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Abstract

Background: Postoperative delirium and postoperative cognitive dysfunction (POCD) are 

common after cardiac surgery and contribute to an increased risk of postoperative complications, 

longer length of stay, and increased hospital mortality. Cognitive training (CT) may be able to 

durably improve cognitive reserve in areas deficient in delirium and POCD and, therefore, may 

potentially reduce the risk of these conditions. We sought to determine the feasibility and potential 

efficacy of a perioperative CT program to reduce the incidence of postoperative delirium and 

POCD in older cardiac surgery patients.

Methods: Randomized controlled trial at a single tertiary care center. Participants included 45 

older adults age 60–90 undergoing cardiac surgery at least 10 days from enrollment. Participants 

were randomly assigned in a 1:1 fashion to either perioperative CT via a mobile device or a usual 

care control. The primary outcome of feasibility was evaluated by enrollment patterns and 

adherence to protocol. Secondary outcomes of postoperative delirium and POCD were assessed 

using the Confusion Assessment Method and the Montreal Cognitive Assessment, respectively. 

Patient satisfaction was assessed via a postoperative survey.

Results: Sixty-five percent of eligible patients were enrolled. Median (interquartile range [IQR]) 

adherence (as a percentage of prescribed minutes played) was 39% (20%–68%), 6% (0%–37%), 

and 19% (0%–56%) for the preoperative, immediate postoperative, and postdischarge periods, 

respectively. Median (IQR) training times were 245 (136–536), 18 (0–40), and 122 (0–281) 

minutes for each period, respectively. The incidence of postoperative delirium (CT group 5/20 

[25%] versus control 3/20 [15%]; P = .69) and POCD (CT group 53% versus control 37%; P 
= .33) was not significantly different between groups for either outcome in this limited sample. CT 

participants reported a high level of agreement (on a scale of 0–100) with statements that the 

program was easy to use (median [IQR], 87 [75–97]) and enjoyable (85 [79–91]). CT participants 

agreed significantly more than controls that their memory (median [IQR], 75 [54–82] vs 51 [49–

54]; P = .01) and thinking ability (median [IQR], 78 [64–83] vs 50 [41–68]; P = .01) improved as a 

result of their participation in the study.

Conclusions: A CT program designed for use in the preoperative period is an attractive target 

for future investigations of cognitive prehabilitation in older cardiac surgery patients. Changes in 

the functionality of the program and enrichment techniques may improve adherence in future 

trials. Further investigation is necessary to determine the potential efficacy of cognitive 

prehabilitation to reduce the risk of postoperative delirium and POCD.

As many as 50% of cardiac surgery patients willbe diagnosed with postoperative delirium.1,2 

Characterized by an acute onset and fluctuating course of inattention, disorientation, and 

reduced arousal, delirium can increase the risk of postoperative complications, lengthen 

hospital length of stay, and is associated with increased hospital mortality.3 While often 
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misperceived as a temporary cognitive disturbance, postoperative delirium is associated with 

an increased likelihood of long-term impairment known as “postoperative cognitive decline 

(POCD).”4,5 Many potential pharmacological and procedural interventions to prevent 

postoperative delirium have been proposed through compelling mechanistic studies; 

however, the majority of clinical investigations into these proposed interventions have shown 

limited and inconsistent benefit.6

Cognitive reserve is considered a potentially modifiable protective factor against the 

development of postoperative delirium and POCD.6 Although classically thought of as the 

result of an accumulation of cognitive skills over a lifetime, currently there is ongoing 

debate as to whether cognitive reserve may be amenable to modification over the lifespan.7–9 

Recently, multiple software programs have been created that promise to durably improve 

cognitive reserve in older persons after short-term use. To date, the limited published data 

regarding these programs have shown that 10–20 hours of training can lead to sustained 

improve-ments on tests of attention and processing speed, cognitive domains commonly 

affected in postoperative delirium and POCD.10,11 While observational data suggest that 

increased participation in cognitive activities in the preoperative period is associated with a 

reduction in the risk of postoperative delirium, it is unclear whether this finding is due to a 

training effect or reflects a marker of increased cognitive reserve at baseline.12

Given the numerous risk factors for perioperative acute brain injury after cardiac surgery, it 

is possible that some loss of cognitive reserve is unavoidable. An approach that focuses on 

building reserve in domains most affected in the postoperative period may allow better 

tolerance of this injury, similar to the theory behind physical prehabilitation.13 Therefore, we 

hypothesize that “cognitive prehabilitation” could prevent postoperative delirium and POCD 

in older cardiac surgery patients. Before a large-scale efficacy trial of cognitive 

prehabilitation can be performed in this population, however, significant questions regarding 

interest and adherence need to be addressed. The objectives of this study are to evaluate the 

feasibility of a perioperative cognitive training (CT) program in older cardiac surgical 

patients and estimate effect sizes of postoperative delirium and POCD to inform the conduct 

of future investigations.

