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A B S T R A C T   

Study objective: To test the hypotheses that in adults having cardiac surgery with cardio-pulmonary bypass, 
perioperative hypotension increases the risk of delirium and atrial fibrillation during the initial five postoperative 
days. 
Design: Sub-analysis of the DECADE multi-center randomized trial. 
Setting: Patients who had cardiac surgery with cardiopulmonary bypass at the Cleveland Clinic. 
Interventions: In the underlying trial, patients were randomly assigned 1:1 to dexmedetomidine or normal saline 
placebo. 
Measurements: Intraoperative mean arterial pressures were recorded at 1-min intervals from arterial catheters or 
at 1–5-min intervals oscillometrically. Postoperative blood pressures were recorded every half-hour or more 
often. The co-primary outcomes were atrial fibrillation and delirium occurring between intensive care unit 
admission and the earlier of postoperative day 5 or hospital discharge. Delirium was assessed twice daily during 
the initial 5 postoperative days while patients remained hospitalized with the Confusion Assessment Method for 
the intensive care unit. Assessments were made by trained research fellows who were blinded to the dexme-
detomidine administration. 
Main results: There was no significant association between intraoperative hypotension and delirium, with an 
adjusted odds ratio of 0.94 (95% CI: 0.81, 1.09; P = 0.419) for a doubling in AUC of mean arterial pressure 
(MAP) <60 mmHg. An increase in intraoperative AUC of MAP <60 mmHg was not significantly associated with 
the odds of atrial fibrillation (adjusted odds ratio = 0.99; 95% CI: 0.87, 1.11; P = 0.819). Postoperative MAP 
<70 mmHg per hour 1.14 (97.5% CI: 1.04,1.26; P = 0.002) and MAP <80 mmHg per hour 1.05 (97.5%: 1.01, 
1.10; P = 0.010) were significantly associated with atrial fibrillation. 
Conclusions: In patients having cardiac surgery with cardio-pulmonary bypass, neither intraoperative nor post-
operative hypotension were associated with delirium. Postoperative hypotension was associated with atrial 
fibrillation, although intraoperative hypotension was not.   

1. Introduction 

Delirium is a common complication of cardiac surgery and is 

associated with prolonged hospital stay, cognitive and functional 
decline, and mortality [1–3]. The reported incidence of delirium after 
cardiac surgery ranges between 13 and 50% [3–5]. The pathophysiology 
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of delirium is multifactorial and likely includes pain [6,7], sleep 
derangement [8–12], surgical stress, anesthetic effects, concomitant 
medications [8–11] and the inflammatory response to surgical tissue 
injury [4]. Release of inflammatory mediators consequent to cerebral 
hypoperfusion may also contribute [5]. 

Atrial fibrillation is also common after cardiac surgery and is asso-
ciated with an increase in morbidity and mortality [15]. Atrial fibrilla-
tion occurs in 25–35% of patients recovering from isolated coronary 
artery bypass grafting (CABG), and is even more common after valve 
surgery [16]. Factors directly contributing to postoperative atrial 
fibrillation remain elusive, but fibrillation has been associated with 
surgical insult to cardiac tissue [6], pericardial inflammation, auto-
nomic imbalance, and fluid shifts [7]. 

Blood pressure is an important determinant of organ perfusion. As 
might thus be expected, intraoperative hypotension is associated with 
injury to the heart, kidney, and brain [8–12]. Low blood pressure and 
resultant hypoperfusion of the brain cortex and the myocardium may 
result in both delirium and atrial fibrillation [13,14]. Hypotension that 
is below the lower limit of cerebral pressure autoregulation can provoke 
cerebral hypoperfusion which may lead to postoperative neurocognitive 
complications including delirium. Unlike most risk factors for both 
complications, hypotension can often be prevented. Blood pressure is an 
attractive target in the postcardiac surgery population because hypo-
tension is associated with postoperative delirium in patients with hip 
fractures [15,16]. Furthermore, intraoperative and postoperative hy-
potension are both associated with delirium in postoperative critical 
care patients [17]. Intraoperative hypotension is also associated with 
postoperative atrial fibrillation after non-cardiac surgery [18]. 

We therefore, tested the primary hypotheses that in adults having 
cardiac surgery with cardio-pulmonary bypass, intraoperative hypo-
tension increases the risk of delirium and atrial fibrillation during the 
initial five postoperative days. Secondarily, we tested the hypothesis 
that postoperative hypotension is associated with postoperative 
delirium and atrial fibrillation. 

