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Abstract

Background—Delirium is a common complication after cardiac surgery and is associated with 

increased morbidity and mortality. However, whether rigorously-assessed postoperative delirium is 

associated with increased length of stay in the intensive care unit (LOS-ICU), length of stay 

(LOS), and hospital charges is not clear.

Methods—Patients (n=66) undergoing coronary artery bypass and/or valve surgery were enrolled 

in a nested cohort study. Rigorous delirium assessments were conducted using the Confusion 

Assessment Method. LOS-ICU and LOS were obtained from the medical record and hospital 

charges from administrative data reported to the state. Because of the skewed distribution of 

outcome variables, outcomes were compared using rank-sum tests, as well as median regression 

incorporating propensity scores.

Results—Patients who developed delirium (56%) vs. no delirium (43%) had increased median 

LOS-ICU (75.6 hours [IQR 43.6–136.8] vs. 29.7 hours [IQR 21.7–46.0]; p=0.002), increased 

median LOS (9 days [IQR 6–16] vs. 7 days [IQR 5–8]; p=0.006), and increased median hospital 

charges ($51,805 [IQR $44,041-$80,238] vs. $41,576 [IQR $35,748-$43,660]; P=0.002). In 
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propensity score models adjusted for patient and surgical characteristics and complications, the 

results for LOS-ICU and cost remained highly significant, although the results for LOS were 

attenuated based on the specific statistical model. Increased severity of delirium was associated 

with both increased LOS-ICU and charges in a dose-response manner.

Conclusions—Delirium after cardiac surgery is independently associated with both increased 

length of stay-ICU and higher hospital charges. Since delirium is potentially preventable, targeted 

delirium-prevention protocols for high-risk patients may represent an important strategy for 

quality improvement.
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Delirium is increasingly recognized as a common complication after cardiac surgery. (1) The 

fact that it is potentially modifiable (2–4) makes it an attractive target for improving quality 

of care in cardiac surgery patients. The incidence of delirium after cardiac surgery has been 

estimated to be between 30–50%, (5) and importantly, depends on the methodology of the 

assessment, with the hypoactive form of delirium often missed in the absence of a rigorous 

assessment. (6) Although previously thought to be transient with few consequences, recent 

evidence has demonstrated that delirium after cardiac surgery is associated with increased 

mortality, (7) functional decline, (8) and cognitive decline (9).

However, the association between delirium after cardiac surgery and length of stay and 

hospital charges has not been well defined. Prior studies have demonstrated an association 

between delirium and increased length of stay, (10–12) but these studies have been generally 

limited in several ways. First, a lack of sensitive methodology in delirium assessment may 

have underestimated the incidence of delirium, particularly hypoactive delirium, which is 

common in the cardiac care units, leading to misclassification bias. Second, failure to 

consider patient baseline characteristics may have resulted in confounding, since vulnerable 

patients are more likely both to develop delirium and to have increased length of stay. 

Finally, the economic impact of delirium after cardiac surgery has not been well 

characterized.

In this study, we tested the hypothesis that rigorously assessed delirium after cardiac surgery 

would be associated with increased length of stay in the intensive care unit (LOS-ICU), 

length of stay (LOS), and hospital charges, even after adjusting for important patient 

characteristics.

Patients and Methods

This was a prospective observational study, nested in an ongoing randomized trial evaluating 

the association between cerebral blood flow autoregulation (13) and brain injury after 

cardiac surgery (www.clinicaltrials.gov NCT00981474). The study was approved by the 

Johns Hopkins Institutional Review Board (Baltimore, MD), and individual written 

informed consents were obtained. Patients were enrolled between October 2012 and 

February 2014. Inclusion criteria were coronary artery bypass graft (CABG) and/or valve 
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surgery that required cardiopulmonary bypass and an elevated risk of stroke or 

encephalopathy, based on a Johns Hopkins risk score composed of history of stroke, 

presence of carotid bruit, hypertension, diabetes, and age, which generally excluded patients 

in the lowest quartile of risk. (14) Exclusion criteria were dialysis, non-English speaking, 

contraindications to MRI, and emergency surgery. As part of the main trial, patients were 

randomized 1:1 to blood pressure targets during cardiopulmonary bypass based on measures 

of cerebral autoregulation vs. standard of care targets. During the nested cohort study, 798 

patients were screened, of which 453 did not meet enrollment criteria, 151 were not 

approached for logistical reasons (such as unavailability of staff or emergent procedure), 117 

declined participation, and 77 were enrolled. Of the 77 enrolled patients, 5 patients 

withdrew, 2 patients did not have baseline cognitive assessments and so were excluded, and 

4 patients did not have delirium assessments, leaving 66 patients for analysis.

