
This work is licensed under a Creative Commons Attribution 4.0 International License.

ANATOLIAN 
CURRENT MEDICAL

Original Article

 Anatolian Curr Med J. 2025;7(6):847-854

 DOI: 10.38053/acmj.1780950

Corresponding Author: Seher İlhan, seheri@pau.edu.tr

Optic nerve sheath diameter and postoperative cognitive 
dysfunction after cardiac surgery: a prospective observational study

Seher İlhan1, İlknur Hatice Akbudak1, Aslı Mete Yıldız1, Turan Evran1, Ece Tütüncüler1, 
Ali Demirtaş1, Edip Gönüllü2

1Department of Anesthesiology and Reanimation, Faculty of Medicine, Pamukkale University, Denizli, Turkiye
2Department of Anesthesiology, Reanimation and Algology, Faculty of Medicine, Bakırçay University, İzmir, Turkiye

Cite this article as: İlhan S, Akbudak İH, Mete Yıldız A, et al. Optic nerve sheath diameter and postoperative cognitive dysfunction after cardiac 
surgery: a prospective observational study. Anatolian Curr Med J. 2025;7(6):847-854.

Received: 09.09.2025                  ◆                  Accepted: 07.10.2025                  ◆                  Published: 26.10.2025

ABSTRACT
Aims: This study aims to investigate the association between perioperative optic nerve sheath diameter (ONSD), a noninvasive 
marker of intracranial pressure, and the incidence of postoperative cognitive dysfunction (POCD) on postoperative days 8 and 
30 in patients undergoing elective open-heart surgery with cardiopulmonary bypass. 
Methods: It was designed as a prospective, observational, single-institution study conducted at a tertiary care hospital. Seventy-
nine adult patients scheduled for elective open-heart surgery using cardiopulmonary bypass were included. Perioperative ONSD 
measurements were obtained at five predefined time points during the perioperative period. Cognitive function was assessed 
using the Mini-Mental State Examination (MMSE) preoperatively and on the 8th and 30th postoperative days. POCD was 
defined as a clinically significant decline in MMSE score based on the Reliable Change Index (RCI), using a test-retest reliability 
coefficient of 0.95. An RCI <–1.96 indicated POCD.   
Results: On postoperative day-8, 44 patients (55.7%) developed POCD, and these patients had a significantly higher median 
age compared to those without POCD (70.0 vs. 66.0 years, p=0.002). By day-30, POCD persisted in only seven patients (8.9%). 
Lower preoperative cognitive reserve was also significantly associated with the development of POCD (p<0.05). No significant 
association was found between perioperative ONSD values and POCD on either postoperative day (p>0.05).  
Conclusion: Perioperative ONSD was not significantly associated with the development of POCD on postoperative days 8 or 
30 in patients undergoing elective open-heart surgery. Instead, preoperative cognitive reserve and older age emerged as stronger 
predictors of POCD, underscoring the importance of baseline cognitive assessment and patient characteristics in evaluating 
perioperative risk. 
Keywords: Cardiac surgery, Mini-Mental State Examination, optic nerve sheath, postoperative cognitive dysfunction

INTRODUCTION
Decreased memory and impaired complex cognitive functions, 
including attention and decision-making, characterize 
postoperative cognitive dysfunction (POCD) following major 
surgical interventions performed under general anesthesia.1,2 

POCD remains a crucial clinical concern, particularly in 
high-risk surgical populations, as it delays recovery, prolongs 
hospitalization, and impairs long-term quality of life. Reported 
incidence and definitions of POCD vary significantly across 
studies, reflecting diagnostic heterogeneity and differences in 
neurocognitive assessment methods, underscoring the need 
for population-specific investigations. POCD is particularly 
prevalent following major cardiovascular surgery, where 
the brain is highly susceptible to ischemic injury and 
cerebral edema during cardiopulmonary bypass (CPB) and 
extracorporeal circulation.2-6

Surgical procedures, particularly laparoscopic and cranial 
operations, adversely affect cardiovascular hemodynamics, 
respiratory mechanics, and cerebrovascular perfusion,1,7-10 
leading to increased intracranial pressure (ICP) and intraocular 
pressure (IOP), contributing to POCD.8-11 Accordingly, the 
potential relationship between ICP fluctuations and POCD 
has received increasing attention, emphasizing the need for 
perioperative cerebral monitoring.

