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Silent cerebral ischemia detected by magnetic resonance
imaging can predict postoperative delirium after total arch
replacement for aneurysm
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ABSTRACT

Objective: To identify whether preoperative magnetic resonance imaging findings
of the brain can predict postoperative delirium in patients who undergo arch
replacement for aneurysms.

Methods:Overall, 193 patients who underwent aortic replacement for the first time
at a single institution between April 2014 and September 2020 were enrolled in this
retrospective study. After we excluded patients with acute aortic dissection, no pre-
operative magnetic resonance imaging findings of the brain, and postoperative ce-
rebral infarction, 50 patients were included and divided into 2 groups, according to
their confusion scale results: postoperative delirium (group D) and nonpostopera-
tive delirium (group ND). Preoperative magnetic resonance imaging findings of the
brain were classified into lacunar stroke, periventricular hyperintensity, and deep
subcortical white matter hyperintensity groups; the latter 2 groups were further
classified based on the Fazekas scale, grade 0 to 3.

Results: There were 23 patients (46%) in group D and 27 (54%) in group ND. The
mean age was significantly greater in group D than in group ND (75 vs 70 years;
P ¼ .007). The mean operative time was significantly longer in group D than in
group ND (447 vs 384 minutes; P ¼ .024). As for preoperative magnetic resonance
imaging findings of the brain, there were significantly more lacunar stroke cases in
group D than in group ND (P¼ .027). In multivariable logistic regression with step-
wise selection, high-grade periventricular hyperintensity was significantly related to
postoperative delirium (odds ratio, 9.38; 95% confidence interval, 1.55-56.56;
P ¼ .015).

Conclusions: Silent cerebral ischemia detected by preoperative magnetic reso-
nance imaging of the brain was a significant risk factor for postoperative delirium.
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Relationship between preoperative brain MRI find-
ings and postoperative delirium.
CENTRAL MESSAGE

Silent cerebral ischemia, espe-
cially PVH, can predict PD after
arch replacement for an AAA.
Prediction of PD can aid clini-
cians in choosing appropriate
therapeutic strategies.
PERSPECTIVE
Predicting PD can aid clinicians in making appro-
priate choices regarding therapeutic strategies.
Appropriate interventions, including those that
are less invasive than arch replacement, should
be considered for patients based on their predis-
posing and precipitating factors for PD, as this
complication is associated with increased mortal-
ity, morbidity, and length of hospital stay.

See Commentaries on pages 97 and 99.
Video clip is available online.

Delirium is characterized by a disturbance of conscious-
ness, altered cognition, and acute brain dysfunction that de-
velops over a short period of time.1,2 Delirium often occurs
after surgery, and this is known as postoperative delirium
(PD). PD is a transient minor neurologic deficit and a com-
mon complication after cardiac surgery. PD has been found
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Abbreviations and Acronyms
AAA ¼ aortic arch aneurysm
AR ¼ arch replacement
CI ¼ confidence interval
DSWMH ¼ deep subcortical white matter

hyperintensities
ICDSC ¼ Intensive Care Delirium Screening

Checklist
ICU ¼ intensive care unit
MRI ¼ magnetic resonance imaging
NCS ¼Neelon and Champagne confusion scale
NPD ¼ nonpostoperative delirium
OR ¼ odds ratio
PD ¼ postoperative delirium
PVH ¼ periventricular hyperintensity
SCP ¼ selective cerebral perfusion
TAR ¼ total arch replacement
TEVAR ¼ thoracic endovascular aortic repair
WMH ¼ white matter hyperintensity
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to be associated with increased mortality and morbidity,
prolonged hospital stays, and increased hospitalization
costs.1,3,4 Krzych and colleagues5 reported that, overall,
the 30-day mortality for patients with PD after cardiac sur-
gery was 15.2%. Especially in patients with aortic arch an-
eurysms (AAAs), total arch replacement (TAR) has a high
risk of resulting in neurologic complications, including
PD. Ikeno and colleagues6 suggested that PD occurred in
25% of patients with AAAs. Thus, the ability to predict
and prevent PD after cardiac surgery is very important,
especially for patients with AAAs who require TAR.

