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ABSTRACT

Objective: Postoperative delirium after cardiac surgery is associated with long-
term cognitive decline and mortality. We investigated whether increased ICU
Confusion Assessment Method scores were associated with greater 30-day mortal-
ity and failure to rescue after cardiac surgery.

Methods: We studied 4030 patients who underwent a Society of Thoracic
Surgeons index operation at the University of Virginia Health System from 2011
to 2021. We obtained all ICU Confusion Assessment Method scores recorded during
patients’ admission and summarized scores for the first 7 postoperative days. Uni-
variate and multivariable logistic regression analyzed the association between ICU
Confusion Assessment Method score/delirium presence and postoperative compli-
cations, operative mortality, and failure to rescue.

Results: Any episode of ICU Confusion Assessment Method screen-positive
delirium and nearly all components of the score were associated with increased
30-day mortality on univariate analysis. We found that a single episode of delirium
was associated with increased mortality. Feature 2 (inattention) had the strongest
association with poorer outcomes, including failure to rescue in our analysis, as
were patients with higher peak Richmond Agitation Sedation Scale scores. Patients
with higher mean Richmond Agitation Sedation Scale scores had an association
with decreased failure to rescue.

Conclusions: A single episode of delirium, as measured using ICU Confusion
Assessment Method scores, is associated with increased mortality. Inattention
and higher peak Richmond Agitation Sedation Scale scores were associated with
failure to rescue. Screening may clarify diagnosing delirium and assessing its impli-
cations on mortality and failure to rescue. Our findings suggest the importance of
identifying and managing risk factors for delirium to improve patient outcomes and
reduce mortality and failure to rescue rates. (JTCVS Open 2023;16:464-76)
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We found that delirium and epi-
sodes of agitation or combat-
iveness in the ICU are associated
with greater mortality and FTR
after cardiac surgery.
PERSPECTIVE
Delirium can be a subtle and challenging clinical
condition to diagnosis and manage. Subtle
changes in mental status may be associated
with increased mortality and FTR in patients after
cardiac surgery.

See Discussion on page 477.
To view the AATS Annual Meeting Webcast, see the
URL next to the webcast thumbnail.

Delirium is associated with increased morbidity and
mortality, especially in younger individuals and in those
without prior stroke.1,2 However, delirium is often
Delirium is a common complication after cardiac surgery
that affects up to 50% of patients.1,2 It is characterized by
acute changes in attention, cognition, and consciousness.3,4
underdiagnosed and undertreated in the intensive care unit
(ICU), where most cardiac surgery patients are admitted
postoperatively.4,5
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n = 7252 STS cases
from 2011-2021

Index STS cases with
CAM-ICU data

n = 4030

Multivariable/Risk Adjusted
Mortality Analysis

Multivariable/Risk Adjusted
Failure to Rescue Analysis

STS Index cases with
FTR Complication*

n = 495

FIGURE 1. CONSORT diagram. *A patient with an FTR complication is

defined as experiencing prolonged postoperative ventilation, renal failure,

reoperation for any reason, or permanent stroke. A mortality in this sub-

group is considered to be FTR. STS, Society of Thoracic Surgeons;

CAM-ICU, ICU Confusion Assessment Method; FTR, failure to rescue.

Abbreviations and Acronyms
CAM-ICU ¼ ICU Confusion Assessment Method
FTR ¼ failure to rescue
ICU ¼ intensive care unit
OR ¼ odds ratio
RASS ¼ Richmond Agitation Sedation Scale
STS ¼ Society of Thoracic Surgeons
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One of the tools that can be used to screen for delirium in
the ICU is the ICU Confusion Assessment Method
(CAM-ICU), which is an adaptation of the CAM that was
originally developed to allow nonpsychiatrists to assess
delirium at the bedside.3,4 The method is simple to perform
at the bedside and can be implemented into an electronic
health record as part of standard charting. The CAM-ICU
consists of 4 features: acute onset or fluctuation (Feature
1), inattention (Feature 2), altered level of consciousness
(Feature 3), and disorganized thinking (Feature 4). A
patient is diagnosed with delirium if he or she has Features
1 and 2 plus either Feature 3 or 4.4,5 The components of the
score are shown in Table E1.

The Society of Thoracic Surgeons (STS) defines failure to
rescue (FTR) as mortality after complications such as perma-
nent stroke, renal failure, reoperation, or prolonged ventila-
tion after cardiac surgery and uses this metric to evaluate
the quality of care in cardiac surgery centers. A high FTR
rate suggests lower-quality care, and a low rate indicates
higher-quality care.6 The phenomenon is generally thought
to be influenced by hospital factors as much as or more
than individual patient factors.7-12 Factors that improve
hospital efficiency and capability or that provide a greater
safety net for patients, such as rapid response teams or
higher case volume, appear to reduce FTR incidence or
have an association with lower incidence.9,13-16

The nature of delirium is that it can reduce the ability of
patients to communicate problems and cloud their clinical
picture. The reaction of the team to the development of
delirium can be the difference between resolution of the
condition and further iatrogenesis. The condition is associ-
ated with increased ICU mortality, and we hypothesized
that FTR will be increased in a population with delirium.17

The association between delirium and FTR is poorly docu-
mented in the current medical literature. The aim of this
article is to review the literature on delirium after cardiac
surgery and its impact on mortality and FTR, and to deter-
mine how individual features of the score and the overall
score are associated with these outcomes.
MATERIALS AND METHODS
Patient Data

The study was approved by the University of Virginia Institutional

Review Board with waiver of consent (Protocol #23305 on February 14,
2021). We obtained patient demographic and outcomes data from the

STS database for adult patients undergoing cardiac surgery at the

University of Virginia Health System from 2011 to 2021. We collected

CAM-ICU scores through a data request from our electronic medical

record and matched them to their respective STS patient records. Patients

were included if they underwent an STS index case and had more than 2

recorded CAM-ICU scores. Figure 1 shows the details.

Reporting of Statistical Results
We adhered to the guidelines provided in the Strengthening the Report-

ing of Observational Studies in Epidemiology and Transparent Reporting

of a Multivariable Prediction Model for Individual Prognosis or Diagnosis

statements. Continuous variables were reported as median (Q1, Q3) or

mean (standard deviation), and categorical variables as n (%), following

standard STS variable definitions.

How Can We Make Sense of ICU Confusion
Assessment Method Scores Over Time?