Optic nerve sheath diameter (ONSD), measured using 
ocular ultrasonography (USG), is a recognized, noninvasive 
marker of ICP changes during surgical procedures.1,7-9,12,13 
Previous studies demonstrate strong correlation between 
USG-measured ONSD and direct ICP measures, including 
intraventricular and intraparenchymal pressures.14 Notably, 
ONSD increase has been regarded as a surrogate of elevated 
ICP in elderly patients.7,9 Since ICP fluctuations may 
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compromise cerebral perfusion and oxygenation, thereby 
impairing cognitive processes, ONSD might serve as an 
indirect marker linking perioperative cerebral physiology 
with postoperative cognitive outcomes.6

Significant perioperative ONSD increases have been reported 
alongside higher POCD incidence after laparoscopic 
abdominal surgery.1,7,8 In contrast, Zhang et al.15 reported 
higher POCD incidence in patients with postoperative ONSD 
decrease following carotid endarterectomy, questioning its 
predictive value for POCD. These conflicting findings indicate 
the complexity of the relationship between ONSD dynamics 
and cognitive outcomes, particularly across different surgical 
populations.

Despite these findings, research on the use of ocular USG in 
cardiac surgery patients remains limited,12,13,16 and its role in 
predicting POCD is poorly understood. As cardiac surgery is 
associated with postoperative cognitive decline, evaluating 
ONSD in this high-risk population may clarify whether 
ICP-related changes contribute independently to POCD 
development.

In this context, we evaluated the association between 
perioperative ONSD changes and POCD incidence in patients 
undergoing elective open-heart surgery using CPB on 
postoperative days -8 or -30, hypothesizing that perioperative 
ONSD alterations, as a noninvasive marker of ICP fluctuations, 
would predict POCD occurrence after cardiac surgery in this 
high-risk surgical population.

METHODS
Ethics
This prospective observational study was conducted in the 
cardiovascular surgery and anesthesiology departments of a 
university hospital between September 2024 and March 2025. 
The study protocol has been approved by the Pamukkale 
University Non-interventional Clinical Researches Ethics 
Committee (Date: 06.08.2024, Decision No: 14) and conducted 
in accordance with the ethical principles outlined in the 
Declaration of Helsinki. Written informed consent was taken 
from all patients included in the study.

Population and Sample
The study population involves adult patients aged 18 to 
80 who underwent elective open-heart surgery using 
CPB. Patients’ medical histories were obtained during the 
preoperative anesthesia consultation. In addition, face-
to-face interviews were held with the patients and their 
families to obtain information about the patients' previous 
psychiatric consultations, current psychotropic medication 
use, and existing psychiatric complaints. Accordingly, acute 
cardiac surgery, eye surgery history, known eye disease, 
visual impairment, a history of stroke or transient ischemic 
attack, mental/psychiatric disorders, drug addiction, and any 
comorbidity that precludes neuropsychological testing were 
the exclusion criteria.7,17 Patients’ cognitive statuses were 
preliminarily evaluated during the initial interview, and those 
suspected of having POCD underwent a formal cognitive 
assessment before being included in the study. Subsequently, 

they were categorized based on whether they had developed 
POCD on the 8th and 30th postoperative days. Accordingly, the 
patients were divided into two groups at each time point, on 
postoperative day-8 and day-30: those who developed POCD 
[POCD (+)] and those who did not [POCD (-)]. 

Surgical Technique
A standardized anesthesia protocol was applied to all patients. 
Anesthesia induction was achieved using lidocaine HCl (1 
mg/kg), fentanyl (5–15 µg/kg), midazolam (0.03–0.06 mg/
kg), and propofol (0.5 mg/kg). Rocuronium (1 mg/kg) was 
administered as a muscle relaxant. Anesthesia was maintained 
with continuous infusions of rocuronium (5 µg/kg/min), 
remifentanil (0.05–0.2 µg/kg/min), and propofol (3–8 mg/
kg/h). Hemodynamic stability was ensured by titrating 
dobutamine, dopamine, and norepinephrine infusions to 
maintain a target mean arterial pressure of 60–70 mmHg. 
Intraoperative hypertension and tachycardia were managed 
with glyceryl trinitrate (2–10 µg/kg/min) and esmolol (50–200 
µg/kg/min) as needed.6  

All patients underwent median sternotomy followed by 
standard CPB using a roller pump (Jostra Maquet HL20 Heart 
and Lung machine, HL20-486, Lund, Sweden) and a membrane 
oxygenator (Medtronic Affinity, Medtronic Inc., Minneapolis, 
USA). The CPB circuit perfusion flow was maintained at 50–
80 ml/kg/min, with continuous monitoring of arterial blood 
gases, maintaining a pH range of 7.35–7.45 and an arterial 
oxygen saturation >95%. Myocardial protection was achieved 
with cold cardioplegia solution (Cardipassive cardioplegic 
solution for cardiac perfusion, Polifarma, Tekirdağ, Turkiye) 
administered via both antegrade and retrograde infusion, 
supplemented with local hypothermia.  An initial dose of 200 
ml cardioplegia solution was mixed with 800 ml of patient 
blood obtained from the pump. Two ampoules of potassium 
and one ampoule of sodium were added. This mixture was 
repeated every 20 minutes. The subsequent doses were a 500 
cc solution consisting of 100 cc cardioplegia solution and 400 
cc blood, with one ampule of potassium and one ampule of 
sodium. Continuous ultrafiltration was routinely employed. 
CPB was discontinued once stable circulation was achieved, 
and patients were weaned off bypass under hemodynamic 
guidance.2