Various factors can be used to predict PD after cardiac
surgery, including advanced age, cardiac pulmonary bypass
time, aortic crossclamp time, ventilation time, and infec-
tion.1,2,4 Preoperative magnetic resonance imaging (MRI)
findings of the brain, including white matter hyperintensity
(WMH) and cerebral infarcts, can also predict PD.7-12

Hatano and colleagues9 suggested that severe deep subcor-
tical white matter hyperintensity (DSWMH) predicted the
development of delirium following cardiac surgery. Shioiri
and colleagues10 revealed that patients with DSWMH and
thalamus abnormalities were predisposed to delirium
following cardiac surgery. For patients who required off-
pump coronary artery bypass grafting, not only WMH but
also preexisting multiple cerebral infarcts were also associ-
ated with the development of PD.11,12 However, the rela-
tionship between preoperative MRI findings of the brain
and PD in patients who have undergone an arch replacement
(AR) for AAA is not well understood. We aimed to investi-
gate whether silent cerebral ischemia, including lacuna
infarct and WMH detected by MRI of the brain, can predict
PD after AR for AAAs.
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METHODS
Ethical Approvals

This study was approved by the ethics committees of our hospital on

April 20, 2021 (approval number: 19207). Given the retrospective, obser-

vational nature of the study design, the Ethics Committee waived the

requirement of informed consent.
Patients and Study Design
Between April 2014 and September 2020, a total of 193 patients under-

went TAR or hemiarch replacement for the first time at a single institution

(Figure 1). Patients with acute aortic dissection (n ¼ 134), those with no

preoperative MRI of the brain due to previous pacemaker implantation

(n ¼ 2), and those who had postoperative cerebral infarction (n ¼ 7)

were excluded. The remaining 50 patients with AAAs were included and

divided into 2 groups: postoperative delirium (group D) and nonpostoper-

ative delirium (group ND) groups. During the preoperative interview of pa-

tients and their families, it was confirmed that all patients had no history of

stroke or other neurologic diseases, including previous transient ischemic

attack, history of seizure/neurologic trauma/falls, or history of psychiat-

ric/neurologic disorders (depression, Alzheimer disease, and Parkinson

disease). Moreover, it was also confirmed that no patient in the present

study was taking benzodiazepines, antidepressants, or other psychiatric

medications.

Surgical Techniques
Our institutional standard anesthetic management was used for all pa-

tients. The surgical technique demonstrating TAR is shown in Video 1.

Forty-six patients underwent TAR, and 4 patients underwent hemiarch

replacement, through a median sternotomy. An 8-mm graft was initially

anastomosed to the left axillary artery for extra-anatomical reconstruction.

The ascending aorta was crossclamped, and cardioplegic arrest was

induced. The proximal anastomosis was made at the level of the sinotubular

junction. When the rectal temperature was less than 26 �C, hypothermic

circulatory arrest was started along with retrograde cerebral perfusion. Af-

ter selective cerebral perfusion (SCP) cannulas had been inserted into the

brachiocephalic artery and into the left carotid artery, and the graft had

been anastomosed to the left axillary artery connected to the SCP circuit,

retrograde cerebral perfusion was stopped, and SCP was initiated. The

blood flow in the carotid arteries was monitored using echocardiography

during SCP. The distal anastomosis was performed at zone 1 or 2 using a

frozen elephant trunk device. After completion of the distal anastomosis,

systemic perfusion was restarted, and the patient was rewarmed. Two grafts

were anastomosed in an end-to-end fashion, and the aorta was declamped.

Thereafter, the supra-aortic vessels were individually anastomosed to the 4-

branched arch prosthesis.