CAM-ICU scores were collected on every shift and patient in our post-

operative cardiac surgery ICU by nursing staff. There is a protocol for the

nurse to notify the Nurse Practitioner/Physician Assistant/Physician

directly caring for the patient with a positive screen or any change in

mental status. We included all records in the first 7 days after surgery.

Given the challenge of multiple recordings per patient, we sought to sum-

marize the scores in a few ways. Several fields were created. “Percentage

of recordings of delirium” shows what percentage of a patients’ recorded

scores were CAM-ICU positive. If a single patient had 1 positive

recording of 5, then his/her percentage would be 0.2. Our reasoning

was that a higher percentage would indicate a greater amount of delirium.

This also could be a proxy for delirium severity. To increase the granu-

larity of our analysis, we examined the individual features and if they

had a positive record over the 7-day period. Our goal was to create a

more global picture of each patient’s mental status in their early postop-

erative period.

Individual Components of the ICU Confusion
Assessment Method Score and Richmond Agitation
Sedation Scale

Although it is customary to use the CAM-ICU as a composite tool, we

chose to analyze the impact of each feature on patient outcomes separately.

This unconventional approach was driven by our a priori hypothesis that

different features of delirium may differentially impact patient outcomes,

with potential synergistic effects when present together.
JTCVS Open c Volume 16, Number C 465
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We considered that clinical consensus often accentuates the importance

of inattention in delirium diagnosis, suggesting a possible unequal weight-

ing of CAM-ICU elements.5,18 By individually assessing each delirium

feature while controlling for other factors, we aimed to maintain statistical

independence of each feature. For each patient, we recorded the maximum

or highest single occurrence of each delirium feature over a 7-day period.

Regardless of the number of times a particular feature was observed, its

score was recorded as “1,” signifying the presence of the feature. Addition-

ally, we opted to use the mean Richmond Agitation Sedation Scale (RASS)

score as an overall indicator of sedation or agitation levels over the 7-day

period. We did this because we aimed to provide a continuous measure that

reflects the overall trend of the patient’s agitation or sedation level during

this time frame.

This unique methodological approach, although necessitating further

validation, is intended to contribute additional perspectives to the ongoing

discussion on effective delirium screening and management.

Outcomes and Delirium
We used the STS major morbidities as the basis for identifying patients

who experienced an FTR complication. A patient was identified as having

an FTR complication if he or she had postoperative renal failure or stroke,

had to be reoperated for any reason, or required prolonged postoperative

ventilation for more than 24 hours. FTR, in this context, was specifically

defined as the occurrence of death in a patient who had experienced 1 of

these FTR complications. In other words, a patient’s death was only clas-

sified as FTR if he/she had a recorded instance of 1 of these specified FTR

complications. The remainder of patients in the FTR complications sub-

group could be considered to be rescued if they did not die. Postoperative

renal failure was defined as Kidney Disease Improving Global Outcomes

stage 2 acute kidney injury or greater, or new requirement for dialysis after

surgery. STS outcomes are not reported with timing information on postop-

erative events. For that reason, we found whether a patient was positive for

the composite score or any feature of the score over a 1-week period after

admission. The RASS scores were collected and reported similarly. RASS

score mean was reported as a proxy for the level of sedation or agitation

over the 7-day period.

Selection
We divided the study into 2 major subgroups: (1) all patients with

CAM-ICU scores who underwent an STS index operation over the study

period and (2) all patients within that group that experienced an STS

FTR complication. This allows us to examine differences in FTR with

varying CAM-ICU scoring and RASS scores.

Statistical Analysis
Differences between baseline covariates were compared using

chi-square or Fisher tests for categorical measures, and Student t test or

Mann–Whitney U tests for continuous measures based on normality.

Univariate analyses compared the association between increasing

CAM-ICU score and CAM-ICU score feature and mortality. A

risk-adjusted analysis was performed using the predicted risk of FTR,

including both intraoperative factors and the STS predicted risk of

mortality.6 Rstudio and the R programming language were used for

statistical analysis.19 The specific packages used and a sample of the

code used to perform the analysis are shown in the Appendix E1.
RESULTS
Study Population

There were 4030 patients who underwent STS index op-
erations and had appropriate CAM-ICU score data from
2011 to 2021. There were 495 patients who experienced
complications in that group (Figure 1).
466 JTCVS Open c December 2023
PREOPERATIVE CHARACTERISTICS
Patient characteristics were compared between those

who experienced delirium and those who did not in a cohort
of 4030 patients (no delirium n ¼ 3640; delirium n ¼ 390)
who underwent an STS index operation. The delirium group
had a higher proportion of female patients and higher rates
of comorbidities, including diabetes, cerebrovascular
disease, hypertension, prior myocardial, peripheral arterial
disease, chronic lung disease, preoperative dialysis,
bilateral and unilateral carotid stenosis, carotid surgery,
prior cerebrovascular accident, prior cardiac intervention,
heart failure, aortic stenosis, and aortic valve regurgitation.
The delirium group also had lower hematocrit, higher
creatinine, and higher international normalized ratio, all
with statistically significant differences. The predicted
risk of mortality was more than double in the delirium group
compared with the nondelirium group. Patients who
experienced delirium had longer cardiopulmonary bypass
times and received more intraoperative blood products
than those who did not experience delirium. They
also had a higher proportion of aortic valve
replacement þ coronary artery bypass and mitral valve
replacement only procedures and were more likely to un-
dergo urgent surgery. Full details are shown in Table 1.
THE COHORT
There were 8.85 CAM-ICU recordings per patient. Pa-

tients with delirium experienced a significantly higher inci-
dence of postoperative complications, including permanent
stroke, prolonged ventilation, cardiac arrest, reintubation,
renal failure, and operative mortality. However, reoperation
for bleeding, reoperation for nonbleeding, postoperative
myocardial reintervention, postoperative sepsis, and post-
operative ejection fraction were not significantly different
between the 2 groups. One exception to this difference in
complication rates between the groups is that the rate of
atrial fibrillation was lower in the delirium group. These
findings are shown in Table 2, and the mean RASS scores
for each cohort are shown in Table E2.

