
Journal of Cardiothoracic and Vascular Anesthesia 35 (2021) 3021�3026

Contents lists available at ScienceDirect

Journal of Cardiothoracic and Vascular Anesthesia

journal homepage: www.jcvaonline.com
Original Article
Association of Pain Wi
th Atrial Fibrillation and
This analysis was su

supported by the inves

Supporters had no ro

the manuscript; or dec
1Address correspond

Cleveland, Ohio, 4419

E-mail address: T

https://doi.org/10.105

1053-0770/Published
Delirium After Cardiac Surgery: A DECADE

Sub-Study

Ilker Ince, MD*
,y, Andrew Chiu*, Afrin Sagir, MBBS, MDz,

Praveen Chahar, MD, MBBS, FCARCSI*
,z, Jia Lin, MDx,

Aaron Douglas, DOx, Ahmad Adi, MDx, Jonathan Fang, MD*,
Guangmei Mao, PhDǁ, Alparslan Turan, MD*

,z,1

*Department of Outcomes Research, Cleveland Clinic, Cleveland, OH
yAnesthesiology Clinical Research Office, Ataturk University, Erzurum, Turkey

zDepartment of General Anesthesiology, Cleveland Clinic, Cleveland, OH
xDepartment of Cardiovascular Anesthesiology, Cleveland Clinic, Cleveland, OH

ǁDepartment Quantitative Health Sciences, Cleveland Clinic, Cleveland, OH
Objective: The authors aimed to evaluate the effects of postoperative pain on the incidence of atrial fibrillation and delirium in patients having

surgery with cardiopulmonary bypass (CPB).

Design: Post hoc analysis of the (An investigator-initiated, multicentre, double-blind trial (ClinicalTrials NCT02004613) (DECADE)), a ran-

domized, placebo-controlled trial.

Setting: Tertiary, academic hospital.

Participants: Six hundred five adults from the DECADE enrolled at Cleveland Clinic Main Campus, who had had surgery with CPB.

Interventions: Dexmedetomidine versus placebo started before surgical incision and postoperatively was maintained until 24 hours.

Measurements: Primary outcomes were atrial fibrillation, diagnosed by clinicians in the intensive care unit (ICU), presence of delirium assessed

with the Confusion Assessment Method for the ICU, data on pain scores, and opioid consumption, occurring between ICU admission and the ear-

lier of postoperative day five or hospital discharge.

Results: Postoperative pain levels were similar among patients with or without atrial fibrillation. Two hundred six (34%) patients had atrial

fibrillation and ninety-two (15%) had delirium before hospital discharge within the first five postoperative days. The risk of atrial fibrillation was

not significantly different between groups (hazard ratio: 1.09; 97.5% confidence interval [CI]: 0.99, 1.20, p = 0.039); there were no associations

between postoperative pain and the risk of postoperative delirium (hazard ratio: 0.96; 97.5% CI: 0.84-1.11; p = 0.57). Postoperative opioid con-

sumption was neither significantly associated with postoperative atrial fibrillation nor delirium.

Conclusions: Atrial fibrillation and delirium was not associated with pain after cardiac surgery. Opioid use was not associated with atrial fibrillation

and delirium. Because both atrial fibrillation and delirium have a multifactorial nature, further studies should be focused on other plausible mechanisms.

Published by Elsevier Inc.
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In the United States, approximately 200,000 CABG cases

are performed annually.1 Outcomes have improved signifi-

cantly since the introduction of coronary artery bypass grafting

in the 1960s. The use of cardiopulmonary bypass (CPB) is con-

sidered a major contributor to the extensive inflammatory

response caused by blood exposition to nonendothelial surface,

nonpulsatile flow, hypothermia, and reperfusion injury, and

has been associated with postoperative complications.2,3 Com-

plications include stroke, myocardial infarction, acute kidney

injury, with atrial fibrillation and delirium having the highest

incidence rates.4

The incidence of postoperative atrial fibrillation is between

25% and 35% in isolated coronary artery bypass grafting, higher

in valve procedures, and around 50% in combined surgeries.5

Atrial fibrillation is associated with thromboembolic events,

stroke, increased length of hospital stay, and mortality.6-11 The

mechanisms behind atrial fibrillation are multifactorial and have

not been clearly identified. The cardiovascular system responds

to the stress of unrelieved pain by increasing sympathetic ner-

vous system activity, which increases catecholamine (norepi-

nephrine, epinephrine, and dopamine) release, and they increase

heart rate, blood pressure, and peripheral vascular resistance.12

As the workload and stress of the heart increase due to hyperten-

sion and tachycardia, the oxygen consumption of the myocar-

dium increases.12 Thus, pain may play a significant role in the

pathophysiology of atrial fibrillation by activating a neuroendo-

crine stress response, increasing levels of catecholamines. Liter-

ature on the effect of pain on atrial fibrillation after cardiac

surgery is lacking.

