, along with pre and
postoperative care have changed cardiac surgical outcomes significantly over the past few decades, how-
ever optimizing protection of the central nervous system remains an area of ongoing effort. Furthermore,
short-term neurocognitive deficits appear to be predictive of both long-term outcomes and quality of life.1

Given that the majority of cardiac surgery is still performed using CPB, it is important to better understand
which patients will experience neurocognitive decline, and to what degree, in order to assist in both preoper-
ative and perioperative counseling along with treatment decisions. Previous studies from our group suggest
that neurocognitive outcomes in certain patients are related to transcriptional upregulation of specific genes
that may play a role in inflammation and immunomodulation.2 Furthermore, activation of the inflamma-
tory response may lead to penetration of the blood-brain barrier by cytokines either directly or via vagal
nerve stimulation.3 Additionally, cognitive impairment has been shown to be a result of cytokine-mediated
interactions between neurons and glial cells within the CNS.3 It remains unclear whether these inflamma-
tory interactions occur in genetically predisposed patients or if there are risk factors that contribute to this
inflammatory response, i.e., hyperglycemia during and after cardiac surgery. The aim of the present study
is to elucidate possible risk factors of early NCD in patients undergoing cardiac surgery with CPB.

Methods

2
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. Patient Enrollment

We enrolled thirty patients on a rolling basis with a planned elective or urgent valvular procedure (aortic
or mitral), coronary artery bypass grafting, or both; requiring CPB. We included minimally invasive aortic
valvular replacements (n=1). Our exclusion criteria included: planned aortic arch or root procedures,
patients with a recent stroke (within the last year), heavily calcified aortas, high-grade carotid stenosis,
chronic renal failure (Cr>2.0mg/dL), hepatic cirrhosis, severe neurological deficits, severe or total vision
impairment, or an inability to complete baseline neurocognitive testing. Patients were not randomized as
they were compared to their own pre-operative neurocognitive assessment. Furthermore, we only included
patients who were native English speakers.

Patients were then divided into four groups: patients without diabetes (HbA1c <6.2), patients with well-
controlled diabetes (HbA1c 6.2-7), patients with moderately controlled diabetes (HbA1c 7-8.5%), and pa-
tients with poorly controlled diabetes (HbA1c >8.5%). Both male and female patients were included (fe-
male=9; 30%). The post-operative timepoint for the RBANS analysis was chosen as POD 4 as it was the
anticipated discharge date for patients without complications. All patients provided informed consent and
all procedures were approved by the Institutional Review Board of Rhode Island Hospital, Alpert Medical
School of Brown University.

Surgical Technique

Standard cardiac surgical technique was utilized including induction of general anesthesia, invasive monitor-
ing, midline sternotomy or anterior thoracotomy for minimally invasive cases, and systemic heparinization.
Cerebral oxygenation was measured in all patients per usual protocol. CPB was initiated via cannulation
of the right atrium and ascending aorta with a non-pulsatile system, membrane oxygenator, and an arterial
filter. All patients underwent hypothermic CPB with intermittent cold blood cardioplegia. Intraoperative
serum glucose levels were monitored and maintained at a goal of <200mg/dL by intravenous insulin ad-
ministration. All patients had intra-operative transesophageal echocardiography and ejection fraction was
determined at the beginning of the case by a cardiac anesthetist. Post-operatively, if any patients were
unable to be extubated within a reasonable time and complete the fast-tracking to discharge and able to
perform the neurocognitive assessment on POD4, they were excluded from analysis.

Neurocognitive Assessment

Within one week prior to their operation and on postoperative day four, all patients were administered
a Repeatable Battery Assessment of Neuropsychological Status (RBANS) neuropsychological assessment,
which has been shown to detect even mild impairment in cognitive function.4 This assessment comes in
two forms, with the questions administered before the operation being different than those administered
postoperatively but testing the same areas of cognitive function. These include immediate and delayed
memory, language, attention, global cognition, and visuospatial function. Each of these cognitive domains
were scored to produce both a raw and scaled score that were collectively added for a total score. The mean
raw score is 100 with a standard deviation of 15.6 and is the summation of each cognitive domain. The
scaled score is produced in reference to a normative sample of healthy individuals and considers age and
gender to produce a score with a mean of 10 and a standard deviation of 3. The forms were administered
by individuals who were native English speakers and had been trained by a neuropsychologist. The pre and
postoperative tests were administered by the same individual for each patient.

Genetic Analysis

Blood samples were drawn directly into PAXgene tubes (Qiagen Inc, Valencia, Calif) and immediately
frozen and stored at -80 degrees Celsius for mRNA stabilization and extraction, per the manufacturer’s
recommendation.

