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Abstract
Purpose This study aimed to identify the incidence and risk factors of early post-operative cognitive dysfunction (POCD) 
in middle-aged patients undergoing cardiac surgery.
Methods Data were examined retrospectively from 71 patients aged 46–64 years who underwent elective cardiac surgery. 
Magnetic resonance imaging (MRI) and MR angiography were obtained preoperatively to assess prior cerebral infarctions, 
carotid artery stenosis, and intracranial arterial stenosis. Patients also completed six neuropsychological tests of memory, 
attention, and executive function before and after surgery. Mild cognitive impairment (MCI) was defined as performance 
1.5 standard deviations (SD) below the population means on any neurocognitive battery, whereas POCD was defined as a 
decrease of 1 SD population means on at least two in the test battery. Patient characteristics were analyzed using univariate 
analysis, and independent predictors were analyzed using multivariate logistic regression analysis.
Results After surgery, 25 patients (35%) were assessed with POCD. Patients with POCD had significantly higher rates of 
preoperative MCI and cerebral infarcts on MRI. Multivariate logistic regression analysis identified preoperative MCI and 
cerebral infarctions detected by MRI as a predictor of POCD.
Conclusion More than one-third of middle-aged patients undergoing cardiac surgery developed POCD. Our findings sug-
gested preoperative MCI and infarcts detected by MRI were risk factors for POCD in these middle-aged patients.
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Introduction

Postoperative cognitive dysfunction (POCD) is characterized 
by temporary or long-term cognitive decline measured by 
neuropsychological tests after anesthesia and surgery. POCD 
adverse impact on quality of life may result in prolonged 
hospital stay, increased health care costs, and may contribute 
to leaving works prematurely, as well as increased 1-year 
mortality [1–4]. POCD is more prevalent in the elderly, but 
its pathogenesis is still unclear. Early POCD observed within 

3 months after surgery can occur in adult surgical patients 
[1]. When POCD occurs in middle-aged patients during their 
working years, there are greater social and economic losses 
from reduced social activity and disengagement from work. 
However, the incidence and the risk factors for POCD in 
middle-aged patients have not been fully investigated. Identi-
fying these risk factors can guide patients to make informed 
decisions prior to major surgery, as well as allow medical 
providers to provide additional support to high-risk patients 
during their post-operative recovery.

Mild cognitive impairment (MCI) is garnering a lot of 
interest and is referred to as the intermediate stage between 
normal cognition and dementia. These patients do not have 
dementia and are able to maintain activities of daily living; 
however, neuropsychological testing objectively confirms 
cognitive decline [5]. MCI predicts future cognitive decline 
for Alzheimer's disease, which is the most common cause of 
dementia, vascular dementia, other rare dementias, or a com-
bination of these. MCI progresses to Alzheimer’s disease at 
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an estimated rate of 10–15% per year in the general elderly 
population [6, 7]. Although the prevalence of MCI increases 
with age, its prevalence ranges from 7 to 33% in the mid-
dle-aged population [8–10]. Moreover, patients undergoing 
cardiac surgery already have cognitive decline due to their 
cardiovascular risk [11, 12], suggesting a higher frequency 
of MCI in middle-aged patients undergoing cardiac surgery. 
However, the association between MCI and the development 
of POCD in middle-aged patients remains unclear.

The purpose of this study was to retrospectively identify 
the incidence and risk factors for early POCD in middle-
aged patients undergoing cardiac surgery. In addition, we 
examined whether MCI is associated with the development 
of early POCD in middle-aged patients.

Materials and methods

Patients

The Medical Ethics Committee of the Kumamoto Chuo Hos-
pital approved the study protocol (No 60–04). The require-
ment for written informed consent was waived because of 
the retrospective nature of study. In Kumamoto Chuo Hos-
pital, preoperative magnetic resonance imaging (MRI), MR 
angiography (MRA), and pre- and post-operative neuropsy-
chological tests have been performed routinely in all patients 
who underwent elective cardiac surgery.

Data were examined retrospectively from 110 consecutive 
patients aged 46–64 years who underwent elective cardiac 
surgery by a single surgeon between January 2012 and June 
2017. These included cases of coronary artery grafting with 
or without cardiopulmonary bypass (CPB), valve repair, and 
replacement. We excluded patients with congenital heart dis-
eases, aortic surgeries, cardiac tumors, renal failures requir-
ing dialysis, vison defects, physical disabilities, or poor con-
ditions unfit for testing. Subjects were also excluded if their 
preoperative Mini-Mental Score Examination score was less 
than 26 points.

