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Perivascular spaces visible on
magnetic resonance imaging
predict subsequent delirium in
older patients

Quhong Song, Yanli Zhao, Taiping Lin and Jirong Yue*

Department of Geriatrics and National Clinical Research Center for Geriatrics, West China Hospital,
Sichuan University, Chengdu, China

Background: It remains unknown whether perivascular spaces (PVS) are
associated with delirium in older hospitalized patients. We aimed to determine
the association between magnetic resonance imaging (MRI)-visible PVS and
the risk of delirium in a cohort of older patients.

Methods: We consecutively recruited older patients (>70 years) admitted
to the Geriatric Department of West China Hospital between March 2016
and July 2017, and their imaging data within one year before admission
were reviewed retrospectively. PVS was rated on axial T2-weighted images
in the basal ganglia (BG) and centrum semiovale (CS) using the validated
semiquantitative 4-point ordinal scale. Delirium was screened within 24 h of
admission and three times daily thereafter, using the confusion assessment
method. Binary logistic regression analyses were performed to investigate the
associations between PVS and delirium.

Results: Among 114 included patients (mean age 84.3 years, 72.8% male),
delirium occurred in 20 (17.5%). In patients with MRl examined within 6
months before admission, CS-PVS was found to be associated with delirium
(odds ratio [OR] 3.88, 95% confidence interval [CI] 1.07-14.06, unadjusted;
and OR 4.24, 95% Cl| 1.11-16.28, adjusted for age). The associations were
enhanced and remained significant even after full adjustment of covariates
(OR 7.16, 95% Cl 1.16-44.32, adjusted for age, cognitive impairment, smoking,
and Charlson Comorbidity Index). Similarly, the relationships between high
CS-PVS and delirium were also strengthened after sequentially adjusting
all variables of interest, with OR 4.17 (95% Cl| 1.04-16.73) in unadjusted
model and OR 7.95 (95% Cl 1.14-55.28) in fully-adjusted model. Adding
CS-PVS to the established risk factors improved the risk reclassification for
delirium (continuous net reclassification index 62.1%, P = 0.04; and integrated
discrimination improvement 12.5%, P = 0.01).

Conclusions: CS-PVS on MRI acquired 6 months earlier predicts subsequent
delirium in older patients and may have clinical utility in delirium risk
stratification to enable proactive interventions.

delirium, perivascular spaces, cerebral small vessel disease, magnetic resonance
imaging, older people
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Introduction

Delirium is a neuropsychiatric syndrome characterized by
acute fluctuating disturbances in attention, consciousness, and
cognition (Inouye et al.,, 2014; Marcantonio, 2017). It is common
in older hospitalized adults, affecting one-third of those aged
70 years and over (Laurila et al, 2004; Marcantonio, 2017),
and is associated with numerous poor outcomes including
prolonged hospital stay, cognitive impairment, functional
disability, and mortality (Fong et al, 2009; Inouye et al,
2014; Marcantonio, 2017; Goldberg et al, 2020). Though
some progress has been made in diagnosis, elucidation of risk
factors and prognosis, the neurobiological basis of delirium
has not yet been completely clarified. Consequently, few
effective and mechanism-based treatments for delirium are
available. It is therefore imperative to explore neurobiological
biomarkers associated with delirium, which may not only
advance our understanding of the pathogenesis of delirium but
also aid in delirium risk stratification to implement proactive
interventions.

The advancement of neuroimaging particularly magnetic
resonance imaging (MRI) provides a unique chance to study
the neural substrates of delirium, and certain abnormalities on
brain MRI have been reported to be associated with delirium
(Nitchingham et al., 2018; Kalvas and Monroe, 2019). Several
studies have indicated that white matter hyperintensities,
markers of cerebral small vessel disease (CSVD), can predict the
occurrence of delirium (Omiya et al., 2015; Nitchingham et al,,
2018; Clancy et al., 2021; Pendlebury et al., 2022). Nevertheless,
for other CSVD markers, especially MRI-visible perivascular
spaces (PVS), this is still unknown. PVS are fluid-filled spaces
around the brain perforating small vessels and are hypothesized
to act as part of the drainage systems which facilitate fluid
exchange and clearance of metabolic wastes from the brain
(Wardlaw et al., 2020; Gouveia-Freitas and Bastos-Leite, 2021).
Although it is normal to have a few visible PVSs on MRI in
healthy young brains (Piantino et al., 2020; Barisano et al., 2021),
they may become increasingly common and even enlarge in
the context of aging, vascular risk factors, and other features
of CSVD (Wardlaw et al,, 2020), which may have important
clinical implications to brain health (Wardlaw et al, 2020;
Gouveia-Freitas and Bastos-Leite, 2021). And growing studies
have shown that PVS burden is related to cognitive decline
and dementia in older adults (Ding et al., 2017; Debette et al,,
2019; Paradise et al., 2021). However, no studies have previously
explored PVS in relation to delirium. Whether PVS plays a role
in the development of delirium remains unclear.