Sample Size Analysis
Sample size calculation was performed using G*power 3.1.9.7 
(Heinrich-Heine-Universität Düsseldorf, Germany). Based 
on the previously reported ONSD measurement in similar 
patient populations,15 where significant differences in coronal 
ONSD changes were observed between patients with and 
without POCD (effect size d=0.625), we adopted a conservative 
approach for the cardiac surgery population. Considering 
the potential physiological differences between carotid 
endarterectomy and cardiac surgery with CPB, the effect 
size was maintained at d=0.625 for our power calculation. 
Using a one-tailed t-test for independent means comparison 
with 80% power (1-β=0.80), 5% type I error (α=0.05), and an 
allocation ratio of 1.25 based on expected group distributions, 
the minimum required sample size was determined to be 66 
patients (29 patients without POCD, 37 patients with POCD). 
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To account for potential dropouts and ensure methodological 
robustness, 79 patients were included in the final analysis, 
providing adequate statistical power (actual power=0.80) for 
detecting clinically significant differences in perioperative 
ONSD measurements. 

Post-hoc power analysis confirmed adequate statistical power 
(>80%) to detect clinically meaningful effect sizes (Cohen's 
d≥0.60). The consistently small observed effect sizes for ONSD 
differences (d=0.09-0.22) suggest limited clinical relevance, 
regardless of sample size considerations.

Data Collection
Patients' demographic (age and gender), anthropometric 
[body-mass index (BMI)], clinical (comorbidities), surgical 
(type of cardiac surgery), and perioperative (duration of 
surgery and aortic cross-clamping time) characteristics were 
prospectively recorded.

Cognitive and Pain Assessment
Patients’ cognitive functions and pain levels were assessed 
by an experienced nurse using the MMSE and the numeric 
rating scale (NRS), respectively.1 Pain severity was measured 
using the 11-point NRS, where 0 indicated “no pain” and 10 
indicated “worst severe pain.” Assessments were conducted 
at two time points: the 8th and 30th postoperative days. The 
MMSE, which assesses five domains (orientation, registration, 
memory, attention and calculation, recall, and language) was 
administered at three different time points: preoperatively 
on the day before surgery and the 8th and 30th postoperative 
days. The highest score that can be obtained from the 11-item 
MMSE is 30.4,9 Validity studies of the Turkish version of the 
MMSE test were performed by Kucukdeveci et al.18

Ultrasonographic ONSD Assessment
At the operating room, standard perioperative monitoring, 
including electrocardiography, pulse oximetry, and 
noninvasive arterial blood pressure monitoring was used. 
ONSD measurements were performed by an anesthesiologist, 
with over ten years of clinical experience in USG, using a 10–5 
MHz linear ultrasound probe (GE Healthcare Logiq e Series). 
To this end, a water-soluble sterile gel was applied over the 
closed upper eyelid with minimal pressure, and then ONSD 
was measured in the transverse and sagittal planes, 3 mm 
behind the optic disc, twice for each eye. The average of eight 
ONSD measurements was noted as the ONSD value.7,15

ONSD measurements were performed at the following time 
points:

•	 T0: Just before the anesthesia induction

•	 T1: 15 minutes after tracheal intubation

•	 T2: 5 minutes after initiation of CPB

•	 T3: During the hypothermic period during CPB

•	 T4: 30 minutes after CPB termination

Reliable Change Index (RCI) Calculation in Assessing 
Cognitive Decline
The RCI represents the standard error of the difference 
between two test scores and defines a confidence interval (CI) 
around the observed change in scores. The RCI values were 
calculated using a test-retest reliability coefficient of 0.95, 
along with an MMSE score, to determine clinically significant 
cognitive decline in patients. Accordingly, patients with an 
RCI value <-1.96, indicating a clinically significant cognitive 
decline that was shown by a decrease in MMSE score beyond 
the 95% CI for normal test-retest variation, were considered to 
have developed POCD.19-22 

The following formula was used to calculate the RCI values:

•	 RCI=(X2- X1)/SEdiff

X2 represents the postoperative MMSE score, X1 represents 
the preoperative MMSE score, and SEdiff represents the 
standard error of difference. The SEdiff was calculated using 
the following formula:

•	 SEdiff=SD1×√2×√(1-r)

SD1 is the standard deviation of preoperative MMSE scores, 
and r is the test-retest reliability coefficient (0.95). 

