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Background: Postoperative cognitive dysfunction (POCD) is defined as cognitive dysfunc-
tion related to inflammation after surgical procedures, which is common following cardiac
surgery. Cognitive deficits are thought to result from a systemic inflammatory response.
C-reactive protein (CRP) and other proinflammatory cytokines, which are released in
response to inflammation, disrupt the blood-brain barrier and neurotransmission, resulting
in POCD. This study aimed to determine the correlation between POCD and increased levels
of CRP in patients who had undergone heart valve replacement.

Methods: This study comprised 32 patients with normal cognitive function undergoing
heart valve replacement. The CRP levels were measured before surgery and on the second
postoperative day, and cognitive function was examined via the Indonesian-adapted Montreal
Cognitive Assessment (MOCA-INA) on the third postoperative day. Data were analyzed
using Spearman correlation test.

Results: Of the 32 patients, 28 (87.5%) experienced POCD. The median level of CRP was
6.6 mg/dL (interquartile range: 4.0, 8.3 g/dL). According to Spearman correlation test,
increased levels of CRP were significantly related to POCD following heart valve replace-
ment (p = 0.003, r = 0.501). The receiver operating characteristic curve indicated that the
CRP cutoff level was 3.345 mg/dL, and the sensitivity and specificity were 89.3% and 75%,
respectively.

Conclusion: High expression level of CRP was correlated with POCD following heart valve
replacement.

Keywords: C-reactive protein, cardiac surgical procedure, cognition disorders, cognitive

dysfunction, heart valves, postoperative complication

Introduction

Postoperative cognitive dysfunction (POCD) is a cognitive dysfunction sequela,
possibly related to inflammation after a surgical procedure. Compared to other
surgical procedures, POCD is commonly found after cardiac surgery, especially
valve replacement.' Pathophysiology related to POCD after cardiac surgery has
not been fully elucidated. It has been assumed that the cause of POCD after cardiac
surgery is multifactorial, resulting from a variety of surgical procedures, patients
and anesthetic variables. Risk factors for developing POCD include advanced age,
low educational level, insulin resistance, and pre-existing heart or vascular
disease.* ® Additionally, it is hypothesized that POCD results from a longer inflam-
matory response following hypoperfusion during cardiac surgery, which affects the
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brain.*”° An extended period of hypoperfusion during
cardiac surgery elicits systemic inflammatory responses
that alter cerebral autoregulation, resulting in POCD.'*"!"!
Several attempts have been made to alleviate POCD,
including preoperative administration of dexamethasone,
which resulted in significantly lower systemic inflamma-
tory response incidence and lower C-reactive protein that
subsequently led to lower incidence of POCD.'? This
finding indicates that inflammation is significantly asso-
ciated with the development of POCD. Certain genotypes
such as C-reactive protein (CRP) and P-selectin genotypes
are correlated to higher inflammatory incidence and higher
CRP levels. CRP serves as a non-specific biomarker dur-
ing acute-phase response of inflammation, tissue damage,
as well as infection and has been related to the develop-
ment of POCD.">"'* Several studies demonstrated that
increased CRP levels were associated with POCD.
A study by Liu et al'® revealed that CRP and IL-6 are
significantly increased after heart surgery and elevated
levels of CRP preoperatively are correlated to the devel-
opment of POCD. These findings are also in accordance
with a study by Hudetz et al, especially after coronary
artery surgery using cardiopulmonary bypass.!! POCD
remains an important issue, which is often understudied,
however, it affects the quality of life in our population. In
Indonesia, there is scarcity in the study of cognitive dys-
function after heart surgery procedure, and to our best
knowledge, studies that evaluate the association between
CRP levels and POCD after heart valve replacement are
limited. This study aimed to investigate whether elevated
CRP levels are associated with POCD following heart

valve replacement.