Therefore, in the present study, we aimed to determine
the association between PVS and risk of future delirium and
to examine the predictive ability of PVS for delirium in older
hospitalized patients. We hypothesized that older patients with
a higher PVS burden at baseline would be at greater risk of
subsequent delirium.
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Materials and methods

Study population

Patients in this study were a subsample of our previous
cohort study, which prospectively consecutively recruited older
internal medical patients admitted to the Department of
Geriatric (across four floors), West China Hospital of Sichuan
University between March 2016 and July 2017. The details
of this cohort have been described previously (Zhao et al,
2021). In brief, eligible patients were aged 70 years and older,
with an anticipated stay in the hospital of at least 3 days.
Exclusion criteria included delirium on admission, inability
to communicate due to severe deafness or severe dementia,
terminal conditions with life expectancy <6 months, and
incomplete data. A total of 740 patients who met all eligibility
criteria were enrolled in this cohort (Supplementary Figure 1),
and their imaging data were reviewed retrospectively through
our electronic medical systems.

In the present study, patients were further excluded if they
did not undergo brain MRI scanning within one year prior
to admission or if the MRI image quality was poor, making
PVS assessment difficult. This study was approved by the
Biomedical Research Ethics Committee of West China Hospital,
and conformed to the ethical guidelines of the Declaration
of Helsinki. Written informed consent was obtained from
all participants.

Data collection

The following data were collected by trained research
nurses within 24 h after admission: age, sex, body mass index
(BMI), marital status, education level, smoking, and alcohol
drinking. Cognitive function was evaluated using the Short
Portable Mental Status Questionnaire (SPMSQ), and errors
>3 were defined as having cognitive impairment (Pfeiffer,
1975). The severity of comorbidities was rated using the
Charlson Comorbidity Index (CCI), a score based on 19
chronic diseases (Charlson et al, 1987). Visual acuity was
assessed with the Snellen eye chart, and hearing ability was
evaluated with the whispered voice test. Laboratory tests
(blood glucose, white blood cell counts, blood urea nitrogen,
creatinine, and albumin) were conducted within 24 hours of

admission.

Magnetic resonance imaging
acquisition

All included patients underwent brain MRI within the

past 1 year prior to this hospital admission using a 3.0 T
scanner (Magnetom, Siemens, Erlangen, Germany), with a slice
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thickness of 5-mm and matrix size of 256 x 256 pixels. MRI
sequences included T1-weighted (repetition time [TR] 1600 ms,
echo time [TE] 8.6 ms), T2-weighted (TR 4500 ms, TE 105 ms),
and fluid-attenuated inversion recovery (FLAIR) images (TR
6000 ms, TE 100 ms).

Perivascular spaces assessment

The MRI markers were defined and reported following the
STandards for ReportIng Vascular changes on nEuroimaging
(STRIVE) recommendations (Wardlaw et al., 2013). All MRI
images were assessed independently by two trained raters
blinded to the patients’ clinical data, and disagreements were
resolved by consensus. For patients who underwent multiple
MRI imaging during the past 1 year, we used data from the last
MRI only.

PVS was defined as fluid-filled compartments surrounding
the penetrating vessels, with cerebrospinal fluid (CSF)-like
signals on all MRI sequences. They appear linear, round or
ovoid, generally smaller than 3 mm in diameter without the
surrounding FLAIR hyperintense rim (Wardlaw et al.,, 2013).
PVS was counted on axial T2-weighted images in the basal
ganglia (BG) and centrum semiovale (CS), using the validated
semiquantitative scale as 0 = none, 1 = 1-10, 2 = 11-20, 3 = 21—
40, and 4 >40 PVS (Potter et al, 2015a,b). Rating of PVS in
the BG was done above the anterior commissure, and included
those in the insular cortex (Potter et al., 2015a). For both regions,
the slice and side with the most PVS were chosen. High BG-
PVS or CS-PVS was defined as a score >3, as used previously
(Charidimou et al., 2014). The total PVS burden (0-8) was
calculated as the sum scores of BG-PVS and CS-PVS. In this
study, the interrater weighted kappa for the class of PVS (0-4)
was 0.75 for BG-PVS and 0.71 for CS-PVS.

