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Postoperative delirium (POD) and postoperative cognitive decline (POCD) are common
in elderly patients. The aim of the present review was to explore the association of
neurodegenerative and neurovascular changes with the occurrence of POD and POCD.
Fifteen MRI studies were identified by combining multiple search terms for POD, POCD,
and brain imaging. These studies described a total of 1,422 patients and were all ob-
servational in design. Neurodegenerative changes (global and regional brain volumes)
did not show a consistent association with the occurrence of POD (four studies) or
POCD (two studies). In contrast, neurovascular changes (white maiter hyperintensities
and cerebral infarcts) were more consistently associated with the occurrence of POD
(seven studies) and POCD (five studies). In conclusion, neurovascular changes appear
to be consistently associated with the occurrence of POD and POCD, and may iden-
tify patients at increased risk of these conditions. Larger prospective studies are needed
to study the consistency of these findings and to unravel the underlying patbophbysi-
ological mechanisms. (Am ] Geriatr Psychiatry 2017; 25:1048-1061)
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Highlights

 Fifteen studies were identified that assessed structural MRI markers in relation to POD
and POCD.

¢ Neurodegenerative brain changes do not show a clear association with the occur-
rence of POD or POCD.

¢ Neurovascular brain changes show a more consistent association with the occur-
rence of POD and POCD.

e Neurovascular brain changes may identify patients at increased risk of POD and POCD.
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P ostoperative delirium (POD) and postoperative
cognitive decline (POCD) are common in elderly
patients. POD is a neuropsychiatric disorder charac-
terized by an acute disturbance in attention and
cognition that has an incidence of 15% to 53% in the
first days after surgery."” Risk factors include in-
creased age, dementia, and coexisting medical
conditions.? Furthermore, the occurrence of POD
during the hospital stay is associated with an in-
creased risk of POCD.**

POCD is generally regarded as postoperative decline
in memory and executive functioning that can last for
weeks to months after surgery and might even persist
for years.” To date, there is no exact operational defi-
nition of POCD, despite a consensus statement on the
assessment of POCD after cardiac surgery.® This leads
to a variable reported incidence of POCD of 20% to 50%
in the first postoperative weeks. Three to 6 months after
surgery the prevalence of POCD is around 10%.%>7*
Risk factors for the occurrence of POCD are increased
age, increased duration of surgery and anesthesia, post-
operative complications, a low level of education, a
history of depression, or cerebrovascular disease.””

Both POD and POCD have considerable impact on
the healthcare system, as they can lead to prolonged
hospital admission, a reduced quality of life, and in-
creased dependency.*" To apply preventive measures
and better balance the risks and benefits of surgery,
we should be able to more accurately identify preop-
erative patients at increased risk of POD or POCD.
Evidence to accurately predict these conditions pre-
operatively is lacking, however.

In population-based studies of patients with (mild)
cognitive impairment, structural brain imaging has
shown the potential to detect subgroups of patients at
risk for increased cognitive decline."" Structural brain
imaging markers that are widely used to assess
neurodegenerative changes are global and regional
brain tissue volumes, and markers to estimate neuro-
vascular changes are white matter hyperintensities
(WMH) and cortical and lacunar infarcts.'>'* Because
neurodegenerative and neurovascular changes may be
related to increased vulnerability of patients for future
cognitive decline, we reviewed studies that tested the
hypothesis if these markers may identify patients at
increased risk of POD and POCD.

The aim of this review was to explore the associa-
tion of neurodegenerative and neurovascular changes
on imaging, with the occurrence of POD and POCD.

Am J Geriatr Psychiatry 25:10, October 2017

Kant et al.

METHODS
Study Selection

We searched for studies published up to January
2017 that assessed the association of structural
neurodegenerative and neurovascular imaging markers
(computed tomography or magnetic resonance imaging
[MRI]) with POD or POCD. Because there is no uni-
versally accepted definition of POCD, we combined
search terms for postoperative cognitive dysfunction
and cognitive decline. The performed PubMed and
Embase search can be found in Appendix A. All titles
and abstracts obtained by the search were screened.
Studies in animals, children, neurosurgery patients, ex
vivo studies, case studies with fewer than 10 partici-
pants, studies with POCD measurements within 1 week
after surgery, and studies with a definition of de-
lirium before publication of the Diagnostic and Statistical
Manual of Mental Disorders, Third Edition criteria" were
excluded. The references of all remaining studies were
also screened and additional relevant studies were in-
cluded. The resulting studies were fully read by two
independent raters (IK and ]JB) to evaluate inclusion
in the present review. All disagreements were as-
sessed in a consensus meeting with a third rater (AS).

Quality Assessment

The assessment of study quality was based on a
method that was developed for observational studies
on delirium.' We have adapted these criteria for use
in studies on POD and POCD (see Table 1). All in-
cluded studies in our review were assessed on these
criteria by two independent raters (IK and JB), and dis-
agreements in a consensus meeting with a third rater
(AS).

