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Abstract

Aim: To assess the effect of NIRS monitoring on the cognitive outcome of asymptomatic carotid artery disease patients
undergoing off-pump coronary artery bypass grafting.

Methods: This randomized controlled trial was carried out at Sir Ganga Ram Hospital, New Delhi, among 50
asymptomatic carotid artery disease patients undergoing OPCAB. Fifty patients were randomized to either an NIRS
monitored group or a control group to receive standard monitoring. Cognitive performance was measured with the
MOCA score at preoperative, 24 hours, and 6 days after the operation. Duration of ICU stay was also documented and
examined through SPSS software.

Results: Both groups had a decrease in MOCA scores at 24 hours post-surgery, with partial recovery by day 6. The NIRS
group had a slightly lower percentage change in MOCA scores than the control group, but without statistical significance.
There was no significant difference in ICU stay between the groups. Overall, NIRS monitoring revealed a trend toward
improved cognitive outcomes, although without statistical significance.

Conclusion: Near Infrared Spectroscopy did not demonstrate statistically significant cognitive protection, trends did
suggest slightly better cognitive preservation in the NIRS group. The study provides evidence for the viability of NIRS
as an adjunct to monitoring, though further studies with larger samples might be required to determine its efficacy.

Keywords: Asymptomatic Carotid Artery Disease; Cognitive Outcome; Moca Score; Near Infrared Spectroscopy
(NIRS); Off-Pump Coronary Artery Bypass Graft (OPCAB)

1. Introduction

Postoperative cognitive dysfunction (POCD) is a well-recognized yet frequently underdiagnosed complication following
cardiac surgery, particularly among older patients and those with pre-existing cerebrovascular comorbidities [1-3]. The
consequences of POCD can be severe, affecting the patient's quality of life, prolonging hospitalization, increasing
healthcare costs, and significantly burdening caregivers. One of the most critical contributing factors to POCD is
asymptomatic carotid artery stenosis, which may predispose patients to cerebral hypoperfusion during
cardiopulmonary bypass procedures. While off-pump coronary artery bypass (OPCAB) surgery was introduced to
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reduce neurocognitive dysfunction rates, cognitive decline has still been observed in these patients, suggesting that
other intraoperative factors, such as cerebral oxygenation, may play a role.

Near-infrared spectroscopy (NIRS) is an intraoperative tool that has gained popularity for its ability to monitor regional
cerebral oxygen saturation (rSO;) non-invasively. NIRS provides real-time feedback on cerebral oxygenation levels,
enabling immediate adjustments to hemodynamic and ventilatory management during surgery. This proactive
approach is believed to reduce the risk of cerebral injury and postoperative cognitive decline [4,5]. Although NIRS
monitoring has been widely implemented in on-pump cardiac surgeries, its benefits in OPCAB procedures, particularly
for high-risk patients with carotid artery disease, remain underexplored and inconclusive. This lack of evidence is
significant since asymptomatic carotid artery stenosis can impair cerebral autoregulation, decrease cerebral perfusion
reserve, and increase the risk of perioperative ischemic events, which can lead to subtle cognitive declines that often go
undetected [6,7].

Cognitive decline in these patients is often subtle and goes unnoticed because of the absence of overt symptoms. To
address this, sensitive cognitive assessment tools, such as the Montreal Cognitive Assessment (MoCA) scale, are
essential for detecting mild cognitive impairments that might otherwise be overlooked [8-10]. Despite the utility of
these assessments, there is a paucity of randomized controlled trials directly comparing the cognitive outcomes of
patients with asymptomatic carotid artery stenosis undergoing OPCAB surgery with or without NIRS guidance. This
study aims to fill this gap in the literature by assessing the neuroprotective effects of cerebral oximetry in OPCAB
surgery for high-risk patients [11-14]. The study's objectives include evaluating whether NIRS-guided monitoring can
reduce the incidence of cognitive dysfunction and providing evidence that can inform future clinical guidelines on
perioperative care for patients with cerebrovascular risk factors.

Given the high prevalence of carotid artery stenosis in coronary artery bypass graft (CABG) patients, this study also
seeks to contribute to the development of a gold standard for intraoperative monitoring that can minimize the
occurrence of neurocognitive deficits in these high-risk patients. By providing significant insights into the
neuroprotective function of cerebral oximetry, the findings could guide clinical practices, ultimately enhance patient
outcomes and reduce the burden of cognitive morbidity following cardiac surgeries.