Intraoperatively, the mean arterial pressure was maintained above

60 mmHg using catecholamines and blood transfusions. Cardiopulmonary

bypass flow was controlled with a goal of a cardiac index of 2.4 or greater.

In addition, blood transfusions were used to maintain the hemoglobin level

above 8.0 g/dL. As for intraoperative neurological monitoring, cerebral ox-

imetry was used.

Management of Delirium
In our institution, dexmedetomidine was administered to patients with

PD during their stay in the intensive care unit (ICU). In addition, if patients

with PD were able to take medications, we prescribed ramelteon instead of

benzodiazepines because they have better efficacy.

Image Assessment
At our institution, most MRIs of the brain were performed less than

1 month before surgery using a 1.5-T or 3.0-T conventional clinical scan-

ner. Standard anatomical imaging of the brain included axial T1, axial



Non-postoperative delirium
(Group ND)

n = 27

Excluded: n = 9
    No MRI n = 2
    Postoperative cerebral infarction n = 7

TAR or HAR for TAs n = 59

Aortic dissection n = 134

TAR or HAR (first time) n = 193

Postoperative delirium
(Group D)

n = 23

FIGURE 1. Flow chart of patient enrollment. TAR, Total arch replacement;HAR, hemiarch replacement; TA, thoracic aneurysm;MRI, magnetic resonance

imaging; D, postoperative delirium group; ND, nonpostoperative delirium group.

Shibagaki et al Adult: Aorta
T2, axial diffusion, axial T2 fluid-attenuated inversion recovery, and angi-

ography. MRI findings of the brain were evaluated by a study-blinded

neurologist at our institute, who classified the results into 3 groups: lacunar

stroke, periventricular hyperintensity (PVH), and DSWMH. The levels of

PVH and DSWMH were classified according to the Fazekas score, with

a 4-point scale.13 Images from Fazekas 0 to 3 scale are shown in

Figure 2. Because grade 2 or 3 on the Fazekas scale indicates an extensive

amount of white matter lesions, patients with grade 2 or 3 on the Fazekas

scale were identified as having high-grade PVH or high-grade DSWMH.

PD Assessment
All patients were evaluated for confusion using the Neelon and Cham-

pagne confusion scale (NCS)14 or the Intensive Care Delirium Screening

Checklist (ICDSC)15 by the nurses while the patients were in the ICU.

The NCS is based on criteria from the Diagnostic and Statistical Manual

of Mental Disorders, Fifth Edition, and the Delphi panel, and it contains

3 subscales: processing, behavior, and physiological status.14,16 All sub-

scales include 3 questions. Overall, the scores range from 0 to 30: 0 to
VIDEO 1. The surgical technique for total arch replacement. Video avail-

able at: https://www.jtcvs.org/article/S2666-2736(22)00094-8/fulltext.
19, acute to moderate confusion; 20 to 24, mild confusion; 25 to 26, risk

of confusion; and 27 to 30, normal status. In this study, a score of �24

points fulfilled the criteria for delirium on the NCS. In contrast, the ICDSC

consists of 8 items based on the criteria and features of delirium included in

the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition:

impaired consciousness, inattention, disorientation, hallucination or delu-

sion, psychomotor agitation or retardation, inappropriate mood or speech,

sleep/wake cycle disturbance, and symptom fluctuation.2,15 A score of �4

points fulfilled the criteria for delirium on the ICDSC. At our institution,

assessment using the ICDSC began in April 2018. Therefore, up until

March 2018, patients were evaluated using the NCS; thereafter, patients

were evaluated using the ICDSC.

Statistical Analysis
All analyses were performed using SPSS statistics software,

version 23.0 (IBM Corp). Continuous variables are presented as

mean with standard deviation, and categorical variables are pre-

sented as numbers or percentages. Comparisons between the groups

(group D vs group ND) were performed using the t-test or Mann–

Whitney U test for continuous variables and the Fisher exact test

for categorical variables, as appropriate. There were no missing

values in the data. The correlation analysis in group D was per-

formed using the Spearman rank correlation test to assess the rela-

tionship between the length of PD and the Fazekas scale of PVH.

