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ABSTRACT

Objective: Postoperative cognitive dysfunction is an important complication of
cardiac surgery with poor outcomes. Serum glial cell line—derived neurotrophic
factor levels are decreased in patients with Alzheimer’s disease, but the
association between glial cell line—derived neurotrophic factor levels and
postoperative cognitive dysfunction is poorly understood. The present study
aimed to investigate the prognostic value of postoperative serum glial cell line—
derived neurotrophic factor levels to predict postoperative cognitive dysfunction
in patients with rheumatic heart disease undergoing heart valve replacement.

Methods: This was a prospective observational study of 80 patients undergoing
elective heart valve replacement surgery from June 2015 to June 2016 at the
Affiliated Hospital of Southeast Medical University. Cognitive functions were
assessed 1 day before and 7 days after surgery. Serum glial cell line—derived
neurotrophic factor levels were measured by an enzyme-linked immunosorbent
assay before (T1) and 1 (T2), 2 (T3), and 7 (T4) days after surgery. Perioperative
parameters were evaluated to assess the relationship between glial cell
line—derived neurotrophic factors and postoperative cognitive dysfunction.

Results: Postoperative cognitive dysfunction was identified in 38 patients
(47.5%) 7 days after surgery. Average glial cell line—derived neurotrophic factor
levels at 2 and 7 days after surgery in the postoperative cognitive dysfunction
group were lower than in the nonpostoperative cognitive dysfunction group at
the same time points (P < .001). 4Glial cell line—derived neurotrophic factor
(T1-T3) and A4glial cell line—derived neurotrophic factor (T1-T4) were identified
as good predictors of postoperative cognitive dysfunction with threshold for
postoperative cognitive dysfunction detection of 49.10 and 60.90, respectively.

Conclusions: The perioperative glial cell line—derived neurotrophic factor levels
in patients with postoperative cognitive dysfunction were lower than in patients
without postoperative cognitive dysfunction. Glial cell line—derived neurotrophic
factor could be an effective predictor for the occurrence of postoperative cognitive
dysfunction. The results reveal a potentially important role of decreased glial cell
line—derived neurotrophic factor levels in postoperative cognitive dysfunction,
with possible treatment targets. (J Thorac Cardiovasc Surg 2018;155:958-65)
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Receiver operating characteristic analysis of the
average 4GDNF at T2, T3, and T4 compared with T1.

Central Message

Perioperative GDNF levels could be an effec-
tive predictor for the occurrence of POCD.

Perspective

Although POCD is a common complication af-
ter cardiac surgery, the pathophysiology of
POCD is poorly understood. Intraoperative
GDNF levels of patients with POCD are lower
than in patients without POCD. Perioperative
GDNF levels are effective predictors of
POCD in patients undergoing cardiac surgery.
The results provide a new insight into the diag-
nosis and possible treatment targets for POCD.
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Abbreviations and Acronyms
ACT = activated clotting time
AS = Alzheimer’s disease
CSF = cerebrospinal fluid
GDNF = glial cell line—derived neurotrophic factor
MMSE = Mini-Mental State Examination
POCD = postoperative cognitive dysfunction
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Rheumatic heart disease is a serious condition that often
requires surgical valve replacement.’ These surgeries may
involve extracorporeal circulation, depending on the exact
procedure selected by the surgeons.' Although surgical
techniques and brain-protection strategies have been
improved, postoperative cognitive dysfunction (POCD) is a
common complication after cardiac surgery and
extracorporeal circulation,”” especially among patients
with rheumatic heart disease.”’ The occurrence of POCD
has been associated with multiple adverse outcomes,
including longer hospital stay,” increased mortality,” and
decreased long-term quality of life.'" Currently, it is not
possible to classify a patient with POCD using standard
classification criteria, such as the International Statistical
Classification of Disease 9th Revision or the Diagnostic and
Statistical Manual of Mental Disorders IV. Nevertheless,
POCD is typically defined as a significant and persistent
change in mental status as assessed by poorer than expected
performance on postoperative neurocognitive tests."'