2. Methods 

The underlying trial, Dexmedetomidine for Reduction of Atrial 
Fibrillation and Delirium after Cardiac Surgery (DECADE, 
NCT02004613) was a randomized trial conducted at six academic hos-
pitals in the USA. Patients who had cardiac surgery with cardiopulmo-
nary bypass were randomly assigned 1:1 to dexmedetomidine or normal 
saline placebo. Patients, caregivers, and evaluators were all masked to 
treatment. Participants were given either dexmedetomidine infusion or 
saline placebo from the surgical incision until 24 h thereafter. The co- 
primary outcomes were atrial fibrillation and delirium occurring be-
tween intensive care unit admission and the earlier of postoperative day 
5 or hospital discharge. Dexmedetomidine infusion did not decrease 
postoperative atrial arrhythmias or delirium. 

The current sub-study was also approved by the Cleveland Clinic 
institutional review board (IRB) which waived additional consent 
(number 19–358). Our analysis is post hoc, but based on a formal sta-
tistical analysis plan that was registered with our IRB before data were 
accessed for this analysis. Analysis was restricted to patients enrolled at 
three Cleveland Clinic hospitals that had continuous postoperative 
blood pressure monitoring: the Main Campus, Hillcrest, and Fairview. 
All patients were 18–85 years old and had cardiac surgery between April 
2013 and December 2018. We excluded patients with missing data of 
potential confounders listed in Table 1 and who without any Confusion 
Assessment Method for the ICU (CAM-ICU) assessments. Reporting is 
consistent with Observational Studies in Epidemiology (STROBE) 
guidelines. 

2.1. Measurements 

Baseline demographic and morphometric characteristics, medical 

history, and intraoperative and postoperative data were obtained from 
the underlying trial database and electronic patient records. 

Delirium assessments were preceded by a Richmond Agitation and 
Sedation Scale to assess sedation. Delirium was only assessed if Rich-
mond Agitation and Sedation Scale scores exceeded − 4, indicating 
insufficient alertness. Confusion Assessment Method for the ICU (CAM- 
ICU) [19]. evaluations were done twice daily by formally trained 
research physicians who were masked to treatment for the initial 5 
postoperative days so long as patients remained hospitalized. Morning 
assessments were done before 10:00 h, and evening assessments after 
17:00 h. Nurses, independent of research physicians’ evaluation, also 
assessed CAM-ICU daily and described patients’ mental status in their 

Table 1 
Patient characteristics (N = 597).  

Factor Lowest 
hypotension 
tercile (N =
199) 

Intermediate 
hypotension 
tercile (N = 199) 

Highest 
hypotension 
tercile (N =
199) 

Age, year* 63 ± 11 63 ± 11 62 ± 12 
Gender, female %* 58 (29) 68 (34) 55 (28) 
Race, white %* 186 (93) 187 (94) 189 (95) 
BMI, kg/m2* 30 ± 5 28 ± 5 28 ± 6 
ASA status*     
- 1 2 (1) 4 (2) 1 (0.5)  
- 3 32 (16) 26 (13) 54 (27)  
- 4 165 (83) 169 (85) 144 (72) 
History of 
Renal impairment, %* 46 (23) 47 (24) 51 (26) 
Stroke, %* 8 (4) 12 (6) 10 (5) 
Hypertension, % 136 (68) 133 (67) 130 (65) 
Diabetes, % 44 (22) 45 (23) 41 (21) 
Chronic pulmonary 

disease, % 
21 (11) 33 (17) 32 (16) 

Atrial fibrillation, % 12 (6) 13 (7) 14 (7) 
Coronary artery 

disease, % 
62 (31) 64 (32) 56 (28) 

Myocardial infarction, 
% 

22 (11) 24 (12) 18 (9) 

Cardiac surgery,, % 17 (9) 27 (14) 23 (12) 
Peripheral artery 

disease, % 
6 (3) 10 (5) 12 (6) 

Surgical type, %*     
- Valve/Aorta only 95 (48) 97 (49) 120 (60)  
- CABG only 78 (39) 66 (33) 57 (29)  
- CABG+Valve/Aorta 16 (8) 30 (15) 20 (10)  
- Other 10 (5) 6 (3) 2 (1) 
Dexmedetomidine, %* 109 (55) 94 (47) 95 (48) 
Surgery duration, 

hour* 
6[5,7] 6[5,7] 6[5,8] 