Perioperative Care

General anesthesia was induced and maintained with midazolam (0.15 mg kg−1), fentanyl 

(5–20 μg kg−1) and isoflurane. Cardiopulmonary bypass was with a non-occlusive roller 

pump, a membrane oxygenator, and an arterial line filter ≤40-μm. Non-pulsatile flow was 

maintained between 2.0–2.4 L/min m−2, using alpha-stat pH management. Patient 

rewarming targeted nasal temperature <37oC. Postoperative sedation was with propofol 20–

75 μg kg−1 min−1. Patients requiring >24 hours of ventilation received fentanyl and/or 

midazolam.

Delirium assessment

Delirium was assessed using rigorous methodology. For non-intubated patients, delirium 

was assessed in-person by trained research assistants using the validated Confusion 

Assessment Method (CAM). (15) The assessment was composed of a structured cognitive 

exam, which included the Mini-Mental State Examination, Digit Span Forwards and 

Backwards, and timed Months of the Year Backwards. Additionally, researchers queried the 

patient, nurses, patient families, and the medical record for evidence of delirium. Similarly, 

delirium severity was evaluated after each assessment using the Delirium Rating Scale-

Revised-98, a validated 16-item scale which assesses the severity of delirium symptoms over 

the previous 24 hours. (16) CAM-ICU was used for intubated patients. (17) Delirium 

assessments were conducted daily on the first 4 postoperative days because of evidence that 

>90% of delirium occurs within this time frame. (18) When research staff were not available 

for assessments (generally one day each weekend), we conducted a validated chart review 

(19) and queried nurses and family for events since the prior assessment, thereby obtaining 

data to support a delirium diagnosis in the interval days. Delirium subtype (hyperactive, 

hypoactive, mixed) was classified using observations of psychomotor agitation or 

retardation. (20)

Quality assurance methods for delirium assessment included a formal training protocol for 

research assistants, co-ratings of patients with author KN approximately every two weeks, 

and bimonthly meetings of delirium experts and research assistants to discuss assessments. 
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We measured agreement between researchers, and kappa statistics are between 0.7–0.8, 

which is consistent with substantial agreement.

Outcome Data

LOS-ICU and LOS were obtained from the electronic medical record. Charge data was 

obtained from an administrative database used by the hospital billing department for 

reporting to the State of Maryland. This database includes all charges from the date of 

surgery until the date of hospital discharge. The unique structure of medical reimbursement 

in Maryland means that payment rates for insurers (both public and private) are determined 

by a rate-setting commission and are uniform amongst payors, thus avoiding cost-shifting to 

privately insured patients. There was no adjustment for inflation since all patients were 

enrolled within a 16-month period.

Statistical Analysis

Statistical analyses were conducted using SAS version 9.2 (SAS Institute Inc, Cary, NC)

Baseline characteristics of the study population were compared using t-tests, rank-sum tests, 

and chi-square tests. To compare outcomes among patients with and without delirium who 

were otherwise similar with respect to covariates, a propensity score analysis was 

performed. (21) We a priori included factors for propensity score analysis based on prior 

studies or clinical suspicion that these factors might be confounders in the association of 

delirium and the outcomes. For the propensity score model, we used age, race, gender, Beck 

Depression Inventory score, Mini-Mental State Examination score, European System for 

Cardiac Operative Risk Evaluations (euroSCORE), active drug/alcohol use, preoperative 

hemoglobin, surgical procedure, total cardiopulmonary bypass time, number of units of red 

blood cells transfused intraoperatively, randomization group, and any postoperative 

occurrence (prior to delirium diagnosis) of sepsis, stroke, new intra-aortic balloon pump, 

dialysis, multi-organ system failure, or multiple inotropic drugs for 24 hours. The propensity 

score was estimated using logistic regression, and the propensity score model was checked 

for balance, for model fit, and for the ability to differentiate between delirious and non-

delirious patients. The propensity score was used to calculate an inverse probability weight, 

which was then used as a weight in weighted median regression models. Because LOS-ICU, 

LOS, and charges were non-normally distributed, we used median regression models for the 

main analyses. As sensitivity analyses based on comments from reviewers, we also 

incorporated additional comorbidities (stroke, diabetes, atrial fibrillation, congestive heart 

failure, hypertension, myocardial infarction, peripheral vascular disease, and significant 

valvular disease) into the propensity score and used the Society for Thoracic Surgeons risk 

score instead of the EuroSCORE.