Another common and important complication is delirium,

and the incidence ranges from 8% to 50% in cardiac surgery

patients. Delirium is prognostic for poor cognitive recovery,

functional decline, nursing home placement, and mortal-

ity.4,13-17 The pathophysiologic mechanism of delirium

remains unclear; however, pain leading to sleep deprivation

and the subsequent disruption of the circadian rhythm has

been identified as a precipitating factor.18 Uncontrolled pain

also may contribute to the pathogenesis of postoperative delir-

ium via the acute stress response. This primarily is mediated

through the limbic-hypothalamic-pituitary-adrenal axis and

the release of glucocorticoids.17 The hippocampus and frontal

lobe, which are the cognition-associated regions of the brain,

have glucocorticoid receptors, and it has been shown in the

studies that high levels of glucocorticoids may be harmful for

brain functions and cause psychiatric symptoms.19 Several

studies have indeed shown that high cortisol levels are associ-

ated with delirium, though a direct link between pain and delir-

ium has not been definitively established.20-22

The authors, therefore, aimed to evaluate the effects of post-

operative pain on the incidence of atrial fibrillation and delir-

ium. The authors hypothesize that in adults having surgery

with CPB, higher postoperative pain scores are associated with

increased risk of postoperative atrial fibrillation during the ini-

tial five postoperative days. The authors’ second primary

hypothesis is that in adults having surgery with CPB, higher

postoperative pain scores are associated with increased risk of

postoperative delirium.
Methods

Patients enrolled in the DECADE trial, which was an inves-

tigator-initiated, multicenter, double-blind trial, were consid-

ered for this analysis (ClinicalTrials NCT02004613). A total

of 798 cardiac surgical patients who underwent bypass were

randomized to dexmedetomidine versus placebo. Dexmedeto-

midine infusion, without a bolus dose, (or a similar volume of

saline) was started before the surgical incision at a rate of 0.1

mg/kg/h; at the end of bypass, the dose was increased to 0.2

mg/kg/h. Intraoperative opioids and benzodiazepines were

given at the discretion of the anesthesiologist. Postoperatively,

dexmedetomidine (or placebo) was increased to 0.4 mg/kg/h,

which was maintained until 24 hours after the infusion began.

The primary outcomes were atrial fibrillation and delirium

occurring between intensive care unit (ICU) admission and the

earlier of postoperative day five or hospital discharge. Patients

in the cardiac ICU had continuous electrocardiogram monitor-

ing. Diagnoses of atrial fibrillation in the cardiac ICU were

made by clinicians who were masked to group allocation.

Delirium assessments were done by Confusion Assessment

Method for the ICU (CAM-ICU) in person by formally trained

masked research physicians for the initial five postoperative

days. The conclusion of the DECADE study was that atrial

arrhythmias in patients recovering from cardiac surgery were

not reduced with dexmedetomidine infusion started at the

anesthesia induction and continued for 24 hours. Also, dexme-

detomidine possibly worsened delirium by triggering hypoten-

sion, although it was not significant. All DECADE patients

independent of group allocation were enrolled with approval

from local Institutional Review Boards and gave written

informed consent. The authors’ substudy was approved by the

Cleveland Clinic Institutional Review Board with waived indi-

vidual consent.

For the atrial fibrillation analysis, the authors excluded

patients with new-onset of atrial fibrillation within two hours

after arrival from operating room. The authors included

patients who had at least one pain measurement recorded.

Patients in the cardiac ICU had continuous electrocardiogram

monitoring with both electronic and clinical diagnoses of atrial

fibrillation. Diagnosis of atrial fibrillation was made by clini-

cians in the ICU and recorded. Thereafter, patients had 12-lead

electrocardiograms morning and evening until the earlier of

hospital discharge or five days. Atrial fibrillation was defined

by 1. clinician diagnosis; 2. documented atrial fibrillation last-

ing at least five minutes; or 3. presence of atrial fibrillation on

electrocardiograms in unmonitored patients.