Materials and Methods

Patients

In this cross-sectional study, all patients aged between 20
and 64 years underwent heart valve replacement between
July and December 2020. Cognitive functions were eval-
vated using Indonesian version of Montreal Cognitive
Assessment (MoCA-INA) which has been tested for valid-
ity and reliability.'”'® We favor the usage of MoCA-INA
since it is superior to MMSE in detecting mild cognitive
impairment.'*?® MoCA-INA has a total score of 30, con-
sisted of multiple cognitive domains: memory, attention,
executive function, language, visuospatial skill, calcula-
tion, concentration, abstraction and orientation.”’ We
examined the cognitive function using MoCA-INA prior

to surgery, with a score less than 26 determined as cogni-
tive impairment. The exclusion criteria were a history of
cognitive disturbance, a score of <26 on MoCA-INA,
cerebrovascular accident up to 1 year before surgery, psy-
chiatric disorder or neurodegenerative disease, hyperten-
sion, diabetes mellitus, obesity, and abnormal liver and
renal functions in the study, as was refusal to participate.
A total of 32 patients who provided informed consent and
who did not fulfill the exclusion criteria were enrolled in
the study.

Variables

Serum CRP levels were measured before valve replace-
ment and at their expected peak concentration period, ie,
48 h after surgery.”'* Analysis of CRP levels was per-
formed using immunoturbidimetric technique on Cobas
c501 autoanalyzer. POCD was defined as a temporary
decline in cognitive function related to surgery. The
MoCA-INA was administered preoperatively and on the
third day after surgery to evaluate cognitive function.
Disturbance in cognitive function was characterized by
a MoCA-INA score of <26. The postoperative score was
then used to categorize each patient into the POCD and
non-POCD groups. Normal laboratory values are shown in
Table 1.

Anesthesia Protocol
Standard protocol of anesthesia was used according to our
institutional guidelines. A dose of 0.07 mg/kg midazolam

Table | Normal Laboratory Values

Laboratory Values Normal Value
Hemoglobin, g/dL (median [IQR]) 13.2-17.3
Hematocrit 32-62%
Leukocyte count, X 10*/uL 3.8-10.6
Platelet count, x10%/uL 150—400
Blood glucose level, mg/dL 80-160
Blood urea nitrogen level, mg/dL 15-39
Creatinine level, mg/dL 0.6-1.30
Albumin level, g/dL 34-5.0
Aspartate aminotransaminase level, U/L 15-34
Alanine aminotransaminase level, U/L 15-60
Sodium level, mmol/L 136—145
Potassium level, mmol/L 3.5-5.0
Chloride, level mmol/L 95-105
Calcium level, mmol/L 2.12-2.52
Magnesium level, mmol/L 0.74-0.99
C-reactive protein level, mg/dL 0-0.30
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was given as premedication. Anesthesia was induced via
inhaled sevoflurane with Minimal Alveolar Concentration
(MAC) of 1.0, continued by fentanyl 4mcg/kg and rocur-
onium 1.2 mg/kg intravenous injection. It was maintained
with 1.0 MAC inhaled sevoflurane, intravenous adminis-
tration of 1mcg/kg fentanyl per 30 min and 0.1 mg/kg
rocuronium per 45 min. The mean arterial pressure was
set to 55-70 mm Hg during cardiopulmonary bypass
(CPB). Heparin (300 IU/kg) was administered to sustain
an activated clotting time of >400 s. All patients received
0.02mg/kg of morphine infusion for 48 h postoperatively.

Data Analysis

Statistical analysis was conducted using the Statistical
Package for the Social Sciences 23.0 software (SPSS
Inc.). The number of patients required in this study for
statistical power was 32, and a total of 32 patients were
enrolled. Data were calculated as medians (interquartile
ranges [IQRs]) or percentages. To determine the correla-
tion between increased levels of CRP and POCD,
Spearman correlation test was employed. Data were con-
sidered significant if P < 0.05.

Ethical Statement

All patients signed an informed consent before surgery.
The procedures related to this study were reviewed and
approved by the Health Research Ethics Committee of
RSUP Dr. Kariadi Semarang in accordance with the

Table 2 Demographic and Preoperative Data

declaration of Helsinki, with the number of ethical
approval of No. 608/EC/KEPK-RSDK/2020.