Other cerebral small vessel disease
markers

Lacunes were defined as round or ovoid, subcortical CSF-
containing cavities measuring between 3 and 15 mm in diameter
with a hyperintense rim on FLAIR (Wardlaw et al, 2013).
The presence, number, and location of lacunes were recorded.
White matter hyperintensity (WMH) was defined as abnormal
hyperintensity of periventricular white matter (PWMH) or deep
white matter (DWMH) on FLAIR images. The Fazekas rating
scale (a 3-point ordinal scale ranging from 0 to 3) was used
to assess the severity of WMH (Fazekas et al., 1987). Extensive
WMH was defined as a PWMH score of 3 or DWMH score
>2. The total WMH burden was calculated by summing the
PVWM and DWMH scores. The interrater Cohen-weighted
kappa values were 0.65 for lacunes, 0.93 for PWMH, and 0.90
for DWMH.
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To assess the cumulative impact of small vessel injury
on the brain, we chose lacunes, WMH, and PVS to calculate
the “total CSVD burden”. According to the validated ordinal
scale (Klarenbeek et al,, 2013), one point was allocated if
lacune number >1, or PVWMH score = 3 and/or DWMH
score >2, or BG-PVS score >2, generating a total score of
0to 3.

Prospective assessment of delirium

The main outcome measure was the development of

delirilum during hospitalization. Delirilum was assessed
using the confusion assessment method (CAM), a well-
validated and standardized assessment tool for delirium
that has a high sensitivity (94-100%), specificity (90-95%),
and interrater reliability (0.70-1.00) (Wei et al,, 2008). The
Chinese-language version of the CAM has been used in
Mandarin-speaking populations, demonstrating comparable
sensitivity and specificity (Gao et al, 2019). The CAM
diagnostic algorithm requires the presence of acute onset and
fluctuating course, inattention, and either disorganized thinking
or an altered level of consciousness to fulfill the criteria for
delirium.

Research nurses were trained heavily in screening
delirium before the start of the study to ensure high
interrater and intrarater reliability (kappa >0.9). Then
all patients were screened for delirium by well-trained
nurses within 24 h after admission and three times daily
thereafter until discharge or for a maximum of 13 days,
whichever came first. In addition, to minimize misdiagnosis
and maximize reliability, experienced clinical researchers
further independently assessed patients every 48 h. In
case of any doubt, an expert panel was consulted to
screen patients according to the Diagnostic and Statistical
of Mental Fourth Edition

(American Psychiatric Association, 2000).

Manual Disorders, criteria

Statistical analysis

Continuous data were presented as mean with standard
deviation (SD) or median with interquartile range (IQR), and
categorical data were reported as frequencies and percentages.
Intergroup differences in patients with delirium versus those
without delirium were detected using the x? test or Fisher’s
exact test for categorical variables and Student’s t-test or the
Mann-Whitney U test for continuous variables.

The binary logistic regression analyses were used to
investigate the association between PVS and delirium. Given the
limited sample size, only covariates with P < 0.05 identified
in univariate analysis were included in the multivariate
analysis. The following models were generated sequentially:
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(1) unadjusted; (2) adjusted only for age (model 1); (3)
adjusted for age and cognitive impairment (model 2); and
(4) adjusted for age, cognitive impairment, smoking, and CCI
(model 3). To mitigate the potential bias induced by changes
in PVS over time, a similar analysis was performed after
excluding patients who underwent MRI more than 6 months
before admission.

The (ROC)
was conducted to evaluate the predictive ability of PVS

receiver operating characteristic curve
for delirium. Pairwise comparison of the area under the
receiver operating curves (AUCs) was performed using
the Delong test (DeLong et al,, 1988). In addition, the net
reclassification index (NRI) and integrated discrimination
improvement (IDI) were further calculated to evaluate the
incremental predictive value of PVS beyond conventional risk
factors.

All statistical analyses were conducted using Stata 15.0
(StataCorp, College Station, TX, United States) and MedCalc
version 20 (MedCalc Software Ltd., Ostend, Belgium). A two-
sided P < 0.05 was considered to be statistically significant,
and multiple comparisons correction was not made due to the

exploratory nature of this study.

Results

Baseline characteristics

Among 740 patients initially recruited between March 2016
and July 2017, 116 patients underwent brain MRI within the
past 1 year, and 2 of those patients with poor MRI quality were
further excluded. Therefore, a total of 114 patients were included
in the final analysis (Supplementary Figure 1). Compared with
the included patients, those excluded patients were younger,
had lower education level and lower CCI (all P < 0.05,
Supplementary Table 1).

Among the 114 included patients, the mean age at
admission was 84.3 + 4.8 years (72.8% male). The median
time from MRI scanning to hospital admission was 179 days
(IQR, 82-283 days). PVS was detected in all patients, and
the median (IQR) PVS scores in the BG and CS were 2
(2-3) and 3 (2-3), respectively. There were twenty (17.5%)
patients who experienced delirium during hospitalization. The
median time from admission to delirium occurrence was
5 days (IQR, 3-9 days), and the median length of hospital
stay was 16 days (IQR 13-25 days). The demographic and
clinical characteristics of patients are presented in Table 1.
Univariate analysis identified the following characteristics
associated with delirium: age, smoking, cognitive impairment,
and CCI (all P < 0.05); while there was no significant
BM],
alcohol drinking, vision or hearing impairment, or laboratory
data.

difference in sex, marital status, education level,
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Association between perivascular
spaces and delirium

The relationships between radiological features and
delirium are shown in Table 2 and Supplementary Figure 2.
The median BG-PVS score was significantly higher in patients
with delirium than in those without delirium (median score 3
vs. 2, P = 0.03, Supplementary Figure 2). Delirious patients
also had higher PWMH and total WMH scores, while there
was no significant difference in CS-PVS, DWMH, or total
CSVD burden. In the multivariable analyses, after sequentially
adjusting for age, cognitive impairment, smoking and CCI,
neither BG-PVS nor CS-PVS was independently associated with
delirium (Figure 1).