A multivariable analysis of the STS index operation
cohort (n ¼ 4030) was performed using Predicted Risk of
Mortality. In this model, the mean total CAM-ICU score
and all features except for the mean of feature 1 were
associated with increased mortality. RASS score was still
associated with decreased mortality. The percentage of pos-
itive delirium records was not associated with increased
mortality in this model as described in Table E3. This rela-
tionship is graphically represented in Figure 2.
COMPLICATIONS SUBGROUP
There were 495 patients who developed an STS

FTR–qualifying complication (no delirium n ¼ 364;
delirium n ¼ 131). There were no significant differences



TABLE 1. Baseline demographics and intraoperative characteristics in overall cohort

Variable No delirium, N ¼ 3640* Any delirium, N ¼ 390* P valuey
Age, y 67 (59-74) 71 (64-78) <.001

Gender .027

Female 1126 (31%) 142 (36%)

Male 2514 (69%) 248 (64%)

Primary payor

Charitable care/foundation funding 1 (<0.1%) 0 (0%)

Commercial health insurance 371 (10%) 17 (4.4%)

Correctional facility 1 (<0.1%) 0 (0%)

Medicaid 53 (1.5%) 9 (2.3%)

Medicaid (includes commercially managed options) 13 (0.4%) 2 (0.5%)

Medicare 729 (20%) 79 (20%)

Medicare (includes commercially managed options) 134 (3.7%) 29 (7.4%)

Military 5 (0.1%) 2 (0.5%)

Military health 10 (0.3%) 1 (0.3%)

None/self 62 (1.7%) 3 (0.8%)

Other government insurance 2 (<0.1%) 0 (0%)

State-specific plan 2 (<0.1%) 0 (0%)

Unknown 2257 (62%) 248 (64%)

History of diabetes 1456 (40%) 201 (52%) <.001

History of cerebrovascular disease <.001

No 2878 (79%) 250 (64%)

Unknown 2 (<0.1%) 0 (0%)

Yes 760 (21%) 140 (36%)

History of immunocompromise 171 (4.7%) 19 (4.9%) .9

Tobacco use .5

Current every-day smoker 496 (14%) 54 (14%)

Current some-day smoker 47 (1.3%) 1 (0.3%)

Former smoker 1116 (31%) 123 (32%)

Never smoker 1979 (54%) 212 (54%)

Smoking status unknown 2 (<0.1%) 0 (0%)

History of hypertension 2950 (81%) 337 (86%) .009

Prior MI .03

No 2102 (58%) 199 (51%)

Unknown 5 (0.1%) 0 (0%)

Yes 1533 (42%) 191 (49%)

Prior PCI 833 (23%) 102 (26%) .14

Time since last PCI (where known) .3

�6 h 5 (0.1%) 0 (0%)

>6 h 828 (23%) 102 (26%)

No PCI 2807 (77%) 287 (74%)

BSA 2.88 (2.75-3.00) 2.84 (2.71-2.96) .009

History of peripheral arterial disease 516 (14%) 109 (28%) <.001

History of chronic lung disease <.001

Lung disease documented, severity unknown 28 (0.8%) 5 (1.3%)

Mild 611 (17%) 84 (22%)

Moderate 204 (5.6%) 29 (7.4%)

No 2646 (73%) 240 (62%)

Severe 151 (4.1%) 32 (8.2%)

Last WBC count 7.50 (6.10-9.06) 7.54 (6.36-9.00) .3

Last platelet count 211,000 (173,000-255,000) 201,000 (164,250-253,750) .03

(Continued)
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TABLE 1. Continued

Variable No delirium, N ¼ 3640* Any delirium, N ¼ 390* P valuey
Preoperative renal failure or dialysis .016

No 3551 (98%) 371 (95%)

Unknown 1 (<0.1%) 0 (0%)

Yes 88 (2.4%) 19 (4.9%)

Preoperative INR 1.00 (1.00-1.10) 1.10 (1.00-1.20) <.001

History of endocarditis 131 (3.6%) 27 (6.9%) .001

History of TIA .4

No 3494 (96%) 373 (96%)

Unknown 3 (<0.1%) 1 (0.3%)

Yes 141 (3.9%) 16 (4.1%)

History of carotid stenosis .009

Both 102 (2.8%) 22 (5.6%)

Left 145 (4.0%) 17 (4.4%)

None 3249 (89%) 328 (84%)

Not documented 5 (0.1%) 0 (0%)

Right 137 (3.8%) 23 (5.9%)

Degree of left carotid stenosis .083

<50% or not known 3393 (93%) 351 (90%)

100% 11 (0.3%) 1 (0.3%)

50% to 79% 217 (6.0%) 36 (9.2%)

80% to 99% 19 (0.5%) 2 (0.5%)

Degree of right stenosis .006

<50% or not known 3401 (93%) 345 (88%)

100% 9 (0.2%) 1 (0.3%)

100% 1 (<0.1%) 0 (0%)

50% to 79% 214 (5.9%) 41 (11%)

80% to 99% 15 (0.4%) 3 (0.8%)

Prior CVA <.001

No 451 (12%) 73 (19%)

None 2878 (79%) 250 (64%)

Unknown 2 (<0.1%) 0 (0%)

Yes 307 (8.4%) 67 (17%)

Prior carotid surgery 94 (2.6%) 19 (4.9%) .009

History of home oxygen .4

No 3539 (97%) 379 (97%)

Unknown 3 (<0.1%) 0 (0%)

Yes 25 (0.7%) 3 (0.8%)

Yes, oxygen dependent 43 (1.2%) 2 (0.5%)

Yes, PRN 30 (0.8%) 6 (1.5%)

Preoperative MELD score 7.5 (6.4-9.6) 8.9 (7.5-11.5) <.001

History of liver disease .3

No 3486 (96%) 368 (94%)

Unknown 1 (<0.1%) 0 (0%)

Yes 153 (4.2%) 22 (5.6%)

Preoperative albumin 4.00 (3.70-4.25) 3.80 (3.50-4.10) <.001

History of mediastinal radiation 68 (1.9%) 3 (0.8%) .12

History of illicit drug use in the last year .2

No 3430 (94%) 368 (94%)

Recent 56 (1.5%) 6 (1.5%)

Remote 118 (3.2%) 11 (2.8%)

Unknown 19 (0.5%) 0 (0%)

Yes 17 (0.5%) 5 (1.3%)

(Continued)
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TABLE 1. Continued

Variable No delirium, N ¼ 3640* Any delirium, N ¼ 390* P valuey
Previous cardiac intervention .007

No 2344 (64%) 230 (59%)

Unknown 0 (0%) 1 (0.3%)

Yes 1296 (36%) 159 (41%)