2. Materials and methods

2.1. Study Design and Setting

This randomized controlled trial was conducted in the Department of Cardiac Surgery at Sir Ganga Ram Hospital, New
Delhi. Data collection began following approval from the Institutional Ethics Committee and continued until December
31, 2023. Follow-up was conducted until March 2024. The study adhered to the ethical standards of the responsible
institutional committee and the Declaration of Helsinki (2000 revision).

2.2. Research Question
What is the neuro-cognitive outcome in patients with asymptomatic carotid artery disease undergoing off-pump
coronary artery bypass graft surgery with or without near infrared spectroscopy monitoring?

2.3. Research Hypothesis

We hypothesize that the group receiving NIRS monitoring intra-operatively will have a better cognitive function in the
immediate post-operative period in patients with asymptomatic carotid artery disease posted for off-pump coronary
artery bypass graft surgery.

Objective

To compare neuro-cognition as assessed by MOCA score in patients with asymptomatic carotid artery disease
undergoing off-pump coronary artery bypass graft surgery with or without near infrared spectroscopy monitoring
during perioperative period.
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To compare the length of ICU, stay in patients receiving near infrared spectroscopy monitoring versus standard
monitoring technique in off pump coronary artery bypass graft surgeries patients with asymptomatic carotid artery
disease.

2.4. Patient Selection and Consent

The study included adult patients (>18 years) diagnosed with asymptomatic carotid artery disease scheduled for oft-
pump coronary artery bypass grafting (CABG). Inclusion criteria comprised patients classified as ASA grade I to IV who
provided informed written consent. Exclusion criteria included refusal to participate, requirement for on-pump CABG,
concurrent surgical procedures, or any history of preoperative stroke, seizures, or psychiatric illness. All participants
received detailed information about the study and provided informed consent. Confidentiality and anonymity were
maintained. Ethical approval was granted by the Institutional Ethics Committee.

2.5. Sample Size Calculation

Sample size estimation was based on a previous study which reported mean MOCA scores of 26.8 + 1.9 in the NIRS
group and 23.6 + 2.5 in the control group. A sample of 11 patients per group was required to achieve a 90% power with
a = 0.05. To enhance statistical robustness, 25 patients were included per group.

e Randomization and Group Allocation

e Participants were randomized into two groups:

e Group A (Intervention): Monitored with Near-Infrared Spectroscopy (NIRS) using the INVOS system (INVOS
5100C; Semantics Corp, Troy, MI, USA).

e Group B (Control): Received conventional monitoring including arterial blood gas (ABG) analysis, mean arterial
pressure (MAP), pulse oximetry, and urine output.

2.6. Procedures and Monitoring
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Figure 1 Algorithm to manage cerebral desaturation
In Group A, baseline NIRS readings were recorded before induction of anesthesia. A reduction of more than 20% from

the baseline prompted corrective interventions, including optimizing hematocrit and patient positioning.(Figure 1) The
INVOS system monitored bilateral regional cerebral oxygen saturation continuously throughout the surgery. Absolute
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values were recorded before induction, during graft placement, aortic cross-clamping, and post-clamp release. The
lowest NIRS value at each stage was noted, and the mean for each hemisphere was calculated.

Neurocognitive function was assessed using the Montreal Cognitive Assessment (MOCA) at three time points: pre-
operatively, 24 hours postoperatively, and on postoperative day 6. The MOCA evaluates multiple cognitive domains,
with a maximum score of 30; scores 226 is considered normal. Changes in median (interquartile range) MOCA scores
across the time points were compared between the groups.

2.7. Statistical Analysis

Statistical analysis was performed using SPSS for Windows, version 17.0 (SPSS Inc., Chicago, IL, USA). Continuous
variables were expressed as mean * standard deviation (SD), and categorical variables as frequencies and percentages.
Data distribution was assessed for normality. Unpaired t-tests were used for normally distributed continuous variables,
while the Mann-Whitney U test was applied for non-normally distributed variables. Chi-square or Fisher’s exact tests
were employed for categorical comparisons. P-values were reported precisely; values <0.05 were considered
statistically significant. Confidence intervals were provided for key outcome measures.