Results
Patient Characteristics and Preoperative
Data

A total of 32 patients were enrolled for valve replacement at
our medical center. The patient characteristics are listed in
Tables 2—4. POCD was later diagnosed following surgery.
Of these patients, 28 (87.5%) exhibited signs of POCD after
a surgical procedure (MOCA-INA score of <26). The med-
ian age of all patients was 42.5 years (IQR: 35.2, 52.0), and
most of the patients with POCD were older (median: 44.5;
IQR: 37.5, 54.2) than those without (median: 29.5; IQR:
17.8, 40.5). With increased educational attainment, the pro-
portion of participants who suffer from POCD decreases
(elementary school 100%, junior high school 90%, senior
high school 80%). Of the participants, 50% had a history of
atrial fibrillation, and POCD was later diagnosed in all those
patients. POCD was common following mitral valve repla-
cement with tricuspid valve repair (Table 3). In addition,
preoperative CRP levels were higher in patients with POCD
than in those without (Table 4).

Intraoperative Data

For the two groups of patients, the duration of surgery and
anesthesia were different. In patients without POCD, the
median duration of surgery was 130 min (IQR: 108, 145),

Characteristics

All Patients

POCD

Non-POCD

n

32 (100%)

28 (87.5%)

4 (12.5%)

Age, years (median [IQR])

425 (352, 52.0)

445 (37.5, 54.2)

29.5 (405, 17.8)

Sex
Female 22 (68.8%) 19 (54.2%) 3 (9.3%)
Male 10 (31.2%) 9 (28.1%) I (3.1%)
Education background
Elementary school 7 (21.9%) 7 (100%) 0 (0%)
Junior high school 10 (31.3%) 9 (90%) I (10%)
Senior high school 15 (46.9%) 12 (80%) 3 (20%)

Weight, kg (median [IQR])

51.0 (46.0, 63.8)

51.5 (45.2, 66.2)

50.5 (48.5, 57.8)

Height, cm (median [IQR])

156.5 (1532, 161.8)

156.5 (1532, 161.8)

156.0 (153.5, 161.5)

Body mass index, kg/m2 (median [IQR])

21.05 (19.35, 24.31)

21.40 (19.33, 24.55)

20.66 (19.52, 23.46)

History of atrial fibrillation

16 (50%)

16 (100%)

0 (0%)
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Table 3 Preoperative Diagnosis and Surgical Procedure

All Patients POCD Non-POCD

Mitral regurgitation 27 (100%) 23 (85.2%) 4 (14.8%)
Mitral stenosis 10 (100%) 9 (90%) 1 (10%)
Aortic regurgitation 12 (100%) 9 (75%) 3 (25%)
Aortic stenosis 5 (100%) 5 (100%) 0 (0%)
Tricuspid regurgitation 10 (100%) 8 (80%) 2 (20%)
Pulmonary regurgitation, mild 4 (12.5%) 4 (100%) 0 (0%)
Pulmonary hypertension I (3.1%) I (100%) 0 (0%)
Surgical procedure

MVR 11 (34.4%) 10 (90.9%) I (9.1%)

Aortic valve replacement 3 (9.4%) 2 (66.7%) I (33.3%)

DVR 5 (15.6%) 5 (100%) 0 (0%)

MVR + TV repair 11 (34.4%) 10 (90.9%) I (9.1%)

DVR + TV repair 2 (6.3%) I (50%) I (50%)
Echocardiography: LVEF (median [IQR]) 64.1% (51.1%, 67.7%) 64.1% (51.1%, 67.7%) 64.2% (51.5%, 71.1%)

Abbreviations: DVR, double valve replacement; MVR, mitral valve replacement; POCD, postoperative cognitive dysfunction; TV, tricuspid valve.