Spearman coefficients were denoted by rs. A multivariate forced en-

try logistic regression analysis was performed to determine the risk

factors. This analysis included age, chronic kidney disease, mechan-

ical ventilation time, circulatory arrest time, and PVH. Odds ratios

(ORs) and 95% confidence intervals (CIs) were calculated for

each variable.
RESULTS
Preoperative Characteristics
Preoperative and postoperative characteristics are

shown in Table 1. A total of 50 patients were included.
The mean age of patients was 73.0 � 7.0 years, and 38
(76%) were male. Overall, 23 (46%) patients developed
delirium. Patients in group D were significantly older
than those in group ND (75.0 � 6.7 years vs
JTCVS Open c Volume 10, Number C 89
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FIGURE 2. Examples of magnetic resonance imaging of the brain representing the Fazekas scale. Periventricular hyperintensity (A) and deep subcortical

white matter hyperintensity (B) are classified into the 4 groups. PVH, Periventricular hyperintensity.

Adult: Aorta Shibagaki et al
70.0� 7.0 years; P¼ .007). There were no significant dif-
ferences between the groups in terms of sex or common
comorbid conditions.
Operative and Postoperative Characteristics
Perioperative and postoperative characteristics are shown

in Table 1. The proportion of patients who underwent TAR
did not differ between the groups. The mean operative time
was significantly longer in group D than in group ND
(447 minutes vs 384 minutes; P¼ .024). The mean circula-
tory arrest time was also significantly longer in group D
than in group ND (51 minutes vs 42 minutes; P ¼ .039).
There was no significant difference in the ICU length of
stay between the 2 groups. The mean cerebral oximetry
value before and after the circulatory arrest showed a
90 JTCVS Open c June 2022
significant difference. However, there was no significant
difference in the cerebral oximetry value between the 2
groups. Regarding other parameters, no significant differ-
ences were observed between the 2 groups.
MRI Findings
The relationship between preoperative MRI findings and

PD is shown in Table 2. There were significantly more
lacunar strokes in group D than in group ND (62% vs
10%; P ¼ .027) (Figure 3, A, Figure 4). Patients with
high-grade PVH had significantly more delirium than those
without (group D vs group ND; P < .01) (Figure 3, B,
Figure 4). In addition, patients with high-grade DSWMH
had significantly more delirium than those without (group
D vs group ND; P<.042) (Figure 3, C, Figure 4).



TABLE 1. Patient characteristics

Total PD NPD

P value(n ¼ 50) (n ¼ 23) (n ¼ 27)