Determining the causes of POCD is important to identify
strategies for its prevention. Despite a number of studies,
the pathophysiology of POCD remains poorly understood.
Descriptive studies have identified older age and lower
education levels as being associated with an increased
risk of POCD,'” but these factors also predict cognitive
decline in population studies without surgery.'” POCD is
defined as a significant dysfunction in cognitive
performance and likely has a pathogenesis similar to that
of Alzheimer’s disease (AD).I4

Glial cell line—derived neurotrophic factor (GDNF) is a
protein that promotes the survival of many types of
neurons.'” GDNF levels are low in patients with AD.*'°
Decreased serum GDNF levels in patients with AD could
be related to altered brain function.'’ Therefore, GDNF
could be a marker for POCD in patients undergoing cardiac
surgery.

Therefore, the present study aimed to evaluate the
relationship between postoperative serum GDNF levels
and POCD and to investigate the ability of postoperative
serum GDNF levels to predict POCD in patients undergoing
heart valve replacement surgery (Video 1).

PATIENTS AND METHODS
Patients

This was a prospective observational study of patients with rheumatic
heart disease undergoing elective heart valve replacement between June
2015 and June 2016 at the Affiliated Hospital of Southeast Medical Univer-
sity, China. The inclusion criteria were (1) 20 to 70 years of age; (2)
confirmed rheumatic heart disease; and (3) indications for heart valve
replacement. The exclusion criteria were (1) Mini-Mental State Examina-
tion (MMSE) score less than 24 before surgery; (2) history of psychiatric or
neurological disorders, cardiothoracic surgery, or any severe visual or audi-
tory disorders; (3) refusal to participate or cannot speak or understand Chi-
nese language; (4) delirious state; or (5) missing biomarker measurements.
The study protocol was approved by the Affiliated Hospital of Southwest
Medical University Ethics Committee (KY2016003). The study was regis-
tered at the Chinese Clinical Trial Registry (ChiCTR-IPD-15006534). A
written informed consent was obtained from the patients or their relatives
before study enrollment.

Clinical Assessment

On admission, demographic factors such as age, gender, education,
body mass index, and the American Society of Anesthesiologists status
were recorded. Chronic smoking was defined as smoking more than 20 cig-
arettes per day for 1 month. Alcoholism was defined as consumption of an
equivalent of 150 mL of alcohol per week. The New York Heart Associa-
tion classification was determined by a cardiologist. The possible perioper-
ative confounding factors, such as the duration of on-pump time, duration
of aorta crossclamping, duration of recovery temperature, duration of sur-
gery, and amount of transfused blood, were recorded.

Anesthesia

The routine vital signs of the patients were monitored, and the patient
received oxygen inhalation (6 L/min). Anesthesia induction included intra-
venous injection of penehyclidine hydrochloride 0.01 mg/kg, midazolam
0.03 to 0.05 mg/kg, fentanyl 8 to 10 ug/kg, vecuronium 0.15 mg/kg, and
etomidate 2 to 3 mg/kg. After anesthesia induction and tracheal intubation,
the patient underwent catheterization of the left radial artery and right in-
ternal jugular vein. Invasive arterial blood pressure and central vein pres-
sure were continually monitored. Anesthesia maintenance included
intravenous pump of midazolam (0.01-0.015 mg/kg/min), vecuronium
(0.06-0.08 mg/kg/min), and fentanyl (8-10 ug/kg/min). Generally, the
doses of the drugs was maintained according to the patient’s body weight,
but the dose of narcotic drug was adjusted according to the patient’s
conditions during surgery, such as the amount of blood loss, the volume
of extracorporeal circulation perfusion, and the changes in vital signs of pa-
tients. The doses of the drugs were usually progressively decreased during
surgery, and the doses were increased as the patient’s body temperature and
metabolism increased. Occasionally, to adjust the depth of anesthesia, a
single dose of midazolam, fentanyl, vecuronium, and etomidate could be
added (0.03-0.05 mg/kg, 8-10 ug/kg, 0.15 mg/kg, and 2-3 mg/kg, respec-
tively). Vasoactive drugs (eg, dopamine, dobutamine, sodium nitroprus-
side, and epinephrine) were pumped through a central venous catheter
according to the intraoperative conditions and surgical procedure.