RESULTS
Included Studies

Fifteen studies were included in the present study
(for details see Figure 1). Together these investiga-
tions described the results of 1,422 patients. These
studies described the association of preoperative (seven
studies) and postoperative (two studies) brain MRI
markers with POD, and the association of preoperative
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TABLE 1. Quality Criteria

Criterion Description

1 Main aim of the study is to identify neuroimaging features of POD or POCD.

2 Prospective study design.

3 Sampling bias minimized; at least one-third of potential volunteers recruited.

4 POD diagnosed by valid criteria or POCD diagnosed by a cognitive test battery.

5 For case-control studies: non-POD/non-POCD subjects with similar characteristics to the patients.

For cohort studies: appropriate information on subject characteristics, including possible confounders.

6 Use of validated methods of scan assessment.

7 Adequate quality control of scan results (e.g., use of two independent raters, reporting of inter-rater variability or quantitative
assessment of scans).

8 Blinding of scan rater (i.e., no volunteer information available to the rater or quantitative assessment of scans).

9 Scan report detail. Quantitative assessment or the presence of at least two of the following in a qualitative assessment: cerebral
atrophy, WMH, or pathological abnormalities.

10 Use of appropriate statistical methods to compare patients with POD/POCD with patients without POD/POCD.

11 Inclusion of an appropriate power calculation.

Notes: Table adapted from Soiza et al.' Criterion 1 was rated as 0 if studies were nested in a larger study. Criterion 5 was rated as 0 if
POD and non-POD or POCD and non-POCD characteristics were not described separately. Criterion 7 was rated as 1 if one of the brain

markers for POD or POCD met with this criterion.

FIGURE 1. Flow-diagram showing the search and
assessment of studies included in this review.

Studies identified
(n=298)

Studies excluded after
screening of title and
abstract (n=263)

Studies included by
reference search (n=6)

Studies selected for
detailed evaluation
(n=41)

Excluded: no adequate
cognitive evaluation or no
relation with imaging (n=12)

Excluded: functional imaging
studies (n=2)

Excluded: acute postoperative
studies (n=9)

Excluded: non-surgical patient
studies (n=3)

Studies included in
review (n=15)

(four studies) and postoperative (two studies) brain
MRI markers with POCD. Appendix B includes back-
ground information on brain MRI methods and the
neurodegenerative and neurovascular changes that
were included in this review. Figure 2 shows some ex-
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FIGURE 2. Two example figures of neurovascular brain
changes. An example patient [A] of larger
(arrowheads) and smaller white matter
hyperintensities on a T2-weighted axial Fluid
Attenuated Inversion Recovery (FLAIR) image.
Some atrophy is also present with brain sulci
clearly visible and central atrophy with ventricle
enlargement. Another example patient [B] with a
combination of white matter hyperintensities
(arrowhead) and a larger cortical-subcortical
infarct (arrows) on a T2-weighted FLAIR image.

amples of these brain changes. No studies on brain
computed tomography markers were included, because
all of these studies met the exclusion criteria. All in-
cluded studies were observational in design. For the
assessment of study quality see Tables 1 and 2. For an
overview of the included studies, see Table 3 for
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TABLE 2. Assessment of Study Quality

Study 1 2 3 4 5 6 7 8 9 10 11 Total
Brown et al., 20157 0 1 0 1 1 1 1 1 1 1 1 10
Cavallari et al., 2015'® 0 1 0 1 1 1 1 1 1 1 1 9
Cavallari et al., 2016" 0 1 0 1 1 1 1 0 0 1 0 6
Hatano et al., 2013 1 0 1 1 1 1 1 1 0 1 0 8
Ito et al., 2012%' 0 1 0 0 0 0 1 1 0 0 0 3
Maekawa et al., 2008* 0 1 1 1 0 0 0 1 1 0 0 5
Maekawa et al., 2014% 1 1 1 1 1 1 1 1 1 1 0 10
Nanba et al., 2012% 1 1 1 1 1 1 1 1 1 1 0 10
Omiya et al., 2015% 1 1 1 1 1 1 0 1 1 1 1 10
Otomo et al., 2013% 1 1 1 1 1 1 1 1 1 1 1 11
Patel et al., 20157 0 1 0 1 1 0 0 1 1 1 0 5
Price et al., 2014%® 1 1 0 1 0 1 1 1 1 1 1 10
Root et al., 2013%° 1 0 0 1 1 1 1 1 1 1 0 8
Shioiri et al., 2016*° 1 1 0 1 1 1 1 1 0 1 0 8
Shiori et al., 2010 1 1 0 1 1 1 1 1 0 1 0 8

Notes: All included studies in our review were assessed on eleven quality criteria (see Table 1).

neurodegenerative changes and Table 4 for neurovas-
cular changes.

MRI Markers of Neurodegenerative Changes in
Relation to POD and POCD

Preoperative MIRI Markers of Neurodegenerative
Changes in Relation to POD

Three studies examined the association of preoper-
ative global brain volume and the occurrence of POD
(see Table 3).1%%%% Root et al. and Cavallari et al. did
not find an association between preoperative global
brain volumes and the occurrence of POD. Shioiri et al.
found a smaller preoperative cortical brain volume in
patients who developed POD compared with
nondelirious patients. Cavallari et al. (hippocampal
volume) and Shiori et al. (frontal, temporal, parietal,
occipital, limbic, sublobar area, cerebellar, and brain-
stem volume®) also examined the association of
regional brain volume and POD."** Cavallari et al. did
not find an association between preoperative hippo-
campal volume and the occurrence of POD." Shioiri
et al. found an association between a smaller preop-
erative cortical brain volume in the temporal and limbic
brain regions and the occurrence of POD.