Results

Patient Characteristics

The incidence of delirium was 56%(37/66). Delirium was first diagnosed on postoperative 

day 1 in 26(39.4%) patients, on postoperative day 2 in 8(12.1%) patients, and on 
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postoperative day 3 in the remaining 3(4.6%) delirious patients. Hypoactive delirium was 

present in 18/37(49%), with the remainder being hyperactive delirium (5/37[14%]) mixed 

hypoactive and hyperactive (8/37[21.6%]), and difficult to classify (6/37[16.2%]). 

Characteristics of patients by delirium status are shown in Table 1. Overall median LOS-

ICU in the cohort was 45.7 hours (IQR 25.1–86.6), overall median LOS was 7 days (IQR 6–

13); and median charges were $45,459 (IQR $36,607–$67,807).

LOS-ICU and LOS

Median LOS-ICU was higher in patients with delirium (75.6 hours, IQR 43.6–136.8) 

compared to patients without delirium (29.7 hours, IQR 21.7–46.0; P=0.002). As shown in 

Figure 1a, there was a “dose-response” between severity of delirium and LOS-ICU 

(p=0.012). In adjusted propensity score models, the estimated median LOS-ICU was 37.2 

hours longer (95%CI 25.6–48.7 P<0.001) for patients with delirium compared to without 

delirium. Among patients with purely hypoactive or hyperactive delirium compared to 

patients with no delirium, median LOS-ICU in adjusted propensity score models was 

significantly longer in both the hypoactive patients (41.9 hours; 95%CI 17.3–66.5 hours; 

p=0.001) and the hyperactive patients (47.6 hours; 95%CI 9.4–85.9 hours; p=0.02).

Similarly, median LOS was higher in patients with delirium (9 days, IQR 6–16) compared to 

without delirium (7 days, IQR 5–8; P=0.006, unadjusted). As shown in Figure 1b, there was 

a similar trend towards a “dose-response” between severity of delirium and LOS (p=0.07). 

In the primary adjusted propensity score model, the estimated median length of stay was 4 

days longer, (IQR 2.65–4.35, p<0.001) for patients with delirium compared to without 

delirium. Among patients with purely hypoactive or hyperactive delirium compared to 

patients with no delirium, median LOS in adjusted propensity score models was 

significantly increased only in the hyperactive patients (6 days longer; 95%CI 1.4–10.6 

days; p=0.01).

Charges

Similar to LOS-ICU and LOS, median total charges were greater among patients with 

delirium ($51,805, IQR $44,041-$80,238) compared to without delirium ($41,576, IQR 

$35,748-$43,660; P=0.002). As shown in Table 2, all types of charges (with the exception of 

supplies) were significantly higher among patients with delirium compared to without 

delirium. Figure 1c demonstrates a “dose response”, between severity of delirium and 

hospital charges (P=0.003). In adjusted propensity score models, patients with delirium had 

median hospital charges that were greater by $10,339 (95%CI $1,969-$18,709, P=0.02) 

compared to patients without delirium. There was no difference in costs between patients 

with purely hypoactive or hyperactive delirium compared to patients with no delirium in 

adjusted propensity score models.

Sensitivity Analyses

We conducted several sensitivity analyses to further examine these findings. First, we 

examined how the timing of postoperative delirium affected LOS-ICU, because we were 

concerned that patients with long LOS-ICU might be prone to develop delirium (reverse 

causation). We compared the subset of patients who developed “early” delirium (on 
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postoperative days 0–1 only) compared to non-delirious patients and found similar results to 

the main model—increased LOS-ICU in the “early” delirium group (44.8 hours longer; 

95%CI 16.4–73.2 hours; p=0.003). Second, we incorporated additional covariates into the 

propensity score model as described in the methods, and we substituted Society for Thoracic 

Surgeons risk score for the EuroSCORE. In each of these models, we found a consistent 

independent association of delirium with both increased LOS-ICU and increased cost. 

However, the association between delirium and increased LOS was attenuated in the model 

with additional covariates (p=0.1) and in the model using the Society for Thoracic Surgeons 

risk score (p=0.27).