Cardiopulmonary Bypass
The priming solution was lactated Ringer’s solution and polygeline
injection; the ratio of crystalloid osmotic pressure/colloid osmotic pressure
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VIDEO 1. The video explains the importance of the research. Video available
at: http://www.jtcvsonline.org/article/S0022-5223(17)31762-2/fulltext.

ranged from 0.4 to 0.6 to 1. Heparin (15 mg) was added to the priming
solution. After the completion of the thoracotomy hemostasis, the patient
was intravenously injected with 4 mg/kg heparin through the central
venous catheter. The activated clotting time (ACT) value was maintained
at more than 600 seconds. During cardiopulmonary bypass, the ACT values
were monitored once every hour. If necessary, 1 to 2 mg/kg heparin was
added to maintain ACT greater than 600 seconds. After aorta
crossclamping, cold cardioplegic solution with oxygenated blood (4°C)
(oxygenated blood:cardioplegia at 4:1) was infused into the aortic root
using a perfusion pump once every 30 minutes. At first, the perfusion
volume was 5 to 20 mL/kg/min, which could achieve cardiac arrest. After
that, each perfusion volume was half of that of the first time. During
cardiopulmonary bypass, the esophagus temperature was maintained at
28°C to 32°C. The blood volume was moderately diluted (hematocrit of
20%-25%). The perfusion was in the range of 2.0 to 2.8 L/min/m*. The
mean arterial pressure was controlled to 50 to 80 mm Hg. Vasoactive
drugs were used during surgery to maintain the relative stability of
hemodynamics, blood gas, and electrolytes.

Surgery

The surgery was performed using a routine approach. Heparin
(4 mg/kg) was pumped into the central venous catheter. When ACT was
greater than 400 seconds, aortic catheterization was established at the
ascending aortic root. Coronary perfusion cannula, superior and inferior
vena catheterization, and left ventricular drainage tubes were established.
Cardiopulmonary bypass started when ACT was greater than 480 seconds.
The body temperature was reduced during cardiopulmonary bypass, and
the superior and inferior vena cava were blocked. When the body
temperature was reduced to 32°C, the aorta blood flow was blocked using
an aortic clamp. Cold cardioplegic solution with oxygenated blood
(15-20 mL/kg 4°C) (oxygenated blood:cardioplegia ratio of 4:1) was
infused via the coronary perfusion cannula at the aortic root. Ice was
melted on the surface of heart. After replacement, the temperature was
resumed, and the heart incisions were sutured. The surgery bed was placed
in the head-down position to open the superior and inferior vena cava. The

aortic block clamp was open, and the heart beat was resumed, assisted with
electric shock if needed. Cardiopulmonary bypass was still used to assist
perfusion. When the heart function indexes recovered to normal, the
body temperature was elevated and resumed, and the normal circulation
was resumed. Protamine (1.2:1) was intravenously infused through the
central vein to neutralize the heparin.

Neurocognitive Evaluation

One day before and 7 days after surgery, the neuropsychologic
tests were conducted by the trained physician to characterize POCD. The
protocol consisted of the MMSE, Digit Span Test, Clock Drawing Test,
Symbol Digit Modalities Test, and Trail Making Test A, which primarily
focus on learning, memory, attention, concentration, and executive
function.

To determine a normal reference value of cognitive functions, 20
healthy subjects without operation were recruited as a control group and
matched for age, gender, and education level. Cognitive functions were
assessed twice at 7-day intervals, and the standard deviation of the baseline
score was calculated. Learning effects, which exist in reduplicative
neuropsychologic tests,'® were also calculated as the mean variation of
the second assessments from baseline.