Human transcriptome profiling assay were done with Applied Biosystems Clariom D Pico Assay, human
(ThermoFisher Scientific) according to the manufacturer’s protocol in Brown University Genomics Core
Facility for use on the GeneChip 3000 instrument system. Transcriptome Analysis Console (TAC) software

3
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. was used to analyze and visualize global expression patterns of genes, exons, pathways, and alternative
splicing events.

Cytokine Analysis

Blood samples were collected at three time points: immediately preoperatively, six hours postoperatively,
and on postoperative day four. Cytokine concentrations were measured from patients’ serum (preoperatively,
6 hours postoperatively, and POD4) using a Luminex bead-based multiplex assay (Luminex Corporation,
Austin, TX).

Statistics

The RBANS scores were compared pre and postoperatively and analyzed using a univariate analysis against
characteristics including laboratory data and interventions intra-operatively and during their hospital stay.
For laboratory data such as white blood cell counts and creatinine, measurements were compared on the
morning of postoperative day four or the closest lab measurement within 24 hours of this timepoint. These
RBANS scores were also compared to the cytokines analyzed at the three time points: pre-op, six hours post-
op, and POD4, as well as the genetics pre- and post-operatively. Patient randomization was not performed
because the patients were compared to themselves pre and post-operatively.

Neurocognitive data are presented as a change from baseline to POD4 in standardized score for age and
gender on RBANS. Data were analyzed by an unpaired Mann-Whitney U test.

Results

Neurocognitive function was observed in 22/30 patients (73%) at postoperative day four when defined by
a decrease from baseline RBANS score. Patients with acute kidney injury (Cr [?] 1.2) on POD4 trended
towards impaired neurocognitive function (4/30 patients, 13%, p=0.06). Postoperative leukocytosis (WBC
[?] 10.5x103mm) on POD4 was associated with NCD when compared to their baseline function (p=0.03)
[Figure 1B]. Further demographic information including age, race, education and comorbidities can be found
in a previous publication, along with time on bypass and hospital length of stay.5

Cytokines, Chemokines, Growth Factors

We analyzed 42 cytokines, chemokines, and growth factors in patient serum and compared pre-operative
levels to those at six-hours post-op and on POD4, then correlated them to RBANS scores to determine
any association with neurocognitive decline. There were many cytokines and growth factors that were
significantly elevated or diminished at six-hours post-operatively when compared to baseline and POD4.
Specifically, there was significant upregulation of IL-6, IL-8, IL-10, IP-10, Eotaxin, IL-1RA, SCF, HGF,
MIP1β, MCP1, VEGF-A and VEGF-D and downregulation of IL-1β, IL-5, TNF-α, and IL-23 at 6 hours
postoperatively (p[?]0.05 for all). With the exception of IL-8, these changes in expression were not associated
with NCD on POD4 (p=0.04), [Figure 1A]. There was no difference detected in levels of other inflammatory
cytokines when correlated to NCD at any time point (p>0.3 for all).

Hyperglycemia

No difference was observed in neurocognitive function postoperatively (POD4) between patients with pre-
operative elevated HbA1c levels (p=0.973), [Figure 1C]. There was also no difference observed between
patients who had elevated fasting glucose levels (>126mg/dL) on the morning of their operation (p=0.910).
Intraoperative average and maximum glucose levels were compared and while all were largely well-controlled,
there was no difference in postoperative neurocognitive function in patients who had either higher maximum
blood glucose levels during CPB (>180mg/dL, p=0.252), or average glucose levels during CPB (>160mg/dL,
p=0.639), [Figures 1D-F].

Cardiac Function

Lower ejection fraction at the commencement of the case or preoperatively (<55%, n=11) was significantly
correlated with neurocognitive decline postoperatively (p=0.01).

4
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. Genetics

Patients who experienced neurocognitive decline had an upregulation of 445 genes and a downregulation of
40 genes at POD 4, compared to patients without NCD. In patients with diabetes, there was an upregulation
of 12 genes and downregulation of 7 genes when compared to patients without diabetes. In patients with
diabetes that experienced neurocognitive decline there was an upregulation of 277 genes and downregulation
of 220 genes when compared to those patients with diabetes that had no neurocognitive decline. Within
the subset of patients with NCD, those with diabetes upregulated 121 genes and downregulated 159 genes
when compared to patients who did not have diabetes. [Figures 2-5]. A list of the top upregulated and
downregulated transcripts for the patients with diabetes, post-cardiopulmonary bypass, with and without
NCD can be found in tables 1-4. Annexin A1 was found to be upregulated 3.14-fold (p= 0.02) above baseline
in the same group of patients.