Example RCI calculation: for a patient with a preoperative 
MMSE score of 27 and a postoperative day-8 score of 24, using 
the observed preoperative standard deviation (SD₁=4.62), the 
calculation proceeded as follows:

•	 SE_diff=SD₁×√2×√(1-r)

•	 SE_diff=4.62×1.414×0.224

•	 SE_diff=1.46

•	 RCI=(X₂-X₁)/SE_diff

•	 RCI=(24-27)/1.46

•	 RCI=-2.05

Since this RCI value of -2.05 is less than -1.96, the patient 
was classified as having developed POCD, as the cognitive 
decline exceeded the 95% CI for normal test-retest variation. 
Conversely, an RCI value greater than -1.96 would indicate no 
clinically meaningful cognitive change.

Statistical Analysis
The study's primary outcome was the POCD incidence 
on the 8th and 30th postoperative days, and the secondary 
outcomes were the relationships between ONSD values and 
the POCD development at these two points. Comparisons 
of perioperative ONSD changes over time were conducted 
separately for each postoperative day between patients who 
did and did not develop POCD to explore potential predictive 
thresholds and capture both early and evolving cognitive 
changes after cardiac surgery without assuming longitudinal 
continuity or mutual exclusivity between early and late 
POCD events. Subgroup analyses were planned to assess the 
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influence of surgical duration and CPB parameters on ONSD 
trajectories. 

Statistical analyses were performed using Jamovi project 
2.3.28 (Jamovi, version 2.3.28.0, 2023, retrieved from https://
www.jamovi.org) and JASP 0.19.2 (Jeffreys' Amazing Statistics 
Program, version 0.19.2, 2024, retrieved from https://jasp-
stats.org) software packages. The normal distribution of the 
continuous variables was assessed using the Shapiro-Wilk 
test. The normally distributed continuous variables were 
expressed using mean±standard deviation and compared 
using an independent samples t-test. In contrast, the non-
normally distributed continuous variables were expressed 
using median (minimum–maximum) and compared 
using the Mann-Whitney U test. Categorical variables 
were expressed using frequencies (n) and percentages (%) 
and compared using the chi-square or Fisher's exact test as 
appropriate. To address potential concerns regarding multiple 
comparisons, a post-hoc Bonferroni correction was applied 
to the primary analytic outcomes (k=5 comparisons: age 
difference, preoperative MMSE difference, postoperative day-
8 MMSE difference, postoperative day-30 MMSE difference, 
and surgical procedure type distribution between POCD 
groups), with an adjusted significance threshold of α=0.01. 
Probability (p) statistics of ≤0.05 were deemed to indicate 
statistical significance.

RESULTS
Of the 79 patients in the sample, 44 (55.7%) developed POCD 
by the 8th postoperative day, and 7 (8.9%) developed POCD by 
the 30th postoperative day. On postoperative day-8, patients 

with POCD were significantly older than those without (70.0 
vs. 66.0 years, p<0.01). Additionally, patients who underwent 
concurrent mitral and aortic valve replacement surgery had 
a significantly lower rate of POCD on the postoperative 8th 
day than those who did not (p<0.05). There was no difference 
between the groups in other demographic, anthropometric, 
clinical, or surgical characteristics, including the distribution 
of other types of cardiac surgeries (p>0.05) (Table 1).

There was also no difference between the groups in 
perioperative characteristics, including the duration of 
surgery and aortic cross-clamping time (p>0.05) (Table 2). 
Perioperative ONSD trajectories are illustrated in Figure. 
Visual inspection confirmed the absence of clinically 
meaningful differences in ONSD values measured at five 
different perioperative time points between POCD groups, 
with overlapping distributions and interquartile ranges at all 
measurement points (Table 2, Figure). 

There was no difference in the distribution NRS pain scores’ 
distribution measured on the 8th and 30th postoperative days 
between patients who developed POCD and those who did 
not (p>0.05) (Table 3). Contrarily, the median MMSE scores 
were significantly lower preoperatively and, on the 8th and 
30th postoperative days in patients who developed POCD 
compared to those who did not (p=0.02, p<0.01, and p<0.01, 
respectively) (Table 3).

Bonferroni-corrected analysis (adjusted α=0.01, k=5 primary 
comparisons: age, preoperative MMSE, postoperative day-8 
MMSE, postoperative day-30 MMSE, and surgical procedure 
type) confirmed the statistical robustness of age differences 

Table 1. Demographic and clinical characteristics of patients stratified by postoperative cognitive dysfunction status

Postoperative day-8 Postoperative day-30

Variables POCD (+)
(n=44)

POCD (-)
(n=35) p POCD (+)

(n=7)
POCD (-)

(n=72) p

Age years § 70.0 (50.0–79.0) 66.0 (45.0–78.0) <0.01* 69.0 (65.0–77.0) 69.0 (45.0–79.0) 0.428*