When analyses were restricted to patients with MRI
performed <6 months prior to hospital admission (n = 62),
we found that CS-PVS and high CS-PVS were related to
delirium in the univariate analysis (median 3 vs. 2, P = 0.03;
80.0% vs. 48.9%, P = 0.04, Supplementary Table 2). The
associations of CS-PVS with delirium were enhanced and
remained significant even after full adjustment of covariates:
OR 3.88 (95% CI 1.07-14.06) unadjusted, OR 4.24 (95% CI
1.11-16.28) (model 1, adjusted for age), OR 6.52 (95% CI 1.29-
32.90) (model 2, adjusted for age and cognitive impairment),
and OR 7.16 (95% CI 1.16-44.32) (model 3, adjusted for age,
cognitive impairment, smoking and CCI, Figure 2). Similarly,
the associations between high CS-PVS and delirium were also
strengthened after sequentially adjusting all variables of interest,
with an OR 0f 4.17 (95% CI 1.04-16.73) in the unadjusted model
and an OR of 7.95 (95% CI 1.14-55.28) in model 3 (Figure 2).
In contrast, no associations were seen for PVS in patients with
MRI examined >6 months prior to admission (Supplementary
Table 3).

Regarding other CSVD markers, additional analyses
found that PWMH, DWMH, total WMH, and total
CSVD  burden independently  associated
with the occurrence of delirium during hospitalization

were  not

(Supplementary Table 4).

The predictive ability of perivascular
spaces for delirium

The predictive values of PVS for delirium were summarized
in Figures 1, 2 and Supplementary Table 5. The results
showed that the predictive ability of BG or CS-PVS for delirium
was moderate, but the multivariate models integrating PVS
had good discriminatory powers. As CS-PVS burden on
MRI acquired within the past 6 months was independently
associated with delirium, we then evaluated the incremental
predictive value of CS-PVS over the established risk factors
for delirium. ROC curve analyses showed an AUC of 0.85
(95% CI 0.74-0.93) for cognitive impairment, 0.67 (95%
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TABLE 1 Demographic and clinical characteristics of study participants.

10.3389/fnagi.2022.897802

Characteristics Total (n=114) Delirium (n = 20) Non-delirium (n = 94) P
Age, mean (SD) 84.3 (4.8) 86.5 (4.4) 83.9 (4.7) 0.03*
Male, n (%) 83 (72.8) 13 (65.0) 70 (74.5) 0.397
BMI, kg/m?, mean (SD) 23.5 (3.6) 24.6 (3.8) 232 (3.6) 0.13*
Married, n (%) 93 (81.6) 16 (80.0) 77 (81.9) 0.76%
Education, n (%) 0.25%
Illiteracy or primary school 7 (6.1) 2(10.0) 5(5.3)

Middle school 0(17.5) 6 (30.0) 14 (14.9)

High school and above 7 (76.3) 12 (60.0) 75 (79.8)

Smoking, n (%) 0(35.1) 11 (55.0) 29 (30.9) 0.04"
Alcohol use, n (%) 18 (15.8) 6(33.3) 12 (59.3) 0.09%
Blood glucose, mmol/L, mean (SD) 6.60 (2.3) 7.28 (2.8) 6.45(2.1) 0.14%
WBC, x 10°/L, mean (SD) 6.56 (2.6) 7.35(2.3) 6.39 (2.6) 0.13*
BUN, mmol/l, mean (SD) 7.62 (4.8) $.10 (3.4) 7.52 (5.0) 0.63*
Creatinine, umol/L, mean (SD) 93.98 (71.5) 75.50 (26.4) 97.91 (77.3) 0.20*
Primary admission diagnosis, n (%) 0.56+
AECOPD 19 (16.7) 3 (15.0) 16 (17.0)

Stroke 15 (13.2) 5(25.0) 10 (10.6)

Malignant tumor 12 (10.5) 4(20.0) 8(8.5)

Pneumonia 10 (8.8) 2(10.0) 8(8.5)

Osteoporosis 7(6.1) 3(15.0) 4(4.3)

Myocardial infarction 6(5.3) 0(0.0) 6 (6.4)

Arrhythmia 6(5.3) 1(0.9) 5(5.3)

Diabetes mellitus 5(4.4) 0(0.0) 5(5.3)