3. Results

The demographic traits of the sample population were non-statistically significant for the comparison between the non-
NIRS group and the NIRS group. Participants in the NIRS group had a mean age of 59.20 + 7.49 years, while for the non-
NIRS group the mean age was 60.68 + 7.53 years (p = 0.489). Average height and weight were also comparable between
both groups, with weights of 56.88 + 9.82 kg and 56.04 + 8.90 kg (p = 0.753) and heights of 153.96 + 10.84 cm and
154.60 * 10.07 cm (p = 0.830) for the NIRS and Non-NIRS groups respectively. The BMI of the NIRS group was
marginally more (23.82 + 1.68 kg/m?) than that of the non-NIRS group (23.29 + 1.42 kg/m?), although not significantly
(p = 0.240). Likewise, the mean operating time (97.40 * 17.86 min vs. 94.20 + 17.78 min; p = 0.528) and pre-operative
MOCA scores (28.40 + 1.08 vs. 28.52 + 1.16; p = 0.707) between the groups were similar and showed demographic
homogeneity. The mean MOCA scores at 24 hours were equal between groups (25.92 + 1.44 vs. 25.88 + 1.36; p=0.920),
as the scores at 6 days were (27.64 £ 1.11 vs. 27.44 + 1.08; p=0.523), showing no cognitive difference by time. The mean
duration of ICU stays also did not differ significantly between the groups (5.88 + 1.20 vs. 5.52 * 1.33 days; p=0.320). In
addition, the percentage change in MOCA scores at both 24 hours (8.76 + 3.00% vs. 9.26 + 2.85%; p=0.545) and 6 days
(2.63 £ 3.37% vs. 3.72 £ 3.51%; p=0.267) was not different between the groups, indicating similar trends in cognitive
recovery and ICU stay (Table 1).

Table 1 MOCA Scores and ICU Stay

Variable NIRS Group (n=25) | Non-NIRS Group (n=25) | p-value
Pre-op MOCA Score 28.40+£1.08 28.52+1.16 0.707
MOCA at 24 hrs 2592 +1.44 25.88+1.36 0.920
MOCA at 6 days 27.64+1.11 2744 +1.08 0.523
% Change in MOCA at 24 hrs | 8.76 + 3.00 9.26 £2.85 0.545
% Change in MOCA at 6 days | 2.63 + 3.37 3.72£3.51 0.267

The gender distribution in the NIRS and Non-NIRS groups, there were 14 (56%) males and 11 (44%) females in the
NIRS group, while there were 16 (64%) males and 9 (36%) females in the non-NIRS group. Between-group comparison
gave a p-value of 0.564, suggesting that gender distribution between the two groups was not statistically different.

At 24 hours post-surgery, the rate of Post-Operative Cognitive Dysfunction (POCD) was lower in the NIRS group than in
the non-NIRS group. In the NIRS group, 88% of patients had no POCD, 12% had mild POCD, and none had severe POCD.
Conversely, the non-NIRS group presented with a slightly lower percentage of patients free from POCD (80%) and a
greater incidence of mild POCD (20%), but no severe cases of POCD in either group (as shown in Table 2). This would
indicate that NIRS monitoring use could be related to a decrease in early postoperative mild cognitive impairment.
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Table 2 Post-Operative Cognitive Dysfunction (POCD) at 24 Hours

Group No POCD | Mild POCD | Severe POCD

NIRS Group 22 (88%) | 3 (12%) 0

Non-NIRS Group | 20 (80%) | 5 (20%) 0

Table 3 illustrates the distribution of patients with no postoperative cognitive dysfunction (POCD), mild POCD, and
severe POCD in both study groups. In the NIRS group, all 25 patients (100%) had no evidence of POCD, with neither
mild nor severe cases identified. Conversely, the non-NIRS group consisted of 24 patients (96%) with no POCD and one
patient (4%) with mild POCD; there were no severe cases in this group as well. The results indicate a possibly protective
role of NIRS monitoring in the prevention of POCD.

Table 3 Number of patients in both our study groups with no POCD, mild POCD and Severe POCD

Group No POCD | Mild POCD | Severe POCD
NIRS Group 25(100%) | O 0
Non-NIRS Group | 24 (96%) | 1(4%) 0

Table 4 shows the correlation between MOCA scores and age and BMI at three intervals—preoperatively, at 24 hours,
and at 6 days postoperatively—in NIRS and non-NIRS groups. Age displayed a statistically significant negative
correlation with MOCA scores at every time point in both groups, with more robust correlations being found
preoperatively (NIRS: r =-0.716, p < 0.001; non-NIRS: r =-0.706, p < 0.001) and progressively lessening by day 6 (NIRS:
r=-0.401, p = 0.047; non-NIRS: r =-0.391, p = 0.053), indicating that higher age is related to lower cognitive scores. On
the other hand, BMI did not show any notable correlation with MOCA scores at any time point within either group, as
supported by low correlation coefficients with high p-values. This implies that though age can impact cognitive results
following surgery, BMI seems to have no significant effect.