We gathered the following demographic and clini-
cal information: age, sex, education level, obesity (body 
mass index > 25), smoking (previous or current), history 
of hypertension with medication, diabetes mellitus (with 
medication or strict dietary remedy), dyslipidemia (total 
cholesterol ≥ 220 mg/dl, triglyceride ≥ 150 mg/dl, or anti-
hyperlipidemic therapy), estimated glomerular filtration 
rate, atrial fibrillation, peripheral artery disease (resting 
ankle–brachial pressure index < 0.90 or previous surgical 
treatment), history of cerebrovascular disease with stroke or 
transient ischemic attack, score in Mini-Mental State Exami-
nation, and prevalence of MCI. The following intraoperative 
and post-operative variables were also evaluated: type of 

surgery, operative time, CPB time, length of ICU stay, and 
length of hospital stay.

Neuropsychological testing

Patients underwent the following neuropsychological tests 
24 h before surgery and at 1 week after surgery after the 
effects of sedatives have worn off. The test battery included 
several cognitive domains as recommended in an expert 
consensus statement [13]. Verbal memory was measured 
through digit span subtests of the Wechsler memory Scale-
Revised that require short-term memory (digit span forward) 
and working memory (digit span backward). Attentional 
performance was assessed with the digit symbol substitu-
tion test of the Wechsler Adult Intelligence Scale, in which 
participants transcribed number–symbol pairs under timed 
conditions. The Kana Pick-out test measured executive func-
tion. Patients read a children’s fable and picked out all vow-
els, while also remembering the meaning of sentences. In 
the Trail Making Test A and B, participants connect num-
bered and then alternately numbered and lettered dots in 
order under timed conditions to assess attention and mental 
flexibility. All the tests were repeated postoperatively by a 
single investigator, who was blinded to the surgical proce-
dure performed.

MCI was defined as performance 1.5 standard deviations 
(SD) below population means on any cognitive domain on 
the neurocognitive battery. This definition was based on a 
diagnostic guideline for MCI and dementia related to Alz-
heimer’s disease by the National Institute on Aging- Alzhei-
mer’s Association [14]. POCD was defined as a decrease of 
1 SD population means in at least two out of six variables 
in the test battery [2, 15]. This definition is associated with 
fewer false-positive results than alternative definitions [16].

Magnetic resonance imaging scans

MRI and MRA scans were obtained 1–14 days before sur-
gery using a 1.5 T system. The imaging protocol included 
turbo fluid-attenuated inversion recovery (FLAIR) and 
T2-weighted turbo spin echo sequences. MRA included 
intracranial and neck vessels and was performed using a 
three-dimensional, time-of-flight technique. The MRI find-
ings (FLAIR and T2) were classified as no infarct, some 
infarcts with a diameter ≥ 3 mm, or multiple infarcts. The 
degree of stenosis of intracranial arteries was graded bilater-
ally from MRA as normal or mild narrowing < 50%, moder-
ate narrowing ≥ 50%, or occluded [17]. The degree of ste-
nosis in the carotid arteries was graded based on MRA as 
normal or mild narrowing < 50%, moderate narrowing of 
50–75%, severe narrowing (> 75%) or obstructed [18, 19]. 
A Fazekas rating scale was used to grade the lesion load of 
MRI hyper-intensities in the white matter of the brain [20]. 
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White matter lesions were defined as punctate foci of MRI 
hyper-intensities, beginning confluence of foci, and large 
confluent areas. The apparent lesions on MRI and MRA 
were the consensus of two experienced neuroradiologists 
blinded to the clinical and neuropsychological data.

Anesthesia and sedation management

All of the patients were pre-medicated with 6 mg of mor-
phine intramuscularly. Diazepam and fentanyl were used for 
induction and maintenance of anesthesia, supplemented with 
propofol or sevoflurane during surgery. After surgery, seda-
tion was maintained with propofol. After ICU admission, 
sedation was adjusted with propofol to Richmond Agitation-
Sedation Scale 0 to -2 until extubation.

Statistical analysis

We used all available data to maximize the power and gen-
eralizability of the results. Demographic and perioperative 
parameters were compared between those with and without 
POCD using Student’s t-test or Mann–Whitney U test for 
continuous data and χ2 test or Fisher exact test for discrete 
variables. To identify the risk factors of POCD in middle-
age patients, a multivariate logistic analysis was performed. 
Prior studies showed that age, education, cerebrovascular 
disease, operative time, and preexisting cognitive impair-
ment were risk factors for POCD [21], and those had been 
candidates as cofounders before the analysis. However, 
because of concerns about overfitting in our sample size, 
we ultimately included age, cerebral infarction, and MCI in 
the model based on our previous study [12]. All probabilities 
were two-tailed, with P-value < 0.05 considered statistically 
significant. All statistical analyses were performed with EZR 
(Saitama Medical Center, Jichi Medical University, Saitama, 
Japan) [22], which is a graphical user interface for R (The 
R Foundation for Statistical Computing, Vienna, Austria). 
More precisely, it is a modified version of R commander 
designed to add statistical functions frequently used in 
biostatistics.