Preoperative factors

Age, y 73 � 7.4 76 � 6.7 70 � 7 .007

Sex, male (%) 38 (76) 17 (74) 21 (78) .750

BMI, kg/m2 24.7 � 5.7 24.8 � 6.4 22.6 � 5.9 .419

HT 45 (90) 21 (91) 24 (89) 1.000

DM 11 (22) 4 (17) 7 (26) .468

HL 29 (58) 12 (52) 17 (63) .441

Smokers 16 (32) 7 (30) 9 (33) .827

CKD 6 (12) 1 (4.3) 5 (19) .124

CAD 4 (8) 2 (8.7) 2 (7.4) 1.000

Medication

Ca-blocker 31 (62) 14 (61) 17 (74) .487

ARB 22 (44) 11 (48) 11 (41) .460

Statin 23 (46) 11 (48) 12 (44) .567

Japan score II

Predicted mortality 4.1 � 4.5 4.1 � 3.4 4.2 � 5.7 .868

Predicted mortality þ complication 20.8 � 13 20.8 � 7.0 21.6 � 19.6 .748

Perioperative factors

Surgical procedure

TAR 46 (92) 22 (96) 24 (89) .614

Additional procedures

CABG 9 (18) 3 (13) 6 (22) .479

Valve 3 (6) 2 (9) 1 (3.7) .588

Mean temperature, �C 26.5 � 1.5 26.3 � 1.5 26.6 � 1.5 .689

OP time, min 413 � 104 447 � 112 384 � 88 .024

CPB, min 182 � 47 194 � 53 171 � 38 .158

Circulatory arrest time, min, mean 47 � 15 51 � 15 42 � 13 .039

Crossclamp time, min 101 � 38 108 � 63 100 � 36 .263

Perioperative bleeding, mL 4948 � 3133 5527 � 3448 4454 � 2875 .316

Cerebral oximetry value, %

Left 2.1 � 5.1 2.0 � 4.5 2.1 � 5.7 .754

Right 3.8 � 7.2 3.2 � 7.1 4.5 � 7.3 .611

Postoperative factors

ICU stay, d 4.0 � 3.0 4.0 � 3.0 4.0 � 3.0 .700

Mechanical ventilation time, h 16.5 � 13 18 � 30 16 � 10 .359

Postoperative bleeding, mL 680 � 791 790 � 979 660 � 640 .984

The mean (SD) or median (IQR) is presented for continuous data or non-normally distributed data, respectively, and n (%) for categorical data. The t-test was performed on

continuous data, and the Mann–Whitney U test was performed for non-normally distributed data. The P value indicates the difference between the D and ND groups. PD, Post-

operative delirium; NPD, nonpostoperative delirium; BMI, body mass index; HT, hypertension; DM, diabetes mellitus; HL, hyperlipidemia; CKD, chronic kidney disease; CAD,

coronary artery disease; ARB, angiotensin receptor blocker; TAR, total arch reconstruction;CABG, coronary artery bypass grafting;OP, operation;CPB, cardiopulmonary bypass;

ICU, intensive care unit; SD, standard deviation; IQR, interquartile range.
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Correlation Analysis Between the Fazekas Scale of
PVH and the Length of PD

In group D (n¼ 23), the relationship between the Fazekas
scale of PVH and the length of PD is shown in Figure 5.
There was no significant correlation between the grade of
PVH and the length of PD (rs ¼ 0.065, n ¼ 23, P ¼ .767).

Multivariate Regression Analysis
Results of the multivariate regression analysis are pre-

sented in Table 3, and age, chronic kidney disease, mechan-
ical ventilation time, circulatory arrest time, and PVH are
included. The multivariate regression analysis identified a
total of 2 independent parameters that were associated
with PD: high-grade PVH (OR, 9.38; 95% CI, 1.55-
56.56; P ¼ .015) and circulatory arrest time (OR, 1.06;
95% CI, 1.00-1.13; P ¼ .044).

DISCUSSION
The results of this retrospective study suggested that

high-grade PVH could independently predict PD after AR
for AAAs. In addition, patients with PD tended to have
radiographic evidence of lacunar infarcts and high-grade
DSWMH. We also identified circulatory arrest time as a
predictor of PD in patients after AR.
JTCVS Open c Volume 10, Number C 91



TABLE 2. Findings from the preoperative magnetic resonance

imaging of the brain

Total PD NPD P

value(n ¼ 50) (n ¼ 23) (n ¼ 27)

Lacunar infarcts, % 26 (52) 16 (70) 10 (37) .027

Fazekas scale

PVH, grade,

mean � SD

1.78 � 0.92 2.22 � 0.78 1.40 � 0.87 <.01

0 4 (8) 1 (4) 3 (11)

1 16 (32) 2 (9) 14 (52)

2 17 (34) 11 (48) 6 (22)

3 13 (26) 9 (39) 4 (15)

High-grade 30 (60) 20 (87) 10 (37) .001

DSWMH, grade,

mean � SD

2.00 � 0.93 2.26 � 0.90 1.56 � 0.83 <.01

0 3 (6) 1 (4) 2 (7)

1 16 (32) 4 (18) 12 (44)

2 15 (10) 6 (26) 9 (33)

3 16 (32) 12 (52) 4 (15)

High-grade 31 (62) 18 (78) 13 (48) .042

The mean (SD) or median (IQR) is presented for continuous data or non-normally

distributed data, respectively, and n (%) for categorical data. The t-test was performed

on continuous data, and the Mann–Whitney U test was performed for non-normally

distributed data. The P value indicates the difference between the D and ND groups.