The patients in the study group were divided into the non-POCD and
POCD groups according to the International Study of Postoperative
Cognitive Dysfunction guidelines.'® Specifically, the baseline score and
learning effect were subtracted from each neuropsychologic test score,
and then the difference was divided by the standard deviation of the
baseline score in the control group. The magnitude of the result was called
the Z score, and the patients with at least 2 Z scores greater than 1.96 were
assigned to the POCD group. '’

Glial Cell Line-Derived Neurotrophic Factor

Immunoassay

The patient’s blood samples were obtained (between 7 and 8 am) before
surgery and 1, 2, and 7 days after the surgery. The collected samples were
immediately placed on ice, centrifuged within 30 minutes after sampling,
and stored at —18°C. Serum GDNF levels were measured using an
enzyme-linked immunosorbent assay kit (20150707H, ChengLing
Biocorporation, Beijing, China) according to the manufacturer’s
instructions. Samples were diluted with Dulbecco’s phosphate-buffered
saline. All standards and samples were measured in duplicate. According
to the manufacturer’s instructions, the detection limit for GDNF was
37.5 pg/mL. Eighty microliters of serum were added to each well. The
dilution factor was 1:3. After dilution, an acid treatment procedure was
performed to enhance the total GDNF concentration by disrupting the
interaction between the carrier protein or receptor and ligand.”® Previous
tests comparing plasma and serum samples with and without acidification
consistently showed higher concentrations of total GDNF in acid-treated
serum samples. After acid treatment, the dilution factor was 1:3.3. Samples
were measured in duplicate.

Statistical Analysis

Categoric variables were presented as frequencies and analyzed using
the chi-square test or the Fisher exact test, as appropriate. Normal
distribution of continuous data was tested using the Kolmogorov—Smirnov
test. Normally distributed continuous data were presented as
mean + standard deviation and analyzed using the Student ¢ test.
Non-normally distributed continuous data were presented as median
(range) and analyzed using the Wilcoxon test. Baseline and perioperative
variables were evaluated for univariable association with POCD. Repeated
measures were evaluated with repeated-measure analysis of variance.
Variables with P less than .10 in univariable analyses were included in a
multivariable logistic regression model to determine the independent
predictors of POCD; results were presented as odds ratio and 95%
confidence interval. The receiver operating characteristic approach was

960 The Journal of Thoracic and Cardiovascular Surgery + March 2018


http://www.jtcvsonline.org/article/S0022-5223(17)31762-2/fulltext

Duan et al

Adult: Mitral Valve

TABLE 1. General characteristics and cognitive functions of
participants from study and control groups at baseline

General characteristics

and cognitive Study group  Control group P

function scores (n = 80) (n = 20) value
Age (y) 56.7+5.3 555+6.1 392
Male 36 (45.0%) 7 (35.0%) 419
BMI (kg/m?) 263+ 1.4 2574 1.0 .098
Education (higher than 28 (35.0%) 11 (55.0%) 101

middle school)

Baseline MMSE scores 27 (25,30) 28.5 (27-30) <.001
Baseline DST scores 15 (11,16) 14 (11-16) .306
Baseline CDT scores 3(2,3) 3(2-3) .832
Baseline SDMT scores 33 (25,35) 31.5 (27-35) .061
Baseline TMT-A scores 41 (35,42) 42 (33-44) .078

BMI, Body mass index; MMSE, Mini-Mental State Examination; DS7, Digit Span
Test; CDT, Clock Drawing Test; SDMT, Symbol Digit Modalities Test; TMT-A,
Trail Making Test A.

used to determine the best threshold of GDNF values to predict POCD, as
determined using the area under the curve and 95% confidence interval. All
statistical analyses were performed with SPSS 22.0 (SPSS Inc, Chicago,
111) and Excel 2007 (Microsoft Inc, Redmond, Wash).

RESULTS

A total of 80 patients were included (Figure El). As
illustrated in Table 1, no difference was observed between
the 2 groups in terms of age, gender, body mass index,
and education level. When comparing the cognitive
functions at baseline between the study and healthy control
groups (Table 1), no significant differences were observed
for Digit Span Test, Clock Drawing Test, Symbol Digit
Modalities Test, and Trail Making Test A scores, whereas
the MMSE scores were significantly lower in the study
group compared with the healthy control group
(27.1 £ 1.0 vs 28.4 £ 0.9; P <.001).