Results

Out of the 110 patients, 39 patients were excluded from the 
analysis because of the following reasons: eleven had con-
genital heart disease, aortic aneurysm, or cardiac tumors, 
eight had renal failure requiring dialysis, three had a visual 
disorder or physical disability, 14 had a low MMSE score 
(< 26), two were unable to participate in post-operative 
neurocognitive assessments because of their poor condi-
tion, and one had missing data. Accordingly, 71 patients 
were included in the final data analysis, with a mean age of 

58.4 years (SD: 4.4). The study group included 23 women 
and 48 men.

POCD was identified in 25 out of 71 patients (35%). 
Table 1 showed baseline characteristics of patients with 
and without POCD. Patients with POCD had significantly 
higher rates of preoperative MCI. There were no differences 
between groups in age, gender, educational history, and type 
of surgical procedure.

The neuropsychological test results before and one week 
after surgery compared between patients with and without 
POCD are shown in Table 2. At baseline, POCD patients had 
significantly lower Trail making B. The degree of decline 
in digit span backward, Trail making A, and Trail making 
B was significantly greater in POCD patients compared to 
non-POCD patients. Hence, POCD patients suffered from 
impaired attention and mental flexibility postoperatively.

The preoperative brain MRI findings are shown in 
Table 3. Notably, three patients with POCD patients and 
one patient without POCD did not undergo preoperative 
MRI evaluation. Patients with POCD had significantly 
higher rates of cerebral infarcts on MRI than patients with-
out POCD.

The multivariate logistic analysis identified preoperative 
MCI (OR, 5.76: 95% CI 1.62–20.5; P < 0.001) and cerebral 
infarctions detected by MRI (OR, per grade 4.75; 95% CI 
1.36–16.4; P = 0.01) as independent predictors of POCD. 
The respective variance inflation factors in the logistic 
regression model were checked and no multicollinearity 
was found. The result of the Hosmer–Lemeshow test was 
P = 0.349, and the ROC of a logistic regression model was 
fair discrimination of 0.779 for AUC (95% CI, 0.666–0.893).

Discussion

This study demonstrated that middle-aged patients who 
experienced POCD after cardiac surgery had significantly 
higher rates of preoperative MCI than patients who did not 
experience POCD. Furthermore, patients with POCD had 
significantly higher rates of preexisting cerebral infarcts 
on MRI than patients without POCD. Multivariate analy-
sis revealed that preoperative MCI and cerebral infarctions 
were independent predictors of POCD. Of 71 middle-aged 
patients who underwent cardiac surgery, 25 (35%) were 
determined to have POCD. The incidence of early POCD 
in elderly patients undergoing cardiac surgery has been 
reported to be 20–50% [2, 22], although the reported inci-
dence depends on a variety of factors including timing of 
measurement, assessment method used, and sensitivity of 
the assessment method. Our results are comparable to the 
incidences in elderly studies. In a large multicenter study 
(International Study of Post-Operative Cognitive Dysfunc-
tion [ISPOCD 1]), the incidence of POCD was 25.8% in 
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patients aged 60 years or older who underwent various non-
cardiac surgeries [23], and in the subsequent ISPOCD2, the 
incidence of POCD in middle-aged patients was 19.8% [24]. 
We should keep in mind that the incidence of early POCD in 
middle-aged patients is not much lower than that in elderly 
patients.

Pre-surgical cognitive function has been a factor of inter-
est in predicting adverse surgical outcomes. Pre-surgical 
cognitive dysfunction in older adults has been associated 
with higher rates of post-operative delirium and cognitive 
decline, longer hospital stay, and reduced likelihood of hos-
pital discharge [26–28]. In this study, pre-surgical cognitive 
dysfunction predicted POCD even in middle-aged adults. 
Therefore, given that middle-aged adults have significant 
responsibilities in the labor market and in the family, it is 
crucial to assess their pre-surgical cognitive function so that 
high-risk patients can receive the necessary medical support. 