METHODS

The Prevention of Early Postoperative Decline (PEaPoD) study was a randomized, 

controlled feasibility trial at a single center. This study was approved by the Beth Israel 

Deaconess Medical Center Institutional Review Board (IRB #P000145), and written 

informed consent was obtained from all subjects participating in the trial. The trial was 

registered before patient enrollment at clinicaltrials.gov (NCT02908464; principal 

investigator: B.P.O.’G.; date of registration: September 21, 2016). The protocol has 

previously been published.14 Written informed consent was obtained from all individuals 

before initiation of study procedures. This article adheres to applicable Consolidated 

Standards of Reporting Trials (CONSORT) guidelines.
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Inclusion and Exclusion Criteria

Patients were eligible for inclusion if they were between 60 and 90 years of age, scheduled 

to undergo cardiac surgery ≥10 days from enrollment, and had an educational level of at 

least high school or the equivalent. Exclusion criteria consisted of a history of psychiatric 

illness associated with an increased risk of postoperative delirium or POCD such as anxiety 

or depression, stroke, epilepsy, Parkinson or Alzheimer disease, other forms of cognitive 

decline, inability to speak or understand English, or presence of significant visual 

impairment.15,16 After informed consent, a baseline cognitive assessment was performed 

using the Montreal Cognitive Assessment (MoCA). If the patient achieved a score indicating 

the presence of severe baseline cognitive impairment (<10), they were subsequently 

withdrawn.

Intervention and Control

After enrollment and baseline testing, participants were randomly assigned in a 1:1 fashion 

using a permuted block of size 4 to either a CT group or usual care control. CT consisted of 

a mobile software application (Lumosity; Lumos Labs, Inc) featuring programs designed to 

train users in the cognitive domains of memory, attention, problem solving, flexibility, and 

processing speed. Each program automatically adjusts the difficulty of the subsequent level 

to maintain a balance between cognitive challenge and enjoyment. Participants in the CT 

group were instructed to train for 2 separate 15-minute sessions per day, from the day of 

enrollment until 4 weeks after surgery including the immediate postoperative period. During 

each session, participants were asked to select ;≥1 game from each of the 5 available 

cognitive domains. After study enrollment and assignment to the intervention group, an in-

person training session was performed by an unblinded investigator. Subsequently, 

unblinded investigators were available in person and via telephone to participants to address 

technical issues and to review training performance. A Wi-Fi-enabled iPad locked to the CT 

program was provided to each participant in the intervention group and returned at the end 

of the study. A Wi-Fi connection was necessary for the transmission of gameplay data but 

was only permitted through the hospital’s protected network to safeguard vulnerable patient 

data, such as an Internet Protocol address. Raw gameplay data were provided via Lumos 

Labs, Inc to investigators to subsequently be analyzed for adherence to the prescribed study 

protocol.

Outcomes

The primary outcome of PEaPoD was feasibility, determined according to the criteria of 

recruitment and adherence. In addition, a postoperative survey was performed to assess 

patient satisfaction. Adequate recruitment was defined as enrollment of ;≥50% of eligible 

patients, reflective of efficient screening and approach procedures as well as sufficient 

patient interest. Adherence was quantified according to time trained for each perioperative 

period, namely the preoperative, immediate postoperative (from surgery until hospital 

discharge), and postdischarge periods. The postoperative satisfaction survey was conducted 

electronically using a Research Electronic Data Capture (REDCap) survey administered at 

an in-person postoperative cardiac surgery clinic visit, typically occurring 1 month after 

hospital discharge.17 Participants who did not complete the survey at this visit were 
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approached via email. Survey questions were both structured and open-ended. Quantitative 

scales were used to assess the level of agreement with prompted statements, using slide bars 

with visible anchors of “strongly disagree” (0), “neutral” (50), and “strongly agree” (100). 

Full details of the postoperative survey are outlined in Supplemental Digital Content, 

Survey, http://links.lww.com/AA/C944.

Secondary outcomes included the incidence of postoperative delirium and POCD. 

Postoperative delirium was assessed daily by blinded study members with the Confusion 

Assessment Method (CAM) or CAM-intensive care unit (CAM-ICU) as appropriate.18,19 

Delirium assessments were completed daily up to the day of hospital discharge or hospital 

day 7 (inclusive), whichever came first. POCD was evaluated by blinded study members 

using the MoCA.20 Currently no unified test or battery has been agreed upon for the 

detection of POCD. The MoCA was chosen due to its high degree of sensitivity and 

specificity in the detection of mild cognitive impairment in older persons.21,22 In addition, 

the MoCA was chosen for practical considerations, including its ability to be administered 

quickly and our group’s familiarity in using the MoCA for other protocols.1,23 A full MoCA 

was given on the day of enrollment, on the day of surgery, and on the day of hospital 

discharge. A telephonic MoCA (t-MoCA) was administered at 1, 3, and 6 months 

postoperatively. Additional data including patient demographics and intensive care unit and 

hospital length of stay were abstracted from medical records. It should be noted that POCD 

at discharge, as we have defined it in this study, would be classified as “delayed 

neurocognitive recovery” using a newly recommended nomenclature for describing 

perioperative cognitive disorders.24

Statistical Analysis

Continuous data are presented as mean ± standard deviation or median (interquartile range 

[IQR]) for variables not normally distributed. Categorical data are presented as frequencies 

and proportions. Standardized differences between groups are presented for characteristics at 

baseline.

Feasibility was analyzed using descriptive statistics of enrollment and adherence. Adherence 

was defined as the proportion of minutes spent training over the total minutes required per 

protocol (minutes trained/[30 × number of available days]). Additional descriptive statistics 

including median gameplay times per period are also reported. A post hoc analysis was 

performed to assess adherence among only participants who trained for >60 minutes 

preoperatively.