Dizziness 5(4.4) 0(0.0) 5(5.3)

Heart failure 4(3.5) 0(0.0) 4(4.3)

Hypertension 4(3.5) 0(0.0) 4(4.3)

Urinary tract infection 3(2.6) 0 (0.0) 3(3.2)

Renal failure 2(1.8) 0(0.0) 2(2.1)

Others 16 (14.0) 2(10.0) 14 (14.9)

Vision impairment, n (%) 37(32.5) 10 (50.0) 27 (28.7) 0.07"
Hearing impairment, n (%) 37 (32.5) 7 (35.0) 30 (31.9) 0.79t
Cognitive impairment, n (%) 41 (36.0) 19 (95.0) 22(23.4) <0.001"
CCI, median (IQR) 2(1-3) 2(2-4) 2(1-3) 0.018

BMI, body mass index; WBC, white blood cell; BUN, blood urea nitrogen; AECOPD, acute exacerbation of chronic obstructive pulmonary disease; CCI, Charlson comorbidity index; SD,
standard deviation; IQR, interquartile range; * ¢-test; T %2 test; 1 Fisher's exact test; $ Mann-Whitney U test.

CI 0.54-0.78) for CS-PVS, and 0.86 (95% CI 0.75-0.94)
for the model including age and cognitive impairment
(Figure 3). For the model containing age, cognitive
impairment and CS-PVS, the AUC was 0.92 (95% CI 0.82-
0.97), which was significantly higher than that of cognitive
impairment (Delong test, P = 0.02) and CS-PVS (Delong test,
P < 0.001). Although adding CS-PVS to the conventional
model containing age and cognitive impairment did not
significantly improve discriminatory power (AUC 0.92 vs.
0.86, Delong test P 0.05),
delirium was significantly improved, with a continuous
NRI of 62.1% (P = 0.04) and an IDI of 12.5% (P = 0.01).
Similar results were found for high CS-PVS (Supplementary
Table 6).

the risk reclassification for
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Discussion

In the present study, we found that CS-PVS on
MRI acquired within 6 months prior to admission was
independently associated with delirium in
Our that

existing previously acquired brain MRI may represent an

subsequent

older hospitalized patients. study suggests
underlying resource, and CS-PVS visible on these MRIs
may serve as a risk factor of delirium and may provide
important predictive information for delirium occurrence.
Incorporating CS-PVS into delirium prediction algorithms
might have potential clinical utility in aiding delirium risk
stratification, and this needs to be confirmed by future

studies.
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TABLE 2 Imaging characteristics of patients with and without delirium.

Imaging characteristics Total (n=114)

10.3389/fnagi.2022.897802

Time from MRI to admission, days, median (IQR) 179 (82-283)

Presence of lacunes, n (%) 24 (21.1)
PWMH, median (IQR) 2(1-3)
Extensive PWMH, # (%) 39(34.2)
DWMH, median (IQR) 2(1-3)
Extensive DWMH, n (%) 59 (51.8)
Total WMH, median (IQR) 4(2-5)
Severity of total WMH

Mild WMH (1-2), n (%) 33 (28.9)
Moderate WMH (3-4), n (%) 43 (37.7)
Severe WMH (5-6), n (%) 38(33.3)
BG-PVS score, median (IQR) 2 (2-3)
Distribution of BG-PVS burden

Score 1, n (%) 21(18.4)
Score 2, n (%) 56 (49.1)
Score 3, n (%) 33(28.9)
Score 4, n (%) 4(3.5)
High BG-PVS, n (%) 37 (32.5)
CS-PVS score, median (IQR) 3(2-3)
Distribution of CS-PVS burden

Score 1, n (%) 8(7.0)
Score 2, n (%) 47 (41.2)
Score 3, n (%) 58 (50.9)
Score 4, n (%) 1(0.9)
High CS-EPVS, n (%) 59 (51.8)
Total PVS score, median (IQR) 5(4-6)
Distribution of total PVS burden

Score 2, n (%) 6(5.3)
Score 3, n (%) 17 (14.9)
Score 4, n (%) 22(19.3)
Score 5, n (%) 38(33.3)
Score 6, n (%) 30 (26.3)
Score 7, n (%) 1(0.9)
Total CSVD burden, median (IQR) 2(1-2)
Distribution of total CSVD burden

Score 0, n (%) 11 (9.6)
Score 1, n (%) 46 (40.4)
Score 2, n (%) 39 (34.2)
Score 3, n (%) 18 (15.8)

Delirium (n = 20) Non-delirium (n = 94) p
65 (21-202) 188 (107-288) <0.01°
5(25.0) 19 (20.2) 0.76%
3(2-3) 2(1-3) 0.02°
10 (50.0) 29 (30.9) 0.10"
2(1-3) 1(1-2) 0.06°
13 (65.0) 46 (48.9) 0.19"
4(3-6) 3 (2-5) 0.02°