Bypass duration, hour* 1[1,2] 2[1,2] 2[1,2] 
Crystalloids, L 2.5 ± 1.0 2.6 ± 1.0 2.9 ± 1.1 
Estimated blood loss, 

ml 
250[0,250] 250[0,250] 250[0,250] 

Urine output, ml 680[500,850] 700[500,1000] 700[510,1000] 
Preoperative inotropes 

or vasopressin 
infusion, % 

19(10) 20(10) 22(11) 

Intraoperative medications 
Epinephrine, % 64 (32) 76 (38) 98 (49) 
Phenylephrine, % 171 (86) 172 (86) 177 (89) 
Ephedrine, % 75 (38) 80 (40) 67 (34) 
Norepinephrine, % 66 (33) 82 (41) 114 (57) 
Milrinone, % 4 (2) 12 (6) 19 (10) 
Dobutamine, % 12 (6) 10 (5) 5 (3) 
Transfusion, % 30 (15) 41 (21) 63 (32) 
Fresh frozen plasma, % 7 (4) 11 (6) 22 (11) 
Platelets, % 16 (8) 24 (12) 48 (24) 
Red cells, % 20 (10) 32 (16) 44 (22) 
Cryoprecipitate, % 9 (5) 8 (4) 16 (8) 

Area under the curve (AUC) of MAP under 60 mmHg is <1.3 mmHg*hour in 
lowest tercile of hypotension group, 1.3 to 3.2 in medium tercile, and 3.3 to 67 
mmHg in highest tercile. Values presented as Means ± SDs, Median [P25, P75], 
Medians (min, max) or N (column %). 
Factors marked with * were adjusted in all analyses. 
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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 evaluations. 

When patients were in cardiac ICU, they had continuous electro-
cardiogram monitoring; when discharged from the unit, twelve‑lead 
electrocardiograms were recorded in the morning and evening until the 
earlier of hospital discharge or five days in unmonitored patients. Atrial 
fibrillation was defined by the presence of any of the following in a 
patient from ICU admission through the earlier of hospital discharge or 
5 days: 1) clinician diagnosis by a cardiologist or anesthesiologist; 2) 
documented arrhythmia lasting at least 5 min; or, 3) presence of 
arrhythmia on ECGs in unmonitored patients. 

Presumably inadequate brain perfusion is a function of both depth 
and duration of hypotension, intraoperative hypotension (IOH) was thus 
defined as the Area Under the Curve (AUC) below a threshold of 60 
mmHg, and is expressed in mmHg.hour. IOH was separately assessed 
during on-pump and off-pump periods. 

Intraoperative mean arterial pressures were recorded at 1-min in-
tervals from arterial catheters. We removed artifacts during off-pump 
periods using the following rules in order: 1) blood pressures docu-
mented as artifacts; 2) pressures out-of-range defined by (a) systolic 
blood pressure (SBP) ≥300 or SBP ≤20 mmHg, (b) SBP ≤ diastolic blood 
pressure (DBP) + 5 mmHg, or (c) DBP ≤5 mmHg or DBP ≥225 mmHg; 
or, 3) abrupt changes defined by SBP change ≥40 mmHg within 1 min in 
either direction or abrupt SBP changes ≥80 mmHg within 2 min in both 
directions. Pressures between measurements were linearly interpolated. 
As for on-pump period, we removed artifacts of abrupt changes. Spe-
cifically, for any SBP data points, we calculate the absolute difference 
comparing to the SBP values 1 min before and 1 min later. If any of the 
differences exceeded 80 mmHg, or both differences exceeded 40 mmHg, 
we considered the pressures to be artifactual. 

After surgery, patients were transferred to the cardiac intensive care 
unit. Nurses recorded blood pressure every half-hour or more often. 
Postoperative hypotension was quantified as AUC of MAP <70 mmHg or 
<80 mmHg per hour on each postoperative day. For patients who 
experienced delirium or atrial fibrillation, only pressures before the 
event were included in our analysis. 

2.2. Statistical analysis 

We summarized potentially confounding baseline and procedural 
characteristics of the study population using appropriate summary sta-
tistics (i.e., means ± standard deviations, medians [Q1, Q3], or N (%)). 