Postoperative delirium incidence was defined as the proportion of subjects with the presence 

of delirium by CAM criteria on ≥1 postoperative day. The incidence of POCD was defined 

as a 1 standard deviation decrease in MoCA score at discharge as compared to baseline. The 

one standard deviation threshold used was to coincide with definitions from previous trials 

of POCD and current recommendations on defining POCD or delayed neurocognitive 

recovery.24,25 The standard deviation used was calculated from the scores in our sample. 

Differences in the incidence of postoperative delirium and POCD are presented as 

proportions and analyzed with a χ2 test. Differences in the raw MoCA and t-MoCA scores 

at each time point were analyzed using parametric t test or Mann-Whitney U tests, as 
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appropriate. Differences in the discharge MoCA scores in each cognitive domain were 

assessed in a similar fashion during a post hoc exploratory analysis. In the event that 

differences between groups persisted after baseline, multivariable logistic regression was 

performed, accounting for those variables for which appreciable differences were observed 

in the standardized difference at baseline.26 Assessment of patient satisfaction was assessed 

between groups with the use of a t test or Mann-Whitney U test, as appropriate. SAS 9.4 was 

utilized for all analyses with 2-sided P values of <.05 considered statistically significant. A 

sample size of 45 patients was chosen to support a thorough assessment of study feasibility 

and collection of outcome data to inform future effect size calculations. Due to the small 

sample size, this trial has very low power to be able to accurately detect any clinically 

important differences between groups.

RESULTS

Patients were enrolled between September 2016 and July 2018, with final follow-up 

completed in January 2019. A total of 523 patients were screened, of which 69 met 

eligibility criteria. Forty-five of the eligible 69 patients (65%) were enrolled. Of those 

enrolled, the median (IQR) age was 70 years of age (64–75 years of age) and 73% were 

male (Table 1). No clinically meaningful differences were observed with regard to the 

baseline demographics, medical comorbidities, or surgical characteristics between the CT 

and control arms. Participants were enrolled a median (IQR) of 30 days (19–38 days) before 

surgery. Of note, 60% of patients in the CT group underwent coronary artery bypass grafting 

as opposed to 40% in the control group (P = .21). In addition, only 40% of patients 

underwent aortic valve replacement in the CT group as compared to 65% of controls (P 
= .11).

Primary Outcome: Feasibility

As stated above, 65% of eligible patients who were approached by study staff consented to 

participate (Figure 1). Patients most commonly cited the time commitment (21%), lack of 

interest in the research study (21%), and a desire to not use an iPad (17%) as their primary 

reason for declining consent. Among the 45 randomly assigned participants, 5 patients’ 

participation was terminated and they were, therefore, excluded from subsequent analyses. 

Two patients randomly assigned to the CT group withdrew before surgery and were 

excluded from future outcome analyses. Two patients randomly assigned to the control 

group were found ineligible after randomization but before surgery and were also excluded 

from analyses. One additional patient in the control group withdrew immediately after 

surgery, such that no cognitive outcomes (POCD or delirium) could be assessed. This patient 

was subsequently withdrawn from further analysis. The remaining CT group patient 

withdrew from the study at the 6-month time period after completing all assessments; 

therefore, their data were included and analyzed.

Analysis of automated gameplay reports revealed that time spent training varied greatly by 

study period. The median (IQR) adherence for each period was 39% (20%–68%), 6% (0%–

37%), and 19% (0%–56%), respectively. For reference, a participant enrolled 10 days before 

surgery would be expected to train for 300 minutes to achieve 100% adherence. This 
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corresponded to median (IQR) training times of 245 minutes (136536 minutes), 18 minutes 

(0–40 minutes), and 122 minutes (0–281 minutes) for the preoperative, immediate 

postoperative, and postdischarge periods, respectively (Figure 2). On the days in which 

patients used the CT program, they completed a median (IQR) of 10 (5–14) games per day. 

A post hoc analysis including only participants who trained for >60 minutes preoperatively 

resulted in an updated median (IQR) preoperative adherence of 51% (37%–78%) and 

median (IQR) preoperative gameplay time of 457 minutes (231–834 minutes).

Secondary Outcomes

Delirium and POCD.—The overall incidence of postoperative delirium was 20% (Table 

2). In the CT group, 25% (5/20) were delirious as compared to 15% in the control group 

(3/20; P = .69; Table 2). The overall incidence of POCD at discharge was 44%. No 

statistically significant difference was observed in the incidence of POCD between groups 

(CT group 53% vs 37%; P = .33). Post hoc analysis of POCD excluding patients who had 

been categorized as having postoperative delirium resulted in updated incidences of 50% vs 

29.4% (CT versus control; P = .23). No positive CAM scores occurred on the day of the 

discharge assessment in either group for subjects categorized as having POCD. Post hoc 

exploratory analysis of discharge MoCA scores in each cognitive domain did not reveal any 

differences within any category. The median MoCA score was not found to be significantly 

different between groups at any time point through the follow-up period of 6 months (Figure 

3). Of note, 3 patients experienced ≥1 standard deviation improvement in their cognitive 

performance at discharge. This included 2 patients (10%) in the control group who increased 

their baseline MoCA score by 4 points and 1 patient (5%) in the CT group who increased 

their baseline MoCA score by 3 points. Median (IQR) intensive care unit length of stay (2.2 

days [2.0–3.5 days] vs 2.3 days [2.1–3.1 days]; P = .62) and hospital length of stay (7 days 

[6–10 days] vs 6 days [6–8 days]; P = .30) did not differ significantly between groups.

Postoperative Survey.—Results of the postoperative survey are presented in Table 3. 