Prior valve surgery 114 (3.1%) 14 (3.6%) .6

Prior CAB 123 (3.4%) 16 (4.1%) .5

MI timing .068

�6 h 6 (0.2%) 0 (0%)

>21 d 660 (18%) 80 (21%)

>6 h but<24 h 27 (0.7%) 5 (1.3%)

1-7 d 723 (20%) 96 (25%)

8-21 d 117 (3.2%) 10 (2.6%)

Unknown 2107 (58%) 199 (51%)

Heart failure .006

No 3141 (86%) 313 (80%)

Unknown 2 (<0.1%) 0 (0%)

Yes 497 (14%) 77 (20%)

Heart failure timing .014

Acute 95 (2.6%) 15 (3.8%)

Both 75 (2.1%) 12 (3.1%)

Chronic 327 (9.0%) 50 (13%)

No HF 3141 (86%) 313 (80%)

NYHA classification .006

Class I 58 (1.6%) 8 (2.1%)

Class II 220 (6.0%) 26 (6.7%)

Class III 165 (4.5%) 32 (8.2%)

Class IV 51 (1.4%) 10 (2.6%)

No HF 3141 (86%) 313 (80%)

Not documented 3 (<0.1%) 1 (0.3%)

Resuscitation required .073

No 3617 (99%) 384 (98%)

Yes,>1 h but<24 h of the start of the procedure 21 (0.6%) 6 (1.5%)

Yes, within 1 h of the start of the procedure 2 (<0.1%) 0 (0%)

No. of diseased vessels (CAB)

None 957 (26%) 67 (17%)

Not documented 34 (0.9%) 5 (1.3%)

1 310 (8.5%) 38 (9.7%)

3 1703 (47%) 198 (51%)

2 636 (17%) 82 (21%)

Aortic stenosis 1423 (39%) 176 (45%) .021

Mitral stenosis 139 (3.8%) 22 (5.6%) .081

Mitral regurgitation .3

Mild 896 (25%) 112 (29%)

Moderate 350 (9.6%) 42 (11%)

None 877 (24%) 79 (20%)

Not documented 123 (3.4%) 9 (2.3%)

Severe 505 (14%) 54 (14%)

Trivial/trace 889 (24%) 94 (24%)

(Continued)
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TABLE 1. Continued

Variable No delirium, N ¼ 3640* Any delirium, N ¼ 390* P valuey
Tricuspid regurgitation

Mild 926 (25%) 97 (25%)

Moderate 234 (6.4%) 42 (11%)

None 771 (21%) 89 (23%)

Not documented 153 (4.2%) 15 (3.8%)

Severe 42 (1.2%) 8 (2.1%)

Trivial/trace 1514 (42%) 139 (36%)

Aortic valve regurgitation 86 (2.4%) 18 (4.6%) .008

Last creatinine level 1.00 (0.80-1.20) 1.10 (0.90-1.40) <.001

Last hematocrit 40.3 (36.4-43.5) 38.0 (33.5-41.3) <.001

Ejection fraction 57 (47-63) 57 (43-63) .045

Intraoperative factors

Procedure type

AV replacement 684 (19%) 55 (14%)

AV replacement þ CAB 321 (8.8%) 68 (17%)

CAB only 1975 (54%) 195 (50%)

MV repair 335 (9.2%) 21 (5.4%)

MV repair þ CAB 68 (1.9%) 10 (2.6%)

MV replacement þ CAB 29 (0.8%) 4 (1.0%)

MV replacement only 228 (6.3%) 37 (9.5%)

Crossclamp time (min) 78 (62-98) 83 (62-108) .003

Cardiopulmonary bypass time (min) 103 (83-131) 112 (86-144) <.001

Intra-aortic balloon pump 189 (5.5%) 27 (7.6%) .11

Surgery status .001

Elective 2162 (59%) 194 (50%)

Emergency 42 (1.2%) 8 (2.1%)

Emergency salvage 2 (<0.1%) 0 (0%)

Urgent 1434 (39%) 188 (48%)

Predicted risk of mortality 0.015 (0.008-0.031) 0.032 (0.016-0.060) <.001

Intraoperative blood products <.001

No 2264 (62%) 183 (47%)

No, not given 193 (5.3%) 22 (5.7%)

Yes 1177 (32%) 184 (47%)

Intraoperative blood products (packed red blood cells) 0.00 (0.00-1.00) 1.00 (0.00-2.00) <.001

MI, Myocardial infarction; PCI, percutaneous coronary intervention; BSA, body surface area; WBC, white blood cell; AV, aortic valve; INR, international normalized ratio;

TIA, transient ischemic attack; CVA, cardiovascular accident; PRN, pro re nata; MELD, Model for End-stage Liver Disease; CAB, coronary artery bypass; HF, heart failure;

NYHA, New York Heart Association; MV, mitral valve. *Median (interquartile range); n (%); range. yWilcoxon rank-sum test; Pearson’s chi-square test; Fisher exact test;

Wilcoxon rank-sum exact test.

Adult: Perioperative Management Young et al
between the 2 groups in terms of age, gender, or ejection
fraction. The most common procedures performed were
coronary artery bypass only (52% in the no delirium
group vs 45% in the delirium group), aortic valve
replacement (13% vs 14%), and mitral valve repair
(6.6% vs 3.1%). There were no significant differences in
crossclamp time or cardiopulmonary bypass time between
the 2 groups.

Reoperation for bleeding was more common in the no
delirium group than in the delirium group (26% vs 17%,
P ¼ .032), as was stroke (10% vs 21%, P ¼ .001). Reintu-
bation was also more common in the delirium group (53%
vs 38%, P ¼ .056). Postoperative ejection fraction was
significantly higher in the delirium group (median 57 vs
53, P ¼ .021). The Predicted Risk of Mortality was higher
470 JTCVS Open c December 2023
in the delirium group (4% vs 3%, P ¼ .01). Other compli-
cations were similar between groups (Table 2).

