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Abstract: Background — Postoperative cognitive dysfunction (POCD) is an important complication of coronary artery bypass grafting
(CABG). Large amount of data points to the problem of POCD in patients with high surgical risk of CABG. Low-risk patients are not safe from
these complications either. Assessment of the severity, duration of POCD, degree of recovery and risk factors in off- and on-pump patients
with stable coronary artery disease is crucial in minimization of the POCD risk in patients with low surgical risk.

Objective — to analyze incidence, severity, reversibility and risk factors of POCD in patients undergoing elective low-risk CABG.

Methods and Results — The retrospective cohort study included 79 patients who underwent on-pump (N=44) or off-pump (N=35) elective
CABG with low surgical risk (mean EuroSCORE Il death risk 1.08+0.71%), with observation period of 6 months. Pre-CABG markers of
cognitive impairment were found in 50% of patients, with 44% of patients demonstrating POCD. Patients who underwent off-pump CABG
demonstrated more pronounced decline in MoCA score compared to on-pump (-3.9+2.0 vs. -2.2+2.0 at 8 days point, p=0.018), with regress
to pre-CABG results after 3 weeks. Baseline MoCA score <25 was found to be a predictor for more pronounced cognitive decline at 8 days
point. MMSE demonstrated less predictive value compared to MoCA.

Conclusion — POCD risk differs in off-pump and on-pump CABG cohorts, with significantly higher prevalence in the former group, whether
assessed using MMSE or MoCA tests. Differences are observed within 3 weeks post-CABG. Pre-CABG MoCA score <25 is associated with
more pronounced POCD in low-risk elective CABG cohort.
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Introduction pharmacological treatment [8]. POCD is a proven predictor of long-
term risk of dementia and shorter longevity in post-CABG patients
[9, 10]. All analyses demonstrate results obtained on low surgical
risk cohorts. Therefore, severity, duration of POCD, its reversibility
and risk factors in off- and on-pump patients with SCAD and
planned low surgical risk CABG are currently insufficiently studied.

Coronary revascularization with coronary artery bypass
grafting (CABG) is preferable compared with pharmacological
treatment for controlling the symptoms of myocardial ischemia
and preventing the myocardial infarction (MI) [1]. Perioperative
CABG-associated complications are known predictors of higher

mortality in patients with stable coronary artery disease (SCAD) The objective of the current study was to analyze incidence,
[2]. Postoperative cognitive dysfunction (POCD), implying patient’s severity, and risk factors for postoperative cognitive decline in low-
memory and learning decline after surgery, is among significant risk patients undergoing elective CABG.
complications, and is found in 10-50% post-CABG patients,
depending on used diagnostic criteria [3, 4]. Material and Methods

Prognostic tools and minimization of the POCD risk imply Personal medical records of 79 repeated patients (mean age of
screening of risk factors for cerebral ischemia, such as 61.146.0 years) were retrospectively analyzed. All patients
asymptomatic carotid stenosis [5], and modification of surgical underwent elective CABG without hypothermia, either on-pump

approach [6], if suitable. There are contradictory data on the (44 patients) or off-pump (35 patients).
impact of different perfusion strategies, i.e. on-pump CABG versus
off-pump CABG, on POCD. Limited evidence exists that there is no
difference in incidence and severity of cognitive decline between
on-pump and off-pump CABG [7], and that it is comparable with

Inclusion criteria: elective CABG for SCAD treatment,
secondary education.
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Table 1. Baseline social and demographic characteristics.
Parameter Incidence, %

Females 70
Marital status
Married 71
Divorced 23
Widow 6
Disability due to somatic conditions
None 96
grade 3 1
grade 2 2
Children
No 7
1 child 91
2 children or more 2
Education
School 1
College 6
Incomplete higher education 48
Complete higher education 45

Table 2. Characteristics of somatic conditions in participants

Condition Prevalence/severity

Arterial hypertension, %. Including: 98
Grade 2 hypertension, % 21
Grade 3 hypertension, % 63
Personal history of MI, % 67
Mean CCS angina class, Mtm 2.53+0.91
History of percutaneous coronary interventions (PCl), % 14
Dyslipidemia, % 63
History of stroke, % 14
Type 2 diabetes, %. Including 39
Insulin treatment, % 9
Lower limb artery disease, % 5
Mean BMI, kg/m?, M+m 29.3+4.2
Mean NYHA heart failure class, M+m 1.73+0.73
History of atrial fibrillation (AF), % 17
Paroxysmal AF, % 10
Chronic obstructive pulmonary disorder, % 6
Peripheral oxygen saturation at rest <95%, % 3
Renal failure, % 9
Mean number of grafts per patient, Mtm 2.5+0.8
Mean EuroSCORE Il risk, M+m 1.08+0.71

Table 3. Cognitive impairment of patients before and after CABG

Incidence, %

Marker Pre-CABG 6 months after CABG
MMSE:
Normal (29-30 points) 20 17
Mild cognitive decline (28 points) 19 22
Moderate cognitive decline (25-27 points) 41 44
Mild dementia (20-24 points) 20 17
MoCA:
Normal (26 points and more) 50 52
Cognitive decline (25 points or less) 50 48

Table 4. Baseline markers of cognitive functioning in off-pump and on-
pump patients

Inter-
Score On-pump Off-pump General cohort nter-group

P-value
Mean pre-CABG
+ + +
MMSE score, M+ m 26.4+2.6 25.9+2.6 26.2+2.6 0.44
Mean pre-CABG 26.0+2.5 24531 25.3+2.8 0.097

MoCA score, M+ m

Exclusion criteria: personal history of brain injury, diagnosed
mental disorders, substance abuse, psychopharmacotherapy
prescribed before CABG.