Table 4 Pre and Postoperative Data in POCD

Preoperative

Postoperative Differences

Hemoglobin, g/dL (median [IQR])

Hematocrit

12.85 (13.95, 12.05)
38.95% (34.75%, 41.50%)
7.80 (5.72, 9.05)
257.5 (232.5, 286.8)
94.0 (81.2, 108.5)
315 (26.2, 39.2)

Leukocyte count, X |03/p.1L
Platelet count, X |03/uL
Blood glucose level, mg/dL

Blood urea nitrogen level, mg/dL

10.95 (10.40, 11.85)
32.50% (31.55%, 35.15%)
12,6 (10.9, 14.5)

162 (138, 181.5)

172 (150.2, 197.5)
31.0 (26.5, 34.8)

~1.9 (~14.79%)
~6.45 (~16.56%)
4.80 (61.54%)
~95.5 (~37.09%)
78 (82.98%)
~0.50 (~1.59%)

Creatinine level, mg/dL 1.01 (0.83, I.15)
Albumin level, g/dL 4.3 (4.0, 4.5)
Aspartate aminotransaminase level, U/L 25 (22, 27)
Alanine aminotransaminase level, U/L 22 (14, 25)
Sodium level, mmol/L 138.5 (134.2, 142.8)
Potassium level, mmol/L 39 (3.6,42)
Chloride, level mmol/L 101 (99, 104)

Calcium level, mmol/L
Magnesium level, mmol/L
C-reactive protein level, mg/dL
MoCA-INA score

2.28 (2.18, 2.40)
0.87 (0.79, 0.95)
0.16 (0.12, 0.21)
27.5 (27.0, 29.0)

1.0 (0.9, 1.1) ~0.01 (-0.99%)
3.6 (3.15, 4.13) ~0.70 (~16.28%)
36.0 (28.0, 43.8) 1.0 (44%)
21.5 (18.0, 28.8) ~0.50 (~2.27%)

138 (135, 140) ~0.50 (~0.36%)

42 (38, 5.1) 0.30 (7.69%)
101 (982, 105.8) 0 (0%)
2.10 (2.02, 2.24) ~0.18 (-7.89%)

0.8 (0.7, 0.9) ~0.07 (-8.05%)
7.18 (471, 8.83) 7.02 (4387.5%)
17.5 (14.0, 21.75) 10 (-36.36%)

and the duration of anesthesia was 292.5 min (IQR;
Table 5). Contrarily, in patients with POCD, both dura-
tions were shorter. The durations of cardiopulmonary
bypass time (CPB) and cross-clamping were also shorter
in patients with POCD. During surgery, direct current
shocks were administered to almost all patients but more
commonly to those who later developed POCD; ventricu-
lar fibrillation was the most common reason.

Postoperative Data
Postoperative leukocyte and CRP levels were higher in
patients with POCD than in those without (Table 4).

Bivariable Analysis

To determine the correlation between increased levels of
CRP and POCD, we used Spearman correlation test.
Increased CRP levels were significantly correlated with
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Table 5 Intraoperative Data

Characteristics All Patients POCD Non-POCD
n 32 (100%) 28 (87.5%) 4 (12.5%)
Surgery duration, minutes (median [IQR]) 120 (95, 134) 120 (95, 134) 130 (108, 145)

Anesthesia duration, minutes (median [IQR])

260 (218, 289)

245 (202, 280)

292.5 (273.8, 300.0)

CPB duration, minutes (median [IQR])

405 (342, 56.8)

40.5 (342, 54.8)

47.0 (35.0, 70.2)

Cross-clamp duration, minutes (median [IQR]) 23 (20, 47) 23 (20, 46) 30.5 (20.0, 50.8)
Patients given direct current shocks
One shock 17 (53.1%) 7 (87.5%) I (25%)
Two shocks 17 (53.1%) 15 (88.2%) 2 (11.8%)
Three shocks 2 (6.3%) 2 (100%) 0 (0%)
Four or more shocks 2 (6.3%) 2 (100%) 0 (0%)
Indication for direct current shock
Ventricular fibrillation 24 (75%) 22 (91.7%) 2 (8.3%)
Ventricular tachycardia 2 (6.3%) 2 (100%) 0 (0%)
Atrial fibrillation 2 (6.3%) I (50%) | (50%)

Bleeding volume, mL (median [IQR])

350 (300, 365)

350 (300, 378)

300 (300, 338)