FAILURE TO RESCUE
Eight models were created that incorporated predicted

risk of FTR and the percentage of positive CAM-ICU
scores, RASS, and each feature of the CAM-ICU score.
The features were examined independently with each being
incorporated into a separate model. There were 495 patients
who underwent STS index operations and experienced an
FTR complication. The results indicate that mean RASS
had the strongest association with decreased odds of FTR,
with an odds ratio (OR) of 0.49. A positive record of Feature
2 (inattention) showed a significant association with
increased odds of FTR, with an OR of 2.01 and a P value



TABLE 2. Postoperative outcomes in the group who experienced delirium compared with those who did not

Variable No delirium, N ¼ 3640* Any delirium, N ¼ 390* P valuey
Reoperation for bleeding 95 (7.2%) 22 (9.1%) .3

Permanent stroke <.001

No 1285 (97%) 213 (88%)

Yes 7 (0.5%) 9 (3.7%)

Yes, embolic 8 (0.6%) 9 (3.7%)

Yes, hemorrhagic 2 (0.2%) 2 (0.8%)

Yes, ischemic 16 (1.2%) 7 (2.9%)

Yes, undetermined type 4 (0.3%) 1 (0.4%)

Prolonged postoperative ventilation>24 h 259 (20%) 91 (38%) <.001

Postoperative cardiac arrest 52 (1.4%) 11 (2.8%) .035

Postoperative reintubation 62 (4.5%) 28 (20%) <.001

Total postoperative hours on ventilator 53 (24-214) 45 (25-308) >.9

Postoperative atrial fibrillation 939 (71%) 132 (55%) <.001

Reoperation for nonbleeding 10 (0.8%) 5 (2.1%) .067

Postoperative myocardial reintervention 3 (0.5%) 2 (2.2%) .15

Postoperative renal failure 92 (7.0%) 34 (14%) <.001

Postoperative sepsis 29 (2.2%) 7 (2.9%) .5

Postoperative ejection fraction 53 (43-63) 53 (43-63) .6

Operative mortality 60 (1.6%) 18 (4.6%) <.001

Percent of delirium per CAM-ICU 0.00 (0.00-0.00) 0.13 (0.06-0.25) <.001

CAM-ICU, ICU Confusion Assessment Method. *Median (interquartile range); n (%); range. yWilcoxon rank-sum test; Pearson’s chi-square test; Fisher exact test; Wilcoxon

rank-sum exact test.
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of .047. The highest 7-day mean RASS was 1.75. In
contrast, the higher the 7-day maximum RASS, the greater
the OR of FTR (OR, 1.20, CI, 1.00-1.43, P¼ .047). The re-
maining variables did not show a significant association
with FTR. Table 3 shows the composite of the 8 individual
risk-adjusted models, with each row representing a different
model. The complete results of the risk-adjusted model for
the maximum inattention score are shown in Table 4 and
serve as an example of how the other models were struc-
tured. The visual relationship between RASS scores and
FTR is shown in the Figure 3.
DISCUSSION
Our study analyzed 4030 patients who underwent STS

operations from 2011 to 2021, 495 of whom experienced
complications. Patients who experienced delirium had
higher prevalence of comorbidities and were more likely
to undergo urgent surgery. They also had a significantly
higher incidence of permanent stroke, prolonged postoper-
ative ventilation, postoperative cardiac arrest, postoperative
reintubation, postoperative renal failure, and operative mor-
tality. The mortality rate was twice as high in the delirium
group. Our initial analysis found that an increase in the
number of positive CAM-ICU scores or any feature of the
score was associated with greater mortality, whereas a
higher mean RASS score was associated with lower mortal-
ity. In the subgroup of 495 patients who experienced an STS
FTR complication, our multivariable, risk-adjusted ana-
lyses identified that increasing 7-day mean RASS score
had the strongest association with decreased odds of FTR,
whereas a higher peak inattention score (Feature 2) and
higher maximum RASS showed a significant association
with increased odds of FTR. These findings suggest that
more awake patients are less likely to experience FTR,
but that even transient agitation or combativeness is associ-
ated with FTR. These findings highlight the mental status
balancing act familiar to ICU physicians and cardiac
surgeons.
INCIDENCE OF DELIRIUM
The rates of delirium after cardiac surgery vary depend-

ing on the study and the method of assessment, but they are
generally high. According to a meta-analysis by Chen and
colleagues20 and Brown,21 the incidence of delirium after
cardiac surgery ranges from 26% to 52% when estimated
with rigorous methodology. Other studies have reported
similar or lower rates, such as 11.3% to 51.6% by Cai
and colleagues22 and 20% by Ibrahim and colleagues.23

The rate of delirium we report is 9.5%, which is lower
than these reported rates. Delirium after cardiac surgery is
JTCVS Open c Volume 16, Number C 471
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FIGURE 2. RASS mean (7 days) versus RASS max, colored and shaped

by mortality, locally estimated scatterplot smoothing lines show trends.

Lowmean RASS and high max RASS scores are associated with increased

clustering of FTR. RASS, Richmond Agitation Sedation Scale.

TABLE 4. Full risk-adjusted model for patients who were positive for

Feature 2 (inattention)

Characteristic OR 95% CI P value

Inattention 2.01 1.01-4.07 .047

Predicted risk of mortality 331 6.50-17,311 .004

Cardiopulmonary bypass time 1 0.99-1.01 .6

Crossclamp time 1 0.99-1.02 .6

Preoperative support 4.9 2.20-11.1 <.001

Massive transfusion 1.55 0.07-13.8 .7

Unplanned operation 0.4 0.17-0.90 .03

OR, Odds ratio.
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associated with increased mortality, morbidity, and
long-term cognitive dysfunction.24,25 After 3 and 6 months,
patients were found to have a lower quality of life and
greater mortality.25

A cross-sectional study of 590 contemporary cardiac ICU
patients reported the rate of delirium at 20% and that those
with delirium had higher ICU mortality (27% vs 3%;
P<.001).24 The association with increased mortality held
true even 10 years after surgery in one retrospective study.25

They reported an increased mortality rate of 16.0 per 100
person-years in those with delirium compared with 7.4 per
TABLE 3. Summary of 7 different multivariable models

incorporating predicted risk of failure to rescue into the model

Characteristic OR 95% CI P value

Percentage of recordings of delirium 0.29 0.01-3.87 .397

Mean RASS 0.49 0.37-0.64 <.001

Max RASS 1.20 1.00-1.43 .047

Feature 1: AMS/baseline change 1.59 0.93-2.69 .087

Feature 2: Inattention 2.01 1.01-4.07 .047

Feature 3: Altered mental status 1.5 0.76-3.00 .246

Feature 4: Disorganized thinking 1.52 0.75-3.04 .24

OR, odds ratio; RASS, Richmond Agitation Sedation Scale; AMS, altered mental sta-

tus. Each row in the table represents a different model structured the same as the one

described in Table 4.