Sex ‡

Female 14 (31.8) 16 (45.7)
0.303**

4 (57.1) 26 (36.1)
0.417**

Male 30 (68.2) 19 (54.3) 3 (42.9) 46 (63.9)

Body-mass index kg/m² § 28.8 (19.5–45.4) 29.1 (19.7–36.3) 0.560* 29.0 (25.0–33.5) 28.8 (19.5–45.4) 0.836*

Comorbidities ‡ 41 (93.2) 32 (91.4) 0.999** 6 (85.7) 67 (93.1) 0.438**

Specific comorbidities ‡ 

  Hypertension 27 (61.4) 20 (57.1) 0.882** 4 (57.1) 43 (59.7) 0.999**

  Diabetes mellitus 5 (11.4) 10 (28.6) 0.099** 0 (0.0) 15 (20.8) 0.336**

  Chronic obstructive pulmonary disease 10 (22.7) 13 (37.1) 0.249** 3 (42.9) 20 (27.8) 0.409**

  Hyperlipidemia 7 (15.9) 3 (8.6) 0.499** 0 (0.0) 10 (13.9) 0.586**

Cardiac surgical procedures ‡

  Coronary artery bypass grafting 33 (75.0)ᵃ 20 (57.1)ᵃ

<0.05**

5 (71.4) 48 (66.7)

0.432**

  Mitral valve replacement 5 (11.4)ᵃ 2 (5.7)ᵃ 1 (14.3) 6 (8.3)

  Mitral+aortic valve replacement 2 (4.5)ᵃ 10 (28.6)ᵇ 0 (0.0) 12 (16.7)

  Replacement of the ascending aorta 2 (4.5)ᵃ 0 (0.0)ᵃ 0 (0.0) 2 (2.8)

  Tricuspid annuloplasty+mitral valve replacement 0 (0.0)ᵃ 2 (5.7)ᵃ 0 (0.0) 2 (2.8)

  Coronary artery bypass grafting+mitral valve replacement 2 (4.5)ᵃ 1 (2.9)ᵃ 1 (14.3) 2 (2.8)
‡: n (%), categorical variables presented as frequency and percentage §: Median (minimum–maximum), continuous variables presented as median and range *: Mann-Whitney U test applied for non-parametric 
continuous variables **: Pearson Chi-Square test or Fisher's Exact/Fisher-Freeman-Halton test applied for categorical variables ᵃ'ᵇ: Different superscript letters within the same row indicate statistically significant 
differences between groups Bold p-values indicate statistical significance (p≤0.05). Abbreviations: POCD: Postoperative cognitive dysfunction
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between POCD groups (p=0.002) and postoperative 
MMSE score differences at both time points (p<0.01). The 
preoperative MMSE association (p=0.02) approached but did 
not reach adjusted significance, though the observed effect 
size (d=0.857) remained consistent with established cognitive 
reserve literature. The surgical procedure type distribution 
(p<0.05) also did not reach the adjusted significance threshold.

Post-hoc power analysis confirmed that our study achieved 
96.2% statistical power (1-β=0.962) for detecting cognitive 
differences based on the observed preoperative MMSE score 
variations (effect size, d=0.857).

DISCUSSION
Our findings suggested that POCD development following 
cardiac surgery was not associated with perioperative ONSD. 
POCD after cardiac surgery was transient, with incidence 
decreasing over follow-up. Although heterogeneity in patient 
and surgical characteristics may have limited detection of 
associations, the absence of link between ONSD and POCD 
suggests that other factors, such as preoperative cognitive 
status and systemic inflammatory responses, rather than 

Table 2. Perioperative characteristics and optic nerve sheath diameter measurements

Variables §
Postoperative day-8 Postoperative day-30

POCD (+) (n=44) POCD (-) (n=35) p POCD (+) (n=7) POCD (-) (n=72) p

Operative duration minutes 130.0 (66.0-313.0) 148.0 (84.0-310.0) 0.13 127.0 (99.0-212.0) 140.0 (66.0-313.0) 0.40

Aortic cross-clamping time minutes 77.5 (44.0-192.0) 83.0 (52.0-192.0) 0.18 74.0 (60.0-131.0) 82.0 (44.0-192.0) 0.66

Optic nerve sheath diameter cm

 Pre-induction (T0) 0.51 (0.36-0.58) 0.53 (0.44-0.59) 0.26 0.52 (0.36-0.59) 0.55 (0.50-0.55) 0.43

 Post-intubation 15th minute (T1) 0.57 (0.40-0.70) 0.59 (0.46-0.70) 0.21 0.59 (0.40-0.70) 0.59 (0.55-0.63) 0.76

 Cardiopulmonary bypass initiation 5th minute (T2) 0.56 (0.38-0.69) 0.59 (0.46-0.70) 0.09 0.58 (0.38-0.70) 0.58 (0.53-0.63) 0.85