Participants in the CT group reported a high level of agreement with statements indicating 

that “the CT program was easy to use” (median [IQR] agreement, 87 [75–97]) and “I 

enjoyed playing the training games” (85 [79–91]). When compared to controls, CT group 

participants reported significantly higher median agreement with statements indicating that 

their memory (75 [54–82] vs 51 [49–54]; P = .01) and thinking ability (78 [64–83] vs 50 

[41–68]; P = .01) improved because of their participation in the study. Participants in both 

groups reported high median levels of satisfaction with the study overall (90 [78–94] vs 74 

[67–87]; P = .06). Participants in the control group agreed that they would be interested in a 

brain training program if they were to undergo another major surgery (median [IQR], 70 

[50–86]). When asked whether preparation or recovery from cardiac surgery should include 

some form of CT, 89% of the control group participants responded “yes.” These 2 questions 

were not asked of the CT group. When asked in a multiple-choice format, participants in the 

CT group identified the most frequent reasons for not using the CT program. Frequent 

responses included “I didn’t have enough energy” (33%), “I forgot” (28%), “the frequency 

of games was too often” (22%), “too overwhelmed by surgery and/or recovery” (22%), “I 

had difficulty focusing” (17%), and “I was too busy” (17%). Sixty-one percent of CT 
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participants responded that they would not have been able to participate in this study if they 

were not provided with an iPad.

DISCUSSION

PEaPoD is the first trial to evaluate the feasibility and potential efficacy of a CT program to 

prevent postoperative delirium and POCD in older cardiac surgical patients. Our results 

indicate substantial interest within this population to participate in a perioperative CT 

program. Analysis of gameplay data revealed that training adherence varies widely by 

perioperative period. Perhaps not surprisingly, the immediate postoperative period was a 

time in which not a lot of training was achieved. The potential reasons for this are numerous 

and some were clearly reflected in our postoperative survey. Pain, weakness, and 

complications such as respiratory failure, infection, or delirium itself are all potential 

reasons why one’s ability to participate in CT may be reduced in the immediate 

postoperative period. In addition, once discharged from the hospital, returning to work or 

normal life routine may make the use of a CT program a secondary concern.

With regard to cognitive prehabilitation before surgery, our finding that patients in the CT 

group spent a median of 4 hours training in the preoperative period is encourageing, but this 

falls short of the 10 hours presumed to be the effective “dose” of CT.27 Furthermore, our 

estimate is also heavily influenced by the number of available preoperative days for each 

participant, which varied widely both within and between groups. However, there are ways 

in which adherence could potentially be improved in a future trial. The inclusion of a run-in 

phase could allow for identification and dropout of individuals who are unlikely to adhere 

well to the prescribed regimen, although excluding patients who have difficulty adhering to 

CT due to cognitive or behavioral reasons could have potential unintended consequences, if 

such patients are vulnerable to developing POCD. The use of devices with cellular data 

connectivity may allow for real-time analysis of gameplay, automated reminders, targeted 

coaching, and more customizable training packages than what were used in this study. Even 

with these improvements, however, expecting perfect adherence may not be realistic because 

previous investigations have shown that it is very difficult to achieve >50% compliance with 

patient-led interventions to prevent certain chronic medical conditions.28,29 In fact, our post 

hoc analysis of adherence of only those patients who trained for >60 minutes preoperatively 

only resulted in an updated median preoperative adherence of 50%.

The rates of postoperative delirium and POCD did not differ significantly between groups in 

our study. Furthermore, there were no significant changes evident in MoCA scores at any 

time point before or after surgery, or within categories of cognitive domains tested. These 

findings are likely the product of measurements made within a small sample size. It is 

possible, however, that the intervention is not effective or that our measures of cognitive 

dysfunction after surgery were not specific enough to detect potential benefits in cognitive 

domains such as processing speed. Our findings that patients in the CT group agreed 

significantly more strongly than their counterparts with statements suggesting that their 

memory and thinking ability improved is heavily affected by bias, but could possibly reflect 

that an aspect of their cognition has improved that we were unable to detect with our current 

methods.
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It should be noted that the incidence of postoperative delirium was found to be higher in the 

intervention group in a recently published trial of preoperative CT, although the authors 

noted a high degree of early dropout and low regimen completion rates, and this result was 

also not statistically significant.30 The completion of the Neurobics trial evaluating the 

potential benefit of preoperative CT before noncardiac, nonneurological surgery 

(NCT02230605) may provide additional insights regarding the potential protective versus 

harmful effect of a preoperative application-based CT program.

PEaPoD has several limitations, most notably that this trial was not powered to detect 

differences between groups in clinical outcomes. Due to the preexisting uncertainties of the 

interest and ability to adhere to a mobile, tablet-based application in older persons, our 

group thought it was prudent to address feasibility concerns before committing to a large 

randomized controlled efficacy trial. The main limitation of the CT program was that 

adherence and overall training time varied greatly by patient and by perioperative period, 

limiting insight into its potential efficacy. Focusing future efforts on the ideal candidates and 

the times they are most likely to adhere to training, along with more customizable and 

responsive software may enable targeted applications of perioperative CT programs. In 

addition, our results are limited by the single-center nature of the trial design; therefore, we 

may not be able to generalize these findings to patients in other institutions or settings.