Delirium assessments were preceded by a Richmond Agita-

tion and Sedation Scale to assess sedation.20 Delirium only

was assessed if Richmond Agitation and Sedation Scale scores

were not �4 or �5, indicating insufficient alertness. CAM-

ICU22,23 evaluations were performed in person by formally

trained, blinded research physicians for the initial five postop-

erative days so long as patients remained hospitalized. Morn-

ing assessments were done before 10 AM, and evening

assessments after 5 PM. Nurses, independent of research phys-

icians’ evaluation, also assessed CAM-ICU daily and



Table 1

Patient Characteristics (N = 605)

Factor Statistics

Age (y) 63 § 11

Sex (Female %) 185 (31)

Race (White %) 573 (95)

BMI (kg/m2) 29 § 5.9

ASA status (%)

1-2 8 (1)

3 113 (19)

4 484 (80)

Surgical type (%)

Valve-aorta only 332 (55)

CABG only 8 (1)

CABG + valve-aorta 265 (44)

Duration of surgery (h) 6.2 § 1.6

Blood loss (mL) 250 (0, 250)

Transfusion

RBC (%) 98 (16)

Platelets (%) 90 (15)

FFP (%) 41 (7)

Cryo (%) 34 (6)

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass

index; CABG, coronary artery bypass graft; cryo, cryoprecipitate; FFP, fresh

frozen plasma; RBC, red blood cell.
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described patients’ mental status in their notes. Patients were

considered to have had delirium if one or more CAM-ICU

assessments by investigators or nurses were positive, or if

there was clear indication of delirium in written nursing evalu-

ations.

Data on pain scores and opioid consumption in the first five

postoperative days were obtained from patients’ electronic

medical records. Postoperative pain is evaluated routinely on a

numeric rating scale (0-10 numeric rating scale (NRS)) every

15 minutes up to two hours after surgery in the postanesthesia

recovery unit, and then every four hours for five days postoper-

atively by ward nurses.

The time-weighted average (TWA) pain score for each post-

operative day was summarized for every patient as a measure

of pain until the fifth postoperative day or discharge if the lat-

ter happened earlier. Opioid consumption was converted to

intravenous morphine equivalent using the opioid conversion

table as shown in Table 1. For each patient, the total amount of

opioids was calculated for every postoperative day until post-

operative day five.

Statistical Analysis

The authors used pain score records (exposure) up to the

event time (time of atrial fibrillation or time of delirium in the

appropriate analyses). The authors used a survival model to

analyze the association between pain and atrial fibrillation to

address the potential bias that can occur from the different fol-

low-up times for each patient; patients who were discharged

earlier or had earlier postoperative atrial fibrillation were less

likely to experience high pain score, as exposure periods were

shorter than in patients without any complications.24 To
address this time-related bias, the authors used the TWA pain

score as a time-varying covariate in a Cox proportional hazard

survival model.25 TWA pain score on each day was treated as

a time-varying risk factor; other confounding variables were

treated as fixed covariates.

The authors did not include patients with positive delirium

assessment within six hours after surgery due to the possible

residual effect of anesthetic agents. The authors evaluated the

association between pain and delirium outcome with the same

survival analysis as for atrial fibrillation outcome including

censoring, adjustment for competing risk, and adjustment for

potential confounders listed in Table 1; hazard ratio with 95%

confidence interval (CI) was reported.

For secondary analysis, the relationships between the

amount of opioids and delirium and atrial fibrillation were

assessed in a Cox proportional hazard survival model with

amount of opioid on each postoperative day as a time-varying

covariate in the same manner as in the primary analysis,

adjusted for all confounders listed in Table 1.

The authors used the Bonferroni adjustment for multiple

comparisons to preserve Type I error at the 5% level for both

the primary and secondary analyses. The significance criterion

was 0.025 for each of the outcomes (ie, 0.05/2). SAS statistical

software version 9.4 (SAS Institute, Cary, NC) for 64-bit

Microsoft Windows was used for data retrieval and statistical

analysis.

Power Consideration

The authors used all the available DECADE trial cardiac

patients (patients used in the final analysis N = 787) for this

study. The power statement below is based on delirium out-

come because it requires a larger sample size than atrial fibril-

lation outcome, with incidence of 25%. The authors also

simplify the power statement treating delirium as a binary out-

come; the survival analysis planned is more powerful than

logistic regression analysis assumed for the purpose of power

assessment. The authors would have sufficient power (ie,

90%) to detect an odds ratio of developing delirium 1.25 or

greater for a one-unit increase in NRS pain score at the 0.025

significance level (due to Bonferroni adjustment for two pri-

mary outcomes), assuming an incidence of 10% for delirium

and a normal distribution for NRS pain with mean four units

and standard deviation of two units.

Results

The authors included 605 patients who had cardiac surgery

at Cleveland Clinic and were enrolled in the DECADE clinical

trial. The mean age of the patients was 63 § 11 years. Demo-

graphics, baseline, surgical and postoperative characteristics

of the patients are shown in Table 1.

Fig 1.

In total, 206 (34%) had atrial fibrillation and 92 (15%) had

delirium in the hospital until postoperative day five. Postopera-

tive pain level on each day was similar among patients with or

without atrial fibrillation or delirium (Fig 2). The hazard of



Fig 1. Flow chart.