Preoperative MIRI Markers of Neurodegenerative
Changes in Relation to POCD

There are no studies on the association between pre-
operative global, subcortical, or cortical brain volume
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and the occurrence of POCD. Two studies, however,
examined the association between regional brain
volumes and the occurrence of POCD. The studies of
Price et al. and Maekawa et al. examined the associ-
ation between preoperative regional brain volumes and
the occurrence of POCD (see Tables 2 and 3). In the
study of Price et al. no associations were found between
preoperative hippocampal and entorhinal cortex
volumes and POCD. Maekawa et al. found a relation
between a smaller cortical volume of the medial tem-
poral lobe and POCD.

Postoperative MRI Markers of Neurodegenerative
Changes in Relation to POD and POCD

Only one study investigated the association between
postoperative global brain volume and POD (see
Tables 2 and 3)."” The authors showed that a larger ven-
tricular size was associated with the occurrence of POD.
No other studies were found that examined the asso-
ciation between postoperative global, subcortical,
cortical, or regional brain volumes and POD or POCD.

Owerview of Evidence for MRI Markers of
Neurodegenerative Changes in Relation to POD and
POCD

Of the four studies that were performed on the as-
sociation of preoperative global, cortical, and subcortical
brain volume and the occurrence of POD, two were
prospective studies (N =146 and N = 84) with a
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TABLE 3. Neurodegenerative Changes and POD/POCD

Delirium Assessment
Study Tool or Cognitive Outcome (Time of
Author, Year  Design® Number of Participants  Age in years® Female Sex N (%) Type of surgery Evaluation Assessment)
Brown et al., P 79 70+ 8 22 (27%) Cardiac surgery Validated chart review POD (during hospital stay)
2015"
Cavallari et al. P 146 76 £ 4 87 (60%) Elective non-cardiac surgery ~ CAM and chart review POD (daily during hospital
2015'® stay)
Root et al. R 23,24 non-delirious 73 (54-86) 26 (55%) Lung surgery Chart review POD (within 4 days after
2013% surgery)
Shioiri et al. P 84 64 (27-84) 32 (38%) Cardiac surgery Psychiatrist (DSM-IV) POD (daily during hospital
2016% stay)
Maekawa et al. P 28 73+8 9 (32%) Cardiac surgery Cognitive tests of several POCD (2 weeks after
2014% domains surgery)
Price et al. P 31 patients, 12 non-surgery 71+7 19 (45%) Knee arthroplasty surgery Cognitive tests of several POCD (3 weeks and 3
2014 controls domains months after surgery)
Preoperative

Author, Year Cognitive Status MRI Sequence MRI Markers MRI Analysis Conclusion Comments
Brown et al., Analysis adjusted for T1,FLAIR, DWI Ventricular size, cortical Qualitative (0-9 scale)  Postoperative increased Nested study in a larger
2015" preoperative cognitive (2-23 days sulcal width ventricular size was prospective RCT

status postoperative) associated with POD
Cavallari et al.  Patients with dementia or FLAIR, T1 Grey, white, CSF and Quantitative Global brain volume and Part of the SAGES study
2015'® low cognitive (preoperative) hippocampal volume (FreeSurfer) hippocampal volume

performance were were not associated with

excluded POD
Root et al. Patients with dementia or T1, FLAIR Grey matter, white matter Quantitative (SPM8) Global brain volume was Scanning protocol was
2013% evidence of cognitive (preoperative) and CSF volumevolume not associated with POD different for delirious and

decline in chart were non-delirious patients

excluded
Shioiri et al. No patients with dementia  T1,T2 Grey and white matter Quantitative (SPM8, Lower global and regional
2016*° (MMSE < 24) were (preoperative) volume VBMS) brain volume were

included associated with POD
Maekawa et al.  Patients with dementia 3D T1,T2,FLAIR,3D Medial temporal lobe Quantitative (SPMS, Lower volume of the
2014 (MMSE < 24) were TOF volume VBM) temporal lobe was

excluded (preoperative) associated with POCD
Price et al. Patients with preoperative 3D T1, FLAIR Hippocampal and Semi-quantitative Hippocampal and
2014% dementia were excluded (preoperative) entorhinal cortex volume (manually delineated entorhinal cortex

volumes were not
associated with POCD

by experienced
raters)

Notes: CAM: Confusion Assessment Method; FLAIR: Fluid Attenuated Inversion Recovery; RCT: randomized controlled trial; SAGES: Successful Ageing after Elective Surgery

study.

*Prospective (P) or retrospective (R).
PAge in years presented as mean + SD or median and range.