Our findings suggest that patients presenting for elective cardiac surgery may be most likely 

to adhere to a training program in the preoperative period and have sufficient lead in time for 

such an intervention. When taking these data into account and combining the high degree of 

patient interest seen in PEaPoD, we believe that a future trial of cognitive prehabilitation 

before cardiac surgery in this population is likely to be feasible. On the other hand, given the 

difficulties evident in adherence to a behavioral intervention and the lack of efficacy signal 

seen in this feasibility study, it is possible that this approach may be challenging to truly 

evaluate in a large-scale efficacy trial. Cognitive prehabilitation may serve as an innovative, 

patient-led, minimal-risk intervention to prevent postoperative delirium and POCD and 

potentially enable a more complete recovery after cardiac surgery. Given these 

considerations, additional investigation into this emerging field and its possible extension to 

other surgical populations is warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGMENTS

The authors thank the patients who participated in prevention of early postoperative decline (PEaPoD), as well as 
the nurses, midlevel providers, and cardiac surgery clinic staff including Erica Dillon at BIDMC for their logistical 
support to help complete the trial. In addition, the authors thank the Center for Anesthesia Research Excellence 
within the Department of Anesthesia at BIDMC who supported enrollment, protocol implementation, and 
regulatory compliance throughout this trial.

Funding: The conduct of this trial was performed with support from a BIDMC Department of Anesthesia Internal 
Research Award (John Hedley-White Award, via Harvard Medical School’s Eleanor and Miles Shore Foundation). 
A portion of this work was conducted while Dr B.P.O.’G. was a member of the Harvard Anesthesia National 
Institutes of Health (NIH) T32 program (NIH T32GM007592-38). Research subscriptions to the training program 
were provided free of charge by Lumos Labs, Inc.

O’Gara et al. Page 9

Anesth Analg. Author manuscript; available in PMC 2020 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://clinicaltrials.gov/ct2/show/NCT02230605


The sponsor had no role in the design/conduct of the study, data collection or analysis, interpretation of the data, 
manuscript preparation and review, or decision to submit the manuscript for publication.

GLOSSARY

CAM Confusion Assessment Method

CONSORT Consolidated Standards of Reporting Trials

CT cognitive training

ICU intensive care unit

IQR interquartile range

IRB Institutional Review Board

MoCA Montreal Cognitive Assessment

PEaPoD Prevention of Early Postoperative Decline

POCD postoperative cognitive decline

REDCap Research Electronic Data Capture

t-MoCA telephonic MoCA
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KEY POINTS

Question:

Is a perioperative cognitive training program designed to potentially reduce the risk of 

postoperative delirium and postoperative cognitive decline (POCD) feasible in the older 

cardiac surgery population?

Findings:

Participants demonstrated a high degree of interest but varying ability to adhere to a 

perioperative cognitive training program, and the incidence of delirium and POCD was 

not significantly different between groups.

Meaning:

The preoperative period is an attractive target of a cognitive prehabilitation intervention 

to reduce postoperative delirium and POCD, but steps need to be taken to improve 

protocol adherence before a larger-scale efficacy trial can be performed in the older 

cardiac surgery population.
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Figure 1. 
CONSORT diagram. Participant eligibility, enrollment, and follow-up are depicted. 

CONSORT indicates Consolidated Standards of Reporting Trials.
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Figure 2. 
CT time per perioperative period. The median training times for CT participants for each 

defined perioperative period are depicted. CT indicates cognitive training.

O’Gara et al. Page 15

Anesth Analg. Author manuscript; available in PMC 2020 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
MoCA scores over time. Changes in participants’ cognitive trajectories are reported 

stratified by group. Scores for the baseline, preoperative, and discharge assessments shown 

here have been calculated using the same components as the telephonic MoCA maximum 

score (22), to allow comparisons across the range of perioperative assessments using a 

uniform scale. MoCA indicates Montreal Cognitive Assessment.

O’Gara et al. Page 16

Anesth Analg. Author manuscript; available in PMC 2020 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

O’Gara et al. Page 17

Ta
b

le
 1

.

Pa
tie

nt
 C

ha
ra

ct
er

is
tic

s 
at

 B
as

el
in

e

C
T

 G
ro

up
 N

 =
 2

0
C

on
tr

ol
 G

ro
up

 N
 =

 2
0

St
an

da
rd

iz
ed

 D
if

fe
re

nc
e

A
ge

, y
 7

0 
±

 6
 6

9 
±

 7
 0

.0
70

M
al

e 
se

x
 1

4 
(7

0)
 1

5 
(7

5)
−

0.
11

2

H
ei

gh
t, 

in
ch

es
 6

8 
±

 4
 6

8 
±

 3
 0

.0
78

W
ei

gh
t, 

po
un

ds
20

0 
±

 4
1

18
8 

±
 3

7
 0

.3
02

B
od

y 
m

as
s 

in
de

x
 3

0 
±

 6
 2

8 
±

 5
 0

.3
13

L
an

gu
ag

e 
st

at
us

 
N

at
iv

e 
bo

rn
 E

ng
lis

h 
sp

ea
ke

r
 1

7 
(8

5)
 1

9 
(9

5)
−

0.
33

8

 
Fo

re
ig

n 
bo

rn
, E

ng
lis

h 
is

 a
 s

ec
on

d 
la

ng
ua

ge
 

3 
(1

5)
 

1 
(5

)
 0

.3
38

E
du

ca
tio

n 
le

ve
l

 
H

ig
h 

sc
ho

ol
 g

ra
du

at
e 

or
 e

qu
iv

al
en

t
 

1 
(5

)
 