According to the International Study of Postoperative
Cognitive Dysfunction criterion, POCD occurred in 38
patients (47.5%). Table 2 presents the clinical
characteristics of the non-POCD and POCD groups. The
average GDNF levels before and 1 day after surgery showed
no differences between the 2 groups, whereas the average
GDNEF levels at 2 and 7 days after surgery in the POCD
group were lower than those in the non-POCD group
(P <.001, Table 2, Figure 1). The average GDNF levels
were decreased at 1, 2, and 7 days after surgery in the
POCD group (P <.001), and these levels were decreased
at 2 and 7 days after surgery in the non-POCD group
(P <.001, Figure 1).

Duration of the aorta crossclamping, duration of surgery,
and amount of transfused blood were significantly different
between the POCD and non-POCD groups (P = .026,
P = .034, and P = .009, respectively) (Table 2), indicating

that these factors could influence the occurrence of POCD
in patients undergoing heart valve replacement surgery.
There were no differences in cardiovascular risk factors
(arrthythmia, hypertension, diabetes mellitus, chronic
smoking, and alcoholism) between the POCD and
non-POCD groups (Table 2).

When comparing the cognitive functions between the
POCD and non-POCD groups (Table 3), significant
differences were observed for the MMSE, Digit Span
Test, and Clock Drawing Test scores between T1 and T4
(P <.01).

The results of the multivariable logistic regression
analysis showed that age and AGDNF (T1-T4) were
independently associated with POCD (Table El). The
time course of the GNDF levels showed that the GNDF
levels were significantly lower in the POCD group than in
the non-POCD group at T3 and T4 (both P <.001).

The receiver operating characteristic curves (Figure 2)
present the predictive performance of AGDNF
(the change in GDNF at T2, T3, and T4 compared with
the GDNF at T1) for the occurrence of POCD. The areas
under the curve were 0.614 (P > .05), 0.898 (P <.01), and
0.925 (P < .01) for AGDNF(T1-T2), AGDNF(T1-T3),
and AGDNF(T1-T4), respectively, suggesting that
AGDNF(T1-T3) and AGDNF(T1-T4) could be predictors
of POCD. The 4GDNF (T1-T3) threshold for POCD detec-
tion was 49.10, with a sensitivity and specificity of 81.6%
and 90.5%, respectively. The AGDNF (T1-T4) threshold
for POCD detection was 60.90, with a sensitivity and spec-
ificity of 92.1% and 85.7%, respectively.

DISCUSSION

The present study suggests that for patients undergoing
valve replacement surgery, the reduction in the serum levels
of GDNF in patients with POCD was greater than in
patients without POCD, suggesting that the GDNF level
could be a predictor for the diagnosis of POCD.

POCD is an important complication of cardiac surgery,
and the associated neurocognitive dysfunction can affect
quality of life and lead to social, functional, emotional,
and financial problems. Questionnaires are commonly
used for the diagnosis of POCD, which requires trained
physician and patient cooperation. Biochemistry
examination could be easier than questionnaires for patients
with depression, delirium, or hearing disorders.

Until now, different mechanisms based on physiologic
disturbances caused by cardiac surgery were thought to be
responsible for POCD. Although numerous studies
evaluated the neurologic complications after cardiac
surgery, the exact pathophysiology of POCD after cardiac
surgery has not been clearly determined.”’ Some previous
studies described the potential interactions between AD
and POCD,*!>!*16:1722 and it was found that GDNF
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TABLE 2. Clinical features of non—postoperative cognitive dysfunction group and postoperative cognitive dysfunction group