Discussion

In this study, we aimed to identify risk factors such as inflammatory markers or gene expression that may
contribute the neurocognitive dysfunction following cardiac surgery in patients with diabetes. We found a
large portion of patients are affected by decreased neurocognitive function in the early postoperative period
(73%). While this is higher than often reported in other studies, our RBANS test was designed to pick up
even minor neurocognitive deficits and reflect any decrease from baseline. Surprisingly, we found no effect
of blood glucose or HbA1c on the rate of NCD after surgery.

Acute kidney injury is known to cause inflammatory mediators to reach the brain and have downstream
effects including diminished neurologic function.6 Furthermore, it has been recently shown that patients who
experience AKI during hospitalization are significantly more likely to develop dementia even after controlling
for other various comorbidities.7 It is therefore not surprising that we observed a correlation between patients
who had an AKI during their hospitalization and suffered NCD (as defined as Cr[?]1.2mg/dL). CKD is not
associated with dementia given the influx of neurotoxic uremic substances and the permeability of the
blood-brain barrier8, therefore we did omit patients from this study who had an elevated baseline creatinine.
However, even mild inflammation from acute kidney injury appears to be correlated to neurocognitive decline
at POD4, suggesting that fluid status and renal perfusion are of utmost importance in both short- and long-
term outcomes of cardiac surgery.

Regarding inflammatory markers, postoperative leukocytosis (WBC [?] 10.5x103mm) was correlated with
a decreased scoring in neurocognitive testing at POD4. One marker for systemic inflammatory response
syndrome (SIRS) is leukocytosis and it has been shown that SIRS is known to negatively affect cognitive
function, particularly in the elderly, and can last for years following the event.9

The increased expression of cytokines, chemokines, and growth factors such as IL-6 six-hours postoperatively
have been previously shown; and we demonstrated this again, along with other cytokines including IL-10,
SCF, HGF, MCP1, VEGF-A and VEGF-D.10 These cytokines, chemokines, and growth factors largely work
to modulate the innate immune response, which is likely why there is an upregulation at six hours after a
major procedure. Increased IL-6 levels have been shown to result in neurocognitive decline in animal models
as it disrupts the blood-brain barrier and activates microglia, however, our findings do not support this effect
in our study population.11Surprisingly, we saw a decrease in other inflammatory cytokines including TNF-α,
IL-1β and IL-23.

IL-8 is a chemokine which is involved in chemotaxis of neutrophils as well as angiogenesis. Release of IL-8
from astrocytes and microglia results in activation of neutrophils and their subsequent adhesion to endothelial
cells causing, leakiness in the blood-brain barrier.12 Therefore, increased IL-8 levels in patients at six-hours
postoperatively, may contribute to the penetration of inflammatory cytokines across the blood-brain barrier,
leading to neurocognitive decline in the post-operative period. Furthermore, inhibition of IL-8 could serve
as a valuable therapeutic target for prevention of neurocognitive decline in cardiac surgery.

Patients with diabetes, particularly those with poorly controlled diabetes and elevated HbA1c levels, have
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. been shown to have higher rates of baseline cognitive dysfunction.13,14 Additionally, patients with diabetes
have been shown to have higher rates of complications following CPB.15,16 Thus, it was hypothesized that
patients with diabetes, and especially those with poorly control diabetes, would have greater neurocognitive
decline following cardiac surgery. It was further hypothesized that this may be related to microvascular
changes and altered regulation of perfusion that occurs in the brain and other organs during and after
cardiac surgery.17–20 Marked alterations in vasomotor regulation have been documented after cardiac surgery
utilizing cardiopulmonary bypass both in vivo21 and in vitro.17–20,22,23 These changes in vasomotor regulation
and other cellular signaling are exacerbated or different in patients with poorly controlled diabetes compared
to patients without diabetes or well controlled diabetes.22–25

While hyperglycemia is often seen as an inflammatory state and therefore theorized to be associated with
inflammatory markers penetrating the blood-brain barrier and causing decreased neurocognitive function,
we did not observe that in this study. Neither did pre-existing diabetes, as determined by an elevated pre-
operative HbA1c level, nor elevations of glucose levels the morning of or intra-operatively have any effect on
early neurocognitive function. It is possible that the tight intra-operative glucose control regularly achieved
may have minimized this risk to an undetectable finding in our small sized study but would perhaps be
more evident in a much larger cohort; or perhaps, the insidious nature of the complications of diabetes are
such that an operation is not a sufficiently large enough event to trigger earlier development and detection
of such complications like neurocognitive dysfunction. Interestingly, a subset of the ACCORD trial showed
that while total brain volume was smaller in patients with less-tightly controlled diabetes, more subtle
neurocognitive outcomes were not different between groups at 20 and 40 months, suggesting that these more
subtle differences may be well-compensated in the early years of progression of poorly controlled diabetes.26