Mapady v.ADOd Puv d0d SO S1dWW TN



L10Z 1290100 ‘01:6Z ANeNydssd NEHdo [ wy

€<o1

TABLE 4. Neurovascular Changes and POD/POCD

Delirium Assessment

Study Number of Female Tool Or Cognitive Outcome (Time of
Author, Year Design® Participants Age” Sex N (%) Type of Surgery Evaluation Assessment)
Brown et al., P 79 7018 22 (27%) Cardiac surgery Validated chart review POD (unknown)
20157
Cavallari et al. P 136 76+ 4 80 (59%) Elective non-cardiac CAM and chart review POD (daily during hospital stay)
2016" surgery
Cavallari et al., 2015 P 146 76t 4 87 (60%) Elective non-cardiac CAM and chart review POD (daily during hospital stay)

surgery
Hatano et al. R 130 6711 41 (32%) Cardiac surgery Chart review POD (unknown)
201 320
Ito et al. P 224 patients with infarcts, 70 (60-85) 141 (31%) Cardiac surgery Hasegawa dementia POCD (unknown)
2012% 225 patients without scale
infarcts
Maekawa et al. P 247 70+9 91 (58%) Cardiac surgery Cognitive tests of POCD (one week after surgery)
2008%* several domains
Maekawa et al. P 28 7318 9 (32%) Cardiac surgery Delirium rating scale POD (daily assessment until day 7)
20142 and DSM-1V, cognitive and POCD (2 weeks after
tests of several surgery)
domains

Nanba et al., P 70 68+8 7 (10%) Carotid Cognitive tests of POCD (one month after surgery)
2012% endarterectomy several domains
Omiya et al., P 98 69+7 Not reported  Cardiac surgery Delirium assessments POD (6-24 h after surgery)
2015%
Otomo et al. P 153 72+7 44 (29%) Cardiac surgery Delirium rating scale, POD (daily assessment until day 7)
2013% DSM-IV
Patel et al., P 77 63110 5 (6%) Cardiac surgery Cognitive tests of POCD (6-8 weeks after surgery)
2015% several domains
Price et al. P 31 patients with surgery, 71+7 19 (45%) Knee arthroplasty Cognitive tests of POCD (three weeks and three
2014 12 without surgery surgery several domains months after surgery)
Root et al. R 23 delirious, 24 non- 73 (54-86) 26 (55%) Lung surgery Chart review POD (within 4 days after surgery)
2013% delirious patients
Shioiri et al. P 116 64 (27-84) 38 (33%) Cardiac surgery Psychiatrist (DSM-IV) POD (daily assessment until
2010°" discharge)

(continued on next page)
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TABLE 4.  (continued)
Preoperative
Author, Year Cognitive Status MRI Sequence MRI Markers MRI Analysis Conclusion Comments
Brown et al., Analysis adjusted for T1,FLAIR, DWI WMH severity Qualitative ‘WMH severity was not associated Nested study in a larger
2015" preoperative cognitive (5-8 days after (severity scale with POD prospective RCT, duration
status surgery) 0-9) of delirium assessment
based on chart review is
unclear
Cavallari et al. Patients with dementia or ~ DTI White matter integrity Quantitative A lower fractional anisotropy of Part of the SAGES study
2016" low cognitive (preoperative) (fractional anisotropy (Freesurfer, the cerebellum, hippocampus,
performance were and mean diffusivity) SPMS8) thalamus and basal forebrain
excluded was associated with POD
incidence and severity
Cavallari et al.,  Patients with dementia or FLAIR, T1 WMH volume Semi-quantitative Global brain volume and Part of the SAGES study
2015 low cognitive (preoperative) (expectation hippocampal volume were not
performance were maximization associated with POD
excluded algorithm)
Hatano et al. No information provided FLAIR WMH severity Qualitative Severity of WMH is associated with ~ Duration of delirium
2013%° (preoperative) (Fazekas score) POD assessment based on
chart review is unclear
Ito et al. Patients with preoperative  T1,T2 Cerebral infarcts Qualitative rating ~ POCD was more common in the Time of POCD
2012% cognitive impairment (preoperative) on T1 and T2 patient group with silent measurement is unclear
were not included cerebral brain infarcts
Maekawa et al.  Patients with preoperative ~ DWI Acute cerebral infarcts Qualitative rating ~ There was no association between
2008* cognitive impairment (preoperative) preoperative infarcts on DWI
(HDS < 24) were not and POCD at one week after
excluded surgery
Maekawa et al.  Patients with dementia T1,T2,FLAIR ‘WMH severity, cerebral Qualitative ‘WMH severity and presence of
2014% (MMSE < 24) were (preoperative) infarcts (Fazekas score) infarcts were associated with
excluded POCD
Nanba et al., No information provided DTI White matter integrity Quantitative Fractional anisotropy values were
2012 (preoperative (fractional anisotropy) (SPM5) associated with POCD
and one month
oostoperative)

(continued on next page)