Clinical features Total (n = 80) Non-POCD (n = 42) POCD (n = 38) P value
Age (y) 56.7+5.3 55.6 +£4.6 57.8 £5.8 .060
Sex
Male 36 (100.0%) 21 (58.3%) 15 (41.7%) 345
Female 44 (100.0%) 21 (47.7%) 23 (52.3%)
BMI (kg/m?) 263+ 1.4 262+ 1.4 263+ 1.4 775
Education
Lower than middle school 52 (100.0%) 18 (34.6%) 34 (65.4%) <.001
Higher than middle school 28 (100.0%) 24 (85.7%) 4 (14.3%)
ASA >1I
No 73 (100.0%) 39 (53.4%) 34 (46.6%) .89
Yes 7 (100.0%) 3 (42.9%) 4 (57.1%)
Arrhythmia
No 72 (100.0%) 37 (88.1%) 35 (92.1%) 823
Yes 8 (100.0%) 5 (11.9%) 3 (7.9%)
Hypertension
No 58 (100.0%) 33 (78.6%) 25 (65.8%) 201
Yes 22 (100.0%) 9 (21.4%) 13 (34.2%)
Diabetes
No 60 (100.0%) 33 (78.6%) 27 (71.1%) 438
Yes 20 (100.0%) 9 (21.4%) 11 (28.9%)
Alcoholism
No 58 (100.0%) 28 (66.7%) 30 (78.9%) 219
Yes 22 (100.0%) 14 (33.3%) 8 (21.1%)
Chronic smoking
No 60 (100.0%) 30 (71.4%) 30 (78.9%) 438
Yes 20 (100.0%) 12 (28.6%) 8 (21.1%)
NYHA classification >I
No 64 (100.0%) 34 (53.1%) 30 (46.9%) 823
Yes 16 (100.0%) 8 (50.0%) 8 (50.0%)
Valve replacement
Mitral valve 20 (100.0%) 12 (60.0%) 8 (40.0%) .556
Double valve 45 (100.0%) 21 (46.7%) 24 (53.3%)
Aortic valve 14 (100.0%) 8 (57.1%) 6 (42.9%)
Duration of on-pump (min) 126.4 £ 35.0 132.0 £ 37.6 120.3 £31.2 136
Aorta crossclamp time (min) 84.3 £294 91.2 + 314 76.6 +25.3 .026
Duration of recovering temperature (min) 20.6 + 4.8 20.6 + 3.8 20.6 £5.8 .015
Duration of surgery (min) 204.0 £29.9 210.7 £ 31.3 196.6 £ 26.8 .034
Blood transfusion of at least 400 mL
No 61 (100.0%) 37 (60.7%) 24 (39.3%) .009
Yes 19 (100.0%) 5 (26.3%) 14 (73.7%)
Midazolam (mg) 10.6 £ 3.2 11.6 £3.3 9.5+28 .004
Lowest body temperature (°C) 28.7 £ 0.9 288 £ 1.0 28.7 £ 0.8 592
Cardioplegia frequency 2.1+0.8 23+0.9 2.0+0.7 .095
Baseline MMSE 27 (25,30) 28 (26,30) 26 (25,27) <.001
Baseline DST 15 (11,16) 15 (12,16) 14 (11,16) .014
Baseline SDMT 33 (25,35) 32 (25,35) 34 (25,35) 269
Baseline TMT-A 41 (35,42) 41 (35,42) 40 (35,42) .266
(Continued)
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TABLE 2. Continued

Clinical features Total (n = 80) Non-POCD (n = 42) POCD (n = 38) P value
Baseline CDT .081
2 26 (100.0%) 10 (38.5%) 16 (61.5%)
3 54 (100.0%) 32 (59.3%) 22 (40.7%)
GDNF
Tl 227.7 £ 26.6 225.9 +26.0 229.7 £ 27.5 528
T1-T2 13.9 + 50.5 4.2 + 40.6 24.6 + 58.1 .081
T1-T3 51.1 £ 38.9 28.5 £ 25.6 76.1 £+ 35.7 <.001
T1-T4 72.3 £ 46.1 40.3 +28.8 107.7 + 34.2 <.001

POCD, Postoperative cognitive dysfunction; BMI, body mass index; ASA, American Society of Anesthesiology; NYHA, New York Heart Association; MMSE, Mini-Mental State
Examination; DST, Digit Span Test; SDMT, Symbol Digit Modalities Test; TMT-A, Trail Making Test A; CDT, Clock Drawing Test; GDNF, glial cell line—derived neurotrophic
factor; T1, before surgery; 72, 1 day after surgery; 73, 2 days after surgery; 74, 7 days after surgery.