0.1t
2(10.0) 31(33.0)
9 (45.0) 34(36.2)
9 (45.0) 29 (30.9)
3(2-3) 2(2-3) 0.03°
0.14%
1(5.0) 20 (21.3)
9 (45.0) 47 (50.0)
9 (45.0) 24 (25.5)
1(5.0) 3(32)
10 (50.0) 27 (28.7) 0.077
3(2-3) 2(2-3) 0.15°
0.46+
0(0.0) 8(8.5)
7 (35.0) 40 (42.6)
13 (65.0) 45 (47.9)
0(0.0) 1(1.1)
13 (65.0) 46 (48.9) 0.197
5 (4-6) 5 (4-5) 0.03°
0.33%
0(0.0) 6(6.4)
1(5.0) 16 (17.0)
4(20.0) 18 (19.1)
6(30.0) 32 (43.0)
9 (45.0) 21(223)
0(0.0) 1(L1)
2(1-2) 1(1-2) 0.06°
0.26%
0(0.0) 11 (11.7)
7 (35.0) 39 (41.5)
8 (40.0) 31(33.0)
5(25.0) 13 (13.8)

MRI, magnetic resonance imaging; PWMH, periventricular white matter hyperintensity; DWMH, deep white matter hyperintensity; WMH, white matter hyperintensity; BG-PVS, basal
ganglia perivascular space; CS-PVS, centrum semiovale perivascular space; CSVD, cerebral small vessel disease; IQR, interquartile range; T 2 test; ¥ Fisher’s exact test; S Mann-Whitney

U test.

Although a few studies have investigated brain CSVD
markers (e.g., WMH and cerebral microbleeds) in relation
to delirium (Omiya et al, 2015; Nitchingham et al., 2018;
Lachmann et al.,, 2019; Clancy et al.,, 2021; Pendlebury et al,,
2022), no previous study has yet explored the link between
MRI-visible PVS and delirium. PVS is frequently seen in
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the aging brain (Bown et al., 2022) and has been proposed
as a key contributor to cognitive decline and dementia in
older adults (Debette et al., 2019; Paradise et al,, 2021). It
has been reported that PVS could affect specific cognitive
domains, and a negative association of PVS burden with
nonverbal reasoning and visuospatial ability has been observed
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Subgroup  C statistics (95% CI)
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0dd Ratio (95% CI) P

BG-PVS :

Unadjusted 0.64 (0.55-0.73) — 199(1.03,3.83)  0.04
Model I 0.72 (0.63-0.80) — 1.78(0.92,3.45  0.09
Model 2 091 (0.84-0.95) — 2.08(0.89,4.85  0.09
Model 3 0.93 (0.86-0.97) —— 2.40(0.94,6.11)  0.07
High BG-PVS

Unadjusted 0.61 (0.51-0.70) —_— 248(0.93,6.64) 007
Model 1 0.71 (0.61-0.79) —_—— 2.09(0.76,5.75) 0.1
Model 2 091 (0.84-0.95) 275(0.78,9.72)  0.12
Model 3 0.92 (0.85-0.96) : > 4.16(0.96,18.05)  0.06
CS-PVS

Unadjusted 0.59 (0.50-0.68) e 1.89(0.81,4.40)  0.14
Model I 0.71 (0.62-0.79) —_— 191(0.80,4.54)  0.14
Model 2 0.90 (0.83-0.95) —_— 208(0.79,551)  0.14
Model 3 0.92 (0.86-0.96) —_— 1.95(0.70,5.45)  0.20
High CS-PVS

Unadjusted 0.58 (0.48-0.67) —_— 194(0.71,529)  0.20
Model 1 0.70 (0.61-0.78) o — 204(0.73,5.73)  0.18
Model 2 0.89 (0.82-0.94) ; 2.40(0.70,820)  0.16
Model 3 092 (0.82-0.96) 231(0.63,848) 021
Total PVS

Unadjusted 0.65 (0.55-0.73) — 1.67(1.03,271)  0.04
Model I 0.73 (0.63-0.81) — 159(0.98,2.58)  0.06
Model 2 0.90 (0.83-0.95) — 1.69(0.96,297) 007
Model 3 0.93 (0.87-0.97) — 176 (0.95,328)  0.07

T f 1
501 3

FIGURE 1

Multivariate associations between PVS and delirium in all patients. Model 1 adjusted for age; Model 2 adjusted for age and cognitive impairment;
Model 3 adjusted for age, cognitive impairment, smoking, and Charlson comorbidity index. BG-PVS, basal ganglia perivascular space; CS-PVS,

centrum semiovale perivascular space; Cl, confidence interval.