Duration of post-CABG observation was 6 months. Mini-mental
state examination (MMSE), Montreal cognitive assessment (MoCA)
test, Stroop test and trail making test (TMT) were used to assess
cognitive status (for all tests, the authors used validated versions
in Russian language). Aerobic exercise tolerance was assessed
using six-minute walk test. Scores were interpreted according to
the original instructions. The social and demographic
characteristics of the cohort are presented in Table 1.

Data were collected before operation, 8 days, 3 weeks, 3
months, and 6 months post-CABG. None of the participants died or
were excluded from the study during the observation period.

Statistical analyses

Statistical processing was performed using SPSS 23.0 (IBM Inc.,
USA). Kolmogorov-Smirnov criterion was used to test for normality
of the distribution. Parametric two-way ANOVA or nonparametric
Mann-Whitney U test were used to compare the groups. Using
Kolmogorov-Smirnov test meant for n>50, the data were
determined to be nonparametric; hence, Spearman’s correlation
coefficient was used.

Results
Baseline characteristics of non-modifiable risk factors

The baseline medical characteristics of the general cohort are
shown in Table 2. There was no difference between on-pump and
off-pump CABG patients in the number of patients with a history
of stroke (7% and 14%, respectively, p=0.35), PCI (12% and 15%,
p=0.67) or AF (13% and 8%, p=0.43). Mean number of grafts per
patient was 2.4+0.9 for the on-pump and 2.6+0.7 for the off-pump
group (p=0.43). EuroSCORE Il risk was higher in patients with
longer duration of aortic clamping (r=0.28, p=0.048). Mean
EuroSCORE Il risk was 1.10+0.64% in off-pump group and
1.0740.77% in on-pump group (p=0.86); all patients in both groups
were considered low surgical risk. Mean pre-CABG result of a six-
minutewalk test in off-pump and on-pump groups was 352+39 m
and 356136 m, respectively (p=0.70).

Pre- and postoperative markers of cognitive functioning

Table 3 represents data on severity of pre- and posteoperative
cognitive dysfunction assessed with MMSE and MoCA.

Markers of cognitive impairment were found in half of the
patients. In the vast majority of cases, it was classified as moderate
cognitive impairment. At the same time, rates of cognitive
dysfunction were comparable pre-CABG and 6 months post-CABG
(Table 3). Mean MMSE score corresponds to moderate cognitive
decline in both on-pump and off-pump groups. Mean pre-
operation MoCA score was ‘normal’ in the on-pump group and
‘cognitively reduced’ in the off-pump group (Table 4).

There was a positive correlation between MMSE and MoCA
scores (r=0.79, p<0.001 pre-CABG, r=0.85, p<0.001 at 8 days post-
CABG, r=0.80, p<0.001 at 3 weeks, r=0.93, p<0.001 at 3 months,
r=0.96, p<0.001 at 6 months).

POCD in off-pump patients was more pronounced, compared
with the on-pump patients, yet there was no difference in the
measurements at the end of the observation period (Table 5).
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Table 5. Aerobic physical tolerance and cognitive functioning in off-pump and on-pump patients

Average for all Statistical significance of differences
Parameter pager{ts On-pump Off-pump between off-pgm;]: and on-J;ugp patients
6 min walk test increase at 6 months, m, Mtm +114.1+83.9 +120.0+100.6  +101.7+27.4 0.55
MMSE change at 8 days post-CABG, points, M+m -1.5%2.7 -0.943.2 -2.4+1.6 0.104
MMSE decreased by >2 points at 8 days, % 43 35 53 0.13
MMSE change at 3 weeks post-CABG, points, Mtm -0.1+2.2 0.5%2.5 -1.0+1.4 0.045
MMSE change at 6 months post-CABG, points, Mtm -0.4+1.2 -0.2+1.2 -0.7¢1.5 0.67
MoCA change at 8 days post-CABG, points, M+m -2.9+2.1 -2.2£2.0 -3.9+2.0 0.018
MoCA decreased by >3 points at 8 days, % 44 32 60 0.032
MoCA change at 3 weeks post-CABG, points, M+m -0.6x1.4 -0.2+1.4 -1.3+1.1 0.018
MoCA change at 6 months post-CABG, points, Mtm -0.6x1.7 0+1.1 -1.8+2.4 0.099
coo] Ejdayj aﬁzCéBAgg Our results demonstrated that 29% patients needed less than
e CARG 79 sec to pass TMT, part A (temporal criterion for intact cognitive
6 months after CABG functions); 97% patients passed TMT, part B, in less than 279 sec.