Patients with grade 2 or 3 on the Fazekas scale were identified as having high-grade

PVH or high-grade DSWMH. PD, Postoperative delirium; NPD, nonpostoperative

delirium; PVH, periventricular hyperintensity; SD, standard deviation; DSWMH,

deep subcortical white matter hyperintensity; IQR, interquartile range.
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Various factors can be used to predict PD after cardiac
surgery. J€arvel€a and colleagues1 reported that the duration
of mechanical ventilation time was associated with PD after
cardiac surgery. Morandi and colleagues17 suggested a
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relationship between statins and PD in cardiac surgery. In
the present study, both mechanical ventilation time and sta-
tins did not predict PD in patients after AR.

Previous studies suggested that WMH and cerebral in-
farcts can also predict PD.7-12 Kant and colleagues8 re-
ported that patients with preoperative cortical brain
infarcts and those with a more complex WMH shape
might have a predisposition for developing delirium after
major surgery. Moreover, Ikeno and colleagues6 suggested
that WMH is significantly associated with adverse postop-
erative neurologic outcomes in patients who have under-
gone TAR. In consensus with the study by Ikeno and
colleagues,6 this study clarified that WMH was related
to PD after cardiac surgery, especially AR. However, we
found lacunar infarcts to be associated with PD, although
the studies by Kant and colleagues8 and Ikeno and col-
leagues6 did not show an association between lacunar in-
farcts and PD.

According to the reports by Fong and colleagues18 neuro-
anatomical localization of delirium pathology has implica-
tions for understanding both symptoms and underlying
mechanisms. For example, attention is associated with the
bifrontal areas, thalamus, and pons. Cognition is associated
with the frontal and temporal regions. Breteler and col-
leagues19 showed a relationship betweenWMH and impair-
ment of the subcorticofrontal functions that are associated
with attention. Particularly, in patients with delirium, fron-
tal cerebral blood perfusion abnormalities have been re-
ported.18 Moreover, several studies have reported that
WMH is associated with mild disordered cognition.20-22

The present study also suggested that patients with
grade PVH (C) High grade DSWMH
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Silent cerebral ischemia detected by MRI can predict postoperative delirium
after total arch replacement
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FIGURE 4. Summary of this study. We analyzed whether preoperative MRI findings of the brain can predict postoperative delirium in patients undergoing

total arch replacement for aneurysms. MRI, Magnetic resonance imaging; D, postoperative delirium group; ND, nonpostoperative delirium group; NEE-

CHAM, Neelon and Champagne; ICDSC, Intensive Care Delirium Screening Checklist; PVH, periventricular hyperintensity; DSWMH, deep subcortical

white matter hyperintensity; PD, postoperative delirium.
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high-grade PVH or DSWMH, which indicates severe
WMH, were more at risk of developing PD.

Lacunar infarcts commonly occur in the thalamus, pons,
and basal ganglia,23 and these abnormalities can cause inat-
tention. Although lacunar infarcts were not an independent
predictor of PD, patients with delirium in this study often
had evidence of these lesions. Therefore, the results of
this study might support a relationship between the pres-
ence of lacunar infarcts and PD.