5 
(2

5)
−

0.
58

3

 
So

m
e 

co
lle

ge
, a

ss
oc

ia
te

’s
 d

eg
re

e
 

4 
(2

0)
 

2 
(1

0)
 0

.2
83

 
B

ac
he

lo
r’

s 
de

gr
ee

 
8 

(4
0)

 
5 

(2
5)

 0
.3

24

 
M

as
te

r’
s 

de
gr

ee
 

5 
(2

5)
 

4 
(2

0)
 0

.1
20

 
D

oc
to

ra
l d

eg
re

e
 

2 
(1

0)
 

4 
(2

0)
−

0.
28

3

C
om

or
bi

di
tie

s

 
H

yp
er

lip
id

em
ia

 1
6 

(8
0)

 1
5 

(7
5)

 0
.1

20

 
H

yp
er

te
ns

io
n

 1
4 

(7
0)

 1
5 

(7
5)

−
0.

11
2

 
O

be
si

ty
 1

1 
(5

5)
 

7 
(3

5)
 0

.4
10

 
So

lid
 tu

m
or

 n
on

m
et

as
ta

tic
 

6 
(3

0)
 

6 
(3

0)
 0

.0
00

 
A

rr
hy

th
m

ia
 

8 
(4

0)
 

6 
(3

0)
 0

.2
11

 
C

on
ge

st
iv

e 
he

ar
t f

ai
lu

re
 

6 
(3

0)
 

6 
(3

0)
 0

.0
00

 
Pe

ri
ph

er
al

 v
as

cu
la

r 
di

se
as

e
 

6 
(3

0)
 

4 
(2

0)
 0

.2
32

 
D

ia
be

te
s 

w
ith

ou
t c

om
pl

ic
at

io
ns

 
5 

(2
5)

 
3 

(1
5)

 0
.2

52

 
C

hr
on

ic
 o

bs
tr

uc
tiv

e 
pu

lm
on

ar
y 

di
se

as
e/

as
th

m
a

 
3 

(1
5)

 
3 

(1
5)

 0
.0

00

 
M

od
er

at
e 

or
 s

ev
er

e 
re

na
l d

is
ea

se
 

3 
(1

5)
 

2 
(1

0)
 0

.1
52

 
D

ia
be

te
s 

m
el

lit
us

 w
ith

 e
nd

-o
rg

an
 d

am
ag

e
 

2 
(1

0)
 

2 
(1

0)
 0

.0
00

 
Ly

m
ph

om
a 

or
 m

ul
tip

le
 m

ye
lo

m
a

 
0 

(0
)

 
3 

(1
5)

−
0.

59
4

 
U

lc
er

 d
is

ea
se

 
2 

(1
0)

 
0 

(0
)

 0
.4

71

 
C

on
ne

ct
iv

e 
tis

su
e 

di
se

as
e

 
0 

(0
)

 
1 

(5
)

−
0.

32
4

Anesth Analg. Author manuscript; available in PMC 2020 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

O’Gara et al. Page 18

C
T

 G
ro

up
 N

 =
 2

0
C

on
tr

ol
 G

ro
up

 N
 =

 2
0

St
an

da
rd

iz
ed

 D
if

fe
re

nc
e

 
So

lid
 tu

m
or

 m
et

as
ta

tic
 

0 
(0

)
 

1 
(5

)
−

0.
32

4

 
C

hr
on

ic
 p

ai
n

 
0 

(0
)

 
1 

(5
)

−
0.

32
4

 
M

od
er

at
e 

or
 s

ev
er

e 
liv

er
 d

is
ea

se
 

0 
(0

)
 

1 
(5

)
−

0.
32

4

Su
rg

ic
al

 c
ha

ra
ct

er
is

tic
s

 
Pr

eo
pe

ra
tiv

e 
da

ys
33

 (
19

, 3
8)

26
 (

20
, 4

0)
−

0.
06

8

 
B

yp
as

s 
tim

e,
 m

in
82

 (
69

, 9
0)

74
 (

65
, 8

8)
 0

.1
78

 
C

or
on

ar
y 

ar
te

ry
 b

yp
as

s 
gr

af
t

 1
2 

(6
0)

 
8 

(4
0)

 0
.4

08

 
A

or
tic

 v
al

ve
 r

ep
la

ce
m

en
t

 
8 

(4
0)

 
13

 (
65

)
−

0.
51

7

 
A

or
tic

 s
ur

ge
ry

 
2 

(1
0)

 
2 

(1
0)

 0
.0

00

 
M

itr
al

 v
al

ve
 r

ep
la

ce
m

en
t

 
0 

(0
)

 
1 

(5
)

−
0.

32
4

 
M

itr
al

 v
al

ve
 r

ep
ai

r
 

6 
(3

0)
 

3 
(1

5)
 0

.3
65

 
T

ri
cu

sp
id

 v
al

ve
 r

ep
ai

r
 

3 
(1

5)
 

0 
(0

)
 0

.5
94

 
O

th
er

 
0 

(0
)

 
3 

(1
5)

−
0.

59
4

D
at

a 
ar

e 
pr

es
en

te
d 

as
 m

ea
n 

±
 s

ta
nd

ar
d 

de
vi

at
io

n,
 m

ed
ia

n 
(q

ua
rt

ile
 1

, q
ua

rt
ile

 3
),

 o
r 

n 
(%

) 
de

pe
nd

in
g 

on
 ty

pe
 a

nd
 d

is
tr

ib
ut

io
n.