4009

300

Mean result in six minute walk test, m

200

off-pump on-pump

Figure 1. Change in the exercise tolerance in off-pump and on-pump
patients.

The duration of POCD course after CABG was 3 weeks
measured by the time with significant differences between
baseline and postoperative cognitive measurements. Differences
between baseline results and those on day 8 after the CABG were
significant at p<0.001 for both MMSE and MoCA tests, reaching
p=0.16 for MMSE and p=0.015 for MoCA at 3 weeks point.

Baseline MoCA score <25 was a good predictor for more
pronounced cognitive decline measured by MoCa at 8 days point
(decline was 3.921.4 in lower MoCA group and 2.5%2.3 in higher
MoCA group, p=0.038), but no such correlation was observed at 3
weeks (change in MoCA was 0.35+1.15 and 1.3%1.7, respectively,
p=0.16). No association between baseline and postoperative
MMSE levels was found.

In on-pump group, duration of the perfusion was not
associated with severity or prevalence of POCD. Also, no
association was found between POCD and age, grade of
hypertension, personal history of diabetes, Ml or stroke.

Each subsequent exercise test demonstrated longer distance
compared with the previous one (p<0.001 for every test-to-test
comparison), with comparable increases in off-pump and on-pump
groups (Figure 1).

POCD severity was not associated with changes in 6 min walk
test results during the observation period.

Executive functions after CABG

Patients were evaluated with TMT and Stroop test at day 8
post-CABG to assess their executive functions.

In Stroop test, mean difference between time needed to complete
table 2 and table 3 was 72.7+36.3 sec, and difference between
part 2 and part 1 was 1.4+0.3 sec. Results of both tests were
similar for on-pump and off-pump groups. They also did not
correlate with the duration of operation, severity of MMSE and
MoCA decrease at day 8, or with baseline MMSE and MoCA
volumes.

Discussion

In this paper, we present the results of retrospective
assessment of cognitive functions after elective low-risk CABG in
patients with SCAD. In contrast to the evidence from higher-risk
cohorts [11], in this study, performed in low-risk patients,
EuroSCORE Il was shown ineffiective as POCD predictor. Details of
personal history, i.e., stroke, Ml and diabetes, did not demonstrate
association with the course of POCD as well. Therefore, in POCD
risk stratification for low-risk cohort, the priority should be given
to the cognitive function assessment.

Even in low-risk elective CABG group, over 40% patients
demonstrate substantial transient decrease in MMSE and MoCA
tests, which is close to the estimates from other population-based
registries [4, 11]. Our data matched the results of the meta-
analysis [12] in the duration of POCD and its reversibility in mid-
term. While MMSE is mostly used for verification of dementia,
MoCA test was performed and validated for screening of cognitive
impairment of mostly moderate severity [13, 14]. According to the
validation studies, MoCA sensitivity and specificity in diagnosing
mild cognitive impairment was 90% and 87%, respectively. MMSE
demonstrated rates of 18% and 100%, respectively [15]. Both
scales demonstrated comparable diagnostic accuracy in the
screening of dementia [14, 16]. According to our data, in most
cases POCD was limited to mild cognitive impairment, and MoCA
was a more sensitive prognostic tool of POCD. Therefore, pre-
CABG evaluation with MoCA and subsequent control re-tests
seems a more effective way of POCD screening in patients
undergoing elective low-risk CABG. According to our data, the
optimal threshold of pre-CABG MoCA score is 25 points with lower
results indicating higher risk of POCD. Our data demonstrated
superiority of on-pump CABG over off-pump operation in respect
with the risks of POCD in low-risk population.

Limitations of this study include small sample size and absence
of pre-CABG data on executive cognitive functioning. Currently,
there is no data on long-term outcomes. Because this was single-
center study, the data on preferable on-pump CABG require

© 2021, LLC Science and Innovations, Saratov, Russia

WwWw.romj.org



ISSN 2304-3415, Russian Open Medical Journal

@)

DOI: 10.15275/rusom|.2022.0204

2022. Volume 11. Issue 2 (June). Article CID e0204

4 0f 4

Cardiovascular surgery

validation on larger multi-center registries and should not be
extrapolated on higher-risk CABG cohorts. Further prospective
trials are needed to evaluate the efficacy of the guided screening
POCD prevention.

Conclusion

POCD risk differs in off-pump and on-pump CABG cohorts, with
significantly higher prevalence in the former group — no matter,
whether assessed with MMSE or MoCA tests. Differences are
observed within 3 weeks post-CABG. No evidence was found that
POCD symptoms persist within months after surgery in the
majority of these patients.

Pre-CABG MoCA score <25 is associated with more
pronounced POCD in low-risk elective CABG cohort, and these
patients should be monitored for neurological complications more
scrupulously.
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