The primary associations of intraoperative AUC of MAP <60 mmHg 
on postoperative delirium and atrial fibrillation were assessed with 
multivariable logistic regression models adjusted for 11 potential con-
founding factors marked in Table 1. We also assessed whether the as-
sociation between duration of hypotension and the outcome differs by 
randomization to dexmedetomidine or placebo by testing for the AUC 
MAP-by-dexmedetomidine interactions using a significance criterion of 
P < 0.10. If we found a significant interaction and the association 
differed in direction across groups, results would be reported by 
DECADE randomization groups. As a sensitivity analysis, we estimated 
the association of AUC MAP <50 mmHg and postoperative delirium 
using similar methods. 

To assess associations between postoperative hypotension and 
delirium or atrial fibrillation, we used a survival model to address po-
tential bias due to the different follow-up times across patients. For 
example, patients with delirium or atrial fibrillation may have had 
shorter periods of MAP measurements compared to patients without the 
event. Specifically, we used AUC of MAP <70 mmHg and AUC of MAP 
<80 mmHg per hour on each day within 5 postoperative days and before 
delirium or atrial fibrillation was detected as a time-varying covariate in 
a Cox proportional hazard survival model. Measurements that occurred 
after outcome events were not included in analysis. Patients without 
events were censored at the earlier of postoperative day 5 or discharge. 

The 11 confounding variables marked in Table 1 were included as fixed 
covariates. We reported the hazard ratios and their confidence interval 
of delirium and atrial fibrillation separately. 

We used an overall alpha of 0.05 for both the primary and secondary 
analyses. As there are two outcomes for each part, we applied a Bon-
ferroni correction to compensate for multiple comparisons. The signifi-
cance criteria were 0.025 (i.e. 0.05/2) for both primary and secondary 
analyses. Statistical analyses were completed using SAS version 9.4 or 
newer (SAS Institute, Carey, NC) and R version 3.2.4 or newer (R Project 
for Statistical Computing, Vienna, Austria). 

2.2.1. Sample size and power 
We expected AUC MAP <60 mmHg to follow a log-normal distri-

bution with geometric mean of 2.7 and coefficient of variation of 1, 
which were estimated from a query of a similar population prior to this 
analysis. With 620 patients enrolled in DECADE from Cleveland Clinic 
hospitals, we had >90% power at the 0.05 significance level to detect an 
odds ratio of 1.10 per mmHg.hour increase in AUC MAP <60 mmHg. 

3. Results 

Among 784 patients analyzed in DECADE, we included 398 patients 
assigned to dexmedetomidine and 396 patients assigned to placebo. 
After excluding 23 patients with incomplete data for potential con-
founders and delirium assessment, there were 597 patients available for 
analysis (Fig. 1). There were 92 patients (15%) who had delirium. Their 
baseline characteristics and surgical information is summarized in 
Table 1 by tercile of intraoperative hypotension. The terciles are for 
illustration purposes; all analyses were based on continuous data. 

The median intraoperative AUC of MAP <60 mmHg was 130 
mmHg.hour [Q1, Q3: 60, 243] in patients without postoperative 
delirium and 126 mmHg.hour [52, 216] in patients with delirium. We 
did not find a significant association between intraoperative hypoten-
sion and delirium, with an odds ratio of 0.94 (97.5% CI: 0.81, 1.09; P =
0.419) for a doubling in AUC of MAP <60 mmHg, adjusted for con-
founders marked in Table 1. Dividing the AUC into off-pump and on- 
pump periods and including them in a multivariable logistic regres-
sion model did not substantively change the results (Table 2, Fig. 2). 

Atrial fibrillation was observed in 202 patients (34%). An increase in 
AUC of MAP <60 mmHg was not significantly associated with the odds 
of atrial fibrillation (odds ratio = 0.99; 97.5% CI: 0.87, 1.11; P = 0.819), 
adjusted for potential confounders. Again, results were similar with off- 
pump and on-pump periods considered separately (Table 2, Fig. 2). 

As a sensitivity analysis, we quantified intraoperative hypotension as 

Fig. 1. Patient flow chart.  
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AUC of MAP <50 mmHg and assessed its association to delirium and 
atrial fibrillation. The results were consistent with previous analyses: 
intraoperative AUC of MAP <50 mmHg was not related to either post-
operative delirium or atrial fibrillation. 