Comment

The results of this study demonstrate that postoperative delirium is independently associated 

with both increased LOS-ICU and hospital charges among patients undergoing cardiac 

surgery. While not significant in all models, there also was an association between delirium 

and increased LOS. These results in cardiac surgery complement other studies which have 

only included non-cardiac surgery patients, (22,23) or intubated ICU patients (24) in whom 

post-ICU delirium may have been undetected. In addition, prior reports in cardiac surgery 

have not accounted for potentially important confounding variables (25) or used restricted 

definitions of delirium, such as CAM-ICU, (12) which has reduced sensitivity in non-

intubated patients. These results also support the importance of delirium severity and 

suggest that further categorizing delirium may have prognostic implications. (26) 

Importantly, almost half of patients with delirium had the hypoactive subtype, which is 

difficult to recognize clinically but has been associated with poor outcomes. (12) Indeed, our 

results show that purely hypoactive delirium was independently associated with increased 

costs. Finally, this study is unique in quantifying the economic impact of delirium after 

cardiac surgery. In other populations, including ventilated medical ICU patients, delirium 

incidence, severity, and duration have been associated with higher costs (11). Prior to this 

study, however, it was unclear whether results would be similar in cardiac surgery patients 

due to high prevalence of delirium, different subtypes, and patient baseline comorbidities 

and functional status.

Although the results of this study do not prove causality, they do highlight the potential 

importance of targeting high-risk patients with either prevention or rehabilitation strategies. 

To identify high-risk patients, several risk factors for postoperative delirium have been 

described, including age, cognition, stroke, alcohol use, activity, laboratory values, and 

surgery. However, even after identifying high-risk patients, delirium prevention is not easy. 

Several recent trials in cardiac surgery testing the efficacy of prophylactic steroids (27) and 

acetylcholinesterase inhibitors (28) have been negative. The strongest evidence for 

interventions to prevent delirium, at least in non-cardiac surgery patients, are often multi-

faceted with examples including the Hospital Elderly Life Program (2) or a formal geriatrics 

consults (3). Core aspects of these programs include increased mobility, reduction of 

inappropriate medications, sleep-promotion, and optimization of hydration and electrolytes. 

However, these programs may be costly to implement and involve additional resources, such 

as nurse practitioners and therapists, or the use of costly medications, such as 

dexmedetomidine. (29) The return on these investments may be warranted if delirium-
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prevention could improve LOS, the need for 1:1 sitters, or functional outcomes, but these 

tradeoffs need to be considered and evaluated in cardiac surgery populations, as they have 

been in other populations. (30)

There are multiple reasons why postoperative delirium might lead to increased length of 

stay-ICU and charges. First, delirious patients are often restrained (either physically or with 

medications), (12) and this limits mobility, which is increasingly recognized as essential to 

recovery. (31) Second, delirious patients may not participate in their care because of 

cognitive or functional limitations. (32) Third, delirious patients may be prone to iatrogenic 

complications from additional monitoring such as central lines and prolonged use of urinary 

catheters—both of which increase the risk for iatrogenic infections.

An alternative explanation for our data is that delirious patients have more co-morbid 

conditions that would be expected to increase length of ICU stay and hospital charges. In 

order to account for this potential confounding, we rigorously measured patient and surgical 

characteristics and complications, and adjusted our statistical models using propensity-score 

methodology. Even with the incorporation of potentially confounding variables, the adjusted 

models for length of stay in the ICU and overall charges remained significant. However, we 

cannot rule out the possibility that our results may be due to unmeasured variables, residual 

confounding, or reverse causation. Indeed, the association between delirium and length of 

stay was attenuated in models which incorporated additional covariates or additional risk 

scores.

Strengths of this study include rigorous delirium assessments and adjustment for underlying 

comorbidities, including cognition, a potentially important confounding variable. Our study 

has several limitations that should be considered. First, we relied on hospital charge data as a 

surrogate for cost. As mentioned, unique to the State of Maryland, the Maryland Heath 

Services Cost Review Commission determines payment rates for insurers—both public and 

private. The rate for charge payments at the authors’ institutions has historically been cost 

plus 1–3%, and thus charges approximate cost. (33) Second, the sample size of this study is 

relatively small, and thus subject to potential confounding by outlying variables and unique 

events. A larger sample size would allow further examination of the consistency of the 

results and other confounding or modifying factors. Additionally, there may be residual 

unmeasured confounding. An average of 9 mg of midazolam were used intraoperatively, and 

since midazolam may be associated with postoperative delirium, the incidence of delirium 

may be higher than in practices which routinely use less midazolam, thus limiting 

generalizability of these results. Finally, a large number of eligible patients were not 

approached or refused consent, thus introducing the risk of selection bias and limiting 

generalizability of the results.