(Maclullich et al., 2004). Recent studies also indicated that
PVS was correlated with worse executive function, information
processing speed, and mild cognitive impairment (Ding et al,,
2017; Passiak et al., 2019; Sepehrband et al., 2021). However,
whether PVS plays a role in the development of delirium
remains unknown. Our present study adds to evidence on
the association of PVS with delirium, suggesting that PVS
(particularly that in CS) may be an important risk marker
of delirium. The previously reported significant relationship
between deep WMH and delirium (Hatano et al., 2013; Omiya
et al., 2015) may support our findings regarding PVS in the CS
region. However, as the PVS-WMH association has not been
fully elucidated (Francis et al., 2019) and the limited studies
were available about the correlation of CSVD markers and their
distributions with delirium, more investigations are warranted
to validate our results and to explore the relationship between
PVS locations and delirium. Besides, in this study, we found
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that the associations between CS-PVS and delirium persisted
and remained significant even after adjusting for cognitive
impairment, one of the strongest predictors of delirium, which
implies that CS-PVS is an independent risk factor for delirium
rather than a surrogate measure of cognitive performance.
Several explanations might account for the observed
association between CS-PVS and delirium. First, CS-PVS is
considered a marker of cerebral amyloid angiopathy (van
Veluw et al,, 2016; Charidimou et al., 2017). Abnormal protein
aggregation (e.g., B-amyloid) can block the upstream within
the cortical arteries and impair the external drainage of
interstitial fluid in the deep white matter, thus contributing
to the retrograde enlargement of PVS in CS (Gouveia-Freitas
and Bastos-Leite, 2021), and the relationship between p-
amyloid accumulation and CS-PVS has been demonstrated
in previous studies (Roher et al, 2003; Charidimou et al,
2015). Furthermore, the impaired perivascular pathway may
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Subgroup  C statistics (95% CI) Odd Ratio (95% CI) P
BG-PVS .

Unadjusted 0.64 (0.51-0.76) —— 2.05(0.89, 4.72) 0.09
Model I 0.70 (0.58-0.81) —_—— 1.79 (0.76, 4.18) 0.18
Model 2 0.88 (0.77-0.95) —_—— 2.08 (0.71, 6.06) 0.18
Model 3 0.93 (0.83-0.98) - 2.82(0.77,10.28)  0.12
High BG-PVS .

Unadjusted 0.61 (0.47-0.73) —E—'— 2.55(0.76, 8.54) 0.13
Model I~ 0.70 (0.57-0.81) —_— 2.07 (0.59, 7.18) 0.25
Model 2 0.86 (0.74-0.93) —E—!— 2.02(0.43,9.45) 0.37
Model 3 0.92 (0.83-0.98) . 3.47(0.57,21.17)  0.18
CS-PVS :

Unadjusted 0.67 (0.54-0.78) —_— 3.88(1.07,14.06)  0.04
Model I 0.73 (0.60-0.83) —_— 424 (1.11,16.28)  0.04
Model 2 0.92 (0.82-0.97) | — 6.52(1.29,32.90)  0.02
Model 3 0.94 (0.85-0.99) ! 7.16 (1.16,44.32)  0.03
High CS-PVS

Unadjusted 0.66 (0.52-0.77) —_— 4.17(1.04,16.73)  0.04
Model I 0.73 (0.60-0.83) —_— 4.56(1.09,19.03)  0.04
Model 2 0.92 (0.82-0.97) . 7.37(1.28,42.46) 0.03
Model 3 0.94 (0.85-0.98) E 7.95(1.14,55.28)  0.04
Total PVS

Unadjusted 0.68 (0.55-0.79) —_— 1.91(1.03, 3.54) 0.04
Model I 0.72 (0.59-0.83) E—-— 1.81(0.98, 3.35) 0.06
Model 2 0.91 (0.81-0.97) —_— 2.51(0.99, 4.28) 0.05
Model 3 0.94 (0.85-0.99) E—-— 2.51(0.99, 6.36) 0.05

T 1
S 23
FIGURE 2

Multivariate associations between PVS and delirium, restricted to patients with MRI examined within the past 6 months. Model 1 adjusted for
age; Model 2 adjusted for age and cognitive impairment; Model 3 adjusted for age, cognitive impairment, smoking, and Charlson comorbidity
index. BG-PVS, basal ganglia perivascular space; CS-PVS, centrum semiovale perivascular space; Cl, confidence interval.

cause a vicious feed-forward cycle, further prompting PVS
dysfunction and B-amyloid deposition in the vascular wall
and brain (Gouveia-Freitas and Bastos-Leite, 2021; Bown
et al., 2022), which may exacerbate neurovascular dysfunction,
neuroinflammation, and neurodegeneration (Carrano et al,
2012; Parodi-Rullan et al., 2021), making the brain vulnerable
to delirium (Idland et al., 2017; Maldonado, 2018; Chan et al,,
2021).