Temperature during CPB, °C (median [IQR])

32.5 (31.5, 33.8)

322 (315, 33.5)

33.5 (31.9, 34.6)

Temperature during rewarming after CPB, °C (median [IQR])

31.75 (31.5, 32.2)

31.75 (31.42, 32.2)

31.85 (31.55, 34.32)

Temperature when CPB was discontinued, °C (median [IQR])

Nasopharynx temperature during rewarming after CPB, °C (median [IQR])

32.95 (31.52, 34.08)
36.1 (36.0, 36.2)

32.95 (31.6, 34.0)
36.1 (36.1, 36.3)

33.0 (31.25, 35.05)
36.05 (35.4, 36.18)

Abbreviations: CPB, cardiopulmonary bypass; POCD, postoperative cognitive dysfunction.

POCD after valve replacement (r = 0.501, P < 0.01). The
overall median level of increased CRP was 6.6 mg/dL
(IQR: 4.0, 8.3); the median CRP level in the POCD
group was higher in patients with POCD (median: 7.05;
IQR: 4.52, 8.46) than in those without (median: 2.98; IQR:
2.28, 3.83; Table 6).

Receiver Operating Characteristic Curve
Analysis

The area under the receiver operating characteristic curve was
0.938, indicating that increased CRP level was an excellent
tool for predicting POCD. The receiver operating characteristic
curve analysis demonstrated that a CRP concentration cutoff of
3.345 mg/dL had an optimum balance between sensitivity
(89.3%) and specificity (75%) for POCD (Figure 1).

Table 6 Bivariate Analysis

Discussion

In investigating the role of CRP in patients with POCD, we
found that the majority (87.5%) of patients exhibited POCD
following heart valve replacement, according to the MoCA-
INA scores of <26. These results were in agreement with
those in other studies, in which POCD was found in 33.0%°
and 44.5% of the participants after cardiac surgery. The
differences in the proportions might be attributable to the use
of different assessment methods for cognitive evaluation and
to the time of postoperative examination.

The risk factors that contributed to POCD were divided
into preoperative, intraoperative, and postoperative. A recent
narrative review conducted by Glumac et al identified var-
ious preoperative risk variables, including age, gender, edu-
cational background, obesity, and a history of metabolic

Characteristics All Patients POCD Non-POCD P value R value

n 32 (100%) 28 (87.5%) 4 (12.5%)

Elevated levels of C-reactive protein, mg/dL (median [IQR]) 6.6 (4.0, 8.3) 7.05 (4.52, 8.46) | 2.98 (2.28, 3.83) 0.003* 0.501
Abbreviation: POCD, postoperative cognitive dysfunction.
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Figure | Receiver operating characteristic (ROC) curve analysis of CRP level as diagnostic tool of POCD. CRP concentration cutoff of 3.345 mg/dL was selected with 89.3%

sensitivity and 75% specificity. Area under the curve (AUC) was 0.938.

syndrome.** Previous studies demonstrated that the risk of
POCD was significantly increased in older patients who had
undergone previous surgery, either cardiac or noncardiac.*’
In our study, the patients with POCD (median age: 44.5
years; IQR: 37.5, 54.2) were older than those without (med-
ian: 29.5 years; IQR: 17.8, 40.5). Aging might be associated
with degenerative changes in the brain and thereby increase
the risk of POCD over the long-term following surgery.
Additionally, our study discovers that the proportion of peo-
ple suffering from POCD reduces with increasing educa-
tional attainment (elementary school 100%, junior high
school 90%, senior high school 80%). This finding is con-
sistent with a study conducted by Feinkohl et al, which
discovered that patients who spent more time in school had
a lower risk of developing POCD.*°