levels are altered in the cerebrospinal fluid (CSF) and serum
of patients with AD.'®'” In the present study, it was found
that the average GDNF levels at 2 and 7 days after surgery in
the POCD group were lower than in the non-POCD group at
the same time points. These results, combined with previous
results on AD, suggest the involvement of GDNF in POCD.
GDNF has been shown to promote development, differenti-
ation, and protection of central nervous system neurons and
is thought to play an important role in various neuropsychi-
atric disorders.”” Zhang and colleagues”"*’ showed that
low serum GDNF levels could be involved in the
pathophysiology of major depressive disorder. Lin and
Tseng”® described blood GDNF levels as a biomarker of
depression. Depletion of GDNF seems to be associated
with the pathology and symptoms of diseases. such as
AD.”® The serum levels of GDNF were shown to be lower
in patients with AD than in healthy controls.'® Zhang and
colleagues”* > showed that antidepressant treatment
increases GDNF levels in patients with major depressive
disorder. Furthermore, electroconvulsive therapy increases
GDNF serum levels in patients with drug-resistant depres-
sion.”* Therefore, GDNF has been studied as a therapeutic
option for neurodegeneration.”” Furthermore, it has been re-
ported that 3xTgAD mice (in which GNDF levels are down-
regulated) subjected to 6 months of GDNF overexpression
using recombinant lentiviral vectors showed improvements
in learning and memory.”’ This GDNF neuroprotective ef-
fect induced a potent upregulation of BDNF, indicating

300

—&— POCD

£ 250 —8— non-POCD
g ‘J\I\J
= 200
& 150
o
100 4 } } } "
T T2 T3 T4
Time

FIGURE 1. Decrease in GDNF levels in each group at different times.
T1-4: before and 1, 2, and 7 days after surgery. GDNF, Glial cell
line—derived neurotrophic factor; POCD, postoperative cognitive
dysfunction; T/, before surgery; 72, 1 day after surgery; 73, 2 days after
surgery; T4, 7 days after surgery.

that, together, these factors may be important for preventing
neuronal atrophy and degeneration.”® The present study
evaluated serum GDNF levels, but GDNF exerts its effects
in the brain. Recent studies showed that CSF levels of
GDNF were associated with neuropathic pain in patients
undergoing spinal cord stimulation.”” Patients with AD
have higher levels CSF levels of GDNF, probably because
of an adaptive process in the impaired brain.'’ Patients
with amyotrophic lateral sclerosis have higher CSF levels
of GDNF than controls.’’ Therefore, future studies should
evaluate serum and CSF GDNF levels. The role of the
blood-brain barrier should be investigated.

The present study showed that altered GDNF levels in the
peripheral blood after surgery showed a good correlation
with International Study of Postoperative Cognitive
Dysfunction—defined POCD. In the present study, the periop-
erative factors (duration of aorta crossclamping, duration of
surgery, and amount of transfused blood) were significantly
different between the POCD and non-POCD groups, whereas
cardiovascular risk factors such as arrhythmia, hypertension,
diabetes mellitus, chronic smoking, and alcoholism were not
associated with POCD. In the multivariable logistic
regression analysis, age, AGDNF(T1-T4), and MMSE score
(T1) were independently associated with POCD. Most
important, using receiver operating characteristic analyses,
it was found that AGDNF(T1-T3) and AGDNF(T1-T4)
were predictors of POCD.