 T
he

 s
ta

nd
ar

di
ze

d 
di

ff
er

en
ce

 e
va

lu
at

es
 a

 d
if

fe
re

nc
e 

in
 g

ro
up

 m
ea

ns
 o

r 
pr

ev
al

en
ce

 
in

 u
ni

ts
 o

f 
st

an
da

rd
 d

ev
ia

tio
n.

 V
al

ue
s 

<
0.

1 
ar

e 
co

ns
id

er
ed

 to
 r

ep
re

se
nt

 a
 n

eg
lig

ib
le

 d
if

fe
re

nc
e.

 A
bb

re
vi

at
io

n:
 C

T,
 c

og
ni

tiv
e 

tr
ai

ni
ng

.

Anesth Analg. Author manuscript; available in PMC 2020 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

O’Gara et al. Page 19

Ta
b

le
 2

.

Se
co

nd
ar

y 
O

ut
co

m
es

C
T

 G
ro

up
 N

 =
 2

0
C

on
tr

ol
 G

ro
up

 N
 =

 2
0

P

In
-h

os
pi

ta
l d

el
ir

iu
m

a
5 

(2
5)

3 
(1

5)
0.

69

B
as

el
in

e 
M

oC
A

 s
co

re
 (

0–
30

, 3
0 

be
st

)
25

.0
 (

24
.0

, 2
7.

0)
 n

 =
 1

9
26

.0
 (

24
.0

, 2
7.

0)
 n

 =
 1

9
–

Pr
eo

pe
ra

tiv
e 

M
oC

A
 s

co
re

 (
0–

30
, 3

0 
be

st
)

25
.0

 (
23

.0
, 2

6.
0)

 n
 =

 1
8

26
.0

 (
24

.0
, 2

7.
0)

 n
 =

 1
8

0.
49

D
is

ch
ar

ge
 M

oC
A

 s
co

re
 (

0–
30

, 3
0 

be
st

)
23

.5
 (

21
.0

, 2
6.

0)
 n

 =
 1

8
24

.0
 (

22
.5

, 2
5.

0)
 n

 =
 2

0
0.

74

 
V

is
uo

sp
at

ia
l/e

xe
cu

tiv
e 

su
bt

ot
al

 (
m

ax
im

um
 s

co
re

 5
)

5.
0 

(4
.0

, 5
.0

)
5.

0 
(4

.0
, 5

.0
)

0.
97

 
N

am
in

g 
su

bt
ot

al
 (

m
ax

im
um

 s
co

re
 3

)
3.

0 
(3

.0
, 3

.0
)

3.
0 

(2
.0

, 3
.0

)
0.

62

 
A

tte
nt

io
n 

su
bt

ot
al

 (
m

ax
im

um
 s

co
re

 6
)

5.
0 

(4
.0

, 6
.0

)
6.

0 
(5

.0
, 6

.0
)

0.
33

 
L

an
gu

ag
e 

su
bt

ot
al

 (
m

ax
im

um
 s

co
re

 3
)

2.
0 

(1
.0

, 3
.0

)
1.

0 
(1

.0
, 2

.0
)

0.
62

 
A

bs
tr

ac
tio

n 
su

bt
ot

al
 (

m
ax

im
um

 s
co

re
 2

)
2.

0 
(1

.0
, 2

.0
)

2.
0 

(1
.5

, 2
.0

)
0.

67

 
D

el
ay

ed
 r

ec
al

l s
ub

to
ta

l (
m

ax
im

um
 s

co
re

 5
)

1.
0 

(0
.0

, 3
.0

)
2.

0 
(1

.0
, 3

.0
)

0.
68

 
O

ri
en

ta
tio

n 
su

bt
ot

al
 (

m
ax

im
um

 s
co

re
 6

)
6.

0 
(6

.0
, 6

.0
)

6.
0 

(6
.0

, 6
.0

)
0.

52

Po
st

op
er

at
iv

e 
co

gn
iti

ve
 d

ec
lin

e 
at

 d
is

ch
ar

ge
9 

(5
3)

 n
 =

 1
7

7 
(3

7)
 n

 =
 1

9
0.

33

Po
st

op
er

at
iv

e 
t-

M
oC

A
 s

co
re

s 
(0

–2
2,

 2
2 

be
st

),
 m

o

 
1

20
.0

 (
18

.0
, 2

1.
0)

 n
 =

 1
7

19
.0

 (
18

.0
, 2

1.
0)

 n
 =

 1
9

0.
71

 
3

20
.0

 (
19

.0
, 2

1.
0)

 n
 =

 1
1

21
.0

 (
20

.0
, 2

1.
0)

 n
 =

 1
3

0.
41

 
6

20
.0

 (
19

.0
, 2

2.
0)

 n
 =

 1
3

20
.5

 (
18

.0
, 2

1.
0)

 n
 =

 1
4

0.
84

IC
U

 le
ng

th
 o

f 
st

ay
, d

2.
2 

(2
.0

, 3
.5

)
2.

3 
(2

.1
, 3

.1
)

0.
62

H
os

pi
ta

l l
en

gt
h 

of
 s

ta
y,

 d
7.

0 
(6

.0
, 9

.5
)

6.
0 

(6
.0

, 8
.0

)
0.

30

D
at

a 
ar

e 
pr

es
en

te
d 

as
 m

ea
n 

±
 s

ta
nd

ar
d 

de
vi

at
io

n,
 m

ed
ia

n 
(q

ua
rt

ile
 1

, q
ua

rt
ile

 3
),

 o
r 

n 
(%

) 
de

pe
nd

in
g 

on
 ty

pe
 a

nd
 d

is
tr

ib
ut

io
n.