In conclusion, delirium is associated with increased length of stay-ICU and increased 

hospital charges after cardiac surgery, and thus represents an important target for quality 

improvement measures.
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Figure 1. 
Figure 1A: Length of stay-ICU

Figure 1B: length of hospital stay

Figure 1C: hospital charges in relation to quintile of delirium severity.

Abbreviations: ICU= Intensive Care Unit
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Table 1

Patient and Surgical Characteristics

No Delirium (n=29) Delirium (n=37) P-value

Age (years), mean±SD 69±8 70±7 0.49a

Male, n(%) 23(79.3) 28(75.7) 0.73b

Race, n(%) 0.75c

 White 23(79.3) 31(83.8)

 African American 3(10.3) 4(10.8)

 Other 3(10.3) 2(5.4)

Baseline MMSE, median(IQR) 28(26–29) 27(26–28) 0.13d

Education (years), median(IQR) 15 (12–17) 13 (12–17) 0.26

Beck Depression Inventory, median(IQR) 7.5(3.5–12) 7.5(4–14) 0.83d

Current smoking, n(%) 3(10.3) 2(5.4) 0.65c

Current drug or alcohol, n(%) 13(44.8) 21(56.8) 0.34b

euroSCORE, median(IQR) 5(3–6) 6(4–9) 0.05c

Comorbidities, n(%)

 Stroke 2(6.9) 3(8.1) 1.0c

 Carotid bruit 3 (10.3) 4 (10.8) 1.0c

 Atrial fibrillation 3(10.3) 5(13.5) 1.0c

 Coronary artery disease 21(72.4) 34(91.9) 0.05b

 Congestive heart failure 1(3.5) 4(10.8) 0.38c

 Hypertension 26(89.7) 35(94.6) 0.45b

 Myocardial infarction 9(31.0) 13(35.1) 0.73b

 Peripheral vascular disease 2(6.9) 12(32.4) 0.02c

 Diabetes, n(%) 13(44.8) 21(56.8) 0.34

Hemoglobin (mg/dL), mean±SD 13.3±1.5 12.3±1.8 0.02a

Surgery, n(%) 0.02c

 CABG 15(51.7) 25(67.6)

 CABG/Valve 2(6.8) 9(24.3)

 Valve 12(41.3) 3(8.1)

Bypass time (min), mean±SD 108±58 122±69 0.37a

Cross-clamp time (min), mean±SD 72±30 77±41 0.55a

Packed red blood cell transfusions intraoperatively, median(IQR) 0(0–3) 2(0–7) 0.07d

Midazolam dose intraoperatively (mg), mean±SD 9±4 9±4 0.88a

Fentanyl dose intraoperatively (mcg), mean±SD 1386±411 1227 ±344 0.10a

Delirium Rating Scale-Revised-98 median(IQR) 3(2–4) 11(8–14) <0.001

Postoperative

 In-hospital mortality 0(0) 3(8.1) 0.25 c
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No Delirium (n=29) Delirium (n=37) P-value

 Re-admission to ICU 1(3.5) 5(13.5) 0.22 c

 Benzodiazepines on postoperative days 1–4, n(%) 1(3.5) 2(5.4) 1.00 c

 New intra-aortic balloon pump, n(%) 0(0) 4(11.1) 0.12c

 Cerebrovascular accident, n(%) 1(3.5) 3(8.1) 0.62c

 Transient Ischemic Attack, n(%) 0 (0) 1(2.9) 1.0c

 Sepsis, n(%) 0(0) 2(5.4) 0.50c

 Dialysis, n(%) 0(0) 3(8.6) 0.25c

 Multi-Organ System Failure 0(0) 1(2.9%) 1.0c

 Multiple inotropic drugs, n(%) 0(0) 3(8.1) 0.25b

 30-day readmission 0(0) 2(5.4) 0.5 c

a
Student’s t-test;

b
Chi-squared test;

c
Fisher’s exact test; d Wilcoxon rank-sum test

Abbreviations: CABG=Coronary Artery Bypass Graft; IQR=Inter-Quartile Range; SD=Standard Deviation; MMSE= Mini-Mental State 
Examination; STS= Society of Thoracic Surgeons
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