Mmapady V- .AD0d PUP AOd JO Sty TIW



L10Z 1290100 ‘01:6Z ANeNydssd NEHdo [ wy

€S01

TABLE 4.  (continued)
Preoperative
Author, Year Cognitive Status MRI Sequence MRI Markers MRI Analysis Conclusion Comments
Omiya et al., No information provided T2,FLAIR, T2*, New cerebral infarcts, Qualitative New cerebral infarcts and deep
2015% DWI (two ‘WMH severity (Fazekas scale) ‘WMH were associated with POD
weeks
postoperative)
Otomo et al. Patients with preoperative FLAIR, T2 Cerebral infarcts Qualitative rating  Pre-existing multiple cerebral
2013%° cognitive impairment (preoperative) infarcts were associated with
(HDS < 24) were not POD
excluded
Patel et al., No information provided FLAIR, DWI (pre- Number and volume of Semi-quantitative ~ New cerebral infarcts were not
2015% and 6-8 weeks new cerebral infarcts contouring associated with POCD
postoperative)
Price et al. Patients with preoperative T1,FLAIR Combined WMH and Quantitative Combined WMH and lacunar
2014 dementia were excluded (preoperative) lacunar infarct (semi- volumes were associated with
volumes automatic POCD
volume
measurement)
Root et al. Patients with dementia or T1, FLAIR WMH volume Semi-quantitative ~ WMH volume was associated with Scanning protocol was
2013% evidence of cognitive (preoperative) (MRIcron) POD different for patients and
decline in chart were controls
excluded
Shioiri et al. No patients with dementia ~ DTIL T1, T2 White matter integrity Quantitative Reduced fractional anisotropy in
2010 (MMSE < 24) were (preoperative) (fractional anisotropy) (SPM12) four regional areas was

included

associated with POD

Notes: CAM: Confusion Assessment Method; FLAIR: Fluid Attenuated Inversion Recovery; RCT: randomized controlled trial; SAGES: Successful Ageing after Elective Surgery

study.
*Prospective (P) or retrospective (R).

PAge in years presented as mean + SD or median (range).

0 12 JUDY



MRI Markers of POD and POCD:A Review

high-quality study design that included preoperative
imaging, performed quantitative analysis of MRI scans
and excluded demented patients (see Table 3)."** These
two studies found contradicting results, however. The
two other studies that also examined the association
of preoperative global, cortical, and subcortical brain
volume and the occurrence of POD had fewer in-
cluded patients, a lower study quality, and also showed
contradicting results."”” One of these studies was prob-
ably underpowered as it included only a small number
of non-small cell lung cancer patients (N = 23).” The
other of these studies (N =79) performed only post-
operative imaging and only performed qualitative MRI
analyses rather than quantitative analyses."”

Both studies that examined the association of re-
gional brain volumes and the occurrence of POCD had
a relatively low number of included patients (N =31
and N = 28) and were possibly underpowered.”* These
studies showed some leads on certain specific brain
regions in the medial temporal lobe that are poten-
tial markers, but there is only limited evidence
regarding these associations.

In summary, MRI markers of neurodegenerative
changes (global and regional brain volumes) are not
consistently associated with the occurrence of POD or
POCD.

MRI Markers of Neurovascular Changes in
Relation to POD and POCD

Preoperative MRI Markers of Neurovascular Changes in
Relation to POD

In three studies, the association between preoper-
ative WMH and the occurrence of POD was
investigated'®*** (see Table 4 for details). Two studies
reported an association between WMH and the oc-
currence of POD.*"* In contrast to these findings, the
largest prospective study by Cavallari et al. did not find
an association between preoperative WMH volume and
the occurrence of POD."

In two studies, the association of preoperative old
cortical brain infarcts and the occurrence of POD was
assessed.”” In both studies the presence of cortical
brain infarcts was rated qualitatively (no infarcts, a
single infarct, multiple infarcts in one location, or mul-
tiple infarcts in several locations). It was reported that
the presence of preoperative cortical brain infarcts was
associated with the occurrence of POD.**

1056

Two prospective studies were performed that ex-
amined the association between preoperative structural
white matter integrity and the occurrence of POD (see
Table 4)."* Shioiri et al. found an association between
preoperative reduced fractional anisotropy values in
the left frontal lobe and left thalamus and occurrence
of POD. Cavallari et al. described an association
between reduced fractional anisotropy values of dif-
ferent brain regions (cerebellum, hippocampus, basal
forebrain, and part of the thalamus) and occurrence
of POD.

Preoperative MRI Markers of Neurovascular Changes in
Relation to POCD

Two studies examined the association between pre-
operative WMH and the occurrence of POCD (see
Table 4).»* Maekawa et al. showed that the severity
of WMH was associated with the occurrence of POCD.
Price et al. reported that the combined WMH and
lacunar infarct volume was associated with decline of
executive functions 3 weeks postoperatively, and
showed a trend 3 months postoperatively.

Ito et al. examined the association between preop-
erative old cortical brain infarcts and the occurrence
of POCD.* They grouped their participants not on
POCD status, but on infarct status (silent brain in-
farcts, symptomatic brain infarcts, or no brain infarcts).
In the group with silent brain infarcts, POCD was more
common than in the group without brain infarcts.
Maekawa et al. performed preoperative diffusion-
weighted imaging and examined whether acute infarcts
were associated with the occurrence of POCD*
(Tables 2 and 4). They found no association between
preoperative acute brain infarcts and POCD.