 D
if

fe
re

nc
es

 in
 th

e 
in

ci
de

nc
e 

of
 d

el
ir

iu
m

 a
nd

 p
os

to
pe

ra
tiv

e 
co

gn
iti

ve
 d

ec
lin

e 
at

 

di
sc

ha
rg

e 
w

er
e 

an
al

yz
ed

 w
ith

 χ
2  

te
st

s.
 D

if
fe

re
nc

es
 in

 le
ng

th
 o

f 
st

ay
, M

oC
A

, a
nd

 t-
M

oC
A

 s
co

re
s 

(a
nd

 th
ei

r 
co

m
po

ne
nt

s)
 w

er
e 

an
al

yz
ed

 w
ith

 M
an

n-
W

hi
tn

ey
 U

 te
st

s.

A
bb

re
vi

at
io

ns
: C

T,
 c

og
ni

tiv
e 

tr
ai

ni
ng

; I
C

U
, i

nt
en

si
ve

 c
ar

e 
un

it;
 M

oC
A

, M
on

tr
ea

l C
og

ni
tiv

e 
A

ss
es

sm
en

t; 
t-

M
oC

A
, t

el
ep

ho
ni

c 
M

on
tr

ea
l C

og
ni

tiv
e 

A
ss

es
sm

en
t.

a D
ef

in
ed

 a
s 

pr
es

en
t o

r 
ab

se
nt

 o
n 

an
y 

da
y 

fr
om

 p
os

to
pe

ra
tiv

e 
da

y 
1 

to
 p

os
to

pe
ra

tiv
e 

da
y 

7.

Anesth Analg. Author manuscript; available in PMC 2020 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

O’Gara et al. Page 20

Ta
b

le
 3

.

Po
st

op
er

at
iv

e 
Su

rv
ey

C
on

tr
ol

 G
ro

up
C

T
 G

ro
up

P
 V

al
ue

R
ep

or
te

d 
ag

re
em

en
t w

ith
 th

e 
fo

llo
w

in
g 

st
at

em
en

ts
:a

 
T

he
 p

ro
gr

am
 w

as
 e

as
y 

to
 u

se
…

87
 (

75
, 9

7)
…

 
I 

en
jo

ye
d 

pl
ay

in
g 

th
e 

ga
m

es
…

85
 (

79
, 9

1)
…

 
I 

th
in

k 
m

y 
m

em
or

y 
im

pr
ov

ed
 b

ec
au

se
 o

f 
m

y 
pa

rt
ic

ip
at

io
n 

in
 th

is
 s

tu
dy

51
 (

49
, 5

4)
75

 (
54

, 8
2)

0.
01

 
I 

th
in

k 
m

y 
th

in
ki

ng
 a

bi
lit

y 
im

pr
ov

ed
 b

ec
au

se
 o

f 
m

y 
pa

rt
ic

ip
at

io
n 

in
 th

is
 s

tu
dy

50
 (

41
, 6

8)
78

 (
64

, 8
3)

0.
01

 
O

ve
ra

ll 
sa

tis
fa

ct
io

n
74

 (
67

, 8
7)

90
 (

78
, 9

4)
0.

06

 
I 

w
ou

ld
 b

e 
in

te
re

st
ed

 in
 a

 b
ra

in
 tr

ai
ni

ng
 p

ro
gr

am
 if

 I
 w

as
 g

oi
ng

 to
 h

av
e 

an
ot

he
r 

m
aj

or
 s

ur
ge

ry
70

 (
50

, 8
6)

…
…

 
Pr

ep
ar

at
io

n 
an

d 
re

co
ve

ry
 f

ro
m

 c
ar

di
ac

 s
ur

ge
ry

 s
ho

ul
d 

in
cl

ud
e 

so
m

e 
fo

rm
 o

f 
br

ai
n 

tr
ai

ni
ng

 p
ro

gr
am

 (
ye

s/
no

)
 

17
 (

89
)

…
…

D
at

a 
ar

e 
pr

es
en

te
d 

as
 m

ea
n 

±
 s

ta
nd

ar
d 

de
vi

at
io

n,
 m

ed
ia

n 
(q

ua
rt

ile
 1

, q
ua

rt
ile

 3
),

 o
r 

n 
(%

) 
de

pe
nd

in
g 

on
 ty

pe
 a

nd
 d

is
tr

ib
ut

io
n.

 D
if

fe
re

nc
es

 b
et

w
ee

n 
gr

ou
ps

 w
er

e 
an

al
yz

ed
 w

ith
 M

an
n-

W
hi

tn
ey

 U
 te

st
s.

A
bb

re
vi

at
io

n:
 C

T,
 c

og
ni

tiv
e 

tr
ai

ni
ng

.

a 0:
 s

tr
on

gl
y 

di
sa

gr
ee

, 5
0:

 n
eu

tr
al

, 1
00

: s
tr

on
gl

y 
ag

re
e.

Anesth Analg. Author manuscript; available in PMC 2020 September 01.


	Abstract
	METHODS
	Inclusion and Exclusion Criteria
	Intervention and Control
	Outcomes
	Statistical Analysis

	RESULTS
	Primary Outcome: Feasibility
	Secondary Outcomes
	Delirium and POCD.
	Postoperative Survey.


	DISCUSSION
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.
	Table 2.
	Table 3.