Anemia and heart failure are potential risk factors for NCD. Low output heart failure, in particular, after
cardiac surgery may be contributory to postoperative neurological decline. Unfortunately, while anemia has
been shown to be a greater risk, patients who receive intraoperative RBC transfusions are at higher risk of
low output heart failure.27 In our study, we found that lower ejection fractions (<55%) were associated with
neurocognitive decline on POD4. This is not a surprising finding given the presumed etiology of lower blood
flow to the brain having negative consequences. However, increasing hematocrit intraoperatively does not
appear to alleviate the low output heart failure, and therefore is unlikely to alleviate neurocognitive decline.
Furthermore, our center has shown that while pre-operative anemia is associated with neurocognitive decline,
transfusion does not improve this outcome.5

Genetic regulation has been previously shown to be associated with neurocognitive decline via pathways
of inflammation, cell-death, and neurological dysfunction in blood samples of patients before and after
cardiopulmonary bypass.2,28 Our study similarly demonstrates differences in genetic expression amongst
groups, but further subdivides between those with and without diabetes. Neurocognitive decline appears
to be associated with upregulation of a variety of genes (over 400) at POD4, which may relate to a higher
inflammatory state than those who do not experience neurocognitive decline postoperatively. The presence of
pre-existing diabetes did not seem to have a large difference in genetic upregulation or downregulation when
compared to patients without diabetes. This once again may reflect the tight glucose control in both the
intra- and postoperative period; therefore, minimizing any potential difference due to the lack of significant
time spent with hyperglycemia. However, the variability in genetic upregulation and downregulation among
patients with and without pre-existing diabetes who experienced NCD, suggests a closer look at the role
diabetes plays in neurocognitive outcomes in cardiac surgery is warranted. Compared to patients with
diabetes who experienced NCD following cardiac surgery, patients with diabetes without NCD were found
to upregulate a number of genes involved in immune system functioning. Although it is difficult to evaluate
the role that single genes play in the greater context of an inflammatory response; patients with diabetes
and no NCD were found to upregulate several genes with anti-inflammatory effects. Among these genes
was Annexin A1 which is the main downstream effector of the anti-inflammatory effects of glucocorticoids.29

Among its anti-inflammatory functions, annexin A1 has been found to inhibit phospholipase A2 and therefore
the production of eicosanoids, thus reducing neutrophil extravasation, promoting apoptosis, and inducing the
conversion of macrophages to anti-inflammatory phenotypes that promote the resolution of the inflammatory
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. response.29,30Additionally, TGF-β was upregulated in patients with diabetes but without NCD following
cardiac surgery. TGF-β has well known anti-inflammatory properties which include the inhibition of NF-κB
activity via NF-κB/REI inhibitor protein, increased expression of IL-10, and promoting the differentiation
of anti-inflammatory M2 macrophages.31,32 Neurocognitive decline after cardiac surgery has been partly
attributed to the inflammatory milieu that may lead to increased vascular permeability in the brain.33

Therefore, it is plausible that in patients with diabetes that did not experience NCD, the actions of TGF-
β and annexin A1 collectively help limit the inflammatory response; although more research is needed to
elucidate the complex regulatory mechanisms that modulate the inflammatory response and its role in NCD.

Limitations

The major limitation of this study was the small sample size and short time course, further compounded by
the self-selecting group of patients who completed all study time points and did not withdraw. Additionally,
this sample was composed primarily of white males, which impacts the generalizability of all of the results.
We aimed to enroll an equal and diverse population, but given the exclusion criteria, diversity both in race
and sex as well as medical comorbidities was not well-reflected in this small sample size.