Postoperative MRI Markers of Neurovascular Changes in
Relation to POD

One study examined the relation between postop-
erative WMH and POD (see Table 4)."” Two studies
examined the relation between acute postoperative ce-
rebral infarcts and POD."* Omiya et al. described that
acute postoperative infarcts larger than 2 mm were as-
sociated with POD.?” Brown et al., however, found no
association between acute postoperative cerebral in-
farcts and POD."”

Am J Geriatr Psychiatry 25:10, October 2017



Postoperative MRI Markers of Neurovascular Changes in
Relation to POCD

Multiple studies have examined the association
between acute postoperative cerebral infarcts and
POCD. Patel et al. have recently published an exten-
sive review regarding this subject in patients after
cardiac surgery.” Therefore, we will not include a de-
tailed description of all these individual studies in this
review. In the review of Patel et al., most studies
showed no association between acute postoperative ce-
rebral infarcts and POCD.* Additionally, another more
recent study by Patel et al. was performed on the re-
lation between new WMH and acute cerebral infarcts
on postoperative MRI scans (compared with preop-
erative MRI scans) and the occurrence of POCD? (see
Table 4). No association was found between the pres-
ence, size, and number of new WMH or acute infarcts
and the occurrence of POCD. A prospective study per-
formed by Nanba et al. examined the relation between
white matter integrity and the occurrence of POCD.*
Patients who developed POCD had reduced postop-
erative fractional anisotropy values on the side of the
carotid artery surgery.

Owerview of Evidence for MRI Markers of Neurovascular
Changes in Relation to POD and POCD

Six studies examined the association between
WMH and POD and found some conflicting
evidence."#20%% The study with the largest number
of included patients (N = 146) that had a high quality
prospective design and used quantitative MRI analy-
ses did not find an association between preoperative
WMH and occurrence of POD (see Tables 2 and 4)." The
other studies that examined the association between
WMH and POD included fewer patients (N =23, N =28,
N =79, N =98, N =130). Most of these studies had a
good study design and performed qualitative MRI anal-
yses instead of quantitative analyses (see Appendix B
and Table 2). Therefore, most evidence was found for
an association between WMH volume and occurrence
of POD. Two studies were performed on preoperative
old cerebral infarcts.”* Both studies were of high quality,
but one had a low number of included patients and both
included few patients with cerebral infarcts (N = 28 and
N =153) (see Table 2). Moreover, the nature of these in-
farcts (e.g., cortical, subcortical, or lacunar) was not
specified (see Appendix B). Both studies found an as-
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sociation between cerebral infarcts and occurrence of
POD.”?* Two prospective studies (N =116 and N = 136)
were performed that examined the association between
markers of white matter integrity and POD."””! Both
studies were of high quality, excluded patients with de-
mentia, and found an association between markers of
white matter integrity and POD.

Two studies consisting of only few patients (N = 28,
N =31) examined the association between preopera-
tive WMH and POCD.?*? In one of these studies, the
follow-up period to diagnose POCD was relatively
short,” which might have led to an underestimation
of POCD incidence. Both studies found an associa-
tion between preoperative WMH and occurrence of
POCD. Only one study, with a relatively low quality
design, examined the association between cerebral in-
farcts and POCD (see Table 2).”' In that study an
association was found between cerebral infarcts and
occurrence of POCD. Only one study was performed
that examined the association between markers of white
matter integrity and POCD.* This prospective study
(N =70) had a relatively low quality mostly because
of study design and patient selection (only patients who
underwent carotid endarterectomy). This study showed
an association between markers of white matter in-
tegrity and occurrence of POCD. In summary, most
studies on neurovascular changes found an associa-
tion with POD or POCD.

DISCUSSION

Neurovascular changes (WMH and cerebral
infarcts) are most consistently associated with
the occurrence of POD and POCD.!7/1%2628-2%31
Neurodegenerative changes (global and regional brain
volumes) are not consistently associated with the oc-
currence of POD or POCD. 18232530

MRI Markers of Neurovascular Changes in
Relation to POD and POCD

The finding that MRI markers of neurovascular
changes are most consistently related to the occur-
rence of POD and POCD is in agreement with
population-based studies that have shown an associ-
ation between MRI markers of neurovascular changes
and cognitive impairment."* The imaging signs of neu-
rovascular disease detected by structural MRI sequences
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might represent the tip of the iceberg of a larger burden
of brain tissue changes related to neurovascular disease.
We hypothesize that patients with a larger burden of
brain tissue lesions (infarcts, WMH) are more vulner-
able to hemodynamic changes during the operative
period. Alternatively, in these patients there may be a
progression of brain tissue lesions (with, for instance,
new infarcts) during the postoperative period. In the
direct postoperative period new acute ischemic lesions
on diffusion-weighted imaging may also be related to
POCD and POD.*® From recent studies it is known
that cognitive reserve (including education) may be an
additional factor in the relation between brain tissue
lesions and (postoperative) cognitive changes.* Still,
the associations of preoperative neurovascular changes
and both POD and POCD should be further investigated
in larger studies by assessing promising neurovascular
markers, such as WMH burden and presence of cerebral
infarcts, and taking into account cerebral hemody-
namics, new ischemic lesions, and cognitive reserve.