In this study, the prevalence of MCI among middle-aged 
patients undergoing scheduled cardiac surgery was 52%, 
clearly higher than that of the same age group in the general 
population. Notably, this difference influenced the methods 
for assessing cognitive function. However, because of the 
systemic nature of atherosclerotic disease, the cardiovascular 
surgical population may be at particular risk for cognitive 
impairment. Moreover, the higher prevalence of MCI means 
that many of these patients will progress to dementia at a 
rate above population norms. Our findings support the recent 
research that in patients aged ≥ 55 years undergoing coro-
nary artery bypass graft surgery, the prevalence of dementia 
at 7.5 years after surgery exceeded greatly exceeded popula-
tion norms [29].

There are two possible reasons why cardiac patients 
are prone to preoperative cognitive decline. One is the 
possibility of neurodegenerative diseases such as MCI, 

Table 1  Baseline characteristics 
of patients with and without 
postoperative cognitive 
dysfunction

Continuous variables are presented as mean ± SD or presented as median [interquartile range] and categori-
cal variables are presented as frequency (percentage). CABG coronary artery bypass graft, CPB cardio-
pulmonary bypass, EF ejection fraction, eGFR estimate glomerular filtration rate, ICU intensive care unit, 
MCI mild cognitive impairment, MMSE mini-mental state examination

POCD
(N = 25)

Non-POCD
(N = 46)

P-value

Age (years) 58.8 ± 5.3 58.3 ± 3.9 0.610
Female 10 (40) 13 (28) 0.426
Education < 10 years 3 (12) 3 (6.5) 0.658
Body mass index (kg/m2) 25.0 ± 2.8 24.3 ± 4.3 0.460
Smoking 15 (60) 32 (70) 0.442
Hypertension 20 (80) 34 (74) 0.772
Diabetes mellitus 12 (48) 20 (44) 0.805
Dyslipidemia 20 (80) 29 (63) 0.183
eGFR (ml/min/1.73  m2) 66.2 ± 19.4 63.3 ± 18.1 0.540
Atrial fibrillation 2 (8) 6 (13) 0.704
Peripheral vascular disease 1 (4) 4 (9) 0.650
Cerebrovascular disease 6 (24) 7 (15) 0.522
MMSE 29.0 [28.0–30.0] 29.0 [28.0–30.0] 0.654
MCI 19 (76) 18 (39) 0.006
Type of operation 0.819
On-pump CABG 14 (56) 21 (45)
Off-pump CABG 5 (20) 9 (20)
Valve 6 (24) 15 (33)
CABG + valve 0 (0) 1 (2)
Intraoperative anesthetics
Sevoflurane (ml) 2.0 [0–12.0] 7.5 [0.5–22.5] 0.126
Propofol (mg) 0 [0–833] 86.5 [0–503] 0.819
Diazepam (mg) 30.0 [30.0–40.0] 30.0 [30.0–40.0] 0.446
Fentanyl (mg) 2.2 [2.0–2.3] 2.1 [1.8–2.4] 0.703
Operative time (minutes) 426.1 ± 125.5 381.8 ± 102.4 0.113
CPB time (minutes) 146.6 ± 96.5 131.9 ± 82.2 0.501
Length of stay in ICU (day) 5.0 [4.0–6.0] 5.0 [4.0–5.0] 0.410
Length of stay in hospital (day) 13.0 [10.0–18.0] 13 [11.0–15.0] 0.525
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as demonstrated in this study. It is well established that 
patients with MCI and Alzheimer’s disease have brain 
atrophy, particularly in the hippocampus. Recent structural 

MRI studies have shown decreased gray matter and whole 
brain volume in patients with coronary artery disease [30] 
and low cardiac output [31] who had significant cognitive 
decline. These findings suggest that neurodegenerative dis-
ease may be present in patients undergoing cardiac surgery 
with coronary disease or heart failure.

Another possibility is potential cerebrovascular disease. 
Patients undergoing cardiac surgery have a high rate of 
cerebrovascular complications due to their many cardio-
vascular risks. We previously reported that half of elderly 
patients undergoing cardiac surgery have symptomatic 
or asymptomatic cerebral infarction [32]. In the current 
study, the prevalence of cerebral infarction in middle-aged 
patients was 28%, which is still higher than the preva-
lence of 3–12% in the same age group [33, 34]. Maekawa 
et al. also showed that cerebral ischemic lesions on MRI 
in cardiac surgery patients were associated with preopera-
tive cognitive impairment and an increased risk of POCD 
[12]. Notably, neurodegenerative disease and cerebrovas-
cular disease overlap with each other and do not occur 
in isolation. The development of systemic atherosclero-
sis and presence of cardiac failure in patients undergoing 
cardiac surgery can lead to cerebral small vessel lesions, 
vascular endothelial damage, and chronic cerebral hypo-
perfusion. Eventually, vascular cognitive impairment and 
neurodegenerative disease can develop at the end of this 
cascade [35]. In any case, a higher percentage of patients 
undergoing cardiac surgery have these potential cognitive 