Secondarily, we found that postoperative hypotension, quantified as 
AUC of MAP <70 mmHg or AUC of MAP <80 mmHg per hour was not 
associated with postoperative delirium. The hazard ratio of delirium was 
1.03 (97.5%: 0.87, 1.21; P = 0.690) for 1 mmHg increase in AUC of MAP 
<70 mmHg per hour and 1.02 (97.5%: 0.96, 1.09; P = 0.478) for AUC of 
MAP <80 mmHg per hour, adjusted for confounders listed in Table 1 
(Table 3, Fig. 3). 

Postoperative AUC of MAP <70 mmHg per hour was significantly 
associated with higher hazard of atrial fibrillation, with an adjusted 
hazard ratio of 1.14 (97.5% CI: 1.04, 1.26; P = 0.002). Hypotension 
quantified as AUC of MAP <80 mmHg per hour was significantly asso-
ciated with higher hazard of atrial fibrillation as well, with a hazard 
ratio of 1.05 (97.5%: 1.01, 1.10; P = 0.010, Table 3, Fig. 3). 

4. Discussion 

Despite several interventions and changes in clinical practice 
designed to reduce atrial fibrillation and delirium after cardiac surgery, 
the incidence of each has remained essentially unchanged over several 

decades. The incidence of delirium in our patients was 15%, and the 
incidence of atrial fibrillation was 34%, both of which are consistent 
with previous reports [20–22]. 

There were compelling reasons to believe that hypotension might 
contribute to delirium, and even some previous supporting evidence for 
the theory. Nonetheless, we found that neither intraoperative nor 
postoperative hypotension was associated with delirium. Our results are 
supported by Wesselink and colleagues who conducted an observational 
analysis of 734 patients of whom 99 developed delirium [23]. They 
found, with various definitions of hypotension, that intraoperative blood 
pressure was not associated with delirium after cardiac surgery. In 
contrast, a small randomized trial (n = 92) of patients who had cardiac 
surgery reported increased postoperative delirium in patients who were 
assigned to relative hypotension MAP 60–70 mmHg compared to normal 
MAP 80–90 mmHg [24]. However, that trial was fragile because there 
were few outcome events. 

The preponderance of available evidence thus suggests that intra-
operative hypotension is not a large contributor to delirium after cardiac 
surgery. Available literature results from multiple studies evaluating the 
effect of hypotension are inconsistent and have heterogeneity regarding 
how hypotension was defined [25–27]. In a patient population that 
included non-cardiac surgery, hypotension — defined by absolute values 
or decreases from baseline — was not associated with postoperative 
delirium which is consistent with our results. However, intraoperative 
blood pressure variance was significantly associated with postoperative 
delirium when analysis was restricted to non-cardiac surgery patients 
[28]. 

There is currently little evidence to suggest that any particular def-
initions of hypotension are superior to others with respect to delirium or 
atrial fibrillation. However, mean arterial pressures <65 mmHg are 
associated with myocardial injury, kidney injury [11,12], and death 
after non-cardiac surgery [10]. Furthermore, stroke — which can be 
consequent to brain hypoperfusion — is associated with sustained mean 
arterial pressure of less than 64 mmHg during cardiopulmonary bypass. 
We therefore selected areas under mean arterial pressures of 60 and 50 
mmHg as our intraoperative hypotension exposure. Van Lier reported 
that the postoperative threshold for myocardial injury is a mean arterial 
blood pressure 70–80 mmHg after noncardiac surgery which supports 
our choice of 70 and 80 mmHg as our postoperative thresholds [29]. 

The intraoperative period is relatively short and blood pressures are 
usually well controlled by anesthesiologists. In contrast, hypotension 
may persist for long periods postoperatively [30]. We therefore also 
evaluated the postoperative period during which blood pressure is less 
intensely monitored. As with the intraoperative period, there was no 
apparent association between postoperative hypotension and delirium. 

Intraoperative hypotension was not associated with atrial 

Table 2 
Association between intraoperative hypotension and postoperative delirium and 
atrial fibrillation (N = 597).   