Hypoxemia, hypotension, thrombus, and emboli were
intraoperative risk factors for POCD.”’ Longer operation

time and complex surgical strategy are related to endotoxin
release and increase the risk of brain emboli, which could
increase the risk of POCD. The duration and depth of
anesthesia are also related to cerebral oxygenation, the
decrease of which could further contribute to the develop-
ment of POCD. Previous studies demonstrated longer dura-
tion of surgery in patients who developed POCD. Sun et al*®
suggested that the correlation between longer surgery dura-
tion and POCD incidence was significant. However, some
studies did not prove the significance of this correlation and
contrary to previous studies, our patients with POCD had
shorter periods of surgery and anesthesia than did patients
without POCD.*** The median durations of surgery and
anesthesia for all patients were 120 min (IQR: 95, 134) and
260 min (IQR: 218, 289), respectively. A potential explana-
tion for this result might be the limited sample size in com-
parison with prior studies.
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Cognitive function deficits are related to CBP duration,
cross-clamping duration, and the rewarming process in
cardiac surgery.®***! The inflammatory response to CBP
includes the production of proinflammatory cytokines. As
the inflammatory response progresses, normal blood—brain
barrier and neurotransmission functions are disrupted,
resulting in edema and cerebral inflammation. Edema and
brain inflammation play a role in the pathogenesis of
POCD.*? In addition because the circulation during cross-
clamping is completely artificial, cerebral hypoperfusion
could result, which would support the development of
POCD. Our study demonstrated that the duration of CPB
and cross-clamping was shorter in patients with POCD.
However, our study was limited by the sample size.

We analyzed the association of increased CRP concen-
tration with the incidence of POCD. As mentioned, POCD
was defined by a MoCA-INA score of <26 on the third day
following surgery. The CRP levels were measured preo-
peratively and 2 days after surgery. Spearman correlation
test revealed a significant correlation between CRP with
POCD after valve replacement (p = 0.003). Our findings
are consistent with those of Liu et al'® and Hudetz et al''
both of whom found that the CRP levels increased after
cardiac surgery and that these increases were related to
POCD. Although the standard of POCD diagnosis is based
on comprehensive psychometric batteries, the use of such
batteries in our clinical settings is limited due to the lack
of trained neuropsychologists to perform such detailed
assessment. Therefore, we used MoCA INA, which is
adapted from the MoCA specifically for the Indonesian
population, which required less time and resources to per-
form. MoCA is more suitable for screening postoperative
MCI compared with MMSE." Studies in patients who
underwent noncardiac surgery also demonstrated that
increasing the CRP levels 24 h after surgery were signifi-
cantly correlated with POCD; in patients with POCD, the
CRP levels were 1.7 times higher than the preoperative
CRP levels.*® This result indicated that the CRP level is
a good biomarker for POCD-related inflammation.

To prevent the development of POCD, pharmacological
strategies such as the use of anti-inflammatory drugs, dex-
medetomidine, and statins have been proposed.*
Nonsteroidal anti-inflammatory drugs and paracetamol
were administered to reduce the concentrations of proin-
flammatory cytokines (interleukin-1f, tumor necrosis factor
o, interleukin-6, and prostaglandins) in the hippocampus,
with the aim of improving cognitive function. The adminis-
tration of glucocorticoid drugs such as dexamethasone also

helped lower the CRP levels.'**> Reductions in CRP levels
may lower the incidence of POCD.

In the receiver operating characteristic curve analysis
for diagnostic assessment of increasing CRP levels, we
found that the area under the curve was 0.938, and the
cutoff CRP level of 3.345 mg/dL had 89.3% sensitivity
and 75% specificity. These findings indicated that an
increase in the CRP level after surgery was a good prog-
nostic factor for determining the risk of POCD.

This study has several limitations. We did not perform
a neuropsychological test battery and evaluate the long-term
relationship between CRP and cognitive function. We sug-
gest that further studies should incorporate larger sample
sizes, the use of battery neuropsychological test in determin-
ing POCD status, and long-term follow-up after surgery.

Conclusion

POCD is a complication of heart valve surgery that must
not be ignored by clinicians. Evidence suggests that the
inflammatory response plays a significant role in cognitive
decline following surgery. An increased level of CRP is
useful as a good predictor of POCD after heart valve
replacement. However, the complicated pathogenesis and
complex risk factors involved in POCD must be further
studied, as should long-term cognitive outcomes.

Disclosure
The authors report no conflicts of interest in this work.
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