There have been some reports stating that WMH and
lacunar infarcts might be associated with strokes.24,25 Bo-
kura and colleagues24 suggested that WMH and silent
lacunar infarcts can be important stroke risk factors and
might be associated with increased mortality rates. Thus,
the assessment of preoperative MRIs of the brain could
help with the prediction and prevention of neurologic com-
plications associated not only with PD but also with strokes.
However, there was no difference in adverse outcomes be-
tween the 2 groups in this study. The main reason might
be the small sample size in the present study. There have
been some reports stating that WMH and lacunar infarcts
might be associated with stroke.24,25 Bokura and col-
leagues24 suggested that WMH and silent lacunar infarcts
can be important stroke risk factors and might be associated
with increased mortality rates. Moreover, Ikeno and col-
leagues6 reported that WMH was associated with adverse
postoperative events after AR. Thus, the preoperative
MRI assessment of the brain appeared to be important,
especially in high-risk patients undergoing AR. In the pre-
sent study, patients suffering from postoperative stroke
were excluded because the focus of the study was the rela-
tionship between preoperative MRI findings and PD, and
thus, the adverse outcomes did not differ between the 2
groups. However, the present study suggested that WMH
JTCVS Open c Volume 10, Number C 93



0

10

20

30

40

50

0 1 2 3

60

D
u

ra
ti

o
n

 P
D

 (
p

o
st

o
p

er
at

iv
e 

d
ay

)

Fazekas scale of PVH

FIGURE 5. The relationship between the Fazekas scale of PVH and the

length of PD in group D (n ¼ 23). There was no significant correlation be-

tween PVH grade and the length of PD (rs¼ 0.065, n¼ 23,P¼ .767).PVH,

Periventricular hyperintensity; PD, postoperative delirium; D, postopera-

tive delirium group.

Adult: Aorta Shibagaki et al
could influence not only the hard outcomes, eg, mortality
and/or stroke, but also the secondary outcome, ie, PD after
AR.

Whether preoperative MRI findings are associated with
the length of PD is an interesting issue. In this study, the
length of PD was not related to the PVH grade. However,
the analysis was performed in group D, which was small
in size. The relationship between delirium severity and
PVH grade should be clarified in further studies.

The risk factors for PD are classified into 2 categories:
predisposing and precipitating factors.26 In patients with
AAAs, predisposing factors that increase the risk of PD
include advanced age and atherosclerotic aneurysms.4,27

The present study suggested that high-grade PVHwas a pre-
disposing factor. Although age, lacunar infarcts, and
DSWMH were not independent predictors of PD, our uni-
variate regression analysis found that patients with delirium
tended to be older and have the presence of lacunar infarcts.
TABLE 3. Multivariate analysis of risk factors for postoperative

delirium

OR 95% CI P value

Age (per 1-year increase) 1.08 0.96-1.22 .187

CKD 3.62 0.28-47.73 .328

Mechanical ventilation time

(per 1-hour increase)

1.04 0.98-1.08 .304

Circulatory arrest time (per

1-minute increase)

1.06 1.00-1.13 .044

PVH 9.38 1.55-56.56 .015

A multivariate simultaneous forced entry logistic regression analysis was performed.

Age, CKD, mechanical ventilation time, circulatory arrest time, and PVH were

included. OR, Odds ratio; CI, confidence interval; CKD, chronic kidney disease;

PVH, periventricular hyperintensity.
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Thus, advanced age, lacunar infarction, and DSWMH could
also be predisposing factors. In contrast, precipitating fac-
tors can also result in the development of PD, and it is
widely known that hypothermic circulatory arrest is associ-
ated with PD.5,28 We also identified circulatory arrest time
as a precipitating factor for PD.

Importantly, the prediction of PD using predisposing fac-
tors can help clinicians in their decision-making regarding
(1) patient selection, (2) operator selection, and (3) therapy
selection.

Patient Selection
To date, we have not rejected any patient for conventional

open AR because of MRI findings of the brain. Based on the
findings of the present study, however, it would be a reason-
able option to exclude certain patients with an extremely
high risk of PD from conventional open AR surgery.