 Hypothermic cardiopulmonary bypass period (T3) 0.55 (0.36-0.65) 0.58 (0.45-0.65) 0.12 0.56 (0.36-0.65) 0.56 (0.52-0.60) 0.80

 Post-cardiopulmonary bypass 30th minute (T4) 0.56 (0.42-0.66) 0.58 (0.46-0.66) 0.11 0.57 (0.42-0.66) 0.56 (0.53-0.62) 0.92
§: Median (minimum-maximum), continuous variables presented as median and range *: Mann-Whitney U test applied for non-parametric continuous variables T0-T4: Perioperative measurement time points 
for optic nerve sheath diameter assessment. Bold p-values indicate statistical significance (p≤0.05). Abbreviations: POCD: Postoperative cognitive dysfunction, T0: Pre-anesthetic induction, T1: 15 minutes post-
intubation, T2: 5 minutes after cardiopulmonary bypass initiation, T3: Hypothermic period during cardiopulmonary bypass, T4: 30 minutes post-cardiopulmonary bypass

Figure. Perioperative trajectories of optic nerve sheath diameter across 
measurement time points, stratified by postoperative day-8 cognitive 
dysfunction status. Data presented as median with interquartile range (error 
bars). T0: pre-anesthetic induction; T1: 15 minutes post-intubation; T2: 5 
minutes after cardiopulmonary bypass (CPB) initiation; T3: hypothermic 
period during CPB; T4: 30 minutes post-CPB termination. Blue circles 
represent patients who developed postoperative cognitive dysfunction 
(POCD+, n=44); orange circles represent patients without POCD (POCD-, 
n=35). Mann-Whitney U test revealed no statistically significant differences 
between groups at any time point (all p>0.05).
POCD: Postoperative cognitive dysfunction

Table 3. Clinical outcomes and cognitive assessment results

Variables
Postoperative day-8 Postoperative day-30

POCD (+) (n=44) POCD (-) (n=35) p POCD (+) (n=7) POCD (-) (n=72) p

Postoperative day-8 pain score NRS ‡

  0 38 (86.4) 33 (94.3)

0.63**

6 (85.7) 65 (90.3)

0.55**  3 3 (6.8) 1 (2.9) 0 (0.0) 4 (5.6)

  4 3 (6.8) 1 (2.9) 1 (14.3) 3 (4.2)

Postoperative day-30 pain score NRS ‡

  0 43 (97.7) 34 (97.1)

0.69**

7 (100.0) 70 (97.2)

0.99**  3 0 (0.0) 1 (2.9) 0 (0.0) 1 (1.4)

  4 1 (2.3) 0 (0.0) 0 (0.0) 1 (1.4)

Cognitive assessment scores MMSE§

  Preoperative 25.0 (16.0-30.0) 28.0 (16.0-30.0) <0.01* 24.0 (16.0-28.0) 26.0 (16.0-30.0) 0.29*

  Postoperative day-8 21.0 (12.0-27.0) 26.0 (14.0-30.0) <0.01* 20.0 (12.0-24.0) 22.0 (13.0-30.0) 0.19*

  Postoperative day-30 23.0 (13.0-29.0) 28.0 (14.0-30.0) <0.01* 21.0 (13.0-25.0) 25.0 (14.0-30.0) 0.07*
‡: n (%), categorical variables presented as frequency and percentage §: Median (minimum-maximum), continuous variables presented as median and range *: Mann-Whitney U test applied for non-
parametric continuous variables **: Pearson Chi-square test or Fisher's Exact/Fisher-Freeman-Halton test applied for categorical variables Bold p-values indicate statistical significance (p≤0.05). Abbreviations:                                  
POCD: Postoperative cognitive dysfunction, NRS: Numeric rating scale (0-10), MMSE: Mini-Mental State Examination (0-30 points)
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ONSD, may have played a more critical role in POCD. Thus, 
perioperative ONSD alterations alone may not fully capture 
the complex cerebral physiological changes occurring during 
and after cardiac surgery.

Studies have reported inconsistent POCD incidence after 
cardiac surgery. Rahman et al.23 reported no POCD after 
elective coronary artery bypass graft surgery, whereas others 
found around 25% POCD after major cardiac surgery. 
Moreover, most studies overlook PCOD’s persistence or 
progression in the subacute postoperative phase which is 
crucial to obtain a more comprehensive understanding of 
the disease. For instance, one report shows 20.2% POCD 
incidence at discharge decreases to 6.9% six-weeks after 
cardiac bypass surgery.24 Similarly, Zhao et al.2 reported 5.17% 
and 27.27% POCD incidence in patients undergoing cardiac 
surgery, at the 24th and 72nd postoperative-hours, respectively, 
depending on the type of anesthesia. Discrepancies between 
POCD incidence studies following cardiac surgery have been 
attributed to differences in diagnostic criteria, neurocognitive 
assessment methodologies, and postoperative follow-up 
periods.4,19,25 Our findings, showing a decline from 55.7% 
on day 8 to 8.9% on day 30, emphasize the transient nature 
of POCD and suggest reversible neuronal dysfunction as 
a predominant mechanism.9 This temporal pattern also 
implies that early postoperative cognitive impairment may be 
more closely related to transient perioperative physiological 
disturbances rather than sustained elevations in ICP.