Fig 2. Time-weighted average pain score and opioids consumptions on each posto

POD, postoperative day; TWA, time-weighted average.

Fig 3. Hazard ratios of atrial fibrillation and delirium associated with one- unit inc

equivalent) increase in opioids consumption. The circles represent hazard ratio, and
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atrial fibrillation increased in patients with a higher level of

pain, but was not significantly different, with a hazard ratio of

1.09 (97.5% CI: 0.99, 1.20, p = 0.039) per one- unit increase in

pain. The authors did not find an association between postoper-

ative pain and the hazard of experiencing postoperative delir-

ium (hazard ratio: 0.96; 97.5% CI: 0.84, 1.11; p = 0.57) (Fig 3).

Second, the authors summarized the opioids consumption

on each postoperative day and found that it also was similar

among patients with or without atrial fibrillation or delirium

(Fig 2). Postoperative opioids consumption was neither signifi-

cantly associated with postoperative atrial fibrillation nor delir-

ium (adjusted for variables listed in Table 1). The hazard ratios

associated a with 10- mg (intravenous morphine equivalent)

increase in opioids is presented in Table 2 and Figure 3.
perative day with or without atrial fibrillation and delirium. IV, intravenous;

rease in time-weighted average pain scores and 10- mg (intravenous morphine

the error bars represent 97.5% confidence interval.
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Discussion

Contrary to the authors’ hypothesis, the results of their study

showed that there was no association between pain and atrial

fibrillation. Although there are multiple plausible mechanisms

for pain to be associated with atrial fibrillation, there is a pau-

city of studies in the literature. Pain increases sympathetic ner-

vous system activity, which can provoke atrial fibrillation by

the aforementioned mechanisms.12 Supporting this mecha-

nism, in previous studies blockade of the sympathetic nervous

system reduced the incidences of myocardial ischemia, infarc-

tion, and atrial fibrillation.26 Furthermore, Kalman et al. dem-

onstrated an independent relationship between postoperative

atrial fibrillation and elevated norepinephrine levels, which

also was found to be associated with pain.27 Scott et al., in a

noncardiac patient population, reported that epidural analgesia

reduced the incidence of atrial arrhythmias from 22.3% to

10.2% and suggested improved pain control as one of the

mechanisms.28 Higher pain levels may be associated with

increased incidence of atrial fibrillation; however, in this study

the mean pain scores were not severe (<5 on Verbal Rating

Scale VRS) on any of the postoperative days, which may have

contributed to negative results. Therefore, a larger trial with

more variability in pain scores might find an association.

To the authors’ surprise they found no statistically signifi-

cant relationship among pain, opioid consumption, and delir-

ium. The role of postoperative pain and pain management on

the development of delirium remains unclear. A recent study

evaluated paravertebral analgesia in transapical Transcatheter

aortic valve replacement (TAVR) procedures and determined

significant pain and opioid reduction with regional block; how-

ever, this did not translate into decrease in

postoperative delirium.29 This trial was relatively small and

TAVR surgery does not require CPB, making it difficult to

generalize to cardiac surgery with bypass. There are also trials

on hip fracture patients in which regional anesthesia techni-

ques were used to decrease opioid consumption and pain; how-

ever, their results on delirium are contradictory. In a few of

them similar to this study, decreases in pain and opioids did

not translate to a decrease in delirium.30 A potential explana-

tion for the authors’ negative results is simply that pain and

opioids are not, in fact, the lead cause of delirium. Neuroin-

flammation is suggested as a common pathway leading to

delirium.31 The use of CPB in cardiac surgery leading to neu-

roinflammation and microglial cell activation, and poor deair-

ing may be the main reason for delirium in patients after

cardiac surgery.32,33

This study had multiple limitations. First, the current study

was a substudy of a completed randomized trial; some of the

variables were obtained retrospectively (pain and opioid con-

sumption), which could very well have been confounded by a

multitude of other unknown factors associated with the out-

comes. Second, due to tight control of pain after surgery by

clinicians, the variability of pain was limited, and the majority

of the patient’s pain scores were <5 on the VRS scale. It also

would be impossible to do a randomized controlled study with

different target pain scores. Third, some minor cognitive
impairment or hypoactive delirium could have been missed

despite delirium being assessed twice daily by trained physi-

cians and by nurses at least once daily. Fourth, the incidence

of the atrial fibrillation in this current study was 34% within

the first five postoperative days, which might be considered

lower than previously reported.

In conclusion, the current study demonstrated lack of associ-

ation with pain and atrial fibrillation after cardiac surgery with

CPB. The authors also were unable to determine a statistically

significant relationship among opioid use, pain, and delirium.

Because of the multifactorial nature of atrial fibrillation and

delirium, future research should be focused on more prominent

mechanisms.
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