472 JTCVS Open c December 2023
100 person-years in those without. Their findings suggested
that delirium was independently associated with this in-
crease in long-term mortality.26,27 Our rate of mortality
was 4.6% in those who experienced delirium compared
with 1.6% in those who did not. Although the rates differ,
the drastic increase in mortality in those with delirium re-
mains. A meta-analysis suggests that delirium may be an in-
dependent risk factor for long-term cognitive decline in both
surgical and nonsurgical patients.26 Some risk factors for
developing delirium after cardiac surgery are age, cognitive
impairment, perioperative use of opioids, intraoperative
transfusion, postoperative infection, postoperative atrial
fibrillation, and longer aortic crossclamp time.27,28We found
that patients who experienced complications had higher
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FIGURE 3. RASS mean (7 days) histogram with FTR differentiated by

color. RASS, Richmond Agitation Sedation Scale.



495 of these patients
experienced an STS FTR

complication

Conclusion: Delirium and specifically inattention is associated with FTR

STUDY POPULATION
n = 4030 underwent adult

cardiac surgery from
2010-2021 and had CAM-ICU

Scores

A single episode of CAM-ICU Delirium
was associated with

Mortality
4.6% v 1.6%

P < .001

Renal Failure

Delirium is Associated with Failure to Rescue after Cardiac Surgery

7% v 14%
P < .001

Cardiac Arrest
1.4 v 2.8%
P = .035

Inattention was associated
with Failure to Rescue

Odds Ratio 2.01
(1.01 – 4.07)

FIGURE 4. Graphical abstract describing the critical findings of the study. CAM-ICU, ICU Confusion Assessment Method; STS, Society of Thoracic Sur-

geons; FTR, failure to rescue.
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rates of delirium with the exception that the development of
atrial fibrillation was higher in the no-delirium group in our
cohort. We lack clear data on preoperative cognitive impair-
ment in our cohort, but delirium rates were higher in the
cohort with a history of cerebrovascular disease.
DELIRIUM AND FAILURE TO RESCUE
Interpretation of the interplay between complications and

delirium using STS data is challenging. We have informa-
tion about the timing of delirium episodes, but we lack in-
formation on the timing of complications. As described
previously, complications and intraoperative events are
associated with the development of delirium, but there are
also data to suggest that delirium leads to more complica-
tions, a longer length of stay, and higher costs.1,29

Data on the impact of ICU delirium on FTR are limited.
We could not find any studies specifically describing the
impact of ICU delirium on FTR, even in other populations.
Our univariate analysis suggests that inattention, altered
mental status, and disorganized thinking are all associated
with increased FTR. The risk-adjusted analysis was less
overt but suggests that if patients have an episode of
inattention on their assessment, they have greater odds of
developing FTR. Patients who are unable to communicate
effectively are harder to assess for deterioration. The rela-
tionship between higher RASS scores and less FTR also
supports this theory. Less sedation makes it easier to assess
patients. Patients who develop delirium may have worse
baseline cognition that is not captured with STS data.
Even those with higher baseline cognitive function are in
danger from delirium because they tend to lose more of their
function than those with lower baseline function.30 This
may lead to issues adapting to life outside of the hospital
and worse recognition of early problems.31

Use of sedative or analgesic medications in the perioper-
ative period is unknown to us, but the finding that higher
mean RASS scores were associated with less FTR suggests
that minimizing the amount of time a patient is sedated may
be important, with the context that the highest 7-day mean
score was 1.75 in the complications cohort. This is reflected
in guidelines for Enhanced Recovery after Cardiac Surgery
that suggest minimizing delirium-precipitating medications
and using analgesia that is less associated with delirium
such as ketamine or dexmedetomidine.32 The relationship
between maximum 7-day RASS and increasing FTR sug-
gests that even transient agitation or combativeness is harm-
ful. This finding is aligned with prior research because a
prospective study of ICU agitation found that it can be asso-
ciated with unplanned extubation, central line removal, and
prolonged ICU stay.33
STUDY LIMITATIONS
Retrospective cohort studies, although useful in

exploring associations between risk factors and outcomes,
have several limitations that researchers should consider.
One such limitation is the limited control over data collec-
tion because we rely on good data quality from the STS
database and in our health records.We also lack information
on baseline cognitive status or on the presence of preopera-
tive delirium, and there was no auditing process to confirm
the accuracy of the bedside assessment. Additionally, retro-
spective cohort studies cannot establish causality, because
there may be other factors that are not accounted for in
the study that could be responsible for the observed
JTCVS Open c Volume 16, Number C 473
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associations. Confounding variables, selection bias, infor-
mation bias, and confounding by indication are other poten-
tial limitations that researchers must consider when
interpreting their results, even with our attempts to adjust
for individual patient risk. Our study represents the out-
comes at a single center and in a single ICU. This may limit
the generalizability of our study to other institutions.
CONCLUSIONS
We found that patients who experienced delirium after

cardiac surgery as defined by CAM-ICU scores had signif-
icantly higher rates of postoperative complications and a
mortality rate that was more than double the rate of patients
who did not experience delirium. Features of the CAM-ICU
score independently contributed to FTR in univariate ana-
lyses. In our multivariable models, we found that inattention
was independently associated with FTR, whereas other in-
dependent features and the composite score were not.
More aware and attentive patients appeared to have better
outcomes as reflected by higher mean RASS scores being
associated with a lower OR of FTR, but this is balanced
by the observation that higher 7-day maximum RASS
scores are associated with increased FTR (Figure 4). Our
findings support the importance of recognizing and manag-
ing delirium in patients after cardiac surgery. We aim to
develop methods for determining complication timing in
large patient cohorts via health record data. The timing of
complications and ICU events is vital to understand the
complex link between delirium and patient outcomes.
With our current work as a foundation, we plan to further
explore this relationship in future studies. With this better
characterized, we can focus on early detection and preven-
tion of delirium and associated complications.
Webcast
You can watch a Webcast of this AATS meeting presenta-
tion by going to: https://www.aats.org/resources/delirium-
is-associated-with-failure-to-rescue-after-cardiac-surgery.
Conflict of Interest Statement
The authors reported no conflicts of interest.