Conclusion

While hyperglycemia and most inflammatory cytokines do not appear to correlate with increased risk of
postoperative neurocognitive dysfunction following cardiac surgery, certain genetic expression trends are
apparent. Future directions will need to focus on improving the understanding of factors contributing to
genetic expression patterns before and after cardiac surgery, as well as potential ways to modulate that
expression and its impact on peri-operative patient care.
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Figure Legends

Figure 1: 1A: Elevated levels of IL-8 at 6 hours post-op are correlated with neurocognitive decline at
postoperative day 4 (POD4, p=0.04). 1B: Postoperative leukocytosis (WBC [?] 10.5x103mm) was associated
with NCD at POD4 when compared to their baseline function (p=0.03). 1C: HbA1c levels are not correlated
with NCD at POD4 (p=0.973). 1D: Elevated fasting glucose levels (>126mg/dL) are not associated with
NCD at POD4 (p=0.910). 1E: Among patients with normal HbA1c levels, elevated fasting glucose levels are
also not associated with NCD. 1F: Glucose levels during CPD are not associated with postoperative NCD
(p=0.639). NCD=neurocognitive decline, POD4=postoperative day 4, CPD=cardiopulmonary bypass

Figure 2: Postoperative genetic regulation in patients with or without neurocognitive decline. Patients who
experienced neurocognitive decline had an upregulation of 445 genes and a downregulation of 40 genes on
POD4.

Figure 3: Post-operative genetic regulation in patients with diabetes with or without neurocognitive de-
cline. Patients with diabetes who experienced NCD at POD demonstrated upregulation of 277 genes and
downregulation of 220 genes compared to those patients with diabetes but no neurocognitive decline.

Figure 4: Postoperative genetic regulation between patients with and without diabetes after cardiopulmonary
bypass demonstrates minimal differences.
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. Figure 5: Postoperative genetic regulation in patients with neurocognitive decline with or without diabetes.
Within the subset of patients with NCD, those with diabetes upregulated 121 genes and downregulated 159
genes compared to patients who also had NCD but not diabetes.

Tables:

Table 1: Top upregulated transcripts from the post-CPB NCD + DM group

Hosted file

image1.emf available at https://authorea.com/users/419421/articles/525927-inflammation-but-

not-glycemic-control-is-associated-with-neurocognitive-decline-after-cardiac-surgery

Table 2: Top down-regulated transcripts from the post-CPB + DM group

Hosted file

image2.emf available at https://authorea.com/users/419421/articles/525927-inflammation-but-

not-glycemic-control-is-associated-with-neurocognitive-decline-after-cardiac-surgery

Table 3: Top upregulated transcripts from the post-CPB non-NCD + DM group

Hosted file

image3.emf available at https://authorea.com/users/419421/articles/525927-inflammation-but-

not-glycemic-control-is-associated-with-neurocognitive-decline-after-cardiac-surgery

Table 4: Top down-regulated genes from the post-CPB non-NCD + DM group

Hosted file

image4.emf available at https://authorea.com/users/419421/articles/525927-inflammation-but-

not-glycemic-control-is-associated-with-neurocognitive-decline-after-cardiac-surgery

Hosted file

Figures NCD_final (1).pptx available at https://authorea.com/users/419421/articles/525927-

inflammation-but-not-glycemic-control-is-associated-with-neurocognitive-decline-after-

cardiac-surgery

10

https://authorea.com/users/419421/articles/525927-inflammation-but-not-glycemic-control-is-associated-with-neurocognitive-decline-after-cardiac-surgery
https://authorea.com/users/419421/articles/525927-inflammation-but-not-glycemic-control-is-associated-with-neurocognitive-decline-after-cardiac-surgery
https://authorea.com/users/419421/articles/525927-inflammation-but-not-glycemic-control-is-associated-with-neurocognitive-decline-after-cardiac-surgery
https://authorea.com/users/419421/articles/525927-inflammation-but-not-glycemic-control-is-associated-with-neurocognitive-decline-after-cardiac-surgery
https://authorea.com/users/419421/articles/525927-inflammation-but-not-glycemic-control-is-associated-with-neurocognitive-decline-after-cardiac-surgery
https://authorea.com/users/419421/articles/525927-inflammation-but-not-glycemic-control-is-associated-with-neurocognitive-decline-after-cardiac-surgery
https://authorea.com/users/419421/articles/525927-inflammation-but-not-glycemic-control-is-associated-with-neurocognitive-decline-after-cardiac-surgery
https://authorea.com/users/419421/articles/525927-inflammation-but-not-glycemic-control-is-associated-with-neurocognitive-decline-after-cardiac-surgery
https://authorea.com/users/419421/articles/525927-inflammation-but-not-glycemic-control-is-associated-with-neurocognitive-decline-after-cardiac-surgery
https://authorea.com/users/419421/articles/525927-inflammation-but-not-glycemic-control-is-associated-with-neurocognitive-decline-after-cardiac-surgery
https://authorea.com/users/419421/articles/525927-inflammation-but-not-glycemic-control-is-associated-with-neurocognitive-decline-after-cardiac-surgery