MRI Markers of Neurodegenerative Changes in
Relation to POD and POCD

In most studies, no association was found between
neurodegenerative changes on MRI scans and POD and
POCD. Although some smaller studies suggested a re-
lationship, this could not be confirmed in larger studies
such as the recent SAGES study on brain atrophy and
POD. It should be noted that in the SAGES study no
relation was found between WMH and POD either, and
that white matter structure assessed on diffusion tensor
imaging (DTI) might be related to occurrence of POD.
Based on the current findings we conclude that if a re-
lation between (regional) brain MRI volume and POD
and POCD is present, this relation is possibly weak.
In most studies on POD and POCD in this review, de-
mented patients were excluded (see Tables 3 and 4).
Demented patients are known to have an increased risk
of POD and POCD, and vice versa.? Because of a lack
of studies with preoperative imaging and long-term
follow-up, it remains unclear whether patients suffer-
ing from POD and POCD are on a trajectory of
cognitive decline and dementia.

Strengths and Limitations

This is the first review to study the association of MRI
markers of neurodegenerative and neurovascular
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changes of both POD and POCD. The review is
strengthened by the systematic search for studies and
the detailed quality assessments of all included studies.
Therefore, our review provides a detailed overview of
the current knowledge in this field.

A limitation of the included studies is the limited
sample size of some of these studies. This resulted in
only a few cases of POD or POCD and therefore limited
the power of these studies. Other limitations of the in-
cluded studies in our review were the heterogeneous
study designs and applied quantification techniques,
which made it impossible to pool studies in a meta-
analysis. Therefore, we chose to group the imaging
findings according to groups of underlying patho-
physiological mechanisms (neurodegenerative and
neurovascular changes). Another limitation could be
that the POD assessment varied between studies, from
a daily assessment by trained research staff to a ret-
rospective chart review. In particular, diagnosis of POD
by a retrospective chart review only might have led
to an underestimation of POD in some studies. The het-
erogeneous definition and assessment of POCD made
comparison of cognitive test results between studies
difficult.

Future Recommendations

From the results of our review it became clear that
large prospective studies are needed to study the con-
sistency of the reported associations between brain MRI
markers and the occurrence of POD and POCD. To
ensure comparability to existing literature, we recom-
mend that future studies perform preoperative MRI,
daily delirium screening in the immediate postoper-
ative period, and cognitive tests preoperatively, at 3
months, and at 1 year follow-up. Furthermore, a
matched control group should be included, especially
to control for learning effects of the cognitive tests. We
recommend performing POCD assessment by previ-
ously published recommendations.” Furthermore, we
would like to recommend the use of 3-D T1-weighted
and 3-D FLAIR MRI sequences to assess brain struc-
tural changes, combined with more advanced magnetic
resonance brain imaging to also assess more ad-
vanced aspects of brain structure, such as DTI. This
review has shown that neurovascular brain changes
show the most consistent association with POD and
POCD. The presence of lacunar and cortical infarcts
was related to the occurrence of POD and POCD in all
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studies that assessed this marker. WMH volume shows
potential as a marker for both POD and POCD. In a
few studies with limited participants, white matter in-
tegrity also shows potential as a marker for POD and
POCD. We would like to recommend that future studies
perform quantitative analysis of WMH volume and qual-
itative assessment of cerebral infarcts. Functional and
hemodynamic MRI markers of the brain vasculature,
which were beyond the scope of our review, may also
be promising markers to assess in the context of POD
and POCD.** These markers include measurements
of brain perfusion with arterial spin labeling MRI se-
quences, measurement of flow in the larger brain
feeding arteries, functional resting-state MRI connec-
tivity markers, functional MRI studies and blood-
oxygen-level dependent MRI measures combined with
a vascular stimulus such as carbon dioxide to measure
the cerebrovascular reserve of the brain vasculature.**

To date, there is insufficient evidence for implemen-
tation of these results in clinical practice. Future clinical
studies on risk scores need to be performed to be able
to assess the added clinical value. In the future, a pre-
operative assessment could be used to predicts a
patient’s risk for the development of POD or POCD.
This assessment could assist in the decision to operate
on a patient at high risk of POD or POCD or could in-
fluence postoperative management and monitoring.
Because of cost restraints, preoperative MRI scans could
potentially be reserved only for patients at high risk
of POD or POCD following a clinical assessment.