In addition, PVS contains a range of immune -cells
contributing to immune surveillance and potentially
neuroinflammation (Gouveia-Freitas and Bastos-Leite, 2021).
Enlarged PVS is likely to involve inflammation (Wuerfel et al,,
2008; Wardlaw et al., 2020) and is proposed as a marker of
blood-brain barrier dysfunction (Potter et al., 2015b), which
may cause disturbances in the neuronal network and predispose
patients to subsequent delirium (Maldonado, 2018). Moreover,

it has been reported that metabolite clearance via PVS occurs
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particularly during sleep (Hablitz et al., 2020; Wardlaw et al.,
2020), and sleep deficiency may lead to structural changes in
PVS (Del Brutto et al., 2019; Lysen et al., 2021). Growing studies
have shown that sleep disruption and circadian dysfunctions,
also known contributing factors of delirium (Maldonado, 2018),
are involved in the occurrence of enlarged PVS (Berezuk et al,,
2015; Del Brutto et al., 2019; Opel et al., 2019; Lysen et al., 2021).
These data suggest that the observed relationship between
PVS and delirium might be mediated by sleep disturbances.
As assessment of sleep-related parameters was not available
in the present study, we were unable to explore the potential
effect of sleep disturbances. Further studies are warranted to
elucidate the complex interrelationships between sleep, PVS,
and delirium.

The strengths of our study include that delirium was
ascertained at the bedside by trained assessors using the

well-validated standardized assessment tool, rather than

frontiersin.org


https://doi.org/10.3389/fnagi.2022.897802
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/

10.3389/fnagi.2022.897802

—— Cognitive impairment
— CS-PVS

=== Age+cognitive impairment

=== Age+cognitive impairment+CS-PVS

Song et al.
100 |~
80 |-
60 |-
2
2 |
Ry
| oxd
© -
[}
40
L L L
FIGURE 3

40

60

100-Specificity
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diagnosed directly from electronic medical records or hospital
administrative diagnostic codes (e.g., ICD-10). The rigorous
measures of delirium increase the reliability and reduce the
misdiagnosis. In addition, this study was the first investigation
to explore the association between PVS and delirium. Our
study adds new, clinically relevant information to the literature
on PVS and delirium, suggesting that CS-PVS on brain MRI
could predict delirium occurring up to 6 months later. In
other words, our present study suggests that existing previously
acquired brain MRIs may represent an underutilized resource,
and incorporating neuroimaging markers (e.g., CS-PVS) on
these brain MRIs into delirium prediction algorithms may have
the potential to identify delirium high-risk patients who may
benefit from proactive interventions.

However, some study limitations warrant attention. First,
this study was a retrospective analysis based on an internal
medicine population in a single geographic area, and our
findings may not be generalizable to other populations. Second,
the sample size was relatively small and was unequal between
delirium and non-delirium groups (the delirium group was 3
times smaller than the non-delirium group), which limited the
statistical power and may raise the chance of false positives or
false negatives. Besides, given the limited number of outcome
events, to avoid overcontrolling, we did not adjust for other
potential confounders (such as sensory impairment, treatments
after admission, reasons for MRI scans, type and severity
of patients’ acute diseases, etc.), and residual confounding
cannot be excluded. Our study therefore should be considered
preliminary, and future studies with larger sample sizes are
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needed to validate our findings. Third, correction was not
made for multiple comparisons, which may increase the risk
of type I error. Our results should be considered as hypothesis
generating, and the P values should be interpreted with caution.
Fourth, potential selection bias may be introduced since many
patients without MRI scans were excluded, although there was
no significant difference in most baseline characteristics between
patients with and those without MRI scans (Supplementary
Table 1). Compared to relatively healthier patients who didn’t
require MRI, those with MRI might have a lower brain reserve
and may have a higher PVS burden, which may potentially
affect the relationship between PVS and delirium and limit
the generalizability of our results to all older patients. More
prospective, multicenter, large-sample studies are warranted to
verify our findings. Fifth, as our original cohort was designed
to investigate the incidence of delirium, patients with delirium
on admission were excluded. Thus, the association between
PVS and subsequent delirium observed in this study may
be underestimated. In addition, we did not collect data on
delirium severity, and whether PVS is related to delirium
severity requires further investigation. Finally, PVS was assessed
using a semiquantitative visual rating scale. Although practical
to use in clinical research with good reliability and repeatability
(Potter et al, 2015a), the scale is relatively insensitive and
constrained by floor and ceiling effects (Wardlaw et al,
2020; Gouveia-Freitas and Bastos-Leite, 2021). The automated
measures of PVS number and volume seem more precise, and
further studies are needed to explore their value in predicting
delirium.
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Conclusion

CS-PVS on MRI acquired 6 months
independently associated with the occurrence of subsequent
delirium in older hospitalized patients. Integration of CS-PVS
to the established risk factors enhanced the risk refinement and

earlier was

reclassification for delirium. CS-PVS may serve as a promising
marker to identify delirium high-risk patients for proactive
implementation of preventive interventions.
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