Zhang et al.15 reported a significant correlation between 
decreased coronal ONSD and increased POCD risk in 
patients undergoing carotid endarterectomy, suggesting that 
hyperperfusion-induced POCD may be involved. However, 
they found no difference in sagittal ONSD between patients 
with and without POCD. On the contrary, here, where we 
measured ONSD in both transverse and sagittal planes and 
reported a single averaged-value, we did not find a correlation 
between ONSD and POCD. This may reflect that CPB 
triggers mechanisms (ie. microembolization, global perfusion 
alterations, temperature shifts, systemic inflammation) affect 
neurocognition independently of ICP. Microembolic load 
and hypoperfusion can cause subtle ischemic injury without 
elevating ICP, limiting the predictive utility of ONSD.

Several studies have used predetermined ONSD cut-off values 
for patient categorization. Song et al.9 used >5.00 mm and 
≤4.00 mm in older adults undergoing rectal cancer surgery, 
reporting lower MMSE scores in patients with increased 
ONSD. However, despite substantial cerebral perfusion 
changes during CPB, we did not observe any significant 
changes in the perioperative ONSD of patients undergoing 
cardiac surgery, supporting the notion that POCD may be 
driven predominantly by non-ICP mechanisms. Limitations 
of ONSD measurements, including timing, anesthesia effects, 
and transient fluctuations, further reduce its predictive 
ability.26,27

In a rare study on cardiac surgery, Mermer et al.12 reported 
that ONSD correlated with extracorporeal support, cross-
clamping, and surgery duration in newborns, suggesting it 
may predict extracorporeal life support duration. Similarly, 
Rivas-Rangel et al.28 found a significant positive correlation 

between the duration of extracorporeal life support and ONSD 
in children undergoing cardiac surgery, with values returned 
to normal 24 hours after surgery. Nevertheless, perioperative 
measurement is challenging due to sterility, positioning, and 
intraoperative fluctuations, highlighting the limited practical 
utility of ONSD monitoring in adult cardiac surgery.

A study comparing baseline and 72nd postoperative hour 
values associated ONSD changes after cardiac surgery with 
variations in volume status. Additionally, Wakimoto et al.13 
found that Fontan patients were more likely to have increased 
ONSD values, suggesting that prolongation of surgery 
may increase ICP by placing additional stress on cerebral 
circulation, which in turn may cause higher ONSD values. 
However, these associations may not reflect neurocognitive 
outcomes, underscoring the multifactorial and dynamic 
nature of POCD pathophysiology in cardiac surgery. Further 
research is needed to clarify the clinical utility of ONSD in 
predicting neurocognitive outcomes in patients undergoing 
cardiac surgery.

We found advanced age and lower preoperative cognitive 
function as significant risk factors for POCD, consistent with 
literature indicating that baseline cognitive reserve is crucial to 
postoperative cognitive resilience.23,24 Several studies reported 
that elderly patients with pre-existing cognitive limitations are 
particularly vulnerable to the neurological stressors of cardiac 
surgery, including microembolization, hypoperfusion, and 
inflammatory cascades.19,21-23 Taken together, these findings 
suggest that ONSD alone cannot capture the multifactorial 
etiology of POCD. Clinically, our results underscore that 
early POCD remains frequent after cardiac surgery, even 
when ONSD changes are absent, highlighting the importance 
of preoperative cognitive screening in identify high-risk 
patients. Implementing targeted neuroprotective strategies, 
optimizing perioperative management, and providing early 
cognitive support may therefore be more relevant for patient 
outcomes than relying solely on ONSD monitoring. Future 
studies should use multimodal neuromonitoring in larger 
cohorts with multicenter design and longer follow-up to better 
understand POCD mechanisms and predictors.