The Journal policy requires editors and reviewers to
disclose conflicts of interest and to decline handling or re-
viewing manuscripts for which they may have a conflict
of interest. The editors and reviewers of this article have
no conflicts of interest.
474 JTCVS Open c December 2023
References
1. Brown CH IV, Laflam A, Max L, Lymar D, Neufeld KJ, Tian J, et al. The impact

of delirium after cardiac surgical procedures on postoperative resource use. Ann

Thorac Surg. 2016;101:1663-9.

2. Gottesman RF, Grega MA, Bailey MM, Pham LD, Zeger SL, Baumgartner WA,

et al. Delirium after coronary artery bypass graft surgery and late mortality. Ann

Neurol. 2010;67:338-44.

3. Medlej K. Confusion assessment method for the ICU (CAM-ICU) [Internet].

MDCalc; 2023. Accessed September 30, 2023. https://www.mdcalc.com/

confusion-assessment-method-icu-cam-icu

4. Ely EW, Margolin R, Francis J, May L, Truman B, Dittus R, et al.

Evaluation of delirium in critically ill patients: validation of the confusion assess-

ment method for the intensive care unit (CAM-ICU). Crit Care Med. 2001;29:

1370-9.

5. Inouye SK, van Dyck CH, Alessi CA, Balkin S, Siegal AP, Horwitz RI. Clarifying

confusion: the confusion assessment method. A new method for detection of

delirium. Ann Intern Med. 1990;113:941-8.

6. Kurlansky PA, O’Brien SM, Vassileva CM, Lobdell KW, Edwards FH, Jacobs JP,

et al. Failure to rescue: a new Society of Thoracic Surgeons quality metric for car-

diac surgery. Ann Thorac Surg. 2022;113:1935-42. https://doi.org/10.1016/j.

athoracsur.2021.06.025

7. Gonzalez AA, Dimick JB, Birkmeyer JD, Ghaferi AA. Understanding the

volume-outcome effect in cardiovascular surgery: the role of failure to rescue.

JAMA Surg. 2014;149:119-23.

8. Burke JR, Downey C, Almoudaris AM. Failure to rescue deteriorating patients: a

systematic review of root causes and improvement strategies. J Patient Saf. 2022;

18:e140-55. https://doi.org/10.1097/PTS.0000000000000720

9. Young AM, Strobel RJ, Rotar E, Norman A, Henrich M, Mehaffey JH, et al. Im-

plementation of a non-intensive-care unit medical emergency team improves

failure to rescue rates in cardiac surgery patients. J Thorac Cardiovasc Surg.

July 31, 2022; https://doi.org/10.1016/j.jtcvs.2022.07.015

10. Ahmed EO, Butler R, Novick RJ. Failure-to-rescue rate as a measure of quality of

care in a cardiac surgery recovery unit: a five-year study. Ann Thorac Surg. 2014;

97:147-52.

11. Kaplan EF, Strobel RJ, Young AM, Wisniewski AM, Ahmad RM, Mehaffey JH,

et al. Cardiac surgery outcomes during the COVID-19 pandemic worsened across

all socioeconomic statuses. Ann Thorac Surg. 2023;115:1511-8. https://doi.org/

10.1016/j.athoracsur.2022.12.042

12. Strobel RJ, Kaplan EF, Young AM, Rotar EP, Mehaffey JH, Hawkins RB, et al. So-

cioeconomic distress is associatedwith failure to rescue in cardiac surgery. J Thorac

Cardiovasc Surg. July 20, 2022; https://doi.org/10.1016/j.jtcvs.2022.07.013

13. Chen J, Ou L, Flabouris A, Hillman K, Bellomo R, Parr M. Impact of a standard-

ized rapid response system on outcomes in a large healthcare jurisdiction. Resus-

citation. 2016;107:47-56.

14. Daniele RM, Bova AM, LeGar M, Smith PJ, Shortridge-Baggett LM. Rapid

response team composition effects on outcomes for adult hospitalised patients:

a systematic review. JBI Libr Syst Rev. 2011;9:1297-340.

15. Hall KK, Lim A, Gale B. The use of rapid response teams to reduce

failure to rescue events: a systematic review. J Patient Saf. 2020;16(3S Suppl

1):S3-7.

16. Fischer CP, Bilimoria KY, Ghaferi AA. Rapid response teams as a patient safety

practice for failure to rescue. JAMA. 2021;326:179-80.

17. Pauley E, Lishmanov A, Schumann S, Gala GJ, van Diepen S, Katz JN. Delirium

is a robust predictor of morbidity and mortality among critically ill patients

treated in the cardiac intensive care unit. Am Heart J. 2015;170:79-86.e1.

https://doi.org/10.1016/j.ahj.2015.04.013

18. Tieges Z, Evans JJ, Neufeld KJ, MacLullich AMJ. The neuropsychology of

delirium: advancing the science of delirium assessment. Int J Geriatr Psychiatry.

2018;33:1501-11.

19. RStudio Team. RStudio: Integrated Development Environment for R [Internet].

RStudio, Inc; 2019, http://www.rstudio.com/

20. Chen H, Mo L, Hu H, Ou Y, Luo J. Risk factors of postoperative delirium after

cardiac surgery: a meta-analysis. J Cardiothorac Surg. 2021;16:113.

21. Brown CH. Delirium in the cardiac surgical ICU. Curr Opin Anaesthesiol. 2014;

27:117-22.

22. Cai S, Li J, Gao J, PanW, Zhang Y. Prediction models for postoperative delirium

after cardiac surgery: systematic review and critical appraisal. Int J Nurs Stud.

2022;136:104340.

23. Ibrahim K, McCarthy CP, McCarthy KJ, Brown CH, Needham DM,

Januzzi JL Jr, et al. Delirium in the cardiac intensive care unit. J Am Heart Assoc.