Conclusions

Neurovascular changes appear to be consistently as-
sociated with the occurrence of POD and POCD. In
the future, these changes may even help to identify pa-
tients at increased risk of POD and POCD. Larger
prospective studies are needed to study this in more
detail and to unravel the underlying pathophysiologi-
cal mechanisms.
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APPENDIX A: SEARCH TERMS

Pubmed:((“postoperative period”[MeSH Terms] OR
(“postoperative”[All Fields] AND “period”[All Fields])
OR “postoperative period”[All Fields] OR
“postoperative”[All Fields]) AND (“delirium”[MeSH
Terms] OR “delirium”[All Fields])) OR ((“postopera-
tive period”[MeSH Terms] OR (“postoperative”[All
Fields] AND “period”[All Fields]) OR “postoperative
period”[All Fields] OR “postoperative”[All Fields])
AND “cognitive”[All Fields]) AND (decline[All Fields]
OR impairment[All Fields] OR “dysfunction”[All
Fields]) AND ((“tomography, x-ray computed”[MeSH
Terms] OR (“tomography”[All Fields] AND “x-ray”[All
Fields] AND “computed”[All Fields]) OR “x-ray com-
puted tomography”[All Fields] OR (“computed”[All
Fields] AND “tomography”[All Fields]) OR “com-
puted tomography”[All Fields]) OR (“magnetic
resonance imaging”[MeSH Terms] OR (“magnetic”[All
Fields] AND “resonance”[All Fields] AND
“imaging”[All Fields]) OR “magnetic resonance
imaging”[All Fields] OR “mri”[All Fields]))

Embase:postoperative AND period AND
(“delirium” /exp OR delirium) OR “postoperative cog-
nitive dysfunction” /exp OR “postoperative cognitive
dysfunction” OR “postoperative cognitive decline”/
exp OR “postoperative cognitive decline” AND
(“imaging” /exp OR imaging OR (magnetic AND
(“resonance” /exp OR resonance) AND (“imaging”/
exp OR imaging)) OR (computed AND (“tomography”/
exp OR tomography))) AND (“mri”/exp OR muri)

APPENDIX B: BRAIN MRI METHODS AND
MARKERS

Neurodegenerative markers

The most important MRI methods (i.e., MRI se-
quences) for structural MRI are the 3D T1-weighted
(volumetric) MRI and T2-weighted fluid-attenuated
inversion recovery (FLAIR) MRI sequences (either
2D or 3D). The 3D T1-weighted MRI provides excel-
lent contrast between brain tissue and cerebrospinal
fluid (CSF) and between gray and white matter. With
3D T1-weighted MRI, gray matter is hypointense (dark)
compared to white matter and cerebrospinal fluid is
hypointense relative to both white and gray matter.
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MRI scans can be used by automated brain segmen-
tation methods to segment different brain volumes.*
Brain segmentation methods can determine the total
intracranial volume, which is often used as a refer-
ence. Therefore, it is important that the 3D T1-
weighted MRI sequence has a good contrast between
the inner surface of the skull (tabula interna) and the
intracranial compartments. Quantification of brain
volumes is further enhanced when an MRI scan is
acquired with thin slices that are contiguous. 3D
methods are most optimal, as a complete volume is
acquired. In most studies the 3D T1-weighted MRI
sequence is used with automated segmentation
methods to determine brain tissue volumes, but it
can also be used in combination with other se-
quences. Typically, all brain volumes (total brain
volume, white matter volume, gray matter volume)
are normalized by the total intracranial volume to
make the brain volume measurements independent
of head size. Total brain volume is a widely studied
MRI marker for neurodegenerative diseases such as
Alzheimer disease.”’ In these diseases, the breakdown
of neurons causes brain volume loss, which can be
quantified on structural MRI. Brain volume could
therefore be associated with an increased risk of POD
or POCD. Regional brain volume loss of the medial
temporal lobe, especially of the hippocampus and
the entorhinal cortex, has previously been identified
as a regional structural brain MRI marker for Al-
zheimer disease and is associated with mild cognitive
impairment.** These regional brain MRI markers might
therefore also be associated with an increased risk of
POD or POCD.

Neurovascular markers

White matter hyperintensities (WMH) are common
findings on brain MRI scans in the elderly* and also
occur in otherwise healthy individuals. WMH and
lacunes of presumed vascular origin are regarded as
brain MRI markers of small vessel disease.”** These
markers are related to cognitive decline in patients with
mild cognitive impairment.** Cerebral cortical in-
farcts are also associated with cognitive deficits.”” The
presence of one or a combination of these brain MRI
markers could therefore increase the vulnerability for
POD or POCD. The T2-weighted FLAIR MRI se-
quence provides excellent delineation of cerebral cortical
infarcts, WMH, and lacunes. With the T2-weighted
FLAIR sequence, the CSF is nulled (hypointense) and
infarcts and WMH are typically hyperintense com-
pared with other brain tissue. When quantitative
assessment of these brain abnormalities is of interest,
3D (volumetric) T2-weighted FLAIR sequences have
advantages over 2D MRI sequences. Other structural
MRI sequences that are often acquired are classic T2-
weighted sequences without CSF suppression (as
present in T2-weighted FLAIR sequences). T2*-weighted
or susceptibility-weighted imaging (SWI) MRI se-
quences are sensitive to the detection of cerebral
hemorrhage and microbleeds. Diffusion-weighted
imaging (DWI) can show (acute) cerebral infarcts and
diffusion tensor imaging (DTI) can be used as a method
to quantify white matter integrity. In the current review
we will focus on T1-weighted, T2-weighted FLAIR,
DWI, and DTI sequences, because these are the most
performed structural MRI sequences.
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