Operator Selection
The present study demonstrated that circulatory arrest

time was a risk factor for PD. To shorten the circulatory ar-
rest time and minimize the risk of PD, an experienced sur-
geon should be selected for patients predicted to have a very
high likelihood of developing PD. Indeed, in the present
study, AR was performed by several operators, which might
have resulted in increased operation and circulatory arrest
times in group D compared with group ND. Operator fac-
tors can influence the surgical time, as we have previously
reported.29 Surgical education is important, but considering
the results of the present study, an experienced operator
should perform AR in high-risk patients.

Therapy Selection
In the contemporary era of developing endovascular

treatments, thoracic endovascular aortic repair (TEVAR)
is a reasonable alternative for patients with AAA. If a pa-
tient was at extremely high risk for developing PD with
anatomy unsuitable for TEVAR, then this patient should
not be considered for AR. However, many patients with
AAA can be treated with both open conventional AR and
debranching TEVAR. In certain high-risk patients, TEVAR
can be selected to minimize the risk of PD based on the pre-
operative MRI findings.

At our institution, MRI of the brain is performed as a
routine preoperative evaluation for cardiac surgery, as is
the practice in most Japanese institutions. However, such
liberal usage of expensive MRIs of the brain might not be
currently accepted in other countries or in Japan in the
future. Nevertheless, the results of the present study indicate
that prediction of PD by preoperative MRI of the brain ben-
efits certain patient groups, such as older individuals.

Appropriate delirium management is also important to
minimize the complications of PD. In our institution, we
administered dexmedetomidine to patients during their
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stays in ICU. Djaiani and colleagues30 suggested that dex-
medetomidine reduced the incidence, delayed the onset,
and shortened the duration of PD in elderly patients after
cardiac surgery. We also prescribed ramelteon instead of
benzodiazepines because of its better efficacy.31 In addition,
we allowed the patients’ families to visit the patients. Mail-
hot and colleagues32 suggested the efficacy of interventions
involving the patient’s family.

This study has several limitations. First, the sample size
was small, thereby reducing the study’s statistical power.
Probably for this reason, well-known risk factors for PD
(ie, length of ICU stay and ventilation time) did not reach
statistical significance in the present study. Second, this
was a retrospective, single-center study. Third, the screening
tools used to detect PD varied at different study periods.
Although NCS and ICDSC are appropriate delirium
screening tools,33,34 there have been no reports validating
these 2 delirium screening tools in the ICU simultaneously.
In addition, the ICDSC assesses the severity of delirium,
but not all patients were assessed with the ICDSC. The
NCS might assess conditions other than delirium because
it includes the subscale of physiological status.35 Therefore,
the measurement of delirium severity may not have been
consistent between the 2 groups. Nevertheless, we believe
that our study is a worthwhile investigation of the relation-
ship between preoperative MRI findings and PD because
PD was assessed prospectively by nursing staff routinely
without prejudice. Fourth, some patients could have had
mild cognitive decline. All the patients and their families
were carefully interviewed regarding dementia because de-
mentia is one of the contraindications for AR in our institute;
it was confirmed that no patient had preoperative symptom-
atic cognitive dysfunction. However, the lack of a preopera-
tive test for cognitive function is a strong limitation of the
present study. Some patients thought to have no cognitive
dysfunction may have had deficits that were too subtle to
be detected despite our screening methodology. Fifth,
long-term follow-up data regarding PD were not available
due to the retrospective nature of our study. Finally, the 7 pa-
tients who suffered from obvious postoperative stroke were
excluded from the analysis because the main focus of the
present study was PD in patients without symptomatic
stroke. However, the relationship between preoperative ce-
rebral ischemia and postoperative stroke should be investi-
gated in further studies.

CONCLUSIONS
PVH detected by MRI and prolonged circulatory arrest

time can predict PD after AR for an AAA. This study
showed the potential of MRI of the brain as a tool for selec-
tion of patients, operative methods, and operators for the
treatment of AR in patients with a significant risk of PD.
However, further studies with larger sample sizes are
required.
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