2018;7:e008568 https://doi.org/10.1161/JAHA.118.008568

https://www.aats.org/resources/delirium-is-associated-with-failure-to-rescue-after-cardiac-surgery
https://www.aats.org/resources/delirium-is-associated-with-failure-to-rescue-after-cardiac-surgery
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref1
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref1
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref1
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref2
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref2
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref2
https://www.mdcalc.com/confusion-assessment-method-icu-cam-icu
https://www.mdcalc.com/confusion-assessment-method-icu-cam-icu
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref4
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref4
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref4
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref4
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref5
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref5
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref5
https://doi.org/10.1016/j.athoracsur.2021.06.025
https://doi.org/10.1016/j.athoracsur.2021.06.025
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref7
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref7
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref7
https://doi.org/10.1097/PTS.0000000000000720
https://doi.org/10.1016/j.jtcvs.2022.07.015
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref10
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref10
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref10
https://doi.org/10.1016/j.athoracsur.2022.12.042
https://doi.org/10.1016/j.athoracsur.2022.12.042
https://doi.org/10.1016/j.jtcvs.2022.07.013
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref13
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref13
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref13
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref14
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref14
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref14
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref15
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref15
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref15
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref16
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref16
https://doi.org/10.1016/j.ahj.2015.04.013
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref18
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref18
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref18
http://www.rstudio.com/
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref20
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref20
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref21
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref21
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref22
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref22
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref22
https://doi.org/10.1161/JAHA.118.008568


Young et al Adult: Perioperative Management
24. Pandharipande PP, Girard TD, Jackson JC, Morandi A, Thompson JL, Pun BT,

et al. Long-term cognitive impairment after critical illness. N Engl J Med.

2013;369:1306-16.

25. Van Rompaey B, Schuurmans MJ, Shortridge-Baggett LM, Truijen S,

Elseviers M, Bossaert L. Long term outcome after delirium in the intensive

care unit. J Clin Nurs. 2009;18:3349-57.

26. Goldberg TE, Chen C, Wang Y, Jung E, Swanson A, Ing C, et al. Association of

delirium with long-term cognitive decline: a meta-analysis. JAMA Neurol. 2020;

77:1373-81.

27. Koster S, Hensens AG, Schuurmans MJ, van der Palen J. Risk factors of delirium

after cardiac surgery: a systematic review.Eur J Cardiovasc Nurs. 2011;10:197-204.

28. Andrejaitiene J, Sirvinskas E. Early post-cardiac surgery delirium risk factors.

Perfusion. 2012;27:105-12.

29. Rudiger A, Begdeda H, Babic D, Kr€uger B, Seifert B, Schubert M, et al. Intra-

operative events during cardiac surgery are risk factors for the development of

delirium in the ICU. Crit Care. 2016;20:264.
30. Tsui A, Searle SD, Bowden H, HoffmannK, Hornby J, Goslett A, et al. The effect

of baseline cognition and delirium on long-term cognitive impairment and mor-

tality: a prospective population-based study. Lancet Healthy Longev. 2022;3:

e232-41.

31. Han JH, Shintani A, Eden S, Morandi A, Solberg LM, Schnelle J, et al. Delirium

in the emergency department: an independent predictor of death within 6 months.

Ann Emerg Med. 2010;56:244-52.e1.

32. Engelman DT, Ben Ali W, Williams JB, Perrault LP, Reddy VS, Arora RC, et al.

Guidelines for perioperative care in cardiac surgery: enhanced recovery after sur-

gery society recommendations. JAMA Surg. 2019;154:755-66.

33. Jaber S, Chanques G, Altairac C, Sebbane M, Vergne C, Perrigault P-F, et al. A

prospective study of agitation in a medical-surgical ICU: incidence, risk factors,

and outcomes. Chest. 2005;128:2749-57.
Key Words: delirium, failure to rescue, perioperative care
JTCVS Open c Volume 16, Number C 475

http://refhub.elsevier.com/S2666-2736(23)00271-1/sref24
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref24
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref24
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref25
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref25
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref25
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref26
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref26
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref26
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref27
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref27
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref28
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref28
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref29
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref29
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref29
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref29
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref30
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref30
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref30
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref30
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref31
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref31
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref31
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref32
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref32
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref32
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref33
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref33
http://refhub.elsevier.com/S2666-2736(23)00271-1/sref33


TABLE E1. Summary of CAM-ICU scoring

Feature Criteria

Level of consciousness RASS score must be �3 or higher

1: Acute onset or fluctuation Positive if there is evidence of acute change or fluctuation in mental status from baseline

2: Inattention Positive if patient has difficulty focusing attention (eg, makes errors on letter cancellation test)

3: Altered level of consciousness Positive if patient’s level of consciousness is anything other than alert (eg, vigilant, lethargic, stupor)

4: Disorganized thinking Positive if patient gives illogical answers to questions (eg, “Will a stone float on water?”) or commands

(eg, “Hold up 2 fingers”)

Patients must not be sedated and be positive for components 1 and 2 to be assessed for components 3 and 4. If they are positive for 1 and 2 and either 3 or 4, they have delirium

according to the tool. CAM-ICU, ICU Confusion Assessment Method; RASS, Richmond Agitation Sedation Scale.

TABLEE2. Univariate analysis of different components of CAM-ICU score onmortality in the first 7 days after surgery: This was performed on all

patients and includes nonindex cases

Characteristic N Event N OR 95% CI P value q-value*

Percentage of recordings of delirium 5861 184 7.94 2.18-24.0 .003 0.003

Mean RASS 7252 248 0.25 0.22-0.28 <.001 <0.001

1: AMS/Baseline change max 6585 144 1.71 1.39-2.09 <.001 <0.001

2: Inattention max 5577 120 4.51 3.13-6.50 <.001 <0.001

3: Altered mental status max 5538 127 4.48 3.13-6.50 <.001 <0.001

4: Disorganized thinking max 5455 112 4.05 2.77-5.91 <.001 <0.001

CAM-ICU, ICU Confusion Assessment Method; OR, odds ratio; RASS, Richmond Agitation Sedation Scale; AMS, altered mental status. *False discovery rate correction for

multiple testing.

TABLE E3. Multivariable analysis of different components of CAM-ICU score on mortality in the first 7 days after surgery

Characteristic OR 95% CI P value

Percentage of recordings of delirium 4.84 0.47-28.37 .124

Mean RASS 0.29 0.23-0.36 <.001

1: AMS/baseline change max 1.55 1.13-2.10 .005

2: Inattention max 3.81 2.21-6.54 <.001

3: Altered mental status max 2.59 1.52-4.42 <.001

4: Disorganized thinking max 2.85 1.63-4.91 <.001

Patients who underwent index cases were included, and the model was risk adjusted with predicted risk of mortality. CAM-ICU, ICU Confusion Assessment Method; OR, odds

ratio; RASS, Richmond Agitation Sedation Scale; AMS, altered mental status.
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