Table 4 Correlation Coefficient of age, BMI, with MOCA scores at baseline, at 24 hours and at 6 days

GROUP PRE-OP MOCA MOCA AT 24 HRS | MOCA AT 6 DAYS
NIRS AGE Pearson Correlation: -0.716 | -0.547 -0.401

p Value | <0.001 0.005 0.047

BMI Pearson Correlation: -0.195 | -0.140 -0.100

p Value | 0.350 0.506 0.635
NON-NIRS | AGE Pearson Correlation: -0.706 | -0.540 -0.391

p Value | <0.001 0.005 0.053

BMI Pearson Correlation: 0.065 | 0.144 -0.079

p Value | 0.756 0.491 0.708

Statistically significant (p < 0.05)

4. Discussion

In our research, we assessed 50 patients with asymptomatic carotid disease that is 250% carotid artery stenosis without
a history of syncope or TIA or CVA in the past 6 months necessitating OPCAB surgery under general anaesthesia.
Neuropsychological assessment with MoCA score was done on all patients pre- and post-surgery. NIRS follow-up was
done for 25 patients (NIRS group) and NIRS follow-up was not done for 25 patients (non-NIRS group). It was a total
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score of 30 points. A MoCA score of 226 is within normal limits, 19-25 mild dementia, and below 19 severe dementia.
Both groups did not differ significantly based on demographic parameters, medical conditions, and working variables.
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Figure 2: X represents baseline cerebral SO2, and Y denotes baseline MOCA score, and it indicates a positive
correlation.

Figure 3: X-axis denotes the average minimum rso2 during the intra-operative period, and Y-axis denotes the MOCA scores at 24 hours in the post-
operative period.; Figure 4. X shows min Rso2, and the Y-axis denotes MOCA at 6 days. ; Figure 5: X-axis is the minimum rSO2, and Y-axis is the
length of ICU stay, and both variables have an inverse correlation

There were no differences of statistical significance in all groups for age, gender, height, weight, BMI, educational level,
initial MoCA score and surgical duration, as presented in Tables 1 and 2. In our study at the 24th hour after surgery, in
the NIRS-tested group, 22/25 patients(88%) showed no cognitive impairment,12% showed mild POCD, and none
showed severe cognitive impairment [15-17]. As in the non-NIRS-examined group,20 out of 25 patients showed no
postoperative cognitive impairment (80%), 20% showed mild impairment, and no patient showed postoperative severe
neurocognitive impairment. On the 6th day, in the NIRS monitoring group, all of the patients i.e. 100% patients did not
show cognitive impairment. On the contrary, 24 out of 25 patients were free from any impairment and merely 1/25
patients experienced mild impairment.

Newman et al., [18] investigated the cognition in 261 CABG patients in whom they observed nearly 55% patients with
early cognitive impairment on discharge. But our study did not show the same. Our study groups had no significant
dysfunction at discharge compared to their study. It might have been that their assessment parameter was far more
complicated and multilayered which likely identified impairment than our MOCA score (which is a better test to identify
subtle or mild impairment). Tourney Jette et al.,, [19] also studied CABG patients, but their mean age was 70 years
compared to our 59.2+7.9 and 60.6x7.5 years. Considering that their study population had elderly patient
characteristics and 46/61 patients were done on pump CABG, their results, being incompatible with our results of early
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onset POCD, might be accounted for. They encountered in their patients nearly 80% of their patients with an early onset
of POCD. Sahan Cenk et al,, [20] also operated on the elderly population with a mean age of >60 years undergoing on-
pump CABG. They also detected that early POCD was found among 10 of 21 (45%) of the control patients and among 7
of 19 (37%) of the intervention patients, but the development of POCD in either the two groups (intervention versus
control group) was not found to be significant (p>0.05), thus results were similar to ours Both of our groups' MOCA
scores were nearly comparable at baseline. The mean preoperative MOCA scores in the NIRS group were 28.4 *
1.08(95% CI;27.95- 28.85) and in the non-NIRS group 28.52 * 1.16 (95% CI;28.05- 28.99), with a p-value > 0.001 and
thus not significant. The MOCA score at 24 hours post-surgery was 25.92 * 1.4(95% CI; 25.33 - 26.51) in the NIRS group,
whereas it was 25.88 + 1.36(95% CI; 25.32- 26.44) in the non-NIRS group. But again, this too was not a highly important
difference. The MOCA score at 6 days post-surgery was 27.6x1.11 (95% CI; 27.18- 28.1) in the NIRS group, whereas in
the non-NIRS group, it was 27.4+£1.08 (95% CI; 26.99- 27.89). In addition, to determine the percentage change in the
mean MOCA score from pre-op to 24 hours post-op, we discovered that the percentage change was higher for the mean
MOCA score in the non-NIRS group, which was 9.25 per cent versus 8.73 per cent in the NIRS group. Comparable findings
were noted with the average change in MOCA score from pre-surgery to 6 days post-surgery (2.6% in the NIRS group
and 3.7% in the non-NIRS group).