Table 2  Neuropsychological 
Results for Patients with and 
without Postoperative Cognitive 
Dysfunction

Continuous variables are presented as median [interquartile range]

POCD
(N = 25)

Non-POCD
(N = 46)

P-value

Digit span
forward

Baseline 9 [8–10] 8 [8–9] 0.383
Follow-up 8 [7–10] 8 [8–9] 0.897
Change from baseline 0 [−2  to 0] 0 [− 1 to 1] 0.190

Digit span
backward

Baseline 7 [5–8] 6 [5–7] 0.070
Follow-up 6 [4–7] 5.5 [4–6] 0.620
Change from baseline − 1 [− 3 to 0] 0 [− 1 to 0] 0.019

Digit symbol Baseline 52 [39–56] 51 [45–55] 0.589
Follow-up 43 [36–58] 50 [42–55] 0.190
Change from baseline − 3 [− 9 To 2] − 1 [− 5–2] 0.125

Trail making test A Baseline 42 [30–42] 37 [32 – 42] 0.328
Follow-up 49 [37–58] 35 [30 – 40] 0.004
Change from baseline 10 [2–14] 0 [− 7–5] 0.007

Trail making test B Baseline 105 [90–120] 80 [67–101] 0.015
Follow-up 124 [84–180] 80 [65–95]  < 0.001
Change from baseline 15 [4–45] 0 [− 17 to 9] 0.007

Kana pick-out test Baseline 34 [34–40] 36.5 [29–42] 0.556
Follow-up 32 [29 – 44] 37 [27–39] 0.122
Change from baseline 0 [− 3 to 1] 0 [− 3 to 4] 0.088

Table 3  Prevalence of intracranial and carotid artery stenosis, cer-
ebral ischemia

Categorical variables are presented as frequency (percentage)
MRI  magnetic resonance imaging, MRA  magnetic resonance angiog-
raphy

POCD
(N = 22)

Non-POCD
(N = 45)

P-value

Cerebral infarcts (MRI) 0.03
 No infarct 11 (50) 36 (80)
 Single lacunar infarct 7 (32) 6 (13)
 Multiple infarcts, or broad infarct 4 (18) 3 (7)

White matter lesion (MRI) 0.16
 Absence 5 (23) 20 (44)
 Punctate foci 14 (64) 18 (40)
 Beginning confluence of foci 3 (13) 4 (9)
 Large confluent areas 0 3 (7)

Intracranial artery (MRA) 1.00
 Normal or mild 20 (95) 42 (93)
 Moderate 0 2 (5)
 Occluded 1 (5) 1 (2)

Carotid artery (MRA) 0.72
 Normal or mild 19 (90) 41 (93)
 Moderate 0 1 (5)
 Severe or obstructed 2 (10) 2 (5)
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vulnerabilities, and their risk of developing POCD and 
future dementia may be increased by surgical invasion 
[36].

This study has several limitations. The main limitation 
of this study was the small sample size. It could lead to 
potential type II errors, and only a limited range of vari-
ables were analyzed in the multivariate model. Second, 
the results may not be generalizable to other populations 
because of differences in the propensity or prevalence of 
certain diseases to cluster together from our single site 
cohort. Third, because of the retrospective study design, 
the subjective complaints of cognitive decline were not 
assessed. As the common definition of MCI includes sub-
jective complaints [14], its prevalence in our study may 
be overestimated compared to population-based studies. 
Finally, the long-term effects of surgery and anesthesia 
on cognition in middle-aged patients with or without MCI 
are unknown, as this study did not include post-discharge 
follow-up. While a large twin study has determined that 
the effects of surgery are negligible [37], another study 
has reported post-operative cognitive decline in healthy 
middle-aged patients [38]. Further prospective studies 
stratifying the presence of preoperative cognitive impair-
ment are needed to elucidate the impact of surgery on each 
cognitive trajectory.

In conclusion, preoperative MCI and infarcts on MRI 
were both associated with early POCD in middle-aged 
patients undergoing cardiac surgery. Neurodegenerative 
diseases and cerebrovascular disorders may be associated 
with the development of POCD. Preoperative neuropsy-
chological testing is recommended to identify these vul-
nerable patients in middle-aged patients as well as in the 
elderly. Further studies are needed to determine whether 
interventions for preoperative MCI can improve post-oper-
ative neurological outcomes.
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