Incidence OR (97.5% CI)2 (2- 
fold increase) 

P- 
value3 

Outcome 1: Delirium 92 (15.4%)   
Total intraoperative AUC of 

MAP <60 mmHg1  
0.94 (0.79, 1.12) 0.419 

Off-pump period  0.97 (0.84, 1.12) 0.646 
On-pump period  0.97 (0.85, 1.10) 0.563 

Outcome 2: Atrial fibrillation 202 
(33.8%)   

Total intraoperative AUC of 
MAP <60 mmHg1  

0.99 (0.86, 1.13) 0.819 

Off-pump period  1.02 (0.91, 1.14) 0.753 
On-pump period  0.96 (0.87, 1.06) 0.378  

1 Intraoperative hypotension is quantified as area under the curve (AUC) of 
intraoperative mean arterial pressure (MAP) including both off-pump and on- 
pump periods. 

2 The adjusted odds ratios (ORs) with 97.5% confidence interval (CI) for 2-fold 
increase in AUC were estimated via logistic regression model with log- 
transformed AUC, controlling for all confounders indicated in Table 1. 

3 P-value <0.025 (0.05/2, Bonferroni correction) is considered statistically 
significant. 

Fig. 2. Odds ratio of in-hospital delirium and atrial fibrillation for a doubling of intraoperative AUC of MAP <60 mmHg. The circle represents the estimated odds 
ratio, and the line represents the confidence interval (CI). 
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fibrillation. However, postoperative mean pressures <70 mmHg and <
80 mmHg were associated with atrial fibrillation after adjustment for 
baseline patient characteristics. Presumably postoperative blood pres-
sure contributed more than intraoperative pressure simply because hy-
potension lasts considerably longer after surgery. Consistent with this 
theory, hypotension after non-cardiac surgery is common, prolonged, 
and profound — and largely undetected by routine vital-sign assess-
ments [31]. Although cardiac patients are monitored more intensely 
than other surgical patients, postoperative hypotension remains com-
mon. Intravascular volume and arterial pressure alter atrial stretch and 
myocardial perfusion, both of which might promote atrial fibrillation. 
The extent to which the association is causal, and thus subject to 
intervention, remains unknown. But since blood pressure is potentially 
modifiable, the relationship between postoperative hypotension and 
atrial fibrillation seems well worth evaluating in future trials. 

A limitation of our analysis is that we considered delirium dichoto-
mously, rather than distinguishing various types of delirium that might 
have different pathophysiology. We did not consider delirium on the day 
of surgery because of residual anesthesia, opioids, and anxiolytics which 
may have led to an overestimate of the true incidence. Delirium risk is 

strongly age-dependent, with risk increasing markedly in patients >65 
years of age [32]. The average of patients’ age was just 62 years which 
presumably contributed to the relatively low 15% observed incidence of 
delirium. There were nonetheless 92 patients with delirium which 
provided reasonable power for detecting clinically meaningful 
hypotension-related differences. 

We did not adjust for some postoperative factors including the 
incidence of low cardiac output syndrome, mechanical circulatory 
support, length of ICU stay, and major cardiac events. Those factors 
cannot be confounders for the association between intraoperative hy-
potension and delirium or atrial fibrillation since they occurred after 
intraoperative hypotension. But they potentially mediate the association 
between postoperative hypotension and delirium/AF which was not 
considered in our analysis. 

A challenge in our analysis was distinguishing the relative contri-
butions of intraoperative and postoperative hypotension to delirium and 
atrial fibrillation because hypotension in each period is presumably 
correlated [33]. Events happening before the exposure of interest should 
be considered confounders, whereas events happening after the expo-
sure and in the causal pathway should be considered mediators [34]. 
Since we report the associations between postoperative hypotension and 
delirium and atrial fibrillation after adjusting for intraoperative hypo-
tension, the strength of the relationship may be somewhat 
underestimated. 

Our underlying dataset was from a randomized trial, but our analysis 
is observational. As with any observational analysis, it surely suffers 
from some confounding and bias although we adjusted for known and 
available confounders. Similarly, causality cannot be determined from 
our analysis. A final limitation is that there was not a standardized 
protocol for bypass. 

In summary, intraoperative and postoperative hypotension in car-
diac surgery patients were not associated with delirium. Intraoperative 
hypotension was also not associated with atrial fibrillation, but post-
operative hypotension was associated with atrial fibrillation. Random-
ized trials will be required to determine whether the relationship 
between postoperative hypotension and atrial fibrillation is causal, and 
therefore amenable to intervention. 
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