Kara et al,, [21] identified that the MOCA scores in the post-operative period were significantly reduced in the non-NIRS
monitoring group (23.6+2.5) compared to the NIRS group (MOCA score of 26.8+1.9). The only significant distinction
between their research and the present research is that they performed a study among patients who had on-pump
CABG, while our research involved patients who were administered OPCAB. Umesh S et al [22] also examined the impact
on neurocognition among patients who had asymptomatic carotid artery disease with >70% stenosis and who had
OPCAB. There were many similarities in our research such as the age group range and the population of the patients.
They also were unable to ascertain noteworthy differences between the intervention and control groups. Sacli Hakan et
al,, [23] investigated on diabetic patients who had lower pre-operative MOCA scores (24.8+2.2 and 25.2+2.0. they
discovered that the post-operative means MOCA score in the group which was followed by the standard protocol was
significantly lower than the group followed intraoperative rSO2 values by NIRS monitor (24.8+2.2 vs. 23.6+2.6, P=0.02),
which was contrary to our result. This difference between their study and ours may be due to the already cognitive
dysfunction present pre-operatively. In our study we also observed that there was negative weak correlation between
age and MOCA scores, with a maximum at the pre-operative time. There appears to be no positive or negative correlation
between BMI and MOCA scores at baseline, as well as at 24 hours or 6 hours of surgery. There was a weak positive
correlation between baseline rSO2 and baseline MOCA score.( Figure 2) When comparing the correlation between
minimum rSO2 and MOCA at 24 hours and at 6 days, both occasions there was a weak positive correlation, but both
occasions were statistically not significant.(Figure 3, 4) In our research, ICU STAY was 5.88+1.20 days in the NIRS group
and 5.52+1.33 days in the non-NIRS group, with p-value =0.320 and therefore was not statistically significant.( Figure
5) There was a negative correlation between minimum recorded rSO2 and ICU length of stay. In some studies, the group
monitored with normal protocol also had a significantly higher hospital length of stay, which was statistically significant
compared to our results when it came to ICU length of stay, which was statistically insignificant. However, as a result of
very comparable demographics, our study was comparable in findings in the case of ICU length of stay to Umesh Set al's
study [24]. The present study looked for any correlation of age, BMI and MOCA scores. While there was no correlation
between the MOCA scores and BM], researchers did certainly see a negative correlation between age and MOCA scores
with strongest with pre-operative MOCA scores. Present study finds a correlation between min rSO2 with age and BMI.

In research conducted by Lian [25], they also have reported a negative correlation between baseline rSO2 values and
age which is consistent with our results. The same results were reaffirmed by Jette et al [26] who concluded that NIRS
monitoring is an effective tool for the diagnosis of POCD in the elderly population. Yet, we established a weak positive
correlation when dealing with the mean of the recorded minimum rSO2 values and age. Regarding a correlation between
weight and BMI and rSO2 values, we observed a weak positive correlation similar to the result of Valencia [27] who
reported that BMI influences rSo2 values with baseline rSO2 showing a positive correlation with body weight (r = 0.347,
P = 0.014) and therefore must be taken into consideration while monitoring its value by NIRS monitor.

5. Conclusion

The monitoring of cerebral perfusion through methods like near-infrared spectroscopy (NIRS) will enable interventions
in mean arterial pressure monitoring to be based on alterations in NIRS. Thus, unnecessary use of medication and
invasive interventions can be prevented by cerebral oxygen saturation monitoring (rSO2). While our research
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demonstrated its limited application in the diagnosis of postoperative cognitive dysfunction in coronary bypass graft
patients, however, the application of NIRS in such cases is advisable and more research must be conducted to determine
its full potential.
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