TABLE 3. Postoperative neurocognitive outcomes of non—postoperative
cognitive dysfunction group and postoperative cognitive dysfunction
group

Cognitive
function scores POCD (n =38) Non-POCD (n =42) P value
MMSE scores 25.1 £0.8 264+ 1.3 <.001
DST scores 158+ 1.3 149 £ 1.1 <.001
CDT scores 1.7 £ 0.7 2.6 £0.5 <.001
SDMT scores 339+25 332+24 218
TMT-A scores 40.6 £ 2.1 412 £ 1.7 151

POCD, Postoperative cognitive dysfunction; MMSE, Mini-Mental State
Examination; DST, Digit Span Test; CDT, Clock Drawing Test; SDMT, Symbol Digit
Modalities Test; TMT-A, Trail Making Test A.
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FIGURE 2. Receiver operating characteristic analysis of the average
AGDNF at T2, T3, and T4 compared with T1. ROC, Receiver operating
characteristic, GDNF, glial cell line—derived neurotrophic factor;
T1, before surgery; 72, 1 day after surgery; 73, 2 days after surgery;
T4, 7 days after surgery.

The prevalence of reported POCD varies widely 7 days
after surgery.”' " These conflicting results may be due to
the different populations and different diagnostic tools
and physicians’ experience.”> The incidence of POCD
(47.5%) in the present study 7 days after surgery was higher
than in a comparable study.™ In early studies, it was found
that education, but not other perioperative factors, was
an independent perioperative influential factor for
POCD.”*" This association was not observed in the
present study, which may be due to the different
diagnostic criteria used for POCD, different tested
populations, and different surgery types.

Study Limitations

The sample size was small. In addition, the patients were
selected from a single hospital. No data are available on the
GDNEF levels in the CSFE. Because the effect of GDNF is
mainly on the central nervous system neurons, future studies
should include a complete CSF assessment, including
neurotrophic factors and inflammatory markers. The
questionnaires assumed that the test-retest values for normal
volunteers are the same for postsurgical patients, which is
probably not the case because of preoperative anxiety and
postoperative pain, intensive care unit stay, and hospitaliza-
tion. In addition, it was assumed that the preoperative score
was obtained without error. Additional studies with a larger
sample size and more complete data are necessary to
determine the exact contribution of GDNF to POCD.

CONCLUSIONS
The present study suggests that the incidence of POCD in
patients undergoing valve replacement surgery is 47.5%.

The perioperative GDNF levels of patients with POCD
were lower than those of patients without POCD. GDNF
levels along with multiple perioperative influential factors
could be an effective predictor for the occurrence of
POCD. The present study suggests a potentially important
role of decreased GDNF levels in the development of
POCD and provides a new insight into the diagnosis and
possible treatment targets for POCD.
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106 patients met the
inclusion criteria

Excluded (n=11):

- MMSE score <24 before surgery (n=2)

- History of psychiatric or neurological disorders,
cartdiothoracic surgery, or any severe visual or
—> auditory disorders (n=3)

- Refused to participate or could not understand
Chinese (n=2)

- Delirious state (n=2)

- Missing biomarker measurements (n=2)

v

95 patients were enrolled

Dropped out (n=15):

- Surgery was cancelled (n=3)

- Died during surgery (n=2)

—> - Died in the ICU (n=2)

- Left hospital <7 days after surgery (n=3)
- Other mental illnesses (1 POD and 2 with
depression) (n=3)

A
80 patients could be
analyzed

l
v v

POCD group (n=38) Non-POCD group (n=42)

FIGURE E1. Patient flowchart. MMSE, Mini-Mental State Examination;
ICU, intensive care unit; POD, postoperative delirium; POCD, postopera-
tive cognitive dysfunction.

TABLE E1. Results of multifactor logistic—regression analysis
Changed GDNF Adjusted OR* OR 95% CI P value

AGDNEF (T1-T2) 1.008 (1.027-1.093) .108
AGDNEF (T1-T3) 1.060 (1.027-1.093) <.001
AGDNEF (T1-T4) 1.052 (1.026-1.078) <.001

OR, Odds ratio; CI, confidence interval; GDNF, glial cell line-derived neurotrophic
factor; T1, before surgery; 72, 1 day after surgery; 73, 2 days after surgery;
T4, 7 days after surgery. *Factors P <.05 were adjusted, including education, aorta
crossclamp time, duration of surgery, blood transfusion of at least 400 mL, and
midazolam.
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