There is a notable variation in POCD incidence between 
postoperative days -8 and -30, which may be explained by 
several factors. First, our homogenous study population 
introduces a substantial variability in surgical complexity and 
duration which may have led to differences in perioperative 
physiological stress and recovery trajectories, influencing 
the timing and extent of cognitive changes. Second, the 
observed reduction in POCD rates at day-30 may reflect 
a learning effect due to repeated neurocognitive testing, 
as patients may perform better on the second assessment 
regardless of proper cognitive recovery. Finally, although 
we used validated cognitive assessment tools, test–retest 
reliability and methodological factors, including patient 
fatigue, perioperative fluctuations, or attrition of cognitively 
vulnerable patients between assessments, may have also 
affected the observed incidence. These factors should be 
considered when interpreting the temporal changes in 
POCD prevalence. Nevertheless, the observed high POCD 
incidence in the early period and its subsequent rapid 
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resolution highlight a clinically relevant phenomenon that 
warrants further investigation. Future prospective studies 
with standardized neurocognitive assessments and detailed 
perioperative data would clarify the underlying mechanisms 
and clinical significance of these temporal patterns.

Limitations
Several limitations should be considered when interpreting 
current findings. Its single-center design and modest sample 
size, particularly the small POCD subgroup at day-30, reduce 
statistical power. Our POCD assessment, which relied 
exclusively on the MMSE as a validated and widely used tool 
for efficient assessment of global cognitive function in the 
perioperative setting, may lack sensitivity for detecting subtle, 
domain-specific deficits such as executive dysfunction, which 
are often affected after cardiac surgery. A comprehensive 
neuropsychological test battery or additional tools such as the 
Montreal Cognitive Assessment (MoCA) may have provided 
a more nuanced evaluation of domain-specific cognitive 
impairments. However, the robustness of our findings is 
strengthened applying RCI method, which detects meaningful 
intra-individual change while accounting for measurement 
error, practice effects, and regression to the mean. By adopting 
a 95% CI threshold (±1.96), we focused on changes unlikely to 
occur by chance. This method, validated in population-based 
studies,29 has shown that small changes in MMSE scores—
often within 2–3 points—are common in cognitively normal 
individuals and should not be automatically interpreted as 
a clinically meaningful decline. Therefore, our statistically 
grounded definition of POCD enhances the reliability of 
outcome classification and facilitates comparison with studies 
using similar statistical frameworks. Nevertheless, future 
studies should incorporate broader cognitive assessment 
tools to capture subtle and multidimensional postoperative 
cognitive changes better without restrictions to detect domain-
specific cognitive impairments and to provide a more detailed 
characterization of POCD. Although ONSD measurement by 
USG is a recognized noninvasive method for estimating ICP, 
the fact that its accuracy depends on factors like the operator's 
skill, the timing of measurements, and patient positioning 
constitutes another limitation. Despite using a standardized 
protocol, our fixed perioperative intervals may have missed 
transient ICP changes relevant to POCD. Moreover, while 
statistically rigorous, defining POCD via RCI with 95% CI 
may have identified changes of limited clinical relevance. 
Furthermore, our study lacks data on patients’ educational 
levels, a known determinant of cognitive reserve, which may 
have influenced the interpretation of our findings, as higher 
educational attainment is often associated with greater 
resilience to postoperative cognitive decline. Since this 
variable could have confounded the observed associations 
between ONSD and POCD, future studies should incorporate 
detailed educational and cognitive baseline assessments 
to better account for this important factor. Our follow-up 
period constitutes another limitation, as other studies have 
shown that longer follow-up may reveal different patterns of 
cognitive recovery or decline. Additionally, we did not assess 
inflammatory biomarkers such as CRP or cytokines, which 
could have provided insight into perioperative inflammatory 

cascades linked to cognitive outcomes. This was due to the 
practical challenges of repeated sampling at all predefined 
perioperative time points (T0–T4), and a single preoperative 
or intraoperative measurements would not have accurately 
captured the dynamic inflammatory response. Finally, 
although we controlled for key factors, other factors such 
as age, differences in the types of surgeries patients had 
undergone, their pre-existing cerebrovascular diseases, 
genetic predispositions, or perioperative physiological 
fluctuations may have confounded our findings. Notably, 
the inclusion of heterogeneous cardiac surgical procedures 
(CABG, valve replacements, and combined procedures) 
rather than focusing on a single procedure type, such as 
isolated CABG, may have introduced variability in our results. 
However, this approach was intentional as we hypothesized 
that CPB-related perfusion changes would be the primary 
determinant of cognitive outcomes.

CONCLUSION
As a result, our findings suggest that perioperative ONSD 
was not significantly associated with the development of 
POCD in patients undergoing cardiac surgery, highlighting 
that ONSD is not a reliable predictor of POCD in this 
setting. Routine preoperative cognitive assessment should 
therefore be prioritized to identify patients at higher risk. The 
high prevalence of POCD in the early postoperative period 
emphasizes the need for vigilant monitoring and potential 
interventions during this critical phase, even though most 
cases resolve over time. This transient but significant 
cognitive dysfunction may have substantial implications for 
early postoperative care, rehabilitation planning, and patient 
education. Further research is needed to explore additional 
predictive markers and develop targeted interventions to 
mitigate cognitive decline in this patient population.
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